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Abstract 12 

Taking 110 prefecture level cities in the Yangtze River economic belt from 2008 to 2017 as samples, uses SBM model, coupling 13 

coordination model and panel VAR model to study the interaction between urban land price and urban land use efficiency, in order to 14 

reveal the interactive influence differences between urban land price and land use efficiency in the region, so as to provide reference for 15 

land use management and mitigation in the region Contradiction provides reference. The results are as follows: (1) there is a two-way 16 

causal relationship between urban land price and urban land use efficiency in all types of cities, but there are regional differences in the 17 

level of significance; (2) the urban land use efficiency and  land price in all types of cities have self enhancement mechanism, but they 18 

weaken over time; (3) the  land price in all types of cities can be increased to a certain extent urban land use efficiency, but the 19 

improvement of different types of urban land use efficiency does not necessarily lead to the rise of land price; and (4) different types of 20 

urban land use efficiency and the ability of self-inertia enhancement of  land price are different, and the mutual influence intensity between  21 

land price and land use efficiency is also different. Conclusion: The interaction between land price and land use efficiency is different in 22 

different coupling cities. In order to improve the regional land use efficiency and ease the contradiction of land use, we should make 23 

different management strategies based on the interaction between them. 24 

Keywords: Yangtze River economic belt; Land price; Land use efficiency; Interactive effect, Panel VAR model 25 

