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Abstract . Avian influenza is a serious and harmful infectious disease which probably impact public health, social economy,
and political stability. Recently, regional issues of ecological security caused by the risk of avian influenza have increasingly
attracted much concern in the scientific community, especially in the fields of public health security and biological safety.
Therefore, it's necessary to review regional ecological security assessment from the angle of the risk of avian influenza. In
this respect, available peer—reviewed papers of avian influenza and ecological security assessment from the Web of Science
during 1996—2017 were comprehensively analyzed to understand the related research progress using the Citespace software.

After clarifying the relationship between the risk of avian influenza and ecological security assessment, by combing the
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theoretical framework of ecological security assessment, we compared the related merits, drawbacks, data sources and
applicable scope of the approaches of avian influenza risk assessment and ecological security evaluation based on the risk of
avian influenza. The result of this review paper showed that the threat of the risk of avian influenza on biological safety and
public health security has greatly impacted regional ecological security. The avian influenza induced public health crisis and
biodiversity loss are important research contents of ecological security. It is thus necessary and urgent to assess ecological
security from the aspect of the risk of avian influenza and strength the investigation of model development and its
applications. In addition, current avian influenza—related studies have largely been conducted in the fields of virology and
epidemiology. However, integrated investigation and analysis between avian influenza and ecological security is generally
scanty, let alone assess regional ecological security based on the risk of avian influenza. This study will contribute to
providing scientific evidence to reveal the dynamic mechanisms of the occurrence and spread, prevention and monitoring,

and regional ecological security assessment based on the risk of avian influenza.

Key Words: avian influenza;ecological security assessment ;evaluation methods ;public health security ; biological safety

B ( Avian Influenza, Al) J& & UK 255 | B9 sh W& e, 0 HUBRL 28 (&8 28) , RIEEUR
TR ES BT 4 Ay = BOW I B I 8% ( Highly Pathogenic Avian Influenza, HPAL) A 200 M & i J8% ( Low
Pathogenic Avian Influenza, LPAI) F1JCEUR M & i /8 ( Naught Pathogenic Avian Influenza, NPAI) 3 Ffi, Hirf
HPAIL &M IEFREERF A AL EE (AL Virus Type A ) 51 (0 —Fp ™ 5 & 2% Yo, 9 [ B2 J=) (OIE -
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Wy ae 4 SN 5 R IS AR B2 0 HR E R [ AR AR R B (TUCN) St 7E A 0 sk 1Y 833 Fif
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Fig.1 Spatial distribution of the occurrences of HPAI and their related virus types since 2011 in China ( Data sources: Ministry of Agriculture

of the People’s Republic of China)
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Table 1 The top 10 journals for the publication of avian influenza related research articles

W R SCEH 2015 450 A Jor e [ R EEBIFLTT 1)

Journal titles Paper quantity Impact factor of 2015 Countries Research direction
(&) Avian Diseases 624 1.104 ESE KEBI GES
(FBE2EA4 ) Journal of Virology 570 4.606 EH R

(A FERLEE A8 Plos One 564 3.057 ESE e R
(FEH) Vaccine 359 3.413 e [ Ypesf

B B AE YL BN ) Emerging Infectious Diseases 290 6.994 ES Qe P AT
I REFSCHRY Archives of Virology 199 2.255 | JRE

CREEZEIATIY Virology Journal 195 2.362 Es| AT IR

(E BRI 197) Veterinary Microbiology 190 2.564 Top 2 T R

(I BE£) Virology 174 3.200 ESE| SRR

(S H A I 1 38 9% 7 ) Influenza and other 158 2178 Yo NS V- NS SR TN

Respiratory Viruses BRI

FET oK 08 TRIBAR DA ST 5 | SCREBHEAA 1T 10 A SCEE AT SR LA, 5 5R RIS S5
KE TR AR PORTE Y o I B 5 2 U e N R 3 U B A R O R e R A
H5N1 H7N9 HINI Fl H16 JEYLXF R ARG [5 R LTWERG Ve RIS RX S MBS B E A,
ZRE R EDREJEPEE SR VERFAE SRR B TSR R OGIEXT A (R 2) . SCHRIY & K1 R
1 2000 4FDAFT, NSRS 8 s 12 W5 4 H s 245 35 DR AG: I J2 25 9t JERH Sk 9 B R A A% O i 98 [ 5 T 7
2000 4F 5 , & WIEAH I AE HE— 25 s s 75 5L R F 92 00 TR ), AR5 08 7 B 25 25 o 1 I L AT
D | S5 20 BRI 0 1) F M AR B 1) 25 (B A T T 4R 75 31 T 2 1 DG 3 5 S BRI 5, PRI et i BH T
BRI B TR R B T, SIAN W S & LA S AR SE Y 11144 5518 SCHEAT SCk G i & B, & I Jk
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Table 2 The top 10 cited articles of avian influenza from 1996 to 2016 in the world

liEa EMy FIHREL W2 K st
Authors Year Citations Research level Titles
Gao R B2 2013 997 e Human Infection with a Novel Avian-Origin Influenza A

(H7N9) Virus!?

