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“F201SAEMH IR AT S SN A E ek a5, (2030 4E AT RREL KL IR ) i —
VBRIV . SCLE R SRS TG, (R TR A R RN E En R R R H
Fr (SDGs) Z—. 201645 H BIFHE RIS EMR RS EWiR % . Ry EY2rt
PE . E RSB TR AR B A Pt 5 R 2 4 A,

TEHBR R G Rl FAR, Jote “HBRRGRFECM” (BESSP) SCtifY 4 4 AT FRLEPEEC &
T2 ———2BRAE R S B R G SRR T BN, BA TR
HSFR I 4 RDUE: WA k. KRR BRI NRETH S A e a] Rrgebh i ¢
BRI, 2012 4F LA ECHEH G “ARoHER (Future Earth) 7 i1HRI7E “@k &k R"
TR B R ERA B AL Y . KR ZREEROPLEE, R RE EER A
AL T R N R T B B R SR AR 2E X R, Aok M ER 2025 JE R AR A%
BlRJBIR R —0 K . BEIR A YIS D RO, S A e 22, DL Bk LT
SR A & RSN S I A

I A L 0 o] o ARk 2 EB 0 Ko A 2 4 () RBBE ) o B T NSRS PR R R B 2 e ik 4 BR
AIREEEE T R G SR AR, R TRk kB HAR (SDGs) HELSRALZ [A] (1)
FoR2E0, M T 2008 ARE0RRAT L BKB 1 R AR B fE LR 2011 4F “HENZ /A7 B+ 5%
HIEEEm, 20154F, EBKA EMRE S A4 4] (Food and Agriculture Organization of
the United Nations, FAO) Wil 1% 129 4~ K 57 K G S B YL 11 EL s 14 T
ERERPR. 2016 4F 2K EWA B N DECN 81544, #20154F38/n0.3842 N5 R4
KREIRGE KA H 2005 4519 29.5% /% 2 2016 4E 11 22.9%, {H A TR SRR 5 % L)
FILFENRIA 1.5542; 2016 54 Fk3E 5200 97 5 % LUF JL#EZ I R, i [H R 4100 J7 Y
SZ VT ILENEEES, KHEWA RN D BHE S i s 5 i3 1 5 5] fe Bk
BRI SRR EESEFIEARI, EE ST, R L A5,
RGN SRR S L ek RS A AL, FRERTTR B2 e R A R 2R B IR
AR e 4 1 i AUBS: R R, 0 AR SRR e 4 T AR I B S R 28 11, R i A fig k]
Fre &k EHFR (SDGs) HSLBLR MRl AR IE AR EEL

2

BAERESAAZ (FAO) SEBRX “WEREe” VRl =keE X, m5lE19744F
B AT ANAEATAT B R REAS 2 0 T AR A7 AME R T B9 L & 7, 1983 4Ry “ATA]
NAEAT AT B R BB S A5 3] ]CRB LA M TR B 3EAR & 57 7, DL 1996 4RI X
“SEAA NEAT B ARREAEY) T LM EARAS TR . A SRy, kil
EHBRAMERAEFENEEFELEY S ©, ML R e SUURFHALS =
M, EZRPEAEFZMEERMREMS . EMRAR, A TRERAEIGES N, &
TEARICEY FAFEYI T . G st & sC ey A R et , SEUE R s 2Bk —% 7 2 1)
WEMAR G IHAREIAIER E — R E L2, X5 1983 4 SO S &K
JE A NAREE DI [, XL N BOR VI A . S T AmAs I %=
YA R G R TR EZ NN AIMNE, i R E Y TAR
fEREEARIE, DICE TN A 18 ANIE E G A BRI 2SO B R, L, R
BEEFAMUCER AR EMA L, BESXKERM, HRIEET . gfiE.
VIR GRSt S i e S R EZMC, % IE R BA B8R UL iyt A rh sk 47
VTS ME R, RIEGEEWA . K WEMS . Wk, SR A =



334 i B 2E 75%:

AYEFERER ] AR 2 P RIS A% Rl A b 2L

T ZEZEIRRERFEATE, MZEORE =25, TR aE 2
InE R A PR, AT, FER . 08 Mg AR AL [ b R B T I 3
FhIEA T 7, WS AOLAA O E TS AR AR X AR 1 2 2 O 2 I AN 22 5 2 I AR T, John 254
R 0 A T B 22 S 5 | AU S BRI 2R Ge Ak 5 B e VAN [ P b 22 427K
S, IR AR RLEAL T R W AR &AL 2R, Andrea 253 i 43 HT 2008 4F- 1
2009 4 £ 107G 5 BE B 5 T B B0E e BRI T A 2EAG G B T 9 1) 68 5 mT e 25 7™ E Ll W R e
BT DB PEAL AL RV AN TR ATEM Y, Rahib SE AR R, A2k
TN R AT KA M A%, 5T If-Then FLIUHA E &S50 5 M 204 KR K F-
B F, dEmiis A 2 RIED R G0 T £ AR 2 4 XU, Thomas 5% Hb 40
T 58— RS EIPI R BOR TS 5 F SRR A = Ml ARk, 4558 5%
B, FETIFE B 5 R, WOARILAR RN A& F2A LG 21

FEIN I, SO0l LA GDP MR E A o i debr, alad @7 25 (8] EPIC
IR VEYIERERIRUAN IFPSIM B R 3 IR T /KRG . Bk . /N FIR O 4 284/EH 2020 4F
BB R AED RS, BETPEN T 2020 4F A9 R E 2 40IRIE . B 41 55 45
B R UL . R N AR RERE I AT AMERE 1, IR e R
R I H WA B 25%0 ok BEHEA T DR B2 4 s XU 1], I b L2 ) o0 S AR i
KA EDAAENE . AmYE. AR R PERE NIRRT e RGN I FE s
a, AEF TIREREHRARG . XIERGEMHEL RS WL 2%, a4
TREMZ RPN ERELERGENEEE, fBn T P ERE L2028 BRHEY,

B R E LN B B9 B E TR —rm, s TR/ XEKE, o
SRR T R Z M TR IS 2R BT, K, AR SR
T S DR B A [l AL Y O, (HR I 1) B2 T LR A TR TSR AN E o
H 2000 4E LUK, BRI 20k Ji A T WREeAR AL | 32 MRSE R R S maqfs ik FE A 5T .

