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Abstract

Based on the panel data of Beijing, Tianjin and Hebei Province from 2006 to 2022, this paper uses
the stochastic frontier analysis method of translog production function to construct a model, calcu-
lates the economic growth efficiency of Beijing-Tianjin-Hebei region, analyzes the factors affecting the
economic growth efficiency and puts forward corresponding policy suggestions. The results show
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that the economic growth efficiency of the three regions in the Beijing-Tianjin-Hebei region is almost
the same. Compared with each year, it is found that the economic growth efficiency of Beijing is rela-
tively stable, while that of Tianjin city fluctuates greatly. The economic growth efficiency of Tianjin
City decreased significantly from 2006 to 2015, while that of Hebei Province increased steadily. The
change in economic growth efficiency is mainly due to capital stock and labor input. Combined with
the efficiency loss model, we find that R&D intensity, urbanization level and industrial agglomera-
tion will promote the improvement of economic growth efficiency, while the degree of opening up
and government intervention will inhibit the improvement of economic growth efficiency.
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TSP AR R GRS A — T B RS W AR T B L Rk DR R AR AL BEr 1 ) st TR, B
RGBT X R R, AR ER R LT N E RS LORE 9 ., Jbat. K, k=
BB T & AN S8 MR, HZE0E “—kE MR, e i, i k
JEMEIN, R T AR EREE . AL SRS X R F Rk R R R R T BB IRk, 1S “—
M—RKT=. =M= KT=" RN H &N 2.

SO X AR N E AL P EEE G L, MR EEET KRR ES SRENER, R R
X G R EEK, HPNEERAFIERRIZES, TSR k450 5 W IR R S . 75 B AL
PIEOLT, Wl $8 s & B KR R 7 R S Xk R THT I P B ) . [RIE ~) A Ph i i, <%
WRKFABRA WAL O IRE, RSSO E B AR ThAe, R —LeThRe R B AL, REED:, Rk R
HEWFRRE” o Fik, FF AR X AT KSR KR 2, Sk s R B A R

H AT LRI RCR VA J775 2 Charnes %5[1] (1978)4& th i) d f.4% 7> #1115 (DEA) #1 Battese & Corra [2]
(1977)%2 H I BE ML AT HE /3 BTidi(SFA) - i 0.4 43 rids AR v LA 5 2 BN 2 7= H I OR 1 f,  (HR TVE:
Xk g, BENPRAI R ZR, RORBURI, M DA A B SE RPN, - H DEA M DU G [ )3 45 51
(LR B, TR B4R TR 2 UE G KA DR 25 o AR BU SR TR AR Sk BP9 2 A2 PR AR
FLEHR, SFA B T &4 2 BN TIRTURI 52, JF 0] DA ATAA € 47 AL 7= s B0 8y, b iR
J7 A T I HERf

H AT 20 5 8K 8028 o) /i 1 BIE 7T, 228 AT TAAS 8] R B 12 el RBUHEAT T R NAR 3R - NS5 [3] (2011)
RIS IR GG KRR 3 s R E . 278055 [4] (2019)i2 F A AT S A% i 17 2R 7=
BRI G RENLRTI AL, BT R BB A IR S A P A8 S DF G KRR R (W 2R R . A83K([5] (2020)F)
I e o A 7 R A BEATL T VR A B e BT AR AL DX T AR B, 1 I R K R 5 I B H LG
E A 25 st L E AP EE M 2 IR LR SR R, A TFIE K RCR 5 X AT RS . Wb KT 2 (Al 4F
FEIEIR KR . M7 [6] (2023)F]H 14 1B 2de,  AEE AR (i 7] 1) £ BEEAT SIE 3T, R B R BEUR
BLIRGT 42 5 1Y KA AR IR B T PR B A 0 8 B K S R R R R

gr b, A ESRRT R 2 B KR (R AT ARG ST, H B TR IE X 5 K AN
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A X AR E W AAE—E ZE R . X E AR E SR EE T TR E RS A
RE T BRI X 22—, EO B M X 2 G K ROR B S/, R i B X 0 22 B I K % K
SR R 3R B H B S AR 2006 4F~2022 A I X 8 AR B R, R SFA BIAYN U 5L
X (B K ROR AT B, HRTERCR 7 R H I LAt AT RS2 M 28 Dr K R i AR &, 3T 0 T RS
SUEFE M X 2P KRR R 2R, B8 A SCBOR i DU ptia b X P[RR

