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1. Introduction 
 

Ecosystem service value (ESV) refers to the products 

and services that humans directly or indirectly obtain 

through the structure, process, and function of natural 

ecosystems (Daily 2013, Toghroli et al. 2014, Safa et al. 

2016, Sedghi et al. 2018, Katebi et al. 2019, Shariati et al. 

2020d). Researching the ESV is conducive to understanding 

the basic characteristics of natural ecosystems, and is vital 

for formulating reasonable regional development strategies 

and ecological protection policies, and achieving sustainable 

regional development. Since the 1990s, researchers in 

China and overseas have conducted much research on ESV 

evaluation, and the existing ESV evaluation methods can be 

divided into two categories, i.e., those based on the unit 

service function price (functional price method) (Costanza 

et al. 1997, Bolund and Hunhammar 1999, Zhao et al. 

2003, Daily 2013, Wang et al. 2014b, NDRC 2018), and 

those based on the equivalent factor of the unit area value 

(equivalent factor method). The equivalent factor method is 

more simple to use with lower data demand and higher 

result comparability than the functional value method, and 

can facilitate comprehensive evaluation and be used to 

evaluate the ESV on a large spatial scale. This method 

provides a conceptual basis and theoretical support for 

researchers to analyze the ecosystem service function and 

value of a region, and supports ESV evaluation research. To 

date, the equivalent factor method has been widely used in 

the evaluation of the ESV of wetlands, forests, grasslands, 
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and lakes (Fazaeli et al. 2016, Ghazanfari et al. 2016, 

Habibi et al. 2018a, b, Hosseini et al. 2018, Alipour et al. 

2020, Cheshmeh et al. 2020, Ghabussi et al. 2020, 

Ghazanfari et al. 2020, Li et al. 2020a, b, Liu et al. 2020a, 

b, Moayedi et al. 2020c, Shariati et al. 2020c, Shi et al. 

2020, Wang et al. 2020b). 

Sanjiangyuan Nature Reserve is the headwater catchment 

area of the Yangtze and Yellow Rivers, and the Lancangjiang, 

thus, it is an important supply area of freshwater resources in 

China and Southeast Asia. Under the combined effects of 

natural factors and severe human activities, grassland 

degradation, lake shrinkage, soil pollution, soil erosion, water 

pollution, biodiversity reduction, and other ecological 

problems have manifested in Sanjiangyuan Nature Reserve in 

recent decades, and the area is facing a severe ecological 

crisis. This crisis has attracted widespread attention in China 

and other countries (Mansouri et al. 2016, Shariati et al. 

2019b, d, Trung et al. 2019b, Yazdani et al. 2020). A series of 

ecological protection and restoration projects implemented 

since 2000 has curbed the degradation trend of the 

Sanjiangyuan Nature Reserve ecosystem, and the ecological 

environment has improved significantly. Studying the 

evolution characteristics of the ESV in Sanjiangyuan Nature 

Reserve and analyzing its influencing factors will aid in 

understanding the driving effect of human activities on the 

natural ecosystem, which is vital for the ecological protection 

and management of Sanjiangyuan Nature Reserve. Although 

Zheng et al. (2020) have researched this topic, few studies 

have been conducted on the overall ESV of Sanjiangyuan 

Nature Reserve, and the existing studies are insufficient. The 

direct use of equivalent factors often results in great 

differences between the evaluation results and actual value, 
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therefore, the table of equivalent factors should be corrected 

according to the actual situation of the study area during 

practical application. Additionally, it is difficult to 

accurately reflect the spatiotemporal variation characteristics 

of ESV in the study area using data from a few time periods, 

resulting in a lack of systematic discussion regarding the 

factors driving ESV changes in Sanjiangyuan Nature 

Reserve (Kim et al. 2014, Hamidi et al. 2015, Allahkarami 

et al. 2017, Ehyaei et al. 2017a, Akbas 2018a, b, Arefi and 

Zenkour 2018, Aydogdu et al. 2018, Bensaid et al. 2018, 

Fonge et al. 2019, Navi et al. 2019, Ebrahimi et al. 2020b, 

Gafour et al. 2020, Matouk et al. 2020, Shen et al. 2020, 

Chacko et al. 2021, Chen et al. 2021, Fang et al. 2021, Li et 

al. 2021, Pan and Chen 2021, Xu et al. 2021a, Yin et al. 

2021, Liu et al. 2022, Wu et al. 2021). 

To fully understand the ESV of Sanjiangyuan Nature 

Reserve and its change characteristics, land-use data 

obtained from 1992 to 2015 with a spatial resolution of 300 

m were used to calculate the ESV of different ecosystems 

and their services in the nature reserve during different 

periods. The value equivalent factors of the main ecosystems 

were also corrected based on the value equivalent factor 

table of terrestrial ecosystems in China proposed by Xie et 

al. (2003). Based on this, the change characteristics and 

differences in the spatial distribution of the ESV were 

analyzed (Costanza et al. 1997, Bolund and Hunhammar 

1999, Zhao et al. 2003, Shariati et al. 2011b, 2019a, Sinaei 

et al. 2011, Daily 2013, Wang et al. 2014b, Shahabi et al. 

2016, Khorramian et al. 2017, NDRC 2018). To elucidate 

the mechanism by which human activities influence the 

ESV and provide a reference for ecosystem protection 

planning and scientific management in Sanjiangyuan Nature 

Reserve, a multiple regression model was used to analyze 

the impact of human activities on changes in the ESV  

 

 

(Moayedi et al. 2020a, b, Oyarhossein et al. 2020, Shariati 

et al. 2020b, Zhou et al. 2020, Dai et al. 2021b, Guo et al. 

2021a, b, He et al. 2021, Huang et al. 2021a, Huo et al. 

2021, Liu et al. 2021b, Peng et al. 2021, Shao et al. 2021, 

Zhang et al. 2021a, b, c). 
 

 

2. Materials and methods 
 

2.1 Study area 
 
Sanjiangyuan Nature Reserve (89°50′57″~99°14′57″E, 

32°22′36″~36°47′53″N) is the origin of the Yangtze and 
Yellow Rivers, and Lancangjiang in China, and is known as 
the “water tower of Asia”. The reserve is located in western 
China, the hinterland of the Qinghai Tibetan Plateau, and 
southern Qinghai Province, bordering Sichuan Province to 
the east and southeast, and the Tibet Autonomous Region to 
the south and west, and is the largest nature reserve with the 
highest altitude in China. The source areas of the Yangtze 
and Yellow Rivers, and Lancangjiang are 184800, 145100, 
and 39500 km2, accounting for 50.03%, 39.60%, and 
10.37% of the region, respectively. The annual average 
temperature is -5.6 - 7.8℃, and the average precipitation is 
262.2-772.8 mm. The main soil type is alpine meadow soil, 
with frozen soil covering a large area. Sanjiangyuan Nature 
Reserve is located in the transition area between alpine 
meadow and desert in the Qinghai Tibetan Plateau. The 
main vegetation types are alpine grassland, meadow, and 
slope vegetation (Dai et al. 2021a, Ebrahimi et al. 2021, 
Hashemi et al. 2021, Hou et al. 2021b, Huang et al. 2021b, 
e, Jiao et al. 2021, Liu et al. 2021a, c, Ma et al. 2021, 
Moradi et al. 2021, Najaafi et al. 2021, Shariati et al. 2021, 
Wu and Habibi 2021b, Xu et al. 2021b, Zhao et al. 2021, 
Yu et al. 2022). 

 
Fig.1 Location of Sanjiangyuan nature reserve 
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2.2 Data source and methodology 
 

2.2.1 Data source 

Land-use, administrative boundary vector, and socio-

economic statistical data were mainly used to evaluate the 

ESV of Sanjiangyuan National Nature Reserve. The land-

use and administrative boundary data were obtained from 

National Tibetan Plateau Data Center. The land-use dataset 

includes integrated NOAA, AVHRR, SPOT, ENVISAT, 

PROBA-V, and other vegetation classification product data 

combined with China's 1:100000 vegetation classification 

data for quality correction from 24 periods, and has a spatial 

resolution of 300 m. The land-use data for Sanjiangyuan 

Natural Reserve were reclassified into the following six 

categories according to the current land-use classification 

(GB/T 21010-2017): cropland, forest, grassland, waters, 

wetland, and bare areas. The socio-economic statistical data 

were obtained from Qinghai Statistical Yearbook (1993-

2016) and the National Bureau of Statistics (Habibi et al. 

2016a, 2018b, c, 2019b, d, e, Ebrahimi et al. 2019, 

Esmailpoor Hajilak et al. 2019, Ghabussi et al. 2019, 

Pourjabari et al. 2019, Safarpour et al. 2019a, 2020b, 

Moayedi et al. 2020b, Shariati et al. 2020a, Shokrgozar et 

al. 2020). 

 

2.2.2 Land-use transition matrix 

A land-use transition matrix was developed to study the 

land-use transformation direction and characteristics, which 

can not only reveal the land-use structure at a certain time, 

but also quantitatively describe the dynamic process of the 

mutual transformation of various land-use types during a 

certain period, allowing the change direction of various 

land-use types to be described (Ma et al. 2021, Zhao et al. 

2021, Liu and Zhu 2010, Hou et al. 2021a, Huang et al. 

2021b, c, Jiao et al. 2021, Liu et al. 2021c, Moradi et al. 

2021, Xu et al. 2021b, Yu et al. 2022). The calculation 

formula is as follows (Shariati et al. 2011a, 2019c, Ziaei-

Nia et al. 2018, Trung et al. 2019a, Afshar et al. 2020): 

𝑆𝑖𝑗 = [
𝑆11 ⋯ 𝑆1𝑛
⋮ ⋱ ⋮
𝑆𝑛1 ⋯ 𝑆𝑛𝑛

] 𝑖, 𝑗 = 1,2,3, … , 𝑛 (1) 

where 𝑆  is the area, 𝑆𝑖𝑗  is the area of land type 𝑖 

transformed into land type 𝑗, 𝑛 is the number of land use 

types, and 𝑖 and 𝑗 represent the land use types before and 

after transformation, respectively (Azimi et al. 2016, 

Ebrahimi and Shafiei 2016, Ghadiri and Shafiei 2016a, b, c, 

Ghadiri et al. 2016a, b, c, d, Shafiei et al. 2016a, b, c, d, e, 

f, g). 

 

2.2.3 ESV estimation 

The equivalent factor method proposed by Xie et al. 

(2003) was followed to calculate the ESV of the 

Sanjiangyuan Nature Reserve. According to the relevant 

literature, one standard equivalent factor of the terrestrial 

ecosystem in China was 3406.5 yuan/hm2 in 2010 (ZHANG 

et al. 2017). 

Using the value equivalent table of the terrestrial 

ecosystem in China to calculate the regional ESV directly 

typically causes the result to deviate from the actual value, 

thus, it must be corrected. The ESV coefficient of cropland 

was corrected based on the grain yield per unit area, and 

while those of forest and grassland were corrected based on 

net primary productivity data. The corrected cropland, 

forest, and grassland coefficients were 13.1, 0.09, and 0.22, 

respectively. As the other land-use types covered relatively 

small areas and the coefficient correction model was 

complex, their coefficients were not corrected in this study. 

The corrected equivalent ESV per unit area in the study area 

is presented in Table 1. 

The ESV of Sanjiangyuan Nature Reserve was 

evaluated based on the area of different land-use types from 

1992 to 2015 and the corrected equivalent table of ESV per 

unit area with the following calculation formula (Wang et 

al. 2014b, 2020a, Habibi et al. 2017, Safarpour et al. 2018, 

Habibi et al. 2019a, c, Safarpour et al. 2019b, 2020a, Al-

Furjan et al. 2020c, Alipour et al. 2020, Ebrahimi et al. 

2020a, Ghabussi et al. 2020, Ghazanfari et al. 2020, 

Jermsittiparsert et al. 2020): 

𝐸𝑆𝑉 =∑ (𝑉𝐶𝑘 × 𝐴𝑘)
𝑛

𝑘=1
 (2) 

𝐸𝑆𝑉𝑓 =∑ (𝑉𝐶𝑓𝑘 × 𝐴𝑘)
𝑛

𝑘=1
 (3) 

where ESV is the total value of ecosystem services in the 

study area (yuan), 𝑉𝐶𝐾 is the ESV per unit area coefficient 

of land-use type k (yuan/hm2), 𝐴𝑘 is the area of land-use 

type k (hm2), 𝐸𝑆𝑉𝑓  is the ESV of ecosystem service 

function f (yuan), 𝑉𝐶𝑓𝑘 is the value coefficient for land use 

type 𝑘 with ecosystem service function f (yuan/hm2), and 

𝑛 is the number of land use types. 

