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Abstract

Taking the high-tech industry in Yunnan Province as an example, this paper studies the impact of
R&D personnel and capital investment on the total factor productivity (TFP) of high-tech indus-
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tries based on the statistical data from 2000 to 2016. First of all, the DEA Malmquist model is used
to measure and analyze the TFP of high-tech industries in Yunnan, and it is found that the TFP
shows a trend of fluctuating growth. Then, based on the vector autoregressive (VAR) model, the
dynamic analysis is carried out. The analysis results show that the impact of R&D investment on
total factor productivity has a certain persistence and time lag, and the impact of R&D personnel
investment on high-tech industry TFP in Yunnan Province is relatively greater. Finally, according
to the final analysis results of vector autoregression, the paper puts forward relevant suggestions
that can improve the total factor productivity of high-tech industries in Yunnan Province and thus
promote the overall economic development of Yunnan Province.
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H AT &5 BRI REA W NP, FRIE S5 8K 1 3 B3 o B R BNIRS), (H X FhoRsh 77 2 Rk
IETER TR TS, o E ZARTE E PR T i AR ER, UK 5545 Ge R AR B2 31 IR B i SR 1) 55 4 1 2 A%
(1, BEERESG N EEE KB SRR RN “HES” B, BERETA. RIET4
F . B E) D) RO Sl “ AR EAS” R SIS DRI AR 5O O B A TR SR A A5 4 R AR e R —
AR, TR E ST BT T i BRI R AR K B B

2014 4, ISP PicrE APEC TR NS Ixt “ R EZFHFES” 177 2400k, Hhs
GRS 5) 7 o 2 RSN 17 G DR Bl i AR S S I R AE , B R BNAE A HESh ARG R N R,
(EROM A B A Fm AR T 2 N R P A TR, I SER S — RAQIHTREE ) seit, FREMR A
WA, AL A AR RN %, @A R RN B & AT, =FA
(1 i e AR P R AR 4 SR UL BN TR IS, AAEIARR AR, DMksa 4 99 Pl elae /1A R 45
ZIE, EAFHESNRKARYERT, R oA @B AR BRSNS A B R A P2 R 5,
A FI248 = m mH AR TRP BB RE, SR FFKEsh )y, HFEE Tt e BoE, S amE
ST R Ak .

2. MEkERIR
2.1. AEBATEEREFE(TFP)HIF I

WM ABRFEATRNERAMRE, SRS A =R =R, A SCHE it s A
FHE R BN TFP HIF4M, Zvi, Griliches (1979) [1175 8 T MW R BN MILE = R AUBR,  JEAF RIS 26
Xif A B R A PR R AR MEAT T T T . BEE R T ABIRN 2 T AS [ JZ 10 A0 f BE 7L T R 4%
NN TEP (IS0, 2575, TLBhER(2021) [2]70471 T 1990 £E 2 AR [EHid . TFP sk shiashy, HE &k
v TFP B4 A = AN B, 48 BB B TFP 3938 2212 (1) J5 R 42 AR, P iR, sk
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AR IR R AR AR, [FRIEE KA, FE RD K PFHBEE. XI7#E2011) [3]1% I TFP
55 GDP [ A S MEAR SR, T it g 7 m SR 50 1 X R AT B R AR PR R g, 45 SRR
R&D ARt TFP B KA EREAEH, I HXMEHLE R&D NG 2. 3 MR N RE .. #EK(2020)
(4K AR BN f NS 7 . B RIS R A TN, AT EZR ., H PEESHLIX ) TFP 24T
T, RIEIR S HIX R R JEACE . BRI RS E, ST A FIX TFP /KA 25, Hif
RAEN SRS TFP A & B, JF B KBNS TFP B HAF 7R — & A 5 . /7 &
-, S EE(2018) [STLAME A VAR BERSER 5T T T F8 A8 VR4 MG VA A N DRI R B8 A $ AR A B 3 A =
TR, SERMRAFRBAN G SR E ARG EEVIRR.