2. BEIRESTEIEN
21 BRBNGRE

BT R I BE AL AT AR R REPPAER 0%, TR BE 5 FE MR R SR MR 2R, DRI ey A 5o 3L
SEAE ML THEIA . Kk, Battese & Coelli [7] (1995)7E J5 A FIBE ML AT #H AR Y () S mty B 3b47 T sk, B 3AREs
AN N BEALHTVR AR = BB RS v, AR 2 T DA ) e AP 9 AR 25K 3 AN I R T ) 52 R 2%

FI R 7 o SR A — ik 07 26 77 B8 B (c-d R KR AB bl ot B2k 77 B0 8 (T-log 881550 K
TR T 0 A 7 R B e AR e b A 3 A 7 B R B AR A IR B AT DA SR AR S0 R AR I j,  FF B AR
R, BEEFEGIESE.

DRI S A ST T et J PRI BE LA A B 28, 30 FH BB B A = pR B, DA Ui B4 X 2006 4:~2022 248 )
TOACEE REA, @SBRI . BARRIA T

InY, =In f (X,,8)+V, -U,,U, >0 )
U, =exp[ (T -t)]U, (2)
TE, =exp(-U;) ®)

S
V= m (4)

mGDa=%+quVugmg+%@Un&f+%m0n%f
+ G InK, xInL, + ST xInK,, + £, T xIn L, (5)
+%@(U2+@T+wf4%
Uy =0, +0,Z,+0,Z,+0,Z,+0,Z,+ 0,7, 6)

AR Y, 27 LI T 10 GDP, X, MM MK AR, fARFHTEH, V, %5
TR AR Z AR S, V, R 80 EA A, FIRV, ~(0,02) . U, BRI BA T A%,
Uy ~ N (U007 ) U, 5V, HEECE, TRESN. 72 R, 24 T L ORI 1R 0 A 45
W, #n<0, U, SEEOALTTEN, #y=0, ZENAGEERETRN, #n>0, #RU, 25
H LTI K. 7EA KRG TE, MHAMEKT, U, >0, HITE, ~(0.1), M AT,
I 1 SRR 2, HoR IR . AR @FN y R SFESL, 4y < (0,1] 1,
R R 5 AN E A X%, TIAUURBEHLR ST, B RA% T BEHLAT AR,
=0, 2RI 4 R FONBENL I, % i M B, I AT LR OLS fiit.
INRE) JBEHLRTI AP B, HEN A (L) R B P BB A T, K, FR% L 4E | A I
TR, L ARH U RIS R, T ARTRHAR M I R T3, 5 p ) 7 3 2 ] AP TR o
P, BRI ] 5 S 2 2 X, BT xInK, 5T xInL, « A6 WHARTAESRE, o i
B, Z, WHFREEN, Z, WIREUAKT, Z, RANTHUKT, Z, NER TR, Z, AR
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2.2. TEIXH
1) BAfGE
Bl B SRR, H AT W AR R K2 R KSR ARk, (Hi T HAZE AR EA—BA K&
EEGE M A GBI R, UEASCR A R RB IR GRS AAE, B AT
Ky =K (1-6)+1, ()

ARDF, K K, At - VAE R X AR, 5§ APTIHE, 46 0A30Hk, i
HUN 10.96%, |, NS t 4E A S IX [ 8 PEATE B A . MR RS AS[8] M ik, RO B X MIHR R AT
R 2001 4 [ [E 8 BEATE s Ll EoFI4T IH 2R 10.96%5 2001~2005 4[R]3 58 3 K R 1) ~F 45 (i
ZHRFRIR, R YE A :(7) K5 2006 £~2022 4F HUE M X () %A E .

