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Abstract 

In order to effectively evaluate the urban water security, the study investigates a novel system to assess factors 

that impact urban water security and builds an urban water poverty evaluation index system. Based on the 

contribution rates of Resource, Access, Capacity, Use, and Environment, the study adopts the Water Poverty 

Index (WPI) model to evaluate the water poverty levels of 14 cities in Gansu during 2011–2018 and uses the 

least variance method to evaluate water poverty space drive types. The case study results show that the water 

poverty space drive types of 14 cites fall into four categories. The first category is the dual factor dominant type 

driven by environment and resources, which includes Lanzhou, Qingyang, Jiuquan, and Jiayuguan. The second 

category is the three-factor dominant type driven by Access, Use, and Capability, which includes Longnan, 

Linxia, and Gannan. The third category is the four-factor dominant type driven by Resource, Access, 

Capability, and Environment, which includes Jinchang, Pingliang, Wuwei, Baiyin, and Zhangye. The fourth 

category is the five-factor dominant type, which includes Tianshui and Dingxi. The driven types impacting the 

urban water security factors reflected by the WPI and its model are clear and accurate. The divisions of the 

urban water security level supply a reliable theoretical and numerical basis for an urban water security early 

warning mechanism. 
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1. Introduction 

Urban water security is an important part of regional water security that guarantees harmonious 

development of the urban economy, society, and ecology. In order to further analyze the connotations 

and denotations of urban water security, it should be studied not only in the hydroscience field but also 

in the fields of economics, environmental science, safety science, and geography. The Water Poverty 

Index (WPI) theory expands research on water security from the single field of water resources to 

comprehensive urban development and the economy and society fields. By combining the exploitation, 

utilization, and management problems in water security with the water use approach, water use influence, 

and water use capability of human life, we try to supply new ways of thinking about water security 

problems and provide a theoretical basis for water security evaluation and new approaches for solving 

urban water security problems. 

Based on the water poverty theory framework, this study uses an urban area to investigate water 
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security drive factors. It uses the least variance method to analyze driving types affecting urban water 

security and supplies a new way of thinking about water security theory development. 

In urban water security research, early scholars focused on water security in relation to natural hazards, 

such as flooding, drought, river diversions, and so on. Attention on water security has become much 

greater with the development of the social economy and in-depth scientific research [1,2]. Jin and Gong 

[3] adopted the improved pressure-state-response (PSR) model to evaluate the water security state in 

Lanzhou. Gong and Jin [4] conducted deep research on the water security evaluation index and proposed 

evaluation indicators that are adapted to the urban security state in China. De Souza et al. [5] combined 

the institutional matrix with environment monitoring tools to visualize potential pollution sources related 

to the regulation and management of apartments. Wang and Chen [6] applied the krill foraging algorithm 

to optimize the maximum entropy projection pursuit model to evaluate regional water security. 

Marcantonio [7] studied cross factors that impact water security. Wang et al. [8] used the Dempster 

composition rule of evidence theory and proposed the multi-factor information fusion theory to evaluate 

urban water security. Alekseev et al. [9] applied the fuzzy logic element in the plant–soil–air system to 

conduct a water security evaluation. Mohammed et al. [10] combined the artificial neutral network 

(ANN) and support vector machine (SVM) to predict water security in the conduit. 

This study considers urban water security problems including resource shortage, pollution, flooding, 

drought, and sudden water events. Urban water security in the external form includes water quality 

security, water quantity guarantee security and disaster prevention. The extension of urban water security 

includes all kinds of social urban water security caused by having less water, more water, or viscous 

water. The key components are urban ecology security, economy security, and society security. 

 

 

2. The Research Method and Data Sources Used to Assess Urban 

Water Security 

2.1 Water Poverty 

In 2002, Lawrence et al. [11] from the Center for Ecology and Hydrology (CEH) first proposed the 

conception of the WPI. The so-called WPI is a parameter that can be used to evaluate water pressure and 

water scarcity. It is an interdisciplinary definition that combines the naturally acquired water 

characteristics with socioeconomic variables to reflect the water poverty degree. Originally, WPI model 

was used to estimate the influence of the water resource scarcity degree on social economic development. 