WELER—Z M, KR, Sl LRV FEARKFE . KgnTki: . FmEE
L. BRE . DREGR S SAR R EE SN RN A AR, N T I
7R BRI I AR B 2, T BEAE RGN b oy BT AR 28 A% SR B3 i TR 2%
PEIL, ARCSH FAO AU AHEAES IEM AR, RAZEETEM F2s (6] 508 5 A
FEBRWE LR RE, e BT A% R R R 2

3

ASCAH AR 2R B2 2T B R FR & s R R A 4E . |
T FAO M B L MMM ZEAE, AR T, BUARE A SE . RIS R K
FANE B, BUAtE SR T REBHE AR Z2MEmE R T, R HEE TS
PR ZF R BARRUR . PP BT SAR Y B TR IS LA T .
3.1 REREFNEFHIESE

FAOTE “MELE” M =UCE X, i “REdts. Wik, gswr M
HoAth 34k B2 AR R ASE PR A B B e S HEARY, T FAO TEAR B 48t L A
HIRARG . FiEsiBdiic s, FAOSTAT (http://www.fao.org/faostat/en/#thome) *f 4% &
PINHE . EFRIRGL . AL 1080 E TikZigeit, X et LA G R LI
W24, Fi, 4<3CLL FAOSTAT VE WM & 22 2P R F I B R I5, M4
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AT AEEE— Atk . e E T AESE, ERLUREItS . e, ewRH. &
T SBOARRENE N g8 bR, AR E RS 120 5N S IR R B L TN R bR
N

R B LM ART, WEMSEREZ 2N VIR, HIFAERS 0.
A A | RIS DL . Gfif . 2SR s RE I 22, fEE
AR AR UL A BB T AR LA R AT AR BB W 0 RE S AT SR AT AR R 22
o[RS A2 AR AR S F . W IR S . AR T I R, 2
FIURHAAE B EIRT . AR R, YR . & i . RS I
KR g . X ULIIFERS BN 7R R R T, B XS RAZLESRIEY, I
F. AL ARRI RS SRR, I, EWAREUR YA R SR 4
B 2R 78 o TG U5 BA R e T T i = i e 8l . A B sh RNBG 3 5 SE AN
XA . BYRICN BRI AW, R0 E KA LMK IR B E
BLHRZEK . HEt, M FAOSTAT At B B AR A R = FE bRk iU B % T E M inih &
WAL, AWIABREIE AT . ANESPE BRI, 2455 20002014 4 1724 [H
I E L TN R TEAEE . F5hRIAR R A BRI 5 2 an e 1 iR o

®1 RERZLTNERERENESE

Tab. 1 Index system and method for evaluation of food security

—gfEbr AR YRR TR W%
s BEdty X ABA kg N) + XERE AR B
R Xo: NI FUTRABT (/A - H) o XY LR TS AR R
Xo: NS (LR (g N - H) + X=s IR LR BN Y AR RED)
Xo: IEERE R RN 782 (%) + X=5 HIEE e ALY KT 2320 TR
UNEE S OSYNEE
BEYSRIC X B (keal/ A - H) - X=2320—EFA R B G H IS &
fEmIEA
Xo: NI E YL M + XA S 1 V- 4 5 ] oA A 7 L
(2011 4FEZET0E(H) AH
TYRH X558 LR E/NLE S H(%) - X=5% DU R IE/ANLERYS % LLF LEE Bk
Xo: 5P UUF 2B LE S1b%) - X=5 % LR 2R B 1 L#ERUS 5 LU
JLE R
Xo: ARAFT K BT (5 H(%) + Xo=FAHR K N B BT
ZTEEE X AR a8 5 - Xi= NPTRE 7= BEAO bR 22/ NS e i
etk REESLIE]
X AP E A AR St (keal/ A - H) - Xo= NI b b2
Xoo: BOAREE 5 T05 R + X L FUARAT I & A AL A H R AR
(WGI)”

e O bR mEE T FORTEPRIUE R, RS L A5 E0M R, - TR TR R BUE R, B 2R 50t ; @ 2320 F
RIS A IR B H R B BB R ARSI ; @) BUATRE 50 SRR Bt SR BRIE AR (WGD IR R 11 6 Ki54r
Z—, i % K& (Kaufmann) % 1999 4548, HFr e AT IR R (BIA 28 F Faabiti 32 SCAE s
32 RARREEMEZHIESE

M ASREIE S EZ R SR %4, A SCER M BB 252 M0 A1 2 2R b [R] £
FEWFGY TR L2 R 2K Tl K s R R AL 45 R AR . 2 i JE 520 i 4% H
HEFE AR | KRR BRI Y RIS AR KR B A AN [T
B) (A 5 G P FH 2 D S b X vp o8 5 e AR Ab B B V45 7 1T o AR SCHE BRI i PR 3R
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I, AR R T AP FE R A T2 20 0, WA TSR IUE B9 1905 s P A B 0K
Paicsr . ORISR Sl w5 A AN SE R O MR Pr , RIS 100 8hs,
2002—20144F 134 M EZIREZ &R R R B (R2).