Subbarao K 4 1998 98 RO Ch'aracl.erizati.on of an ‘avian i‘nﬂuen?;]A (H5N1) virus isolated from a
child with a fatal respiratory illness"

Ferguson N N Strategies for containing an emerging influenza pandemic in
A 2005 912 IR L) ]

M % i Southeast Asial?*]

Fmichier R A 2005 908 s Characten'zat'ion of a novel influenza a [\;isr]us hemagglutinin subtype

M % (H16) obtained from black-headed gulls

Spackman F % 2002 854 e 2 A Pevelopmefll of a real-lim.e reverse transcriptase PCF{ .assay for ly[[zjf] A
influenza virus and the avian H5 and H7 hemagglutinin subtypes

Claas F C ] % 1998 842 R Human inf?uen{z;rA H5N1 virus related to a highly pathogenic avian
influenza virus

Olsen B %5 2006 841 PP EHIRMIB  Global patterns of influenza A virus in wild birds

LK S 2 2004 821 R T AT F}enesis of‘ a -highly patho-gc?];gi? and potentially pandemic HS5N1
influenza virus in eastern Asia

Perez P 2009 787 Pt b Pneumoni‘fl and 'Resg)ijralory Failure from Swine-Origin Influenza A
(HIN1) in Mexico"

Yuen K Y 4 1998 658 P Clinical features and rapid viral diagnosis of human disease associated

with avian influenza A H5N1 virus(3'!
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Table 3 Comparison of the evaluation methods of Avian Influenza published in the top 10 cited articles
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Table 4 Comparison of the approaches for assessing the risk of Avian Influenza

BRBEEREITENE T AR

5 5 3CHk

Method and Literatures

Posi

Merits

AR
Drawbacks

T HE
Applicable scope

eI T

Index factor

JER oMk
Analytic

Hierarchy Process'*!]

HE AR
Ecologic
Niche Model #2%]

DU o

Bayesian Analysis! -4

23 [ ZHE N RS A0 HT vk
Spatial Multi-criteria
Decision Analysis!*-3!]
P AE R G AR T
Geographic Information
Systems

Digital Model 4525

38 7108 BEE Boosted
Regression
Tree Model 1>+

SEVERIE ik 73 Hr 2
WAL, B R Sk A
N hEE S|

A LRI, S e
A R A sy B

G NS RS O
J A Ak A AN 0 S A 5 Al
S Hpt

TN ARt 2 UK g s Kl
LEN PO

&) N S ]
B PR S 0] R, 2R
PIRFRE ey

HEURUETR T | Bt i
UG, RSB — A ik
R R 3 7

$ebr ok 22 B0 S it
oK LT A L i 5 AL
AR B A

foy SR A IR
SEBREYE BR U

FEARCB B, AU T
WAL 251 25
S, S L
FF

R B = e
B 5 R T 2 2
R B R i
Heli

AN Ta) RBE B dis 48— 2
AR R EEASHOTE
B ER AN

XA~ 2 591 45 A Y
1 He A URR

% 4 Bl 2 15 36 B R
U,

PR AT AP Tl A
B W) ik 25 4% =)
oA

FRREIIR i R A
(il

X3 A2 e e i H AR Bk
Z DX RS T

T 2O, 2R
45 1 R 2
A

I By B o A 5 R
RS

FE 5N D % E
RS 9 2% | fi 1 A 9k B
2 i T I
il R Bk B BETE 55
fo%%

VORI Rk ol N &
AR B K R R
JE W E 5 e i | N S
45

SRS A
Sy KRR LR I B
i 5 S E 0 0 K
HOR JENE

55 A I TP
SURLHE 5 L KRR He
(T NN

PENT 5 B M5 5 IE PE B
L2 aS i 32 S NS RITS )
RE WK
P R A 4
HETHH RESAOE
JIE 2 3 3 i B K AR o
L K T T R AT X 3 B A
IR N 15

3 ETERBERENKHESRETFNTE

SO B LR A SRR IR B N R I 278 7 BAR I TE A R (9 23 I E i oA P AR, PR, 2
TR U A A AU A 2B 2 2 AP AN RE TR B R — R AN 05 15 ol — P RUAE SRR B R LN AE O PLEE 5
W25 25, TEAS A & TR AN J7 155 AR A 2 e B HE SR A SR | R SO0 T 8 ik A KU Y 2R
ALV I EIEAT TR 5 SCRRRE, AR R IR R R DC m AURS BRAE S50 E A SCRR BT 6 T O ik it 47
TEE SR (K 5) o MR XS T B A AR R B B, 3 7 A SE PR DA 5 T S v 0 G 3
L B IENY R, EBRGENN— DI RG, W LBk (R F IR IR AE R | I 2B (5 SR
HABENE, WICAF PN TT %, ol e IR R PEOr A5 R g R n] e s Mz —, 734k BT
U A KR A A A2 AP AR IR PRI S R e A R 2 R4 fE AR N B R AR R BBk,
PRI, A OB G4 1 LA i 2R R N BB RGeS A1l S ie ¢ A A L st F) P cdls |
s S s K8 DA PR & 15707 X R FEAE FE 2 i & A B OO L8 38 T I e I A
IR A IS G A, X SRR SO TR i s RURE B 88 DALk A i 5 i S R | SO R T
ANTF U b R e Lr B iR HOARORPR A . 4R, 3 Flcs 26 10 A B T BB 30 ) =l 5 vk =
B AETSEN IR 2R WK, SR Bis TR T Re 22 A R i 221 (EA AL

