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Abstract

"When ecology thrives, civilization prospers; when ecology
deteriorates, civilization declines." The report to the 18th National
Congress of the Communist Party of China stressed that ecological
progress should be taken as a major task and incorporated into the
"five-sphere integrated" overall layout system, so as to promote
coordinated economic, political, cultural and social development and
achieve sustainable development. By measuring the ecological benefits of
economic growth, we can better assess its impact on the ecological
environment, which is very important for building a healthy ecological
civilization. Therefore, in order to continue to take the path of sustainable
development and promote green GDP, it is necessary to study the
measurement of ecological efficiency and its influencing factors.

This article mainly includes the following aspects. Firstly, by
consulting and reviewing relevant domestic and foreign literature on
ecological efficiency, a measurement system for ecological efficiency was
constructed, and DEA-SBM technology was used to evaluate the
ecological efficiency of 30 provinces (cities, districts) in China from 2005
to 2020. The indicator system data comes from the "China Statistical
Yearbook" and the statistical yearbooks of various provinces from 2006
to 2021, the "China Environmental Statistical Yearbook", the website of

the National Bureau of Statistics, and statistical bulletins and reports



PN 2 I R DA DS S T2y 7 2P AR 0 [ A 25 2R I 5 T i R 3R

issued by relevant departments. Secondly, from a dynamic perspective, a
dynamic model of energy consumption-economic growth-investment
level-environmental pollution was established to study the internal
mechanism. Based on the established model, numerical mode analysis
was carried out using nonlinear dynamic methods. After obtaining
stability, the indicators for measuring ecological efficiency were selected
as empirical data to establish a dynamic model of ecological efficiency.
Data from 2005 to 2020 were selected for parameter fitting and empirical
analysis of the model, and a strategy analysis for improving ecological
efficiency was given. Finally, the influencing factors of ecological
efficiency were studied, and the indicator system was obtained by
summarizing and studying historical literature from the economic, social,
environmental, and resource aspects. The core indicators were selected
through dynamic factor analysis, and the Tobit regression model was
selected for analysis.

The results of ecological efficiency measurement show that, from
the provincial level, Beijing, Tianjin, Shanghai, and some southern
provinces and cities rank first in terms of ecological efficiency, while
some provinces and cities in the northwest region rank lowest. From a
regional perspective, the eastern region has the highest average ecological
efficiency, while the central region has the lowest average ecological

efficiency. The dynamic system analysis of ecological efficiency shows
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that the dynamic system has different stability under different
environmental regulations and different energy consumption levels.
Based on the gradual control of the system, empirical analysis is provided,
and corresponding suggestions are provided to improve ecological
efficiency. The analysis results of influencing factors indicate that the
level of economic development has a promoting effect on ecological
efficiency, and coefficients with negative coefficients for industrial
structure, technological level, and level of openness have a significant
negative correlation with ecological efficiency. Urbanization has a
inhibiting effect on the improvement of ecological efficiency, and the
coefficient of environmental regulation is 5.540, which has a significant

promoting effect on ecological efficiency.

Key words: Ecological efficiency; Dynamic factor analysis; Dynamic

model; Super DEA-SBM model; Strategy analys
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W —FhEE A 1 5 R0 43 B £ 21 1 A8 TH 43 B A0 2% P ] U A 780 45 1] f) 15 1) 7 371) 43
M BTk, SIS 7t AR ALE T, A DAEEA B e AR B KIERE
IO, 2o/ 548 & ) ) £ L2 Ve, JF Hon] AR fl o 2 2 & 10 3L K7,

T A R 35 B AR AT 20 B AN PR 22 A4 8 B AR Ah#a 34
DFA [ BAR S ik #2 4 R B3,

B — MBI S: X(ULJ,T)={X,},i=1-1, j=1---J,t=1.--T, Hrf
PRI B, jRoRRRR,  RoRI ], ARER T AL AR S+ T S E
BIASA T3 T ik M e B AR SR X (1,J,T) BT 228000 77 22 50K S 93 fik i
=AM AN

S=xS, +%S . +5, (2.3)