R2 RREREHWEZNNES ESHIEFRIER

Tab. 2 Methods of measuring factors affecting food security and data sources

AT ES RS R PR €115 S G/ SIS
Z s N A (hm?/ ) Z= My b A SN http://www.fao.org/faostat/en/
Zy: NI AT AR K BRI Z,="n] AR B N AI AR K BE U RO R H ChartsBin:
(m’/\) http://chartsbin.com/view/1469; A I %545

K H : http://www.fao.org/faostat/en/

Zy: A [ K (mm) 73K B AR LR RS AR 5T O https://crudata.uea.ac.uk/cru/data/hrg/cru_ts_
3.23/crucy.1506241137.v3.23/countries/pre/

Z AP EARR(C) Z K ARG FIW K2 s 0y https://crudata.uea.ac.uk/cru/data/hrg/cru_ts
3.23/crucy.1506241137.v3.23/countries/tmp/

Zs: K L PR BE Ze=nT AR BRI /A T AR FHAE K B AR ] ChartsBin :

http://chartsbin.com/view/1469; A\l
ALK A . http://www.fao.org/faostat/en/

Ze: M AR A i £ (kg/hm?) Ze= AR AR it FH /48 0l FH b e FR http://www.fao.org/faostat/en/

Z;: CO it (kt) Zok [ IR AR A T (WRD ) “E 42 http://datasets.wri.org/dataset/cait-country
LA AR, B
WRI %A, %6 T 2 H AR A e
E R . FAO, [EPraRIE | A
A TN 2 [ PR (A 38 A B LA (14 Kl

Zo: N¥IENA = BMEH Z=H 201V AEANZE M A B0 Bl A 77 5, hittp://www. fao.org/faostat/en/
(2011 43I0 H) :=UN=!
Zo: FAFTEE KN T & (%) Z=af A3t K g s m http://www.fao.org/faostat/en/
Z: BUARTRE H IR AR ZoR AMEARAATIT Z R HEFIRIEESR  https:/datacatalog.worldbank.org/dataset/
(WGI) worldwide-governance-indicators

Ak, Al T EE D U FE RS I A 2 EM-DAT B9 K E 5 i 8ds . FEE At
B (Our World in Data) (https://ourworldindata.org/war-and-peace) F¢) 1 28 £ 4 L M 5
IS E RS8R (World GIS Data) (b %z .

4

4.1 BIEWREEIEN
Bl E B SN IR S AN E A, R i S 4845 © N FERE R 5 00 I AR
BN, X ZHEPRER S TR IR B Z T AR T B . A SRR LR
IR TR B % 2 28RS B 1T o
4.1.1 BIEIRELLIE SR ERE LRI B EAn (AL 3
(1) XIEM$ERA
X, = (X, - minX,) /(max X, - min X, (1)
(2) XA mAEhRA
Xl.j'.=(maxXt.j—Xl.j)/(maxXij—minXij), i=1,2,--,172;j=1,2, -+, 12 (2)
Kb X i NER GREFRHET) s a5 s X AR bR fEfb 28 f
X, '€[0, 1]; max (X;). min (X;) 537302 j SR bR 0 B M e/ IME
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412 BETHAEONEBRE & TASGHTREZ NI A #2708 E 52 iR e
LAIESEME R, DRI BT A A 5 AR AT IV R S A% 48 B R AR BRI B AN B AR JEE 0 A
e, SRIHIITT 22K E SRR, IR o

(1) FEThRMERBIRE, 118 20002014 FFEN R 725 (BIbREZS) .

Z(‘Xiil B an)z
0= iﬂ——;———3 i=1,2,,172;j=1,2, -+, 12 (3)
Ao OFTRIEIRI T 22 Xy R i E S R PR RAR LR Tl s X, AR E R
IE; n WSV EZRE

(2) BT, miliHE 20002014 FREHLS . W3R, BYRH. &% 5
BARRE M TR = bR B R 4L

a)mkj: 2 (4)

20

k=1

A mFBEREMFES, m=2000, 2001, ---, 2014; k2R ELLL . BWHR. EYF)
M\ &P SEUATRE TS ) = AEAREL, k4. 20 3.0 35 j RS SAERIRINT S,
J= 1,2, 0, 125 @R mAESS j IS ARAEXT N — AR HR T A .

(3) R2000—2014 4F-4 = ZAEARAE RECIME, PLIE 4 = RABhRTEm 501
P 48— AN

2014

w= w”,,q./ls, k=4,2,3,3;j=1,2,+,12 (5)

AP oA =JERPRAGE, HEASRME 3 FR.

®3 ZRIERINE
Tab. 3 Weight of the third tier indicators

TG ARAR s PR YA ST SEGATENE
S S1Z AN © I, (D, SR € X X X X X X Xo  Xuo Xe
R 021 028 033 0.8 051 049 039 031 030 027 031 042

TE: “ZHRPMRSE S SRR 1,

4.1.3 ZRIEFRTM  DIAREMCEERSE T =R ARG R, ST T AR PRI AR S
S 2000-2014 4F45 F B E MLy (v) . BRI (Y.) . BYHIH () MZ5S5EGE
FoErE (Vo) #EATPFAN

Y,=0.21X,+0.28X, +0.33X,+0.18X,; Y,=0.51X,+0.49X,;

Y,=0.39X, +0.31X, +0.30X,; ¥,=0.27X,,+0.31X, +0.42X,,

IRAFRHEL TS bREE , 23 51351 20002014 445 EAR B L4 | IR, E4F]

I &0 SEOATRETERTEMER, DIWERD Tk E B R A
4.14 BN EZEERER HRGE LSRR T AT RGEMRE SLHECEAE IR, w6
PR K AR R T RGPS R RN SRR ZEm S, LR BA
SRR 2 AR ER — AT, AE SRR R 2 A v B B AR ORI B A PR SR
ARG E AT SR M | ARECRURH B W5 222 T 5 BUARUE YRR PR B, AT L,
IR . BWIREC BRI, Z0F S BOA R PR B T X IR R 2 4 P 5 1 5
A, o R PR T AU AL RE A A M S WX R OG R o DAL, DLFSERRIR T R 3
HET T IR PRI FST= (Y} Yot Yox Yot Yox Yot Yix V) 2 A TR B 2 0P
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4.2 FEEHEEXSH

TEAR B TR A -, AR SGE H GIS oA T H X &2 48 B2 0] A A1
KoM, T 2000—2014 4E Y Moran's 73550, z 1593 F1 P AR FIMT 4 BRAR 242 40 k%
Jarpas s, Hirp Moran's TH9%0F# AR

Izlxi:ljzl ’ (6)

Sy R AR R AR S T IO R2E , Bz = FST - FST 5 2filit; w2l
FKiMjZ A5 A ; n HSVFREZEE, n =172,
S LA 2 A T B
5,=Y S0, (7)

