
Introduction

Arid and semi-arid regions, where precipitation and 
water resources are scarce and the ecosystem is bitterly 
frail and very sensitive to anthropogenic interference, 
constitute approximately 41% of the total global land 
area [1-3]. Besides, about 44.46% of arid and semi-

arid regions have seen rising temperatures and reduced 
precipitation in the past 100 years [4]. Deserts and 
oases are the main landscapes in the arid and semi-arid 
regions, with deserts as the landscape matrix, and oases 
as the landscape mosaic [5-7]. Oases are the foundation 
of human activities and economic development, 
supporting more than 95% of the population in the arid 
and semi-arid regions of China even though they only 
occupy less than 5% of the total area [3, 8]. An oasis 
not only provides valuable fertile soil and living space 
for human beings in the barren desert, but also adjusts  
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Abstract

The interaction and influence mechanism between oasis and desert is an important component 
of landscape geography in arid areas. The oasis of Hong Yashan Region (OHR) is a typical tail oasis 
continental river in northwestern China, located in the northern temperate arid desert area belonging 
to an extremely arid continental climate. In this paper, the spatial distribution information of the 
oasis in Hong Yashan region was extracted through obtaining remote sensing imagery in 1988, 1992, 
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to understand the change mechanism. The results show that during 1988-2016, the oasis area  
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of 1,026.66 km2 in 2008, and then increased again to 1,077.59 km2 in 2016. The dominant factors which 
affected oasis changes were distinct in the different periods and positions, and they interacted with each 
other. We found that the dynamic changing process of an oasis was the result of natural and human 
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water resource changes.
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the regional climate by the vegetation and water 
resources within it. Thence, the oasis ecosystem 
diametrically affects the environmental and social 
safety in arid and semi-arid regions. The oasis dynamic 
has been one of the critical topics of concern in recent 
decades [9, 10].  

An oasis is defined as an efficient eco-geographical 
landscape that allows flourishing vegetation or human 
settlement due to a stable water supply [11]. It is the 
unique synthesis that combines nature with artificiality 
and impacted by long-term human activities [12-14]. The 
oasis dynamic has deeply influenced natural landscapes 
through a combination of natural, aquatic and socio-
cultural factors, and this issue has received worldwide 
attention since the mid-1990s [15].

At present, research related to the oasis dynamic 
have focused on four respects: analyzing the law of land 
use change in the oasis region [16-20], discerning the 
connection between oasis dynamic and water resources 
[10, 21, 22], evaluating the ecological effects of oasis 
dynamics [10, 23], and discussing the appropriate scale 
of an oasis [11, 24]. Generally, the oasis dynamic has 
been researched through analysis of the oasis dynamic 
in land use type of the oasis, such as cultivated field, 
forestry, territorial waters, and grassland [15]. However, 
at the scale of the whole arid and semi-arid region, an 
oasis could be considered as a unitary geographical 
landscape [15]. So far, few studies have treated the oasis 
as a single geographic landscape unit and the spatio-
temporal evolution of most oases was studied with a 
single method.

Hong Yashan Reservoir is the largest artificial 
desert reservoir in Asia. In this paper, the oasis of Hong 
Yashan Region (OHR), a representative oasis in the 
lower reaches of Hong Yashan Reservoir, was selected 
as a case study for oasis dynamics. We regarded the 
oasis as a single landscape and used multiple methods 
to verify the oasis dynamic over a long-term time scale. 
The analysis was conducted in the context of social 
factors related to oasis change between 1988 and 2016. 
Specifically, the purposes of this article were to: (1) 
examine the spatial-temporal patterns of OHR changes 
from 1988 to 2016; (2) determine the influence factors 
of oasis change dynamics; and (3) discuss feasible 
strategies for the sustainable development of the oasis.  

Material and Methods

Study Area

OHR (102°50’0”-103°48’0” E, 38°26’45”-39°10’0” E), 
situated downstream from Shiyang River Basin (SRB) in 
northwestern China (Fig. 1), belongs to the cross belt of 
the Chinese Eastern Monsoon Region, Qinghai-Tibetan 
Alpine Region with dry climate [25]. The precipitation 
is about 115 mm per year and is mainly concentrated 
in July to September, while the potential evaporation is 
about 2,644 mm per year. The OHR occupied the area 

of 1,139.33 km2 and included 18 townships, such as 
the Daba, Caiqi, Changning, Datan, Dongba, Donghu, 
Nanhu, Quanshan, Sanlei, etc, with a total population of 
273,700, the agricultural population accounted for 82% 
of the population in 2016. The main vegetation types 
were crop lands, such as wheat, corn, cotton, etc. 