http ; //www.ecologica.cn



8 ZSO O ¢ 38 &
x5 ETERBENEMESREENHTELER
Table 5 Comparison of the approaches of ecological security assessment based on the risk of avian influenza
BAEIR Data sources 1 Applications
Jiik : e o el :
Methods WY el gk ik Merits Limitations R/ Z[F] il il
A i i U gl ik 0
WEBE SRR o e
AHP-PSR £ Vv Vv , A TBERER P36 j;ﬁfﬁ‘mﬂ Vv Vv , y
HES L e ) e
RSP S INA RS e
" SR ET 2 HERBOT A e B
- BiY| 9 ’
ENRDPSIREER VY IR ER B RS VooV ’ :
BRIE M
- ; AL 2 A B R A 2
AN = )
PRIRTESE -y 7 ) OREGEMKRAE  MAEE&EEY VOV Vg

Kok

HEAbH R

A AL Z R
(GIS. g8 it F g %
R ) | PR I

AHP-PSR: BT < FE 1 -IRZS-WA " B | Analytic Hierarchy Process and Pressure-State-Response ; ENM-DPSIR ; A= 25 (AR HL 55 « 3K 5h 3 - i 78R 25 -5 v -1
Jii” #5#  Ecologic Niche Model and Driving Force-Pressure-Slale-Impacl-Response;“\/"%/ﬁ%ﬁ%n@ﬁﬁ?ﬁ/@m;“?”?‘%ﬁiﬁﬁ?ﬁﬂ"]fﬁ‘ﬁﬁﬁ%/mm

R A K v v v v

WAl V v % v A A £

3.1 AHP-PSR Al

JZR M1k (Analytic Hierarchy Process, AHP) TE %4 FI M558 19 Z2 >0 3845 31 )32 ] PSR
( Pressure-State-Response ) £ 1 DL fiif B BB A H1™ %5 192 BAPE LR G F AR A H S 207 Ts bR, B0 o s B 7 30458
FE7 A SRR A AL S GBI S Z I N ZEBR R )2 R T AL T h, THE SR8 8 % ) &
A JE R -5 R S 11 32 8 O ZR A AT, AT DA R AR 7R AT Bl 5 B Z IR A 2 DG R T BRI, PSR AR AR
T B o A FEBR 0 HERR P RN AT L PEDR SR SR EORZE G 3, Sy X S AE A R e, 2 IR A3 BT ] LA
KB FE BRI HE B M R R GE 2 i) 9 B, RS PSR AR R R A AR A A

FET B LA L XU (1) 2R AR A VAN, T AR S48 R A R0 SRR ISR AR AR dE v DL HARIREE 44y
2T AR A 25 SR K 3 SR AR I, A AHP-PSR A IAG H 8 sk & A8 KU (1424 2528 A PR vk
F AR R RES AL 4 T | TR 52 e 5 B0 1 e XU DX A 25 4 K- I O v, JF 4 52 B vt
TR T TR A AU o s R AR Y DI AR S RBP4, VPN AR TE R A S 2 PP h B A
I FH A0 2010 45 BRI 55 AR e -RES - 7 B SA BE S HESR | 455 2 R G3 Hr i X e v 48 bk A 52 42
AT E RSN, HAN, FANFFEE AR ArcGIS H iy ArcObjects Fll Visual Basic for Applications # PSR
ALV AHP G IF1ER ArcGIS 9 HYZhASHEREE . XA Ik nl MREF#S GIS -6 LIS B H A3 (8] 0 A DI BE 5 45
SEATHRAR DI R K A 3 T 7E 48 o) LSS AN K Sl A e 17
3.2 ENM-DPSIR ##Y

ENM( Ecologic Niche Model ) /5 i MA T H 1 £ 2R HE L 78 1 18 £ 30 AR R e e 55 4R
BFRAE AR b AR A | - M A A S i A S5, T S0 A2 G A% -4 A R 20 ) 1 32 55 A R XU
DR ARE A KR I & ARG AR S AR MV AU T o O R T AR A AR s R 4 gy
B IIRA JRIENEI TR Z T A L5 T S A 25 2 iR JF R SRR 1O, I 0 A ok v
TEJARS . DPSIR( Driving Force-Pressure-State-Impact-Response ) #2750 [ B {5 HE 42 & 7F PSR AR AU i Fefili [ 38
3 R ) BB Sl ) AR G I AR BRIR S X N RE AN R 22 A s e O SR T RER A R A e 4
FHRRZEFEEMERR M TEWERINS , i T HE A 5L /%2 Z M R LG 0, DPSIR HE LAY 5
ENM 255 F) TR i 56 T8 it S A XU 179 DXl AR 25 2 2 PPN PR b 1R % | S04 b 8 /s 8 It B A S5 A6 4R 1Y
FLHLI