AP wilid GISHY “Aplas [BIALEE AR SRIREL,
4.3 ZItiE&EE AT

T R B2 R R SR L SR BRI R, ke R ZotdE4
PERIE T SR AR B A% R R R, EEAEE TR,

(1) sEmEERE, PAFSIyFEA &R, REL e FEE N A2 EIE17E 25 bH 55
Mr, i BV FARIGMER< 0.05 ik AbRiE, > 0.10 JMHBRbRAEDES T REM R R ik, [a)At
HSTAE X IR Z et M R . e, SRR P AEROKE (Z) . 4
Sl (Z) | I eEiE R (Z) . ABEWNAZRBE (Z) . FREEE KA D G
(Z,) FELGREE STHRNRE (Zo) 6 NHEHA T BIFHRY,

(2) AR PEr e, F Bt B i M 2R AG THA A R R S, 1 Sk T
PSR ZR AT, 7E SPSS 20.0 1, PIFSI AN, 43ilxd b— ik i A 52 i P 25
M ZRAG T RV ZERE A I v ik v BT AT FERPEAR Y, T LUK E RN R B KON BRAK
Pt e At oy . Hak, S TR s e . K b AL PR (AR de il
LAl R A AR AN R LM FRRE L 2EAE Y, (=1, 2, -, 133; j=1,
2, o, my m o APEAS AR A AR AL, mE4. 5. 6); BIAFH R T, K
PUE Y, 8T T, XK, $eiArd THFSIZ M BLMRR, nit— it Zond i Bl
FE THYREL

(3) @ ZIeAEZRMERIA R . EEDR B L 2 FSUN AL &, FEsm T8
HASE, SR “HEA” R T 20k A, i 5 i Ar i TIN AR, i
B fedl . AR LA TR IA (HIIRA T ) ARy RS 3 £ ook
LRAME AT FRZH . X 22 0 [0 U 5 AR 2 AR LR M0 5 R4, AR DL & D0 B I 8 35k
K e LB e m R RZ b, Hob, X FZoodbgt:mIaa R, SR FSIXF 452 K
KI5
f,(Z+NZ, 2,7, Z)f,(Z,Z,Z,,Z)
i J IAZqi i J P q (7)
K. z. z. z,. ZRFHABIERERIP AR, APRIE 3. 4. 6. 8. 9F110,
BAZ= 1, AL SRR R R 2 i R e VR F R 5L

fZ,(Zi’ Z./” Zp’ Zq): Alzillllo

@ IR AR AR & SCh i 6 M RIER, EAREY 6 JE IR AR
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5

51 REREFENER
FETLATENY, LLFSL A SR W s (B R B EVE G — o Bbnife, F T AE TP 45 1)
SNG4 (0 < FSI < 047), A4 (048 < FSI < 0.68) . —fif (0.69 < FSI <
0.86) . #%4 (0.87 < FSI < 1.10) MI&4 (1.11 < FSI<2) 5HM905; M ER
% (Silhouette Coefficient) % FSI MY RISA R, 1580 A 0 MER I R E K F
0.60, FHG—DFTArERFES IR, WF5I FSI AR ZEA NN 4 s, #LRIAE ) [ 1F
Mras FAnE 1 s .
R4 20002014 FIRBREIEHHREF N
Tab. 4 Classification validity of Food Security Index in 2000-2014
AEfy 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Si 0.69 0.67 0.67 066 0.67 0.67 067 064 0.66 0.63 0.63 0.63 0.62 0.65 0.63

¢. 20104 d. 20144F

Eg Il RAEZe A%ZE [ EEZe IlEe [ o8dE p B0 K
[0~0.47] [0.48~0.68] [0.69~0.86] [0.87~1.10] [1.11~2]

T ST RN IR B R bR I 55 3T 200 #1515 GS(2016)2948 5 (b il £ , IR IR TE A2
EI1 2000—2014 4- 2 BRH 4 204 S AR 1L
Fig. I Changes of global food security pattern in 2000-2014

52 RBREEF[SN

3 3 ) F A OGS HT 15 3 2000—2014 4F A ERAR %2 248501 Moran's 1, zf#/35 P
H, WFESFR,

2000—20144F, Moran's I¥ KT 0, HPHYIHO0, RUIFTLEL KL A5
FE R Z BB AG R RS, eRReZezrBAsy LR ENE, HENR
‘R ERT MEBIRE R BACRE, SR L AnEIEIX E
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RS 20002014 FIRAREIEHH Moran's I, B2 5 PE
Tab.5 Moran's I, z score and P value of the food security index in 2000-2014
A0 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Moran's /  0.22 022 022 023 024 025 028 027 028 026 029 025 027 024 0.27
194y 14.00 13.84 13.71 1440 15.14 1539 17.12 16.51 17.69 16.44 18.27 15.44 16.68 15.04 17.04
PiH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

BN ATAEBRARBR ASMAI RN DX 88k . AEIED . KM AR B R, SRR 2%
X EEERLEMMB A IR . M APV . SRR THEE (K1), 18
99% Y B A5 K- E, BRI FHEIA P71 AR JE U 23 B BR824 Jmy I ISR o,
W AR R L R B ) 20 A L -E A A A AR RN 5 TR e AR B AR 20
AMEZF DL E A TERIG R IR IEN (K12) . 7F 90%5% 95% M B A5 /K b, i IX
LGSR RN A s ¥ s XU 46 o W 38 5 e 30 . AR W R4t . 5 ATRe IV
KA mpiE . e SRR, EARERX, SIS KR AR 24,

a. 20004F b. 20054F

c. 20104F d. 20144F

&4 ® K ROS%EFAKTF) O A © HRO5SNEIFEKT)
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Fig. 2 Hot VS cold spots of global food security pattern in 2000-2014
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F6 BEZTIEKMEEIFREA

