REESRWEFER(PEY) 20254618 $33% F1H
Chinese Journal of Eco-Agriculture, Jan. 2025, 33(1): 153-165

DOI: 10.12357/cjea.20240068
CSTR: 32371.14.cjea.20240068

MR, SIRRLL, 5 TR, RAGeh, WA, B B BT =B B DEA B4l BRIE SR T 7 ik ek [I]. i A Aol 2
] (FHE), 2025, 33(1): 153-165

CHEN Y N, HU SH, LU W X, ZHU W M, PAN Y K, SHEN Y Z. Improvement of the method for calculating agricultural energy
efficiency based on the three-stage Data Envelopment Analysis[J]. Chinese Journal of Eco-Agriculture, 2025, 33(1): 153—165

ET =K DEA MR g8 R it E A s

Mk, dake, SRR R4S, E &, P ERT

(1. E AR B2 B R AR BT T/ pE A P AR Y (5 BB AR B A GRS S8R W 570100; 2. HEVTH R BER
BHIRAT HIT 524044)

B OEHENERRE R IR R oy Sk, A B TR R R A IR AR, RO IR S, RALEEIE S
IR EL R, HTA N AREHR A2 ERY, MAHENT LA, FANRLGERRENEER LR EIR
B RO A PR, ARSI AR KR, AR T — M T = MBI IEE % 047 (DEA) B A B
WHTHE, FUFE0OANE (FER. BW, FEEFA WIT. 3T R) WERIEIE L HERBITUHE, X
BATT RN G R UITE R T  T EM. EREW: 1) FALA G (SFA) 247 7 40, 335 % B fofE AL B & 66
BAREZ D E, VLUZ T o G B PR A 7 5 RO IR A oy v, AT AL 30 0 U B 45 R s T S PR B Y 9]
2) Gtk atth, RA T ENEEERE P ER L E G A BASEMS, W A5 NKE N S E A,
AT ENEEERSZTINARAD Y, SELZRVERRETARKRS, L. LERETERANAE.
4 LBk, R = M B DEA RO IR S A 7 % 9 BAR T A ik, WO b ROBURFZE RO Rk B HE 7 T 3R
B T v Y RS AR

g Rk R, Z W DEA A, FHEE, FiEkit

FESDES: F323

Improvement of the method for calculating agricultural energy efficiency based
on the three-stage Data Envelopment Analysis*
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(1. Institute of Scientific and Technical Information, Chinese Academy of Tropical Agricultural Sciences / Key Laboratory of Applied
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Zhanjiang 524044, China)

Abstract: Energy is the basis for the development of modern society and an important guarantee for comfortable rural living and
successful agricultural production. With industrialization and urbanization occurring rapidly in China, the demand for efficient
energy in agricultural modernization will inevitably increase. In the face of increasingly severe global issues such as limited
resources, environmental calamities, and food insecurity, accurate measurement is key to improving agricultural energy efficiency,
facilitating users in identifying bottlenecks and potential in energy usage, optimizing the agricultural energy structure, and breaking
through the dual constraints of energy and the environment, which in turn will effectively promote comprehensive rural revitalization.
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Previous concept exploration has revealed the existence of a conceptual intersection between conventional agricultural energy effi-
ciency and agricultural production efficiency, where the calculation output of the former is in fact the latter including energy. To sci-
entifically and logically calculate agricultural energy efficiency, we proposed an improved algorithm based on a three-stage Data En-
velopment Analysis (DEA) model. Based on the conventional one-stage calculation method, this algorithm applied a second-stage
Stochastic Frontier Approach (SFA) and third-stage DEA analysis. Panel data from 30 provinces (municipalities and autonomous re-
gions, not including Hong Kong, Macao, Taiwan and Xizang) in China were used as a sample to test the updated algorithm. The reli-
ability of the model was tested by comparing its calculated results with those obtained using the conventional method. The following
observations were made: 1) Outputs from the second-stage SFA showed that the likelihood-ratio (LR) values of all input slack vari-
ables were greater than 10.501 (P<1%). The impacts of environmental variables and random factors on energy efficiency were signi-
ficant, indicating that the SFA analysis is necessary and effective and can eliminate the effect of production factors on agricultural en-
ergy efficiency, thereby avoiding the problem of some calculated results being higher than the observed values. 2) Compared with the
gap of approximately 0.1 derived from the conventional method of calculating agricultural energy efficiency in the past 20 years, the
final (third-stage) efficiency value from the improved model increased from 0.240 in 2003 to 0.541 in 2018, demonstrating that the es-
timated result was more appropriate for the trend in China’s agricultural economy development. The fluctuation node was more con-
sistent with the periods when the corresponding policies were introduced, such as the severe agricultural blow resulting from natural
disasters at the end of the 20th century, the first China’s No. 1 central document with the theme of “Agriculture, Rural Areas, and
Farmers” issued in 2004, the international economic and financial crisis in 2008, and other important nodes. 3) The estimates from the
conventional method were greatly biased from actual values owing to price and cost influences, especially in Beijing, Qinghai, and
Shanghai, where the differences between the traditional and improved models were 0.95, 0.87, and 0.77, respectively. In summary,
the improved three-stage DEA method for calculating agricultural energy efficiency is superior to the conventional method, and can
provide a more accurate decision-making basis for enterprises and governments in the fields of agricultural energy conservation and
emissions reduction.