 

2.2.4 Analysis of the ESV change trend 

In this study, the slope analysis method was followed to 

simulate the change trend of ESV in Sanjiangyuan Natural 

Serve on a pixel scale. The calculation formula is as follows 

(Stow et al. 2003, Guo et al. 2017): 

𝑠𝑙𝑜𝑝𝑒 =
𝑛 × ∑ 𝑖 × 𝐴𝑖 −

𝑛
𝑖=1 ∑ 𝑖𝑛

𝑖=1 ∑ 𝐴𝑖
𝑛
𝑖=1

𝑛 × ∑ 𝑖2𝑛
𝑖=1 − (∑ 𝑖𝑛

𝑖=1 )
2  (4) 

where 𝑠𝑙𝑜𝑝𝑒 is the change trend of ESV during the study 

period, n is the number of years, which was 24 in this study, 

and 𝐴𝑖 is ESV of year 𝑖. A 𝑠𝑙𝑜𝑝𝑒 value of > 0 indicates 

that the ESV was increasing during the study period, 

otherwise, it was decreasing. 

 

2.2.5 Hotspot analysis 
Hotspot analysis is a spatial analysis and mapping 

technique that can be used to identify the clustering of 
spatial phenomena. Relevant studies show that the 𝐺𝑖 
statistical method is superior to and more scientific than 
other hotspot mapping methods as it can classify statistical 
significances and the connectivity of cold and hot spots. 
This tool can be used to identify statistically significant 
spatial clusters of high (hot spots) and low (cold spots) 
ESVs. The z-value of each pixel can be calculated using the 
Getis-Ord Gi* tool in ArcGIS software. The higher (or 
lower) the z-score, the more intense the clustering. A z-
score close to zero indicates no apparent spatial clustering. 
The calculation formula is as follows (Wang et al. 2019, Fu 
et al. 2020): 
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𝐺𝑖 =
∑ 𝑤𝑖,𝑗𝑥𝑗
𝑛
𝑗=1 − 𝑋∑ 𝑤𝑖,𝑗

𝑛
𝑗=1

𝑆√
[𝑛∑ 𝑤𝑖,𝑗

2𝑛
𝑗=1 −(∑ 𝑤𝑖,𝑗

𝑛
𝑗=1 )

2
]

𝑛−1

 
(5) 

where 𝐺𝑖  is the output statistical z-score, 𝑥𝑗  is the 
attribute value of element 𝑗, 𝑤𝑖𝑗  is the spatial weight 
between elements 𝑖 and 𝑗, 𝑥 and 𝑆 are the mean value 
and standard deviation of the corresponding element, 
respectively, and 𝑛 is the number of elements (Ebrahimi 
and Shafiei 2017, Ebrahimi et al. 2017, Ehyaei et al. 2017b, 
Ghadiri et al. 2017a, b, c, d, e, Mirjavadi et al. 2017a, b, c, 
d, Shafiei and Kazemi 2017a, b, Shafiei et al. 2017a, b, c, d, 
2019, 2020, Shivanian et al. 2017, Azimi et al. 2018, 
Shafiei and She 2018). 
 

2.2.6 Influencing factors analysis 
Multiple linear models describe a continuous response 

variable as a function of one or more predictor variables, 
and were used to describe the relationship between the ESV 
and driving factors in this study. The model is expressed as 
follows (Adamian et al. 2020, Al-Furjan et al. 2020a, b, Li 
et al. 2020b, Liu et al. 2020a, b, Shi et al. 2020, Wang et al. 
2020b, Zare et al. 2020, Zhou et al. 2020, Dai et al. 2021a, 
c, Guo et al. 2021a, Habibi et al. 2021, He et al. 2021, 
Huang et al. 2021a, Huo et al. 2021, Liu et al. 2021b, Peng 
et al. 2021, Shao et al. 2021, Wu and Habibi 2021a, Zhang 
et al. 2021a, c): 

𝑦𝑖 = 𝛽0 +∑ 𝛽𝑖𝑥𝑖
𝑖

 (6) 

where 𝑦𝑖  is the total value of various ecosystem services, 
𝛽0 is the constant, 𝛽𝑖 is the coefficient between driving 
factors 𝑖 and 𝑦𝑖 , and 𝑥𝑖 is the value of driving factor 𝑖. 
 

 

3. Results 
 

3.1 Land use change analysis 
 

The area of different land-use types in Sanjiangyuan 
Nature Reserve decreased in the order of grassland ≫ 
water > cropland > bare areas > forest > wetland. Grassland 
was the main ecosystem type in Sanjiangyuan Nature 
Reserve, covering an area of 335899.12 km2 in 2015, 
accounting for 90.94% of the total area. Water was the 
secondary ecosystem, covering an area of 11520.71 km2 
and accounting for approximately 3.15% of the region. The 

 

 

main areas with this type of land use were the lakes of 
Gyaring and Ngoring in the mainstream of the Yellow 
River, and the many plateau lakes in the source of the 
Yangtze River in the west. Bare areas and cropland covered 
areas of 10411.08 and 9776.19 km2, accounting for 2.82% 
and 2.65% of the Sanjiangyuan Nature Reserve, respectively. 
Cropland was mainly distributed along rivers and lakes. 
Forest and wetland covered the smallest areas, accounting 
for only 0.35% and 0.09% of the total area, respectively. 
Forest was mainly distributed in the mountainous area of 
the Yellow River’s source region in the east of 
Sanjiangyuan Nature Reserve. 

The areas of cropland and water increased the most 

during 2015, expanding by 342.15 and 260.60 km2 at rates 

of 3.63% and 2.29%, respectively. The areas of forest and 

wetland increased slightly by 12.16 and 5.48 km² at rates of 

0.94% and 1.61%, respectively. In contrast, the areas of 

grassland and bare areas in Sanjiangyuan Nature Reserve 

decreased, with the area of grassland decreasing by 290.41 

km2 from that in 1992 at a rate of less than 1%. 
From 1992 to 2015, approximately 1.02% of the land-use 

types in Sanjiangyuan Nature Reserve changed, accounting 
for a total area of 3783.46 km2. The transformation direction 
of land-use type during the study period was mainly between 
grassland and bare areas. Grassland accounted for the largest 
area of transformed land, with a total area of 1930.52 km2 
(approximately 0.57% of the total grassland area), 519.58, 
904.85, and 502.03 km2 of which was converted into 
cropland, bare areas, and water, respectively. Bare areas 
accounted for the largest area of transformed land, with a 
total area of 1331.19 km2 (approximately 12.39% of the total 
area of bare areas). Most of these areas were converted into 
grassland. Most land was transformed into grassland, with a 
total transfer area of approximately 1640.11 km2 

(approximately 0.49% of the total grassland area), most of 
which were initially bare areas. Proportionally, most land was 
transformed into bare areas, with a total transfer area of 
1001.21 km2, accounting for approximately 9.62% of the 
total area of bare areas, which mainly originated from 
grassland. 

The areas undergoing land-use change were mainly 
concentrated in the northeast and northwest of Sanjiangyuan 
Nature Reserve. Grassland mainly expanded in the south 
and center of Gonghe and Guinan Counties in the northeast 
of the Yellow River source areas, while bare areas mainly 
expanded in the west of Qumarleb County and the northern 
border area with Zhiduo County in the Yangtze River source 

Table 1 Ecosystem service value unit area coefficient of terrestrial ecosystems in Sanjiangyuan Nature Reserve, 

Unit: Yuan/hm2 

Types of 

ecosystem 

Regulating services Supporting services    Provisioning services 
Cultural 

services 

Gas 

regulation 

Climate 

regulation 

Water 

supply 

Soil 

conservation 

Waste 

disposal 

Biological 

diversity 

Food 

production 

Raw material 

production 
Aesthetic 

Cropland 1238.26 2204.11 1485.92 3615.73 4061.50 1758.33 2476.53 247.65 24.77 

Forest 2861.46 2207.41 2616.19 3188.48 1071.00 2665.25 81.76 2125.66 1046.48 

Grassland 1417.10 1594.24 1417.10 3454.19 2320.51 1930.80 531.41 88.57 70.86 

Wetland 6131.70 58251.15 52800.75 5825.12 61930.17 8516.25 1021.95 238.46 18906.08 

Bare areas 0.00 0.00 102.20 68.13 34.07 1158.21 34.07 0.00 34.07 

Water 0.00 1566.99 69424.47 34.07 61930.17 8482.19 340.65 34.07 14784.21 
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area. The expanded water areas exhibited clear spatial 

agglomeration and were mainly distributed along the 

Yellow River in the east and near lakes in the west of the 

study area. 

 

3.2 Spatiotemporal ESV characteristics 
 

3.2.1 Temporal characteristics 
ESV components 

The ESV of Sanjiangyuan Nature Reserve was 

calculated based on the corrected ESV per unit area 

equivalent table and land-use data. From 1992 to 2015, the  

 

 

 

annual average ESV in Sanjiangyuan Natural Reserve was 

640.683 billion yuan/year. The main type of ESV was 

supporting service value, accounting for 55.40% of the total 

value of the study area, followed by regulating service 

value, accounting for 37.64%. The provisioning and cultural 

service values were relatively small, accounting for only 

3.79% and 3.18% of the total value, respectively. Grassland 

was the main ecosystem type with the highest ESV, 

accounting for 67.37% of the ESV of the study area. The 

ESV of water was also relatively high, accounting 

for28.30%, while that of cropland was relatively low, 

accounting for 2.58%. The ESVs of wetland, forest, and 

Table 2 Land-use transition matrix from 1992 to 2015, Unit:km2 

 
1992 

% of area Total area 
Cropland Forest Grassland Wetland Bare areas Water 

20

15 

Cropland 9251.88 0 519.58 0 1.72 3.01 2.65 9776.19 

Forest 0 1286.57 4.07 0 0 9.14 0.35 1299.78 

Grassland 172.22 0 334259.01 0 1237.66 230.22 90.94 335899.12 

Wetland 0 0 0 338.49 0 7.05 0.09 345.54 

Bare areas 8.73 0 904.85 0.08 9409.87 87.55 2.82 10411.08 

Water 1.21 1.05 502.03 1.49 91.80 11023.13 3.15 11620.71 

% of area  2.55 0.35 91.02 0.09 2.91 3.08 1 

Total area  9434.04 1287.62 336189.54 340.06 10741.06 11360.10 - 

 
Fig. 2 Land-use patterns of Sanjiangyuan Nature Reserve in 1992, 1995, 2000, 2005, 2010, and 2015 
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Fig. 3 Land-use transition map of Sanjiangyuan Nature Reserve from 1992 to 2015 

 
Fig. 4 ESV components in Sanjiangyuan nature reserve 

Table 3 Variation in the ESV of Sanjiangyuan nature reserve from 1992 - 2015 

Ecosystem service functions 
Value/100 million yuan Change 

percentage/% 1992 1995 2000 2005 2010 2015 

Regulating 

services 

Gas regulation 493.87 493.81 493.63 493.66 493.67 493.95 0.02 

Climate regulation 597.21 597.14 596.99 597.42 597.70 598.26 0.18 

Water supply 1301.52 1301.03 1288.99 1300.80 1311.99 1320.00 1.42 

Supporting 

services 

Soil conservation 1202.58 1202.43 1202.12 1202.23 1202.29 1202.87 0.02 

Waste disposal 1544.78 1544.31 1533.81 1544.61 1554.69 1561.98 1.11 

Biological 

diversity 
780.83 780.75 779.38 780.62 781.81 782.28 0.25 

Provisioning 

services 

Food production 206.71 206.69 206.99 207.29 207.44 207.49 0.38 

Raw material 

production 
35.52 35.31 35.34 35.36 35.38 35.41 0.27 

Cultural 

services 

Aesthetic 

landscape 
200.15 200.05 197.53 200.03 202.40 204.09 1.97 

Total  6362.97 6361.53 6334.77 6362.03 6387.36 6406.83 
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bare areas ecosystem were lowest, accounting for 1.15%, 

0.36%, and 0.25%, respectively. 

Change in the ESV of different ecosystem types 
During the study period, the ESV in the study area first 

decreased and then increased from 2000. From 1992 to 
2000, the ESV decreased slightly from 636.297 billion to 
633.477 billion yuan, with an average annual decrease of 
352 million yuan/year (0.44%). From 2000 to 2015, the 
ESV increased from 633.477 billion to 640.683 billion 
yuan, with an average annual increase of 100 million 
yuan/year (1.14%). 

The value of each ecosystem service type in 2015 was 

higher than that in 1992. In the primary classification of 

ecosystem services, the values of regulating and supporting 

services increased by 1.960 billion and 1.944 billion yuan, 

respectively. The value of cultural services increased the 

 

 

 

 

most at 1.97%, while that of provisioning services increased 
the least, at 0.36%. In the secondary classification of 
ecosystem services, excluding the aesthetic landscape 
service, the value of the water supply service increased the 
most, at 1.848 billion yuan (1.42%), followed by waste 
disposal service, at 1.72 billion yuan (1.11%), the increase 
in the value of other ecosystem service types was less than 
1%. 