Tab. 6 Multiple nonlinear regression equations by years
e ESTi |2 Ju iRy pEs
2002  FSI = 0.30+0.27Z,-0.41Z+0.12Z,~1.20Z5+1.52Z+1.85Z5'-2.83Z,+1.35Z,:+0.20Z,"+0.02Z,,
2003  FSI = 0.31-0.06Z,-1.16Zs+1.47Z+2.04Z,'-2.98 Z,"+1.31Z5+0.19Z,°+0.05Zo
2004  FSI = 0.28+0.03Z-0.09Z,+0.25Z~1.42Z5+1.47Z+2.1925’-3.32Z5'+1.56 Z5+0.11Z,,"+0.01 2, +0.12Z,,

2005  FSI=-0.06-0.04Z,~1.01Zs+1.26Z+3.3825'~5.54Z,+2.912,:+0.20Z,¢+0.27Z,0

2006  FSI = 0.34-0.13Z+0.18Z-0.05Z:-0.11Z;—1.18Z+1.53Zs+2.65Z5'~3.95Z5+1.72,+0.26 Z,¢'~=0.17Z,7+0.13Z,
2007  FSI = 0.39-0.09Z,-0.35Z:+0.49Z7-0.15Z~0.96 Zs+1.28Z+2.40Z,*~3.51Z,°+1.50Z,+0.22Z,¢"=0.01Z,,

2008  FSI = 0.54-0.14Z,—-1.22Z+1.61Z:+0.30Z,'-0.13Z,+0.21Z,5'—0.08Z,,°+0.11Z,,

2009  FSI = 0.39+0.12Z'-0.17Z+0.06Z:—0.11Z,~0.14Z+0.20Z5-0.08 Z— 1.14Zs+1.47 Z+2.132,'-3.26 Z,+1.46 Z,

2010  FSI = 0.38+0.02Z-0.12Z+0.82Z:-1.07Zi+0.26 Z—~1.18Z5+1.52Z+2. 47 Z5'~3.79Z5+1.69Z,+0.24Z,-0.14Z,*+0.10Z;,
2011  FSI = —-0.02-0.05Z,-3.32Zs+3.91Zs-0.61Z~1.13Z5+1.45Z+3.10Z,'~5.10Z+2.62Z+0.45Z,°—0.56 2, +0.47 Z,,
2012 FSI = 0.35-0.06Z,-0.06Z+0.07Zs—0.01Z:~1.03Zs+1.39Z+1.96 Z,'-3.01Z,+1.34Z:+0.3321'—0.27 2, +0.23Z,0
2013 FSI = 0.46-0.04Z,+0.32Z¢-0.77Zs+0.63Zs+1.69Z,'-2.21Z5+0.68 Z5+0.292,’~0.30Z,°+0.24 Z,,

2014  FSI = 0.49-0.04Z.+0.97Z-1.90Z+1.24Zs+1.33Z:'-1.70Z+0.49Z5+0.29Z:°~0.09Z

R7 ZREMEIFLEDIEFAFENOEEILR

Tab.7 Comparison of regression test between multiple linear and nonlinear regression equations

JIRHZSA KRG 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Zotdtknl R’ 078 079 078 079 083 083 082 083 083 08 086 0.69 0.72
PP b 11445 11801 110.6  117.77 12408 1213 14735 102,51 124.83 15329 15271 70.32 80.87
JeLtEmy R 083 083 082 08 08 084 085 08 08 085 087 072 0.77
Il F 160.09 157.89 1412 146.46 185.76 129.99 186.05 128.65 160.09 147.59 162.64 81.11 106.88

e PR RN Sig M0,

Q) 55 NIV T FE I A I TR BT PSR 20 (2 B R
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FSI = 0.009-0.10Z-0.64Z:+0.82Z+0.61Z:+0.36Z0, R’=0.86, F=153.29, Sig.=0
Rk, LL2011 AR [0 A BORHAmAR 03 18 i S 20V 25 DR R B9 S R BANER 8 B
#8 EERMOBMRL

Tab. 8 Influence coefficient of each factor

FEEAITK  BoARE S

A AEROKE ARTERIR It E A E AR AE T fh 1 Tk F

2002 - -0.0216 - 0.3192 0.3720 0.2262
2003 - -0.0570 - 0.3190 0.3780 0.243

2004 - -0.0682 - 0.2970 0.4366 0.2436
2005 - -0.0354 - 0.2538 0.7518 0.4713
2006 -0.0104 -0.1104 - 0.3472 0.3978 0.2200
2007 - -0.0924 -0.0087 0.3180 0.3885 0.2128
2008 - -0.1380 - 0.3840 0.1689 0.2324
2009 0.0048 -0.1056 -0.0066 0.3245 0.3276 0.2520
2010 - -0.1005 0.0120 0.3360 0.3630 0.1955
2011 - -0.1000 -0.6400 0.8200 0.6100 0.3600
2012 - -0.0560 -0.00029 0.3540 0.2886 0.2871
2013 - -0.0380 - 0.1850 0.1610 0.2379
2014 - -0.0378 - 0.3120 0.1224 0.2035

T =R P R BRI ZAE B I R

5.4 ZIMAIESH

MR, AEPSIR . AR P AE = B . SRR KB O S e BLA RS E
H5TRNRE RSN EZ RN EZERMHA R, i, A ERRE TRk
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/00,138, SFEE /L 0.074, XAR KRR BE b IR T 8 DU i S A a8, AR
B, 7E0.01 R EMKFE L, SERAEERS TR0 KRBT AR B A O R 5L
S04 0.75, 0.87F10.89 (K13)., MHLEE A, BUE LT, COMRL. Pfisfl .
AR AR v S A A YR SR AR B IR, X Z e 4 Al AR P ok
B L[] A FBIL e 4 BRR 20 4 e T 1 AS TR A DXl s s, T A A 4 B 6 22 A6
SRR K

TEEYIRBUZ T L, F 0K 3 38 5 N A 7= A RE RS s WA [R] [ % R
FSEBRIA AR 2K, i T 45 R R E R I mk, SHREREEIEM
KHKFR o MR, KM B A E WA = BAE AN 1 79670, WRE %
EFEECEEIRM 035, MELEREMRMER, HAXENA SESMK, T, BR
PIEYNRE ) 22 7 R 2R B L 278 1) R EESE MR R