22, EERLETR(TFP)RNE

T RBERARMME X, FES AWK SHENESE0E, ACEZEEHES DEA
(1) DEA-Malmquist 23R & s i R P A B R A P25 . SHUAT E S e —MEFwE, maEs ik
51 T A 0 .28 43 AP VR AN 55 2808 A P BRSO T2 8, DR LT DB B0 52 BN 1) E R IR I s, T
DEA 777k KB TR F ELEE, Fare 25(1994) [6]7F DEA LALLM Malmquist #5551, %4805 28
S AR R B, R T E RN AR EEAR, HELUCREEE TFP M AE.
%1 DEA-Malmquist #8418 5 BAE S5 00 5, EINAR Z BF AR A T IXFE, 5T, £/ iR(2021) [7]
HT DEA-Malmquist #7522 18048 Tk Ak 2003~2018 4E (7] % M 2 17 (a4 77 AR M 42 Bhas A 77 3L
BT T RN, I N AR T Al R S S AR A8 K DA B 5 b DX TRIAFAE T K J AN~ 1687 55 1)
T (2020) [8118 FH [A) S W0 52 7 v 5 7 3R IE LA K 43 22355 X AR 450k 2003~2017 f 4 B AR P~ R K o i,
IR B A TR T 5 iR 5k TFP (¥ % I3 AT 70 b . FE2R 40, PN SF(2017) [9]H DEA Al
Malmquist FEE0H 5 7 o B 73047k TFP, FEH TFP i —B it 5 7 047 i) R&D BEJRAC B 2%,
SRIGHWIT ST T BURBIE AR oo B UG B R RE e, R IBURF I A AN 5 R&D BRI G B AR [AAFAE 3] U A
KR

ZE LT, E AR BN TFP (520 2 Yo A B Ak, HAEF R 2 VRS, (§
FH I 18] 2045 7Y fR B 7 L B b, AR SO I R BN A R B AR BN RN RN R 4, Se R A
DEA-Malmquist ¥ B5 7 B 44 m i AR Mk 2000~2016 4F 2B R A 7R, HIET VAR B, B 5783
WAH R FHERIBAR 20 8 m R A 23 A 72 2 0
3. BEREIEEREFENE
3.1. BN R

AL T 7 IE(DEA) & —FEE T 25N 250 H B SRR M HESH0r i s, Hk s
AN B 2 R BR A, AT A A 7 BR BSORT B R B, DTS4 31 AR ™ S 1) 46 R B 2 W,
DR A SO % AT 43 MT . Malmquist [ THE A 20

D”l (x”l,yt”) D' (x”l,ym)

= X
£+l D' (xt’yt) D' (xt’yt)

M =tec X tc

A LLE ) DEA-Malmquist £ #0722 — Rt h S B 1abn 0 M7k, el i 1 i B 7
AR RN, AR ¢ BRI + DK Malmquist $8 5. AR SO SRR 1)
Malmquist & 5E N EHEA S ER A%, KN DEA-Malmquist 850545 2B R A2 —
TR ZR MRS, s BAEAN T AT — B0 AL, 3 —F8) Malmquist JRECRT 1, U] HE 2 RAE
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PREAET R R A, RN NRER . BIUA SO B E R AR EN 1, LR RER
Malmquist 75 {0y 240 4 B A K

3.2. fEFRER S BIREKIR

K F DEA-Malmquist & 505 R H 2 A S BR W AT R A 7258, FBEBR N A A A
FEHAE BEARBARGTHN . MT P HAE, R SR FEWSBNCEESL: 1270 RER, Tl
A RS FR RO FEENML S W TR, THEEL 2000 SO EEE VIS B SHE s X T 553
BN, N T RN B PR L, AR MO B AB AL TN RE R . BATA
MR S FE R AGFRERR, AHKEEARE RN G R ARG R 12o0), BEAX0y:

[t

K, :7,+(1_6)KH
H, KRNt FR A SmBEAR R AL R &, P2 MWE R =B85, B 5 2000~2016 4
I A AR ECR S 9 BL 2000 FAFARITRE: [ RREE ¢ o FE m RS ¢ R BAH OCE E BErREE
B 0 NBEFEFEITIHEE, AR A AR SRR AR IR, PRk B T I 2R A L AT
— 8, I A A G SCHR, AR 15%TE N AR BT PR IH AR . R AT R I o A
THRRSMAR K, — SRR A 5 1 5 5 P 5 B DL 10% K 5 SE AR AR A7 8, A SO T 45 S S InvErfy
W J I A B8 SO B AR P ML A 8] 58 B 7 5 52 A DL 95 7= AR 4T TH 26811 2000 %2 2016 4 17 F 2 H
ARV 18 537 45 BRI B KR . BB A 9 2000~2016 4F, FdE>k H T EPS

3.3. WEERESH

=B EBAR L 2000~2016 4/ TFP 45 R0 1 s, W€ 2000 R SERAER N1, 1
JE R A R T DUB (O G T 00— i A R AR P R AR, KT 1 BB A B A P A L T
—AER, AT 1 U AR R T R — b, nTRUE R, 2000~2005 A mEAR LA
PR RIGKE NG, 2006~2016 FRFE MBAR W AT RA P REARIAIE, WHDEESHEA
PN R RS ATERET I, A WX AU R & 1 B WA W iEm, 5 2B R A 7 R e
PRy T AR i 1 S5 DR T DRt A T A P FR M 25 A SRR N AT

Table 1. Calculation results of TFP
% 1. TFP RN E 2

FEAFHBA BEAAF B AN B8 g RS e

(feo) (feo) NE(NE) KR
2000 32.300 2.007 23,264 1.000
2001 40.000 3.716 26,800 0.848 -0.152
2002 48.424 9.515 24,585 0.790 —0.21
2003 41914 17.842 22,852 0.656 —0.344
2004 46.749 22.576 23,241 0.983 -0.017
2005 52.864 30.292 23,326 0.974 —0.026
2006 64.761 33.991 23,964 1.141 0.141
2007 73.361 32.152 25,432 1.131 0.131
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2008 84.173 37.011 25,159 1.075 0.075
2009 108.436 52.074 25,576 1.077 0.077
2010 121.526 67.505 26,672 0.964 —0.036
2011 136.806 81.855 25,390 1.048 0.048
2012 177.286 107.780 31,775 1.010 0.01

2013 221.114 134.548 35,272 1.059 0.059
2014 242.358 163.960 39,335 0.940 —0.06
2015 286.386 184.618 43,596 1.058 0.058
2016 387.463 235.689 47,918 1.142 0.142

4. EEEEYVAS
4.1. VAR =&

FERS[E P ZU 34 e, i 1 8 (el R AR R — A2, T 1 [ (o] VAR R VAR R U] DL
MR, FEEE TACEM L AR 7] P58 KB T, VAR(p)BR B3Rk 8 0

Vi :C+A1yz—1 +A2yt—2 +"'+Apyt—p +th te

Horpe y FORIRYAEN k A AEARR, JFHRESIAE, x RoRIRYEEN d AMEZRE, T HZ25 M
5, p RORMR WAL BRI ¢ RN 1 3] TIFERIER, o RRYEREA k BN 51 1) & .