Changes in the ESV of different ecosystem services 

Overall, the ESVs of cropland, forest, wetland, and water 

ecosystems increased, while that of grassland ecosystems 

and bare areas decreased. The ESV of the cropland 

ecosystem increased most significantly from 16.144 billion 

yuan in 1992 to 16.73 billion yuan in 2015 (increase of 

3.63%), followed by water, with an increase of 4.081 billion 

yuan (2.29%). However, the ESV of bare areas decreased 

Table 4 ESV variation of different land uses in Sanjiangyuan nature reserve from 1992 - 2015 

Land use 
Value/100 million yuan Change 

percentage/% 1992 1995 2000 2005 2010 2015 

Cropland 161.44 161.52 165.07 167.14 167.90 167.30 3.63 

Forest 23.00 23.00 23.04 23.04 23.03 23.22 0.94 

Grassland 4311.56 4310.95 4306.85 4305.66 4305.32 4307.84 -0.09 

Wetland 72.64 72.66 73.28 73.45 73.34 73.81 1.61 

Bare areas 15.37 15.44 15.84 15.56 15.30 14.90 -3.07 

Water 1778.96 1777.97 1750.69 1777.18 1802.47 1819.77 2.29 

Table 5 ESV variations in the different source areas in Sanjiangyuan nature reserve from 1992 - 2015 

Source area 
ESV/billion yuan 

Change rate/% 
1992 1995 2000 2005 2010 2015 

Yellow River 249.281 249.323 250.033 251.345 252.578 253.148 1.55 

Yangtze River 331.725 331.538 328.115 329.500 330.805 332.185 0.14 

Lancangjiang 54.941 54.941 54.979 55.006 55.002 54.999 0.11 

 
Fig. 5 Distribution of ESV in Sanjiangyuan nature reserve during 2015 
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by 3.07%, while that of grassland ecosystems, the main 

ecosystem type in the study area, decreased by 372 million 

yuan (0.09%). 

Change of ESV in the different source areas 

From 1992 to 2015, the ESVs of each source area 

increased. The ESV in the Yellow River source area 

increased by 1.55% from 249.281 billion yuan in 1992 to 

253.148 billion yuan in 2015, while that in the Yangtze 

River source area first decreased and then increased. From 

1992 to 2000, the ESV decreased to 328.115 billion yuan, 

and then increased to 332.185 billion yuan from 2000 to 

2015, with an overall change rate of 0.14%. The change rate 

of ESV in the Lancangjiang source area was the smallest 

(0.11%), with a total increase of 1.058 billion yuan. 

 

 

 

3.2.2 Spatial characteristics 
The spatial distribution of the ESV in the study area is 

shown in Fig. 5. The high- and low-value areas were 

relatively concentrated, with high-value areas mainly 

concentrated in water environments, including Qinghai 

Lake in Gonghe County, Gyaring and Ngoring Lake in 

Madoi County in the Yellow River source area, and the 

many lakes in the Tongtian River source area, while low-

value areas were mainly concentrated in bare areas 

distributed in Zhiduo County (northwest of the Yangtze 

River source area) and Golmud County (south of the 

Yangtze River source area). 

The spatial distribution of ESV in each county during 

2015 is shown in Fig. 6, and there were clear spatial  

 
Fig. 6 ESV of every country in Sanjiangyuan nature reserve from 1992 to 2015. 

 
Fig. 7 Annual average ESV hot and cold spots in Sanjiangyuan nature reserve 
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distribution characteristics for each county. Overall, the 

ESV decreased gradually from east to west, and was lowest 

in Jainca and Tongren County, located in the west of the 

study area (2.292 billion and 4.167 billion yuan, 

respectively). Zhiduo County, located in the west of the 

study area, exhibited the highest ESV of 149.006 billion 

yuan. Owing to the relatively high ESV per unit area of 

water and relatively low ESV per unit area of forest and 

grassland, excluding bare areas, the ESVs of Zhiduo, 

Golmud, Qumarleb, and Gonghe County, which contained  

 

 

 

more lakes, were relatively high, while those in the east and 

south of the study area were relatively low as they mainly 

contained forest and grassland. 

Spatial distribution of ESV cold and hot spots 

We observed and studied the spatial agglomeration of 

the mean ESVs at the grid level through hotspot analysis, 

and the result is shown in Fig. 7. Hotspots represent high-

value and high-value aggregation areas, while coldspots 

represent low-value and low-value aggregation areas. In 

total, 93.31% of the study area belonged to coldspots at a  

 
Fig. 8 Hot and cold spots of the annual average values of various ecosystem services in Sanjiangyuan nature reserve 

 
Fig. 9 Trend of ESV in Sanjiangyuan nature reserve 
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99% confidence level, while hotspots were mainly distributed 

along the Yellow River in the east, Madoi County in the 

center, and Zhiduo and Golmud County in the west, 

accounting for approximately 2.49% of the study area. The 

ESVs in the northern part of Gonghe County in the 

northwest of the study area and the western part of Zhiduo 

County were insignificant. 

The results of the hotspots analysis of primary ESV 

classification are shown in Fig. 8. The spatial distribution of 

hot and cold spots of the other three types of ESV was 

consistent with the total value, excluding the provisioning 

service value. Based on the land-use types in Fig. 2, we can 

see that the coldspots were mainly within grassland areas, 

hotspots were mainly within rivers and lakes, and the 

insignificant spots were mainly within bare areas. Table 1 

shows that the total ESV, and supporting, regulating, and 

cultural service values per unit area of wetland and water in 

Sanjiangyuan Natural Reserve were much higher than those 

of grassland. Therefore, the total ESV and values of the 

other three services in areas with water indicated that they 

were hotspots, while grassland areas were coldspots. 

Spatial change trend of the ESV 

The slope analysis method was followed to simulate the 

ESV change trend at a pixel scale. Fig. 9 shows that the 

ESV of the study area did not change significantly during 

the study period. The area within which the ESV increased 

was slightly larger than that within which the ESV 

decreased (2074.01 and 1838.41 km², respectively), 

accounting for 0.56% and 0.50% of the total area of the 

study area, respectively. In the Yellow River source area, 

the ESV was decreasing within an area of 338.99 km², and 

increasing within an area of 1403.22 km². In the Yellow 

River source area, the ESV decreased within an area of 

338.99 km² and increased within an area of 1403.22 km². In  

 

 

 

the Lancangjiang source region, the ESV decreased within 

an area of 179.02 km² and increased within an area of 19.36 

km². In the Yangtze River source area, the ESV decreased 

within an area of 1319.7 km² and increased within an area 

of 651.04 km². 

The ESV mainly increased within Gonghe and Guinan 

County in the east of the study area. Fig. 3 shows that the 

land cover of these counties mainly changed from bare 

areas to grassland and grassland to water, thus, the ESV 

increased. However, in Zhiduo and Qumarleb County in the 

Yangtze River source area, located in the west of the study 

area, the ecosystem types mainly degenerated from 

grassland to bare areas and the ESV decreased. 

 

3.3 Influencing factors of ESV 
 
3.3.1 Driving factor analysis 
The factors driving the spatiotemporal differences in the 

ESV mainly included natural and human factors. As the 

changes in the ESV during a short period were mainly 

affected by human activities (Yao et al. 2009, Wang et al. 

2014a, Luo and Yan 2018, Han et al. 2019, Xu et al. 2019), 

climatic factors were ignored and the impacts of human 

factors were only discussed in this study. The driving 

factors that may have affected the ESV of Sanjiangyuan 

Nature Reserve were preliminarily selected based on 

previous studies and the socioeconomic development status 

of the study area. 

The preliminarily selected driving force indicators 

included 17 population, economic, and agricultural factors. 

As some indicators were weakly correlated with the ESV, 

they were eliminated based on bivariate analysis. The 

driving force indicators were determined, and are shown in 

Table 6. 

Table 6 Pearson correlation coefficients between ESV and the driving force indicators 

Variable code x1 x2 x3 x4 x5 x6 x7 

Variable name 
permanent 

resident 

population 

population 

density 
urbanization 

rate 
GDP 

the proportion 

of the primary 

industry 

the proportion 

of the 

secondary 

industry 

the proportion 

of the tertiary 

industry 

Pearson 

Correlation 
-0.680** 0.846** 0.907** 0.889** -0.594** 0.563** 0.438* 

Variable code x8 x9 x10 x11 x12 x13 x14 

Variable name 
gross industrial 

value 
government 

revenue 

gross output 

value of 

agriculture 

output value of 

gross 

agricultural 

output value of 

gross forestry 
output value of 

gross pastoral 
output value of 

gross fishery 

Pearson 

Correlation 
0.879** 0.879** 0.916** 0.904** 0.901** 0.915** 0.667** 

Table 7 Regression of the ESV in Sanjiangyuan nature reserve 

ESV category Regression model R2 

Total value 𝑦 = 0.557𝑥10 + 841.372𝑥3 + 6192.791 0.965 

Regulating service value 𝑦 = 0.266𝑥10 − 64.340𝑥6 + 243.779𝑥3 + 2360.136 0.937 

Supporting service value 𝑦 = 0.262𝑥10 − 62.677𝑥6 + 245.134𝑥3 + 3495.003 0.938 

Provisioning service value 𝑦 = 1.332𝑥2 − 1.511 × 10−7𝑥3 + 239.309 0.911 

Cultural service value 𝑦 = 0.056𝑥10 − 13.909𝑥6 + 45.292𝑥3 + 194.612 0.933 
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3.3.2 Regression analysis 
The driving force factors, total ESV, and values of 

various services were analyzed by multiple linear 

regression, and the results are shown in Table 7. The main 

factors driving the ESV in Sanjiangyuan Nature Reserve 

included the population density, urbanization rate, 

proportion of secondary industry, and gross agricultural 

output value. The total ESV and values of other types of 

ecosystem services, excluding the provisioning service, 

were driven by the same factors, including the gross 

agricultural output value, urbanization rate, and proportion 

of secondary industry. The regression coefficients for the 

gross agricultural output value and urbanization rate were 

positive, while that of the proportion of secondary industry 

was negative. The population density and urbanization rate 

were the factors driving the provisioning service value, the 

regression coefficient of population density was positive, 

while that of urbanization rate was negative. 

The degree of economic development in Sanjiangyuan 

Nature Reserve is generally low. Primary industry was the 

main economic structure during the early stage. The 

proportion of the primary, secondary and tertiary industries 

respectively was 48.61, 30.03 and 21.36 in 1992. The 

economy of Sanjiangyuan Nature Reserve was dominated 

by agriculture, particularly animal husbandry. Farmers and 

herders adhered to the traditional natural free-range model, 

which gradually increased the severity of regional grassland 

degradation. As such, the grassland ecosystem gradually 

deteriorated and the structure and function of the natural 

ecosystem became severely damaged. After years of 

development, secondary and tertiary industries accounted 

for most of the industry in Sanjiangyuan Nature reserve, 

with secondary industry becoming dominant. The natural 

ecosystem in Sanjiangyuan Nature Reserve has a simple 

structure, poor stability, and weak self-recoverability, and 

such ecosystems are formed through long-term evolution 

and development. The ecological damage caused by 

durative industrial development will hinder the rapid 

recovery of the natural ecosystem, leading to a decline in 

the regulating and supporting ability of the ecosystem. Such 

a decline will also affect the entertainment and cultural 

attributes of the ecological landscape. In addition, industrial 

production has greatly accelerated the accumulation of 

heavy metal elements in the soil, resulting in the surface 

soil where heavy metals such as Cd, Hg and Zn have 

reached pollution levels, Washing wastewater produced 

during coal mining contains micro coal dust, sand, clay, 

shale, etc., which can also lead to a decrease in water 

quality and affects water ecological services. Therefore, the 

proportion of secondary industry in Sanjiangyuan Nature 

Reserve is negatively related to the regulating, supporting, 

and cultural service values. 

The urbanization rate is typically expressed as the ratio 

of the number of permanent urban residents to the total 

population of the region. The increase in the urbanization 

rate indicated that the rural population of the region moved 

to more urban areas. The urban population was denser than 

the rural population. Additionally, with the continuous 

expansion of the scale of cities and towns, the impacts of 

production and life on natural ecosystems gradually became 

concentrated within urban areas, and the degree of 

fragmentation of grasslands and other natural ecosystems 

decreased. Therefore, urbanization benefitted the spatial 

expression of ESV. 
The gross output value of agriculture is the total amount 

of all agricultural, forestry, pastoral, and fishery products, 

along with the value of all types of service activities 
supporting these production activities, and reflects the 
agricultural scale and production level within a certain time 
period. The increase in the gross agricultural output value 
indirectly indicated that the agricultural economic strength 
was significantly enhanced, the quality of life of regional 

farmers was significantly improved, and farmers had more 
demand for spiritual and cultural activities, in addition to 
material goods. Therefore, the increase in the gross 
agricultural output value positively affected the cultural 
service value. 