Keywords: energy efficiency in agriculture; three-stage DEA model; environmental factor; method improvement
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Evaluation index system of agricultural energy efficiency

AR 247 Variable type

FEH5R44FK Index name

A b REVR 2357 9% 1 Total final consumption of primary industry

£6)ll % J11iE R4 A& Input of animal energy input for agriculture production

R Zyfg i AR Input of pesticide energy for agriculture production

EL NG s [ALEIN EAERBIRIEA
Input variable Energy Direct energy input /MJ
mput IR IR A
Indirect energy input /MJ
IR
PRI A
Machinery input /(x10* kW)
FEIBA
Labor input /(x10* person)
TR A
Land input /(x10° hm®)
TABA
Capital input /(x10" ¥)
7 A JIEE=
Output variable Desirable output /(x10° ¥)
AR
Undesirable output /(x10* t)
FRi s LN F AR
Environment variable Agricultural technique level /%
WAl 3

Fiscal expenditures on agriculture /%

9 % Disaster rate /%

Prop

R AL HE A A & Input of fertilizer energy for agriculture production

B 4% A i Input of agirultural plastic film energy for agriculture production

AR5l 71 Total power of agricultural machinery
A\l 558) 71 Labor for agriculture production
AAEY S FEFITE AL Total sown area of crops

Al EATF B Agricultural capital stock
Al B F={H Total agricultural output value
A iHET H: Agricultural carbon emissions

W S5l A v ARoll AR B 5 ARl 55 317 HL A

Proportion of the agricultural R&D staffs to total labor for agriculture production

PR 55 SO i — e A SR BT S L)

Proportion of the budgetary expenditure for agriculture, forestry and water conservancy to

public budgetary expenditure
2 PR o5 A VEY BB AN IR L]

ortion of the disaster-affected area to the total sown area of crops
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Table 2 Equivalent energy values for the input of energy in broad sense of agriculture

2 Category AE T FR{E Equivalent energy value

Ll AEYRE RN % 77 Animal energy /(MJ-h ') 4.50
Agricultural input of biological energy

ol A Ret B ARG ZUIE Nitrogen fertilizer 64.40

Agricultural input of chemical energy Agricultural fertilizer /(MJ-kg ") WHE Phosphate fertilizer 11.96

#/IC Potash fertilizer 6.70

E A Compound fertilizer 28.05

4¢2}5 Pesticide /(MI'kg ') 208.00

A YR Agricultural plastic film /(MJ-kg ") 46.89
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Table 3  Agricultural energy efficiencies of 30 provinces (municipalities and autonomous regions, excluding Hong Kong, Macao,
Taiwan and Xizang) of China based on the first-stage model from 2002 to 2021

