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Regional Discrepancy and Convergence Analysis of China’s Manufacturing Industry

Upgrading: From the Perspective of Export Technical Complexity

MA Yongjun, XIE Songhong, HUANG Ruixuan
( College of Economics and Trade, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: By using 14 categories of manufacturing data, a calculation has been made of the technical complexity
of manufacturing export in 31 provinces, municipalities and autonomous regions of China from 2002 to 2021, followed
by an investigation of the degree of manufacturing upgrading, as well as an inquiry into the convergence characteristics
of manufacturing upgrading by applying J convergence, absolute S convergence and conditional § convergence. It is
found that the technical complexity of manufacturing export in each province has experienced a significant increase
during the sample period with J convergence characteristics in the whole country and four regions; there is no
absolute f convergence in the eastern and northeastern regions but in the central and western regions nationwide. The
phased analysis results show that from 2002 to 2004, only the western region of China and the four major regions are
characterized with absolute f convergence; from 2005 to 2012, there was absolute £ convergence in the whole country
and other regions except the eastern region. From 2013 to 2021, the whole country and four major regions showed a
significant trend of absolute f convergence with a significant characteristic of conditional f convergence. Based on

this, some countermeasures and suggestions have been proposed for a coordination of the balanced development in the
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manufacturing industry region and implementation of the new strategy for provincial differentiated development.

Keywords: manufacturing industry upgrading; export technical complexity; regional discrepancy;

convergence analysis

il M2 P25 0 A, HEh i Ml ™l F+- 9%
BEIET [0 0F A R i B g, ot S B aa o 1
Do Z o 2022 4EGE B ARG SE 1, TR [
Mp AR R A —, R B i v AR
Vi A AR, B A T S
BAG/NI FEPEVESCETTIY 14 ANl S T2,
2021 4, [ il ol 4 Y O LR IR 191 682.58 42
JC, YRS R 88.11%; HE O EER
9116 410.93 47T, 2415 4= AR ) 52 5 i 11 A 1
67.25%; 2= b il sl 1 AVER ) 39.27% . i 2021
AR A AR PR E Y 6.58% . SR, T [ Fp s i v
b H RSSO rp e s, T R i ) 3 e A 11 A
K, REECHH Y S A7 5 AT ERM (A 55 K,
AL ] ol R B AR TR T

BT, Bk Z o0 b O E R G 22 AR
i £ ) 5 M TR R AR AR, (R DUEBE 9 R 2 0
T PR A Ao v 5 A ) 5 Bl X R A T T 8K
177 P R SR ], AR R IX A 5 A . N TR
FEAH Bt KT RO PR A F AR AR 22 5, X AH A5
il 3l 1 AR S 4% B AT B A AE — o 1 25 ) S o vk
DR, BE T TR R S TR BER A TR T A B e i i
b TG IR 5k 2 S R LIS SICRAIE AT B A ISR
AHHFE AN F B 1) [ B B2 2 9 M DR 3R SR R G
BEE, Xt 2002—2021 4o E 44T H A X il
BRI A B I GE, I HXGE 4 [ R U R X3,
il 35 M 11 AR S 4 KO- SR TSR 55, AT
3R I T R R A A R PR L Sy AT
EZL ORI IDO N e

XEF R TR AR, AR AT A e 4
— 3 REBEEAE I HIET LA TR B s (B P
AL X D T R T B E

FET AL AR R AR, B AR R T
PE LN A R GENEAL T, RN . &
REFETT LR s FRPINE . IRBERETS UL L &5t E
F 2R T AR BS540 O
FWRTIINT, F8 TR TR AT T RO
B, WL TR A R BRI 1K AR AL dh

JESR T A RS, AT R IR G b 2B W 5 AT
BE& - NTTARAS B E g A R S s i . 6T
FMZU, M FHFAEE 7 R A LR
B 58 AT 7 b A i A b A AR R R A R R
JIFGAR DT S PR AR 25 STl A A AR A i