Introduction 26 

In recent years, foreign scholars have made a lot of studies on 27 

urban land use efficiency and urban land prices. As for research 28 

on land use efficiency, foreign scholars mainly focus on 29 

evaluation of urban land use efficiency [4-5] as well as analysis 30 

of influential factors of urban land use efficiency [6-8]. As for 31 

studies on urban land prices, foreign scholars start researching 32 

spatial distribution and driving factors of urban land prices very 33 

early. For example, Thunen and Weber explored spatial 34 

distribution of land prices. Then, Martinez et al. [9] applied a 35 

GIS based geographic space quantitative analysis method in the 36 

research on spatial distribution patterns of land prices, forming 37 

a theoretical system and a research foundation which are 38 

relatively perfect. Chinese scholars start researching urban land 39 

use efficiency and urban land prices late. As for urban land use 40 

efficiency, domestic scholars mainly focus on establishment of 41 

an evaluation index system of urban land use efficiency [10-42 

11]¬, measurement methods of urban land use efficiency [12-43 

13] as well as influential factors of urban land use efficiency 44 

[14-15]. The studies on land prices mainly focus on spatial 45 

distribution characteristics [16] of land prices, research on 46 

spatial-temporal evolution of land prices [17] as well as driving 47 

factors of land prices [18-19]. As for research focusing on 48 

interactive influences between land prices and urban land use 49 

efficiency, there are not many domestic studies which realize 50 

comprehensive discussion on their interactive influences. 51 

Instead, those studies mainly discuss the one-way acting 52 

mechanism of land prices towards the urban land use efficiency 53 

[20-22]. Domestic and foreign studies themed by urban land use 54 

efficiency and land prices have formed a perfect system. 55 

Nevertheless, studies on relations between urban land use 56 

efficiency and land prices mainly focus on the acting 57 

mechanism of land prices on the urban land use efficiency, or 58 

discuss external environmental factors which can influence their 59 

relations, while there is no comprehensive and systematic 60 

consideration of internal relations between them. As for 61 

research methods, they are mainly realized by SPSS statistical 62 

analysis which can quantitatively reflect their relations, but fail 63 

to further analyze their interactive influences, or provide a 64 

rigorous explanation for dynamic associations between them. 65 

From the perspective of the economic belt and according to 66 

actual land use situations in the Yangtze River economic belt, this 67 

paper, based on measurement of urban land use efficiency and  68 

land price measurement results, introduces a coupling 69 

coordination model and a panel VAR model to further study 70 

interactive influences between urban land prices and urban land 71 

use efficiency. Aiming at cities of different coupling types, it 72 

proposes policies and suggestions for improvement of land use 73 

efficiency and sustainable development of land resources, 74 

expecting to provide a basis for urban sustainable development of 75 

the Yangtze River economic belt. 76 

Research Area 77 

The Yangtze River economic belt runs across eastern, central 78 

and western regions in China. Located between 97°22'-123°25' E 79 

and 21°08'-35°07' N, it involves 9 provinces and 2 cities 80 

including Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, 81 

Hunan, Chongqing, Sichuan, Yunnan and Guizhou, and covers an 82 

area of 2.054 million square kilometers, equal to about 21.35% of 83 

the total land area of China. It enjoys exceptional advantages in 84 

resources as well as huge potential in development. During the 85 

period from 2008 to 2017, it saw the continuous and steady rise 86 

in economic output, namely an increment from RMB 13.29 87 

trillion to RMB 37.10 trillion, which exceeded 30 trillion. In 88 

addition, its proportion in the global economic output increased 89 

from 41.6% to 44.9%. From 2008 to 2017, the industrial structure 90 

of Yangtze River economic belt realized transformation from the 91 

“second-third-first” pattern to the “third-second-first” pattern, 92 

with continuous optimization in the industrial structure. As an 93 

important development axis in the spatial strategic pattern of the 94 

riverside and coastal “T” shaped territorial development and 95 

economic layout in China, the Yangtze River economic belt has 96 

now become one of the areas with the strongest comprehensive 97 
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power in China. The diagram of administrative division and 1 

