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Tab. I  WEF safety coupling comprehensive evaluation index system
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Tab. 2 Levels of coupling coordination
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Tab. 3 Calculation formula of index
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Fig. 2 The change trend of water security, food security and energy security system comprehensive evaluation index in Beijing-Tianjin-Hebei region
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Fig. 3 The trend of coupling coordination degree of water security, food security and energy security system in Beijing-Tianjin-Hebei region
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Fig. 4 The results of obstacle degree of obstacle factors in Beijing-Tianjin-Hebei region

SRS DO AR L) A M X R B AR PR R R 25 (2000—2007 A ) — G P R R R 2
HT LAy R 3 B Be: 2000—2005 AF EEFEAFE T (2008—2019 47 ) — R AF P E & 25 (2020 4F) . ik
B B i (A S v T A B R O HLARfR SR g 40 SR SEIM 2005—2016 4F 5T HE B b X WEF #
K, FESLEX WEF G L2180 AR S UVEEDI SR YA . W19 08 R 2 HE 3 Fl
e, # AL T 0% B B B 2006—2015 4R 25 AN b X R AL ] R AF PR 28 B, (BT IR B B 4P
TR BETF R A Mg R 280 Rl (7 b IR s JF R, 2000—2020 4F WEF R 40 % A5 Uil &k Jig
Hertase 2k, SRR AR ORI E N — i T et b, Wdb s | mU R R R
TR, XA B T4 1 X TP U T E KRR R R Z . Wang 58P 58 /R 2005—20174F JL 5 17
PR A I BEIR TN AR, MOCTR bR AT FTARTE, K5 WEF P[RR $ T B e PR, ko i B {4
M) DL (%) 52 e P2 B O 55, J@ T JE B Bz 2016—  REEITAIIATALA

2020 4F Z2 50 i) [N 1 B4 BT 45 SR A A i B2 AR /) SURFUR RS UM BB R T 23.42%, (045
I HETRE, R TR X8 WEF #ia XA RN, Lk Ze R g, K6
AR AR EE ZE BRI, J8 TP AR B W2 RV LA IR L 2 R L2

W, Wy, E, Fl E; SRS FIRBIGEET S REVREHI L R0 HEEE WEF 2 2R0 4 VMR 0 CHE
A BTSN RN T, Rk st X JRtT RN A SR IR AR R R 2, A3
5 WEF #i 3 % &M T BRILZAh, bt APKEZE R T ALK EE . BAMKILAAR, |
N W, Foy KEEMTRIFET W, E, fl E\ b &—HA TR HHE K, 275 T 50 HEsE X /K 3 U5
NVERE Wy, F. E, M1 E,q. Rl 4, ALt T KL 2 R LR G PEN T8 By
4 it 22 T, AR e R AL 5t i oK R R, w A,
RN, T, Akt N iR
WA PIR BB T AR /R, 20002020 4 R FHK L 4 RGE, HARK G IR T SR T3 055 St
FURBLH XK 4 REBZEMBRE RGP IRENK, WEZ I ATk T 381k
PEM AR BOE R 1T X 5k 28 Wang 55 KB E T KR AR, B R K 4
ST ARG PR B R SR A B AR ], (Bl TSR B RGNS . b at iK% 4 3 50 04 52 T K o st vt
AR HERE A 25 SR RHERA 20, X3 WEF L4 W m ik &,
SUHETE X WEF RG L AR L 2T 9 KT RE IR % 25 A TEM 8 UL T U s a8k

KEBZHANA 19



F2% F 14 BAESARBEFE) 2024 52 A

(1) 15%, 3 HE JLAE E, F E,o (14 P65 FE 5200 52 15 K
A, B R PR R T AR IR A 7 B AR R T AR
e B[] B BE R R FH AR AR . 2016—2020 4F KT
AIIREE P R AL T A 15 A5, WALE B 465, A
PIREURTE SR AR T AY 2 £%5 . WALE 1 1.5 6%,
H AR FAL R T, 723 5 4F (2016—2020 4F ), K
T AL HE R 20 b d BT 3.5 fF . A
HECE AN E 7K COD HE i 2 A st i 19 2 5
A A R AE BRI & A BT 7 I, AN BEAE T 2
R TR 7 2R A [ st 48 w2 B8 R R0, T ELZE R A
FH I it AE R B AP B e feft o WIS 09 A Al g R
R %, e 3h m FEBE 77 M AR B2 AR AH, Ik g I
AR A A