YRR b, A0S G KA D &5 S a4 R m oem, HbrE b
ARG, MR ELEIREEEIN0.37, WIETmRE, KLEEMIRERE 7 en i EH



23] L REAR 45 2 2000—2014 4F 4 BRI B4 4 Jry B 25 Ji Ak B i R R 343

250 - a EERAEHIRS KRR TR 35 b BFRAEHRSRRREIKR
(=] ° 30 | o
200 | 3=157.78x2-5719.2x+51827
~ y= —_ _ °
2 g . Q 25| y70628r-2448x42116.4 ° e
g 150 | R g 20| R=0.5622 © £ .
X X 151
2 100 o i
K 10}
5t
0 oo&ao ) ) ) ) 0
18 182 184 18.6 188 19 192 194 18 182 184 18.6 188 19 192 194
EERAFEIH(C) EERAFIIIR(C)
160 . © AT RERHIET a00 . O BRREIRS ARKFEUSIGLFR
140 = 350 t
— 120 | y43.288x-1504.3x+13041 ° o ©, E 300 e
PSS 2 = | ¥=208.13x*-7468.3x+66985 o
< 100 R*=0.7673 ° eoo % 250 | e &
& = R*=0.8512
z 80 Hz 200 | °
% 60 & 150
K 40 ﬁ 100 |
20 o 50
0 — - - - 0
18 182 184 186 188 19 192 194 18 182 184 186 188 19 192 194
LIRAEHE(C) LFRAFHIR(CC)

K3 RERAEE S R E AR

Fig. 3 The relationship between global average annual temperature and extreme weather events

Rt RUAE SR A A an R KBk, R KBS 5 YR A G BB BRCEHE R, 52
br B HKORE TR, ERNERE L 2L, fERRZm F, DR HK
AR B DA S AR B L e F RN R —, Egit, HRTeskic 8.8412 A
TCIEPAF LUK, Ho IR NAEEAEAE ;7 2BRIR B AL 20 20 E 5,
AT E KT 5 Hefcm 4 86.6% (75w, Heffmy AR WB JL N A A 40%, 20
A E R 67.2%.

Boa, WTSE IR E L4, TFEREMAT SBORIREEE MR, TR,
BUARE 5T R SR E L AR IR R, BUATE 5 T0 R TR (bR vEfL U
BEREN L, MR E a8 RuE N 0.26, 21 20 Ik, ERE whantAEgL, EN R
AW, SRR R ANE N PZEAE 23R UL L, RZik321K; 2000—20164F, 4Bk
AE P BB 146 K, AR N 111K, Fem ik 205 UK o 2 1 925 317 DX 38 A A
BLRHORE KT, WRAMUBEIR IEF AR, SR FED AL el i
i, sl i, e ST A i sl e E eh R B A T E bR R
FIHEAT . SR TR, 20004F Dok, TEARERA L M SO EZ T, BRECS i frE
FL IS, HAE R MEGARRE 5T IR A E, nIUL, BUE sy MBUA R LT
AN E L A T TR

6

6.1 it
(1) EERELEWRNERMESR “S—mER . I—RERT, XFREE
MEEA G2 B g . P e E X R B A FE BR AR R LA A MR O DX 3 . JE3E . K



344 i B 2E 754

MR E R, AEX FEEPERSH AR EMN . PG X . DL AR
AT IS . RO AR T LA JE TN AE 99% 1 B 5 /K b2 A BRoM 22 k% o (R P 5 R
By 7E90%ER 95% M BAR K I, MG KRR L E NS K, &8 XN a5
WrH | gt BRE . 0 E A E A E R

(2) 2000—20144F, SBRIE 22 R AT E , (HAAN L 4 IR 2 441 1 N AR
T, ERMR A e 2RI AEZ A B H 2013 4F H B S RSO 22 2 40
T 10144 E 205, (EARGAEHIEAN 10714 F 20 4, TR R 22 4 il [ 5 e s
RGBT, SERREZEW AT, o XA I 28 H AR &2 4 n) it
JEH LR S g R AR A S s i 1 DX 3 A

(3) PSR . AR P A= BE . SRS AR AL B Boafa e S0 R
NARE RSN EZ NN EERWE R, A nE T2 m ., 2 m . A
FH)Z TR DR B2 TH A DGR R o Horp, AR 3R 2 RS T, SR EAT WU 2L
N B S AR A AR B XA B AR P AR R HA 3 AR E R R T K 5 )
REEYIRIRE ST . B AERRE DA e & K S AR A LIRSS e 1 . AR R
BN S HL S 23R HERE 1, SRR T E R AR & 2R RE K

(4) ME2e 4 R A28 RS, L EAFERNEERIEZ N E, e
b, WER W, gihamit. A9 EE . LEYReIR RIS E A5 7 55 R R AR
IR B e o FEAR SR AT SR B I 9 T L rp AT SR AE TR B LSTE B G X LA MR 2 7=
R -RR DRERE, NHRESEZIEREZENS N, bk, EMR
B FUER B LB, WA R, WEXETZE—MEE & amET
— AR A
6.2 BREWNER®

TEMHTYUR A O SEECR , SC 2030 4E19 “F DU BArEMAE : 2019—2030 44
BREAETFEI /D2 6791 TTHURA T . BTk, RIS BORE LIS,

(1) MEIET PR IR E LM . fEREMGZm, F R LA ER R R
SESRARAYSERR, 2y 2 AP SRS R SR A 4R, X TR Zhl e sh Rl F &k
SEER, FE RV BB VR T R R R EREE R I, A R AOR) 3R AL
R %0 AR T BB, DA AL B ARE T N A7 1 s A2 BRIz I,
R S YR AR LR E RARICEWIRE T, GE RS E LR, Hr 2Rk
FIXIREY) R G; R HZE, BN RTE R IR X K 22 4 PR FH 7K 45 Rl 15 i
il 22 DX SRR B R 4 e SEGRTR e R, FE AR R S i IR B &
FEIHLER, i 5 I R wh 2 B TR M 2K