Ecosystem provisioning service refers to the products 

and services provided by the natural ecosystem, and the 

concepts of provision and demand correspond to one other. 

Demand for ecosystem services mainly refers to the 

consumption and use of these services and products by 

human society. Provision and demand constitute the 

dynamic process of ecosystem services flowing from 

natural ecosystems to human society. Population density is 

the main factor affecting the demand for natural resources. 

Therefore, as the population density increased, the demand 

for natural ecosystem services increased, leading to 

synchronous changes in the provisioning service value. As 

the regional urbanization level improved, the consumption 

of resources and energy increased. However, the 

transformation of land resources by urban expansion 

damages the natural ecosystem within the urban boundary, 

resulting in contradictions between regional economic 

development and the ecological environment, and the 

gradual degradation of the provisioning service function. 

Therefore, an increase in the urbanization rate will 

negatively impact the value of regional provisioning 

services. In 2015, the urbanization rate of Sanjiangyuan 

Nature Reserve was 21.09%, which was well below that of 

Qinghai Province (50.30%) and the national average 

(56.10%). Therefore, the impact of population density on 

the provisioning service in the study area was more 

significant than that of the urbanization rate. 
 

 

4. Discussion 
 

By comparing characteristics of land use transfer and 
spatiotemporal changes in ESV, it could be found that the 
spatial distribution and change characteristics of ESV were 

strongly correlated with land use. Under the combined 
impacts of global climate change and human activities, 
environmental issues in the Yangtze River source area, such 
as snowline rise, glacier retreat, soil erosion, soil pollution, 
water pollution, desertification, and grassland degradation, 
have become prominent. According to the relevant survey 

data, degraded and desertified grasslands in the source 
region of the Yangtze River develops at a rate of 2.2% every 
year, leading to the degradation of grasslands and decrease 
in the ESV of the corresponding area. In contrast, the 
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Yellow River source area benefited from the Sanjiangyuan 
Ecological Protection Project, which effectively curbed the 
degradation of the ecological environment around the lakes 
in the area, and restored and reconstructed the natural 

ecosystem. Thus, the ESV of the corresponding area in the 
Yellow River source area continued to grow. 

Therefore, continuing to conduct ecological protection 

and construction projects in Sanjiangyuan Nature Reserve, 

such as restoration of degraded grasslands, restoration of 

contaminated soil, and treatment of water environment will 

aid in restoring the natural ecosystem and enhancing the 

ESV. The gross agricultural output value, urbanization rate 

and proportion of secondary industry were the main factors 

driving the ESV in Sanjiangyuan Nature Reserve, which 

can be improved by moving the rural population, changing 

the agricultural production mode and closing the mines to 

reduce the anthropological impacts on the natural 

ecosystem, particularly those of the agricultural population, 

to enhance and maintain the ESV. 
 
 

5. Conclusions 

 

Based on land-use data, changes in land-use 

transformation in Sanjiangyuan Nature Reserve were 

analyzed, and the coefficient of the ecosystem service value 

(ESV) per unit area of China was then corrected using grain 

yield and net primary productivity data to analyze the 

spatiotemporal evolution characteristics of the ESV in the 

study area. Finally, the main factors driving the ESV were 

discussed by combining the results with socioeconomic 

statistical data. The results show that grassland was the 

main type of land use in the study area, accounting for over 

90% of the total area. The changes in land use types over 

the past twenty-four years were mainly due to mutual 

transformation between grassland and bare areas. Bare areas 

mainly transformed into grassland in the northern part of 

the Yellow River source area, while grassland mainly 

transformed into bare areas in the northwest of the Yangtze 

River source area. The main type of ESV in the study area 

was the provisioning service value, accounting for 55.40% 

of the total value in the study area. Additionally, grassland 

and water accounted for the largest proportion of the ESV. 

From 1992 to 2015, the annual average ESV in Sanjiangyuan 

Nature Reserve was 640.683 billion yuan/year, and first 

decreased and then increased. Over the past twenty-four 

years, the ESV increased by 4.386 billion yuan, with an 

average annual growth rate of 0.69%. The ESV was mainly 

high in water areas in the Yellow River source area and 

north of the Yangtze River source area, and was mainly low 

in the bare areas in the northwest Yangtze River source area. 

Finally, the gross agricultural output value urbanization rate 

and proportion of secondary industry were the main factors 

affecting the ESV in the study area. 
 
 

References  
 
Adamian, A., Safari, K.H., Sheikholeslami, M., Habibi, M., Al-

Furjan, M. and Chen, G. (2020), “Critical temperature and 

frequency characteristics of GPLs-reinforced composite doubly 

curved panel”, Appl. Sci., 10(9), 3251.  

https://doi.org/10.3390/app10093251. 

Afshar, A., Jahandari, S., Rasekh, H., Shariati, M., Afshar, A. and 

Shokrgozar, A. (2020), “Corrosion resistance evaluation of 

rebars with various primers and coatings in concrete modified 

with different additives”, Constr. Build. Mater., 262 120034.  

https://doi.org/10.1016/j.conbuildmat.2020.120034. 

Akbas, S.D. (2018a), “Forced vibration analysis of cracked 

functionally graded microbeams”, Adv. Nano Res., 6(1), 39-55.  

http://doi.org/10.12989/anr.2018.6.1.039. 

Akbas, S.D. (2018b), “Bending of a cracked functionally graded 

nanobeam”, Adv. Nano Res., 6(3), 219-242. 

http://doi.org/10.12989/anr.2018.6.3.219. 

Al-Furjan, M., Dehini, R., Khorami, M., Habibi, M. and Won 

Jung, D. (2020a), “On the dynamics of the ultra-fast rotating 

cantilever orthotropic piezoelectric nanodisk based on nonlocal 

strain gradient theory”, Compos. Struct., 112990.  

https://doi.org/10.1016/j.compstruct.2020.112990. 

Al-Furjan, M., Fereidouni, M., Habibi, M., Abd Ali, R., Ni, J. and 

Safarpour, M. (2020b), “Influence of in-plane loading on the 

vibrations of the fully symmetric mechanical systems via 

dynamic simulation and generalized differential quadrature 

framework”, Eng. Comput., 1-23.  

https://doi.org/10.1007/s00366-020-01177-7. 

Al-Furjan, M., Habibi, M., Ghabussi, A., Safarpour, H., Safarpour, 

M. and Tounsi, A. (2020c), “Non-polynomial framework for 

stress and strain response of the FG-GPLRC disk using three-

dimensional refined higher-order theory”, Eng. Struct., 111496.  

https://doi.org/10.1016/j.engstruct.2020.111496. 

Alipour, M., Torabi, M.A., Sareban, M., Lashini, H., Sadeghi, E., 

Fazaeli, A., Habibi, M. and Hashemi, R. (2020), “Finite element 

and experimental method for analyzing the effects of martensite 

morphologies on the formability of DP steels”, Mech. Based 

Des. Struct., 48(5), 525-541.  

https://doi.org/10.1080/15397734.2019.1633343. 

Allahkarami, F., Nikkhah-Bahrami, M. and Saryazdi, M.G. (2017), 

“Damping and vibration analysis of viscoelastic curved 

microbeam reinforced with FG-CNTs resting on viscoelastic 

medium using strain gradient theory and DQM”, Steel Compos. 

Struct., 25(2), 141-155.  

https://doi.org/10.12989/scs.2017.25.2.141. 

Arefi, M. and Zenkour, A.M. (2018), “Free vibration analysis of a 

three-layered microbeam based on strain gradient theory and 

three-unknown shear and normal deformation theory”, Steel 

Compos. Struct., 26(4), 421-437.  

https://doi.org/10.12989/scs.2018.26.4.421. 

Aydogdu, M., Arda, M. and Filiz, S. (2018), “Vibration of axially 

functionally graded nano rods and beams with a variable 

nonlocal parameter”, Adv. Nano Res., 6(3), 257-278. 

http://doi.org/10.12989/anr.2018.6.3.257. 

Azimi, M., Mirjavadi, S.S., Shafiei, N. and Hamouda, A.M.S. 

(2016), “Thermo-mechanical vibration of rotating axially 

functionally graded nonlocal Timoshenko beam”, Appl. Phys. 

A., 123(1), 104. http://doi.org/10.1007/s00339-016-0712-5. 

Azimi, M., Mirjavadi, S.S., Shafiei, N., Hamouda, A.M.S. and 

Davari, E. (2018), “Vibration of rotating functionally graded 

Timoshenko nano-beams with nonlinear thermal distribution”, 

Mech. Adv. Mater. Struct., 25(6), 467-480.  

http://doi.org/10.1080/15376494.2017.1285455. 

Bensaid, I., Bekhadda, A. and Kerboua, B. (2018), “Dynamic 

analysis of higher order shear-deformable nanobeams resting on 

elastic foundation based on nonlocal strain gradient theory”, 

Adv. Nano Res., 6(3), 279.  

http://doi.org/10.12989/anr.2018.6.3.279. 

Bolund, P. and Hunhammar, S. (1999), “Ecosystem services in 

urban areas”, Ecol. Econ., 29(2), 293-301.  

Chacko, S., Kurian, J., Ravichandran, C., Vairavel, S.M. and 

330330



 

Spatiotemporal evolution and influencing factors of ecosystem service value … 

Kumar, K. (2021), “An assessment of water yield ecosystem 

services in Periyar Tiger Reserve, Southern Western Ghats of 

India”, Geol. Ecol. Landsc., 5(1), 32-39.  

http://doi.org/10.1080/24749508.2019.1699988. 

Chen, X., Quan, Q., Zhang, K. and Wei, J. (2021), “Spatiotemporal 

characteristics and attribution of dry/wet conditions in the 

Weihe River Basin within a typical monsoon transition zone of 

East Asia over the recent 547 years”, Environ. Modell. Softw., 

143, 105116. https://doi.org/10.1016/j.envsoft.2021.105116. 

Cheshmeh, E., Karbon, M., Eyvazian, A., Jung, D.W., Habibi, M. 

and Safarpour, M. (2020), “Buckling and vibration analysis of 

FG-CNTRC plate subjected to thermo-mechanical load based 

on higher order shear deformation theory”, Mech. Based Des. 

Struct., 1-24. https://doi.org/10.1080/15397734.2020.1744005. 

Costanza, R., d’Arge, R., De Groot, R., Farber, S., Grasso, M., 

Hannon, B., Limburg, K., Naeem, S., O’neill, R.V. and Paruelo, 

J. (1997), “The value of the world’s ecosystem services and 

natural capital”, Nature, 387(6630), 253-260.  

Dai, Z., Jiang, Z., Zhang, L. and Habibi, M. (2021a), “Frequency 

characteristics and sensitivity analysis of a size-dependent 

laminated nanoshell”, Adv. Nano Res., 10(2), 175-189.  

http://doi.org/10.12989/ANR.2021.10.2.175. 

Dai, Z., Zhang, L., Bolandi, S.Y. and Habibi, M. (2021b), “On the 

vibrations of the non-polynomial viscoelastic composite open-

type shell under residual stresses”, Compos. Struct., 263, 

113599. https://doi.org/10.1016/j.compstruct.2021.113599. 

Dai, Z., Zhang, L., Bolandi, S.Y. and Habibi, M. (2021c), “On the 

vibrations of the non-polynomial viscoelastic composite open-

type shell under residual stresses”, Compos. Struct., 113599.  

https://doi.org/10.1016/j.compstruct.2021.113599. 

Daily, G.C. (2013), Nature’s Services: Societal Dependence on 

Natural Ecosystems (1997), Yale University Press, New heaven, 

U.S.A. 

Ebrahimi, F. and Shafiei, N. (2016), “Application of Eringen’s 

nonlocal elasticity theory for vibration analysis of rotating 

functionally graded nanobeams”, Smart Struct. Syst., 17(5), 

837-857. https://doi.org/10.12989/sss.2016.17.5.837. 

Ebrahimi, F. and Shafiei, N. (2017), “Influence of initial shear 

stress on the vibration behavior of single-layered graphene 

sheets embedded in an elastic medium based on Reddy’s higher-

order shear deformation plate theory”, Mech. Adv. Mater. 

Struct., 24(9), 761-772.  

https://doi.org/10.1080/15376494.2016.1196781. 

Ebrahimi, F., Shafiei, N., Kazemi, M. and Mousavi Abdollahi, 

S.M. (2017), “Thermo-mechanical vibration analysis of rotating 

nonlocal nanoplates applying generalized differential quadrature 

method”, Mech. Adv. Mater. Struct., 24(15), 1257-1273.  

https://doi.org/10.1080/15376494.2016.1227499. 