T ACAS g 5UHETE X B, WEF 224 KUK %5 K 4 4,
X fERIREFEEMBREE b2 —, Wdts
2022 AE AR B R B IR 773.02 42 t, AR TR
RFAYREH R, TUMRERE AN AL,
| =S eI Y e ood =T (B Y= e S B S
PHHLFEREZ . 2 AR K, IF H LA 1Y i A
fiE Tl & JR R fil VB TR RE 3 0 LA B 75 e W HE
B RS IR, 1 R P ) AN A 2, DR G RE VR R
NN o (=3 B Ao ] R 2 iU b o S iy
S NFIREIRIY P i (E,) . ¥R AR 8 11 (E))
A A HE B (Ey) b 2R
AL DLET K BEIR MR A B RIRON, Ak
e LR ISR | i A AT KA e R g i B ]
15 YooK T Ko A 245 AR R A5, B8 v A AL Ay fift FH A%
F, XAUARIBIETHIR & R G 0L R0, i8] LA
WK IR S BEVR Y R T o

R EEFF T EH B IX WEF R 4% 4 K B, B
e R BRI R it o 2 57 o TR B K R R R 4 I 4
DA ZR 5 s A K SR AR 8 UK R, F— 204
HEFEHBOK FEIR A — Rk, e o R
B AR G, TE R X R KL G i — 1A
Ak 1 BE U5 L Atk i P (R ik o AN AT A E T
A ] FRAE BRI R KR, I BE Ik B b X AR RR
WCHES R R B 1, $ETHRRIR et . e
Hi DX AE 2 e 22 B A [l st 0 2 4 v - i ) Ao AR
PpF L, B A AR UE WML s AL R 3
DK i, AR SRR 2 A ) R .

5 g
MBI B R T R G e A LA

*20 KEBRFZFHAA

WA PR IR R, 12 R AGE I E A 8P ACE ,
FA P AR AL U R F M X WEF R G2 A 1F
WrA8 5 L AR A 2 AU & R FRAEUEA T 43 B, I
JH I T A 8 o) fF 5 DX Bl P 45 A 52 il B - R A 73R
A, 13 LU S e

2000—2020 4 5UH T X K 6 4 | MR 4
IR L & R AL AP TE BUR IR 2 T s, HE
VLY 0.3~0.7, Jb 5025 G PEAN HR E ) I 2hiE
Fil R K (0.3~0.8), ZAEFXME R 0.6; KT ZE AT
W8 BOF 33 Bl e/ (0.4~0.7) , Z 4395 M 0.55
WA L5 G PEN HE 80 0.3~0.7 77 8, Z4F 30
0.4,

U HEEE X 2000—2020 4F WEF #54 P i i
AEPRIA S T, R X B2 (Al 7EAE I 25
TR S UMREE 0.7 #2713 0.9, 9K T 0.29 1%,
AR (0.79) s KT ARG UMAE t 0.7 $2
FHE] 0.8, H Xt 3 K RN 13%, Z4FFEHE R Z
(0.75), ¥8& Uh R FE BE JC 15 B 5 T 648 WEF 2R 4t
AP 0.6 #2715 0.8 19K T 0.33 1%, Z4EF
HIE AR (0.68) -

UL TR K 454 Hi DX 1) [ A B AR b A3 mT
LIy A 34 B BE . 2000—2005 4E K % 3 By B ;
2006—2015 4y a:k FE By Bt 2016—2020 4 Ry ~F- £
BrBe. Aok THEEE WEF #4444 0 8 05 G Ay
IR KGR AR ER . oK COD HE
TAEARRRHERCE . NI REIR IS 2 i A AR AL
S 1R .

