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An analysis of the spatial effect of agricultural science and technology invest-
ment on agricultural eco-efficiency’

WANG Chenxuan', YAO Zuowen”"

(1. School of Economics and Management, Anhui Agricultural University, Hefei 230061, China; 2. School of Economics and Management,
Huaibei Normal University, Huaibei 235000, China)

Abstract: With increasingly severe agricultural pollution, it is important to explore the effects of agricultural science and technology
investments on agricultural ecological efficiency to alleviate rural ecological pressure and promote the healthy development of rural
areas. This study used a super-efficiency slack-based measure (SBM) model to measure the agricultural ecological efficiency of
provinces in eastern, middle, and western China from 2000 to 2018. According to the Moran index, the spatial autocorrelation of agri-
cultural ecological efficiency and agricultural science and technology input were analyzed. The spatial spillover effect and threshold

characteristics of the impact of agricultural science and technology input on agricultural ecological efficiency were explored by using
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the spatial econometric model. Results showed that from 2000 to 2018, the agro-ecological efficiency was high in the eastern and
western regions and low in the middle region. The agro-ecological efficiency in the eastern, middle, and western regions fluctuated
significantly from 2000 to 2018, with slight fluctuations in 2000-2003. Agricultural ecological efficiency declined slightly from 2004
to 2008 and then rose slightly from 2008 to 2010. In 2010, the agricultural ecological efficiency was 0.731, after which it declined
slightly from 2011 to 2014. From 2015 to 2017, the national agricultural ecological efficiency dropped to 0.5894, 0.5839, and 0.5159,
respectively. In 2018, the annual agricultural ecological efficiency increased to 0.5453. The impact of rural science and technology in-
vestments on agricultural ecological efficiency presented as an inverted U-shape, and the scale of agricultural science and technology
investments had a significant spillover effect on agricultural ecological efficiency. The panel threshold regression showed that the
threshold effect of agricultural science and technology investments in the eastern, middle, and western regions in China differed, and
that in the eastern region had a positive promoting effect. The positive effect of agricultural science and technology input on agricul-
tural ecological efficiency in the middle region was not as stable as that in the eastern region. The input of agricultural science and
technology in the western region harmed agricultural ecological efficiency. The scientific and technological input in the agricultural
development of the middle and western regions of China should consider economic and ecological efficiency. Therefore, China
should vigorously promote the green and efficient technology mode, actively replace chemical fertilizers with organic fertilizers, ac-
celerate the implementation of scientific fertilizer application techniques, pay close attention on demonstration, fertilizer reduction
and fertilization efficiency, and improve agricultural ecological efficiency.

Keywords: Agricultural science and technology investment; Agricultural ecological efficiency; Spatial econometric model; Threshold
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Table 1 Indexes system of agricultural eco-efficiency in China
AR
b Ak Sl i i
Index Variable L. Unit Notes
description
WHEBLA BUBARA  RUALESI T x10'kW RIS HUMAT A Al A A R
Factor input  Mechanical input ~ Agricultural With the agricultural machinery as the representative of agricultural modernization
machinery

LA ARAEYE R R km’
Land input

BRI Ik N S N NS -

S AR 7 e AR R AR
Area sown to Reflecting the actual cultivated area in agricultural production
crops

Ak Mol A BE=E— 7 M Al B o< (el B (B AR L 578

x10* persons

Labor input Number of Number of agricultural employees = employees in the primary industry x (gross
agricultural output value of agriculture / gross output value of agriculture, forestry, animal
employees husbandry and fishery)

TEBEBEA ARG TN km’ VAV K FAEAR Y 2 KA
Irrigation input Effective Using irrigation water to represent the main agricultural water input
irrigated area
OB e Al x10% PRRL . ARG R, SRR A rh 3 BT YL
Fertilizer input Effective Fertilizer, pesticide, agricultural film, diesel oil are the main pollution sources in
fertilizer agricultural production.
VS N VMRS x10%
Pesticide input  Pesticide use
YEE TN AR Ak x10't
Film input Use of
agricultural film
REURECA A JHSE x10%
Energy input Diesel
consumption for
agricultural use
JGE= gl i gl B H x10" ¥ RS EAF=1003757 20004 A2 fi
Expected output  Agricultural Gross output Coverting to invariabl price in 2000 according index (last year =100)
output value of
agriculture
e el Rkl 10t SHEAPENE X