Py DRV M

Province (miiu(lfjjiﬂjy, ai‘t;:lu,):n:ous region) 2002 2007 2012 2015 2016 2017 2018 2019 2020 2021 I\feﬁ Eii
4t Beijing 1.000  0.689 0.605 0.660 0.695 0.741 0.892 1.000 1.000 0.640 0.757 9
K¢ Tianjin 0.820 1.000 0.413 0420 0435 0420 0415 0421 0505 0.526 0.567 18
4t Hebei 1.000  0.750 0.478 0.445 0438 0431 0492 0500 0.617 0.636 0.614 13
11174 Shanxi 0372 0351 0293 0250 0.277 0311 0317 0332 0415 0447 0332 30
P51l Inner Mongolia 0.800 0469 0440 0425 0428 0392 0483 0.502 0.588 0.657 0.498 23
iL T Liaoning 1.000 0.646 0.615 0.611 0.618 0.606 0.618 0.632 0.653 0.672  0.669 10
Ak Jilin 1.000  0.571 0.531 0481 0452 0421 0451 0485 0.535 0.544 0.567 17
P2 JEVT. Heilongjiang 0.589 0451 0515 0556 0.544 0533 0532 0589 0594  0.599  0.523 20
1} Shanghai 1.000 0941 0913 0.868 1.000 0877 0913 0877 1.000 0.768  0.939 2
1L Jiangsu 1.000 0.845 1.000 0.827 0.786 0.766 0.752  0.767 0.796  0.815  0.857 7
WiVl Zhejiang 0.744  1.000 1.000 0806 0.767 1.000 0970 0.883 1.000 1.000 0.876 6
L Anhui 0.644 0546 0511 0479 0469 0475 0465 0493 0583 0.597 0.526 19
fi 2 Fujian 1.000 0915 0.809 0.869 1.000 1.000 0.983 1.000 1.000 1.000 0.910 4
VLY Jiangxi 0.773  0.569 0.495 0.544 0.552 0536 0.530 0.560 0.680 0.715  0.569 16
L% Shandong 1.000  0.627 0.623  0.565 0.561 0547 0.578 0.575 0.616 0.694 0.648 11
ViR Henan 0.672  0.542 0457 0422 0429 0417 0423 0435 0595 0.608  0.499 22
14t Hubei 1.000 0.619 0.554 0512 0.538 0.534 0527 0.535 0587 0.623  0.597 15
174 Hunan 0.757 0591 0466 0391 0385 0379 0374 0405 0509 0.505 0.501 21
J"# Guangdong 1.000 0.865 0.714 0.673 0.711 0.707 0.692 0.716 0.812 0.864 0.777 8
J" 74 Guangxi 1.000  0.670 0.587 0.520 0.525 0.521 0.529 0.572 0.626 0.661 0.634 12
114 Hainan 1.000  0.870 0.879 1.000 0.964 1.000 0.967 1.000 1.000 1.000 0.939 3
K Chongqing 0.679 0416 0353 0429 0488 0467 0475 0497 0552 0.563 0.453 27
PaJ1| Sichuan 1.000 0.680 0.584 0551 0.552 0.529 0.613 0.523 0616 0.592 0.614 14
St Guizhou 0384 0356 0464 0483 0472 0428 0397 0402 0484 0474 0420 28
2 F Yunnan 0.459 0496 0496 0455 0456 0455 0472 0517 0567 0.586 0.476 26
PPE Shaanxi 0.485 0494 0489 0477 0505 0506 0.514 0.533 0.580 0.584 0.494 24
i Gansu 0.533 0449 0367 0370 0389 0405 0428 0454 0497 0.550 0.416 29
T Qinghai 1.000  1.000 0.821 0.752 0.706 0.803 0.788 0.827 1.000 1.000 0.878 5
T & Ningxia 1.000 0368 0410 0490 0440 0445 0480 0482 0.737 0.778 0.483 25
Bsi Xinjiang 1.000 0929 0.812 0954 0.847 0.826 0919 1.000 1.000 1.000 0.947 1
F¥J Average 0.824  0.657 0.590 0.576 0.581 0.583 0.600 0.617 0.691 0.690 0.633 —
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%1 Mrhgife % 2T =B Bt DEA B4RV REIRSCRIT Ry itk 159
R4 FETHE SFA @EAHHER
Table 4 Regression results of SFA on the second-stage model
, " kAl F AR KT W BRI 32 o .
AR Lk A rifultliﬁef}l:i ue Fis::faljlcf(z enditures SEIA ' LR 5
Input slack variable Constant g d p Disaster rate y LR one-sided test
level on agriculture
REJEEEA Energy input  2.843 5x107 -5.2122x10"" -3.370 3x10°" 2.0057x10™7  1.2214x10"  0.368 3 46.35
MM A Machinery input ~ 4.512 6x10°" -1.201 2x10™"" -1.466 1x10"  —2.5635x10"""  6.033 7x10°  0.870 3 579.16
978l 1A Labor input  9.793 8x10™" —4.202 6x10"™ -3.217 7x10° —1.344 4x10°"  1.2525x10°  0.786 1 395.09
+ 3% A Land input 6.192 1x10”" -1.151 2x10™" -3.647 1x10°"  —1.576 7x10""  8.2432x10°  0.879 2 590.60
WA Capital input ~ 6.916 1x10°”" 1.636 2x10°" -5.7492x10""  —6.8229x10°  9.3375x10° 02977 43.08