Data Sources and Processing

The data in this paper include: 
(1) Landsat TM/OLI images of OHR from June 16, 1988 
July 29, 1992, July 06, 1995, July 19, 2000, July 30, 2004, 
July 25, 2008, June 05, 2013, and July 31, 2016 (spatial 
resolution is 30m×30m) obtained from NASA (https://
www.nasa.gov/). These data were of high quality and in 
the oasis change-sensitive period can meet the needs of 
this study. These data were selected in summer and/or 
autumn, because this period is the best time to research 
the oasis. 
(2) 1988 to 2016 socio-economic data, including 
population, agricultural population, crop planting 
structure, crop area, and GDP, came from the socio-
economic statistical yearbook provided by Minqin 
Bureau of Statistics. 
(3) Yearly runoff data of Shiyang River from 1988 to 2016 
came from the Minqin County Water Administration 
Bureau. 
(4) Precipitation and evaporation data of OHR from 
1988 to 2016 came from the China Meteorological Data 
Sharing Service System (http://cdc.cma.gov.cn/home.do).  

Before the information extraction, the image needs 
to be preprocessed, including radiometric calibration, 
atmospheric correction, geometric correction, and 
cropping. In this study, land use and land cover of OHR 
were divided into four categories by a contemporary 
machine-learning classier using maximum likelihood 

Fig. 1. Location of Minqin oasis.
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method: unused, oasis, reservoir, river and canal. After 
accuracy verification, Kappa coefficient is above 0.86 in 
order to meet research needs. 

Study Methods

Oasis Dynamic Detection Methods

Oasis dynamic change was characterized by the 
area of annual variation [26] and bidirectional dynamic 
degree of the oasis [27], and the status, trend and 
direction of the oasis were analyzed using LUCC models 
[28]. The mathematical expressions were as follows:
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…where Sy and Cb were defined as the area of annual 
variation and dynamic degree of the oasis; Sl and Si 
represented the oasis area at the last and the initial 
stage of a time period, respectively, while ΔSin and ΔSout 
represented the oasis gain and loss, respectively; T was 
the length of study period. Cs was defined to characterize 
the overall status and trend in oasis and - ≤Cs≤1, when 
-1 ≤Cs<0, the oasis is in the state of  “expansion”; when 
0<Cs≤1, the oasis is in the state of “shrinking”. The 
information about Cs could be found in Luo et al. [28].

Spatial Orthocenter Transfer Model 

We used the spatial orthocenter transfer model 
to measure transfer distance and the direction of the 
oasis orthocenter in order to quantify spatiotemporal 
variations of the oasis [29, 30]. The model was shown 
as follows:  

1

1

n

i i
i

n

i
i

xw
X

w

=

=

=
∑

∑
                              (5)

1

1

n

i i
i

n

i
i

y w
Y

w

=

=

=
∑

∑
                            (6)

…where X and Y is the orthocenter coordinate of the 
oasis; xi and yi are the coordinates of the i-th oasis patch; 
and Wi is the each patch area of oasis.

Oasis Change Pattern Analysis

A grid is an effective method to break through 
the limits of administrative boundaries and spatially 
expresses the variability of an oasis [31]. It can reflect 
the spatial change of an oasis in detail grid by grid 
through raster data format. In this paper, the study area 
was divided into 100×100m equal-sized grid elements 
to compare their spatial differences in different periods. 
At the same time, the spatial data of the study area will 
be encoded with 1 for an oasis grid and 0 for a non-
oasis grid, which will be calculated within each study 
period through the change of the unit grid oasis area. 
And the intensity of the oasis change is represented by 
the frequency of the oasis grid change. Similarly, on the 
same grid element, the intensity change of many years 
of sample oasis is expressed by grid cumulative change 
rate (GCC). The mathematical expression was shown as 
follows:

                     (7)   

…where GCC is the rate of grid cumulative change; 
n is the number of oasis sample year; and Cl and Ci 
represented the oasis code at the last and initial stages of 
a time period.