#
3
B

Undesired output Carbon emissionsCarbon emissions
from agriculture from agriculture

Refer to the definition of LI Bo, et al®™”
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Changes of agricultural eco-efficiency in the eastern, middle and western regions of China from 2000 to 2018
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Z?iki SRR 2ZEIE AR, 2015 )5, VU S AR AH L,
b A AR 22 RE B W R R . A VEEB R 43 Ar, DY
JILL S . PEIEE 2000—2018 4F 19 4F 3k 1 4l A= 2
SRR RBECR . (EAF— 4RI, PERR 0 A SRR
B 8 5.7; BE 78 Bk 2017—2018 4F 4b %‘ﬁ%’&?‘[&%
2013—2018 4F4b, gl A= AR R ECR, i
5398 1.159 F11.171; 2000— 2018@ TE/Jﬁzi\
TR S AR A SR AR, Je s fH 4 35 1.004
1023, K. =/ . H#k&i SRR ARAL
K E 1B 2000—2018 4F 4 [ 2 AR A 2
BOR AT, 4 B AON R BE ROR A — 5 W 8l , 2000—
2003 4E A7 /NIE I 511, 2004—2008 4 4l A= 25 3%0CK g
H R, 2008—2010 4EFEA T, 2010 4E40ME A= 3K
41 0.731; 25 2011—2014 4ERA TR, 2015—2017
AR A E AR A A RCR 35 T [ #): 0.5894, 0.5839 Al
0.5159; 2018 44k A= SRR T 5] 05453
I PN AR SCRR T, e Rl AR 25 5503 0 I Bl
MR R, AT TSI . MRS b T
ﬁ%ﬁﬂﬂi%ﬂﬁgm1%®H%”%ﬁTﬂﬁ
57 B0 7 5 B X Al AR ISR B ) AN ST IR, Bk

BRI AT SRR AL IR
JUAE S [ B0 © R e R R RERE 1R TRl 4
ARIEER— 7 17, LS A A AU AT g 5 — A )™
J17 BYRR B AT 5 i A 28R W2 A SRS 41T SC
T A 2B 25 R AR, A8 2 6] o AT HE SR T A AR
MR B A AL AL SR R R, RAR
FEAME BB AR A A ZSAR A ) 2= [ U0 o
2.2 RARHEIRN IS Rl A ZSRER 200 49 25 (8] i
L

K FH 4 JRy B2 8 RO Al A= 3R (AEE) %5 (1]
A KA B $% A 25 R AR e MR A TR 56 . K 56

ZEHL IR, 2000—2018 4E Al Az A5 R B 22 FR H
M IE (0.004~0.298), £V FHZ A TK- 1Y 52 2% 45 %5 [7]
FEMIE (0.309~0.391), BEAFIAE N, PIASEHI7E P<1%
(14 38 25 1 K O T A A 56, e B e ol A SRR

54l B B AAETE B35 1 23 [ RO P, A b 22X
AV B e A 5 Al AR A8 38R 2 [a] i 23 ) ¥ 2800
E— 25T
221 HEEURESKE

kafﬁi?ﬂﬁﬂ‘ﬂﬁf TEBEH Y 23 0] ¥ J5 1S A
(SLM), %5 [A] A1 52 #5 &Y (SDM) Fll 2% [A] 15 25 5 AU

(SEM), Jf- #5738 () OLS f Al i . A ik — 443
B A B 7 $5 A X A Az AR RLF52 mh, AE A A v i
ALy B 5 A KSEF 5T In°TES . 145 1 iR,
e 5% MK E T, Hausman 6 56 45 5 119 P<0.05,
PR, 32 426 31 5 B0

STATA #4745 3 (3% 2) LR B, SDM #4
R4 BE R L SLM B | SEM B AL 5 i R
T, PR AR SCE % SDM AR 1) i1 52 50N AR AL

23R ZE AN 3 2 s . OLS AL rf il Al
HLBE 5 A 58 B InMIT AT SLM B &Y . SDM A& AU |
SEM 57 v b b H7 AR InKT B [8 22 54007, 44
TE P<0.01 S MK Tk, BRI 57
HIRH, rTREAAAE N T 38R 0 455825, 2004
AU TR B % A L AFTE RS B AN G 3, X
Al B AR e 2 ARG )R, ARl A= e i 1 TR
B 20 X5 Al A= AR IR BE A 8 LR A BRAR R AR .
PRt A HL R SR A, AR MRS A 58 32 1) 34 5 ok

