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Fig.1 Average level of rural land use structure efficiency in 2009-2016
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1847.27 J3 hm* | 7} % 2016 4F 1920.06 J7 hm?*) fl £
K E % (M 2009 4F 511.88 J7 hm® | FF 5] 2016 4F
513.85 J7 hm) A IHASWET BT, PR AT A BEXT £ 1%
Jevh g+ M AT A XA I R MR T S A A
Ak 5 7K 38 K 7K R it FH M 32 B T Al A 7 A
K HER A R 55, e 22 5 AR 7 b AE 25 (] AR |
Pt 2, 3 Go = 1 9% YR FH A TR 9% 5 oAt 4 b

4 LR AEMRIKL

Tab.4 Optimization of rural land use structure (%)
X FATTR) (/R ia)
Bt Iel iy Mt i R pIER S K3k Hofty % # GDP e R

| 7.89 46.45 38.57 38.46 4.51 8.82 23.00 38.06 11.00 3.07 1.52
R 3.78 39.53 46.15 16.46 1.60 4.28 12.31 17.29 -2.78 1.18 1.90
s 11.52 50.77 67.89 31.71 4.30 6.68 44.97 33.92 30.01 0 2.68
[l 11.66 55.42 37.32 38.75 9.49 16.85 18.83 45.21 30.67 9.18 0.45
sld 0.93 6.76 1.78 0.03 -0.06 0.66 -0.06 1.66 5.16 1.69 0.09
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BLALFE T HAR FH M AT P2 b, A R Lk
PR, Hrp iR FH M o Sl B A A e A e
Wit FH b B 35 it P e AR 25 35t P b (1 %
JER, 2014), PR M2 26 FH b 5 08k MUk SR AR 25 1)
P, 2009—2016 4 4= [ #F Mo AL T [ T 46.34
J3 h?, AR P T AU 1 29.92 75 hm?, 4%
(1 FH H EE 2R M 2009 4 14 0.50% - T+ 31 2016 4F 1)
0.71%, 1Ml H 15 F M A 595 ARG B &, A1
FERAE BLAG AL R 4, % F SR R st i 3%, FH AR
PAIEAE N - b yh TR A SR, o7 DAtk — 2R
o W= HIAEER L 2016 4F £ K GDP R £ 7 &
3 AT AL HE K 11.00%F11 3.07% , {5 -+ 1l ) F A HE
G 1.52%,

Oy LIS, 45 X A A FHBEA TN A1k
FEBIARTR], 545 M IX £ A R th DX gk 2 J KB &R
FY . WA, HEH el | 5 b A
S T I R FH M TC A 28 4 R 0k PO > rh >
IRAB> AR ACHB I, PRHE TUAR FE R IR >R 5> 74
BR>ZRAEHLIX , K ITTA R R Iy rh > PH > 2R >
ARACHIX . W= EER , £ A GDP RTAL ™ =3
BN PG ER>H E> AR>S AR TR X 5 A 7= = T4
b= R R PGER> AR > AR AR > R L X 5 £ H ]
FHRHE B 7™ H TC A R R A v Rl AR 30 b X
[T 5 A v [ P £ 37 < = g
FPGERHIX. S A H AT 1545 FH b LG A9 95 v, D iZeA
AN S A A A FHZE A DA 8 B 85 DX 85 AR
DX A 1l 5 5RO Sk, B IR A FHRCR = L 7 2 A
i) FH 25 R 2550 R R 1 e P T BB S I 28 A
25 77 AR AL ML IX S A+ b R S AR AL B 45
N AR R B A A A2 (R, B R AT B T AR
X AR AT 1 XN V3 AR, /NS R AR T2
b HEHAT & B R U R R R A,
ARG 18 Tl 0 RAURSS-45 il e 58 A X0, 2 iR 2 A
WG R ER K, HILE 5 2 A s RS EE R,
RE AT 18 FH b Y 55 oK T 02 2 R FH A8 B A