Oasis Change Partition Method

To better understand the changes of OHR, we 
combine the coding method, mathematical arrangement 
and integrated algorithm to obtain a total number of 
different codes. The mathematical statistical methods 
was used to summarize the patterns that can reflect  
the basic characteristics of the temporal and spatial 
changes of the oasis, and then the method of layer 
separation was used to separate oases into different 
types. After summarizing, the oasis model division 
standard (Table 1) was formulated. According to the 
division standard, the OHR of 1986-2016 was classified 
into seven types: (1) stable; (2) pre-stable zone; (3) late 
stable zone; (4) stage stable zone; (5) fluctuation zone; 
(6) short-lived; and (7) newly emerged.  

Results

Quantity Change Characteristics of OHR 

The area change of oasis during the period of  
1988-2016 is shown in Fig. 2a) and the rate of year 
change is shown in Fig. 2b). Oasis-desert conversion 
area of different periods is shown in Fig. 2c). Although 
the area change of OHR fluctuated over time, the 
oasis change can be divided into three phases from 
1988 to 2016: 1988-2004 and 2008-2016 were the oasis 
expansion period, while 2004-2008 was the oasis retreat 
period. During the period of 1988-2004, the oasis 
area grew rapidly and the conversion area from desert 
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to oasis was greater than that from oasis to desert, 
the region is dominated by oasisization. From 1988 
to 2004, the increased area of oasis was 183.84 km2,
and the annual average increased area was about  
11.49 km2. From 2004 to 2008, the decreased area of 
oasis was 317.01 km2, and the annual average decreased 
area was 79.25 km2. From 2008 to 2016, the increased 
area of oasis was 50.93 km2, the annual average increased 
area was about 6.37 km2, which indicated that the oasis 
area fluctuated change during the whole study period, 
but its variation range gradually decreased and the 
area gradually stabilized recently. During the period of  
2008-2016, the annual area of oasis began to increase 
again. During the period of 1988-2004, the conversion 
area from desert to oasis was greater than that from 
oasis to desert, the region was dominated by oasisization 
(Fig. 2c), but it was dominated by desertification from 
2004. After 2008, the oasis area was dominated by 
oasisization again.  

The bidirectional dynamic degree of the OHR 
change and the trend of the oasis area between oasis 
and desert was calculated using Eqs. (2) and (3) and 
their long-term variations were summarized in Fig. 2d) 
and 2e), respectively. Overall, the bidirectional dynamic 
degree experienced a process of “decrease-increase-
decrease” (Fig. 2d). During the period of 1988-2004 and 

2008-2016 there were the bidirectional dynamic degree 
decrease periods, while it was the bidirectional dynamic 
degree increase period from 2004-2008. During the 
whole period of 1988-2016, the state and tendency of 
the oasis were fluctuant and unbalanced, manifesting 
as stable increased-decreased sharply-increased slowly 
(Fig. 2e).

Spatial Change Characteristics of OHR
 

Spatial Distribution of OHR

Fig. 3 shows the spatio-temporal distribution of 
oasis changes during the whole period from 1988 to 
2016, when it was found that the increased area mainly 
distributed the outside of original oasis, especially south 
of the OHR from 1988 to 2004, which indicated that 
the water source in Hong Yashan Reservoir was the 
main force. However, the oasis region undergoes about 
a five-year decrease from 2004 to 2008, which mainly 
concentrated in the north of the oasis far from the core 
region. After 2008, the oasis in the transition zone of the 
desert-oasis in the southwest continued to be reduced, 
while in the middle and northeast it was expanded 
because of the ecological water transport start from 
2006. 

Table 1. Oasis model division standard.

Change 
mode Multiple coding Oasis State Description

Stable 01111111, 10111111, 11011111, 11101111, 11110111, 11111011, 
11111101, 11111110, 11111111

Occurrence frequency of oasis appears 
more than seven times

Basically 
stable

Pre-stability
11110000, 11110001, 11110010, 11110100, 11110011, 
11110101, 11110110, 11111000, 11111001, 11111010, 

11111011, 11111100

Oasis continuously appear more than four 
times since beginning

Late stability
00001111, 10001111, 01001111, 00101111, 01101111, 
10101111, 11001111, 00011111, 10011111, 01011111, 

11011111, 00111111

From the end of the period, there are more 
than four consecutive oasis

Stage 
stability

01111000, 01111001, 01111010, 01111011, 00111100, 
00111101, 00011110, 10111100, 10111101, 10011110, 
11011110, 01111100, 01111101, 00111110, 10111110, 