location of the research area is shown in Figure 1. 2 

Figure 1. Location diagram of Yangtze River economic belt 3 

 4 

Data Source and Research Method 5 

Data Source and Processing 6 

Basic data adopted in this paper mainly include commercial, 7 

residential and industrial base land price data, social and 8 

economic data of different cities as well as vector data of the 9 

Yangtze River economic belt. Specifically, commercial, 10 

residential and industrial base land price data of different cities 11 

are sourced from the Chinese Land Market Website, including 12 

52,690 land transaction samples obtained. Social and economic 13 

data are sourced from Chinese City Statistic Yearbook, Chinese 14 

Urban Construction Statistic Yearbook, Chinese Territorial 15 

Resource Statistic Yearbook, Chinese Regional Economy 16 

Statistical Yearbook as well as National Economy and Social 17 

Development Bulletin of different regions. Relevant vector data 18 

are sourced from the National Basic GIS Website. 19 

Due to non-availability of data and differences in statistic 20 

scopes, 16 minority autonomous prefectures and Shennongjia 21 

Forestry District in the research area were not incorporated 22 

among sample units; three sub-prefecture-level cities including 23 

Xiantao, Tianmen and Qianjiang in Hubei Province were not 24 

incorporated among sample units, either; besides, Bijie Prefecture 25 

and Tongren Prefecture were replaced by Bijie City and Tongren 26 

City in Guizhou Province during 2011, so their data extracted 27 

during 2008-2010 were substituted by the data of Bijie Prefecture 28 

and Tongren Prefecture. Therefore, 110 cities of the prefecture 29 

level or above in the area were finally selected as research sample 30 

units. In addition, with reference to the Regulations on Valuation 31 

of Urban Lands (GB/T 18508-2014) as well as monitoring results 32 

of basic land prices and urban land prices in cities of the 33 

prefecture level or above in the Yangtze River economic belt, the 34 

searched sample land price data were subjected to amendments in 35 

development degree, sales years, and plot ratio, so that accuracy 36 

and comparability of the data were guaranteed. 37 

Research Method 38 

Super-efficiency SBM Model 39 

The traditional DEA model fails to compare strengths and 40 

weaknesses of multiple DMUs with the efficiency value of 1, so a 41 

super-efficiency SBM model is used to measure the urban land 42 

use efficiency in this paper.  43 

The math expression of the super-efficiency SBM model is as 44 

follows: 45 

 46 

 47 

Where: ρmin  denotes urban land use efficiency, n denotes 48 

the number of sample research units in the Yangtze River 49 

economic belt, m, s1 and s2 denote numbers of input, expected 50 

output and non-expected output, respectively, x , gy and by51 

denote slack variables of input, expected output and non-expected 52 

output, respectively. 53 

Coupling Coordination Model 54 

Based on standardized processing of data, a coupling 55 

coordination model is used to study coordination between urban 56 

land prices and urban land use efficiency in the Yangtze River 57 

economic belt. The calculation course is as follows: 58 

             59 

Where, D denotes a coupling coordination degree between 60 

urban land prices and urban land use efficiency, ranging within 61 

[0, 1]. The larger value denotes a higher coupling coordination 62 

degree. Wherein: 63 

 64 

Where, C denotes a coupling degree, ranging within [0, 1]. The 65 

higher value denotes a closer relationship between them. U1 66 

denotes an urban land price level, U2 denotes an urban land use 67 

efficiency level, and k denotes the number of evaluation indices, 68 

which is set as 2 in this paper.  69 

21 UUT ×+×= βα
  70 

Where, T denotes a comprehensive coordination index which 71 

reflects the comprehensive coordination degree between urban 72 

land prices and urban land use efficiency, α and β denote weights 73 

of an evaluated object, respectively, which are set as 0.5 in this 74 

paper. 75 

Panel Vector Auto Regression (P-VAR) Model 76 

In Vector Auto Regression (VAR) model, all the variables in 77 

the system are deemed as endogenous variables, and non-78 

observed individual heterogeneity (individual effect and time 79 

effect) is allowed to exist, so that it is widely applied to 80 

investigation of dynamic relations of endogenous variables. 81 

Different from a traditional time-sequence vector self-regression 82 

model, the panel data vector auto regression (P-VAR) model 83 

