Modern Management JURE#, 2026, 16(11), 108-119 Hans )
Published Online November 2026 in Hans. https://www.hanspub.org/journal/mm
https://doi.org/10.12677/mm.2026.1611258

PEXFREEIEH A TIE5 B R S8R

#EH
N RN e L N

Weks H . 20264F10H 120 FHER: 20264F10H26H; & A HB: 20264F11 H10H

wm B

f“—i—” BRTIERSEROERT, FRECRARENF L ITERENZOEKBRXE. ARS
PR E X R R W TRERE MR RE, AOEMAFE10EH2015~2024FHREHE, WBE &R
& FHMBANELERER. AAHPE. BRHE= HETEMER, RAERFRDEARR I H#HSH B
BB HTI TEAHE, 4 &4 KMalmquist-Luenberger (GML)EHMZIERATMEELERE
FERBEIRIE. FRARR: © RENAHEY WTHEBRARENER “GREA” MBESIFE, B
EE, FE. . SCRAETRIEER, BERAL. FRR. FaFERALTRMXE; @
MERRERRBR D BHEZORIR, SHRFEFEEEETUBERBEREL, RS LETSMAL
THERMBEENE: @ IHNATROAEERET RN K EEOBA#D IS, NBEEE TR
XA R, BARBEMMEREIER. FANERUETEGR. SRERHER. KARARHFAS%E
R B R, TARET L TREMY RSN/ SRERARMRESE .

Xiid
AL THETE, WNFEDEA, GMLIEH, BEME, FHL, FEgs

Research on the Investment Efficiency of
China in Mining Projects in Southeast Asia

Yulin Xu

School of Economics and Management, Jiangxi University of Science and Technology, Ganzhou Jiangxi

Received: October 12, 2026; accepted: October 26, 2026; published: November 10, 2026

Abstract

Under the background of the deepening of international engineering cooperation under the “Belt
and Road Initiative”, Southeast Asia has become the core region for China’s mining engineering
projects to go global. To systematically evaluate the investment efficiency of China’s mining
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engineering projects in Southeast Asia, this paper selects panel data of 10 Southeast Asian coun-
tries from 2015 to 2024, constructs an evaluation system including capital and labor input, con-
struction engineering, trade benefits, and carbon emissions as three outputs, and uses the super-
efficiency DEA model to calculate the static investment efficiency and analyze the spatio-temporal
evolution characteristics. Combined with the global Malmquist-Luenberger (GML) index, it decom-
poses the driving sources of green total factor productivity from a dynamic perspective. The re-
search findings are as follows: (1) The overall investment efficiency of China’s mining engineering
projects in Southeast Asia shows a fluctuating pattern of “first decline then rise,” with significant
country differentiation. Singapore, Laos, and Brunei are in the efficient, while Indonesia, the Phil-
ippines, and Myanmar have been in the low-efficiency range for a long time; (2) The difference in
scale efficiency is the core source of efficiency stratification. Most resource-abundant countries
exhibit a feature of decreasing scale returns, while underdeveloped engineering markets are still
in the stage of increasing scale returns; (3) From a dynamic perspective, the growth of green total
factor productivity is mainly driven by technological progress, and the contribution of efficiency
improvement is relatively limited, and the effect of technological catch-up has not been fully re-
leased. The research proposes optimization paths from dimensions such as differentiated engi-
neering layout, full-process project management, and green technology collaboration, which can
provide decision-making references for Chinese mining engineering enterprises’ overseas layout
and efficiency improvement.
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FE k" EPR TR SRR SR T 5 T, B bAoA A< 5 0 X 0 ke K IR e
VRS R, R LA 9 R BRI PR SR AR X, BN IRED MY A A O AR B X S
B X b ML S B HUROOT R R G, Dy LSBT U BE 1A SE (1], Seig A
R, KRR B RCE DEA BAGEANFRER AT R B20%, WE T %I VELE RS [FH L BT 7¢
P& FIE(2]: HEESEINRE T« — 8% W ARRCE i [ X BB AR (3]s YRR R A RN
HMBEBTRCR DI [4]; FEMRAESE TR DEA-Tobit A7 I 5 R0 48 FDI 2%, A SR M REA )
Wit At T HE S (5],