01011110, 01111110

There are four or more consecutive oasis, 
but not in the beginning or end

Fluctuation

11010000, 11001000, 11000100, 11000010, 11000001, 10110000, 
10101000, 10100100, 10100010, 10100001, 10011000, 10001100, 
10000110, 10000011, 10011000, 10001100, 10000110, 01101000, 
01100100, 01100010, 01100001, 01011000, 01010100, 01010010, 
01010001, 01001100, 01000110, 01000011, 00110100, 00110010, 
00110001, 00101100, 00101010, 00101001, 00100110, 00100011, 
00011010, 00011001, 00010110, 00010101, 00010011, 00001011, 
10100000, 10010000, 10001000, 10000100, 10000010, 01010000, 
01001000, 01000100, 01000010, 01000001, 00101000, 00100100, 
00100010, 00100001, 00010100, 00010001, 00001010, 00001001, 

00000101…

The oasis has continuously appeared less 
than three times, and the non-oasis state is 

more than two times

Short-lived
00000010, 00000100, 00001000, 00010000, 00100000, 01000000, 
10000000, 00001100, 00000110, 00011000, 00110000, 01100000, 

11000000
Oasis no more than two times

Newly 
emerged 00000011, 00000001 Appeared in the last three years
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Changed Direction Analysis of OHR 

The oasis migratory direction was calculated  
using the spatial gravity transfer model, which is 
expressed through Eqs. (5) and (6). Fig. 4 shows that in 
the whole period of 1988a-2016a, the migration center 
moved southwest first, and then moved northeast.  
In the southwest, the farthest point appeared in  
1995, 3.66 kilometers from the original point in  
1988, and 4.35 kilometers from the southern point in 
2016.

Seen from the perspective of orthocenter migration, 
we found that the expansion and contraction of the oasis 

were mainly concentrated in the southwest, east and 
northeast. In the northeast direction, there were bare 
soil, desert, bare rock and other non-oasis components 
in the oasis area and the margin of the oasis,  
which indicated that the natural evolution of the local 
ecological environment was relatively frequent from 
1988 to 2016. In addition, after 2000, the Chinese 
government has implemented large-scale ecological 
governance such as ecological water transport, 
afforestation, desertification prevention and other 
measures in the OHR. The gravity center transferred to 
downstream of Hong Yashan Reservoir because of the 
beneficial human measures. 

Fig. 2. The dynamic degree and trend of OHR from 1988 to 2016 (A:1988-1992; B:1992-1995; C:1995-2000; D: 2000-2004; 
E: 2004-2008; F: 2008-2013; G: 2013-2016.)
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Grid Cumulative Change Rate 
(GCC) Analysis  

The cumulative change rate of oasis can reflect 
frequency of oasis increase or decrease through 
each grid, which can better understand the change 
characteristics of oasis in each period. In this study, 
we calculated seven research stages (A: 1988-
1992; B: 1992-1995; C: 1995-2000; D: 2000-2004;  
E: 2004-2008; F: 2008-2013; G: 2013-2016) respectively. 
Fig. 5 reflected the cumulative frequency of oasis 
changes in the study area during the whole change 
period. Number 1 represented the region where the oasis 
changed only once in the seven study stages, number 2 

represented the changed twice, and similarly, number 7 
represented the oasis changed 7 times (changes occurred 
in each period). It was found that 1 or 2 times were the 
main change frequency, and the changed area was also 
larger than 3 to 7 times. The result showed that the area 
changed once was 295.13 km2, which accounted for 
25.90% of the total area of OHR, while area changed 
twice was 389.26 km2, accounting for 34.17% of the 
total area (Table 2). In contrast, three to seven times 
changes of oasis were less than once and twice changes. 
In addition, the change occurred both inside and outside 
of the oasis, with the characteristic of sporadic and 
disordered distribution. Overall, changed frequency was 
relatively disorderly, which reflected how oasisization 

Fig. 3. Spatio-temporal dynamic and evolution of oasis spatial distribution.
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and non-oasisization were simultaneously evoluted 
because of changes in the natural environment.