integrates advantages of both time sequence and panel data, so 84 

that endogenous variable dynamic relations of panel data can be 85 

investigated easily [23]. The model mainly includes Granger 86 

causality test, pulse response analysis and prediction variance 87 

decomposition, which is beneficial for discussion on interactions 88 

and the response mechanism of land prices and urban land use 89 

efficiency. Through Monte Carlo simulation, pulse response 90 

diagrams and variance decomposition results of dynamic effect 91 
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changes of land prices and urban land use efficiency of various 1 

types of cities in the Yangtze River economic belt in later phases 2 

are analyzed. With reference to the research by He Haojun et al. 3 

[23], this paper uses the P-VAR model for estimation, of which 4 

the basic model is expressed as follows: 5 

ittciit

m

i

totit udfyaay ++++= −
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 6 

Where: i=1,…,N,denotes sample units; t=1,…,T denotes the 7 

year; denotes a column vector containing the urban land price 8 

and the urban land use efficiency; m denotes a model lag order 9 

number; fi denotes a non-observed cross-section individual fixed 10 

effect vector; and  denote coordinate vectors of equation 11 

regression; denotes a time fixed effect variable; and 12 

denotes a “white noise” disturbance item. 13 

Results and Analysis 14 

Results of Urban Land Prices 15 

By the Chinese Land Transaction Website, land price 16 

transaction data in the Yangtze River economic belt during 2008-17 

2017 were collected, including 52,690 pieces of sample data 18 

concerning commercial, residential and industrial land use 19 

transactions of 110 samples. The data were subjected to pre-20 

processing and elimination of abnormal sample values. Based on 21 

the reference to measurement of average land prices of lands with 22 

various use purposes by Yang Kuiqi et al. [27] and Yuan 23 

Shaofeng et al. [28], urban  land prices were obtained through a  24 

land price measurement method. In the end, the measured  land 25 

prices were compared with available data on the Chinese Urban 26 

Land Price Dynamic Monitoring Website. Results were relatively 27 

consistent and they were arranged to form Table 1. Obviously, 28 

during 2008-2017, the urban  land prices showed an increase 29 

trend. Except for 2012 with certain decrease, the other years saw 30 

increase compared to the previous years. 31 

Measurement and calculation method of  land prices: 32 

yj
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 33 

Where: yjCLP denotes the comprehensive land price of city j in 34 

the year y; 
yjbP ,

yjrP and
yjiP denote average land prices of 35 

commercial, residential and industrial lands of city j in the year y 36 

respectively; yjyjyj
wwwb ir 、、 denote proportions of land prices 37 

of commercial, residential and industrial lands in the land use 38 

structure of city j in the year y respectively; and yjirbw )( ++ denotes 39 

the proportion of land prices of commercial, residential and 40 

industrial lands in the whole land use structure of city j in the 41 

year y. 42 

 43 

Table 1. Level values of urban land prices in Yangtze River economic belt44 

（yuan/m2） 45 

Year 
Commercial 

Land Price 

Residential 

Land Price 

Industrial 

Land Price 
 Land Price 

2008 2040.25 1579.92 305.1 1087.05 

2009 2324.78 1712.85 302.87 1215.29 

2010 2543.65 2016.83 305.32 1401.8 

2011 2847.64 2015.01 321.34 1511.22 

2012 2998.28 1975.93 332.1 1486.48 

2013 3105.8 2202.19 341.77 1642.51 

2014 3140.58 2162.6 355.9 1654.5 
2015 3370.23 2434.27 370.21 1804.86 

2016 3657.61 2720.77 369.08 1999.4 

2017 3954.28 3352.63 385.47 2393.78 

 46 

Results of Urban Land Use Efficiency 47 

With comprehensive reference to views of scholars such as 48 

Yang Kui [13], Yang Qingke [24], Ren Mei [25] and Ke Shanzi 49 

[26] and based on full consideration of economic, social and 50 

environmental conditions of the Yangtze River economic belt, 51 

this paper constructs an evaluation index system of urban land 52 

use efficiency from three perspectives including input, expected 53 

output and non-expected output, as shown in Table 2. 54 

Table 2. Evaluation index system of urban land use efficiency 55 

Target level Index type Criterion layer Index layer Unit 

Urban land use 

efficiency 

Input index 

Land input Per capita construction land area Km²/ten thousand person 

Labor input Number of employees in secondary and third industries ten thousand person 

