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Abstract: The rational and efficient use of urban land resources and ecological environment management can strengthen the
ecological protection and high-quality development process in the Yellow River Basin. Therefore, it is crucial to effectively
measure urban land use efficiency and eco-efficiency. Based on Stochastic Frontier Analysis ( SFA) model, this study
measures the Land Use Efficiency ( LUE), Ecological Performance Index ( EPT) and Ecological Efficiency ( EE) of 59
cities in 7 urban agglomerations in the Yellow River Basin and analyzes their spatial and temporal variation patterns from
2005 to 2018. Then, this study conducts the spatial autocorrelation analysis of LUE and EE, and further explores the
relationship between LUE and EE. The results of this study show that the mean land use efficiency increases by 4.43% after

the addition of ecological variables when comparing the test results of the unconstrained model with those of the constrained
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model. The mean value of land use efficiency of the urban agglomerations in the Yellow River Basin is 0.89, and most cities
show an increasing trend of land use efficiency, with the spatial distribution characteristic of low in the west and high in the
east. The percentage of cities with ecological performance index greater than O is more than 90%, indicating that the
addition of ecological variables contributes to the improvement of land use efficiency of most cities in the Yellow River
Basin. The annual mean value of ecological efficiency of urban agglomerations in the Yellow River Basin is 0.62, which
shows a spatial distribution pattern of high in the west and low in the east, and significantly positively spatial aggregation
pattern characteristic. With further analysis, we find that ecological efficiency and land use efficiency change in a U-shaped
relationship, indicating that land use efficiency shows a trend of first decreasing and then increasing with the increasing
ecological efficiency. This study reveals the relationship among urban land use, ecological benefits and social-economic
effects in the urban agglomerations of the Yellow River Basin, which can provide a reference for the development of new
urbanization, efficient use of land resources, ecological protection and high-quality development in the Yellow River Basin.
Based on the empirical analysis results, we suggest that the Yellow River Basin is supposed to improve the intensity of
resource utilization, optimize the allocation of various resources for cities in the basin, deepen cross-regional exchanges and
cooperation among different urban agglomerations and cities, focus on the improvement of urban ecological efficiency, and

build a high-quality development pattern in the future.
Key Words: the Yellow River Basin; land use; ecological efficiency; stochastic frontier analysis; spatial autocorrelation
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Table 1  Composition of urban clusters in the study area
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B 4) R RZ BRI A ST T LU TH DR GEEM HT, EPT /N T 0 (0 3 32 WA fe gl iy i e ik
e P AE — 2 BRI BT IR, J0 I - A IR R T A % DTk meFEHﬁ?OMﬁﬁﬁw
98% LAt , MR b BT e 22 Ol T A AT DR A B AR ) A 1 e R P R e B (B TR R A AR TR A 2
R T A A AL 2 2 TR (EL

F4 2005—2018 & EPI HIEfi L 1ER
Table 4 Percentage of positive and negative EPI values, 2005—2018

/] /]
L Year MO i H /% KF0 /% i Vear MO i H/ % KF¥0 #i H/ %
<0 Proportion >0 Proportion <0 Proportion >0 Proportion
2005 4 6.78 55 93.22 2012 1 1.70 58 98.30
2006 4 6.78 55 93.22 2013 1 1.70 58 98.30
2007 2 3.39 57 96.61 2014 1 1.70 58 98.30
2008 2 3.39 57 96.61 2015 1 1.70 58 98.30
2009 1 1.70 58 98.30 2016 2 3.39 57 96.61
2010 1 1.70 58 98.30 2017 2 3.39 57 96.61
2011 1 1.70 58 98.30 2018 2 3.39 57 96.61

EPI. A= 280848 % Ecological Performance Index
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Fig.5 Heat map of EE of urban agglomerations in the Yellow River Basin

EE. =R Ecological Efficiency

IPI]E IR By T A PP EE SR 5 s BT R 3, SO i EE SRR, 5 rhF-
JEOWCHT A PPALSRASR T | 7 S ST A 22 PRI EE P BT A TR, B R R
ST R UG F1 AR B IR AR AN AR TR (EL i P A Jo R e o e i M) 5 B0 DA HR 9 A AU R iR, 2
BOWIXAFAE I AR A SR IR IS B . BE W R S A7 AR W] 22 55, PG SR ol vl A 7 S0 Bl el A
PR EE EAEREIX (0.7 BLE) oINS B EE (B T B3, A= M0 SRR N BEA

http ; //www.ecologica.cn



18 44 THE AR BRI T A M B A AR I S AL A 7619

BRI TT RN, SRR EE M8 TG 2 PR, P KBk i b A = BoR
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TR TR 2012 AR5 EE BN, X 5 CERBEE GRL) (2012—2030 4F) ) (¢ =1 AR S FRE AR 1L
R B PSS R AT 4 o VAT RE EE Bm R 2 WS AR AR, 2L PR E R EE  R R SR A
SR R X I T A B 2 PR T RO =5 M Al sl Bl AR KB AIR r 3kl

25 (6] 1, 2005 42009 42014 4F 2018 4FA9 E iR Is T EE S50 28 (B 43 A el 6 R, Bk b EE 2
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Fig.6  Spatial and temporal distribution of urban EE in the Yellow River Basin
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AR BT I T AR A ROCRAEAE 25 (R R FRE , EAARTE |, )5 Moran’s T $RE0 230 T B3, R W52 3 9 B
T IR T A 2SR R I R ) S A DG A RIS X EE R TT R 3023 [k s i AR 48 9T, 3115 B i
LISA REE (K 7).

%5 %5 Moran's I 163
Table 5 The global Moran’s I

4 LUE EE
Year 4 J7) Moran's T 84X 7 P 4 Ja) Moran's T 84X 7 P
Global Moran's 1 Global Moran's 1
2005 -0.062 -0.5193 0.3140 0.357 12.052 0.0350
2009 0.024 0.5715 0.2660 0.314 9.9155 0.0010
2014 -0.046 -0.3948 0.3650 0.301 6.2767 0.0010
2018 0.059 0.9864 0.1690 0.363 4.8712 0.0020

LUE: +3FIFZCR Land use efficiency ; EE : 2% % Ecological efficiency
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Fig.7 LISA spatial cluster of EE
Lisa: JmiB2s 8] CHE A Local indicators of spatial association
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Wi g, WAL T EE AR-m AL X, i T8 T R 5580 8 2 A 5 SO B, A S PR EEIR BT IS, i X A=
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