3 it

AR SCHTF KR 31T S A A K
FHE 2 B, #78 Super-SBM AR 2009—2016
AP 4 [ A ML X S s A R S5 A RCR AT PR
BT, 456 B 28 738 T % A 1R S5 F9 3%

BRI 25 25 S FFE IR R 2R 15 A0 R 251

(1) 2009—2016 4 [ £ b 1 b F 2548 5505
PR AL T RSk I H R BUARAE E T a3, 250
OIS BRI ARACHLIX S A + b A H 454
RICR o , AR B b DXV 22, o R P 3 s X HE 47
Joio A5 AR E S BUAR 5 PEAIS I s e I 23 ]
YA A AR E

(2) 2009—2016 445 I 2% H [l & 5 + iUk ]
SERRCR IR0 e 2 B S AR Ak HAE AR 48 1) 5 0
Mo S RIS R BRI R REOX S 4+
Hi I FH 25 A ORI 52 0 ) B 43008 5 3% 5 6 R (K
B R AR 2 A L) 9 52 1 7 AR G 42 55 5 IX B4
R 25 F (GDP A — =l L)X £ b - F
IO &S ALpIETE S

(3) "l £ A A bR FH o A 5 2R 34 2
P B B TUAR I B, A6 ORI ™ R85 1 [R]
AT K S A I, 45 b X 2 [R)AS ] = i A
BATUAZE U, 7130 X 4 b YR I8 S B, A
Jor Pl i ARl A5 A 22 [ IR A 5 R G ER b X
RIRMXTG , £ b MR T ek e,
TERER T RS S FH b A A 4K 5 ARt X0 B 1
TR FH b P S 24 S OR

Xt & - b A 25 8 A 4R AT LAk [ 428 ]
B R P 2 b A A S B AL SR , b
AT S MRS 5T BRI Gl o A8 SO
B YA N S R R 25 S8R AT B T A
SEVSARXT 2L, 1 H A2 808 BR 1, Fbn ik R A
Frit—2D 5838 A R AT B A5 T IOUL Y 2 T E A T
FEORURABIESE | LAEAS B0 F/ R £ AR
RS HIH 2458

S % 3L (References)

WRELTE, 2TV, B0, 2014, SROU T 8] L i FH 454G S5 4t
RAETGEEHIRE M B X 22 S ETSE (0], b [ R
2%, 28(11): 66-73. [Chen H L, Peng K L, Huang K. 2014.
Correlation and regional differences of land use structure
and socio-economic structure in Wuhan Metropolitan Ar-
ea. China Land Science, 28(11): 66-73. ]

PRZAR, FLAEGE, 5K AR, 4. 2006. JF 23 B 48 2 it 4
Je st X A S5 R A2 Al (1], H B AR OE R 27 24,
(4): 71-74. [Chen J W, Kong X B, Zhang F R, et al. 2006.
Changes of land use structure in Beijing mountain area
based on spatial Lorrenze curves. Journal of China Agricul-
tural University, (4): 71-74. ]



1400 oo R

$38%

YRILAR, B, AR RERE, AF. 2009, ELg RUEE + MR 45 4
FRAERE T (0] 4k TR 244, 25(1): 223-231. [Chen
QC,LvCW,LiB C, et al. 2009. Quantitative analysis of
land use structure characteristics at county scale. Transac-
tions of the CSAE, 25(1): 223-231. ]

FEPE, F5 /o, AR, 4. 2018. 1984—2013 45 [ PPP & J&
f18 I 25 A% JR 5 5 e IR 2R (D). 48 U MR, 38(1): 20-27.
[Cheng Z, Wei X Q, Lin J, et al. 2018. Spatio-temporal pat-
tern and impact factors of PPP in China during 1984-
2013. Economic Geography, 38(1): 20-27. ]