http ; //www.ecologica.cn



14 1 X A T B R KU ) AR 25 22 IR T S o 9

FIAN T AR M2 e R RS T A S R G A AL T MR P e
T 1) 33 A B SR 700 R ORI AL L7770 S S AR 1T 5 DPSIP MR B34 B Abh . AR AS [ ok
DR AR E5 A e 57 A A8 2 A VP B e it TR Y ANANOR] DAAR I Je i I i B A B AL A BT
RIKCHEMER R BT LASSE DPSIR BSHEZL YRS AL, S4B /n 0% 5 8 220 L AR 3l Z ) AH HLAK
FESMERI LI FR N XA 2 S AN [F] RUBE (9 2 A PR PP R0 XU DA . AR, 1 D7 2 (R 4 R 7 T HE
B B AR TR UG TS RO IK SN g S0 e AR B R EEREAR R, ARIE T — P IRER UL T
AR T8 AR LR U 14 25 2 A DA v B o7 e 5 Rl
33 ERUr T SR E L

F 15353 #7 (Principal Component Analysis) 558355311k ( Cluster Analysis ) 75 1% G4 P50 KU PEAT 2B
TRV MES MR C 2 IF R R o T A T e o e 2725 ik 2R G Mt (25 5 A TRTALG ) sF
BN E A TR PR AL 3O TR e . SRS 0B A MR 40 25 i [R] (9 AH DGR FE R R AT 20 Y R &, X [] — 26
HBHEHATEE T AT IS, AT LA E 7S e A ) A A R i A | K T b 7 R TEAL G P KU A5 1 2B )22 T
i 5522 A4 A FRAT 5 b ] DABC B i 1, o mT ARR I 22 5 0 22 S AT — s el o B0 LA 20 2R 200 i
( Categorical Principal Component Analysis) #1255 2553 HT1 ( Two-Step Cluster Analysis) . R0, & Ui /8O 1H 1Y
ATE R R, NSRRI GE8 IR AE A L TLAE 22 A RN 28 3% % J 0 T e 52 30 00 s, o™ Jb i R S v Rl R K &
XYL AR, 7E HSNT B4 208 5 A T 2L 5K (A3 S ENREJE PO B R R 28 h 5% ) LY
G0 3] 5 50 P 8 D e T 45 G 7 8 R SR A R T TE SRS AR T A R RN (e
NSV B BRI ) VS BRI X Sl L 2 ME LA 4k

YRR RN TN EENEZ —, WE TSR A XU AL SR &, Bt A0 43 Xl N 2 i
PRI B A2 A AR . SR AL 1 5 A W foxh A )2 i i s e (BAR D K B FRAE
KT LE W42 4RI B SCHRBTSE ) . 2010 4 Sarah Van Steenwinkel 28 AR LA 37 MLk Z & 4% 19 4
ST TE W) (528) W | 286 4452 Vi 1 A [ S8 , 6 — A A2 & Ao R, R AR 0 4
PrL AN AL BRI AT X B FRFE N TE W) (528) Y B & T B e Ul 1 B AR W) 2 AT 1T, R A
PRAIEA Y A TS5 8L, ) -, Ry 8 Gt R A IKURS: T AR S e PP O vk RN N RPN (R R AR AL T ARG Y
S0 Gihh  E PSR BRAE S R FH R 2012 ARAE VT 0 B 471 AR P ) 0 A ik H A R L L
IS AR CEHE | 70 1 A TR A R v R A G P o 45 18 T 5 T AR ) 2 R E , TR AT X SR 5 AR )
AN 4R T AHSC I BOR AR SIS Sl AR IR T B R A KU 1 2R A R VPN T AR T R
PR ARG Y LB
3.4 By ERsueni

fifiZ& GIS( Geographic Information System ) Fll RS( Remote Sensing) 15 B #2HUAT AR W) & , 5T N H AR
MG T T BT AR 37051 R PG Bt 4540 , 25 5 64745 A1 B N 43 A7, 38 4 52 S ff o, L
AP A TR A L S TR AR DCATF SR B AR BRI LB Bk s R X B X
Il A2 A BRI, PR | TIN5 T X el 2 28 4 AU VR T %) GIS 7 88 T KBS PEAG A 55 E
ATZ I, 2008 475 SRR NS T 2004—2006 4RI BHI2 1) 182 K & BF 518 HSNT A 21 i g%
H5N1 (o RN P | H0HiE P A0 45 8 155 A S ) 1 B9 15 T K8 6 PR 70 i (/KA Tt SZim 2 it | 32
BN BRI ) B, X SR N A B ERAE B R SE, A Logistic Z2 G 1ENH 20 M7, #0179 0W
S AR SCIA BT R 2, 3 i b 8 R Ge Ak i T KU B B A A A R N 8 R AR S 1 T
AL T AR I BISAE R B GIS AT LAGE & Z R0 AN J7 ik, 3F A TAEIF A AR AT e, 25, Faith'™
FHET WebGIS $EAR , I ER ER W) B A4 | K 57 52 DAk 095 o 4% 46 1) W00 £ B8 2o B 1 8040 4R IOy o 2 ke
WebGIS i A 32 #5965 1 H 544 B 5008 47 6%, I8 500l AL AL  sh 8 522 B R 7 sUR B | 30 2 145 78 11y
e,