10



SN 3 VA7 S T2y 7 2P AR 0 [ A 25 2R I 5 T i R 3R

Horfre S XA R TN RGUFSRAE, St R0 ST I a] 4
JER LRI ARG DL o = S XA FEFE RN IE — A RGBS SRAE, &R AR
AN FIS N Z AR GEN 7 22 B 7 ZE R, AT BE e 2t B AR 122 AR S AN R I TR] 4
FEERPPFRAAE DL, S, A EARMBI SRR, Sl TR BRI
ZEB I J7 RN, AT AT AR R AR a S, DA i AR R sh A

EL
Jt o

7E FRIOIERE b, X, T B R
Ny =X+ (X =X )+ (X =X )+ (X =X =X + X)) (2.4)
Hob X, RRB—AROERIIE, (X, - X,) BRB B S
THEW. (X, - X )T PREERR, (X, - X, — X, +X,) IR RAE 0
SRR AR T, BB %R
AR (23) R—AMEETTEAHER, BTSRRI 5
S=(*S,+S,)+*S, =S, +*S, (2.5)
Forbte S, R XA TER F, RN T E B2, s, AL
PR A SR 75 B I 3904 R
X,=a,+bt+e, j=1-Jt=1-T (2.6)

o,  j=jt=t
0 HAh

AL BRI B AL BT S RAE AF Y, B DL 2 Bl 2% 142
WA, HIEERAE T ERr R R AR L AR R

2.2.3 EREHE Tobit EYI5E

A T BB, FRATT AT LA A AS (s 3 B A P A3 R IR
5 SR DL SR 7 b 3 2 ) R AR A 3, I HLAT DU SR AR FUAN [F) 1 [X 22 8] f4) A
TR AR, BATAT LU AN 20l A B BT R MR A B S A A i
AN o THARCER AR R NI R s Hod, Y, MG RS ¢ NI R

ﬁ*ﬁ%ﬁ%ﬁﬁEuT%#:mW%%ﬂz{
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WMHE, X, NlxkFE, B RNEkxIME, i NEBRTENREL, B ANMBEEEN
R,k NERARERH, p, BREDL, o NERE B
Y =a,+X,p+u,,i=12,---,n;t=12,---,T 2.7
Tobit [A] AR & FEIR 74 R AT I BUE 2 B 2 2R, AFE LR R
FIMAE . AATIXFIEEALN Tobit i, 2N T &34 Tobin HIZSH DTk, F
KRR

Y=a+pBX +¢ Y >a
Y:{ A (2.8)

0 Y <a

Horp, XEOREZRER; YRRHEZE; o LRBIRH: BRREIASH: ¢
T
2.24 RGN HFEER

BRI RE RN ZHN RS, EARRNE R Z Y MG A8, Hi,
0T R AS R N R AT R FE I AL

RGN 1B IR R M E b AEZR I WA . B 2 8 R L
BRL, B2 — PR R G, B8 B 2 Gt 47 07 AR 75 R F RSk
2 775 B FIR DL S BB AL 7 1 o T 2R I A A e M, %3 )%
BRSO, A FRSEBOEXZ RGN, 555 0 PO 347 52
E S BT 0 IZ A Y 0 S AT A T UL A, X ASEARY % o 2 R] 1) 26 R HBEATIR N0 AT, 42
HHAH L ) SIS 34T o AR SORAE I SGEvt 7k 5 ARk 8 )y 2 7k G, Xt
TR BRI U R B F AR TANE .

B )1 RGBSy AR, A S AES: (EHD 3 ¥ RS, 4
—ANIIRIE T — AR RAS, B IIE 3N 7 e R AR T — AL 1,
— MY T R RIVIRE R RE R R T s s 5 s T AN S ik, —A
ZE5r TR VIR R Be s R e g 3 7 e R B (200

F(t,x,x",--,x")=0,x(0)=x" (1)

2.9
F(taxt’xz—lﬂ"'ﬂxt—n):Oaxo:xo (2) (2-9)
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E¢,ﬂ”ﬁ%ﬁ%x%k%@ﬁy&Jﬁ%ﬁ%x%kwﬁﬁyﬁﬁﬁﬁﬁ
WHEPIRES BEENHRGTTRE (D A, TR (2) FoREEsh &%, Bk
R (D §Ej§x(")=f(t,x,x Ve, xS

X, =X

X, =X

? (2.10)
x :f(t X5 Xpstry X )

Ke—A—Ten B Z D TR BN E S 0 — A n o — e i E Lt
RTINS 2 B =G AT

x=filt,x,x,) .
{ w=x T o
B
x=f(t,X)
{X(O) X (2.12)