2) 5Eh )
HIF 9530 ) R TCTR R T 5, 2 B 2SR (91071, AR U SO X AR R 4tk 2 Mol N 2%
BEREFRTTENIIBN

3) HAtAHRA R

M TR MA G KRR IME R R BONE 2, RIS & A TR DL K S S X SE PRt it , AL
WA BIN(Z,), WHKT(Z,), XATTROKN(Z,), BUFTTRERL(Z, )Rk B (Z ) £
IS AR AT 70 e BEABEN[10109 R&D 28 3 ST HY ot DX A il B FU B, ARAK AT BN 1 o
EC, XIANTTFTBOK- D e ist VAR 3t XA 7= S ME RO P E, BSORT - F0URE B D BURF IV BB H o 18 DX A 72 5
ERTEEE, Pk IR AL N B 5 AT BUX R T AR LU EE

3. SGIESTHR

KL ENA(2)~6), FIFZETHERM: frontierd. 1 X 5TiE: FHb X (K145 BB AEAT 20 #7 (K [R] I X g
ROCRWTHEAT 7307, AT B TS X 22 PRI KRB S A THE . 20 DF KRR DL SRR R AR 06 45
Ko BARDHran T

3.1. SFA {RBEIT 4R

BENLRT B BAR AL TR 25 R ande 1 Fos, RIS RT3 LUNS5w, &, X SFA SRk TH45 St
TR, SR EIEARLE 1%/KF T 22 A& KPS THEE G H, KRB e EAA
AFE. HIK, oy MEEEE 1, 4 0.999, 454 /3 (4) R LA A SEBRPE H S R P i 2 R R
[ JE R R I BT, T A B 2R G B AL 5% 22 AN G v 22 S0 BT v P s AR /N, A0 0.1%, Rk, AL
A SR BEALT IR Wi R AT 0 B b X 20 57 18 K R T AN g ik F d5e /s - afeddo R B A 1

SRR A P2 BB T AT A, B =1.31, fo = 7.12, HULATAIE AR RS N 1.31, FEh 7
HfrE oy 7.12, RABIARFERNEIN 1 /NE 558, sUEREMX GDP 2360 1.310; 573 1N
ILANES A, AR HIX GDP 2381 712, [FIB B AAF R AT BN EIITE 1% K F FRE, &
B A B R AN ST B TN R E M X GDP K BA EEAEH, (A - HAHECKRE, 553 1B 5l
FH[X GDP [R50 b % A B AT U F 0 [X. GDP (IS Bk, H b v] W55 5 J3 BN GBI o 1
L [X 2 F K £ IR E) Fy . ARSI tnK, tinL (9 R B N E H A BIE 1%A1 5%7K T K &
5, R PR ER A A D B R 2 TR RN s, BURSRY  A = B3R R R0 R A2 — 5 1
A

BE— 2B o T R AR TTRE AT AL, WERARN S AL KPR P L SR AR AR B RS O IE HLAE 2270 5%0K
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TREE, RYI=FXATE KA RT RA R . BRI, WP RE 1%, Sk
WA R 3.07, HEARANEARTHA I EEIRA )2 —, HEASN A e] DA (e 3t 5 SR A
TEMTFIBGE TP R A P R, PR A A, MR e DR KR . MBI KT I f R
AL RE S, BEERA N D RIAWIRA, SN AW, R FSR S AWK, A2 G K ek
AR E . WPERNA R, PR A RE AU e B A oy A, 2R A
IR A SRS, (Rt IRV S A S BACE, FRARAE R, BB s RN, AT 5 =
LR . (H T RS DAL /KT A L AR SR KT RO e, PRI B T A BN R
IRERAL AT R Ml JE KT R 5 v ot 22 B M KRR B S T+ FH e«

XFANTF IR AN PR L AR B R BON 0 BLAE 1%7KF T 83, R 0 Lt R ACR i =
EIHEH . WHRE, MIMNFRORCTF S EFE KR & RIEAIOCR, (H i T 50 3 MO AT
FERmEr, Pt — PR RO AN UK AT e 2 S BBHR G BN R M. ARSI AN B I e, BURTRES
OGRS AT LB, SRR E AT, B R SEC AT R, I AR,
LB SN FIBOK T Bt — 2D 5 i = X e B KRR P AR AR i . NBUR T TR BERE,  BUR/E T
ZePEIE AN, W RBUR FESGUE R ey E AT BRI, T R R ETIEIC B AT, A TR,
] RGN A B AR AR, S A AR BN 7, AT B B B RIEOR QIR A dh o2, Bk
SR GG R KT A -