http ; //www.ecologica.cn



10 A E = 38 G

4 Z5iie

41 Z5ip

TEA I T8 I8 e A AU 1) X Sl A 28 22 PP i o v U8 S B 5 N 25 B AR 158 BR T e PR iR I Bt , I
HRABRGT P E Z B RLE R WF IR B G . 2000 4F 5 24 5 78 18 I 6 55 B0 1 & it BB T 1R SC 0% B
FEGIRI AR A= ) 2 AR ) 5 DA 2004 AFFF 4R KB 43055 B 45 567 T 5 50 B0W M & LB 5 19 A= 9 2
AAE RS R RS CIRAET A AR T B B 8 1) 1 A 2 A D) (B A R SE TR A R B X e R X TR P (R
Be ) 8 B Fm X AR e A T AT R RO L SO 8 O 4 Bk A 3 T A 2 A H B K E
SRR IR B RIS T LR I 27 AT 2 R RO T, 2 T B AT BRI R 1Y A A A )
A A BTN FEE SRR B L e LA ARt sk RSN E ",
DL I ER AR Gt e 5 R M A S DA Z 2 A YR 5 AR 20, BARA TR T &
XS AL T A4 RN A 0 U (AR AR S 2 A2 AT SR B Z AR 1S

AR FEA OB TR A A 5T SCHR b 55 Tu < RUBS: ™ < PPAL | AN A5 A DG Y DG B I 7E b S RGN 3
SRR 5F S AR 2R TR T A R OR A PR Bk A G, L R R KU TR 2R e S L N
BT S AN AL AT B 258 UM BIE B BEAR 2R 1) S22 R B v BB b, 1 A o S o ) AT, A )
BEARMBFIEARRIT R, — RINVEM I AR BN 2N ] o TR 2 G Qe vk R Se b RIE 3T, JCH 2 & i %
KRR BNERfGF RS B AL DA Z 2 MAY) L2 MR, Wik, FEARD & RS ERZ S
PEMT T ST BRI R 7 1 | i — DR & R A S AR RR ) ) 1 2 E L A AL A B AR AL 5P e &
TR | R B A A A fE HILHEA T DA 00, 330 X6 A4 DX 3l P A6 28 R G i S 2 M A AR S d Rl A 0 2al . anidl
TR D AKAEFIAE X EKE | EERE RS 5 & Tk A e KU X 3 2 AN 2T gk 5 1% BR i
DRI, s o) AR 28 22 A W A A T RGP AN R B HEAR 55 D RE e T A AR R AR

IKEHON R G TR R R IRE T2, — LT 2K & AT h 7R IR 1 (/KR FH 3900 Tl A K B 45 )
JEI RSB AN FE W, T R0k S 52 5 A o 3T A 5 TR s | AT 60 88 o S5 i (AR R TR ) SE R D)7 5 5K
Yk 7R A5 e PRIR S5 WITE A 7 8 N T S & R A L B OQIK , B YRR K 1 b DA A M ki 1R b A
MRAEERS , RN AR AL AR 558 5518 34 ¢, R 5 e T 8 1 1% shi i i 4
AT, EFRE, FRJE R 7 KRS AR R A 528 8 A AR SL[R]1E Sl , DR mT Res hn 5 4 Fh
TR B AR 1 P BB U B RIS TR 2 HSNT AR iy h g4t ) B IR T3 — AN Al X
CANEBPHMALK.) | LA S DA 22 4 R A: W) Wy 2 4 g AR, X6 DX P 8 A A 26 XU T J A A8 &2 2 PF M, 1K
FITANFE R T AR Z 2R N A,
42 e

PR T2 T8 U A AU 1) DX AR A2 P D YA AT B RTAL TR R i B, G e IR 2R R 22 1
T B XSS A8 B A B — 20 T A 5 8 5 BT I v R B0 M T R BE R AR TR TS AL R R A TR 2 D A
SEJTTA T, EE AT 1A N B & 2R 2 (Rl AL R 3K B, DL B 5 SR KRR K8 Z 18]
TR AL IRHLA A7) i SR 45 8 BRI A0 6 A= e 4 A W i 22 4 e L iy
KeBRER, AERBL R E R T A AR L ST B B HE S, H AT E P AR BSR4
Pra RS A RH LI (OECD ) $2 1™ I I IRAS - 7 B8 (PSR, 1994 ) Bk G [ n 74k & 2= 51 23 (UNCSD )
TE ML FERE 42« BR 3l IR 2 -1 7 A5 ( Driving force-State-Response, DSR, 1996) A M Rk 1555 %5 7F PSR
FLAl 3N 3K 17 ( Driving force) F1“ 5207 (Impact ) PiZSFg b5, & 2 B h “ BR 3l 7 - 7 -HR 25 -5 M- ™
1A (DPSIR) 45, Horh DL PSR AR I )17 ik SEAR U HE B0 R 8 itk i) A= A8 8 VPN S 2L T B LAt
TS A & TS P B9 AR D i AR G & B oA DL ST 43 B 104 348 5[] DA A A0 00 A 25 A A
RUSIZE SR @ G T A X Sk A A2 T R AT BE