K% 2 R K Re i R4 DL & dL
A REIR L A RGO B &4 R G 5 ) a4
PHR G MR B2 A G . R R b T i I B2 v /K&K
B R FHK S5 R | F298 K T R AN e
SRR TR YR M ECR . A RE TR T A L
TTARBRBABIHT, In K Wi fme A0 £ b4 4Rl & Jre
T Bttt — 20 R BT A HE R it L A Ve A2 9 T
L PR R AR FAPLA A AR . U s AR ] vy
TSR GEUR R 40 2% WA 2R, T R XL S far i
— A Ak B BB IR A i I R A, BGOSR KH
TR, s Al A7, PR R 5 HESE WEF P37
K&,

B3 3Lk

[1] CHANGY, LI G, YAOY, et al. Quantifying the Wa-

ter-Energy-Food nexus: Current status and trends[J].



I, &

TAEEH K AK-F-RA AL L 26 WAL EFETFN

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

Energies, 2016, 9(2): 65. DOI: 10.3390/en9020065.

FLAMMINI A, PURI M, PLUSCHKE L, et al. Walk-
ing the nexus talk: Assessing the Water-Energy-Food
nexus in the context of the sustainable energy for all
initiative[J]. Journal of Physical Chemistry A, 2014,

115(26): 7869-7870. DOI: 10.1021/jp2046323.
UN-water. World Water Development Report 2019
[R].2019.

R, B, FOTAR, GF. BT E-RRIE-KOCHOC R
A RS A8 5 i o A R (0. v BN B R R
2018, 28(7): 85-92. DOI: 10.120622/cpre.20180203.
KRN Fii, Fi4oR, &4 K-REIR-IE Al G R HhBR
RAR S o 2 0. sPIEe7IE, 2018, 27(10):
36-41. DOI: 10.12075/j.issn.1004-4051.2018.10.007.
HEINOWICZ A P, THORN J P R, GIRAUDO M E,
et al. Appraising the Water-Energy-Food nexus from a
sustainable development perspective: a maturing para-

digm?[J]. Earth's Future, 2022, 10(12): ¢2021EF-
002622. DOI: 10.1029/2021ef002622.

KELLNER E, MARTIN D A. Learning from past co-
evolutionary processes to envision sustainable futures:
Extending an action situations approach to the Water-
Energy-Food nexus[J]. Earth System Governance,
2023, 15: 100168. DOL: 10.1016/j.es2.2023.100168.
LI W, JIANG S, ZHAQO Y, et al. A copula-based secu-
rity risk evaluation and probability calculation for Wa-
ter-Energy-Food nexus[J]. Science of the Total Envi-
ronment, 2023, 856: 159236. DOI: 10.1016/j.scitotenv.
2022.159236.
VLI X B AE . BT Copulal) WEFHE & R4 %%
VPN R KU AT DASTHESE )y 1) [J/0L .
KB WRARA:1-15[2023-05-30].

X, XUARSE, 230, 5. HPIEDK-BEIR-HL B SRR R 48

Pirlml 2220 F4r (1], KRR TARA4, 2020(4): 24-

32. DOI: 10.12170/20190603009.

£, FoH, S, & BRI K-BE-RE R

Geah 1A 0] KM LR HEJE, 2020, 40(4):

8-15. DOLI: 10.3880/j.issn.10067647.2020.04.002.

T PR OB SRR -RE IR - B R GE AT B )

Z 5007 D] PH IR AR K7, 2020 DOI: 10.

6041/.i1ssn.1000-1298.2020.06.028.

XIANG W, YANG X, BIAN D, et al. Evaluation and

prediction of Water-Energy-Carbon nexus efficiency

in China based on a new multiregional input-output

perspective[J]. Journal of Environmental Manage-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