B Py 2 B R . A S IR AV T e 1K DEA BCRIENHETE, 7 1 Al & EK
PEERI XK Y R IR [6]-[0]. £ TRERAUK, DEA BRIUCH MBI K. ERZHAZ™
I Z N H[10]: R IVE SRR DEA-Malmquist 215 HESRINRE_E 7 2 54l il 58 A%
R, WAL T ES PR GBI IR ST 11]e R BRI GEN N BB B I R Sl
HEBOEE[12], EFF B EERETR HBOR QU 54 B2 BRI T % L R AR 13], 2 CANSE ) DEA-Tobit
PR BB N Jim SR DR 2R AT R A T T A [ 14]

“BHERIT . B SR B AR ILX 5 tH LB AR I S BB ) A R [15]. BUA WML BB R
W2 RAEPNL AT, N TR B RIT I RGP VBN = WA R 2L TR fi2E,
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Figure 1. Scale of China’s investment in mining projects in Southeast Asia
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3.2. £/ Malmquist-Luenberger (GML)$&#

#:2 DEA Y g [ W B3 K, %0 AR F= 2R BN AL, AL I N B AR I EE 7 ) GML $54.
fE45 ML $a 505 th IS AR Toff . A B PRI B R BRI [19]; GML Fa%k D4 i I 4 =) i A e 4t
[EHTAYIRD, oo AR LR EREG, BEE B S A HE AR EE = I SRt B R AR RS [20], WA AR 0%
ZA(EC) S H AR (TC).

GML =EC/"' xTC!"

Horb, GML> 1 FRS O 2R A7 F 42T, EC> 1 Fn BB IT A BivRSE (R %), TC>1 %
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Table 3. Empirical results on the efficiency of China’s mining investment in Southeast Asia based on BCC and CCR models