(2) EiFIRM S s e i, BTS2 = FYURA O AETE AR H
X, Kb BIRIEE A TAEME S ITE . WA R B a8, & RRME0F
BN RAZIA, BB EEROR 4 4 T AR 5 XIS PO ST i A A & 8 T s 1)
FELIRZR . AR R R B IR R [RI J J vp [ 507 i 3 d A 1 B Al it 8 it el 14
PHE LRI T . ALK TR 2B BAR, AE PR/ N A - HUAUR Y i
el TS A Y/ B | A LR S e (SRS S e

(3) 2R A b E ek, TEH R, P ERE LSRN 2B
0.84, {XAbF—MKV, MREZmHIGE IR . KEHE A E, A
M, MOl A BCET LRI PR ab i R 5 2 mHkR . R AN RS K =,



23 L REAR 45 2 2000—2014 4F 4 BRI B4 4 Jry B 25 Ji Ak B i R R 345

IE A R BB BT . B A R A B L AR T B AR KRR F T B AR 5 5
SFLMAEROR R E NI E L4, XA RN 2R AL 2N — KTtk Feile, BEE
Sl A b2 PR B, BN EIR T AO AE R A = U5 A, RS2 R O O
B R R T T BAY 2 3as 8] 5 AL A DX SRRl 25 2 Ff gl s Al T2
A, TR AT R B AU B ) 2 MRS, Sl S A A B DR ) AR
ge, dEmisTEk TR LA,

5% L Hf (References)

[1] Liu Yue, Zhao Wenwu, Zhang Xiao. Promoting the delivering on the Environmental Dimension of the 2030 Agenda for
Sustainable Development: Summary of the Second Session of the United Nations Environment Assembly. Acta
Ecologica Sinica, 2016, 36(12): 3843-3846. [XI| H, BX3CaX, sk4R. Bk 2030 nf R & IR IAES H AR 52 55 Zm ik
A EBERSSWRER. A2, 2016, 36(12): 3843-3846.]

[ 2] Future Earth Interim Secretariat. Future Earth Initial Design. Paris: International Council for Science, 2013.

[3] Liu Yuanxin, Zhao Wenwu. Future Earth: Research programme on global sustainability. Acta Ecologica Sinica, 2013, 33
(23): 7610-7613. [X V5 2E, B SCal. AR bER: Sk FRE TR 25244, 2013, 33(23):7610-7613.]

[4] Future Earth Interim Secretariat. Future Earth 2025 Vision. Paris: International Council for Science, 2014.

[5] Liu Yuanxin, Zhao Wenwu, Wang Jun. Coordinated response to global change for sustainable development: Future
Earth 2025 Vision. Acta Ecologica Sinica, 2015, 35(7): 2414-2417. [P £, S, F 4. PrlE N x4 ekaeqk , fe gk nT
FRE I AR HIIR 2025 BT, A AR, 2015, 35(7): 2414-2417.]

[6] Food and Agriculture Organization of the United Nations, United Nations Children's Fund, World Food Programme, et
al. The State of Food Security and Nutrition in the World 2017: Enhancing Resilience and Promoting Peace and Food
Security. Rome: Food and Agriculture Organization of the United Nations, 2017. [BEA FEAR & K412, BEA 1 L#E

Begproy, EARETHRIE, 45 2017 F ISR B 2 AR FOROL: BRI aE )y JE AP SR 24 B E i
24121, 2017.]

[ 7] Luo Xiaoling, Zhang Yu, Yang Huaidong. Definition of food security in China and its evaluation. Journal of Shandong
Agricultural University, 2006, 30(3): 14-18. [ 3%, 5K 47, M AR, TR EDR 220 5 5 WAL, IR AR 0ML R 2%
i, 2006, 30(3): 14-18.]

[ 8] FAO. The State of Food Insecurity in the World 2001. Rome, Italy: Food and Agriculture Organization, 2002.

[9] Wu Wenbin, Tang Huajun, Yang Peng, et al. Model- based assessment of food security at a global scale. Acta
Geographica Sinica, 2010, 65(8): 907-918. [ 30K, FEAEMR, MG, 45 5628 MBI R BROM 22 2PN 324,
2010, 65(8): 907-918.]

[10] An Yiming, Zhao Wenwu. Global climate change and food security: Review of the 2012 Planet under Pressure
International Conference. Acta Ecologica Sinica, 2012, 32(15): 4940-4942. [% 25, 4 ik, & BR A AL b 5 i &%
4: 2012 4F Planet Under Pressure [E| 2 SURTE. Z4E25274], 2012, 32(15): 4940-4942.]

[11] Stephens E C, Jones A D, Parsons D. Agricultural systems research and global food security in the 21st century: An
overview and roadmap for future opportunities. Agricultural Systems, 2017(1): 1-6.

[12] Maxwell S, Smith M. Household food security: A conceptual review.//Maxwell S et al. Household Food Security:
Concepts, Indicators, Measurements: A Technical Review. UNICEF and IFAD, 1992: 1-6.

[13] Jiang Li, Xu Feibiao. Review on climate change and food security. International Information, 2011(5): 37-42. [¥45 71, 1
W SR SR R A BT LR FEBRTORME B, 2011(5): 37-42.]

[14] John B, Birgit M, Stacey R. A food demand framework for international food security assessment. Journal of Policy
Modeling, 2017, 39: 827-842.

[15] Zhu Xiaoxi, Fang Xiuqi, Gao Yong. Assessment of the food security in China based on system science. Chinese Journal
of Agricultural Resources and Regional Planning, 2012, 33(6): 11-17. [AWef, &R, M 5. BT RS R2E09 1 E R
BT, HEARL RS XK, 2012, 33(6): 11-17.]

[16] Andrea B, Mauro E D, Carlo C. National food security assessment through the analysis of food consumption data from
Household Consumption and Expenditure Surveys: The case of Brazil's Pesquisa de Or¢camento Familiares 2008/09.
Food Policy, 2017, 72: 20-26.