H X = (0, 0,,,x,) BWIRE R, =, Lo f,) BERERTBLAR
iR s 71 R G I s R EAAT AL

FEARLANESN F 52 KRG LT, R e V2R — 3 R G RIA B oS i
RE, DIk, W E R E AT 2l I PHAS A ST AR JC N 2. $RINE, %2
HRFRIRIARAG BIREIAI , 2% R ST I8 I — BN (A KR R, i K R SR P
MRS, BB KR BIRAINIZENIRGS . & RGHERIAA A LB AT IRE 2014611
ZIRZS, AP ARFEEN; 2R, RS BRI IK R
FEANRNEIEENIRES , ITF HIHARNE L 2B W K, AN g AR E I o

FI5E ARG E VE LURE 2 IR B MEHE AR - 2RI Ve R D510 2 -
BYE AR MEFINIE . X — IR MBI 2 T5 /e, R SRIEH o T RE i
(VR TR R GERIARS E VEEAT FIWr, L SKAE TR, R T R BT R A e
H A SRS O I R, AT IO RGER A RENE: AR IR E N —
AN IE S SE RO IR A, A AN R GE A AR e PEReL, R, £ —
SEAT IR INIBN 775 e, AR FEARFALL T R PR RFALE AR R P T 28 e (1 s M AN g
(K1, 225 FE B R 58 ] REAFAE N/ B R . 2 NV 4E 20 52 Y (1 B2 48 2 HI4iE v]
AT 2t E G ox 7 R (VISR A DA e ) DA S AL R PR S 72 75 9 0, IR A
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1Y N 2 e A0S S T2y 7 2P AR 0 [ A 25 2R I 5 T i R 3R

AT AR T2tk R 48, T DAUSH T ARZvE R 48, MRS R, ErLA
RCHBAS AN 73 BT B A= (W 2R 1 R G2 IR AR fE A 20136,

R FE R H TR R T H R RGNRHE T
a ' +a 7+ ta, A +a, =0 IR RMa, NEHL FFHa, >0 HEELT

2H Hurwitz 1751 2
A =aq
a, a
Az — 1 0
a3 a2
a a, 0

s 4d, 4

a a 0 0

a, a, a a

3 2 1 0
A, =

a; a, a, a,

a, a, as a,

a, a, 0 0 0

a, a, a, a, 0
A = a; a, a, a, 0
n

a, a, as a, 0

Aot Gopn oy Gyyy 0 4,

WA AT IR PTA R AR A EUUE RS, 2275 SRR E 1, RZ
REH —DMRIER K SEE O IE, R ALESE SIS A RE R, bMERS % m
IR NS TE W78 70 b B R T AT A1 AR IR, B

A >0,i=12,---,n

=
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3ESHRNES 57
3.1 EfRE S HEAL R

3.1.1 $E#RIEEY

FEAES SRR IAWI R R T, V2 38 G0 A S SR B G FR 1.
#iltn, Fox, Fa4, FEMRREEENARKARZHE, WE 17BN RGEMN
Se R A A SO RPN SRR AR RO, SEAESR, AR BETE NES N
PR R, MWETERE . SRS = A5 kAR, RN HMA T
WP A A R o FEXTEUA SCHREEATARER S, ACCIE R TR AT . AR RIS
Bt B b [ R ) 2R A, R R 30 M (L XD, (ERAIE I,
B W TR ATER . W09 3.1 WU T IX R AR

# 3.1 PERXBAESHERNRIFER

=R ) KA HARTE AR
WAHZA [ 52 5% 43 B A/ 5 T
MKEE/ T
BNTEAR HRE g i T S AR/ CF T TK)
PNVER S5 N NI VNIZE VISPN
BIHRN RE YV B L R/ T AR A A
b X A 7 E /12T
W AR N Gt S T S NS
77 A B JRAKHEE/ (T3
AR “RMERHERCE D

— DML R R HE R (D

3.1.2 #iEkiE

B AHKIET 2006-2021 F1) (FEGIFELY LSE 0 2006-2021 FE G
%, (PERSESHEL) « BRGH R DA ST T TR ARG A R
SR E, SCEBIERIE TR . AR T 2006-2021 4E 30 ME (XL )15 4E
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B FE IR AR . Forh, ST R SRS M T AR A0 4 0 R K HETSCER 2021 SRR
RONA R T BEEAT TN, BRI A9 9 5 4 i B 14T oAb CRA
I RBE AR EIEED P,

32 EBHENE

3.2.1 £T B FE DEA-SBM &R A0N & T 72

BT 30% DEA-SBM 5284, M4 O r I AE S RCRIR A R, AR SUAE AT 4K
PEIHSAE DEA RG%, 15 30 A (XL TH)FE 2005-2020 4 (8] A SRR PPN 45 2R
k3.2 5% 3.3 fios.