4.2. fEFRIEBABIERIR

Bz A AT A B R A PR R AR(TFP) AR A R 5 AN (RDK)BFATUR A G #E
(RDL)=/MEbR, Ho o p B @B A Z R AR~ e 0 Ll DEA-Malmquist 4025 53],
RBEARBNIERH R&D &N (AL J70)KFK R, R&D WHRE 3 H F B4R T I
JEERERT T MABEFC . IR B S R&D G300 SERR 3, BFR A R4 AN (RDL)FE bR HH R&D 630
NG & HEERAL: NERE R . BTN N 2000~2016 4, AHMEHE 4R R [F2RIE T A EPS
EAE LR

4.3. IREEN R4

4.3.1. MR

TSR I A PR, DR 6T B[R] 510 43 BT B SRS IR 7 B P AR ), Je4 ] InTFP. InRDL
1 InRDK 71, SRS EATR gL, MIE 1 e 7 ERE, InRDL F1 InRDK A &1 b7+
M, FTREA PRI .

TS = AN I I R DA R R AN AR, A T B A R, IR i =
AN EEAT ADF SAARAS 30 R0 P Ra e . BT IRRS IR 45 R R R AR, TR RRTIN A FRoRihiZ A &
AT Z oAb B, R 2 v, @R IE S|, InTFP. InRDL fl InRDK =/MEEELT —
W Z A hb B SG , BIFEIG FHE N 5% HI7KF BiEd T AR PR AR LG, BDAAEIE AR, S =&
#ie— ZE 0PN,
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Figure 1. Sequence diagram of InTFP, InRDL and InRDK
[# 1. InTFP. InRDL #A InRDK #(#&# 5[
Table 2. ADF unit root test results of indicator data
52 2. $5HREURERY ADF B{IIRGIGLER
A HE I (C, T, L) ADF {§ P& FaE I
AInTFP (C, T,2) —4.13 0.0187 P
InRDL (C,T,2) -2.36 0.418 AP
AlnRDL (C, T, 1) —3.64 0.0475 Fia
InRDK (C,T,2) -2.93 0.213 AP
AInRDK (C,0,0) -3.18 0.0362 P

4.3.2. VAR =EE B M 8 W E iR E RS

BN RHEAT I B A BB g T, N B Al S AN AR — I PR R, Rl — B 2
SR AR BN, S e B LW S L (K [ R AR R, @ R AR vars BL AR R BT
PRS2 [ [0 A8 20 () B A FE 4, B ST LB VAR B, S5 3 fos, WTLAES], PURME EAEN
PR MBI B BT 2, DR ST IS 2 B 1 AR, B VAR
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Table 3. Optimal lag order of the mode
3. BERRFEME

Lag AIC HQ SC FPE
1 —4.73E+01 —4.89E+01 —4.89E+01 6.69E-21
2 —Inf —Inf —Inf 0
3 —Inf Inf —Inf 0
4 —Inf —Inf —Inf 0
B A )i B £ 2 2 2 2

FEL ST A P T A AR RS, SRR AT R AR A S, BT VR e e AR TR ) B
72 RAVRRE T B e SE R P , Gn R k22 RS i e F (B, 3 3 WY ST RO R i 2 1 A 2% 1
RISL R 2 B, B ERPIREONIRFHE, MR RTBUE Y, e BB BT - IR FHE, I
AL WS ) VARQBARLE S PR VEAS 56, AR, w LT N — 50 Hr.
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Figure 2. Model significance test results
2. BRIREMRIEER
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4.3.3. BRI ES RS

VAR B ARG A2 A B B 0, B AR N T i), XSRS SR AT =
SRR G 1), RO (AR 2 S HOF A BT A5 2 30, RIAE SRR b, 288 4 ik et
AT 2250 fRREAT S M, Bk simi 22 25 R824 2 — AN A IR B TR A A B AR B, IR AL B AR B A B
ANAR AR R (oM DL s T7 2270 g 0 Al LASE e — 20 7 Wi e b A B2 1) A2 3l 0] 25— 32 B8 (¥ T R 22 (L 1
2R