WA, Az [ A Ah 3 A (R A0 A S il i
e T N G. Gereff™ ARy, il i b T2 2 AE
Wl sE b A FN R Z M 25, HFEEA™
mh . ZEURIE Sl BRI TN ST AISE 4 N2 ER TR
U S VNS I b A o & i b | ALK B N
] B (BLBE (0 PR i)™ %, (s BRI o AR BRI et
AWFFERG PR, R T RE SCR XN i
325 b F AR BRI 1o v BRI e gl A, R IR
SRy 3 A oMl B I AR R i HOR B AKF
T

SRRy il b A A A 0B S g )3
Hil3E My TR T iR E ANSS o BRBRAH DG SR AT L &
B, KEH0=3 0 T 3 Ml 200 B 2 A A G
FEPR AR R i B —FR AR A . 2P 46 1 LR
S50 . BORSERIRIRNT 4 Jedebn ey, Tl
AT RS & IR IA R . DTSR D RSB . BHE
RS IR A BT 10 A S i ety b, gy Tl kR
RELE TP EAR A R . W N ARSE B LT RlTEE
FtEilas R BEOR SaE R SR, T
AP 5L RIF- G ZE A TN R bR A R AR5

RIS, AN/ 3 3 ol PR — i A T3 b 2
B S U E a4 g2 m e, L DEA-Malmquist 35
BRI AR R A, IF LA 56k TH 2
7k ] A R U (A R i B A W R K [ e B
e i ) 38 b Ml 5 8 72 b S e 3 ol K-
T AR U DI R O AR S s B S b B
TR T EARLESERIERE A, RIS U AR,
il 2% AT R il 1 1 BRI 2% B B AR B
IS JRES A6 1 fe T M T R R 5 2 P AR o T A
b, RGBSR AR 7R Ml 55 M 55 3 Ml 25 F0 55 30 07 It
B T3 M S

g5 bl gl b AR NIRRT e AR TE
MZ . LA THMETESRbRE I AR RS, 520
ANE SR o) B — HE A A 2 3 ) A A A R A



60 WMo Lok ok % %

2024 4

T FRITHROKN-, BRI IR TS Wbz
T, ZEEPOIEREAR B B, A LERR PRt
SLEM ARSI, Sz —EryRk ek, o
PRE IR EN A — 2R Df':unﬁlﬂiﬂ(qzﬂﬁi
SABL, b D&*Emf“im RUNZATHAR M T
7 A I ECAROKPEE . Z5 GRS ??ﬁﬂﬁlkﬂ?&éﬁ
TE LKA H LRG58 45 2 i 3l T2 0 [
PRAEER , ASCUZET il AR S 2 LA
JEE 3 DX A E Ml TR, LA T o [l il el
FAE TR DX S RSk AT

2 R
2.1 MRFZE

TR S 2% B I A i R AT PR, S
& R. Hausmann 28 " 209, DL B H N
BRI, %5k RE— 2B RS = i s
FOH TR LB ANEE , XA AR B TN
BOF#4, 55 R ik & 1 P K. Schott!™ 42 Hi i1 5k
— [ TR S ik S 1T R A R ke
FEZ R TR AR B 5 Ry e TR
BRJZTH AR Z2BE R, AR B R 0 e
PRGBS, HASCHFEAN K= 5% . i,
ARICRAWAEL, 5% 80 " ¥ Hausmann 7
AR EZE OB, ST A P E S
AR Y AR 2R

—, SR (1) MR ¢ AR5 k2l

M R EARE (PRODY, ) -

PRODY/c.t:i[(xi,k,r/Xi.r) i(xi,k,f/Xi,r)]Y;.t’ ( 1 )

i=

e x 0 /X, N A O I A Y
N RN BE

BT, B R R R IR LA i
B AR R PR, SRR B R AR R
A RIS TR IR, BRLIEC (2) I

14

ETSi‘r=Z(xi,k,t/X )PRODYI”O (2>

k=1

ETS_, _Z(ETS ZETS JETS,,,O (3)