ment, 2023, 339: 117786. DOIL: 10.1016/j.jenvman.
2023.117786.
AR, VR IR, SRS KT B & ok
I RE KR A PR P A 0] e 5 R, 2023,
39(9):74-79.DOI: 10.13546/j.cnki.tjyjc.2023.09.013.
FENG L, GUO M, WANG W, et al. Evaluation of
the effects of long-term natural and artificial restora-
tion on vegetation characteristics, soil properties and
their coupling coordinations[J]. Science of the Total
Environment, 2023, 884: 163828. DOI: 10.1016/j.sci-
totenv.2023.163828.
TR, ORI, B IK, AR UM IX UK -2 T -
ARG DMR R R FFIEPEAY [T]. K BRI, 2022,
38(5): 80-86. DOI: 10.3880/j.issn.10046933.2022.05.
012.
TR, TaH, S, & OK-RER-R e LR T
WA LRR D). B KA 5K R R (hge
), 2020, 18(6): 42-63. DOI: 10.13476/j.cnki.nsb-
dgk.2020.0114.
AR, B K -REIR - B A RS
PR R 2s 43 S5 (], IR IFIR, 2022(2): 51-
59. DOI: 10.14017/j.cnki.2095-5766.2022.0029..
A8 R, XEE, FhA 8. sk -fE IR B2
ARG IR PR KRBT [T]. K BRI, 2021,
37(1): 69-78. DOI: 10.3880/j.issn.1004-6933.2021.
01.010.
BRI, RPE, RS, 45, DX B -RE TR - ML B R SR
G O R AR R AR ST (I, b [ AR A K R K L
2018(2): 72-77. DOIL: 10.13476/j.cnki.nsbdgk.2021.
0047.
i, TS, IK-REIR-HR T R GEHS PR ) S 2
A 52 RIRHE 3 AT LA ) (0], vh AR A K
FPke,2022(12):66-71. DOIL: 10.12396/znsd.220269.
FeFss, Zle, SRR, A BRI R A R
WD B P i 2 0] EEHE K 27412, 2021, 40(3):
1-8, 22. DOI: 10.13522/j.cnki.ggps.2020465.
JERSEHE, ARIE, 25H, 55, T TOPSISIA iR 1%
TR BT RPN B B A5 R -4 0T [T KR K L AR
(FFHE0), 2023, 54(4): 73-84. DOIL: 10.13928/j.cnki.
wrahe.2023.02.007.
B, sk, T EA BRoK-RETR-HL B R A PR
S AT 0], LT B R, 2020,
30(1): 120-128. DOI: 10.12062/cpre.20190832.
SKUESY, W, M T, . RO SR R A XOK
REVE R B R & DM R ST - L U3 DXy 191
(00w E AR KRR L, 2019(5): 17-21,28. DOIL:

KEBFZHANA 2]