3.2.2 WELER
VA )45 SR DL TR SR R

% 3.2 2005-2012 1 E 30 ME (. X) ESUEME

2005 2006 2007 2008 2009 2010 2011 2012

b5 1.400 1.402 1.585 1.711 1.638 1.600 1.678 1.670
R 1.211 1.140 1.193 1.231 1.356 1.149 1216 1.182
Tk 1.010 1494 1.005 1.006 1.000 1.003 1.002 1.004
g 0300  0.363 0.368 0.407 0.420 0.483 0.464 0.466
it 1.241 1.189 1.204 1.106 1.201 1.128 1.105 1.153
T 1.000  0.725 1.000 1.009 1.000 1.026 1.026 1.034
WrT 1.020  1.000 1.017 1.015 1.024 1.028 1.034 1.018
Ginye: 1.033 1.045 1.030 1.030 1.033 1.015 1.011 1.010
AR 1.075 1.054 1.152 1.063 1.056 1.044 1.043 1.035
IR 1230 1259 1218 1.187 1.206 1.204 1.225 1.225
iide) 2.423 2.506 2.484 2.463 2.525 2.572 3.170 3.220
REHEX 1177 1.205 1.205 1.212 1.226 1.205 1.270 1.058
W7 0.461  0.485 0.416 0.465 0.414 0.401 0.415 0.430
B 0321  0.298 0.277 0.281 0.275 0.264 0.298 0.297
EHIT 1.016  1.001 1.088 1.260 1.275 0.958 0.940 1.034
ani 0360 0319 0.301 0.281 0.259 0.362 0.301 0.324
T 0512 0.443 0.423 0.509 0.501 0.395 0.411 0.415
ik 0301  0.291 0.259 0.331 0.351 0.460 0.297 0.318
b 0.430 0317 0.336 0.415 0.306 0.488 0.394 0.507
HERMX  0.486  0.451 0.443 0.506 0.483 0.475 0.437 0.475
WE 1.009 1.120 1.019 1.020 1.022 1.000 1.000 1.010
it 0326  0.325 0.278 0.234 0.270 0.285 0.292 0.307
HPR 0.510  0.507 0.400 0.400 0.468 0.508 0.408 0.496

U 0.305 0.364 0.392 0.345 0.351 0.366 0.405 0.401
T 0.365 0.410 0.354 0.303 0.412 0.412 0.400 0.390
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1Y N 2 e A0S

e T2 7 SR 0 [ A 25 R T

ALK

Bt

gk 3.2
2005 2006 2007 2008 2009 2010 2011 2012
= 1.010 0977 0.875 0.767 0.665 0.750 0.810 0.735
(1] 0.561  0.451 0.441 0.421 0.659 1.005 1.015 1.006
HIR 0296  0.363 0.349 0.298 0.357 0.350 0.305 0.295
it 1.365 1.374 1.245 1.489 1.300 1.290 1.298 1.400
THE 1.000 1.010 1.000 1.010 1.000 0.601 1.020 1.039
o 0.298  0.280 0.328 0.393 0.280 0.280 0.290 0.270
FAERMBIX  0.640  0.653 0.607 0.607 0.617 0.622 0.658 0.668
2R 0.807  0.785 0.794 0.798 0.801 0.808 0.837 0.736
& 3.3 2013-2020 FE 30 M (. X)) EXMFM