Capital input 
Per land fiscal expenditures ten thousand yuan/km² 

Capital stock ten thousand yuan 

Expected 

output 

Economic output 
Per land fiscal income  ten thousand yuan/km² 

Per capita GDP Yuan/persom 

Social output Per land total retail sales of consumer goods ten thousand yuan/km² 

Expected environmental output 
Per capita greening area m²/person 

Greening coverage rate of built-up area % 

Non-expected 

output 
Non-expected output 

Industrial sewage emission in municipal districts ten thousand ton 

Industrial SO2 emission in municipal districts ton 

Industrial smoke (dust) emission in municipal districts ton 

The super-efficiency SBM model was used to calculate land 56 

use efficiency of each city.  57 

Results were arranged to form Table 3. Obviously, the 58 

minimum urban land use efficiency in 2009 was 0.696, with a 59 

difference of 0.109 compared with the maximum value of 0.815 60 

in 2014; and the ranges were large during 2008-2017, indicating 61 

huge differences in land use efficiency between different cities in 62 

the Yangtze River economic belt. 63 

 64 

 65 

 66 

Table 3. Measurement and calculation results of urban land use efficiency  67 

Year Average Max Min Range Variance 

2008 0.713 1.309 0.205 1.104 0.073 

2009 0.696 1.238 0.279 0.959 0.072 

2010 0.704 1.317 0.245 1.072 0.072 
2011 0.702 1.281 0.272 1.009 0.069 

2012 0.779 1.312 0.302 1.010 0.067 

2013 0.784 1.429 0.300 1.129 0.066 

2014 0.815 1.351 0.413 0.938 0.068 

2015 0.778 1.269 0.428 0.841 0.066 

2016 0.788 1.380 0.406 0.974 0.065 

2017 0.783 1.327 0.373 0.954 0.063 

ity

ota ta1

tcd , itu
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Coupling Coordination between Urban Land Prices 1 

and Urban Land Use Efficiency 2 

Through the coupling coordination model, the coupling 3 

coordination coefficient of each prefecture-level city in the 4 

Yangtze River economic belt was measured and calculated. 5 

According to existing research results [3, 29] and actual 6 

situations of the Yangtze River economic belt, the ArcGIS 7 

software was used to classify above coupling coordination areas 8 

into four types: good coordination area, basic coordination area, 9 

mild imbalance area and severe imbalance area (Table 4). 10 

Therefore, a diagram showing coupling relations between urban 11 

land prices and urban land use efficiency in the Yangtze River 12 

economic belt is obtained (Figure 2). 13 

Table 4. Type of coupling coordination degree between urban land prices 14 

and urban land use efficiency 15 

Coupling 

coordination 

degree 

Severe 

imbalance area 

Mild 

imbalance 

area 

Basic 

coordination 

area 

Good 

coordination 

area 

Division 

standards 
[0,0.2] (0.2,0.4] (0.4,0.6] (0.6,0.8] 

Figure 2. Diagram of coupling relations between urban land prices and urban land use efficiency 16 

As shown in Figure 2, the coupling coordination degrees 17 

between land prices and urban land use efficiency in the Yangtze 18 

River economic belt were relatively low, while regional 19 

differences were obvious. Only Shanghai and Hangzhou could be 20 

classified as good coordination areas; basic coordination areas 21 

were mainly centralized in downstream regions, wherein cities in 22 

Southern Jiangsu and Southern Zhejiang showed a centralized 23 

continuous distribution, while central and upstream areas were 24 

subject to scattered distribution of provincial capitals; there were 25 

a lot of mild imbalance areas with the widest distribution; and 26 

severe imbalance cities were mainly distributed in Northern 27 

Yunnan and Eastern Guizhou. 28 

The Interactive Influences between Land Prices and 29 

Urban Land Use Efficiency  30 

Results of Panel Unit Root Test 31 

Panel data of cities of different coupling coordination types in 32 

the Yangtze River economic belt during 2008-2017 were tested, 33 

as shown in Table 5. According to the table, original hypotheses 34 

were rejected by panel data of urban land prices and urban land 35 

use efficiency in LLC and IPS tests, namely no unit root existed. 36 

Therefore, the P-VAR model is stable and feasible for Granger 37 

causality test, pulse responses and variance decomposition. 38 

Table 5 Test of stability of panel data of cities with different types 39 

 
 Good  

coordination type 

Basic  

coordination type 

Mild  

imbalance type 

Severe  

imbalance type 

 lnle lnlp lnle lnlp lnle lnlp lnle lnlp 

IPS  -2.960*** -2.471*** -3.041***   -2.914***     -10.759***   -8.006***       -2.779*** -1.325*   

LLC  -6.099*** -7.690***  -5.016***  -12.405***  -15.867***  -34.55***  -11.879***  -5.492***  

Note: *, ** and *** denote “significant” under significance levels of 10%, 5% and 1%, respectively. 40 