Ebrahimi, F., Habibi, M. and Safarpour, H. (2019), “On modeling 

of wave propagation in a thermally affected GNP-reinforced 

imperfect nanocomposite shell”, Eng. Comput., 35(4), 1375-

1389. https://doi.org/10.1007/s00366-018-0669-4. 

Ebrahimi, F., Hashemabadi, D., Habibi, M. and Safarpour, H. 

(2020a), “Thermal buckling and forced vibration characteristics 

of a porous GNP reinforced nanocomposite cylindrical shell”, 

Microsyst. Technol., 26(2), 461-473.  

https://doi.org/10.1007/s00542-019-04542-9. 

Ebrahimi, F., Kokaba, M., Shaghaghi, G. and Selvamani, R. 

(2020b), “Dynamic characteristics of hygro-magneto-thermo-

electrical nanobeam with non-ideal boundary conditions”, Adv. 

Nano Res., 8(2), 169-182.  

https://doi.org/10.12989/anr.2020.8.2.169. 

Ebrahimi, F., Mohammadi, K., Barouti, M.M. and Habibi, M. 

(2021), “Wave propagation analysis of a spinning porous 

graphene nanoplatelet-reinforced nanoshell”, Wave. Random 

Complex., 31(6), 1655-1681.  

https://doi.org/10.1080/17455030.2019.1694729. 

Ehyaei, J., Akbarshahi, A. and Shafiei, N. (2017a), “Influence of 

porosity and axial preload on vibration behavior of rotating FG 

nanobeam”, Adv. Nano Res., 5(2), 141-169. 

http://doi.org/10.12989/anr.2017.5.2.141. 

Ehyaei, J., Akbarshahi, A. and Shafiei, N. (2017b), “Influence of 

porosity and axial preload on vibration behavior of rotating FG 

nanobeam”, 5(2), 141.  

https://doi.org/10.12989/anr.2017.5.2.141. 

Esmailpoor Hajilak, Z., Pourghader, J., Hashemabadi, D., Sharifi 

Bagh, F., Habibi, M. and Safarpour, H. (2019), “Multilayer 

GPLRC composite cylindrical nanoshell using modified strain 

gradient theory”, Mech. Based Des. Struct., 47(5), 521-545.  

https://doi.org/10.1080/15397734.2019.1566743. 

Fang, X., Wang, Q., Wang, J., Xiang, Y., Wu, Y. and Zhang, Y. 

(2021), “Employing extreme value theory to establish nutrient 

criteria in bay waters: A case study of Xiangshan Bay”, J. 

Hydrol., 603, 127146.  

https://doi.org/10.1016/j.jhydrol.2021.127146. 

Fazaeli, A., Habibi, M. and Ekrami, A.A. (2016), “Experimental 

and finite element comparison of mechanical properties and 

formability of dual phase steel and ferrite - pearlite steel with 

the same chemical composition %J Metallurgical Engineering”, 

Metall. Eng., 19(2), 84-93.  

https://doi.org/10.22076/me.2017.41458.1064. 

Fonge, B.A., Tabot, P.T., Bakia, M.A. and Awah, C.C. (2019), 

“Patterns of land-use change and current vegetation status in 

peri-urban forest reserves: The case of the Barombi Mbo Forest 

Reserve, Cameroon”, Geol. Ecol. Landsc., 3(2), 104-113.  

https://doi.org/10.1080/24749508.2018.1508981. 

Fu, J.X., Cao, G.C. and Guo, W.J. (2020), “Land use change and 

its driving force on the southern slope of Qilian Mountains from 

1980 to 2018”, J. Appl. Ecol., 31(8), 2699-2709.  

https://doi.org/10.13287/j.1001-9332.202008.017. 

Gafour, Y., Hamidi, A., Benahmed, A., Zidour, M. and Bensattalah, 

T. (2020), “Porosity-dependent free vibration analysis of FG 

nanobeam using non-local shear deformation and energy 

principle”, Adv. Nano Res., 8(1), 37-47.  

https://doi.org/10.12989/anr.2020.8.1.037. 

Ghabussi, A., Ashrafi, N., Shavalipour, A., Hosseinpour, A., 

Habibi, M., Moayedi, H., Babaei, B. and Safarpour, H. (2019), 

“Free vibration analysis of an electro-elastic GPLRC cylindrical 

shell surrounded by viscoelastic foundation using modified 

length-couple stress parameter”, Mech. Based Des. Struct., 1-

25. https://doi.org/10.1080/15397734.2019.1705166. 

Ghabussi, A., Habibi, M., NoormohammadiArani, O., Shavalipour, 

A., Moayedi, H. and Safarpour, H. (2020), “Frequency 

characteristics of a viscoelastic graphene nanoplatelet–reinforced 

composite circular microplate”, J. Vib Control., 27(1-2), 101-

118. https://doi.org/10.1177/1077546320923930. 

Ghadiri, M. and Shafiei, N. (2016a), “Nonlinear bending vibration 

of a rotating nanobeam based on nonlocal Eringen’s theory 

using differential quadrature method”, Microsyst. Technol., 

22(12), 2853-2867. 10.1007/s00542-015-2662-9. 

Ghadiri, M. and Shafiei, N. (2016b), “Vibration analysis of a 

nano-turbine blade based on Eringen nonlocal elasticity 

applying the differential quadrature method”, J. Vib Control., 

23(19), 3247-3265. 10.1177/1077546315627723. 

Ghadiri, M. and Shafiei, N. (2016c), “Vibration analysis of 

rotating functionally graded Timoshenko microbeam based on 

modified couple stress theory under different temperature 

distributions”, Acta Astronaut., 121, 221-240.  

https://doi.org/10.1016/j.actaastro.2016.01.003. 

Ghadiri, M., Hosseini, S.H.S. and Shafiei, N. (2016a), “A power 

series for vibration of a rotating nanobeam with considering 

thermal effect”, Mech. Adv. Mater. Struct., 23(12), 1414-1420.  

https://doi.org/10.1080/15376494.2015.1091527. 

Ghadiri, M., Shafiei, N. and Akbarshahi, A. (2016b), “Influence of 

331



 

Hao Liu, Chang Shu and Lihui Sun 

thermal and surface effects on vibration behavior of nonlocal 

rotating Timoshenko nanobeam”, Appl. Phys. A., 122(7), 673.  

https://doi.org/10.1007/s00339-016-0196-3. 

Ghadiri, M., Shafiei, N. and Alireza Mousavi, S. (2016c), 

“Vibration analysis of a rotating functionally graded tapered 

microbeam based on the modified couple stress theory by 

DQEM”, Appl. Phys. A., 122(9), 837.  

https://doi.org/10.1007/s00339-016-0364-5. 

Ghadiri, M., Shafiei, N., Salekdeh, S.H., Mottaghi, P. and Mirzaie, 

T. (2016d), “Investigation of the dental implant geometry effect 

on stress distribution at dental implant–bone interface”, J. 

Brazil. Soc. Mech. Sci. Eng., 38(2), 335-343.  

https://doi.org/10.1007/s40430-015-0472-8. 

Ghadiri, M., Mahinzare, M., Shafiei, N. and Ghorbani, K. (2017a), 

“On size-dependent thermal buckling and free vibration of 

circular FG Microplates in thermal environments”, Microsyst. 

Technol., 23(10), 4989-5001.  

https://doi.org/10.1007/s00542-017-3308-x. 

Ghadiri, M., Shafiei, N. and Alavi, H. (2017b), “Thermo-

mechanical vibration of orthotropic cantilever and propped 

cantilever nanoplate using generalized differential quadrature 

method”, Mech. Adv. Mater. Struct., 24(8), 636-646.  

https://doi.org/10.1080/15376494.2016.1196770. 

Ghadiri, M., Shafiei, N. and Alavi, H. (2017c), “Vibration analysis 

of a rotating nanoplate using nonlocal elasticity theory”, J. Solid 

Mech., 9(2), 319-337.  

Ghadiri, M., Shafiei, N. and Babaei, R. (2017d), “Vibration of a 

rotary FG plate with consideration of thermal and Coriolis 

effects”, Steel Compos. Struct., 25(2), 197-207.  

https://doi.org/10.12989/SCS.2017.25.2.197. 

Ghadiri, M., Shafiei, N. and Safarpour, H. (2017e), “Influence of 

surface effects on vibration behavior of a rotary functionally 

graded nanobeam based on Eringen’s nonlocal elasticity”, 

Microsyst. Technol., 23(4), 1045-1065.  

https://doi.org/10.1007/s00542-016-2822-6. 

Ghazanfari, A., Assempour, A., Habibi, M. and Hashemi, R. 

(2016), “Investigation on the effective range of the through 

thickness shear stress on forming limit diagram using a 

modified Marciniak–Kuczynski model”, 16(1), 137-143.  

Ghazanfari, A., Soleimani, S.S., Keshavarzzadeh, M., Habibi, M., 

Assempuor, A. and Hashemi, R. (2020), “Prediction of FLD for 

sheet metal by considering through-thickness shear stresses”, 

Mech. Based Des. Struct., 48(6), 755-772.  

https://doi.org/10.1080/15397734.2019.1662310. 

Guo, J., Hu, Y., Xiong, Z., Bu, R., Yan, X. and Liu, M. (2017), 

“Spatiotemporal variations characteristics of summer heat island 

effect in Shenyang over the past 15 years”, Environ. Sci. 

Technol., 40(S2), 293-299.  

Guo, J., Baharvand, A., Tazeddinova, D., Habibi, M., Safarpour, 

H., Roco-Videla, A. and Selmi, A. (2021a), “An intelligent 

computer method for vibration responses of the spinning multi-

layer symmetric nanosystem using multi-physics modeling”, 

Eng. Comput., 1-22. 

https://doi.org/10.1007/s00366-021-01433-4. 

Guo, Y., Mi, H. and Habibi, M. (2021b), “Electromechanical 

energy absorption, resonance frequency, and low-velocity 

impact analysis of the piezoelectric doubly curved system”, 

Mech. Syst. Signal Pr., 157, 107723.  

https://doi.org/10.1016/j.ymssp.2021.107723. 

Habibi, M., Hashemi, R., Sadeghi, E., Fazaeli, A., Ghazanfari, A. 

and Lashini, H. (2016a), “Enhancing the mechanical properties 

and formability of low carbon steel with dual-phase 

microstructures”, J. Mater. Eng. Perform., 25(2), 382-389.  

Habibi, M., Ghazanfari, A., Assempour, A., Naghdabadi, R. and 

Hashemi, R. (2017), “Determination of forming limit diagram 

using two modified finite element models”, Mech. Eng. 48(4), 

141-144. https://doi.org/10.22060/MEJ.2016.664. 

Habibi, M., Hashemi, R., Fallah Tafti, M. and Assempour, A. 

(2018a), “Experimental investigation of mechanical properties, 

formability and forming limit diagrams for tailor-welded blanks 

produced by friction stir welding”, J. Manuf. Proc., 31, 310-

323. https://doi.org/10.1016/j.jmapro.2017.11.009. 

Habibi, M., Hashemi, R., Ghazanfari, A., Naghdabadi, R. and 

Assempour, A. (2018b), “Forming limit diagrams by including 

the M–K model in finite element simulation considering the 

effect of bending”, Proceedings of the Institution of Mechanical 

Engineers, Part L: Journal of Materials: Design and 

Applications, 232(8), 625-636. 

https://doi.org/10.1177/1464420716642258. 

Habibi, M., Hashemi, R., Tafti, M.F. and Assempour, A. (2018c), 

“Experimental investigation of mechanical properties, formability 

and forming limit diagrams for tailor-welded blanks produced 

by friction stir welding”, J. Manuf. Proc., 31, 310-323.  

https://doi.org/10.1016/j.jmapro.2017.11.009. 

Habibi, M., Hashemabadi, D. and Safarpour, H. (2019a), 

“Vibration analysis of a high-speed rotating GPLRC 

nanostructure coupled with a piezoelectric actuator”,  Eur. 

Phys. J. Plus, 134(6), 307.  

https://doi.org/10.1140/epjp/i2019-12742-7. 

Habibi, M., Mohammadgholiha, M. and Safarpour, H. (2019b), 

“Wave propagation characteristics of the electrically GNP-

reinforced nanocomposite cylindrical shell”, J. Brazil. Soc. 

Mech. Sci. Eng., 41(5), 221.  

https://doi.org/10.1007/s40430-019-1715-x. 

Habibi, M., Mohammadi, A., Safarpour, H. and Ghadiri, M. 

(2019c), “Effect of porosity on buckling and vibrational 

characteristics of the imperfect GPLRC composite nanoshell”, 

Mech. Based Des. Struct., 1-30.  

https://doi.org/10.1080/15397734.2019.1701490. 