Table 1. Estimated results of the SFA model
1. SFA EBUEITEER

TR R X 5 P R WESTEY i
A 23 t{e B3 A td
RO -28.50"" —28.447 R -0.408™ —3.765
InK 1.31 2.507 Z 3.070"" 3.622
InL 712 11.363 Z2 1.150™ 6.241
InK*InL 0.13 0.868 Z3 —0.200™ -14.180
(InK)? -0.15 -1.059 Z -0.150™ -14.607
(InL)? -1.115™ —6.996 Zs 0.080" 2.699
tinK -0.108™* -4.867 T ESH
tinL 0.034"™ 1.684 o 0.003™ 4.943
t 0.863™" 10.204 y 0.999™ 1933484
t2 0.008™* 6.523 Log BR#{H 99.548

E: YT, T RIERORTE 10%. 5% 1%/KF EEE .

32. RERE
SFA ARG IG I H R SCRUR LEA S (LR RIS S S HOR B B, AR T il S A R B R
AT RSEARAE, B 5 I 5 A R 2 N R 05 A O FHE AT L, 35 SR BB A BAUR (EK T4
FIZAE R ARG S E, WSz &, 4R BB Rz, WML LR A kA

KA K@) R
LR =-2[In(H,)-In(H,)].LR ~ 22, (k) (8)
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oo Hy T H, 4 BAC U (BB R & B, In(Hy ) T In (H, ) 20 B S50 50 8 B0 5 AR
BBARHE, 72, (K) R HEA K BB 0 75

e SRR AT, A SRS DU A E B B 1N By = B, = fs =0 BN AP B MOR 1772 —
VTR N B 348 XML I 2 19 B, = By = o = iy =0 » MEIN 14 S50y 0, BS54 7
BRI AR 54 P H R IO B 3 8 By =5, =0, ILRTHURIN AL 4k b A5
AR EEAHBURECN 0, B AE RSk, U 4 N6, =08,=6,=08,=0, =8, =0, UK
BURTURSUIA 0, MHARME AR F AR TR, U5 2T L A A 2%
FAb B OB, BN T LD TR AT (o, B R TR A 7 2 R

Table 2. Test results of model hypotheses
2 2. HBMRIZRIGLER

JEAE% H, S H AR RI7ME HiE  IEAHEQ%) ot 4
By=pi=5=0 25.876 147.344 3 11.345 AR &
Bi=p=P=p5=0 44.265 110.566 4 13.277 AR &
Bi=p,=0 72.321 54.454 2 9.21 TR R
0, =8,=8,=8,=6,=6,=0 75.853 47.39 6 16.812 TEA R B
— Y 99.548

VE: BTG I6 45 B4 K ] Frontierd 1 45 H .

R 2 BIELRAS IR S R G, TR B RIE4e, IS ROR 2 B TE R TN R[]
AT R AR B D fsgm, KRR TN RE R B/ 3R, 7R A BENL AT T AT .
3.3. FERMXZFMIKHEST T

Table 3. Economic growth efficiency and ranking of Beijing-Tianjin-Hebei Region from 2006 to 2022
= 3.2006~2022 F R MK LK BERHZ