346 i B 2E 75%:

[17] Rahib H A, Kaan U, Umit I, et al. Assessment of food security risk level using type 2 fuzzy system. Procedia Computer
Science, 2016, 102: 547-554.

[18] Thomas W H, Uris L C B. Attaining food and environmental security in an era of globalization. Global Environmental
Change, 2016, 41: 195-205.

[19] Yin Peihong, Fang Xiuqi. Assessment on vulnerable regions of food security in China. Acta Geographica Sinica, 2008,
63(10): 1064-1072. [BEH54T, JriEHr. AR B 22 4 e 55 X A IR0 B 2 [B] 43 SRR AE. M B 2241, 2008, 63(10): 1064-
1072.]

[20] Li Zhongpei, Li Decheng, Zhang Taolin. Threat and strategies of soil degradation to food security. Bulletin of Soil and
Water Conservation, 2001, 21(4): 65-69.[2 &M, 2, SRBEAR. 1B AL X S BRML 22 42 04 Ul K BT IR 3T 5. 7K
FARFETR, 2001, 21(4): 65-69.]

[21] Yan Huimin, Liu Jiyuan, Cao Mingkui. Spatial pattern and topographic control of China's agricultural productivity
variability. Acta Geographica Sinica, 2007, 62(2): 171-180. [[= 2, X 20, H 045 v [E A B A 7= AR AR ik 23 ) 4%
Jry K HIEFEHIVE . M B4, 2007, 62(2): 171-180.]

[22] Kang Shaozhong. Towards water and food security in China. Chinese Journal of Eco-Agriculture, 2014, 22(8): 880-885.
[RRAE. R A S e an, PR AR A0 2741, 2014, 22(8): 880-885.]

[23] Jia Huicong, Wang Jing'ai, Pan Donghua, et al. Maize drought disaster risk assessment based on EPIC Model: A case
study of maize region in northern China. Acta Geographica Sinica, 2011, 66(5): 643-652. [T 2 BY, L#Z, AL, &
ST EPIC AR Y B B R SIS TP, U241, 2011, 66(5): 643-652.]

[24] IPCC Working Group III. Intergovernmental Panel on Climate Change Special Report on Emissions Scenarios. Geneva,
Switzerland: Intergovernmental Panel on Climate Change, 2007.

[25] Bach H, et al. Cooperation for water, energy, and food security in transboundary basins under changing climate. Express
Water Resources & Hydropower Information, 2016, 37(8): 1-7. [H.ELfk, &5, @EREASL T 5 85 sk  GEVR AN
WEZEMNEE AKFKHIUR, 2016, 37(8): 1-7.]

[26] Karabulut A A, Crenna E, Sala S, et al. A proposal for integration of the ecosystem-water-food-land-energy (EWFLE)
nexus concept into life cycle assessment: A synthesis matrix system for food security. Journal of Cleaner Production,
2018, 172: 3874-3889.

[27] McCarl B A, Fernandez M A, Jones J P H, et al. Climate change agriculture and food security: Consequences and
possible decisions. Current History, 2013, 112(750): 33-37.

Spatio-temporal evolution of global food security pattern
and its influencing factors in 2000-2014

MA Enpu'?, CAI Jianming', LIN Jing', GUO Hua’, HAN Yan"?, LIAO Liuwen"’
(1. Key Laboratory of Regional Sustainable Development Analysis and Simulation, Institute of Geographic
Sciences and Natural Resources Research, CAS, Beijing 100101, China; 2. School of Resources &
Environment, University of Chinese Academy of Sciences, Beijing 100049, China; 3. Tianjin Institute of Rural
Economy and Zoning Study, Tianjin Academy of Agricultural Sciences, Tianjin 300192, China)

Abstract: Food security is the basic foundation in accomplishing of the overall Sustainable
Development Goals (SDGs). As the objective in SDGs of "halving the proportion of hungry
people by 2015" has not been achieved as scheduled, it will become more challenging to realize
its final goal of zero hunger by 2030. So exploring the underlying causes of global food
security pattern from perspectives of spatio-temporal evolution is badly needed. In this paper, a
comprehensive evaluation method with multi-indices was applied to evaluate the food security
level of 172 countries in 2000-2014 based on an established global database with country-
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specific time series data. Then the spatial pattern and changing characteristics of global food
security by country was conducted through the spatial autocorrelation analysis. Upon this basis,
the underlying factors affecting the food security pattern were further identified and analyzed
with a multiple nonlinear regression method. The findings and results show that: (1) The global
food security pattern can be summarized as "high-high and low-low agglomerations" of socio-
economic status and food security level. The most food secure countries are mainly distributed
in the regions with more advanced economy such as North America, Oceania, parts of East
Asia, and Western Europe. On the contrary, the least food secure countries are mainly
distributed in sub-Saharan Africa, South Asia, West Asia, and parts of Southeast Asia. (2) At
99% confidence level, Western Europe and sub- Saharan Africa are respectively the hot and
cold spots in global food security landscape, while in non-aggregation areas such as Haiti and
North Korea, there exist long-term food insecurity problems. (3) The spatio-temporal pattern of
global food security is generally stable, but the internal changes in the extremely insecure
groups are significant. The countries with the most changeable levels of food security are also
the countries with the most food insecurity. (4) Annual mean temperature, per capita GDP, the
proportion of people who have access to clean water, and political stability are the key factors
affecting the global food security pattern. The study indicates that while the global food
security situation has improved since 2000, there was a reverse sign or omen in 2013. Affected
by climate change, residents' purchasing power, infrastructure condition, and political and
economic stability, global food security has in fact been volatile and some areas in the world
are still facing acute food security problems. In addressing this challenge, a food security
strategy based on the four dimensions, i.e. food supply, food access, food use and political
stability, and a worldwide rural revitalization approach, is highly recommended. Meanwhile, it
is necessary to progressively introduce some diversified modes of production such as urban
agriculture to build a more resilient food system in those fully urbanized regions.

Keywords: global food security evaluation, spatio- temporal evolution pattern, change
characteristics, multiple nonlinear regression, comprehensive index system