2013 2014 2015 2016 2017 2018 2019 2020
b5 1.75 1.68 1.76 1.59 1.51 1.609 1.5 1.66
PR 1.185 1.260 1.136 1.159 1.073 1.11 1.14 1.103
G| 1.001 0.444 0.339 0.281 0.279 0.46 0.234 0.432
L 0435  0.395 0.287 0.29 0.299 0.298 0.334 0.326
iy 1.181 1.084 1.105 1.148 1.200 1.234 1.198 1.66
T 1.034  1.041 1.038 1.029 1.04 1.413 1.124 1.012
T 1.016  1.017 1.015 1 1.009 1 0.978 1.03

finked 1.007 1.012 1.008 1.012 1.012 1.102 1.009 1
%R 1.04 1.04 1.03 1.031 1.023 1.032 1.045 1.1
I %R 1.22 1.209 1.216 1.222 1.188 1.196 1.187 1.215
T 3.014 2998 2.524 2.544 2.613 2.596 2.478 2.604
REMX 1262 1.192 1.125 1.119 1.095 1.186 1.112 1.195
11 75 0416  0.408 0.275 0.244 0.412 0.398 0.412 0.405
A 0306  0.304 0.26 0.326 0.209 0.297 0.3 0.302
ORI, 1.034  1.001 0.984 1.004 1.001 1.007 1.01 0.998
ani 0395 0337 0.491 0.329 0.314 0.398 0.345 0.4
T 0494  0.434 0.447 0.44 0.339 0.4 0.403 0.501
ik 0342 0.467 0.458 0.397 0.324 0.543 0.56 0.6

i 0.678  0.657 1.005 1.002 0.602 0.745 1.001 1
IR 0524 0515 0.560 0.535 0.367 0.541 0.576 0.601
e 1.003 0.962 0.67 0.885 0.957 0.96 0.97 1.001
it 0373 0.309 0.227 0.208 0.219 0.312 0.332 0.376
R 0.48 0.516 0.398 0.37 0.33 0.412 0.458 0.677
pa)i 0.403  0.405 0.441 0.311 0.303 0.452 0.4 0.501
M 0.41 0.4 0.409 0.346 0.368 0.298 0.314 0.401
= 0.607  0.646 1.001 1.003 1.005 1.003 1 1.01
B 0.609  0.587 0.585 0.728 0.569 0.551 0.523 0.56
HR 0288  0.286 0273 0.304 0.32 0.3 0.31 0.324
il 1.16 1.256 1.156 1.348 1.301 1.29 1.109 1212
TH 1.009  1.044 1.077 1.07 1.079 1.004 1.104 1.009
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4R 3.3
2013 2014 2015 2016 2017 2018 2019 2020
gk 0274  0.269 0.257 0.254 0.211 0.231 0.31 0.278
FEHX  0.601 0.607 0.590 0.621 0.644 0.619 0.621 0.668
2R 0.833  0.793 0.747 0.789 0.740 0.816 0.796 0.852

3.3 BEESHEMNTTUFHES

G FaR Rl AT B SRR E, N T B0 2 AR SRR,
AR B 1) 4 FEE 25 1R 48 B AT 49T
3.3.1 RfjEl4E

(1) 2020 FHIESBEE
WTE 3.1 R, 2020 0 EES A0 AESHE, WEFRTUUEHIEREE .

EE R Bl AR ER S, 5 ERPEFENZRLBHAK, GrE AT
WX, ZedtRik, BRI, AL, KSR, Lt Lk
NEE LT RIE R, 2 FRIEE S T HEG5 G T — R A5, JCHAE
AL, SOEAEONE T ZE, R E R, X, PR R,
HHG R Guseat gt i (3 A SRR AR S B . 10T AR o BN |
BT 0y IR T AE SRR BRI A fr, X (0 BN TT N X, BEBKP UK,
HRAEE ST, KA XOR E Tl R R  E 2 X, AR BB, R
B, pUaiX BB, (MR e S EUAE SRR T IR .

05 e BEE_ BBl

o LE ESFAEEEREES AR A S S F 8
KHERPEROBKKEELESEESENEK=ZFERY KBER
ERERHESEIL ESNRHEE SR = 1K & - 3 <

Bl 3.1 2020 F£&E () EBMEL G
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SN 3 VA7

ST 8N ) A R E AR A

(2) 2005-2020 4F4= [H A&
FRER T Rl —EXNEERY () A

FaEAES

1EIZ

SRR FER, WE 3.2 s, SEAES
e 2020 4F, HAEN 2012 4F. AWERLLE H 2006-2011 FEA 7
ZAE K, B 2012 4E R, I

SCRAE
ST

1O B & BEHUEYE Y,

eSS ALINE i

58T, R A& 2005-2020
CRAEAE 0.72-0.86 2],

NS ES(ERSE

2012 FEI6ARF=k

BRI, KAEBRIGEEFEEE R ELTHEL. A RIS

75 G4 1) B I T B S

SR IIR T, 2012-2020 F 4SS

SRR PAE A BV A

ETIREAE, SEEMKKAE. BORIIT. S KGR .