Oasis Change Partition Analysis

After converting oasis data into raster data, the 
changed frequency and time were computed according 
to the oasis change partition method and oasis encoding 
method, and the whole change characteristics were 
divided into seven partitions, including: stable, pre-
stable, late stable, stage stable, fluctuation, short-lived 
and newly emerged, and the partition map was displayed 
in Fig. 7. The stable oasis zone is mainly distributed 
in the oasis interior, where it had relatively abundant 
water sources from the Shiyang River and Hong 
Yashan Reservoir. The pre-stable zone is distributed at 
the edge of the oasis in the southwest, while the late 
stable zone is located in the northeast. In addition, the 
fluctuation zone, short-lived zone and newly emerged 

zone were scattered and irregular distribution in the 
marginal region. The area of each partition was also 
calculated according to the map (Table 3), and we found 
that the area of short-lived was the largest in the seven 
partitions, which accounted for 21.37% of the total area 
of OHR, while newly emerged was the least, which was 
only 32.77 km2, accounted for 2.88% of the total area. 
It indicated that the OHR was stable from the whole 
study period, although the area increased or decreased 
in different steps, and spatial changed in the ecological 
frangible region. 

       
Fig. 4.  Direction migration of oasis.

Table 2. Area statistics of grid cumulative change frequency in 
study area.

Change frequency Area(km2) Ratio (%)

0 204.72 17.96

1 295.13 25.90

2 389.26 34.16

3 167.34 14.68

4 66.49 5.83

5 12.65 1.11

6 3.64 0.31

7 0.10 0.008

Total 1139.33 100.00 Fig. 5. Cumulative rate of 1988-2016 oasis dynamic.
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Discussion

Major Driving Forces of the Oasis Change

Water Resources Driving Force

Water is the basis for the development and stability of 
the oasis in the arid and semi-arid region, and it is one of 
the most active factors for the local natural environment 
[32]. Because water-supply of the oasis water source 
mainly comes from precipitation, river runoff surface 
water, and groundwater [33], water resources and water 
environment changes have become the main driving 
force for the oasis change. The availability of water 
resources directly affected the scale and distribution of 
the oasis [34, 35].   

OHR is located in the northwest inland area, 
precipitation is very low (130 mm per year) (Fig. 7a), 
and it mainly concentrates in summer; in contrast, 
evaporation is very strong (2,500 mm per year) 

from 1988 to 2016 (Fig. 7b) [36, 37]. The amount of 
evaporation is far higher than precipitation, but the 
oasis has a trend of slowly expanding. The expansion 
of the oasis area is bound to consume a large amount 
of surface water and groundwater, which was mainly 
pumped and irrigated through drilling wells. As a 
result, the groundwater level in the region has dropped 
significantly and the ecological environment has 
deteriorated further.

The surface water resources in the OHR mainly 
include the upstream water flow of the SRB and the 
water storage of the Hong Yashan Reservoir, which was 
also the main water resource for the whole downstream 
oasis. In this paper, remote sensing images were used 
to calculate the area of Hong Yashan Reservoir from 
1988 to 2016 (Fig. 8a). The results showed that the 
area of Hong Yashan Reservoir showed a fluctuating 
increase trend (Fig. 8b). The water storage of the 
reservoir showed a decreasing trend during the period 
of 1988-2002 (Fig. 8c), but it obviously increased  
after 2002. The change in its storage capacity  
was closely related to the upstream water inflow  
(Fig. 8d). As the upstream water inflow increased, the 
reservoir could store the excess water for industrial, 
agricultural and living water of the middle and lower 
reaches.

Partition Area (km2) Ratio (%)

Pre-stable 52.34 4.59

Late stable 115.01 10.09

Newly emerged 32.77 2.88

Short-lived 243.46 21.37

Stable 371.49 32.61

Stage stable 128.28 11.26

Fluctuation 195.98 17.20

Total 1139.33 100.00

Fig. 6. Oasis change partition map of OHR.

Table 3. Area statistics of oasis change partition map of OHR.

Fig. 7. Change of precipitation and evaporation in OHR from 
1988 to 2016. 
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Groundwater is the main source for oasis irrigation 
in the arid and semi-arid region, and plays an important 
role in the change of the OHR [38-40]. Groundwater 
resources are mainly used through the number of 
pumped wells to supply the needs of the oasis. The 
number of wells first increased and then decreased 
during the study period and reached the maximum value 
of 9,718 in 2004 (Fig. 8e). After 2004, the number of 
wells decreased year by year – especially the number 
of pumped wells decreasing from 9,718 in 2004 to 
8,866 in 2008, and about 2,323 pumped wells were 
closed by the government after 2004 in order to protect 
the groundwater and improve the eco-environment.  
The total volume of groundwater was extracted about 
600 million m3/year after 2000, but the groundwater 

recharge was only 176 million m3/year [41, 42]. Although 
the amount of groundwater extracted gradually 
decreased after 2004 (Fig. 8f), the groundwater table in 
the Hong Yashan Region continued to decline after 2006 
[43, 44], which indicated that OHR has become one of 
the most overexploited regions in terms of groundwater 
depletion around the world [45]. 