The WPI has high practicability and applicability as well as being easy to understand and calculate. 

The WPI calculates factors with different scale spaces and broad applicability. In order to easily obtain 

the data for each indicator included in the WPI, the WPI is usually applied in a country or a region. The 

indicator data differ among different countries and regions. The function of the WPI in the water security 

field is similar to that of the Consumer Price Index (CPI) in the economic field. The CPI is the barometer 

of economy development. Similarly, the WPI is the standard evaluation model for water industry 

development, and water resource management can better satisfy the urban water security demand when 

it is used. WPI includes five sub-indexes: Resource (R), Access (A), Use (U), Capacity (C), and 

Environment (E). The range of the WPI and its sub-indexes is [0,100]. The larger the value, the better the 

water resource is. The contents of the WPI and its sub-indexes are shown in Table 1 [12]. This study 
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adopted the following WPI formula to calculate WPI: 

 

                                            (1) 

 

where  ��, ��, ��, ��, and �� are the weights of every subsystem. When ��, ��, ��, ��, and �� are set 

to 1, we have 

 

                                                            (2) 

 

Table 1. Data and calculation methods for the subsystems of the Water Poverty Index (WPI) 

WPI subsystem Calculation method and basis Indicators in China Weights Value 

Resource (R) Surface water evaluation by 

hydrology 

Quantity of surface water resources 

(m3) 

0.539 Positive 

 Quantitative and qualitative 

evaluation of resources 

Water supply to demand ratio (%) 0.245 Positive 

 Underwater evaluation by 

hydrogeology 

Overdraft rate of groundwater (%) 0.126 Negative 

 Quantitative and qualitative 

evaluation of water quality 

Qualified ratio of drinking water 

quality (%) 

0.090 Positive 

Access (A) Access to clean water Ratio of tap water users to the total 

population 

0.256 Positive 

 Access to water Urban water use popularizing rate 0.256 Positive 

 Ratio of member of the population 

with access to health facilities 

compared with the total 

population 

Urbanization rate (%) 0.345 Positive 

 Access to irrigation Irrigation area rate (%) 0.143 Positive 

Utility (U) Per capita household water 

consumption 

Per capita daily domestic water use 

(L/person per day) 

0.324 Positive 

 Per capita agricultural water 

consumption 

Water consumption per agricultural 

area unit (m3/ha) 

0.126 Negative 

 Per capita industrial water 

consumption 

Industrial water consumption per 

104 Yuan output (m3/104 Yuan) 

0.211 Negative 

 Time of water collection Water efficiency (%) 0.339 Positive 

Capacity (C) GDP per capita Water consumption per 104 Yuan 

GDP (m3/104 Yuan) 

0.235 Negative 

 Education level College students per 104 people 

(/104 people) 

0.156 Positive 

 Household consumption level Urban family annual income  

(Yuan per year) 

0.246 Positive 

 Gini coefficient Urban Engel coefficient (%) 0.256 Negative 

 Health indicator Infant mortality 0.107 Negative 

Environment (E) Water quality observation Comprehensive pollution index of 

surface drinking water 

0.356 Negative 

 Environment management and 

governance 

Urban domestic sewage treatment 

rate (%) 

0.321 Negative 

 Water pollution load Industrial wastewater emission 

amount of particular pollutants 

0.134 Positive 

 Biological diversity Green coverage ratio (%) 0.189 Positive 
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2.2 Least-Square-Error Method 

The American geographer John C. Weaver first proposed the least-square-error (LSE) method for use 

in agricultural zoning [13]. Variance occurs as the sample data fluctuate around their average number, 

and this method shows trends in data dispersion. Generally, the variance of a set of data decreases at first 

and then increases. The minimum variance denotes the minimum deviation value between the actual 

distribution and theoretical distribution. Generally, the minimum variance value reflects the actual state 

of a certain region [14]. 

