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Northeast China Based on Super-SBM Model
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(School of Public Administration and Law , Northeast Agricultural University , Harbin 150030, China)

Abstract ;[ Objective ] Exploring the spatial and temporal differences in urban land use efficiency and the influ-
encing factors in the three northeastern provinces can provide reference for high-quality urban development
and optimization of territorial spatial pattern in the three northeastern provinces and other less developed
regions. [ Methods] Spatial and temporal differences in urban land use efficiency and the influencing factors in
three northeastern provinces from 2010 to 2020 were analyzed by using super-efficient SBM model, non-para-
metric kernel density estimation and Tobit regression model. [ Results] (1) In terms of temporal evolution
characteristics, the average value of urban land use efficiency in the three northeastern provinces showed a
significant upward trend, but the overall level was not high. In terms of spatial evolution characteristics,
there were significant regional differences, the number of cities in the low value area decreased significantly,

the number of cities in the high value area increased, and the distribution range of cities in the high value area
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covered the whole area of the three northeastern provinces from Heilongjiang. (2) In terms of the dynamic
evolution characteristics of time series, the polarization degree, efficiency difference and development level of
urban land use efficiency in the three provinces showed different dynamic evolution characteristics in different
time periods during the study period. (3) From the analysis of influencing factors, the degree and direction of
influence of each variable on urban land use efficiency in Liaoning, Jilin and Heilongjiang provinces differed,
with human capital, expenditure on science and education, level of economic development, degree of open-
ness to the outside world, industrial structure, transportation infrastructure and urbanization rate having a
facilitating effect and environmental regulation having an inhibiting effect. [ Conclusion] To achieve high-
quality urban development and intensive and efficient use of land, each city should systematically promote
from stimulating economic growth, optimizing and upgrading industrial structure, optimizing the business
environment, and doing a good job of introducing talents and capital according to local conditions and
city-specific policies.

Keywords: urban land use efficiency; spatial and temporal differences; Super-SBM; three provinces in north-

east China

- Bl R I T R ) A R R R L 3T b R
RN EROET W vl Fee k. E I 1L % R
2010 4EHY 49.68 % MK 2020 4EHY 63.89 % . Ik 7
X AL 2010 4R 40 058.0 km® B8 K F 2020 4E
) 60 721.3 km” 3k i fb HERRAR AL AT HE L kT A R e 9
k. 2020 4F, 8 C 520 4 A /N A S I R A B
B A B AR S B AL 25 32 SCBRAR AR 1 S B st 300 L 7 B
B AFHIEIAT ASDIR T H 30 A b 5% 5T RO B K
Gl VAo A S b [ e ol LT 7 D N T s A 5|
TE“ 0 TR ob B 48 S o8 35 B Ak [ s ]
A7 Jay  #E Bl 3k T 1 A 2 () S5 48 P Ak R BT 4 o Rl
255 A I A0 R A A M DX I RO, R 22T L 20
2 90 FRZJE . R = W T 7 Re L 7k M
BN K 208 H A2 2k Vi TS R 97 9k | 4+
HiRE R A5 — R B [ R, PR, e AR b =8
- M TR ) R8CR 25 5 A BIE 5 T g X B st 30 T T
e £ 1) AR Bk R, ST 0 988 T ) b 28 5 2K 25 A S AR
FAE 5304 T RS v 2 e RAA B2 L,

S/ i o S E S P (= R A YT S s
ANBRGFMERZAN LR A LROSE 2
RGHER WAER, PHERUHEAFER At
SEER ATER AEME R ER, DTSRI
R AR ™ o MR eI A e, B A
SCHR XS 3R T 4 bR FH AR 5T BRI AR
FE LA T B S8R0 M BE 5% ) R 2R 45 7 T AT
GE o RTT A b R P ROCR D B 3 BN PE M HR R AR R 1Y
oy s FNVEA 7 1k PR TR T T 48 bR R R B EE A
R JER Z AR, IR I PRBE 24 o 55 F 1 22 )7 1 A i i 2
ANFZEARZ A0 Jing Liu BL* A ) F AR £ 28 77—
G R AR O SE R A T IR T 4 b R R A