i=1

b, TS, iETSf R A 2 KB A

Hﬁﬁmrﬁﬁiﬁ%%ﬂpﬂﬁﬂﬁﬁiﬁ
FAE; ETS,, M i % ¢l Dﬁ*i%‘r’:&o

22 HiHEIRAA

ASCAAE T A D M A0 53 28 310 S AR
VT E B B 52 2 W e ek SR R, it
VG 8 v HS HH 177 A Ut i v g 1 il A 28
Sl FEEU T ATl S 14 A K. SRSk
CElh, WoRk. RS, ML RS ) | BN (M
Sl ARG Tl 177 ) SRR (BB A 3L
il AR, ) B ASE (R R R R
A, Wi ) | BIUE COREGRE, AR, BOK,
b ) . BT ORKEE, RAC, 40, 40 e
AN o e NG EAV P S YNEY EAT T REDINE S g @ -3
MBS, FEA, AR, Akd) B2 (i
Pk BRI, PN, BEEERGRIEL ) L B pUZE (K
T AR, e, MM L BT R2E (K
(\}E&,ﬂ\:fﬁ]un) SN OHLHL  H R s B
B ) L 2B CA L s a8 iR Sas i &) |
Fh/SE Obe, BFE s, Mk, k&) . BT
WRGIHARGTT 2002 FLIRT&A T H IR X 5028 5]
ol H A, PR AR SCFF 2002 4538 R AIF ST AR A 1
ARGy, FEFT, &4 IR XA SE O
BB A 2021 4F, It LAAS SCEAREA G TR 2002—
2021 4. 2002—2021 4[] 448 T A IR IX 42850 1 1
T AT B U DU 2 5 5 U 2R AR A T 2
BOUAE Oy B e g, i 38 2 %) b G Al 5 48 e %
e AN B X 1248 O il 1 e R 5 4R
WA, T AX R A Bt R 0 (A AR .

3 HIISWHARAREREEZRSTW

3.0 BEMEELHOBAEREERSH

A5 I BIF ) [ B 52 5 F 9% I DR 3R S R e i 5K
$5, iz F Hausmann P45 550054 0 Fp & 31 M4 T H
TR COREHSIR G LK ) Al 4R 52 2% &
FARIEROR, IR 1 AR B A A8
B 31 AT FIR X THEY , i 1 R, thE
1 AR, FEACH N 4 25 A8 Oy il ol 1 HOR S 2
AERSELR B Y 3 M DX 431 R b T (42 428.08 IC ) |
T (42 245.69 06) FIJTARE (42 217.04 06)
AR 3 AR T B % AR IX (35 972.76 J6)
= (36 729.08 JC RN ST HIGIX.(36 740.74 7€ ).
Brdbmt. B, )AL REE. VLR DU RIE RS 7
BTN, HANE Gy I T G 1R 4%
JESFIK-, S BH L s AR A 2 R
A, WAL ERRE, 31 48T AR X
H O AR 4 & R AEE LT, 31 AT AR
X A SN 2002 4E (1 10 263.29 JE KRR TF = 2021



554 1 R, 4§

Hh P 3 R 4 X S RSP o A —— T Hh DB SR A BEALA 61

AEI 79 636.21 JT, AFEHHE KRS 10.03%, L,
ol (11.37%) . FH (11.32%) Al (11.23% )
A3 ARG K e = 1 3 N, TR ( 8.88% ) |
J7ZR (8.98%) FIALET (9.15% ) NI Ry 4 B8 4 s dr
IR 3 A HLIX

44 12

12 42 ANTA il
AN / \ / \/\p A // v
R 40 LHS ~—V \/M 10 ¢
2380 T 9 ¥
236 g
#
=34 7
3 e R R R R B O
2 K EEHENE D) ﬁEELﬁiﬂdﬁﬂH@EE%Hmm@m%
lx

w G PR AR A — AR,
Bl RATEHARGGELHOKRERE
FEHERFBRE
Fig. 1 Annual average and annual growth rate of technical
complexity of manufacturing export in various provinces,

cities, and autonomous regions
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China and the four regions