S AT KR N AT, T 55 SR AT DI S A N R AT 22, BA T I K o N2 3 A RDKC AN
RDL HJAZ B0 4 B AL 2 s o0, &5 Ranlel 3 MiE 4 fros, Hrb B 5 804, HaheoR
ikt SR, SEERRR KT R R B . 1] 3 R m B A BRI RN IR Z B A,
RPN A BT A3 PR AT RN AR G 22520, X B AT BRI m bR P I B R A
PEERSZRIR. [&] 4 FOR B A PR AN R G, SRR AR B
RN G R GEANAS G iy B 82, 23X B AT S B0 7 A B A P R KR Lo WL P 5K P ) 25
Ry BEIRERANIIEN TN BALR 5, TFP B MINNEY 0, X MEGTIE | — L5
BATFE AR ASBNNS 2 1T TFP A AR ZEMS58, XA RER BT O A BN 9 FIR AN B 24 75 2
AR, ANRESLZIF A N2 577 o EE RO AT LW S B TEP XA N SR NAR SR i MR 7E 5 2 1)
IBBERRAE, MR AN S NAEES 3 AR, RIGHHEIET 0, W BEA R
NS G R AP AR AR MR IS TR RO BE A —

TFP, RDL, RDKXRDL " A Jui

0.4 -
0.3 -
0.2
0.1 - e
0.0 =

dif. InTFP

dif. InRDL

dif. InRDK

0 1 2 3 4 5 6 7 8 9 10
95% Bootstrap CI, 100 runs

Figure 3. Response of TFP, RDL and RDK to RDL impact
[ 3. TFP, RDL #1 RDK Xt RDL 5 A0 57
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Figure 4. Response of TFP, RDL and RDK to RDK impact
[ 4. TFP, RDL #1 RDK 3t RDK i #9 Rz

SRJEREATTT 200 oM, T ZE03 T LAt — 2D R A B A L R BA BN R A BN
MEMWRAR, KRR EEWEEERA R, FI AR R A R 7 2R AT 2. | s
N TFP J5 723 B, T ARG AN G AN G A0 TFP il it i ik, Bl o i 314K a,
RS, YRR T ZMRE TR, W LAE R, WA N AT AN TFP 10 2 BLZ# ETHR S
B rRfEs, TR 6 Mt TR, £55 10 1, TFP (5 ZMRL4 60%H H &
R, SREERN RBNBIRREZI N 30%, SR AT SR RELIN 10%, XU N R
X TR R B AR NG TFP AR Bl 500 3K
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Figure 5. Variance decomposition chart of TFP

[& 5. TFP F &0 fRE
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5. S R EIN

Az i Rk 2000~2016 SIS (8] 751 8l SR T 7 0ER B0 A B A A 1
SN, REHIBETRAE REM: 5 —, ZRE BRI AT S R, SR b4 B A R A
HEIRAG PTal, HEE EAEAWTIR R, QUSRS IEAE A HERCR s B8 =, JERE BK b AT VR 2 R T
RIUIE R AN 2 F B BRIk A ER A R A B Rr i, HISR R N ik R 2 K
KT TEP (520 A7 AR 3K — € IO Ja RO, G5 RAT & 2 A2 AT AR e 4 ik, il A ik K B
GRAANRT i B M 2 B 2 AR 7 0 (A B TR AFDG SR 5 BE A (H 2 R&D A SRS A B A R 5
M B K

BEXE EiRshig, $RHLUNEB: B, BPRIRAGE - ERRmRTE, I ARHA U R —FEA AL
FRILSERIBCR, BEAR SR KBl — e A2 L a4 R B KA, BT ABUR AT Al N2 A Kz i) H O,
R BUN BOZ AR ARSI A, 845 T SR A 22 SR MBCR AT I SCRE, 51 S i AR A
BORBBIL, BRI 3 R4 3 2 A SR O AL BB R k. 28—, A B fre]
L H AR AR 56 N A3 G A S I B L E, P DAz B4 R AR ™ L ZE AR MRS AN B 2
RFEBENG R, B S AR TF I RN, SEEH RN ARG FRLH A .
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