https://doi.org/10.3390/en9020065
https://doi.org/10.3390/en9020065
https://doi.org/10.1021/jp2046323
https://doi.org/10.1021/jp2046323
https://doi.org/10.120622/cpre.20180203
https://doi.org/10.120622/cpre.20180203
https://doi.org/10.120622/cpre.20180203
https://doi.org/10.120622/cpre.20180203
https://doi.org/10.12075/j.issn.1004-4051.2018.10.007
https://doi.org/10.12075/j.issn.1004-4051.2018.10.007
https://doi.org/10.1029/2021ef002622
https://doi.org/10.1029/2021ef002622
https://doi.org/10.1016/j.esg.2023.100168
https://doi.org/10.1016/j.esg.2023.100168
https://doi.org/10.1016/j.scitotenv.2022.159236
https://doi.org/10.1016/j.scitotenv.2022.159236
https://doi.org/10.1016/j.scitotenv.2022.159236
https://doi.org/10.1016/j.scitotenv.2022.159236
https://doi.org/10.1016/j.scitotenv.2022.159236
https://doi.org/10.12170/20190603009
https://doi.org/10.12170/20190603009
https://doi.org/10.3880/j.issn.10067647.2020.04.002
https://doi.org/10.3880/j.issn.10067647.2020.04.002
https://doi.org/10.6041/j.issn.1000-1298.2020.06.028
https://doi.org/10.6041/j.issn.1000-1298.2020.06.028
https://doi.org/10.1016/j.jenvman.2023.117786
https://doi.org/10.1016/j.jenvman.2023.117786
https://doi.org/10.1016/j.jenvman.2023.117786
https://doi.org/10.1016/j.jenvman.2023.117786
https://doi.org/10.1016/j.jenvman.2023.117786
https://doi.org/10.13546/j.cnki.tjyjc.2023.09.013
https://doi.org/10.13546/j.cnki.tjyjc.2023.09.013
https://doi.org/10.1016/j.scitotenv.2023.163828
https://doi.org/10.1016/j.scitotenv.2023.163828
https://doi.org/10.1016/j.scitotenv.2023.163828
https://doi.org/10.1016/j.scitotenv.2023.163828
https://doi.org/10.1016/j.scitotenv.2023.163828
https://doi.org/10.3880/j.issn.10046933.2022.05.012
https://doi.org/10.3880/j.issn.10046933.2022.05.012
https://doi.org/10.3880/j.issn.10046933.2022.05.012
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0114
https://doi.org/10.14017/j.cnki.2095-5766.2022.0029.
https://doi.org/10.14017/j.cnki.2095-5766.2022.0029.
https://doi.org/10.3880/j.issn.1004-6933.2021.01.010
https://doi.org/10.3880/j.issn.1004-6933.2021.01.010
https://doi.org/10.3880/j.issn.1004-6933.2021.01.010
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0047
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0047
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0047
https://doi.org/10.12396/znsd.220269
https://doi.org/10.12396/znsd.220269
https://doi.org/10.12396/znsd.220269
https://doi.org/10.13522/j.cnki.ggps.2020465
https://doi.org/10.13522/j.cnki.ggps.2020465
https://doi.org/10.13928/j.cnki.wrahe.2023.02.007
https://doi.org/10.13928/j.cnki.wrahe.2023.02.007
https://doi.org/10.13928/j.cnki.wrahe.2023.02.007
https://doi.org/10.13928/j.cnki.wrahe.2023.02.007
https://doi.org/10.13928/j.cnki.wrahe.2023.02.007
https://doi.org/10.13928/j.cnki.wrahe.2023.02.007
https://doi.org/10.12062/cpre.20190832
https://doi.org/10.12062/cpre.20190832
https://doi.org/10.12062/cpre.20190832
https://doi.org/10.12062/cpre.20190832
https://doi.org/10.3969/j.issn.1007-2284.2019.05.004

F2% F 14 BAESARBEFE) 2024 52 A

10.3969/j.issn.1007-2284.2019.05.004. [30] XM, XA E, $OE, 5. UEF K S HME 5 P 1r
[26] R4, TLRM, 25 =, 5. WA WA 5 K% #r (0], K B4R 5B, 2016, 36(3): 211-218. DOL:

VR DR A AR DL (0] ZK BT ARAP, 2020, 36(2)): 10.13961/j.cnki.stbetb.2016.03.036.

21-26. DOI: 10.3880/j.issn.1004-6933.2020.02.004. (317 X7 35 T 7K H 08 4 50 e 388 K W IR B 0 O 5
[(27] EFHFMH, ST, W PE, 5. BT i TOPSISIE I [D] A5t E B k22 (L 5D, 2016.

ARSI K N2 UK [32] T, UG E, BPHE 5o X S Ee i

BILY]. BEIRRLE, 2011, 33(3): 535-541. PR R WSS 0] KBRS, 2018, 34(2): 22-
(28] Axsese, SME. TR PRI FIBHb IR 22 5 27,33. DOI: 10.3880/.issn.1004-6933.2018.02.05.

FMEBCR GO K R -2 W7 (0], A AR B
% 2, 2015, 30(7): 1092-1103. DOL: 10.11849/

zrzyxb.2015.07.003.
[29]  BRMEAI, B3, SEWIAR, 45, 1959—2019 4FILin] ik

[33] WANG Y, XIE Y, QI L, et al. Synergies evaluation
and influencing factors analysis of the Water-Energy-

Food nexus from symbiosis perspective: A case study

G TR S A AT 0] KK s B A (s in the Beijing-Tianjin-Hebei region[J]. Science of
), 2023, 54(1); 42-52. DOIL: 10.13928/j.cnki.wrahe. the Total Environment, 2022, 818: 151731. DOI: 10.
2023.01.004. 1016/j.scitotenv.2021.151731.