62 7= DA | /A = S S 4

2024 4

4 FIEAH ORARE = EWSIER

IS¢ B TR 1 shl e b M 1 R A 2 X 2 S
B, FLCR DX R] ) 25 SR 75 2 PR 2 B ] AR 4k
M4/ N R A . ik, A TR
e D A DX 3 il 8 oMb 11 AR A 2 R Xk ] 5 (X35 P
B A AR, DT 2 B E X P A R SR I, ARy
543 DXl i ) 11 AR A 4 A PR SO A 56
DA BH A 8 1 R U R DX sl il 3 ol H B R A 2% B sk
B WSS IAR , TE T i I o6 RS i B AN
ARRETIHE N, WS A B0 W] LIS 36 AN TR F 5 A A [
FEPRRY s LA, R, 1. Barro' " A h, WLSHERG B4
& B E o WSPIFIZES], B IS5y e Xt I
S SRAT pUSSR. 4% p IR B0 X B 2 &4 T
FA X AR 2B e G S IR RE RS, 4540 B
W%Mﬂ%iﬁz*%éﬁﬁ¢immmﬁﬁ£*
JERER AL T4 AAFMERE . o IS IRET X Y 2
£ X322 R P A8 Oy il 101 AR SR 4 1
FOKF-BERT R AR A, Qi 2B T JE %
I IA Gy BT 5 sl
4.1 o WSS

O ST BIOAG: B == 50 8 4% DX sl P S o il o 1T R

2 4 PR (B AR AR AR 34, 38R FH B e B R 1Y)
FEPRIEA TR o A SCR AR 53 REGHAT 0 IS5
227 DRl il 7 ol HE R 5 2% B A AR S R BB (]
AW/, WA R I il il PR AR S e A
12 O B, BIDXS N 4548 0t R R B2 2% P 22 MR A
L TERNS

O WS BIRI, FEAR R A% X a1 AR A A
FER 7 S RECR AR G AEAE 0 WSk, s R R
CV & UAMES 23R, HitaluT .

1 n —_\2 -
6=\/;§](ETS”_ET5) ’ CV:5/ETSO

K o MK N A0 I H RS 2% Z Al A
WEZE s ETS NI MR A 31 .

3 JB/R T 2002—2021 25K, RS, P,
RIS A EEAR AR 7 R BRSO, R 3 AT,
BRATIAAS NG A1, HABAE 0 128 S R EH I FEAAIL
T, INIXEORE, A, Pl 5 Rt X iy As

SR BRI N R BUE TR RS,
ETFE 2003 B 2004 4F, ik F] TREAM R R R A
WEAE (B350 5 FTF 51.03%, 29.83%, 28.18% )
RS AREAC I N AR S R A T B #, HIIREUAE
FHAE T IARIE A 3 PR T 82.09%, 81.93%, 85.73%.
XRUIFEAIAN AT . bl 5 AR L DX X A 4 1]

Tl AR S 24 22 A 2003 B 2004 4RI,
T AE S J DX 3 A o) 3 Ml 10 2 AR A 24 B 2 B 348 4 4
AN, HIFERATRE R H 2002 4= H E AR5 S 4141,
ARH . RS AR M DX A DX o i ol it A Ay I PR
MRy UG & D1, T HAE X 5 48 0 R kil ol
SEnlHEEs ,  HEZAH GRS sUBOR AL TR EL
AT B0 AR A AR b b DX ) 30 2 R S 34, R
YRR AR AN AR A b DX P H T R A 2% B K 58 v 1)
B oy 2 R R R T ARV 5 A 0y o B Hh A U kS
ARACHR SN AS T I J5 48 3 PR G2 42 v i) 3 b K P 5 —
FRANBOR AT M5, (IS AR PRI s 3,
DI PR Y PV AR S 2 B 2 BR R4 /N . PH R HE,
DX DU AR T ik 1) T A A A A S RO, ST
2005—2006 #1 2009—2010 4E ] H B T /Mg E T,
{RERIEARTFRIAE,  F VU3 R A E R A (T B
T 81.12%. sRVEESTIF, HAR 5 R AW
TR, R AT RE R AR X T A X, E KA
W6 )22 1T Sl A o 2000 AE 2 HS A8 T 358 K T i s
TE 2002 4F EL ) IR, X T V5 S04 J5 48 1y 1 S FRE
KOSy b, TN P b X Y Je 44 13 ) il 1l &
Ji&, NI SR PG R X AR S5 R ECAEAE A IS 2 TR