 41 

P-VAR Lag Item Selection and Granger Causality 42 

Test Results 43 

In order to discuss the effect directions between urban land 44 

prices and urban land use efficiency in cities with different 45 

coupling coordination types in the Yangtze River economic belt, 46 

the optimal lag order number of the P-VAR model was 47 

determined according to information codes of AIC, BIC and 48 

HQIC. Except for severe imbalance cities, the lag of 2 phases 49 

should be selected for AIC, BIC and HQIC statistics of other 50 

types of cities as suggested. In addition, only a small difference 51 

was manifested in statistical results between 1-order lag and 2-52 

order lag of the severe imbalance cities. In view of comparability 53 
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between regions, in this part, the lag phase order of all the 1 

coupling coordination types of cities was determined as 2. Then, 2 

with use of Stata13.1, Granger causality test was used to check 3 

the possible causalities existing between urban land prices and 4 

urban land use efficiency, as shown in Table 6. 5 

Table 6. Causality test results between  land prices and urban land use efficiency  6 

Original hypothesis 
Good coordination 

type 

Basic coordination 

type 

Mild  

imbalance type 

Severe imbalance 

type 

Granger reason why  

lp is not le 
37.69*** 22.446*** 12.189*** 4.6108* 

Granger reason why  

le is not lp 
9.7111** 5.5229* 4.9058* 4.61765* 

Note: *, ** and *** denote “significant” under significance levels of 10%, 5% and 1%, respectively. 7 

As shown in Table 6, two-way causalities existed between 8 

urban land prices and urban land use efficiency in cities of 9 

different types, but the significance levels were subject to 10 

regional differences. Specifically, the Granger causalities of 11 

urban land prices towards urban land use efficiency and those of 12 

urban land use efficiency towards urban land prices in good 13 

coordination cities were the most significant, while causalities of 14 

severe imbalance cities were not that significance compared to 15 

other three types of cities. 16 

Pulse Response Analysis Results Based on P-VAR 17 

Model 18 

Stata13.1 was used to conduct 500 Monte Carlo simulations. 19 

Hence, response relations between  land prices and urban land 20 

use efficiency of cities with different types in the Yangtze River 21 

economic belt in the 15 future phases were analyzed (Figure 3). 22 

The pulse results showed:  23 

Figure 3. Analysis of pulse responses of land prices and urban land use efficiency i 24 

(1) urban land use efficiency of cities with different coupling 25 

coordination types was subject to a self-enhancement mechanism, 26 

but such effect was influential in the short run, and it was weak in 27 

long-run influences. Figure 3.a is a diagram showing urban land 28 

use efficiency of cities with different coupling coordination types 29 

and pulse responses of urban land use efficiency. As a whole, in 30 

the face of a standard-deviation self-impact, cities of all the 31 

coupling coordination types showed positive responses, while the 32 

maximum pacts appeared in the current phase, and the impacts 33 

gradually decreased later. Specifically, the maximum impact 34 

response values of cities of good coordination, basic coordination, 35 

mild imbalance and severe imbalance were 0.0685, 0.0823, 36 

0.1545 and 0.0738, respectively. The mild imbalance cities had 37 

the largest responses, and severe imbalance cities had the 38 

smallest responses. 39 

(2) Land prices of cities with different coupling coordination 40 

types also had a good inertia enhancement mechanism. The 41 

inertia growth path of  land prices took shape gradually. Figure 42 
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3.b is a diagram showing land prices of cities with different 1 