RHEHS, Li Chaopeng %5 | FIIK & 18 AT #5282 &k &
H¥r (SDG 11.3.1) [ 48 br FHIK 5 [= oo £l 45 13 09
2B T 19902000 4F 333 AN T R 20002015
A 391 AN 3T 7E BROWE K Bl 4 A Hb B 43 X ) PGRCA
H3 K20 (LCRH#b i #6 2%) Fl LCRPGRs (4 Hb {1
FEF/ NHOHRK AN Wl SRR AT R 555
R MR NSRRI EAE
WA= AR AR, Tl K L Tl — AR B A Tl A0 A
A HEJC 1R I B P R A et = A DR T AR R T
WA AR ST PR A N LE AT
Wik R RS H 54 S 80 W Ling Zhang 5545
B TR 5 A AL I8 1k A Bi-TOPSIS 77 i
FINST S Y 0 A st %o e YT 90 B 13 A3k it 4 s 1
ROCRIEATIAERF 52 X by i < — 2R T B L
TV A 77 bR RIORE TR, b v ) 284 ANk Tl 4 - i ) Ak
KI5 4y SRR AT B SE T . R PR AR DEA
TR NGT S AR B I T R B SR T A ) AR B S A R
HiRgh R Z AT THERS, MR NE FEERES
BT TR RKIT R AR L R &k X
FEAW WM TN R R
Bedhy R A [ AT g O R RSB R ek
PRET it i A J SN Oy T HEAT VD ABIE SR L 5 PR R
7 T o 2 350 30X 5 M 3 T - b ) AR I B TR
RU DL R g A R R HEAT A 5L OF O
P FE R Tobit AL 25 (0] 1 A T A AL
b FHLRE I 284S A S ] AR A

o5 LR, BA B 5T b il B 2 0 % 42 SBM-
Undesirable # A1 JG 3 X 7 8% ok 2R 24 T 1E #F — 2 i
G5 T ) P 5k X 0 2 S ) B Y 3 7S T R AE
TF 52 0 55 T 55 L 56 F R e 1 b DX T = ) FH 2% %)



410 S o S

%31 &

JiE % 5 i PR3 1) SCHR B 2D R 0 e i VR R
PIZRAL =4 . LTI A ST ARIL =4 34 M Hb gt
HWFFE X4, R SR SBM B Ak 280K %
i1+ LA K Tobit [AlFHE RN 2010—2020 4E R =4
I T A P AR 28 22 5 I R Bl A G R R AR R
M 28 AT 04T . DA kT R T - i R SR
FEI T BE RN BE L o 2R b =48 A At R & ik i XA 3
T 1o T R AR AR [ 4 s (s SR 4R I % 5 %

1 WRFTEGERIEER S HE KR

1.1 BRAFE

1.1.1  Super-SBM #£#  Tone # i i) Super-SBM
FERL, 7 4k 7K T 15 48 DEA £ AL SBM A A A9 45 45
R SE A bz AR Fe VA A MR R CR DA 48 bR IR R
A Z A IR P A8, 508 T HRA B A
St P R EUE X RCRIE R T4 T 1 R oot — 4
o, HBIRIRKAX W .

L

mi=1X ;o

o =min 1 3 a3 @b
DRI sl
51t s, r=1y5%  «=1y1

?2 E Aj.l']’ jzl,"‘,m

j=1.#0

FE 2 A8 r=1,,5,
j=1.#0
S.t.
= 2 A L=1,%ss,
i=1.#0
f}xo,y‘qu‘g 7yh>yg 7/120 Z;é A]:l
i=1,%0
(2)

Ko AR, o (E B, 0T+ b A F 2R K
SRR s AR v Iy AR
A BN — RN B A AT A T AR 0 BB
PN DRSE A IT ;A NALE
112 %AW AT — Ml o X A2
R AE 38 5% 8 R AT Ak o, T R e A R R a0 A
BB WA I M 2 Bl 2 T RRAE Y S 1) 4 A R
Yot AR S 800 50 07 vk KAl
X 1 ¢ T,
f“JZnMQK( ; ] (3)
KK ARG WA EGh A SE 2, R
WA s = R, A SCHEHREILA & o N IE &