oy b R Ak SEIE
2006 0.930 (2) 0.991 (1) 0.913 (3) 0.945
2007 0.997 (1) 0.843 (3) 0.919 (2) 0.920
2008 0.989 (1) 0.807 (3) 0.910 (2) 0.902
2009 0.962 (1) 0.699 (3) 0.854 (2) 0.838
2010 0.984 (1) 0.739 (3) 0.938 (2) 0.887
2011 0.999 (1) 0.779 (3) 0.998 (2) 0.925
2012 0.986 (1) 0.787 (3) 0.990 (2) 0.921
2013 0.985 (1) 0.801 (3) 0.972 (2) 0.919
2014 0.977 (1) 0.823 (3) 0.951 (2) 0.917
2015 0.955 (1) 0.813 (3) 0.943 (2) 0.904
2016 0.950 (2) 0.845 (3) 0.968 (1) 0.921
2017 0.959 (2) 0.910 (3) 0.981 (1) 0.950
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2018 0.994 (1) 0.947 (3) 0.979 (2) 0.973
2019 0.951 (3) 0.979 (2) 0.998 (1) 0.976
2020 0.882 (3) 0.943 (2) 0.966 (1) 0.931
2021 0.955 (3) 0.975 (2) 0.980 (1) 0.970
2022 0.960 (3) 0.980 (2) 0.985 (1) 0.975

I RS AN T RRE T KR4 .

MR 2 @) MR T i%, MR LTS X 2 5 R ACT I U AR X = HEZ (L% 3).
ERRE, FURFMIX 2T KR R S T R BT, 7E 2018 421 2019 A EImE g, R
FE RS — AL IS S LR, KA E 0 RCR A AE 0.9 BLE, BB X 2 5 KRR K R 12
BT, AR R =R ORIL, A A KRR B =57

Hor, R KBCREBONRE, HEEE 14 FF4E 0.9 ULEFFHIES: 9 FAE =i —. 7)
PrIR AT &n, B 2006 GELK, FREBUT— BRI M2 5 R, ALatEsRE BN, 30k,
BHEAECE by, BURK BN TREEA, i GTER AR B St , a3t X i A A A 55 2
VARG L2 ST DG | 3 O v i 25 =T | SN oz N L A AW G R i P | 2 ) | N R 7/ & 5 N 11
TSNV TI G, BB IIR— S m R RE . mis g IRMOINE Rk, R T —tmfr Bkl B4R
55 b A5 b, KB L A AT bR AR SR R A R, D e T AT K
(e

WAL TR KR RPIRT, HACRMEHTE 0.9 DLE, JEHAE 2016, 2017 4FLLJ 2019 LA 4
DR R AR AL USROS — Lo AL A PR A R 15 28 T HU A B W R A Joe e FR SEZ 7, T — Al )
ST ALK T — RV BRI L&, JreEsk, WAL IR 7RSO RN, Rl AE AL
W BEYR AKRISETT AT TR AR, SUFE, WAEE RSN, BRI T g, K
RIEIARAO. . et hilidh . FraedRSEg =k, BB G R, il AL 2 5 R 3R
B T R

5ZTAEMEI, REWRHAFHERKACRESEOR, R G KR 2006 42 2015 48 W] 2 T %,
£ 2009 EIF R 0.7, {HAE 2016 £F & 2022 E[A) 2 GHERACRA W R MBI BADRE, KERY
PICRAA . T Aol I 2 R K A IR, A SCIR R B Fr sl mid i (. oAb, REAEHT
Perb R e T AR i e, AR BETE T A B8 e A i TR 4Bk 51 5 Bk 57 F, Rt
FUSME GO B 2%, BETTRE M AN TR, X — @ R b2y REE T 2P K AR M mi ok 1
DU o B HUHE S — PR AL AR (R S0t LA — R M BOR A i, B 2016 SRR, REAIZ GG
KRBT, REHCRICT — RIFEHRIE R TR R, IR R AN . )R T
P MURANERAESE . ILo, REGEBNS 503 R eatie, Satat. s kR,
DO, $RmRERE, et G KR e .