STMTEAE . AR 5 AR I, 0 T Ak AR HE L

4 R RO R A KF- InTES 7 P<0.05
BUH P<0.01 I R38R . kR
H AR AIKF- InTES RECMIE, RBIH 2000 4F L2k, 3
B A B 43 ATKF 1) THE AR A A RCR I 3 v
J5 T B RAAE R o AR BHE 5 A K- InTES (19—
I K 22 80 2 B0CR T, 22 B0 2400 |l H & 207
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Table 2 Spatial measurement results of the impact of rural scientific and technological input on agricultural eco-efficiency

SLM#H Y SDM## Y SEM## %Y
Api OLSHZY SLM model SDM model SEM model
Variable OLS model RfAILASNL [ 2 R Rl AILAR Eibee; oA FfAILASNL [ 2 R
Random effect Fixed effect Random effect Fixed effect Random effect Fixed effect
InKT —0.025 -1.094 -2.320 —1.249 -3.136 -1.121 -2.366
(—0.43) (217" (-2.93)" -1.73) (-3.42)" (-2.18)" 297"
InMII —0.414 -0.131 -0.196 -0.135 -0.223 —0.137 -0.209
(-3.39)" (—0.66) (—0.90) (-0.64) (-1.04) (—0.68) (—0.94)
InMCI 0.355 0.153 0.128 0.144 0.0917 0.153 0.126
(4.69) @1n™ (3.39)" 2.33)" 2.07)" 72" (3.43)"
InCPS —0.842 -0.127 0.015 —0.094 0.066 -0.116 0.043
(-9.59)" (-0.51) (0.06) (-0.39) 0.29) (-0.44) (0.16)
InTES 0.737 0.913 1.777 1.178 2.152 0.931 1.802
4.64)™ 241" (2.84)™ 75" (3.26)" 241" (2.88)™
In"TES 0.035 -0.011 -0.043 0.014 -0.041 -0.011 —0.044
217" (=0.60) (-2.16)" 0.41) (-1.26) (-0.61) (-2.18)"
InADR 0.101 0.023 0.010 0.016 0.008 0.021 0.004
(1.41) (0.68) 0.27) (0.52) (0.22) (0.61) 0.11)
WXInKT 0.428 2.579
0.42) @1n”
WxInMIT 0.378 0.756
(0.63) 1.21)
WxInMCI 0.049 0.078
(0.62) 0.91)
WxInCPS -1.186 -1.369
(-1.26) (-1.59)
WXInTES —0.600 -1.702
(-0.74) (-1.58)
WxIn'TES -0.028 0.045
(-0.58) (0.96)
WxInADR 0.188 0.171
(1.59) (1.46)

R S BIFORTEP<0.1, P<0.05F1P<0.01/7KF F @3, KT, MII, MCI. CPS. TESFIADRIMIMCEAR I BHERATBE , A HLIERE |
SRR FESEH . AR BT RA Z KA WRZS BRI . OLSKIAL(FE il N — k), 155 A A eiHH; SLM(ZE [HIHEHEAD) |
SDM(%S [A] AL FERRY) | SEM(5S [RIERZEAL I, $55 N Mz40 il *, ** and *** indicate significant at the level of P<0.1, P<0.05, and P<0.01, respectively.
KT, MII, MCI, CPS, TES and ADR respectively represent the agricultural technology investment scale, agricultural machinery intensity, multiple cropping
index, planting structure, agricultural technology investment level and agricultural disaster rate. W is the spatial weight matrix. In the OLS (ordinary least
squares), the ¢ statistic is in parentheses; in the SLM (spatial lag model), SDM (spatial Dobbin model), and SEM (spatial error model), the z statistic is in the
parentheses.