0.780 -

0.760 -

0.740 -

0.720

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

= F SN

=

3 TS ; I HE= N g
S SR SN B R R R TH TR

=
=N

i
SR T E T

_\,
S

LD
5

0.000

B 3.2 2005-2020 ELEAEBUFHTE

0.796
0.281
1.005
1.287
0.642
0.867
0.459
0.976
0.618
0.442
1.041
2.634
1.215
1.054
1.023
1.014
1.034
1.218
0.750
1.177
T T T 1 609 T T ~1
0.500 1.000 1.500 2.000 2.500 3.000

Bl 3.3 2005-2020 FEX4E (H) PHESKES M
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XFT A 2005-2020 FE %4 (7 XD RPARRCRERE, FEWE 3.3
Fis: B RIgREE, Kocohdbatii. Filgs . B, RS, BAK
RRHTEE. B FoRIROGE . EAk. HlSE. 588 (. XD FEMAES
A AR R

3.3.2 TS|E|4E

(1D NXIBRID ZHRE, ARRRE LTRSS

4 [ AR A AR AA 2005 A1) 0.807 - TH31 2011 411 0.837, B /5 T B3 2012
K 0.736, o BARTE 2020 £ ETFE] 0.852, BAKA SRR T 0.045, NEAA
BT, REE S BCRR E, BN RRI, BUaati. K, i
GURIBB AR, Pl g K. o BT, T RS,
TV PG WG S s X A BRI AIG FTRAE AR S R I X 22 S P
MR = RIS BCRE AR Z) B v DUE A S RORE: R0 X > 74 5
X>rp X o R ML A, %A XA S R E ARG R A 3R 75 T %
AARM, HnIEALE. PR BT BEUKT . SAMT LR S, 4K
A, B X IR A EII LG, & T ARz e o wT LUK,
HPGER I X T 62218 BT, (R 5REIRIEIXAHEL, ZEEABIE, T K
3.4 P

MBI L&, R, . MK ASSREEEA S 2 EESYER BN
FEEAR RS — B AR XA A SRR M 2005 FFH 1.177 T REE] 2012 4E ()
1.058, TMifE 2013 4F XA FrE 28 1.262, F4: FFEAE 2017 451 1.095, /5 2020
R AESRCRAE N 1.195; T80 X AR S 3R AE B 2005 4R 0.640 - F+2 2012
SEI 0.668, BfiJE T FFEZE 2013 4E( 0.601, fizJa 2020 4E A4 SR ME N 0.668;
HA R X AR SRR B R 2005 4R 0.486 742 2008 411 0.506, B J5 RNFE 4
2011 4£ 19 0.437, 5 _EFHZAE 2016 417 0.535, B J5 7E 2017 5 T B 2 (%18 0.367,
G RREE B TE, 2020 EIAERSCRIEN 0.601;5 2011 FERLK, ZRALHBIX (A5 2%
HE N, XEERBTE TMRERRE, =R A,
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—— P X~ RS X —e— PHHX 4

B 3.4 2005-2020 . AR PR TIAESUEES

(2) NBBRZEHRAE, ZREBITHEHLX A 0 3 8 & T HAh i X A 4y
2005-2020 4F, Jbal. K@, B, TLOR. WL, MR, LR, TR, .

ORI, Tl T AR AR X AR SRR BRI, Hhdbst, R, B
W TLOR WL fEE . AR TR iR SRR HlEM T ERAESCRY)
eI 1, B2 N RO PR 5 i AL AR RO BOR sy, A AT R A SR 8 A P R
WA T AT, M T 2R E. Kb, JEESHeER
BIE 1.609, FEAZRERH X A SRR AL S X0, RN B 5T A S ek i
e EREE AR AL E N E #A A sl BUHTRE ) S HOR B H 68 /)
5, FELDFRENIFEIN, B R] SRR ORI AN G20 o R 2 AL SRR B R
HIX, X F B F R S — e bR, AR R R E AR R, 2020
FEERE LNVAEINME N 557.4 147C, AT ik, R E AR
AR L AR 0 B, (BN T 4ERF BT G, IR b 25 ) ) ] 88 A o
L FHEMNTZERAESPEIERT 1, RPHANAEE. 7). BRR
PRI N IE 2 1A R R . SR, BT SRR 2 LK BRI
AT b, AR AR A i T RSO AR X, DRIk, N
SERTER TIRRA A5 et USRS RER .