Habibi, M., Mohammadi, A., Safarpour, H., Shavalipour, A. and 

Ghadiri, M. (2019d), “Wave propagation analysis of the 

laminated cylindrical nanoshell coupled with a piezoelectric 

actuator”, Mech. Based Des. Struct., 1-19.  

https://doi.org/10.1080/15397734.2019.1697932. 

Habibi, M., Taghdir, A. and Safarpour, H. (2019e), “Stability 

analysis of an electrically cylindrical nanoshell reinforced with 

graphene nanoplatelets”, Compos. Part B Eng., 175, 107125.  

https://doi.org/10.1016/j.compositesb.2019.107125. 

Habibi, M., Darabi, R., Sa, J.C.D. and Reis, A. (2021), “An 

innovation in finite element simulation via crystal plasticity 

assessment of grain morphology effect on sheet metal 

formability”, Proceedings of the Institution of Mechanical 

Engineers, Part L: Journal of Materials: Design and 

Applications. 235(8), 1937-1951. 

https://doi.org/10.1177/14644207211024686. 

Hamidi, A., Houari, M.S.A., Mahmoud, S. and Tounsi, A. (2015), 

“A sinusoidal plate theory with 5-unknowns and stretching 

effect for thermomechanical bending of functionally graded 

sandwich plates”, Steel Compos. Struct., 18(1), 235-253.  

https://doi.org/10.12989/scs.2015.18.1.235. 

Han, R., Sun, S., Guo, L. and Chen, Y. (2019), “Evolution of 

ecosystem service value and analysis of driving forces in the 

east region of Sichuan Province, China”, J. Ecol. Rural Environ., 

35(9), 1136-1143.  

https://doi.org/10.19741/j.issn.1673-4831.2018.0596. 

Hashemi, H.R., Alizadeh, A.a., Oyarhossein, M.A., Shavalipour, 

A., Makkiabadi, M. and Habibi, M. (2021), “Influence of 

imperfection on amplitude and resonance frequency of a 

reinforcement compositionally graded nanostructure”, Wave. 

Random Complex., 31(6), 1340-1366.  

https://doi.org/10.1080/17455030.2019.1662968. 

He, X., Ding, J., Habibi, M., Safarpour, H. and Safarpour, M. 

(2021), “Non-polynomial framework for bending responses of 

the multi-scale hybrid laminated nanocomposite reinforced 

332332



 

Spatiotemporal evolution and influencing factors of ecosystem service value … 

circular/annular plate”, Thin Walled Struct., 166, 108019.  

https://doi.org/10.1016/j.tws.2021.108019. 

Hosseini, S.M.R., HABIBI, M. and ASSEMPOUR, A. (2018), 

“Experimental and numerical determination of forming limit 

diagram of steel-copper two-layer sheet considering the 

interface between the layers”, Modares Mech. Eng., 18(6), 174-

181. 

Hou, F., Wu, S., Moradi, Z. and Shafiei, N. (2021), “The 

computational modeling for the static analysis of axially 

functionally graded micro-cylindrical imperfect beam applying 

the computer simulation”, Eng. Comput., 1-19.  

https://doi.org/10.1007/s00366-021-01456-x. 

Huang, X., Hao, H., Oslub, K., Habibi, M. and Tounsi, A. (2021a), 

“Dynamic stability/instability simulation of the rotary size-

dependent functionally graded microsystem”, Eng. Comput., 1-

17. https://doi.org/10.1007/s00366-021-01399-3. 

Huang, X., Zhang, Y., Moradi, Z. and Shafiei, N. (2021b), 

“Computer simulation via a couple of homotopy perturbation 

methods and the generalized differential quadrature method for 

nonlinear vibration of functionally graded non-uniform micro-

tube”, Eng. Comput., 1-18.  

https://doi.org/10.1007/s00366-021-01395-7. 

Huang, X., Zhu, Y., Vafaei, P., Moradi, Z. and Davoudi, M. 

(2021c), “An iterative simulation algorithm for large oscillation 

of the applicable 2D-electrical system on a complex nonlinear 

substrate”, Eng. Comput., 1-13. 

https://doi.org/10.1007/s00366-021-01320-y. 

Huo, J., Zhang, G., Ghabussi, A. and Habibi, M. (2021), “Bending 

analysis of FG-GPLRC axisymmetric circular/annular sector 

plates by considering elastic foundation and horizontal friction 

force using 3D-poroelasticity theory”, Compos. Struct., 276, 

114438. https://doi.org/10.1016/j.compstruct.2021.114438. 

Jermsittiparsert, K., Ghabussi, A., Forooghi, A., Shavalipour, A., 

Habibi, M., won Jung, D. and Safa, M. (2020), “Critical 

voltage, thermal buckling and frequency characteristics of a 

thermally affected GPL reinforced composite microdisk covered 

with piezoelectric actuator”, Mech. Based Des. Struct., 1-23.  

https://doi.org/10.1080/15397734.2020.1748052. 

Jiao, J., Ghoreishi, S.-m., Moradi, Z. and Oslub, K. (2021), 

“Coupled particle swarm optimization method with genetic 

algorithm for the static–dynamic performance of the magneto-

electro-elastic nanosystem”, Eng. Comput., 1-15. 

https://doi.org/10.1007/s00366-021-01391-x. 

Katebi, J., Shoaei-parchin, M., Shariati, M., Trung, N.T. and 

Khorami, M. (2019), “Developed comparative analysis of 

metaheuristic optimization algorithms for optimal active control 

of structures”, Eng. Comput., 1-20.  

https://doi.org/10.1007/s00366-019-00780-7. 

Khorramian, K., Maleki, S., Shariati, M., Jalali, A. and Tahir, 

M.M. (2017), “Numerical analysis of tilted angle shear 

connectors in steel-concrete composite systems”, Steel Compos. 

Struct., 23(1), 67-85.  

https://doi.org/10.12989/scs.2017.23.1.067. 

Kim, Y., Kimball, J.S., Zhang, K., Didan, K., Velicogna, I. and 

McDonald, K.C. (2014), “Attribution of divergent northern 

vegetation growth responses to lengthening non-frozen seasons 

using satellite optical-NIR and microwave remote sensing”, Int. 

J. Remote Sens., 35(10), 3700-3721.  

https://doi.org/10.1080/01431161.2014.915595. 

Li, J., Tang, F. and Habibi, M. (2020a), “Bi-directional thermal 

buckling and resonance frequency characteristics of a GNP-

reinforced composite nanostructure”, Eng. Comput., 1-22. 

https://doi.org/10.1007/s00366-020-01110-y. 

Li, Y., Li, S., Guo, K., Fang, X. and Habibi, M. (2020b), “On the 

modeling of bending responses of graphene-reinforced higher 

order annular plate via two-dimensional continuum mechanics 

approach”, Eng. Comput., 1-22.  

https://doi.org/10.1007/s00366-020-01166-w. 

Li, X., Zhang, K., Gu, P., Feng, H., Yin, Y., Chen, W. and Cheng, 

B. (2021), “Changes in precipitation extremes in the Yangtze 

River Basin during 1960–2019 and the association with global 

warming, ENSO, and local effects”, Sci. Total Environ., 760, 

144244. https://doi.org/10.1016/j.scitotenv.2020.144244. 

Liu, R. and Zhu, D. (2010), “Methods for detecting land use 

changes based on the land use transition matrix”, Resour. Sci., 

32(8), 1544-1550.  

Liu, Z., Su, S., Xi, D. and Habibi, M. (2020a), “Vibrational 

responses of a MHC viscoelastic thick annular plate in thermal 

environment using GDQ method”, Mech. Based Des. Struct., 1-

26. https://doi.org/10.1080/15397734.2020.1784201. 

Liu, Z., Wu, X., Yu, M. and Habibi, M. (2020b), “Large-amplitude 

dynamical behavior of multilayer graphene platelets reinforced 

nanocomposite annular plate under thermo-mechanical 

loadings”, Mech. Based Des. Struct., 1-25.  

https://doi.org/10.1080/15397734.2020.1815544. 

Liu, H., Shen, S., Oslub, K., Habibi, M. and Safarpour, H. (2021a), 

“Amplitude motion and frequency simulation of a composite 

viscoelastic microsystem within modified couple stress 

elasticity”, Eng. Comput., 1-15. 

https://doi.org/10.1007/s00366-021-01316-8. 

Liu, H., Zhao, Y., Pishbin, M., Habibi, M., Bashir, M. and 

Issakhov, A. (2021b), “A comprehensive mathematical simulation 

of the composite size-dependent rotary 3D microsystem via 

two-dimensional generalized differential quadrature method”, 

Eng. Comput., 1-16.  

https://doi.org/10.1007/s00366-021-01419-2. 

Liu, Y., Wang, W., He, T., Moradi, Z. and Larco Benítez, M.A. 

(2021c), “On the modelling of the vibration behaviors via 

discrete singular convolution method for a high-order sector 

annular system”, Eng. Comput., 1-23.  

https://doi.org/10.1007/s00366-021-01454-z. 

Liu, Y., Tian, J., Zheng, W. and Yin, L. (2022), “Spatial and 

temporal distribution characteristics of haze and pollution 

particles in China based on spatial statistics”, Urban Clim., 41, 

101031. https://doi.org/10.1016/j.uclim.2021.101031. 

Luo, S. and Yan, W. (2018), “Evolution and driving force analysis 

of ecosystem service values in Guangxi Beibu Gulf coastal 

areas, China”, Acta Ecol. Sin., 38, 3248-3259.  

Ma, L., Liu, X. and Moradi, Z. (2021), “On the chaotic behavior of 

graphene-reinforced annular systems under harmonic excitation”, 

Eng. Comput., 1-25.  

https://doi.org/10.1007/s00366-020-01210-9. 

Mansouri, I., Safa, M., Ibrahim, Z., Kisi, O., Tahir, M.M., 

Baharom, S. and Azimi, M. (2016), “Strength prediction of 

rotary brace damper using MLR and MARS”, Struct. Eng. 

Mech., 60(3), 471-488.  

https://doi.org/10.12989/sem.2016.60.3.471. 

Matouk, H., Bousahla, A.A., Heireche, H., Bourada, F., Bedia, E., 

Tounsi, A., Mahmoud, S., Tounsi, A. and Benrahou, K. (2020), 

“Investigation on hygro-thermal vibration of P-FG and 

symmetric S-FG nanobeam using integral Timoshenko beam 

theory”, Adv. Nano Res., 8(4), 293-305.  

https://doi.org/10.12989/anr.2020.8.4.293. 

Mirjavadi, S.S., Afshari, B.M., Shafiei, N., Hamouda, A., Kazemi, 

M. and Structures, C. (2017a), “Thermal vibration of two-

dimensional functionally graded (2D-FG) porous Timoshenko 

nanobeams”, Steel Compos. Struct., 25(4), 415-426.  

https://doi.org/10.12989/scs.2017.25.4.415. 

Mirjavadi, S.S., Matin, A., Shafiei, N., Rabby, S. and Mohasel 

Afshari, B. (2017b), “Thermal buckling behavior of two-

dimensional imperfect functionally graded microscale-tapered 

porous beam”, J. Therm. Stresses, 40(10), 1201-1214.  

https://doi.org/10.1080/01495739.2017.1332962. 

Mirjavadi, S.S., Mohasel Afshari, B., Shafiei, N., Rabby, S. and 

333



 

Hao Liu, Chang Shu and Lihui Sun 

Kazemi, M. (2017c), “Effect of temperature and porosity on the 

vibration behavior of two-dimensional functionally graded 

micro-scale Timoshenko beam”, J. Vib Control., 24(18), 4211-

4225. https://doi.org/10.1177/1077546317721871. 

Mirjavadi, S.S., Rabby, S., Shafiei, N., Afshari, B.M. and Kazemi, 

M. (2017d), “On size-dependent free vibration and thermal 

buckling of axially functionally graded nanobeams in thermal 

environment”, Appl. Phys. A., 123(5), 315.  

https://doi.org/10.1007/s00339-017-0918-1. 

Moayedi, H., Aliakbarlou, H., Jebeli, M., Noormohammadiarani, 

O., Habibi, M., Safarpour, H. and Foong, L.K. (2020a), 

“Thermal buckling responses of a graphene reinforced 

composite micropanel structure”, Int. J. Appl. Mech., 12(1), 

2050010. https://doi.org/10.1142/s1758825120500106. 

Moayedi, H., Darabi, R., Ghabussi, A., Habibi, M. and Foong, 

L.K. (2020b), “Weld orientation effects on the formability of 

tailor welded thin steel sheets”, Thin Walled Struct., 149, 

106669. https://doi.org/10.1016/j.tws.2020.106669. 