% 3. £T BCC #REA CCR #RB A E X R LA Ml SRR SUELA R

CCR A - 224

BCC #RY - 2lifii R BCC HM - MU AL I

AR WSl 0 ke MRETE) WHRSE) ks
ID  EERET 2015 0.081619 0.860049 0.094901 —1 (%) D
ID  EERAET 2017 0.088707 0.96183 0.092227 —1 (%) D
ID  EERAT 2019 0.088667 1 0.088667 =1 (#I5) ID
ID  EFEZJEPNIE 2021 0.091456 1 0.091456 -1 (IR ID
ID  EZJEVHIE 2024 0.097798 1 0.097798 -1 () ID
PH FERE 2015 0.101524 0.522438 0.194326 =1 () PH
PH e 2017 0.098857 0.563031 0.175579 -1 (&) PH
PH E[e 2019 0.110386 0.780327 0.141461 —1 (G#9k) PH
PH E e N 2021 0.101401 0.615456 0.164757 -1 (#980) PH
PH JEH T 2024 0.097444 0.681321 0.143022 -1 (J%¥k) PH
MY  HRpET 2015 0.192084 0.904146 0.212448 -1 (&) MY
MY LR PH I 2017 0.173245 0.803887 0.215509 -1 (%) MY
MY  ERAEE 2019 0.164389 0.788072 0.208597 -1 (&) MY
MY  HRAETE 2021 0.267621 1 0.267621 -1 G#8m)  MY
MY LR PG 2024 0.216439 0.958732 0.225755 -1 (i%9k) MY
TH P JE 2015 0.13503 0.780557 0.172991 —1 (%) TH
TH Bk 2017 0.146526 0.861073 0.170167 -1 (i%¥k) TH
TH e~ 2019 0.15109 0.899941 0.167888 -1 (%) TH
TH EE 2021 0.205175 0.967805 0.212 —1 (i#9) TH
TH % 2024 0.204331 1 0.204331 —1 (G#9k) TH
VN i) 2015 0.106554 0.635994 0.16754 -1(#m) VN
VN =] 2017 0.11875 0.781937 0.151867 -1(#%m) VN
VN filae] 2019 0.13753 0.89746 0.153244 -1 (J%¥k) VN
VN ] 2021 0.272803 1 0.272803 -1 (#mk) VN
VN foiee] 2024 0.269347 1 0.269347 -1 (%) VN
MM 4 fa) 2015 0.030757 0.107156 0.287028 1 (EB38) MM
MM 2 ) 2017 0.034263 0.073419 0.466677 1 (EE39) MM
MM it 2019 0.033052 0.089156 0.370726 1 (#:38) MM
MM 4l i) 2021 0.056514 0.186916 0.302351 1 (38) MM
MM i) 2024 0.06841 0.186916 0.365994 1 (E39) MM
LA Zht 2015 0.687687 0.825675 0.832879 1 (G63) LA
LA Zht 2017 0.523281 0.660433 0.79233 1 (G63) LA
LA Zht 2019 0.487403 0.602505 0.808962 1 (E38) LA
LA ZHt 2021 1 1 1 0 (A7) LA
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LA Zht 2024 0.842602 0.883179 0.954056 1 (G 3) LA
KH BRI g% 2015 0.039258 0.322581 0.121701 1 (3E3E) KH
KH I 2 2017 0.03717 0.194175 0.191427 1 (GEB) KH
KH ORI 2 2019 0.079661 0.25974 0.306696 1 (G 3) KH
KH P& E 3 2021 0.175391 0.487805 0.359552 1 (E39) KH
KH s e 2024 0.181686 0.487805 0.372456 1 (G63) KH
SG Whn 2015 0.922554 1 0.922554 -1 GBI) SG
SG Prmis 2017 0.936047 0.936759 0.999239 —1 (%) SG
SG IR 2019 1 1 1 0 (A7) SG
SG N 2021 1 1 1 0 (A7) SG
SG BN 2024 1 1 1 0 (R7F) SG
BN SO 2015 0.317946 1 0.317946 1 (GE3) BN
BN P 2017 0.34319 1 0.34319 1 (38) BN
BN 3 2019 0.271616 0.758363 0.358161 1 () BN
BN e 2021 0.231444 0.660025 0.35066 1 (#3) BN
BN 3K 2024 0.293224 0.762415 0.3846 1 (E38) BN
Table 4. Comparison of results between the standard efficiency DEA model and the super-efficiency DEA model
Fz 4. #RESE DEA B 5BHE DEA {RBIERNELER
N 2015 4 2017 4E
R maceDEA s WAE e mmrkoea s OOF g
ENEERPEIE  0.081619 8 1 1 0.088707 8 1 1
= 0.101524 7 0.79712 9 0.098857 7 1 1
i 0.192084 4 0.933764 8 0.173245 4 0.888263 6
= 0.13503 5 0.980975 7 0.146526 5 0.975714 3
B 0.106554 6 1 1 0.11875 6 0.930078 5
i) 0.030757 10 1 1 0.034263 10 0.168128 10
Zhd 0.687687 2 1 1 0.523281 2 0.711053 8
SR % 0.039258 9 1 1 0.03717 9 0.855073 7
B 0.922554 1 1 1 0.936047 1 0.953674 4
3K 0.317946 3 0.318328 10 0.34319 3 0.499083 9
2019 4 2021 4 2024 4
P Il 2R 2 2% U 2R Ny % Al 2 Rl %
PRIEREE ey R gy WIRECK gy HICR g WIRECK gy R gy
ENEJEPEIE  0.088667 8 1 1 0.091456 9 1 1 0097798 8 1 1
R 0110386 7 1 1 0.101401 8 1 1 0097444 9 1 1
LsRPGIE 0.164389 4 0.817409 7 0267621 4 1 1 0216439 5 096181 9
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ik
ES 0.15109 5 096961 6 0205175 6 0972952 8 0204331 6 1 1
B 0.13753 6 1 1 0272803 3 1 1 0269347 4 1 1
i 0.033052 10 0.033116 10  0.056514 10 0.161037 10 0.06841 10 0.282814 10
eI 0.487403 2 0.625415 8 1 1 1 1 0842602 2 1 1
WHHZE  0.079661 9 1 1 0.175391 7 1 1 0181686 7 1 1
BN 1 1 1 1 1 1 1 1 1 1 1 1
e 0271616 3 0.582302 9 0231444 5 0591533 9 0293224 3 1 1