3 AT v 5T R BRSO AR b = AR ST b R T R gl
ST AR AESEAT A T HRIB N

B
K(I)mexp( 2] €)
1.1.3  Tobit ® a4 A DLk KSR HE & F AR R

PRI Tobit A& BRI, BE 4% fift P A LR A Super-SBM
A5 T8 P 000 B3 P AR (B A7 PR TR) A, DR e AR SCaE R To-
bit BRI AR b =48 T A R RCR 2 R R R AT
W, KRR .
(Y =atprta (Y0
o (Y <0)
K.Y Mo R Y WRBCREE R« NifRE
AR e HHWE ;L A IIE R AR 2B
WH ¢ lRMIER 734 N (0,06%),
1.2 $EFRIEEX
1.2.1 3R E3eA) A F RN IEAR LR ASCLIL
TR IETVE = A EE R 34 A M gl Sy AF 5 R
Z ARG TE 14 AT, HARE 8 g, B
AT 12 A Hb 9T, 75 i B BCHE B B 5 v AT 345
PE A SO ST B I )5 B2 2010—2020 4F, K242 18
Hby DX E 30 W 6 T 196 M T T A 8 A RN AE 3 T
J& T B RATEUX AN B DT B TR X A TERESR
O FRI N 2 T B T I AT B OROR M LA S g T
b 1) A% 0] R, 2 2 AH 56 SCHRTY S AR SCIE A 48 FR 19
A0 N 3 8 3k T A DB, BB o Fe b T T R IX
B B 2% 5 be a0 T = AP B HE R RN Tl AR A 2 HE
L AR MENR., S2H5 AR .45
ZRAE =48 Bl b R SE BRI AL A ST AL R
P VAR 3 AN Dy R 8 AR AR R A AR L
=BT A RCRE N R R R (R D X
A (km®) Fn £ HIEE A, — ==k ol A B O A
LRI TN 1 E B (L0 FRoom A K
A A (2 T0) R G0 77 L U R R
AR R (T0) FRmat & 77t il X kA 3 25
B FRAER I, Tolk Z A b i HE il (o f1 T
MR 2R HE R (O FoRFEITEE 7

1 HHLHF ALRITENIERER

Table 1 Urban land use efficiency evaluation index system

Y (5

R A — Yt b5 /2 Hpi
HH#A B X R km?

B ALK HHAHA ZEFE AR PN
HAZA 2 feii

EAY 3V ZEPE R &

W= g IRy & IR R AT SRR i
AR H X R %

T I8 A Toll = S A B B t

TR A i t

1.2.2 MW ERARALXEZ AR EZRAALER OF
GRS T L R R m I RZ AR 2, 5K
6 R NN TR A G SN = 8% 2 B LR RSB A A TS




5013

WA AR AF L T AR SBM AL AL [ AR It =4 T b 1 2838 i 25 22 S S 5 o (R %

411

WIEHERE N RBLFIRRE D) . IR+ )RR
RN R T HRABER G HER NG,
PR S AR SC25R 5 R 9 1 B 2 1k R B 30 1 FT AR A 5
B 3 T S A D RN R 3T R i R ]
RE 52 1) - b ) FH 2503 0 PR32 R SRR IR 0 % TR /K-
(pgdp) 7=\ 4544 (indus) Y Ak R Curban) | X 4h FF
SRR BE (£d) L3838 FE Al iR it (road) (A BE AL Cer) (BF
HSH (teo) LA T HEAS Cung) 1 9 [ 728 &L 3l + 4

o HE

A HACRE (ULUE) 4 R A2 & (R 2), NI BR 5207 22

=S

(R 5% 1) % A LGB A8 S 28 % K e K SF- X A I ik R
TR AZ 3 KLl 15 it HORT 5, P A [l B AR
ULUE, =, + B:lnpgdp;, + B:.indus, + B;urban, +
Bilnfdi;, + Bslnroad;, + Bsef, + Brtec, +
Bsung;, + (6)
s 2% kT 4 A AR E ULUE O B 28 &

=

pgdp,indus, urban, fdi, road, ef, tec, ung N H %% & ;
Bo R H B 3 By — Bs N ARt AR K e N BEALIL B I 5
TR R o BIRERES - AR RIS ¢ 4R

F 2 T R AR R e 2RO R R AR
Table 2 Selection and description of factors influencing urban land use efficiency
fifk A A8 E S A
[ AR BT A b A AR (ULUED A& IR T L 3t R T RCRAE -
255 % &K F (npgdp) A GDP Jo
Pk 45 (indus) e M X R %
WA AL R (urban) WHEAD/ BN %
s XF AP FF s #2 BE (Infdi N 52 R ) A 5 4 4 ESSTIN
22 38 Bl 1% i (Inroad) N F 38 B 1 AR m*/ A\
I AL Cer) 15 7K Ak 3 A2 %
B (e (R 32 i 4 30F ) /5 W B %
A1 BEA Cang) H il AL R R LD B E/ A £ %