http ; //www.ecologica.cn



14 1] X5 A BT WK AR KU Y A A5 22 T IF 5 ok Ji 11

BB R e R B XA O S DA e e A 2 A Tl B, BSOS P e AR ST 2 2RI ER T, B
EAEBG NN EE ST TR XT3 T8 R A XU 1 XA 25 e PP K ok F2 2207 7] 50508
Pz — IS — S, AR, T BN SRR AR WAl G S B e A AR R AT 4 kR
BT T ZERETARER H W7 Sl R AT 2R IR AMROL AR 8E, [R]A 3 7 B8 i ak & A AU
VAR D7 5 AE R R TN LT — RN ik e G, St dE sy mal éﬂiéﬁ%?%ﬁi,uﬁiﬂhmcﬁ
TV T, SR, SR (A T B v IR EHE AR i B 45 0 1 i KR, 3T 00 R mT o6
25 (A T 2 I AR DR 52

£ 3R ( References)

[1] EEE FFSU LPAIV HPAIV X5 FIEFRE 1 RRARFPE T B2 ALV AR 7 ST [ D], /KSR . ARAEpRll R, 2014,

[ 2] Dudley J P. Public health and epidemiological considerations for avian influenza risk mapping and risk assessment. Ecology and Society, 2008, 13
(2):21.

] P AR E A, % & A6, [2017-02-28]. hitp://www.moa.gov.cn/zwllm/yjgl/ yqfb/ .
] ZETHE. HING & EGE M & 2k 200 2. JLETRTHIM. 2014-01-30 [ 2017-12-08] .http : //www.bbinews.com.cn/2014/0130/9353 . shtml.

[ 5] Efh, 6, R, BWEREIIME. JER A 50 HAEY S, 2014, 33(1) : 194-199.

1k, EHW, EIF, Tk, R, TR, TR RIDS REITIHER KR, AP m, 2014, 41(3) : 497-503.
] WulY, Lun ZR, James A A, Chen X G. Review: Dengue fever in mainland China. The American Journal of Tropical Medicine and Hygiene,

2010, 83(3): 664-671.

[ 8] Tatem A J, Hay S I, Rogers D J. Global traffic and disease vector dispersal. Proceedings of the National Academy of Sciences of the United States of
America, 2006, 103(16) : 6242-6247.

[ 9] Bui C, Bethmont A, Chughtai A A, Gardner L, Sarkar S, Hassan S, Seale H, Maclntyre C R. A systematic review of the comparative
epidemiology of avian and human influenza A HSN1 and H7N9-lessons and unanswered questions. Transhboundary and Emerging Diseases, 2016, 63
(6) : 602-620.

[10]  HEF DA AEZpR BG4 ERE G R HEL. [2017-03-31]. http://www.nhfpc.gov.cn/jkj/s3578/new_list.shtml.

[11] XF, B3Ok, BE%E, TRIENE. BPAE SRR MpO st it . AR 2524140, 2011, 31(22) : 6959-6966.

[12] Calistri P, Iannetti S, Danzetta M L, Narcisi V, Cito F, Di Sabatino D, Bruno R, Sauro F, Atzeni M, Carvelli A, Giovannini A. The components
of "One World-One Health” approach. Transboundary and Emerging Diseases, 2013, 60(S2) : 4-13.

[13] Anonymous. 1™ International one health congress abstracts. Melbourne,, Australia. February 14-16, 2011. EcoHealth, 2011, 7 Suppl 1. S1-S170.

[14] Pennisi E. Armed and dangerous. Science, 2010, 327(5967) : 804-805.

[15] Smith K F, Sax D F, Lafferty K D. Evidence for the role of infectious disease in species extinction and endangerment. Conservation Biology, 2006,
20(5) : 1349-1357.

[16] Cattoli G, Fusaro A, Monne I, Coven F, Joannis T, El-Hamid H S A, Hussein A A, Cornelius C, Amarin N M, Mancin M, Holmes E C, Capua
I. Evidence for differing evolutionary dynamics of A/H5N1 viruses among countries applying or not applying avian influenza vaccination in poultry.
Vaccine, 2011, 29(50) : 9368-9375.

[17]  &BIOHT, Wil AR R BE . KA A TR, 2003, 19(1) : 56-59.

[18] Chen C M. CiteSpace II: detecting and visualizing emerging trends and transient patterns in scientific literature. Journal of the American Society for

Information Science and Technology, 2006, 57(3) . 359-377.

[19] KR4, XIE. CiteSpace Il 7E5T & 15 e BF 5 45Uk 14137 AT 2%, 2012, 33(6) : 630-633.