In general, the oasis changes in Hong Yashan have 
different driving forces in different periods. From 
the results we found that before 2004, groundwater 
dominated and surface water was used as supplemental 
water, but after 2004 the amount of groundwater 
pumping was gradually reduced, and the water 
source was mainly surface water, supplemented by 
groundwater. During the period of 1988-2004, although 

Fig. 8. Variation of upstream water volume, annual water storage capacity of reservoir, number of wells, groundwater extraction, reservoir 
area and reservoir boundary in OHR from 1988 to 2016.
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surface water continued to decrease, the area of oasis 
still increased due to the continuous increase in the 
amount of groundwater extracted. During the period of 
2004-2008, due to reduced groundwater withdrawal and 
less surface runoff, the oasis area began to shrink. After 
2008, the surface water volume continued to increase, 
and the oasis area began to increase steadily.

Social and Economic Driving Force

Oasis expansion often correlates with an increase 
in human population [15]. Population growth has been 
considered to be one of the major factor leading to 
the change of oasis land cover [46, 47]. In the period 
of 1988-1998, the agriculture population (a population 
living in rural areas or market towns) increased from 
242,900 to 262,800, and the oasis area increased from 
622.31 km2 in 1988 to 1,343.67 km2 in 2004 (Fig. 9a). 
Moreover, the agriculture population started decreasing 
after 1998 – from 262,800 to 239,500 during the period 
of 1998-2008, and the oasis area decreased from1,  
343.67 km2 to 1,026.66 km2 during the period 
of 2004-2008. Seen from the change regularity, we 
found that the relationship between population and oasis 
area of OHR was close. 

In general, due to the increased population, 
the natural resources such as food and land supply 
would increase correspondingly, which promoted 
the expansion of an oasis in a certain period of time. 
Moreover, migrants were another main driving force of 
the oasis expansion, especially in the arid inland river 
basin in Gansu Province. Economic development also 
plays an important role in oasis change [15]. Oasis area 

   
Fig. 9. Change of human population and GDP in OHR from 1988 
to 2016.

Fig.10.  Major policy forces for and against oasis expansion in Hong Yashan region from 1988 to 2016.
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gradually increases with the increase of GDP (Fig. 9b) 
under certain conditions of productivity and production 
levels. For farmers, the best way expanded the area of 
farmland and increased crops. For example, from the 
1980s to the mid-1990s, affected by the market demand 
of black melon seeds [48], farmers of OHR adjusted 
their planting structure and increased the area of black 
melon seeds, which directly led to the expansion of the 
oasis. 

Policies, such as China’s economic reforms policy 
and country development strategies, also play an 
important role in the area change and sustainability of 
OHR (Fig. 10) [15]. The effect of policy and institutional 
change on land use change is prominent [49, 50]. Land 
is the foundation of farmers’ survival and economic 
benefits source. If there was no restriction of any 
conditions, farmers would inevitably adopt the way of 
expanding the arable land area to improve their living 
standards and oasis area will also change. Policy has 
directive and mandatory function for the oasis change. 
In the 1980s, the Household Production Responsibility 
System and Migration Project were promulgated by 
the Chinese government. Consequently, a large area 
of the wasted land and grassland was reclaimed. After 
2004a, such policies reduced the number of immigrants 
and closed the motor-pumped wells, leading to a 
decrease of the OHR area. After 2005a, China Western 
Development, Ecological Planning of Shiyang River 
had a profound impact on the regional ecological 
sustainable development of OHR [51]. As a result, policy 
was a complex factor that not only influenced oasis 
area change, but also forced various changes that both 
threatened or promoted oasis sustainable development 
[15]. 