The judgement of the main driving factors for water poverty conditions requires a standard to be built. 

According to the ideal division standard of Weaver, the scores of theoretical data and actual water poverty 

conditions differ, so it is inaccurate to directly use them. Thus, the minimum variance theory was intro-

duced. When the variance is minimum, the theoretical value is closest to the actual value. We calculated 

the contribution rates of the subsystems of water poverty based on the minimum variance method and 

sorted them by size. The specific method used was as follows: 

(1) Obtain the ideal value of each subsystem. When the driving factor is 1, the ideal value of a 

subsystem with the maximum contribution rate is 100%, while the rest of the ideal values are 0. 

(2) Calculate the absolute value of the difference between the ideal value and the actual value. 

(3) Calculate the quadratic sum of all absolute values in the subsystem. 

(4) Calculate the average value of all quadratic sums. 

The average value is the variance when the driving factor is 1; it is also called single factor driving. 

The subsystem number when the variance is the smallest is the main driving factor number of water 

poverty. So, the variance when the driving factor is 2, 3, 4, and 5 is dual factor driving, three factor 

driving, and so on. 

 

2.3 Data Standardized Method 

The range standardization processing method was conducted on all factors, and the higher the score 

was, the lower the water poverty degree was. The standardized data ��� obtained by range transform was 

0 ≤ ��� ≤ 1. The calculation transforms the forward and backward factors to the forward factors, so it is 

good for subsequent judgment. For the forward factor, the larger the factor is, the greater its positive 

contribution to the system is, as shown in Fig. 1. For the backward factor, the larger the factor is, the 

greater its negative contribution to the system is, as shown in Fig. 2. 

For the forward factor, the calculation formula is 
 

                                                              (3) 

For the backward factor, the calculation formula is 

 

                                                              (4)
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where ���  is the standardized value of the factor, 	���
 
is the value of the factor, and max(���)  and 

min(���) are the maximum and minimum values of factor	���. 

 

 
Fig. 1. Positive index. 

 

 
Fig. 2. Negative index. 

 

 

3. Study Region Situation and Index System Construction 

3.1 Region Situation 

Gansu Province is located in the geographic center of China on the upper reaches of the Yellow River. 

The area of Gansu is 4.54 × 105 km2. It is between longitudes 92°13′ and 108°46′ east and latitudes 

32°11′ and 42°57′ north. The city is 130.8 km long from north to south and 94.8 km long from east to 

west. There are 14 cities in Gansu: Lanzhou, Baiyin, Dingxi, Wuwei, Tianshui, Longnan, Pingliang, 

Qingyang, Jinchang, Zhangye, Jiayuguan, Jiuquan, Linxia, and Gannan. The total annual runoff volume 

of rivers in Gansu is about 6.03 × 1010 m3 with the total energy reserves being about 1.4264×107 kW. 

There are 78 rivers with a runoff volume of 1 × 108 m3 from all rivers in Gansu. The water resources in 

Gansu are divided into 3 basins—the Yellow River, Changjiang River, and inland rivers—which include 

9 river systems. 

 

3.2 WPI System and Weight 

3.2.1 WPI system 

In the WPI system, the indicators differ in different regions and countries and are determined by the 

conditions there. The indicators have different degrees of importance and contribution rates in water 

security evaluation. In the calculation, two parameters, weight and value, show the contribution rates of 

the indicators. This study performed a series of improvements and adjustments to the original WPI and 

theory system. 

 

3.2.2 Calculation of weights 

The eigenvalue method was adopted to calculate the weights. Fig. 3 shows a flow chart of the 

eigenvalue method. The calculation results are shown in Table 1. 
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Fig. 3. Flow block diagram of the eigenvalue method. 

 

3.3 Water Poverty Level and Driving Type 

According to the WPI evaluation index system, we calculated the water poverty level and driving type 

of 14 cities in Gansu. The computation process is shown as follows: 

(a) Normalization processing was conducted on all indicators. A lower score indicated poorer water, 

meaning that the indicator should be processed by cost standardization. A higher score indicated 

richer water, meaning that the indicator should be processed by efficiency standardization. 