P<0.05 ' 2 PRSP H AR 3 i, Bd WA BB A InKT FIAM B A K- InTES 3 fll Az S8R B

IR R A A BOR A S e 5] U AL, A g, Hoh, Ol BHE B ATK S — T R SR
222 FEBHB S it P<0.01 & 2K, 0103 Rk 2.086; K I R 5L

SDM H5E TR S 350N ik Ay L 482 07 A1 ) 222580 1z 2 A B LA R O O a1 2 A S & S 53
F 3R P AFBT A A B ROCRFE W AE P<0.05 & KT

R 3WIOR: TEHERNLT, Ll B A LA Ao 5618 1o, 15 B 3 A B TR A B R ARLRE KT
®3 RABERASRIESYRE MO A RIERHN D RER

Table 3 Decomposition results of spatial Dobbin model of the impact of rural science and technology investment on agricultural
eco-efficiency

i HHEUY [RI4EA5 L SRR
Variable Direct effect Indirect effect Total effect

InK'T —3.145(-3.40)" 2.493(2.22)" —0.652(-0.58)
InMII —0.241(-1.24) 0.757(1.18) 0.516(0.84)
InMCI 0.094(1.94)" 0.075(0.85) 0.169(1.87)"
InCPS 0.099(0.40) —1.226(—1.48) -1.127(-1.36)
InTES 2.086(2.87)" —1.543(~1.53) 0.542(0.50)
In’TES —0.047(—1.46) 0.048(1.08) 0.002(0.06)
InADR 0.008(0.22) 0.189(1.75)" 0.197(1.82)"

R RIRORAEP<0.1, P<0.05FIP<0.01147K 83, KT, MII, MCI, CPS., TESHIADRSF HIfCEA M AHE AR . LR |
SRR, PR . AR AR Z K F . 55Nz M. *, ** and *** indicate significant at the levels of P<0.1, P<0.05, and P<0.01,
respectively. KT, MII, MCI, CPS, TES and ADR respectively represent the agricultural technology investment scale, agricultural machinery intensity, multiple
cropping index, planting structure, agricultural technology investment level and agricultural disaster rate. The z statistic is in the parentheses.
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1959

AMUBEESE WA (T BRI AL A 8%, i
Hd o [RHERON SE &R (7. AR X)) iRk A=

B2 AR BB A8 AKX Al A AR R R T
MR U B, T A AR & S 8RO RHE 3
AR AR Y AR 253503 1 2 <] UP B G R 2 AR 3
T2 T D AR P G 308 PR A AT AR M B A3 AR AR AR S
ORI TN 1 22 5, i — B RO B RS
AR A PR R 22 TR O R W N ZEALEE
23 HRHABMRARFIZNT R ESEEZIWE

R THE 45 E

AR S BURZ O i R AR RO BB A K
(InTES) YE M "I AB &, f 57 Al BHE AKX 4
NG &S Ay ARk AL = e oY
BN ) A AE R R AT R 56, 38 FH STATA 4, ok H
Bootstrap ¥ 300 K, £ 5 & B, BLAY (9) T,
TR 2800 AE P<0.1 By 7K SF-TF 5 3, LT R %800 A
P<0.01 (/KT 2 . BIAL (10) T, B0 A 00 7
P<0.01 [7KF T 53, U THR 0N 78 P<0.05 (1) 7K F-
T EE, BT RO B B AKXl AR S
BRI 5 WA FEAE BT IR RN o FRUR, B FEAS 23 IR
H L TR PEER 3 4, R T TAR A B AT )T, K
HZ ma AL IR 25 5. %6 4 BoR T TR 9),
AL (10) Y52 Inl A 45251

F 4 WoR, AR v AOl B AR (InKT)

XF Ak A= 25 R AR B AR F O ) A7 AE 22 7, RS (9).
(10) T, AREBLMFHE B A AL InKT (19 RECH 71, 43
°h—1.259 F1—0.848, 7£ P<0.01 7K-F F il i3 K 56 o
TAE (9). (10) ANRIBLENT, ol BHE $ A B R %L
39 5 —5.379 F1 1.928, 78 P<0.01 7K F T 38 1 46 5 ;
PEERAEAY (9) F AL BHE 1 AR REBON IE, {8
0.797, ¥ P<0.01 7K~V i o K 46, B (10) InKT K
W E A, SR, X AT BE S AR R P AR
M Bk B A AL Sk AS [ A o6, PO AR 4 A S
55, — B AR, oTRERCR B L 4% B 3, R
LAV B A R SLR R R, AR BHE A #]—
SE R, FERE A, H Al A= 25 BORAE T R B0
AT 6 B i R 5 A B 2R A DT T B 1) 24 1 AR L BB 1)
KA.