[20]  ZEWeAs, S/, REK. ENATLEVITAIREE—3ET Citespace TR/, 43244, 2014, 34(13) : 3693-3703.

[21] WIS, B4, AHF, GX, ThE ERTEUIEMN BT S5 EHaHr. EA%HR, 2015, 35(21) : 6934-6946.

[22] GaoR B, Cao B, Hu Y W, FengZ J, Wang D Y, Hu W I, Chen J, Jie ZJ, Qiu HB, Xu K, Xu X W, Lu HZ, Zhu W F, Gao Z C, Xiang N

J,Shen Y Z, He Z B, GuY, Zhang Z Y, Yang Y, Zhao X, Zhou L, Li X D, Zou S M, Zhang Y, Li X Y, Yang L, Guo J F, Dong J, Li Q,
Dong L B, Zhu Y, Bai T, Wang S W, Hao P, Yang W Z, Zhang Y P, Han J, Yu HJ, Li D X, Gao G F, Wu G Z, Wang Y, Yuan Z H, Shu Y
L. Human infection with a novel avian-origin influenza A (H7N9) virus. The New England Journal of Medicine, 2013, 368(20) . 1888-1897.
[23] Subbarao K, Klimov A, Katz J, Regnery H, Lim W, Hall H, Perdue M, Swayne D, Bender C, Huang J, Hemphill M, Rowe T, Shaw M, Xu X
Y, Fukuda K, Cox N. Characterization of an avian influenza A (H5N1) virus isolated from a child with a fatal respiratory illness. Science, 1998,

279(5349) : 393-396.

http ; //www.ecologica.cn



12 GO O 38 &
[24] Ferguson N M, Cummings D A T, Cauchemez S, Fraser C, Riley S, Meeyai A, lamsirithaworn S, Burke D S. Strategies for containing an emerging

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

influenza pandemic in Southeast Asia. Nature, 2005, 437(7056) : 209-214.

Fouchier R A M, Munster V, Wallensten A, Bestebroer T M, Herfst S, Smith D, Rimmelzwaan G F, Olsen B, Osterhaus A D M E.
Characterization of a novel influenza a virus hemagglutinin subtype (H16) obtained from black-headed gulls. Journal of Virology, 2005, 79(5) .
2814-2822.

Spackman E, Senne D A, Myers T J, Bulaga L L, Garber L. P, Perdue M L, Lohman K, Daum L T, Suarez D L. Development of a real-time
reverse transcriptase PCR assay for type A influenza virus and the avian H5 and H7 hemagglutinin subtypes. Journal of Clinical Microbiology, 2002,
40(9) : 3256-3260.

Claas E C J, Osterhaus A D E M, Van Beek R, De Jong J C, Rimmelzwaan G F, Senne D A, Krauss S, Shortridge K F, Webster R G. Human
influenza A H5N1 virus related to a highly pathogenic avian influenza virus. The Lancet, 1998, 351(9101) . 472-477.

Olsen B, Munster V J, Wallensten A, Waldenstréom J, Osterhaus A D M E, Fouchier R A M. Global patterns of influenza A virus in wild birds.
Science, 2006, 312(5772) . 384-388.

Li KS, Guan Y, Wang J, Smith G J D, Xu K M, Duan L., Rahardjo A P, Puthavathana P, Buranathai C, Nguyen T D, Estoepangestie A T S,
Chaisingh A, Auewarakul P, Long HT, Hanh N T H, Webby R J, Poon L L M, Chen H, Shortridge K F, Yuen K'Y, Webster R G, Peiris | S
M. Genesis of a highly pathogenic and potentially pandemic H5N1 influenza virus in eastern Asia. Nature, 2004, 430(6996) : 209-213.
Perez-Padilla R, de la Rosa-Zamboni D, de Leon S P, Hernandez M, Quifiones-Falconi F, Bautista E, Ramirez-Venegas A, Rojas-Serrano J,
Ormsby C E, Corrales A, Higuera A, Mondragon E, Cordova-Villalobos J] A. Pneumonia and respiratory failure from swine-origin influenza A
(HIN1) in Mexico. The New England Journal of Medicine, 2009, 361(7) ; 680-689.

Yuen K'Y, Chan P K S, Peiris M, Tsang D N C, Que T L, Shortridge K F, Cheung P T, To W K, Ho E T F, Sung R, Cheng A F B. Clinical
features and rapid viral diagnosis of human disease associated with avian influenza A H5N1 virus. The Lancet, 1998, 351(9101) ; 467-471.
Herfst S, Schrauwen E J A, Linster M, Chutinimitkul S, De Wit E, Munster V J, Sorrell E M, Bestebroer T M, Burke D F, Smith D J,
Rimmelzwaan G F, Osterhaus A D M, Fouchier R A M. Airborne transmission of influenza A/H5N1 virus between ferrets. Science, 2012, 336
(6088) : 1534-15541.