T, A=A, 255008, 2019, UHEEHLIX £ AR AR
WS F T S A AR 5 4R FESE WY 22 [RIZONE [0]. M
BRAFST, 38(3): 699-712. [Fang F, He R W, Li L N. 2019.
Research of the regional mode of rural revitalization in
Beijing- Tianjin- Hebei Region: Based on the spatial effect
between rural off- farm employment and farmers' income
growth. Geographical Research, 38(3): 699-712. ]

BAEWL, BHE, R E, 4F. 2003, H E R A 2SR S
TIESE (7). HRGETE AR, 18(5): 552-561, 645. [Feng Z
M, Yang Y Z, Song Y, et al. 2003. Study on the land use
structure of Chinese counties. Journal of Natural Resourc-
es, 18(5): 552-561, 645. ]

] L BT, 2014, & T HE— 28 SCRFBOMAR Ll R 2 JEE
38 %0 ) ([ £ 9 & (2014) 127 %) [EB/OL]. 2014-10-17
[2019- 09- 01]. http://www.mnr.gov.cn/dt/zb/2018/ssnyyd/
beijingziliao/201410/t20141017_2183946.html.
of Land and Resources. 2014. Notice on further supporting

[Ministry

the healthy development of facility agriculture. 2014- 10-
17 [2019- 09- 01]. http://www.mnr.gov.cn/dt/zb/2018/ss-
nyyd/beijingziliao/201410/t20141017_2183946.html. ]

BIEHEE, A5, L. 2018, S0 R BT 3l L R A
0% S I HE R AR KR R PR R (D], 2R B B, 38(12):
183-189. [Hu B X, Li J, Kuang B. 2018. Evolution charac-
teristics and influencing factors of urban land use efficien-
cy difference under the concept of green development. Eco-
nomic Geography, 38(12): 183-189. ]

TG, FLAEAR. 2017, 2K BE IR B9 29 P S IX 4 ]
&AL [0, E AR BHE S X R, 38(6): 27-37. [Lei
M, Kong X B. 2017. Optimization of land use structure in
Huang- Huai- Hai Plain under water resources constraint.
Chinese Journal of Agricultural Resources and Regional
Planning, 38(6): 27-37. ]

AR, WK, = 2018, P A R FHZ5 R R0 110 2 1]
25 58 m R Z B4 (7. 5, 50(4): 803-811. [Li N,
Xie D T, Wang S. 2018. Spatial difference of land use
structure efficiency and influential factors in Chonggqing.
Soils, 50(4): 803-811. ]

227, BEAIE, e, 45 2016, 5 PR AR M Ak A fh2s )l

Pt R OE AL [3]. FARBEIRAM, 31(11): 1844-1857.
[Li T, Liao H P, Chu Y H, et al. 2016. Spatial disequilibri-
um and its formation mechanism of farmland conversion
in Chongqing. Journal of Natural Resources, 31(11): 1844-
1857.]

/N, FIGEn, AR, 2018. MR FH A5 A4 25 A T i HE )
MO R MALBLAEFT (7). RS 457, 34(1): 14-19. [Li X
K, Wang X M, Hua H. 2018. Research on influences of
land use structure change on carbon emissions. Ecological
Economy, 34(1): 14-19. ]

XIEFA. 2018, TR £ Bl G 5 2 A% (1), 3w
iz, 73(4): 637-650. [Liu Y S. 2018. Research on the urban-
rural integration and rural revitalization in the new era in
China. Acta Geographica Sinica, 73(4): 637-650. ]

X EBE, #2012, b [ B SO AL 19 25 A RRAE -5 T2 L
B O[J]. 22 R, 67(8): 1011-1020. [Liu Y S, Yang R.
2012. The Spatial characteristics and formation mecha-
nism of the county urbanization in China. Acta Geographi-
ca Sinica, 67(8): 1011-1020. ]