Moayedi, H., Ebrahimi, F., Habibi, M., Safarpour, H. and Foong, 

L. (2020c), “Application of nonlocal strain–stress gradient 

theory and GDQEM for thermo-vibration responses of a 

laminated composite nanoshell”, Eng. Comput., 37(4), 3359-

3374. https://doi.org/10.1007/s00366-020-01002-1. 

Moradi, Z., Davoudi, M., Ebrahimi, F. and Ehyaei, A.F. (2021), 

“Intelligent wave dispersion control of an inhomogeneous 

micro-shell using a proportional-derivative smart controller”, 

Wave. Random Complex., 1-24.  

https://doi.org/10.1080/17455030.2021.1926572. 

Najaafi, N., Jamali, M., Habibi, M., Sadeghi, S., Jung, D.W. and 

Nabipour, N. (2021), “Dynamic instability responses of the 

substructure living biological cells in the cytoplasm 

environment using stress-strain size-dependent theory”, J. 

Biomol. Struct. Dyn., 39(7), 2543-2554.  

https://doi.org/10.1080/07391102.2020.1751297. 

Navi, B.R., Mohammadimehr, M. and Arani, A.G. (2019), “Active 

control of three-phase CNT/resin/fiber piezoelectric polymeric 

nanocomposite porous sandwich microbeam based on 

sinusoidal shear deformation theory”, Steel Compos. Struct., 

32(6), 753-767. https://doi.org/10.12989/scs.2019.32.6.753. 

Oyarhossein, M.A., Alizadeh, A.A., Habibi, M., Makkiabadi, M., 

Daman, M., Safarpour, H. and Jung, D.W. (2020), “Dynamic 

response of the nonlocal strain-stress gradient in laminated 

polymer composites microtubes”, Sci. Rep., 10(1), 5616.  

https://doi.org/10.1038/s41598-020-61855-w. 

Pan, D. and Chen, H. (2021), “Border pollution reduction in 

China: The role of livestock environmental regulations”, China 

Econ. Rev., 69, 101681.  

https://doi.org/10.1016/j.chieco.2021.101681. 

Peng, D., Chen, S., Darabi, R., Ghabussi, A. and Habibi, M. 

(2021), “Prediction of the bending and out-of-plane loading 

effects on formability response of the steel sheets”, Arch. Civil 

Mech. Eng., 21(2), 74.  

https://doi.org/10.1007/s43452-021-00227-1. 

Pourjabari, A., Hajilak, Z.E., Mohammadi, A., Habibi, M. and 

Safarpour, H. (2019), “Effect of porosity on free and forced 

vibration characteristics of the GPL reinforcement composite 

nanostructures”, Comput. Math. Appl., 77(10), 2608-2626. 

https://doi.org/10.1016/j.camwa.2018.12.041.  

Safa, M., Shariati, M., Ibrahim, Z., Toghroli, A., Bin Baharom, S., 

Nor, N.M. and Petkovic, D. (2016), “Potential of adaptive neuro 

fuzzy inference system for evaluating the factors affecting steel-

concrete composite beam’s shear strength”, Steel Compos. 

Struct., 21(3), 679-688.  

https://doi.org/10.12989/scs.2016.21.3.679. 

Safarpour, H., Ghanizadeh, S.A. and Habibi, M. (2018), “Wave 

propagation characteristics of a cylindrical laminated composite 

nanoshell in thermal environment based on the nonlocal strain 

gradient theory”, Eur. Phys. J Plus., 133(12), 532.  

https://doi.org/10.1140/epjp/i2018-12385-2. 

Safarpour, H., Hajilak, Z.E. and Habibi, M. (2019a), “A size-

dependent exact theory for thermal buckling, free and forced 

vibration analysis of temperature dependent FG multilayer 

GPLRC composite nanostructures restring on elastic 

foundation”, Int. J. Mech. Mater. Des., 15(3), 569-583.  

https://doi.org/10.1007/s10999-018-9431-8. 

Safarpour, H., Pourghader, J. and Habibi, M. (2019b), “Influence 

of spring-mass systems on frequency behavior and critical 

voltage of a high-speed rotating cantilever cylindrical three-

dimensional shell coupled with piezoelectric actuator”, J. Vib 

Control., 25(9), 1543-1557.  

https://doi.org/10.1177/1077546319828465. 

Safarpour, M., Ebrahimi, F., Habibi, M. and Safarpour, H. (2020a), 

“On the nonlinear dynamics of a multi-scale hybrid 

nanocomposite disk”, Eng. Comput., 1-20.  

https://doi.org/10.1007/s00366-020-00949-5. 

Safarpour, M., Ghabussi, A., Ebrahimi, F., Habibi, M. and 

Safarpour, H. (2020b), “Frequency characteristics of FG-

GPLRC viscoelastic thick annular plate with the aid of 

GDQM”, Thin Walled Struct., 150, 106683.  

https://doi.org/10.1016/j.tws.2020.106683. 

Sedghi, Y., Zandi, Y., Shariati, M., Ahmadi, E., Azar, V.M., 

Toghroli, A., Safa, M., Mohamad, E.T., Khorami, M. and Wakil, 

K. (2018), “Application of ANFIS technique on performance of 

C and L shaped angle shear connectors”, Smart Struct. Syst., 

22(3), 335-340. 10.12989/sss.2018.22.3.335. 

Shafiei, N., Kazemi, M. and Ghadiri, M. (2016a), “Comparison of 

modeling of the rotating tapered axially functionally graded 

Timoshenko and Euler–Bernoulli microbeams”, Physica E, 83, 

74-87. https://doi.org/10.1016/j.physe.2016.04.011. 

Shafiei, N., Kazemi, M. and Ghadiri, M. (2016b), “Nonlinear 

vibration behavior of a rotating nanobeam under thermal stress 

using Eringen’s nonlocal elasticity and DQM”, Appl. Phys. A., 

122(8), 728. https://doi.org/10.1007/s00339-016-0245-y. 

Shafiei, N., Kazemi, M. and Ghadiri, M. (2016c), “Nonlinear 

vibration of axially functionally graded tapered microbeams”, 

Int. J. Eng. Sci., 102, 12-26. 

https://doi.org/10.1016/j.ijengsci.2016.02.007. 

Shafiei, N., Kazemi, M. and Ghadiri, M. (2016d), “On size-

dependent vibration of rotary axially functionally graded 

microbeam”, Int. J. Eng. Sci., 101, 29-44. 

https://doi.org/10.1016/j.ijengsci.2015.12.008. 

Shafiei, N., Kazemi, M., Safi, M. and Ghadiri, M. (2016e), 

“Nonlinear vibration of axially functionally graded non-uniform 

nanobeams”, Int. J. Eng. Sci., 106, 77-94. 

https://doi.org/10.1016/j.ijengsci.2016.05.009. 

Shafiei, N., Mousavi, A. and Ghadiri, M. (2016f), “On size-

dependent nonlinear vibration of porous and imperfect 

functionally graded tapered microbeams”, Int. J. Eng. Sci., 106, 

42-56. https://doi.org/10.1016/j.ijengsci.2016.05.007. 

Shafiei, N., Mousavi, A. and Ghadiri, M. (2016g), “Vibration 

behavior of a rotating non-uniform FG microbeam based on the 

modified couple stress theory and GDQEM”, Compos. Struct., 

149, 157-169. https://doi.org/10.1016/j.compstruct.2016.04.024. 

Shafiei, N. and Kazemi, M. (2017a), “Buckling analysis on the bi-

dimensional functionally graded porous tapered nano-/micro-

scale beams”, Aerosp. Sci. Technol., 66, 1-11.  

https://doi.org/10.1016/j.ast.2017.02.019. 

Shafiei, N. and Kazemi, M. (2017b), “Nonlinear buckling of 

functionally graded nano-/micro-scaled porous beams”, 

Compos. Struct., 178, 483-492.  

https://doi.org/10.1016/j.compstruct.2017.07.045. 

Shafiei, N., Ghadiri, M., Makvandi, H. and Hosseini, S.A. 

(2017a), “Vibration analysis of Nano-Rotor’s Blade applying 

Eringen nonlocal elasticity and generalized differential 

334334



 

Spatiotemporal evolution and influencing factors of ecosystem service value … 

quadrature method”, Appl. Math. Modell., 43, 191-206. 

https://doi.org/10.1016/j.apm.2016.10.061. 

Shafiei, N., Kazemi, M. and Fatahi, L. (2017b), “Transverse 

vibration of rotary tapered microbeam based on modified couple 

stress theory and generalized differential quadrature element 

method”, Mech. Adv. Mater. Struct., 24(3), 240-252.  

https://doi.org/10.1080/15376494.2015.1128025. 

Shafiei, N., Mirjavadi, S.S., Afshari, B.M., Rabby, S. and 

Hamouda, A.M.S. (2017c), “Nonlinear thermal buckling of 

axially functionally graded micro and nanobeams”, Compos. 

Struct., 168, 428-439.  

https://doi.org/10.1016/j.compstruct.2017.02.048. 

Shafiei, N., Mirjavadi, S.S., MohaselAfshari, B., Rabby, S. and 

Kazemi, M. (2017d), “Vibration of two-dimensional imperfect 

functionally graded (2D-FG) porous nano-/micro-beams”, 

Comput. Method Appl. Mech. Eng., 322, 615-632. 

https://doi.org/10.1016/j.cma.2017.05.007. 

Shafiei, N. and She, G.L. (2018), “On vibration of functionally 

graded nano-tubes in the thermal environment”, Int. J. Eng. Sci., 

133, 84-98. https://doi.org/10.1016/j.ijengsci.2018.08.004. 

Shafiei, N., Ghadiri, M. and Mahinzare, M. (2019), “Flapwise 

bending vibration analysis of rotary tapered functionally graded 

nanobeam in thermal environment”, Mech. Adv. Mater. Struct., 

26(2), 139-155. 10.1080/15376494.2017.1365982. 

Shafiei, N., Hamisi, M. and Ghadiri, M. (2020), “Vibration 

analysis of rotary tapered axially functionally graded 

Timoshenko nanobeam in thermal environment”, J. Solid 

Mech., 12(1), 16-32.  

Shahabi, S.E.M., Sulong, N.H.R., Shariati, M., Mohammadhassani, 

M. and Shah, S.N.R. (2016), “Numerical analysis of channel 

connectors under fire and a comparison of performance with 

different types of shear connectors subjected to fire”, Steel 

Compos. Struct., 20(3), 651-669.  

https://doi.org/10.12989/scs.2016.20.3.651. 

Shao, Y., Zhao, Y., Gao, J. and Habibi, M. (2021), “Energy 

absorption of the strengthened viscoelastic multi-curved 

composite panel under friction force”, Arch. Civil Mech. Eng., 

21(4), 1-29. https://doi.org/10.1007/s43452-021-00279-3. 

Shariati, M., Ramli-Sulong, N.H., Arabnejad, K.H.M.M., Shafigh, 

P. and Sinaei, H. (2011a), “Assessing the strength of reinforced 

concrete structures through Ultrasonic Pulse Velocity and 

Schmidt Rebound Hammer tests”, Sci. Res. Essays, 6(1), 213-

220. https://doi.org/10.5897/SRE10.879. 

Shariati, M., Ramli Sulong, N.H., Arabnejad Khanouki, M.M. and 

Shariati, A. (2011b), “Experimental and numerical investigations 

of channel shear connectors in high strength concrete”, 

Proceedings of the 2011 World Congress On Advances in 

Structural Engineering And Mechanics (ASEM’11+). 

Shariati, M., Faegh, S.S., Mehrabi, P., Bahavarnia, S., Zandi, Y., 

Masoom, D.R., Toghroli, A., Trung, N.T. and Salih, M.N.A. 

(2019a), “Numerical study on the structural performance of 

corrugated low yield point steel plate shear walls with circular 

openings”, Steel Compos. Struct., 33(4), 569-581.  

https://doi.org/10.12989/scs.2019.33.4.569. 

Shariati, M., Mafipour, M.S., Mehrabi, P., Zandi, Y., Dehghani, D., 

Bahadori, A., Shariati, A., Trung, N.T., Salih, M.N.A. and Poi-

Ngian, S. (2019b), “Application of Extreme Learning Machine 

(ELM) and Genetic Programming (GP) to design steel-concrete 

composite floor systems at elevated temperatures”, Steel 

Compos. Struct., 33(3), 319-332.  

https://doi.org/10.12989/scs.2019.33.3.319. 

Shariati, M., Rafie, S., Zandi, Y., Fooladvand, R., Gharehaghaj, B., 

Mehrabi, P., Shariat, A., Trung, N.T., Salih, M.N.A. and Poi-

Ngian, S. (2019c), “Experimental investigation on the effect of 

cementitious materials on fresh and mechanical properties of 

self-consolidating concrete”, Adv. Concr. Constr., 8(3), 225-

237. https://doi.org/10.12989/acc.2019.8.3.225. 