0.16
014} s = R

0.12p 0 /e e b
#0100, N @E
5 0.08 e N, .
B0.06 b '
0.04 RO e,
0.02 e

2003 2005 2007 2009 201 1{ 2013 2015 2017 2019 2021
AR

B3 2ESXEBTSRBERE
Fig. 3 Trend chart of regional coefficient of variation in

different regions of China

MAEF, L2002 4R F, #ﬁ%%ﬁlﬁ
Hll 1 BOARR ZR BE 7A S BR BRI T R 4.48%.
%%ﬂ%ﬂﬁﬂ&*ﬂm&*%&ﬁEﬁk%pE
BT AR D, U DCRIR Il H R
APEZE SR/ N o I AR, Al
H T AR S 2% B Y DX 22 S AE AR AR I N SR R TR
s, B4R BUHAEREAIIN BB A A E—E BT
Bett. #—PrBri 2002—2004 4F, 4x[EAE 5 R B
BT, AR BT 11.01%, KEEFRY KA.
JCIS R AT BESE R 2001 4FH AT 557 5) 4140
ﬁ%ﬁﬁ&ﬂﬁﬁﬁﬁf%%&ﬁ%é%%i?ﬂ
T R, TR X 9 b X D) A s Ll R i 3k 555
5B, #ﬁ;ﬂé@ﬁ@ﬁ%ﬁ%*% 5B B
4 2005—2012 4, X E BRI AR IR, 72 S R A4



554 1 R, 4§

Hh P 3 R 4 X S RSP o A —— T Hh DB SR A BEALA 63

BIRWE 9.37%, REIZETHIN H O HAR G 22 KP4
IR IX SR A i 2 e T i 7 bk . AT RE Y D R
A — RN B, BEVET AT A . HhuE e FA
PRSI ST S5 VR S SR T, 4k e X ok T
WS S A B, A I T R R
TR 2004 AR CEDLERT TR R, HEREAT
Y 80 T BT WS BV R, KO AT A g
TR ARAC IR, SRyl & AR T8 4 Sk U
FEI ST PR BUERIR R, Bk T HBIX s Tk
7, AREE TRl T, 5 =B B 2013—2021 45,
7 S R BCREARAT T R, (HIS SO A T8 —
WYBEA T, AER R 3.57%, R THAREAIN
B TR (4.48%) , B BER E 255 & R ik
AMTER, W 2SR A BT, DAl
55 BB R IRE) il A% BT IR Sl 1] il ol A K
SR, ki H BRSO B A S B

ZE LR, PR XA 4 A TR AR 2 AR
SRS T RS, DR PR X & 4
FERAH LT 0 WSO ARAE , B X I P il e ol o 1T 4%
RIZIPEZEIR A /N o AR, MRk B L 0 ) sy
fATER, FEAT LI, Rl B R 2% B i o
PERAFARAb NI, SR (A7 B R R 45 A e A 3
AR T RE R AT REA . L, ST PRIk
B[ BRI B A S L, T A o
PRRREE T S 1Y B USSR 3
42 4&Ext pUYTSG e

A Xof B ISCEIORG: B6 R K 96 DX 3 P e\ H TR A
B PR 5 B A B AT SICF [R]— R KT, il 2l
MR A 24 1 74 T XS RE B A Ak X, Rl v
b AR ST 2R B A SRR R A R
B<0, Fm DI P il ol PR AR AR 24 B VR e A Bl L
RIRE WG EE I, DN A By il TR
SR PEI A I ) 23 T R — RSk, Wl iz X
BAFAEAER p WS AR p>0, MR XA il 3l
O EARE 28V G B G, 18 FRREER, X
Pl TR AR A T AR AL, B XA
FELELLXT BURSI, A3C5% A. B. Bernard 25 '™ 146
Wi, PEL T SRR, BRI RN

(InETS, ,~InETS, )/t =a+ B ETS, ;+&.

#op. (InETS, ~InETS, )/t g K F i 4 0315 ¢ 4F
el A 2R ) SRR S 0 SR
BOE MBI o AHEOT; In ETS, o 4 i 4 B AEH)
i TR Z B E RS B In ETS, , (19
WHHREG & WFRET.

WSSO E A MRS EL y A5

y=o/(1-f), I=—In(1+p)/t.