(b) The eigenvalue method was adopted to calculate the weights of the indicators in the WPI 

subsystem, and we obtained the evaluation scores of five subsystems for 14 cities in Gansu 

province. 

The weights were calculated by the eigenvalue method, and then the indicators were weighted 

and processed by the following steps. 

(c) The weighted sum of the scores of all subsystems was calculated to get the total score of the WPI 

for each city. Finally, standardization processing was conducted on the scores of all subsystems. 

The proportion of each weighted subsystem score from the total score of WPI was determined 

to get the water poverty driving effect contribution degree of each subsystem. 

(d) The contribution rate of each subsystem was determined by the least variance method to obtain 

the water poverty driving types of 14 cities in Gansu. The results are shown in Table 2. 

 

Table 2. WPI values, driving effect contribution rates, and driving effect types of 14 cities in Gansu 

Rank City 
Scores of 

WPI 
Drive type ���% �% 

���% ���% ���% 

1 Jinchang 65.36 Four factors 26.21 38.25 12.55 15.67 7.32 

2 Jiuquan 60.22 Dual factors 35.25 4.26 40.12 9.14 11.23 

3 Lanzhou 59.14 Dual factors 26.31 12.54 12.63 17.28 31.24 

4 Jiayuguan 58.24 Dual factors 12.36 29.31 32.44 15.40 10.49 
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Table 2. (Continued) 

Rank City 
Scores of 

WPI 
Drive type ���% �% 

���% ���% ���% 

5 Pingliang 51.86 Four factors 13.23 9.12 35.47 14.25 27.93 

6 Longnan 48.38 Three factors 47.32 13.45 11.25 10.21 26.77 

7 Baiyin 47.68 Five factors 18.46 19.24 20.21 22.38 19.71 

8 Zhangye 46.52 Four factors 20.21 15.21 17.24 30.21 17.13 

9 Linxia 46.3 Three factors 28.19 10.21 4.21 7.29 50.10 

10 Wuwei 44.98 Four factors 12.26 31.25 20.27 26.97 9.25 

11 Tianshui 44.18 Four factors 28.27 15.58 19.25 18.88 18.02 

12 Gannan 41.2 Three factors 27.14 9.25 6.19 8.26 49.16 

13 Qingyang 39.58 Dual factors 18.52 14.38 29.34 23.36 14.40 

14 Dingxi 33.78 Five factors 17.25 21.25 17.64 20.15 23.71 

 Gansu 49.10 Four factors 17.17 25.14 19.53 25.14 13.02 

 

 

4. Result Analysis 

4.1 Water Poverty Degree Analysis 

According to the calculation results, the score range of water poverty for the 14 cities in Gansu is 

33.78–65.3. The lower the score, the more severe the water poverty state is. We statistically analyzed the 

WPI scores of 14 cities in Gansu and classified the water poverty degree by the clustering method. The 

clustering analysis results show that the water poverty degree falls into five levels: No Water Poverty, 

Slight Water Poverty, Moderate Water Poverty, Serious Water Poverty, and Extreme Water Poverty. Of 

the 14 cities, only Jinchang was identified as a No Water Poverty region. The results are shown in Fig. 4. 

 

 
Fig. 4. Water poverty levels of 14 cities in Gansu. 

 

4.2 Spatial Drive Type Analysis 

In order to further analyze the causes of water poverty and the spatial drive types, the least variance 
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method was adopted to calculate the Resource, Access, Use, Capacity, and Environment factors of 14 

cities. The results are shown in Fig. 5. 

 

 
Fig. 5. Water poverty drive types in Gansu. 