4, AL TBUEREIN
4.1, KL

AR HE T R A R R BRI BE N LRT S 09, X AU B HAIX. 2006 4F £ 2022 4F (14 GG KR it
T THEIE, PR HAERAR O SRR R BT 8. BB
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H—, WREFEMIX ST KACRAR S AT 0T, 45 RN, 2006 4FE 2022 A U E M X 40
WK AR R N BT, M 2016 FFEHFIRA U KSR ML T R R, i 3 B R R
KIL, 2016 LB P AR R BUR VSR T nU B X 258K . AR SUdx =2 (A4 55K
AT TR, SRR, NRB AT KBERAEAEZE, Hhdt e il Ky EBontae,
HACE ST KRB FERB T, MR AT KACRE R, KAl 8eRE 2006 44
2015 48] 2 R P&, {EAE 2016 £E A 2022 £E[A] 4 5 KRR A B K [ T

F, REmMATF KRR R BTN, SE8CRMUR TR, WERGRE . WK
W R SX AT KSR RIRTHRRIEN, =FHECRE, BB 25 6K R iR HE
FHTE G X RS X &, X A ORE B FIBURT T T0US 1T 42 %0 8 5 386 K R B AR TS H A/

4.2. BUREW
RS XA AL TT B GE X, AR RAE U B R e bl O HESH TR BT T 25 (A
BRSBTS XTI 0 — N R R, DR AR SCRRAE SFA BRI 23 #r

SR, R RS IX AROR RSS2 LU

TR ARBIN R URFE M X HIBER N« DR A G R B AR, [E X 4K 8L 50
AR BN, HESIIT R 5445, IRBHSCR AL, BURF EIN RN R AR LR 1 S5 71
FE, REBHIERBN, St 5 e, BWIUAIT R SETT T, SRR ECR, R 2 s
WU BURS WO BRI /1, fiea th B ST 58 3 IROR RS RE S AL, fesdt RS R AR Mk i B

TRIE PRI AT BOK AT AR S P RVE N . — BRI AT, AR TR G A B AIHR,
FERATE KRR, (A st E, WA AITRT RE & S EUE N k2 Bph i, fEm 2B
KRaE k. R KBTI TWRSISM 5, TR XAV BEB SRS, W R S EBHIE
TR, MGG KRR o AR RS X W] DUE A E PR 5T, B RV A AR A b DX A i ) 42,
i e EX ANt . RIS, 5 N5 DAk A (R B I T B Rt S X B R et . BV IR
Y, BRI LRI AT TRCAT BE 2> ] U EE M X A 2 PRI AR, (HR N A PR B AL, W]
CUAT RO X AN ), it — 2D S iz X e B KRR

=R A S X L B A SE AN T 2, TR AR RN AR I A S v SRR I 5
F1, HUHFM XN ARSAHEDE P SRR, KRR . SRS R, SRR SE 4
T3 [ BB X T AR HES ™ L B IR EE R 1 SEBLILS AN, IR R R BRI S A iR 55 T
RN ATT R RE, BB AT KR

VU 3 P R BEBUR T BE o R T S B X IR 2 B 3 K RO A AR R B R T B AR (KA 0 3
SR BE AR BUR T FIAT e 2 S i s L IR IR e A, SRR B AR T B, I mT R bl () 6
AMSESREST o DA = hBU AT DUIE L RiAL o bR PR T 7 N T IR 1T858 T S v At (R ik B
LM Z 5B S ok, HANBUR 7 B AR 5 T A TG N A AR R, D BUR T
TAIE, OREETT L] B IEHI2 T

T B AREEHERE IR B RS, DEAIR T 2 (B0 A Ry, SR R A B XU DI . BE R SR /KT 32
s SR X LSRR B . — O, RIS AR RS, AT R ST B AR, A
AN IAAL o 55— T7 T ST A HERE T L T AR X P R AR s A B TR R A M R BRI
BRSBTS 77 o DR T DO T Jin i i T R0 Kl B B A R At B0t 2 5L, SR v T S e T B A IR 55 7K
(]t ZE ISR 7 7ML A fE s SRR I R DR (AR A A B RE 70, RETTHR At RO X 2 HEH KRR

LR LR, RS X B PR AT KRR, {mEMIIRBN . MBIl E.
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BURN T BRI K55 2 A T7 AT SR G IR o IR INRBE RN LA LA 3R L HEREER AL R AR |
B BN AN TEOANE FE (BUR T TREETT T 055 /0, sUAS X 2 B K AR A Bt — P4 T . [,
WU IE SR B A FE T e B PRAES S BRRR RS i R, JFRICA R itn LA o, 3k T
HE R SO X 2 5P KR — P
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