IR G AR AL HLAR B B (M) 52 1 3 19 1
]V o 150 B il RIS i) A L 1) St , 4 i AR
v A PR TRV, 24— s e, 55 Ak Rl AR A
RO AR T NS R AR B MCLAR BT, B AL (9),
(10) T, A& #B InMCI £330 4 0.145 F1 0.362, 43 3
i3 P<0.05 Al P<0.01 {2 PEAS 56 ; PHH InMCT £ 44
4354 0.279 F110.283, il i P<0.01 i Z A1
5 InMCL R ECE A B 35 . MBI 4544 CPS 43 #r,
ZRARAEAY (10) T InCPS Z£H-0.360, P<0.05 7K
K g6 im i, #5180 (9) N ARHB InCPS AR KA 8 1 K 565
HIEREL AL (10) T InCPS R H0% A i K 46, A7 (9)

R4 RUBHIRAZMR A A SR S EE RIS

Table 4 Panel threshold regression of the impact of agricultural scientific and technological input on agricultural eco-efficiency
BEHI(9) (A TESF-IrI) FAL(10) (F TES V-5 %)

AR Model (9) (excluding TES square item) Model (10) (including TES square item)
Variable AR i [ AR rhi (g
East Middle West East Middle West
KT -1 .ZS?M 75437‘3” 0.791 70.842* 1.92?1‘ 0.980
(—4.02) (=5.65) (5.09) (—4.63) (5.76) (0.92)
InMII *0.795** 0.559 0.513 *0.46?*‘ 0.335 *0.694*
(—2.55) (1.64) (1.57) (—2.85) (0.81) —1.77)
InMCI 0. 145“ 0.023 0.27?** 0.36%" 0.120 0.283;*
(2.53) (0.04) (3.69) (4.37) (0.19) (2.96)
InCPS -0.312 0.494‘ 71.493‘” 70.360“ —-0.039 72.1631*
(-1.49) (1.83) (-3.32) (—2.05) (-0.12) (=3.78)
WIS () 1275 4958 Lz 0537 4359 3503
(4.48) (5.19) (-6.32) (2.89) (—3.06) (-2.32)
wrEsoe s 0 " 1, K 4298 s
(4.30) (5.09) (=5.60) (3.35) (-3.09) (—2.24)
e 205 st 1S Son
(-5.52) (2.41) (-3.05) (—2.33)
I2TES —0‘065‘** —0.185 —0.1 72*
(=3.20) (—1.63) (-1.75)
IADR 0.066 —0.010 —0.009 0.24§" 0.018 —0.306*
(1.39) (=0.08) (=0.06) 3.77) (0.12) (—1.78)

e 3 FRIRFEP<0.1 . P<0.05FIP<0.01/97KF- i3 . KT, MII, MCI, CPS. TESFIADRZFHIMFAON AL B AL RV WU BE |
SRR, RS . AR AR Z 03RRI TS S, Mg A BT TR . 355 9 AEEHHE . *, ** and *** indicate significant at
the levels of P<0.1, P<0.05, and P<0.01, respectively. KT, MII, MCI, CPS, TES and ADR respectively represent the agricultural technology investment scale,
agricultural machinery intensity, multiple cropping index, planting structure, agricultural technology investment level and agricultural disaster rate. 7 is the
threshold variable, 7, and #, are the estimated threshold values. The ¢ statistic is in the parentheses.
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T Hh# InCPS R %K 0.494, il i P<0.1 B EMER 1
BEAL (9). (10) K, 74 &6 InCPS % %k 73 5 —1.493 FiI
—2.168, ¥Jil it P<0.01 1 ZF PEAG 30 o MAAR L 52 9 3
ADR 73 #r, BERL (9) &, AR P ER AN W A
(10) T, A B3, 43 InADR 250K 0.246, i it
P<0.01 & Z AL, P43 InADR R 50 —0.306, 18 i
P<0.1 MRS . AR BHE A K (TES) I
S3HT, TES XA AR BOR W2, 7] B IR 1Y,
SO T I, B (10) Y, AR In"TES (9 R 50k
i, fH 2 —0.065, i #F P<0.01 & 2 1 K % ; 7§ 34
In*TES #) & %00 1, (5 -0.172, 38 53 P<0.1 8 &
K46, HEB In°TES A 2 BOR @ 1 1646 .