 

4.2.1 Dual factor drive type regions 

In dual factor drive type regions, the water poverty state is dominated by the Resource drive effect and 

the Environment drive effect. The dual factor drive type regions include Lanzhou, Jiayuguan, Qingyang, 

and Jiuquan. These four cities have relatively higher social and economic levels and greater scientific 

and technological strength. As the provincial capital, Lanzhou is regulated and controlled by the 

government and has many high schools. So, its water use efficiency is high, and its domestic water, 

industrial and agricultural water, and water facilities level are the best in Gansu. While Lanzhou has a 

large population, the per capita water resources quantity is in the water-deficient area, especially 

considering the dual water shortage for the population and zoology. Economic development puts a large 

amount of pressure on water resources, so Lanzhou is a Resource type water shortage city. Water 

development and use are high in Jiayuguan and Jiuquan, and the ecological environment load of the two 

cities is heavy. These two cities should enhance their input and management to control agricultural 

pollution and improve the water quality. After comprehensively comparing various factors, water shortage 

and ecological environment deterioration were identified as the dominant factors causing water poverty. 

Water quantity in Qingyang is limited, rainfall is scarce, the distribution of runoff is uneven, the 

mineralization of rivers is high, and the water quality is weak, so input into improving the water quality 

and ecology should be increased. 

 

4.2.2 Three factor drive type regions 

Three factor drive type regions include Longnan, Linxia, and Gannan, which are dominated by Access, 

Use, and Capacity drive effects. The three cities have a good water resource basis, low pressure, and a 

complete ecological environment. However, the social and economic development levels of the three 

cities are low—they are in the last three positions in Gansu—so the urban sewage treatment is low, the 

density of the drainage system is low, and the production capacity and government finance self-sufficient 

ability are low. In particular, the technology and education levels in Linxia are low. Meanwhile, 

agricultural water consumption is large, representing a large proportion of the total water consumption. 

Additionally, the agricultural water use efficiency is not high and the industrial water reuse rate is very 
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low. So, these cities reduce their water poverty level by improving their overall social level and adaptive 

capacity, and social economic development comes at the cost of damaging the ecological environment. 

 

4.2.3 Four factor drive type regions 

The four factor drive type regions include five cities—Jinchang, Pingliang, Wuwei, Baiyin, and 

Zhangye—which are dominated by the Resource, Access, Capacity, and Environment drive effects. These 

cities have a weak water resource basis and low water distribution density, and they are zoological shortage 

regions. The characteristics of these cities are that they have small populations and higher per capita water 

quantities than the extreme water shortage standard. Self-financing of the local government is weak, the 

social economic development level is low, the per capita total output value is low, and the ratio of 

governmental expenditure to the GDP is high. The levels of science and education are low, the illiteracy 

rate is high, and the undergraduate proportion is at a low level in China. Their total water use efficiency is 

low, the main water use is agricultural water use, the per mu irrigation water use quantity is high, and the 

level of agriculture development is low, so there is no clear better trend to represent the state of these regions. 

The control rate of urban industrial sewage treatment is low, and drainage facilities require improvement. 

In Zhangye, the water use rate is high, so it relieves the water use pressure to some extent. In Pingliang, 

there is a weak water resource state, and its level of hydraulic engineering facilities is low. 

Inadequate natural endowment is a common phenomenon, leading to the day after tomorrow disorder and 

whole body ill hydraulic engineering. For hydraulic engineering in Pingliang, one-third of systems are in 

the normal operating state, one-third are in a sick running state, and one-third are in an outage or scrap state. 

Of the 32 reservoirs in Pingliang, there are 17 sick and dangerous reservoirs which not only cannot store 

water normally but also carry potential risks. In Jinchang, the water resource occupation rate is low, but the 

per capita water consumption, irrigation norm, GDP water consumption, and water resource development 

rate are high. In particular, the water resource development rate is the highest in the country. So, the water 

poverty state is collaboratively driven by the factors Resource, Access, Capacity, and Environment. The 

self-social adaptability in the above cities should be improved to relieve water poverty. 