coupling coordination types and pulse responses of  land prices. 2 

As a whole, in the face of a standard-deviation self-impact, the 3 

land prices of cities with different coupling coordination types 4 

also showed positive responses. Just like the urban land use 5 

efficiency, the maximum impact responses occurred in the 6 

current phase, and the response gradually decreased then. 7 

Specifically, good coordination cities suffered the most impacts 8 

in the current stage, which reached 0.0129. Then the accumulated 9 

effect gradually decreased to 0.00 of the 15th phase; 0.0297 of 10 

the basic coordination cities in the current phase gradually 11 

decreased, while the accumulated effect decreased to 0.00 till the 12 

15th phase; as for mild imbalance cities, the maximum impact 13 

response occurred in the current phase with the value of 0.0186, 14 

and the accumulated effect was 0.0001 after lag of 15 phases; and 15 

as for the severe imbalance cities, although the maximum impact 16 

response occurred in the current phase, which is 0.0119, the 17 

decrease course of it fluctuated a lot. 18 

 (3) Increase of  land prices of cities with different types could 19 

to some extent increase the urban land use efficiency. Figure 3.c 20 

is a diagram showing pulse responses of urban  land prices to 21 

land use efficiency in cities of different coupling coordination 22 

types. As a whole, in the face of impacts of orthogonal 23 

information of  land prices, urban land use efficiency of cities 24 

with different types showed positive influences. Specifically, 25 

good coordination, basic coordination and mild imbalance cities 26 

showed an increase trend and then a decreased trend. Maximum 27 

impacts occurred in the 2nd lag phase, the 4th lag phase and the 28 

3rd lag phase respectively with the impact response values of 29 

0.0071, 0.0268 and 0.0397, while the value gradually tended to 30 

be 0 as time goes. These results indicate that the  land prices have 31 

expansion effects on urban land use efficiency, which gradually 32 

decreased because: on the one side, increase of  land prices can 33 

promote optimization of a land use structure, increase of land use 34 

efficiency and decrease of land supply waste caused by 35 

continuous extensive expansion. Through increase of land use 36 

cost, land users will be motivated to make internal excavation, so 37 

as to realize positive cycles of increase in the urban land use 38 

efficiency; on the other side, with influences of land 39 

remuneration decreasing rules and continuous increase of  land 40 

prices, the marketing level of lands has been gradually perfected. 41 

When the urban land use efficiency is accumulated to a specific 42 

threshold, it will grow slowly till stopping, while the driving 43 

effect of urban land prices on urban land use efficiency will be 44 

gradually weakened. It is urgent to change the mode of increasing 45 

urban land use efficiency by increasing land prices. Severe 46 

imbalance cities showed positive promotion effects as a whole, 47 

but fluctuations were obviously because in areas of this type, the 48 

urbanization level and the urban land marketing level are low, the 49 

systems of “bidding”, “auction” and “listing” for land sales are 50 

not sound, and a market oriented land supply mechanism is not 51 

formed, so that it is necessary to enhance organic associations 52 

between urban land prices and urban land use efficiency. 53 

 (4) In basic coordination and mild imbalance cities, the urban 54 

land use efficiency increase can drive increase of  land prices. In 55 

good coordination and severe imbalance cities, the increase of 56 

urban land use efficiency will restrain the increase speed of  land 57 

prices. Figure 3.d is a diagram showing pulse responses of urban 58 

land use efficiency on  land prices in cities with different 59 

coupling coordination types. As a whole, in the face of one 60 

standard-deviation impact of urban land use efficiency, basic 61 

coordination and mild imbalance cities showed positive effects, 62 

while good coordination and severe imbalance cities showed 63 

backward restraining effects. The former shows that the increase 64 

in urban land use efficiency can drive increase of  land prices 65 

because: with rapid development of urbanization and in view that 66 

the increase in urban land use efficiency at the environmental 67 

cost represents higher social, economic and environmental 68 

benefits, rational and optimal allocation of human, financial and 69 

material resources especially land resources can be realized 70 

through motivation of the increase in land price levels. Therefore, 71 

the urban land use efficiency has a positive enhancement 72 

mechanism on urban land prices. The latter shows that the 73 

increase of urban land use efficiency will restrain the increase 74 

speed of  land prices because: ① As for good coordination cities 75 

with a high degree of land marketing, allocation of land resources 76 

with excessive dependence on marketing will make relevant 77 

departments attach more importance to output scales and 78 

economic performances, so that a series of problems such as 79 

excessive resource use and environmental deterioration will be 80 

caused. For this reason, as for good coordination cities, further 81 

increase of urban land use efficiency will to some extent restrain 82 

increase of  land prices; in addition, the land sales prices of this 83 

type of cities are much higher than original land values, leading 84 

to frequent emergence of “land kings”. According to the gradual 85 

decrease rules of marginal efficiency, the ultra-high land prices at 86 

this time will not increase the urban land use efficiency, but 87 

instead, it will lead to high house prices, difficulties in market 88 

entering, idling and waste of resources as well as land price foam. 89 

Under this case, it is necessary to control land prices so as to 90 

increase urban land use efficiency. ②As for severe imbalance 91 

cities with a low land marketing level, due to underdeveloped 92 

economy and weak strength of land use as well as weak organic 93 

associations between urban land use efficiency and urban land 94 

prices, the urban land prices could not be increased, while 95 

furthermore, the land price increase speed would be restrained. 96 

Variance Decomposition Results Based on P-VAR 97 

Model 98 

Through comprehensive analysis of variance decomposition 99 

results, it can be found as for cities with different coupling 100 

coordination types, the variance of the urban land prices to the 101 

urban land use efficiency changes is different from the variance 102 

of the urban land use efficiency to the urban land prices. Variance 103 

decomposition results are shown in Table 7. It is notable that the 104 

difference is small between the variance decomposition results of 105 

lag of 10 phases and lag of 15 phases, indicating that the variable 106 

changes tended to be stable after lag of 10 phases. 107 
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Table 7. Variance decomposition of cities of different coupling coordination types 1 

Impacted variable Lag phase 
Good coordination cities  Basic coordination cities  Mild imbalance cities  Severe imbalance cities 