1.3 HIERIE

A SC P WA O ORI T 20112021 4R
(i B e A M )b B 30T S8 4 2 ) (Crb [ i
GEiHAESE) WA B R BHE R IR T A5 A T ST AR %
Geit N i 5 BUN T AR AT Jo 2 3 B £iE R F 28
T A 4 AR AT (B IR

2 #EREHH
20 FACZH W LR AR EEE T

X I AOR F (E D B 0 AL = kT
MR AR Y (E R B B R B R R OK R
AN 2010 4F 14 0.263 #E K F] 2020 4FAY 0.620, 35
FNHFFRMIN e EE . A XEE (& 1D 107 B
et 3 A4 0y W 3R T - R R R A A F 5 0
P4 U Bl b T e, R T R AR Y RO
1E 2020 43K B 7 WF 5% 1 8 d5c i (6L, 43 B2 0,725,
0.653, B IpVTAE 2019 435 FIHF 5T B P9 5 =i {E 0.516,
PRSI DEA 4L, 20102013 4F, 3 AR R iiT +
R SR e T H A TR T ARE
M) o7 41 2% AR A 2 Tl 3k b i — fms K ) kR B &
VLG TR R AR R RE L R AR TR
s S TR X & k. 20132017
AP 3T A8 ST A R R B T AR T AR R R
JeitAs , — 5 TH Y TH T ER . -

—+=
=]

fE &1L

Mo TF K ) a8 BTG, 6 % 16 K O X K 5 £ b R
M Ay ik & R T s g, S —
1Al e AT BCE I E T R L § 8 2011
2014 AR PR BHR W A K 43, 20172020 4F, B JE
VLA YR R RO I EAR T 1274 fs R, &
B TR AL KA JE TR 4 E R %
RWEAR, =K S IR AR T B 2, +
b ) R, B8R

0.8

s —o— HRIE=H —— ILTH
= —— EHE —— RRLH
M 0.6 | & ~
&
S 04
=
2
0.2 |
B
&
0 1 1 1 1 1 1 1 1 1 1 J
(= — ~ o < v o e~ o (=)} (=]
S 2 2 2 2 2 2 2 2 = 9
(o] o~ [a\] ~N (o] (o] (o] o~ [a\] ~N (o]
F
B 1 2010—2020 ERIE=ZEWETH L MF AUERHE
Fig. 1 Average value of urban land use efficiency in

Three Northeastern Provinces from 2010 to 2020
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Table 3 Regression results of factors influencing urban land use efficiency
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Table 4 Robustness tests
A KL =4 LTH EEXq) Py RIK)
2% & K (Inpgdp) 0.0259" (0.0324) 0.0521(0.0589) 0.125(0.0648) 0.0227(0.0538)
7l 2544 (indus) 0.00717° "7 (0.00167) 0.0196 " (0.00873) 0.00475(0.00774) 0.0102° * * (0.00188)
4 AL 26 (urban) 0.00148* (0.000790) 0.000885(0.00139) 0.00107(0.00187) 0.00296 * * * (0.00110)

Xt I ik R B (Infdi)
22 3 FE Al At (Inroad)

0.0381" " " (0.00791)
0.0839 " (0.0442)

B Cer) —0.00373" " * (0.000735) —0.00301 " (0.00174)
BRI (teo) 0.000299 " * * (0.00139)

ANSA (ung) 0.0548" " * (0.00989)

VIF 1.44 1.31

Prob>>chi2 0.0000 0.0000

FEA B 374 154

0.0521" " " (0.0111)
0.118" " (0.0573)

0.000184 " * (0.00148)
0.0143 * (0.0159)

0.0282" (0.0147)
0.451" "7 (0.102)
—0.00302" " (0.00145)
0.00976 " (0.00918)
0.1227 "7 (0.0151)

0.0129(0.0142)

0.002737 (0.0908)
—0.00449" " * (0.000892)
0.00558 " * (0.00389)
0.0363" " (0.0172)

1.80 1.98
0.0000 0.0000
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