Fb A Al B 4 8 A BRE KT, & F 35 %8 MCI,
FFEZE R CPS. AR BHE R AIKFE TES FARll 52 K
R ADR Xtk AR S SR, B (9), (10) T,
. W TEEB InTES. InKT i 2 BUR K L &2 Fhis %k
MCI. FfE %549 CPS il 32 % % ADR K. Hilik
Al LLE 2R P S Al A SRR I 22 5, 7R AR KRR
FE SN RHA AL . R BHACEATR KR
231 FREPHX R BRI N T THESHE

FERETY (9) N, ZR AN AE BT TR RN T 8 3 (4
FEKSE R P<0.1, TTARAE N 0.23065%), 28 7 22500
FONIE, L0 B $ A KT (8 45 5 AT A k4 s Akl
ORI RO AR KR BTSSRk
FHRY S5 (R R 80 1.275 FRAKE] 1.194), S A
LMV B A K5I In°TES J=, A8 (10) F, 28
TRAE XU TSRO0, 8 3 (2 3 /K- P<0.05, 55—
I THRAE 2 0.5517%, 2% 1" 1A {H R 3.6189%), & it &
B EONIE, B — TS, AR F 1 F A T 1
I ZB0H 0.537 FTFE] 0.609); (H 2 Mok 55 — 1 1#%
J&, AR HEAE 32 bRk D8 AR, A 4 T AR AR 2
0.509. ARFRHLICA (ELAHTIT) S 55— TR, Jbst .
K, big . WL, TR MR A A, UL

I 2018 AFFEUT AR 1 1M, 1EAVE TSI B B, (ER AR
SRR 2R 3 Al B 3 A K A 2SR AR T R
WAER
232 HERHh X AR R 3 N KT HEAFE

TR AL B $ ATKSE B T IR RON, AN R . 7E
B (9) T, HP AL e B TR T B (B K
SR P<0.05, I THE(E N 0.3199%), A8 2808 3 N 1E .
A B A TKAR T 0.3199% B, 52100 R 50Ch
4.958, {H 8 d I I, 52w R AR 4.839, KB
BEHE 8 ATKE XA A B s A . 5
AR LA, v BB 2 — TR B[R] P IS 5~6 4F -

TEMA TES ~F-J7 Wi f5 (AR (10) T, A B 7E 3L
FIRERE N T 3 (B & KSR P<0.1, 55— Tl (A
9 0.0527%, 5 1 THEAE R 0.1022%),  Fh R X % 1
BN AR AE A 245 055 FH B RO ARl 2B 7, 25 3k AR
Al AR A ECRBUR, MR B R B —4.359; Ak T —
TR FIES TR =2 I i O A Y A A
Hi AR P B Y S, A A SRR T SR T %
fife, ZRECH—4.298, B2 I TR E RS, RECE N
—4.185, HARFRXT L, #% 1k 2] 2010 4, Hray sk ik
A T X (TES=0.1022%), B 4 b B 47 /K Fo 85
LI T Al AR SRR R
2.3.3  FERHh X AR R K TR AE

FERT (9) T, PHERALAE WL TAK 30 T 2 (‘2
FEIKE R P<0.1, 55— THEE A 0.3458%, 4 1 I
H 2 0.6288%). 7B RECW 3, (H N —1.722, P55
— TR, IR 3G SR, (B —1.878; Bt 5% — I T4l
Ji, SR 2P 308, REGEI N -2.025,

2L AR LT DA A P R A ] o3 R T A
X [ (TES<0.3458%). H* 45 [ Al IX [H] (0.3458%<
TES=<0.6288%) Fl /= '] H IX. [i] (TES=0.6288%) 3 1~
X ], W 5 TR, 2011—2015 48], 6 4 (H A
DX AV T A TR IXCTE], 348 (AR X)) A F e TR