Implication for Ecological Management 
and Application in Arid Areas

Our study found that OHR expansion was mainly 
concentrated in the ecotone between oasis and desert, 
which was typical for most of the oases in the arid and 
semi-arid region of northwest China, such as oasis in 
Manas River Valley [41], and the oases of the Sangong 
River Watershed [28]. This will be some significant 
implications for the ecological and sustainable 
development in the arid and semi-arid region. Due to 
the interactive influence of various kinds of natural 
conditions and human activities involved, it was difficult 
to reach an agreement on the causes and processes of 
oasis change at the level of regional landscapes [52]. 
Our study also found that the dominant driving factors 
of oasis changes were also distinct in different periods 
and positions, and they often interacted with each other. 
In addition, population factors and government policy 
were responsible for the change of OHR, and the water 
resources utilization was the main driving factor, which 
was similar to the results of oasis change in other arid 
and semi-arid regions, such as Chyulu Hills squatters, 
Kenya [53], Northern afar rangelands, Ethiopia [54] 

and also most regions in northwestern China. This 
means that in arid and semi-arid regions, ecologically 
sensitive and fragile areas tend to concentrate on the 
transition zone between oases, especially artificial oasis 
and desert, which are significantly affected by natural 
conditions and human activities. If the oasis area is 
expanded along the transition zone through planting 
the drought-resistant crops, community afforestation 
can markedly reduce the degree of desertification. On 
the contrary, it can significantly promote expansion of 
desertification, which seriously effects the local social-
economic dynamic and its sustainable development.

Rapid population growth and excessive utilization of 
natural resources since the 1980s have damaged the eco-
environment of the Hong Yashan region. The area of 
natural oasis has been decreasing and oasis sustainable 
development has been restricted severely. In order 
to promote the scientific development of OHR, some 
measures should be taken and proposed in this paper: 
(1) Improving water use efficiency by increasing water-
saving agriculture and recycling industrial and municipal 
wastewater. At present, most of the OHR has used drip 
irrigation technology, which could solve the problems 
mentioned above. 
(2) Building all kinds of water conservancy facilities, 
such as reservoirs and aqueducts, to improve the capacity 
of water storage. Rainwater, snow melt water and other 
unutilized water resources should be stored. 
(3) The current agricultural structure should be changed, 
and low-yield, high-water crops should be phased out 
and replaced with less-water crops. At present, the crops 
in OHR are mainly corn, sunflower, melon, fruit and 
flowers, which all consume large amounts of water. On 
the contrary, grapes, nursery stock and tourism trees 
should be vigorously promoted in the future. 
(4) Increase farmer incomes by means of vocational 
skills training and labor export in order to reduce 
the economic pressure caused by changes in planting 
structure. 
(5) The local government should strengthen cooperation 
with universities and scientific research institutions to 
apply the latest scientific research results to the process 
of promoting the sustainable development of oasis. 

Conclusions

This study showed that remote sensing data could be 
used to monitor oasis change over a long-term period, 
like the monitoring of LUCC in other areas. This way 
made the change research at a larger spatial scale and 
a longer duration possible. We monitored the spatial-
temporal dynamic changes of oases for the last 30 years 
in the reserve by applying images of seven phases.  
This changed markedly at the spatial and temporal  
scale with the frequent and drastic conversion between 
oasis and desert from 1988 to 2016. The results 
showed that the oasis area reached the maximum 
value of 1,343.67 km2 in 2004a, and then decreased to 
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the minimum value of 1,026.66 km2 in 2008, and then 
increased again to 1,077.59 km2 in 2016. The main 
change area was concentrated in the oasis-desert 
interlocked belt and the area where human activities 
were frequent. The dominant factors that affected 
oasis changes were distinct in the different periods and 
positions, and they interacted with each other. We found 
that the dynamic changing process of the oasis was the 
result of natural and human activities. The growth of 
oasis both in area and distribution have been affected 
by natural factors through water resource changes. 
However, artificial oases had been significantly altered 
by human activities and social factors such as water 
source management policies, engineering measures for 
ecological protection and water-saving projects.

In addition, this paper regards the oasis as a single 
landscape and does not consider the internal structure of 
the oasis. That is to say, the land use types such as land 
for construction, cultivated land, forest land, and water 
are not considered in the process of analysis. Besides, 
oasis change was a complex and gradual process in arid 
and semiarid China. The interactions between oasis 
and desert changes and how to quantify and develop 
comprehensive, representative parameters to describe 
spatio-temporal patterns were not analyzed in this 
paper. Understanding the oasis change and its landscape 
effect for the catchment was the basis for sustainable 
management and development of oasis. In the future, 
more attention should be paid to the change mechanism 
and the interactions between oasis and desert in an arid 
region.
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