XU, R F L, B s, 45, 2018, KHRTT KR AT LAk fb2s
(B4R IE S ATLEE: LA N i ] (0], Hh R 3k e, 37(8):
1119-1130. [Liu Y, Zhou C S, Huang W L, et al. 2018. Spa-
tial features and forming mechanism of rural land non-agri-
cultural degree in metropolitan areas: A case study of
Guangzhou City. Progress in Geography, 37(8): 1119-1130. ]

FAR. 2011, A Mo A HIAZ AL B HEBOBOW AT ST [D]. R 5L g 5L
Ak K 2%, 2011, [Lu N. 2011. The research on carbon
emission effects of land use change. Nanjing, China: Nan-
jing Agricultural University. ]

B4, BERIE, W<, 45 2010. H 3T 4 R 254
5T J S e 28 [T]. Hb BB} 2= 30 JiE, 29(7): 861-868. [Lu
CY, Yang QY, jin D X, et al. 2010. Research progress and
prospects of the researches on urban land use structure in
China. Progress in Geography, 29(7): 861-868. ]

BARYE, Tz, ¥ 4. 2018, T BT IR A AR L R B P i
SRR (3] E R, 32(8): 9-15. [Qi X X,
Zhang Z H, Huang X J. 2018. The contradiction of cultivat-
ed land protection in the new era and its innovative coun-
termeasures. China Land Science, 32(8): 9-15. ]

AR, LR, SR e, 4F. 2010 PUJI A T OGS R 4
A 2 2L i B HE OB AT ST (0], 7K AR SR R, 32(3):
101 -106.[Shi H X, Mu X M, Zhang Y L, et al. 2010. Ef-
fects of different land use patterns on carbon emission in
Guangyuan City of Sichuan Province. Bulletin of Soil and
Water Conservation, 32(3): 101 -106. ]

PN, FRLTM, WL, 25 2015, o A bR R HE R
2% [a) eIk [J]. 855 BE, 35(3): 154-162. [Sun H, Liang H
M, Chang X L, et al. 2015. Land use patterns on carbon



5591

WZE % SRR IZE AR N 28 RRAE K R 2K

1401

emission and spatial association in China. Economic Geog-
raphy, 35(3): 154-162. |

TR, ST 2003, DI A ORI 2548 14 4 U 43 S5
ST (1], HAR R IE AR, 18(1): 112-117. [Tan Y Z, Wu
C F. 2003. The laws of the information entropy values of
land use composition. Journal of Natural Resources, 18(1):
112-117.]

HUKAE. 2004, B2 R + A FHAS AL SRS AL L2 2 161 4% =)
AEAEBHEFSE [D]. HLM: VTR, [Tan Y Z. 2004, Driv-
ing mechanism of land use change and simulation of spa-
tial pattern change on county scale. Hangzhou, China: Zhe-
jiang University. |

HBET, 1REE, VL0, 4. 2018, iR BHAMRCE)BUR T + A
MEAFPALBTFE: LANSESE KANSFHOA 6] (1], hEA -
PE R 5 BB, 28(S2): 25-30. [Tian X Y, Xu X, Jiang H L,
et al. 2018. Optimization of land use structure under grain
for green project: A case study in Taibus Banner in Inner
Mongolia. China Population, Resources and Environment,
28(S2): 25-30. ]

EEE, 2. 2019, F RN LR 568G 5% 25 52 H
Wi B BF ST (7). HERL2E, 39(2): 183-194. [Wang G X, Li
M. 2019. The spatial interaction between inter- provincial
migration and manufacturing industry transfer. Scientia
Geographica Sinica, 39(2): 183-194. ]

ER W, TRAAR. 2017, MU FRARN % I B 5 e B2 (1], b3y
R, 72(1): 116-134. [Wang J F, Xu C D. Geodetector: Prin-
ciple and prospective. Acta Geographica Sinica, 72(1): 116-
134.]