T 5 2000—2018 £ 7Rt X KMl R 7k 1T HEX (8]

Table 5 Threshold interval of agricultural science and technology level in the western region of China from 2000 to 2018

[ AR X )

Threshold interval 2000—2005 2006—2010 2011—2015 2016—2018
{f% Low (TES<X0.3458%)
P45 Medium (0.3458%<TES<0.6288%) K Chongging P9Il Sichuan
BPY Shaanxi 2 Yunnan
1 Qinghai FtJH Guizhou
HH Gansu,
T 5 Ningxia
B Xinjiang
{5 High (TES=0.6288%) K Chongqing P4JI] Sichuan
74 Shaanxi = Yunnan
T Qinghai N Guizhou
Hil Gansu

T H Ningxia
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X [H]; 2018 4F, BRoprsmst, HALPEHAE (FIRIX) YL
T M X R] o T LA, AT BE SR A L AT A it 3
TR % R, VE B b W U5 R )t A 38 K, A E i i 4
oAk A A A FH £ Sk FRAT SO, 33 o ke Al A A5
BRI Ok B . 7ERLAL (10) T, PR TETE
B TR SO

3 g

AR S AE R R SBM B 2000—2018 4E 36
B R P A B Al AR AR SR b, AR 5 22 4R
B ARl A A0 A B # A 3E AT 25 8] F A G
K56, SR FH 2% (8] 1 22 55 20 350 B A ol Bl 4 388 ARk
A AR M 1 2 6] 1 3500 5 T T AR RRAIE o
30 FHRADBHRILESYEXRENHEILS, FEK

s

2000—2018 4F- 7R 7 PG FB A AR Mk A= A 0% 1t 85 B
W, Horr, 2017—2018 4l A= A &R g A $2 T
FRERHL X ANPGRS A PU ] BN L P SRRl AR AR
ZHGBRRCR; PR X e g, WG VP L s
MR AR AR AR BAR, FEAR ML A A BT
Al A= A5 TE B 7 A R TR A A

IR P LA A I, R DR Ml AR S AR —
BEARTARER . PUES, s p Al &R . A S
b A S I EEAL TR, SO AR R &
FE XA KA, FEIE SR AR B 0 R E, fFE—
FEEE b0l Rt DI A B o AR M o 98 LD B, ik T
fil 5 1) R AL I AL AR R AT OG, HLAREB A AR Mk
ARIKVE F 3R, W & B 50320 80 AR ML 38 171 7% 1 3
AFRIT, 1 AR IR AR D 5 g L B T A
G218, AN, PEERARON AR S RCR — HAE BT N, T
FIB 110 iR TR 2 VU AR AR Ml A= 77 ZR AR AR X A 22, 3 T 2B
AR TS G, #3289 FE AR ) b #k 59 ; 55
Ab, SHRFF IR, PEE IR RANBUR 7R R A
P45 T AT REAY S a2 . R b T L, ROk A S ROR
AL T b HE L, 1685 K 3024 28 B Aol A 7= 451
R 275 S0 LR AR S 45
32 RFEBEIEAGT R AE SR A <E v”

Hh4k

M\ SDM A58 78 535850 07 43 fifk 14) L 42 201 R[] 422 28
N (3% 3) 43 BT, EAERON o, Ll BHE A K —I]
T ZBORIE, R IR EAF T AR, R i, B2 5]
Ul £k, 2 AR AR 380 A S0 386 Jin ] 5 Tl AR
AR, AHHE N 2 — 2 KB, B 2% Al A= %L
By . oY LR BT TR RO B 4