Evaluation of coupling and coordinated development characteristics
of Water-Energy-Food system security in Beijing-Tianjin-Hebei region

WANG Lugi', JIANG Shan’, LIU Hongwei’, LI Wei’, CHENG Jinhua', HE Fan’

( 1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2. Water Resources Beijing-Tianjin-Hebei Water
Security Key Laboratory, China Institute of Water Resources and Hydropower Research, Beijing 100038, China; 3. Center for Irrigation Affairs
Downstream of Tangshan Luan River, Tangshan 063200, China )

Abstract: Water, energy and food are the three material bases and strategic resources for the survival and
development of human society. The United Nations predicts that global food and energy demand will increase by
60% and 80% respectively compared with 2016 by 2050; global water demand is expected to increase by 20% to
30%, with more than 2 billion people living in countries with severe water shortages. Beijing-Tianjin-Hebei region
is one of the regions with the most significant "Water-Energy-Food" link and the most prominent joint risk in China,
with a shortage of water resources and a large consumption of energy and food. With 0.7% of the country's water
resources, it carries 8% of the country's population, 8.2% of the irrigated area and 10% of the total economy, which
makes the security of the Water-Energy-Food system very tense. Therefore, the scientific and quantitative evaluation
of the coordination degree of Water-Energy-Food coupling in Beijing-Tianjin-Hebei region and the analysis of the
main obstacle factors of Water-Energy-Food coupling security are not only the key to improve the security of
regional Water-Energy-Food system, but also an important link to adhere to sustainable development.

Based on the collected data of the Beijing-Tianjin-Hebei region from 2000 to 2020, the key research and
analysis of the Water-Energy-Food coupling security in the Beijing-Tianjin-Hebei region is carried out. The analytic
hierarchy process was used to establish a comprehensive evaluation index system for Water-Energy-Food system
security coupling, and the evaluation indicators were divided into water security systems, food security systems and
energy security systems. The entropy weight method is used to determine the weight of each indicator; the
comprehensive evaluation index of the Water-Energy-Food system in the Beijing-Tianjin-Hebei region and the
characteristics of coupled security and coordinated development are analyzed through the coupling coordination
degree model; and the obstacle degree model is used to analyze the influencing factors in the study area.

The results show that the comprehensive evaluation index of water security, food security and energy security
system in Beijing-Tianjin-Hebei region shows an overall upward trend from 2000 to 2020, and its floating range is

0.3-0.7. The floating range of Beijing comprehensive evaluation index is the largest (0.3—0.8), Tianjin
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IR, E TEEBXA-RR-RERLZEHE WAL RBETN

comprehensive evaluation index is the smallest (0.4—0.7), and Hebei comprehensive evaluation index fluctuates
between 0.3—0.7. The results of coupling coordination degree show that the coupling coordination degree of Water-
Energy-Food in Beijing-Tianjin-Hebei region shows an upward trend from 2000 to 2020, and there are obvious
differences between regions. Among them, the coupling coordination degree of Beijing is the highest, while that of
Hebei Province is poor. The result of the obstacle degree of Beijing, Tianjin and Hebei as a whole and each region
can be roughly divided into three stages: the fluctuation stage from 2000 to 2005, the transition stage from 2006 to
2015, and the stable stage from 2016 to 2020. Per capita water resources, COD discharge in wastewater, per capita
energy consumption and total power per mu of agricultural machinery are the main obstacle factors.

Based on the above analysis, Beijing's water security system, Tianjin's energy system, and Hebei's energy
security system and food security system are the keys to the overall coupling and coordination of the Beijing-Tianjin-
Hebei region. In the future, Beijing should improve water use efficiency, adjust water use structure, and tap water-
saving potential; Tianjin and Hebei Province should focus on improving energy recycling efficiency, optimizing
energy consumption structure, and carrying out low-carbon technology innovation to increase the pace of
decarbonization; Hebei Province also needs to save energy, irrigation measures of water-saving, protect crops,
reduce the affected area, and improve the efficiency of agricultural machinery.

Key words: Beijing-Tianjin-Hebei region; Water-Energy-Food system; coupling safety assessment; coupling and

coordinated development; influencing factors analysis
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