LRAFIAT SURUR FGE i, 16 1% 838 PEACOE T B A N 10,5011+ R+ 2R 78 P<5%HIP<1%7KF B M. LR is the one-sided

generalized likelihood ratio statistic with a critical value of 10.501"*"

levels, respectively.

AN 4 TEA 8 bR A 235 1 G 1) R0, Ul %
TEARBOHT I e RERE DR . HLAR . LA BEA BT 2%
AP, T 4 5 AR REVR ROR; ARl AR K% ¢
ARBENAIE TR, AR T 50 52 KA REI

>N

=4
W

=2

24
5 Z

o

at 1% significance level. ** and *** represent significant correlations at P<5% and P<1%
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1524
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BEAAG I 5200, HAy o o m] 5,
2.1.3 FE =B SBM-DEA EEISIRLER
B JH 5 ) A i PR T DEA 4, 15 3]

IRZ AN BB L4, (6 5). ik 5 AT, ~F

RS 20022021 F£HE 30 4NE (EED BRR, FEEEE R AENER) £ZMERRLEERRE
Table 5 Agricultural energy efficiencies of 30 provinces (municipalities and autonomous regions, excluding Hong Kong,
Macao,Taiwan and Xizang) of China based on the third-stage model from 2002 to 2021

S VAT %

Province (miilr(uﬁcjiﬂj};, ai‘ti;ll(,):n:ous region) 2002 2007 2012 2015 2016 2017 2018 2019 2020 2021 I\/,I]ezi lﬁii
4t Beijing 0.055 0.060 0.073 0.063 0.058 0.052 0.047 0.043 0.041 0.042 0.059 30
K¢ Tianjin 0.048 0.060 0.077 0.083 0.086 0.080 0.073 0.074 0.079 0.081 0.072 27
4t Hebei 0.303 0.608 0.650 0.680 0.706 0.704 0.755 0.764 0.797 0.803  0.650 4
1174 Shanxi 0.088 0.139 0.250 0267 0.266 0273 0276 0292 0.327 0347 0215 24
5T Inner Mongolia 0.135 0266 0.424 0446 0449 0442 0492 0515 0.545 0591 0.367 18
11T Liaoning 0.230 0381 0.536  0.565 0.545 0.540 0.550 0.568 0.581 0.599  0.463 12
AR Jilin 0.151 0276 0401 0411 0394 0380 0400 0433 0490 0494 0.343 20
P2 JEVT. Heilongjiang 0.166 0297 0.602 0.671 0.668 0.678 0.683 0.706 0.730 0.742  0.498 10
i Shanghai 0.060 0.064 0.072 0.069 0.065 0.064 0.062 0.060 0.058 0.050 0.064 28
LI} Jiangsu 0.346  0.540 0.708 0.847 0.884 0.882 0.877 0.890 0.887 0.906 0.678 3
WiiT. Zhejiang 0.239 0300 0430 0458 0471 0476 0480 0491 0.509 0511 0.393 16
L Anhui 0.248 0364 0.534 0.631 0.639 0.664 0.663 0.700 0.730 0.751  0.508 8
fi 2 Fujian 0227 0324 0461 0503 0511 0514 0516 0517 0524 0523 0411 15
YIPY Jiangxi 0.178 0.280 0.402 0.467 0485 0485 0485 0499 0500 0.506 0.371 17
L% Shandong 0.661 1.000 1.000 1.000 1.000 0980 1.000 0984 1.000 1.000 0.981 1
¥ Henan 0483 0813 0.929 1.000 1.000 0947 0.950 0931 1.000 1.000 0.882 2
11t Hubei 0.231 0406 0.643 0.667 0.709 0.725 0.724 0.737 0.776  1.000  0.571 7
{1 Hunan 0.248  0.407 0.533 0569 0.589 0.596 0.602 0.649 0.748 0.737  0.507 9
J"" 7% Guangdong 0306 0447 0.608 0.683 0.713 0.728 0.712 0.782 1.000 1.000  0.600 6
P4 Guangxi 0.183 0351 0.542 0.606 0.634 0.644 0.661 0.687 0.706 0.722  0.489 11
114 Hainan 0.085 0.125 0.198 0229 0.233 0235 0231 0233 0232 0238 0.177 25
HPK Chongging 0.109 0.162 0.250 0290 0.318 0316 0.326 0333 0.358 0367 0.235 22
P9J1| Sichuan 0.280 0.486 0.685 0.752 0.780 0.773 0.774 0.882 1.000 1.000  0.635 5
St Guizhou 0.104 0.141 0.275 0383 0.400 0403 0403 0406 0426 0406 0.261 21
2 F Yunnan 0.162 0279 0435 0.528 0559 0.577 0583 0.641 0.691 0.713 0.416 14
PPE Shaanxi 0.121  0.215 0402 0466 0483 0491 0506 0.523 0.548 0.562 0.352 19
Hifr Gansu 0.089 0.158 0.239 0292 0301 0317 0333 0363 0389 0430 0.234 23
T Qinghai 0.020 0.035 0.067 0.077 0.081 0.086 0.092 0.097 0.108 0.110 0.062 29
TH Ningxia 0.027  0.051 0.097 0.115 0.117 0.120 0.129 0.131 0.149 0.156  0.088 26
Bsi Xinjiang 0.132 0241 0461 0564 0.581 0.590 0.631 0.656 0.686 0.749  0.422 13
F¥J Average 0.203 0332 0460 0.514 0.531 0.533 0.541 0.565 0.614 0.637 0.432 —
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— B B IR S TG U B KRR, A = B
EIEEE F AR IF B S H SRR IR T
B o DAIEL 1 R] L, FEAS 10T 8] 1 26 — B B 4 [P 3
Al B8 PR AR M 2002 4T 1) 0.824 N B F 2021 4 (1)
0.690; i, 2R AE 2002—2009 4E 3 S 7E T [, 2
Ji—HAE 0.58 ZE A4 HEAI, H 3 2017 AR RFR AL $E 7t
T 55 = B B 1) 4 - 25 4l BB R 4R A 2002 411
0.203 — BB R Ho 1 TH 2] 2021 421 0.637.