EHE, E T 2015, 77 [ AR il s X L 3 ) 2548 BIF 5 4 S
] 1 £ R, 29(8): 10-15. [Wang Q, Wang W M.
2015. Research progress of land use structure in mainland
China. China Land Science, 29(8): 10-15. ]

AR, BILTE, sk/NTR, 45 2011, 9 T 4 MR AR
PR [1]. HU2EHE, 66(8):1111-1121. [Wu D W, Mao H Y,
Zhang X L, et al. 2011. Assessment of urban land use effi-
ciency in China. Acta Geographica Sinica, 66(8): 1111-
1121.]

TR, 3B, B R 2019, 56T AE 25521 1 (i A 5 117 3
FIHZEAAALIEO S5 08 [3]. L5, 35(1): 196-201.
[Xu J, Gong P, Jin L. 2019. Optimization evaluation and
analysis on land use structure city based on ecological
green equivalent in Hohhot. Ecological Economy, 35(1):
196-201. ]

PR, A, AR, 52017, T SR BT
DX A HEHIILAL [7]. K LARHFOFSE, 24(3): 270-276.
[Yan C, Zhang A M, Shi R R, et al. 2017. Land utilization
structure optimization in Qujiang District based on land

ecological security. Research of Soil and Water Conserva-

tion, 24(3): 270-276. ]

WaZE, SCH, BhORTE. 2018, KT B T TR FHRCR Y
#r [1]. % BERLF, 40(10): 2048-2059. [Yang K, Wen Q,
Zhong T Y. 2018. Assessment of urban land use efficiency
in the Yangtze River Economic Belt. Resources Science, 40
(10): 2048-2059. ]

ESiE, BPAR%. 2017 S, TRATMES U 11 S R il i RGEEE
S HEZLMF 5% [J]. M BEWF 5T, 36(10): 1843-1858. [Ye Q ,
Zhong C X. 2017. Have we been ready for rural construc-
tion: Research on the theoretical framework of rural con-
struction system. Geographical Research, 36(10): 1843-
1858. ]

T, SRUCTS . 2014, A3 8 249 F) A R HE IR S0 A 5
Al (1. Rk TR “#4I, 30(2): 224-234. [You H Y,
Wu C F. 2014. Analysis of carbon emission efficiency and
optimization of low carbon for agricultural land intensive
use. Transactions of the CSAE, 30(2): 224-234. ]

K, KT, MR R, giit. 1983 T2 T8 [M]. b
5 S HE W AL [Zhang C, Zhang C P, Yang W M.
1983. Introduction to quantitative geography. Beijing, Chi-
na: Higher Education Press. ]

SR, HEUAR, BRERA. 2016. 55T SBM AR Y L b AR 29 1]
B HE TSR 3 B SRR AL [0]. v [ LR, 3003):
37-45. [Zhang M, Gan C L, Chen Y R. 2016. Carbon emis-
sion efficiency analysis and low carbon optimization for ur-
ban land intensive use based on SBM model. China Land
Science, 30(3): 37-45. ]

SKAE AR, WERNAS, SCAREE, 5. 2012, HE A M 7k 5 i HE ik
BN 1A 25 ok AR U S A (0], F SR BRI, 27
(5):723-733. [Zhang R S, Pu L J, Wen J Q, et al. 2012. Hy-
pothesis and validation on the Kuznets Curve of construc-
tion land expansion and carbon emission effect. Journal of
Natural Resources, 27(5): 723-733. ]

ST, e AERE, S, . 2019. 3k S 06 R WS E I KO
ZRIRSB IR [J]. H3EESE, 38(3): 578-594. [Zhang Y
N, Long H L, Ma L, et al. 2019. Research progress of ur-
ban-rural relations and its implications for rural revitaliza-
tion. Geographical Research, 38(3): 578-594. ]

KB AT, LA . 2004, AR - B FE 45 B 5% 14 B0 4.4
M (0], TP E R, (2): 34-39. [Zheng X Q, Wang X
M. 2004. DEA analysis for the efficiency of land use struc-
ture in cities and towns. China Land Science, (2): 34-39. ]