Shariati, M., Trung, N.T., Wakil, K., Mehrabi, P., Safa, M. and 

Khorami, M. (2019d), “Moment-rotation estimation of steel 

rack connection using extreme learning machine”, Steel 

Compos. Struct., 31(5), 427-435.  

https://doi.org/10.12989/scs.2019.31.5.427. 

Shariati, A., Ghabussi, A., Habibi, M., Safarpour, H., Safarpour, 

M., Tounsi, A. and Safa, M. (2020a), “Extremely large 

oscillation and nonlinear frequency of a multi-scale hybrid disk 

resting on nonlinear elastic foundation”, Thin Walled Struct., 

154, 106840. https://doi.org/10.1016/j.tws.2020.106840. 

Shariati, A., Jung, D.W., Mohammad-Sedighi, H., Żur, K.K., 

Habibi, M. and Safa, M. (2020b), “On the vibrations and 

stability of moving viscoelastic axially functionally graded 

nanobeams”, Materials, 13(7), 1707.  

https://doi.org/10.3390/ma13071707. 

Shariati, A., Jung, D.W., Mohammad-Sedighi, H., Żur, K.K., 

Habibi, M. and Safa, M. (2020c), “Stability and dynamics of 

viscoelastic moving rayleigh beams with an asymmetrical 

distribution of material parameters”, 12(4), 586.  

https://doi.org/10.3390/sym12040586. 

Shariati, M., Mafipour, M.S., Haido, J.H., Yousif, S.T., Toghroli, 

A., Trung, N.T. and Shariati, A. (2020d), “Identification of the 

most influencing parameters on the properties of corroded 

concrete beams using an Adaptive Neuro-Fuzzy Inference 

System (ANFIS)”, Steel Compos. Struct., 34(1), 155-170.  

https://doi.org/10.12989/scs.2020.34.1.155. 

Shariati, A., Habibi, M., Tounsi, A., Safarpour, H. and Safa, M. 

(2021), “Application of exact continuum size-dependent theory 

for stability and frequency analysis of a curved cantilevered 

microtubule by considering viscoelastic properties”, Eng. 

Comput., 37(4), 3629-3648.  

https://doi.org/10.1007/s00366-020-01024-9. 

Shen, X., Liu, B., Jiang, M. and Lu, X. (2020), “Marshland loss 

warms local land surface temperature in China”, Geophys. Res. 

Lett., 47(6), e2020GL087648.  

https://doi.org/10.1029/2020GL087648. 

Shi, X., Li, J. and Habibi, M. (2020), “On the statics and dynamics 

of an electro-thermo-mechanically porous GPLRC nanoshell 

conveying fluid flow”, Mech. Based Des. Struct., 1-37.  

https://doi.org/10.1080/15397734.2020.1772088. 

Shivanian, E., Ghadiri, M. and Shafiei, N. (2017), “Influence of 

size effect on flapwise vibration behavior of rotary microbeam 

and its analysis through spectral meshless radial point 

interpolation”, Appl. Phys. A., 123(5), 329.  

https://doi.org/10.1007/s00339-017-0955-9. 

Shokrgozar, A., Ghabussi, A., Ebrahimi, F., Habibi, M. and 

Safarpour, H. (2020), “Viscoelastic dynamics and static 

responses of a graphene nanoplatelets-reinforced composite 

cylindrical microshell”, Mech. Based Des. Struct., 1-28.  

https://doi.org/10.1080/15397734.2020.1719509. 

Sinaei, H., Jumaat, M.Z. and Shariati, M. (2011), “Numerical 

investigation on exterior reinforced concrete Beam-Column 

joint strengthened by composite fiber reinforced polymer 

(CFRP)”, In. J. Phys. Sci., 6(28), 6572-6579.  

https://doi.org/10.5897/IJPS11.1225. 

Stow, D., Daeschner, S., Hope, A., Douglas, D., Petersen, A., 

Myneni, R., Zhou, L. and Oechel, W. (2003), “Variability of the 

seasonally integrated normalized difference vegetation index 

across the north slope of Alaska in the 1990s”, Int. J. Remote 

Sens., 24(5), 1111-1117.  

https://doi.org/10.1080/0143116021000020144. 

Toghroli, A., Mohammadhassani, M., Suhatril, M., Shariati, M. 

and Ibrahim, Z. (2014), “Prediction of shear capacity of channel 

shear connectors using the ANFIS model”, Steel Compos. 

Struct., 17(5), 623-639.  

http://doi.org/10.12989/scs.2014.17.5.623  

Trung, N.T., Alemi, N., Haido, J.H., Shariati, M., Baradaran, S. 

335



 

Hao Liu, Chang Shu and Lihui Sun 

and Yousif, S.T. (2019a), “Reduction of cement consumption by 

producing smart green concretes with natural zeolites”, Smart 

Struct. Syst., 24(3), 415-425.  

https://doi.org/10.12989/sss.2019.24.3.415. 

Trung, N.T., Shahgoli, A.F., Zandi, Y., Shariati, M., Wakil, K., 

Safa, M. and Khorami, M. (2019b), “Moment-rotation 

prediction of precast beam-to-column connections using 

extreme learning machine”, Struct. Eng. Mech., 70(5), 639-647.  

https://doi.org/10.12989/sem.2019.70.5.639. 

Wang, S., Wu, B. and Yang, P. (2014a), “Assessing the changes in 

land use and ecosystem services in an oasis agricultural region 

of Yanqi basin, Northwest China”, Environ. Monit. Assess., 

186(12), 8343-8357.  

https://doi.org/10.1007/s10661-014-4009-x. 

Wang, W., Guo, H., Chuai, X., Dai, C., Lai, L. and Zhang, M. 

(2014b), “The impact of land use change on the temporospatial 

variations of ecosystems services value in China and an 

optimized land use solution”, Environ. Sci. Policy, 44, 62-72.  

https://doi.org/10.1016/j.envsci.2014.07.004. 

Wang, Z., Zhang, L., Li, X., Wang, P., Li, Y., Lv, Y. and Yan, J. 

(2019), “The spatial-temporal pattern of hotspots and coldspots 

of ecosystem services at the watershed scale”, Acta Ecol. Sin. 

39, 823-834.  

Wang, Z., Cao, J., Zhu, C. and Yang, H. (2020a), “The impact of 

land use change on ecosystem service value in the upstream of 

Xiong’an new area”, Sustainability, 12(14), 5707.  

https://doi.org/10.3390/su12145707. 

Wang, Z., Yu, S., Xiao, Z. and Habibi, M. (2020b), “Frequency 

and buckling responses of a high-speed rotating fiber metal 

laminated cantilevered microdisk”, Mech. Adv. Mater. Struct., 

1-14. https://doi.org/10.1080/15376494.2020.1824284. 

Wu, B., Liang, H. and Chan, S. (2022), “Political connections, 

industry entry choice and performance volatility: Evidence from 

China”, Emerg. Markets Financ. Trade, 58(1), 290-299. 

https://doi.org/10.1080/1540496X.2021.1904878. 

Wu, J. and Habibi, M. (2021), “Dynamic simulation of the ultra-

fast-rotating sandwich cantilever disk via finite element and 

semi-numerical methods”, Eng. Comput., 1-17.  

https://doi.org/10.1007/s00366-021-01396-6. 

Xie, G., Lu, C.X., Leng, Y., Zheng, D. and Li, S. (2003), 

“Ecological assets valuation of the Tibetan Plateau”, J. Nat. 

Resour., 18(2), 189-196.  

Xu, N., Guo, L., Xue, D. and Sun, S. (2019), “Land use structure 

and the dynamic evolution of ecosystem service value in 

Gannan region, China”, Acta Ecol. Sin. 39, 1-10.  

Xu, J., Liu, Z., Yin, L., Liu, Y., Tian, J., Gu, Y., Zheng, W., Yang, 

B. and Liu, S. (2021a), “Grey correlation analysis of haze 

impact factor PM2.5”, Atmosphere, 12(11).  

https://doi.org/10.3390/atmos12111513. 

Xu, W., Pan, G., Moradi, Z. and Shafiei, N. (2021b), “Nonlinear 

forced vibration analysis of functionally graded non-uniform 

cylindrical microbeams applying the semi-analytical solution”, 

Compos. Struct., 275, 114395.  

https://doi.org/10.1016/j.compstruct.2021.114395. 

Yao, C., Zhu, H., Lu, X. and Liu, Y. (2009), “Study on the impact 

of socio-economic driving factors of land use change on the 

ecosystem service values in Fujian Province”, J. Nat. Resour., 

24(2), 225-233.  

Yazdani, M., Kabirifar, K., Frimpong, B.E., Shariati, M., 

Mirmozaffari, M. and Boskabadi, A. (2020), “Improving 

construction and demolition waste collection service in an urban 

area using a simheuristic approach: A case study in Sydney, 

Australia”, J. Clean. Prod., 280, 124138.  

https://doi.org/10.1016/j.jclepro.2020.124138. 

Yin, L., Wang, L., Huang, W., Liu, S., Yang, B. and Zheng, W. 

(2021), “Spatiotemporal Analysis of Haze in Beijing Based on 

the Multi-Convolution Model”, Atmosphere, 12(11).  

https://doi.org/10.3390/atmos12111408. 

Yu, X., Maalla, A. and Moradi, Z. (2022), “Electroelastic high-

order computational continuum strategy for critical voltage and 

frequency of piezoelectric NEMS via modified multi-physical 

couple stress theory”, Mech. Syst. Signal Pr., 165, 108373.  

https://doi.org/10.1016/j.ymssp.2021.108373. 

Zare, R., Najaafi, N., Habibi, M., Ebrahimi, F. and Safarpour, H. 

(2020), “Influence of imperfection on the smart control 

frequency characteristics of a cylindrical sensor-actuator 

GPLRC cylindrical shell using a proportional-derivative smart 

controller”, Smart Struct. Syst., 26(4), 469-480.  

https://doi.org/10.12989/sss.2020.26.4.469. 

Zhang, Y.J., Guan, D., Zahi, J. and Deng, W. (2017), “Spatial and 

temporal variations of ecosystem services value in Chongqing 

City”, Acta Scientiae Circumstantiae, 37(3), 1169.  

Zhang, L., Chen, Z., Habibi, M., Ghabussi, A. and Alyousef, R. 

(2021a), “Low-velocity impact, resonance, and frequency 

responses of FG-GPLRC viscoelastic doubly curved panel”, 

Compos. Struct., 269, 114000.  

https://doi.org/10.1016/j.compstruct.2021.114000. 

Zhang, X., Shamsodin, M., Wang, H., NoormohammadiArani, O., 

Khan, A.M., Habibi, M. and Al-Furjan, M.S.H. (2021b), 

“Dynamic information of the time-dependent tobullian 

biomolecular structure using a high-accuracy size-dependent 

theory”, J. Biomol. Struct. Dyn., 39(9), 3128-3143.  

https://doi.org/10.1080/07391102.2020.1760939. 

Zhang, Y., Wang, Z., Tazeddinova, D., Ebrahimi, F., Habibi, M. 

and Safarpour, H. (2021c), “Enhancing active vibration control 

performances in a smart rotary sandwich thick nanostructure 

conveying viscous fluid flow by a PD controller”, Wave. 

Random Complex., 1-24.  

https://doi.org/10.1080/17455030.2021.1948627. 

Zhao, T., Ouyang, Z., Wang, X., Miao, H. and Wei, Y.C. (2003), 

“Ecosystem services and their valuation of terrestrial surface 

water system in China”, J. Nat. Resour., 18(4), 443-452.  

Zhao, Y., Moradi, Z., Davoudi, M. and Zhuang, J. (2021), 

“Bending and stress responses of the hybrid axisymmetric 

system via state-space method and 3D-elasticity theory”, Eng. 

Comput., 1-23. https://doi.org/10.1007/s00366-020-01242-1. 

Zheng, D., Hao, S., Lv, L., Xu, W., Wang, Y. and Wang, H. (2020), 

“Spatial-temporal change and trade-off/synergy relationships 

among multiple ecosystem services in Three-River-Source 

National Park”, Geogr. Res., 39(1), 64-78.  

Zhou, C., Zhao, Y., Zhang, J., Fang, Y. and Habibi, M. (2020), 

“Vibrational characteristics of multi-phase nanocomposite 

reinforced circular/annular system”, Adv. Nano Res., 9(4), 295- 

307. https://doi.org/10.12989/anr.2020.9.4.295. 

Ziaei-Nia, A., Shariati, M. and Salehabadi, E. (2018), “Dynamic 

mix design optimization of high-performance concrete”, Steel 

Compos. Struct., 29(1), 67-75.  

https://doi.org/10.12989/scs.2018.29.1.067. 

 

 

JL 

336336