HAE B2, A DIl FROR S A AR
M y FUSCSGE R 2 AT, 8RR 2. B (ER,
EJZEF pAETE 1% BEACEF N RO, HAME
S =0.126 1, A4 E DA 2548 il il AR
SORPEAFAELE RS S, AU D HORIE AR K e
A PR REAE AR A N B B T B, e oll Y 1 4
AR RPN B O AR IR A BN .
KIZm T, HouisX g ZE00E 5% 5 1% 2
FACEF MR, MARFSARICIX A R EEIA
B3, HARE S RBOLART 0o X d B rh s FIE &k
DXAFAELXS fUSCS, AR AR JLsth DA R4 X B
W, DRIl BRI AP A A R S
RV A P Hh S 5 P X 448 B R R R
JE R R A B HETEREA I B 2D R, T AR5 2R
JEHE T H AR S 2% B 7K AR Y 4 S8l A i i
BUR TR A, RIS AL D AR A
JE R JEAE B PR AN 2 B . AR
EAMBSGEE R, 4B X AR 4 KL
0.19% B FEMCSUTFR A ME 0.435 8, W] 4 [ Xk
I FOR S 2R 8 R S B AN PERE LA 0.19% B34 8
efr, A XU DRI IREE A T X
B, PUERHL H O EARZ IR L4 K- 1.79
5 (0.34% ) BUE ST HAZZSME 0.642 6, Hki
DXL 0.28% Y EE W SL T AAASME 0.576 5. XL,
PG5 R DX 1B AR 5 24 B A T Y AN - A 2 LA
0.34% 1 0.28% B B o A2 S EIEL, U RS haRIX
S Y ROR S AR A A TR

®2 £EREXXEHARREREETT
PSR I AT R
Table 2 Estimation results of absolute / convergence tests

of export technical absolute complexity in China and

the four regions

HIX B Z kil ? %
ARFHB 0.012 6 0.77 - -
s —0.051 7** -2.27 0.576 5 0.279 4
PO -0.062 8%** =500 0.642 6 0.341 4
posld -0.039 4 -1.33 - -

4 [H —0.034 9*** -4.47

Py we e SPRIEOR 8RB 0.01,0.05,0.10 KT TR,
i p RBOR R E KT E, MAHFI RS SRSk, 1T
%, T
43 it p gL

R B WSS P W AS ) 25 AR A il ) iy
PR S B A R A ST 45 FRRAUKF . %48

04358 0.1870




64 (7= R DR /A N S S 14

2024 4

KAy T 2% 22 B LRk 2 1R AL 2 S50 I F A
G, gl Hh AR S A R il TR
ZRIER R A DRIR A R BARE A 25 . MOk
S PR, ELVHAZ ML xT ks, (0
FEMAZIRIRAT G IR, B ARy 1 2 KA HL
R BRI RSP T A S,
T LA 2B R 2 0] 0 22 S KA e . AU 4 S ML
Miller 55 P () 5 1%, R I RF [0 R0 4R T 0L ) 3T 280
BB T 250 p B, (BRI 251 B 1k
SEBONE 5 4 DXl A 3 M PR AR S 2R B R RO R
MR U & 2 AL PR S AR
ST A SRR, BT ARSI R AN i A il
AR, PEMAIERINT Z60F B WS S i .
InETS, ,—InETS, , ,=a+BInETS,  +¢

e o NEEI; In ETS, - In ETS, . AT P
A T S PR S 2R A SR R 22 5 B ORI
Ol 1 T AR SR A AR BT R R
AR p Rt HEE, WIZRH] i Al TR
EAREAFAESRME p S, BV i A il TR
ZFE RN ST H A SRR SKF s WSS A A
TR y Whd 1 4.2 Fr2s HAARN A T
P AT -5 IS TG A5 B WSS 4 SR IR 3
®3 HAORARERERMG BHKRHRER
( 3 1e Bl E R R AR EY )
Table 3  Test results of f convergence of export technical

complexity conditions (bidirectional fixed effect model)

Hi1IX B VA LA y W%
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Table 4 Test results of absolute S convergence at various

stages (fixed effect model)

Koy 2002—2004 2005—2012 2013—2021
X4 B % B W% B %
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A4k 0.0783  -3.77 -0.067 8*** 1.00 -0.0551** 0.81
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