| —m— 55— B First stage —eo— 55—} B¢ Third stage
0.7 +
0.6

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 20152016 2017 2018 2019 2020 2021
FA5y Year

1 BUHEE (E=HE) 8920022021 F R ER ARG EEER
Fig. 1 Trends of average agricultural energy efficiencies of China based on the improved model (third stage) from 2002 to 2021

T 20 AR AL R A 20 R R AL S 5 =By
By s iR A i S A AT . AE 21 I, Y5 S
P A =R AR RIS H 38 SR AR M P A 38 B A= S8R
oAk, Tt 20 20 AR KK 9N R E Al Fn e R A
R Har T B 2R R TAE, X —Br
BEROM AR EOCRACRE o BUJE, B TTF 4R i K ARl
PEW, A T — RV SR BEABR . 2003 45
{4 e s TR 2 S Lo = R [ AR SRy B T4
H AL, 2004 AR B TN DA =R R bk
— 530, 2006 A [E 5K A T BUE AR LB, DL E A
AR 8 K T A% BB RO A DA B ks Al i 4% 9%
A5 S 00 P Al A% B AR A PR B R A AT N,
FITFREVR R R B4 2005 4FH [ KA WTO i 5%
) [ B A 77 i by, 2008 4 A2 3 T B4 Rl 1
BLISE ), PRt 2 S5 A 328 A3 ok — /INBEF- 22 1 .
2010 4EFF I, e —25 30 . R g TAE S K
iR TAE 23 22 Uk B S i — 20 B Ak AR b
Wt I T T AR, TS SRR A oK L R A
F A TR A Ml 5 el 158 it A0 R 55 1k 2 e, T IO
AR A B N BIAS WG Il B AR Rl 275 A2 7
RE 1153 1A R M4 T B R 4 03 K 0y g A0 )
IR RIEFE . AR, IR SOl B
FELTCRY 1) £ 29 BTG, R T SRAR AR A M 1 AP AR,