lnle lnlp  lnle lnlp  lnle lnlp  lnle lnlp 

lnle 1 100.00% 0.00%  100.00% 0.00%  100.00% 0.00%  100.00% 0.00% 

lnlp 1 0.20% 99.80%  1.70% 98.30%  0.20% 99.80%  6.70% 93.30% 

lnle 5 98.30% 1.70%  91.30% 8.70%  90.60% 9.40%  74.00% 26.00% 

lnlp 5 16.70% 83.30%  3.30% 96.70%  2.50% 97.50%  6.40% 93.60% 

lnle 10 98.00% 2.00%  88.30% 11.70%  84.00% 16.00%  73.90% 26.10% 

lnlp 10 21.40% 78.60%  3.20% 96.80%  3.00% 97.00%  6.40% 93.60% 

lnle 15 98.00% 2.00%  87.80% 12.20%  83.70% 16.30%  73.90% 26.10% 

lnlp 15 21.40% 78.60%  3.20% 96.80%  3.10% 96.90%  6.40% 93.60% 

According to variance decomposition results, the self-inertia 2 

enhancement abilities of urban land efficiency in cities with 3 

different types are different. From high to low, the sequence is as 4 

follows: good coordination cities>basic coordination cities>mild 5 

imbalance cities>severe imbalance cities. Influence strengths of  6 

land prices on urban land use efficiency are different. From 7 

strong to weak, the sequence is as follows: severe imbalance 8 

cities>mild imbalance cities>basic coordination cities>good 9 

coordination cities. This result indicates that in a city with a 10 

better coupling coordination degree, the land marketing level is 11 

good, and the land use structure is relatively rational, so that the 12 

inertia enhancement effect of urban land use efficiency is higher 13 

and the enhancement effect of  land prices on it is weaker. In 14 

addition, the self-inertia enhancement abilities of  land prices in 15 

cities with different coupling coordination types are different. 16 

From high to low, the sequence is as follows: basic coordination 17 

cities>mild imbalance cities>severe imbalance cities>good 18 

coordination cities. The urban land use efficiency of good 19 

coordination cities has large influences on  land prices. Severe 20 

imbalance cities rank the second place. The urban land use 21 

efficiency in basic coordination and mild imbalance coordination 22 

cities has the minimum effects on  land prices. 23 

Conclusions 24 

Based on data during 2008-2017, this paper makes empirical 25 

analysis of dynamic relations between urban land prices and 26 

urban land use efficiency in cities with different coupling 27 

coordination types in the Yangtze River economic belt as well as 28 

their regional differences, and establishes a P-VAR model to 29 

determine interactions between them. Research conclusions are 30 

as follows: 31 

 (1) There are two-way causalities between urban land prices 32 

and urban land use efficiency in cities of different types, but the 33 

significance levels are different in different regions. Specifically, 34 

good coordination cities showed the most significant causalities 35 

of urban land prices towards urban land use efficiency and the 36 

most significant causalities of urban land use efficiency toward 37 

urban land prices. In severe imbalance cities, the causalities were 38 

not that significant compared to other three types of cities. 39 

 (2) Urban land use efficiency and  land prices in different 40 

types of cities had a self-enhancement mechanism, but it was 41 

weakened as time went; certain increase of  land prices of 42 

different types of cities could increase the urban land use 43 

efficiency; in basic coordination and mild imbalance cities, the 44 

increase of urban land use efficiency could drive increase of  land 45 

prices; in good coordination cities and severe imbalance cities, in 46 

view of non-expected output and economic benefits respectively, 47 

the increase of urban land use efficiency would restrain the 48 

increase speed of  land prices. 49 

 (3) The self-inertia enhancement abilities of urban land use 50 

efficiency were different. From high to low, the sequence is as 51 

follows: good coordination cities>basic coordination cities>mild 52 

imbalance cities>severe imbalance cities; self-inertia 53 

enhancement abilities of  land prices were different. From high to 54 

low, the sequence is as follows: basic coordination cities>mild 55 

imbalance cities>severe imbalance cities>good coordination 56 

cities. 57 

 (4) Influence strengths of  land prices on urban land use 58 

efficiency were different. From strong to weak, the sequence is as 59 

follows: severe imbalance cities>mild imbalance cities>basic 60 

coordination cities>good coordination cities. In the good 61 

coordination cities, the urban land use efficiency had great 62 

influences on  land prices. The severe imbalance cities ranked the 63 

second place. In basic coordination and mild imbalance cities, the 64 

urban land use efficiency had the minimum influences on  land 65 

prices. 66 

Discussion 67 

Under the general background that the state supports deep 68 

promotion of development in the Yangtze River economic belt 69 

and intensive and economic land use, cities in the Yangtze River 70 

economic belt should figure out local major development 71 

characteristics, pay attention to the influence mechanism between 72 

urban land prices and urban land use efficiency, and adopt 73 

differentiated land use policies and measures aiming at major 74 

problems in different coupling coordination types of cities 75 

besides vigorous development of economy and acceleration of 76 

urbanization. 77 

(1) Good coordination cities should obey the current paths for 78 

increasing urban land use efficiency, enhance the stimulation 79 

effects of exogenous impacts on urban land use efficiency, and 80 

establish a long-term mechanism for increasing urban land use 81 
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efficiency; meanwhile, they shall rationally regulate and 1 

control land prices, so as to prevent restraining effects of ultra-2 

high land prices on urban land use efficiency. 3 

 (2) Besides increasing urban land use efficiency and urban 4 

land prices based on inertia trends, basic coordination cities 5 

should gradually get rid of the path locking model of land prices 6 

towards the urban land use efficiency increase, and properly take 7 

into account influences of exogenous impacts on urban land use 8 

efficiency. They must change the land use concept of “making 9 

money with lands”, use necessary macro regulation as necessary, 10 

and be alert about occurrence of real estate market foams besides 11 

increase of land prices. (3) Mild imbalance cities should keep the 12 

trend of synchronous increase in urban land prices and urban land 13 

use efficiency, and give full play to promotion effects of urban 14 

land prices on urban land use efficiency increase. They should 15 

keep deepening the land marketing reform, perfect the paid land 16 

use system, and expand the land marketing scope to the field of 17 

public services; besides enhancing the running transparency of 18 

lands in the first-grade market, they should vitalize the second-19 

grade land transaction market, and normalize modes and 20 

processes of land sales; and they should encourage land 21 

acquisition of high-quality investment projects based on 22 

marketing modes. (4) Severe imbalance cities, besides changing 23 

the increase paths for urban land use efficiency, should accelerate 24 

promotion of land market reform, enhance construction of the 25 

land market mechanism, enhance marketing of land supply, give 26 

full play to the market effects in land resource allocation, 27 

promote rational rise of urban land prices, guide economic and 28 

intensive land use, and form a benign mechanism of urban 29 

development.According to actual situations of land use in the 30 

Yangtze River economic belt, this paper introduces the coupling 31 

coordination model and the P-VAR model to further study the 32 

differences in interactions between land use efficiency and land 33 

prices of different coupling types of cities. It expands and 34 

enriches the current research on urban land prices and urban land 35 

use efficiency from the perspective of interactive effects, and also 36 

realizes attempts and exploration of research methods of 37 

quantitative exploration of their interactive influence degrees. 38 

Despite of certain research results achieved, it conducts 39 

measurement and calculation of  land prices only based on  land 40 

values calculated for commercial, residential and industrial lands, 41 

and fails to incorporate all the types of land use. Influenced by 42 

the limits in economic data materials, this paper takes prefecture-43 

level cities as the basic research units. In view of the sensitivity 44 

of mutual interactions under different scales of dependence, the 45 

degree and direction of interactive responses will be subject to 46 

regional differences due to heterogeneity of scales, so extension 47 

of different scales should become a key for later studies. In this 48 

paper, the measurement models were used to realize macroscopic 49 

discussion on response relations between urban land prices and 50 

urban land use efficiency. Average effects were analyzed with the 51 

models. However, it should be understood that different 52 

prefecture-level cities are different in social and economic 53 

conditions such as capitals and technical innovation, besides 54 

different development stages and features. In actual application, it 55 

is necessary to formulate practical and feasible policies and 56 

measures according to development stage features and evolution 57 

courses of each city. 58 
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