4.1. BRBUHEHB I

FAFKBEEM LA BARZCR(CCRY A 78 026, 0.25. 0.25. 0.34, 033, BIAE “FRapsh -
PO LT - ANRETVE” A% 2015~2019 2 BUR AR S 1T 4B A0 KA iR, 2019~2021 4EFFEHTRE
PR TRE R SRY 5K B E T, 2021 )5 520 1 [F1H S ECR IS /MR FIVE  Ai B AR R E KRN 0.89.
0.85. 0.86. 0.92, 0.93, TPt MBI SMEMKIHN 029, 0.29. 0.29, 0.37. 0.35, HLEEEREL
A5, I RS M A2 ) 20 AR R SR T O TR 3R

AR R AR TSR, U S AT LA B S it TR AR AP AR R, BUBDERCAS 2 2 Rk
PRI F B, ST IR TR S A e —E (1] [22].

E AR Foms. Eht. SOERFRHX EA: EERTET. FEER A RCR KL T 0.11,
2R ERCRACAL” R ZRE L R PR BT AR R IR T, 2021 FEDORIG KON R 4l
. RIS AR FEMT 0.1, KPR RRLF 5.

4.2. GEARYES R

ARRCR RS S TR, BRI Fond. eI, M. 4. KAfiEZ E
PTE JAE] 1, TREEEAR RS TR T A TN i BoRvUIE, ZRE 2 BEA 2. 30 PTE 5k
BEJETE, MAIHIA BRI 2 0.66 JrbEZr 0 TRETHZ BB 2t J5 A TS THER SRR = 3E
IR, DRTATACERTIA RIS E, & EABORBRZRIT N TR, BTN
1% Lo 20 2 [ B L T A%

4.3. BUEHRSHEIRM 547

o O N3 . 2 E 40 I BOIUR R A (SE = 1.0000), 57 hisl BIE R 58 454G Rt ih 4 i jir i
[fl: SCRMBACRIRETE 0.3 /it EIEJEVEE. FEMEDE. DR, Ze [, B KA T BRI AR AL
B2 N, AAER BTSRRI R BN O AR [ P AR B RE 7T s B
BRI, R BT OB D N A L ERC X A, ). RO ZE . SORK AL T ISR a1, 4%
AN RN RERETI TA Y 2525 18] o BT L, ANHf e PREE T #5858 AR 1) 2 2 T A2 B T A B 3 1 Ok
44. BIREEERETE SN

SN e = ) GML 5 80, Al Sk 6 R A 72 SRR AR A(EC) S AR B
(TC), FHAEFEMEEE LA 5 Fros. MMBIA 10 [HSE 04T R A7 REWE N 0.988, K LIRSS,
Hrp A EC)FERIE Y 1.001, HRES(TCOFERMEN 0.987, HRBLHIBFESNMEE TR, RREL
FEREB IR OH .
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Table 5. GML index and decomposition results for each year from 2015 to 2024
= 5.2015~2024 FF R FE GML B M R T RRLER