At (TES) XA . . PRI 4tk my, fEH 7
A 25, WTRE— WS4 . . PR A
PR P A BRI A I, I — A =B R W K AR
H 23l Ll A P ROR N = 53— T, AR R
P ATK X Al A 255505 18 52 ) A7 A2 3T A R
I H IS8R 7R oG S A ML B AT TR AL 25 531)
BK. GATERBEER, R B A RO 4
R A 8] U ih £k . Xt ZORONRE H H 3
AV FHE B A TG e BRI R AT N R
J A A 7= AT HILZE AR AR 7 R AR AR I A A
A HLE s W 3R A 2R A R B, 45 n R Ak #
A FERA S TR 5
3.3 HRAPEISMARUBERNITHES N ER R KX
M TRS RN 34, R0 2 B IE [ 2 EVE T v
A REF $ AR Al A 2SR B A A 473
Fae, A0 (9) A7 (10) Hf A IE I 6, AT RE P A o
FEHET AL B s X Al A= A AR 30 FE IS A% 7Y
A Rk $5 A K Al A 25553 e BALA A7 1 00 A
F o GE LR, AT RE Y A e 2 V4 3 A B JL A v
55, BRIEAR MW B VR, T 245 A B R YA L
i, A A AR, A BB B <1+ 12" PEH . X
AL LR M X A R R B A e R
TR P AIF 119 25 55t SR R v P AR 4 45 i L
FHEEFe AR ML A= 5 BCRAE 0 S2 BRI B, i —
B AO B R = 5 0] KRR A5 H bR 9 AH B
T, AR R A DX A BRCAR, 33 Ak 1 E BRE A oE
AV FHEE AR G BOR, A BRI RO B AR H A
AP EER A, B E RO A BROR
34 XA#HTMZESYERER, BaRLES
2000—2018 4F AR b A= AR BECR I AR B
Oy A, dbat . L W B i AR L A
Y 8 T8 3, 4918 (x10° 76 -km ) 52.510. 40.936
F130.782; 1 Z5 . VLI AN 2543 31 K (x10° J€ -km”)
19.787. 20.470 F124.674, ik 7351 9. 8 16,
P4 2000—2018 45 4F 34 FA7 T] FRLAIL AR 3l )
4 1498.09 kW -km >, {H1F— A&, X AT BEAL & T 8%
VW T 58 X BRI 3 1) 2 i S YA A ] A 467 T AR
HUBAS S T4 2 13 44, 43518 1173.56 kW -km
A1 1026.24 kW-km 2 J6HT 1L 2R AT 8007 1 ALAL
WECEN H1 43 5 990.79 kW-km . 944.09 kW-km
1 889.49 kW -km >, 43 HIf: F 4. 5. 6 i,
AN TR AR RE il FH 2 T, A R R R
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% 29%

i, AN 52,94 tkm * A1 51.89 tkm 2, b gt BV
INZR . YL96 . WIVR 2343 3128 50.24 tkm®, 33.33
tkm’, 42.08 tkm’, 4321 tkm”, 35.64 t-km Fl
48.42 t-km”, S WIHELE 3. 18, 9. 7. 12l 4{;; T
AR, 4 15.41 tkm 7,

MR T FR A 245 0 FH 2 b 43 A, 16 AR R AR
55,35 3.57 tkm M 244 tkm 5 bt B L ILZR .
Lo . WiV AT 44 30k 1.56 tkm™®, 1.70 t-km .
144 tkm~>. 1.14 tkm~. 2.39 tkm~ Fl2.14 t-km°, fif
WA 7. 5, 9, 12, 34, FE | By MNSE
A T RRAR 2 fil AR AR, A 0.19 tkm
0.28 t-km > A1 0.30 t-km >,

A TR AR A i 4, i A s
A 1T AR A LS P 2 v, 4 B OR 5.26 tkm 1 4.64
t-km 7y PR AR, HOA 0.39 tkm % )P . BRI
T U LA TR AR A b EL AR IR, 43 S 0.54
tkm”, 0.58 tkm > F10.67 tkm ; IIZ . LI, #iL
T4 45 %0 2.80 tkm >, 1.21 tkm >, 2.19 t-km”
10.83 t-km >, S BIHEZE 6. 13, 9 1 23 fii,

[ 2015 4F E RS eI 24 1 K AT
3, S — 3R . RN =t . B
VL BN T R AR Y (L B 5 R X AR A
JUE AP A SRR KR ROR W, (AL UL
I AR AR AR 240 F LB o DAL T AR
KRR E Lo, dbat . B IR WA
ARl b T AR B A L, B dE T
IR A VT3 35 v o 4 1 45 b A AT A 243k 18 5 A T
S MARARM I, B F ) Rt sl B AR, T
SERERFA R FH 25 EAR, IR il S i AL
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