BB BARRAE G o 1T HARS 2 et b s Pl
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M HONAESE, X 11 a0 R AESRBCRBMERRR, XX 2 L e,
PG HBZR T R A IE L X MTZR AL 22 TV IX o R PR Dy v oG b X A 855 G ™ A 5%
PR FETEAE, ) EARRE. mHPBCE SO E .

ERE 251G R H I 2 5 R R ACT AR ST RRDL, o B A2 352K 2 3L B 82
RISk A RFAE, AR At DX 0 AR 2 RO B A T At DX, IR A R Al — e e
JE A BT G2 b K X0 AT, AT LURBL, AERE A SRCRIERT,
EBRCRI XA 2 R AR BINGE, i fedt |25k SRR e R JE
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4 BT ESHENNFERE
HRAE A 25 2 (R PR I S8 SRR LR I, S A T X 2 e A A R R 3R
X, PEALRIAAL —seB i RIRAESMEERK. #3048 (. X) &, H
T AR M X P 2 A5 0% — LR AE A AT . i U, RV X 7 A
AR AT R R R T T 3 — LB SA, T pEAL A ZR AL B — 1545 43 )
T R A SR R U, DR RS KT R SRR
BRI IR MG, I A ER BEAR T T A, Hsh % X A AR P A TR T
SEIZ T R R SRS R IR . WO T AR BRSO, T S S RO
BT P S R 2, WA T2 B 0 5 e b vk B DU AR A, 73 12 R
ot PO HL T TIHEAT 4047, 45 H AR X B S
4.1 W HFEEBENL
TE IS AR, AR SO T BN LA, MR 5 R 7 45 BT
BB 5 HE 2 B A S R I B NTR AR, X AP M . BRI AR
PR bR, B X A R A, AR HE SR T . B
SR B T A A R BN DU )2 B, HEAT P30 0 ) 500 434 o
ARAR BT 02 P AR AR 3 0 A B 5 T R A A R R R B 1 R 4
Wr.

ane) _ N(l——)+aK+aD+a4W (4.1.1)
dK (1)
r —bN—sz—b3D+b4W(l—E) (412) (41)
dl;ft)_ NK —¢,D - c VD (4.13)
W _ g N+dK+dD+d(M-W) (4.14)

Hrf N(o) ABEIREME: K () NATHEK: D) ARSI W) NG
Wo a NREIRTEFEE HHL; o, NAGFHE KT REBTH ARSI R oy WA
15 9 P B REVTH AR IR R A a, BB SN BEUEH FERI T R H b N REVETH
MR TEIGRIFENT R b, NAGHEK B SRR b, MB35 9 T BN L Y
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KIHFE R b, NIRRT EAH FEWER, o NHEZTIRBEMEEIRKIHEAE, 15
T HE R TR s o, NI H S0 B AR ;s o, ATEIX—BZI 1 H B
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AT LA T R I T AR, I B Matlab AR B IR T R
ATRUECR AR, SO A 1S 21391 R
s, =(0,0,0,0)
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26



1Y N 2 e A0S S T2y 7 2P AR 0 [ A 25 2R I 5 T i R 3R

047 0.5 0.3 -0.12
0.6 -004 -05 1.74
>710.11 -0.08 —0.133 0.186

0.87 0.72 0.2 -1.1
A-047 =05 -0.3 0.12
|/U J|— -06 4+0.04 0.5 -1.74
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(z.78) HERD CFim)
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F2 24.584 24.59 68.19
F3 13.245 11.09 79.85
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5.3.1 IRBURE
{8 DEA #RE, BATKIAESZCRMBUETE Yy 0~2. N 1 i
IR, AT T Tobit [ AR,
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+ B, InURBA, + B, InOPEN,, + ,In REGU , + B, In ECP, + ¢,

Hor, RORERPEE, iFonga XD, (RRER, B eFHH,
&, NEENLIRZ T

5.3.2 SCHES#R
1z AT Statal5.0 X Tobit ALY B KNSR L TH, 458wk 5.6 Fn.

% 5.6 Tobit R [EAE 145 F
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