2%, 2014, WARCA X v [ 28 P 1 K R BTk B S B ik A
1. " E A A 285, (6): 4-15. [Zheng X. 2014. Contribu-
tion and realization way of urbanization to China's eco-
nomic growth. Chinese rural economy, (6): 4-15. ]

I, B, XK, A5, 2019 IR TRB DA 3 A= b A HI 2 g
T8 N HX 2 A PRS0 R s DABUER T VT HEA S 4]



1402 NI S $38%:

[J]. # BRI 5T, 38(3): 535-549. [Zhu L, Li L, Lu S, et al. economic determinants of urban forest structure and diver-
2019. The evolution of village land-use function in the met- sity [J]. Landscape and Urban Planning, 181: 10-21.
ropolitan suburbs and its inspiration to rural revitalization: Tone K. 2001. A slacks-based measure of efficiency in data en-
A case study of Jiangjiayan Village in Chengdu City. Geo- velopment analysis [J]. European Journal of Operational
graphical Research, 38(3): 535-549. ] Research, 130(3): 498-509.

Banker R D, Charnes A, Cooper W W. 1984. Some models for Tone K. 2002. A slacks- based measure of super- efficiency in
estimating technical and scale inefficiencies in data envel- data envelopment analysis [J]. European Journal of Opera-
opment analysis [J]. Management Science, 30(8): 1078- tional Research, 143(1): 32-41.

1092. Wang J F, Li X H, Christakos G, et al. 2010. Geographical de-

Charnes A, Cooper W W, Rhodes E. 1978. Measuring the effi- tectors- based health risk assessment and its application in
ciency of decision making units [J]. European Journal of the neural tube defects study of the Heshun Region, China
Operational Research, 2(6): 429-444. [J]. International Journal of Geographical Information Sci-

Fan C, Johnston M, Darling L, et al. 2019. Land use and socio- ence, 24(1): 107-127.

Temporal and spatial characteristics and influencing factors
of structural efficiency of rural land use

YANG Kui', ZHANG Yu', ZHAO Xiaofeng’, WEN Qi’, ZHONG Taiyang"
(1. School of Geography and Ocean Science, Nanjing University, Nanjing 210023, China;
2. School of Public Administration, Hohai University, Nanjing 211100, China;

3. School of Resources and Environment, Ningxia University, Yinchuan 750021, China)

Abstract: It is of great practical significance to explore the regional differences in the structure efficiency of
rural land use to guide the efficient use of rural land. At the same time, under the background of the strategy of
rural revitalization, scientific and rational evaluation of the spatial and temporal allocation of rural land can
provide land resources guarantee for the sustainable development of rural areas. Taking 31 provinces and cities
in the mainland of China as the research object from 2009 to 2016, the spatial and temporal differentiation and
influencing factors of rural land use structure efficiency were discussed by using Super- SBM model and
geographical detector. The results show that: 1) The overall efficiency of China's rural land use structure in 2009-
2016 was in the middle level and showed an upward trend year by year. 2) There was a significant spatial
difference in the efficiency of input and output of rural land use in China. The input and output efficiency of
rural land use in China showed a distribution pattern of high to low from the east to west, and the efficiency in
the north area is higher than that in south area. 3) The influence of various factors on the structural efficiency of
rural land use in China has temporal volatility and spatial heterogeneity. The influence of rural conditions was
significantly higher than that of urban-rural relationship. And the impacts of regional economy and industrial
structure on the structural efficiency of rural land use have been significantly improved. 4) In the process of rural
land use in China, all types of land use are shown as input redundancy, and the proportion of economically
available land among regions is obviously different, the eastern area needs to adjust ecological space such as
garden land and forest land, the middle and western regions need to consider the whole land use structure
optimization, while northeast area needs to focus on the intensive and efficient use of village land.

Keywords: rural area; land use structure; temporal and spatial characteristics; influencing factors; China