LG o A A S R S T Tl W

2) WA (BEEETT . HIRX) 25 L&, Kikna
Oy (R 5F = By B AR BE IR AR 3G T RRAIG . il 3 X He
& 3 I 5 AL, LU — B BOREE — B BOSCR A (E
2SR R, BAR TR 0.875, HE4L TR 26 44 1R FOBL
REE T 0.762, HE4 TR 22 445 ALt IRCR A E
TF% 0.698, HEA T F% 21 440 R RN, EEJEX 3
ANE (BT BA B SeilE il B AR K s 8 F
SRl K R BUR, FE5E — B Bz B T A A SN
IBE R R ML P 52 i, B e 7E S bR IR B I R R
RORFER Z .
222 PUHHER SESGERIG R

1) WEEIREF 1B, WIS AY ) A8 A0 34K 3
AH TR, {H 2 A A 0 (IR TR S A (18] 2),
ME AT LLE Y, R AR AR 4 SR Y R T AR
Tl B, (A% Ge B AL 1) R0 A 3 vy T el a5
0.25 Zifi o R R 5 # AR5 B B A bR AR e I R
Ja, RET RAFINSAE IR . /30T KR K
By oA £, 2012 4F J5 [ 5 RGP UK H & 5%
K SRS BIAT, BT LA H AL G0 455 A 0R M 78 1% B B
SRR, SOt R T T SR R K

2) WA (EEETT . HIRIX) 25 L&, sk sy
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Fig. 2 Trends of average agricultural energy efficiencies of
China based on two models (the data of the conven-
tional model is from the reference [8])

Al B IR AR W] AR TR GER Y, I A XS T HoAth
A (EFET . BIRX) BB AR I B B . AR A
R 2 T 5E AR, 2018 4R AL Ge s py AL e .
T RN 1 S 2 A0 RE VR AL R 4 514 1.00. 0.96 Al
0.83, 55 4% S e i AR AR iy 15 5 24805 53 A 25 095,
0.87 F10.77, ULBHIX 3 48 (BLEFETT) BRI BERACR

BT S e Al 2 AR A 7 R AR g, BB
B B AR B . AR 6 I, dbaT . LIRS
T 1) SRR 3 A fly M 2 1 T [ K, X
M UERH T AR R (G 2R A S P B AT

3 et

3.1 itig
311 RAEETREE TG

HH 2 5 AL 2002—2021 4F 41 a], Bi i Andb st
Ah, o (BT . AR X)) ML RERACR A
—ERETE, P E A (AR . BIRIX) TR
Al B A S 20 0 B TRD B, 4T R DR B RURK
- H R, 256 E AL FRe IR & R

PLFE 5 1 2002—2021 4R BE IR AR AZ AR
4 (EEET . AR IX) A2 6, 51 2 AR 4Rl
RB VR 0%, 0 BT 4R B (R R0 AR Ak (B 3), Tk 48 ¢
2003—2006 4F 5 %5 B [H] KM F o SR R A X
JE R 2004 AR LA B R T (AR R £ Al
[N ] B BBOR S it ), AR & A (A4
ST 7 WA T AR SRR ) XA e Sk T4k
HEATH AR s, W IRl ) g O 1) B R TR

F6 2018 EFFEMHYENEETHR=REBEMNE

Table 6 Retail prices of agricultural products in selected province and municipalities of China in 2018 ¥kg'

HilX Area FEK Rice ¥4 Pork £ 14 Beef A Mutton JK77 i Aquatic product B3F Vegetable 43E Egg
Jt5t Beijing 6.04 30.45 66.41 73.43 — 6.25 9.57
1% Shanghai — 27.96 - — 36.50 7.82 12.00
K1 Tianjin — 28.02 59.66 69.05 19.04 6.16 8.69
it Qinghai 6.54 27.01 57.87 56.39 50.39 6.19 10.61
S5 Average 5.56 21.90 64.30 63.64 17.33 6.12 10.10

EP R IET 201945 1) b AR SR TR ), AUt B IR T AL BT MRS ol by, IR IR T B iRl R R fF B,

FIREHRIR T 58 RIS L b &

The national averages are derived from China Yearbook of Agricultural Price Survey in 2019; the Beijing data

are derived from the Beijing Price Monitoring Center; the Shanghai data are derived from the Information Center of the Shanghai Municipal Agriculture
Commission; and the Qinghai data are derived from the Development and Reform Commission of QingHai Province.
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Fig. 3 Average agricultural energy efficiencies of 5 provinces in China based on the improved model from 2002 to 2021
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