 

4.2.4 Five factor drive type regions 

Five factor drive type regions include two cities, Tianshui and Dingxi, which are dominated by 

Resource, Access, Capacity, Use, and Environment drive effects. The water resource bases of the two 

cities are different, but the five subsystems have the same drive effects on the water poverty conditions. 

The results analysis of the 14 cities in Gansu showed that the water basis of Tianshui is better, and 

infrastructure construction, the economy development level, and the ecological environment are better 

without obvious weaknesses. In contrast, Dingxi has bad natural conditions, a weak resource base, a low 

economy level, and weak capability and infrastructure. All factors related to its subsystems need to 

improve. So, the water poverty state is collaboratively driven by five subsystems. 

 

 

5. Conclusion 

This study constructed an index system containing five subsystems with 21 factors. The water poverty 

degrees of 14 cities were calculated and analyzed. The following conclusions were made: 

(1) Supported by the WPI theory and the least square method, this study took the cities as objects and 

analyzed the contribution rates of five subsystems—Resource, Access, Capacity, Use, and 
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Environment—in the urban water poverty state. In this study, the drive types were divided into four 

categories: the dual factor drive type, the three factor drive type, the four factor drive type, and the 

five factor drive type. All of them were shown to better reflect the water poverty drive factors and 

special distribution states. The research supplies the necessary data and theoretical basis for water 

resources management departments to conduct water management and make decisions. 

(2) The evaluation index system in this study began with the five subsystems of Resource, Access, 

Capacity, Use, and Environment and combined the status of cities in China to determine the 21 

main factors that lay a foundation for urban water poverty evaluation. 

(3) The spatial distribution of water poverty drive types shows that Resource is the drive factor for the 

water poverty state in most cities in Gansu, denoting the weak water resource base across the 

whole of Gansu. In the cities with a low economy development level, Access and Capacity are the 

main drive factors of the water poverty state. In cities with a better water resource base in Gansu, 

Use is the main drive factor of the water poverty state for the lower development levels there. 

(4) The water poverty space drive types of 14 cites in Gansu fall into four categories. Driven by 

environment and resource, the dual factor dominant type cities include Lanzhou, Qingyang, 

Jiuquan, and Jiayuguan. Driven by Access, Use, and Capability, the three factor dominant type 

cities include Longnan, Linxiam and Gannan. Driven by Resource, Access, Capacity, and 

Environment, the four factor dominant type cities include Jinchang, Pingliang, Wuwei, Baiyinm 

and Zhangye. The five factor dominant type cities include Tianshui and Dingxi. The drive types 

impacting the urban water security factors reflected by WPI and its model are clear and accurate. 

The divisions of the urban water security levels act as a reliable theory and numerical basis for 

an urban water security early warning mechanism. 

 

 

Acknowledgement 

This work was supported by the National Natural Science Foundation of China (No. 51669010, 

51969011).  

 

 

References 

[1] A. Perez-Vidal, J. C. Escobar-Rivera, and P. Torres-Lozada, “Risk assessment in water treatment processes 

for the development of a Water Safety Plan – WSP,” DYNA, vol. 85, no. 206, pp. 304-310, 2018.  

[2] P. Ginandjar, L. D. Saraswati, D. R. Pangestuti, and S. P. Jati, S. P. (2018). “Implementation of Water Safety 

Plans (WSPs): a case study in the coastal area in Semarang City, Indonesia,” E&ES, vol. 116, no. 1, article 

no. 012029, 2018. 

[3] C. Jin and L. Gong, “On the urban water security assessment based on the pressure-state-response 

model,” Journal of Safety and Environment, vol. 9, no. 5, pp. 104-108, 2009. 

[4] L. Gong and C. Jin, “Urban water security evaluation system based on water poverty index,” Journal of 

Hydroelectric Engineering, vol. 33, no. 6, pp. 84-90, 2014. 

[5] E. G. de Souza, T. M. de Carvalho Studart, M. I. Teixeira Pinheiro, and J. N. Bezerra Campos, “Water safety 

on Castanhao reservoir, Ceara, Brazil: application of institutional systematization matrix,” engenharia 

sanitaria e ambiental, vol. 22, no. 5, pp. 877-887, 2017. 