A2 IX [ GML “E =2 K AR 45 REAAL EC BB TC
2015~2016 0.9748 1.0036 0.9712
2016~2017 0.9752 0.9984 0.9768
2017~2018 0.9779 1.0053 0.9726
2018~2019 1.0056 1.0001 1.0055
2019~2020 1.0362 1.0024 1.0339
2020~2021 0.9673 0.9936 0.9738
2021~2022 0.9773 1.0052 0.9721
2022~2023 1.0024 0.9995 1.0029
2023~2024 0.9735 0.9998 0.9736
EREAE 0.9878 1.0009 0.9869

Table 6. Average GML index and decomposition results of each country (Sorted in descending order by GML index)
* 6. BET GML IH R 7 MRER(IZ GML a8 FHIF)

E R 2 GML £~ 21 K AR5 AR, EC HABD TC H4
B 1.01416 1.00916 1.00506 1
e 1.01004 1.00537 1.00461 2
b Nl 1.00257 0.99934 1.00324 3
Z [ 1.00155 0.99785 1.00374 4
LREHE S 1.00107 1.00320 0.99790 5
24 1.00072 1.00049 1.00023 6
pE 3 1.00008 1.00004 1.00004 7
Brhnd 0.99939 0.99890 1.00049 8
i 0.99632 0.99456 1.00179 9
e 0.85205 1.00000 0.85205 10

M R (LR 5), ST RAF R EIHE R = BAFE: 2015~2019 £ GML FE 54+
FE 1.0 BT, i BOR B RS H O il 1 $ BB B R I AR 3N 2020~2021 EZ2 2B AL T
R GRS BRGNS E R, AR AR S HOR D R P EVE, GML 48 H b 2 00 AR AL
2021~2024 AEFEREHTREVED P TAE T KT SARBRIGHREARHET, BORBEP IR RTE, Wah ik
FERIBLIER .

HFEG O EER AR KRB R ZE 0 ZRE, RAARMSEZRIME 6 Pros. Bk, FERE.
HoRPENE. ZRERFEY GML fRECRT 1, AR RFIE RS, JoAupg DL 1.014 #4205 fE 5 AL
FIHIE. 4. ORI GML 8T 1, A AR LR AR, Brimd. dif. B JEVEIE Y GML
TBEUNT 1, R ETESH.

MK IXB SRR (LK 6), & E RSB AFE I R 7 e 2R . TR 7 W0 45 h O BA FR) A 7= 26
K F R EORED IR, BEE . SRR RN R RCR SR S EORE D IR IR IE . B e VT S
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ARHEDTPEA IR, BARSAHE AR BEIT RS G 5K 22, S AR FONE TR LR B
N3 R A IR IRIVE A, AL 7 FRAEACHE AU 4 g 0 PR ) B 3R 85 5 A A A FRLRE ) ARG E
SRR R ELEN . BAORE, HET X Iak O e R A R NG KA AR G BRSO, ReRIGE
M JI AR TE IR, R ARRIRTH %O TT 1)

5. WL TiRU B S RRFA B

SiEIAESS S Ebs TREK RS, S0 BT AR F I b TAR BB AFE AR T . R H A AL
EPLARE M RS [, TR SR AL R A%

51. IERNIESR, REXKEEE

XN SORSE RN, EREP O TS, BB s SE s 55, TS X T
REEEMX AL X E VUL . FER T A MU I I (R 5, Pt - g MU, e e A B 0T IR 250
SiZE A, XHROHAE . g SRS T, IR A RN, el LI R, RO
LM

5.2. BURAREBA LR, BEHREHEN

BEXT GML F5 800 il R OB AR HE D DTRR IS« R P8 STk AN A2+ BB AL RN AR T8 73 B A L
W, A “HoRTEM + BEE ) WAERLIRTIRCRSGESN J1: @A “HoR g - AR IR - AR
SBEFALH: R R R. O T R L SEEORMRN, BB E N AR EPC HUR B
BAR. SRERAERAR . REMRIRMELA R, Bh “EMARR. BREBEER" WERMER
o AT RPARTARE SRV BN R SRR SCE SR B I L 5, R LI
EHEAGNA LAER, BIRA e S B B At RO S B S R K, M RsrELL
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