[6] Y. Wang and D. Chen, “Regional water security evaluation based on krill herd algorithm-maximum entropy 

projection pursuit model,” Northwest Water Resources & Water Engineering, vol. 28, no. 5, pp. 80-86, 2017. 

[7] A. Marcantonio, “Water insecurity, illness and other factors of everyday life: a case study from Choma 

District, Southern Province, Zambia,” Water SA, vol. 44, no. 4, pp. 653-663, 2018. 



Type Drive Analysis of Urban Water Security Factors 

 

794 | J Inf Process Syst, Vol.16, No.4, pp.784~794, August 2020 

[8] W. Wang, C. Liu, and C. F. Liu, "Study on evaluation system of urban water supply safety based on multi-

factor information fusion," Journal of Safety Science and Technology, vol. 14, no. 11, pp. 180-185, 2018. 

[9] V. V. Alekseev, I. I. Maksimov, M. V. Semenov, P. V. Mishin, A. G. Terentev, V. I. Medvedev, P. V. Zaytsev, 

“Application of fuzzy logic elements under the evaluation of water-safety in the plant-soil-air system,” Vestnik 

of the Kazan State Agrarian University, vol. 49, no. 2, pp. 62-66, 2018. 

[10] H. Mohammed, I. A. Hameed, and R. Seidu, “Detection of water safety conditions in distribution systems 

based on artificial neural network and support vector machine,” in Proceedings of the International 

Conference on Advanced Intelligent Systems and Informatics 2018. Cham: Springer, 2019, pp. 567-576. 

[11] P. R. Lawrence, J. Meigh, and C. Sullivan, The Water Poverty Index: An International Comparison. 

Straffordshire, UK: Department of Economics, Keele University, 2002. 

[12] J. Shao, Y. Ou, J. Chen, and W. Guo, Water resources security of Yangtze river basin based on water poverty 

index,” Resources and Environment in the Yangtze Basin, vol. 25, no. 6, pp. 889-894, 2016. 

[13] J. C. Weaver, “Crop-combination regions in the Middle West,” Geographical Review, vol. 44, no. 2, pp. 175-

200, 1954. 

[14] J. Clack, D. A. French, and M. Osorio, “Error analysis of a least squares pseudo-derivative moving least 

squares method,” Proyecciones (Antofagasta), vol. 36, no. 3, pp. 435-448, 2017. 
 

 

Li Gong  https://orcid.org/0000-0002-4824-5109  
He received B.S. degree in North China University of Water Resources and Electric 

Power in 2000, M.S. degree in Northwest A&F University in 2007, and a Ph.D. degree 

in Lanzhou Jiaotong University in 2014. Now he is a professor at the School of Civil 

Engineering, Lanzhou Jiaotong University, Lanzhou, China.  
 

 

Hong Wang  https://orcid.org/0000-0003-0234-3851  
Since September, 2018, he is from Lanzhou Jiaotong University as a M.S. candidate. 

And he is with the School of Civil Engineering, Lanzhou Jiaotong University, 

Lanzhou, China. 
 

 

Chunling Jin  https://orcid.org/0000-0002-8068-0055  
She received B.S. degree in North China University of Water Resources and Electric 

Power in 2000, and the M.S. degree in Lanzhou Jiaotong University in 2005. She is a 

professor at the School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou, 

China.  
 

 

Lili Lu  https://orcid.org/0000-0002-0592-6692  
Since September, 2018, she is from Lanzhou Jiaotong University as a M.S. candidate. 

And she is with the School of Civil Engineering, Lanzhou Jiaotong University, 

Lanzhou, China. 

 
 

Menghan Ma  https://orcid.org/0000-0002-9597-7214   
Since September 2018, she is from Lanzhou Jiaotong University as a M.S. candidate. 

And she is with the School of Civil Engineering, Lanzhou Jiaotong University, 

Lanzhou, China. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