Rowe T, Abernathy R A, Hu-Primmer J, Thompson W W, Lu X H, Lim W, Fukuda K, Cox N J, Katz J M. Detection of antibody to avian
influenza A (H5N1) virus in human serum by using a combination of serologic assays. Journal of Clinical Microbiology, 1999, 37(4) . 937-943.
Ungchusak K, Auewarakul P, Dowell S F, Kitphati R, Auwanit W, Puthavathana P, Uiprasertkul M, Boonnak K, Pittayawonganon C, Cox N J,
Zaki S R, Thawatsupha P, Chittaganpitch M, Khontong R, Simmerman J M, Chunsutthiwat S. Probable person-to-person transmission of avian
influenza A (H5N1). The New England Journal of Medicine, 2005, 352(4) : 333-340.

Koopmans M, Wilbrink B, Conyn M, Natrop G, van der Nat H, Vennema H, Meijer A, Van Steenbergen J, Fouchier R, Osterhaus A, Bosman
A. Transmission of H7N7 avian influenza A virus to human beings during a large outbreak in commercial poultry farms in the Netherlands. The
Lancet, 2004, 363(9409) : 587-593.

Gao HN, Lu HZ, Cao B, Du B, Shang H, Gan ] H, Lu S H, Yang Y D, Fang Q, Shen Y Z, Xi X M, Gu Q, Zhou X M, Qu HP, Yan Z, Li
F M, Zhao W, Gao Z C, Wang G F, Ruan L X, Wang W H, Ye J, Cao HF, Li X W, Zhang W H, Fang X C, He J, Liang W F', Xie J, Zeng
M, Wu X Z, LiJ, Xia Q, JinZ C, Chen Q, Tang C, Zhang Z Y, Hou B M, Feng Z X, Sheng J F, Zhong N S, Li L J. Clinical findings in 111
cases of influenza A (H7N9) virus infection. The New England Journal of Medicine, 2013, 368(24) . 2277-2285.

Gilbert M, Chaitaweesub P, Parakamawongsa T, Premashthira S, Tiensin T, Kalpravidh W, Wagner H, Slingenbergh J. Free-grazing ducks and
highly pathogenic avian influenza, Thailand. Emerging Infectious Diseases, 2006, 12(2) . 227-234.

Lam T T, Wang J, Shen Y Y, Zhou B P, Duan L, Cheung C L, Ma C, Lycett S J, Leung C Y H, Chen X C, Li L F, Hong W S, Chai Y J,
Zhou L L, Liang HY, Ou Z H, Liu Y M, Farooqui A, Kelvin D J, Poon L. L M, Smith D K, Pybus O G, Leung G M, Shu Y L, Webster R G,
Webby R J, Peiris ] S M, Rambaut A, Zhu H C, Guan Y. The genesis and source of the H7N9 influenza viruses causing human infections in
China. Nature, 2013, 502(7470) ; 241-244.

Hien T T, Liem NT, Dung NT, San L T, Mai P P, van Vinh Chau N, Suu P T, Dong V C, Mai L T Q, Thi N T, Khoa D B, Phat L. P, Truong
N T, Long HT, Tung CV, Giang L T, Tho N D, Nga L H, Tien N T K, San L. H, van Tuan L, Dolecek C, Thanh T T, de Jong M, Schultsz C,
Cheng P, Lim W, Horby P, Farrar J. Avian influenza A (H5N1) in 10 patients in Vietnam. The New England Journal of Medicine, 2004, 350
(12): 1179-1188.

Kraemer M U G, Hay S I, Pigott D M, Smith D L., Wint G R W, Golding N. Progress and challenges in infectious disease cartography. Trends in
Parasitology, 2016, 32(1) . 19-29.

Tu CY, Fang Y R, Huang Z H, Tan R M. Application of the analytic hierarchy process to a risk assessment of emerging infectious diseases in

Shaoxing City in southern China. Japanese Journal of Infectious Diseases, 2014, 67(6) : 417-422.

http ; //www.ecologica.cn



14 1 X A T B R KU ) AR 25 22 IR T S o 13

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]
[62]

[63
[64
[65
[66

[ R

[67]

Williams R A, Fasina F O, Peterson A T. Predictable ecology and geography of avian influenza ( HSN1) transmission in Nigeria and West Africa.
Transactions of the Royal Society of Tropical Medicine and Hygiene, 2008, 102(5) : 471-479.

Williams R A J, Peterson A T. Ecology and geography of avian influenza (HPAI H5N1) transmission in the Middle East and northeastern Africa.
International Journal of Health Geographics, 2009, 8. 47.

Clements A C A, Pfeiffer D U. Emerging viral zoonoses: frameworks for spatial and spatiotemporal risk assessment and resource planning. The
Veterinary Journal, 2009, 182(1) . 21-30.

Costa J, Peterson A T. Ecological niche modeling as a tool for understanding distributions and interactions of vectors, hosts, and etiologic agents of
Chagas disease. Advances in Experimental Medicine and Biology, 2012, 710 59-70.

Hu W B, Zhang W Y, Huang X D, Clements A, Mengersen K, Tong S L. Weather variability and influenza A (H7N9) transmission in Shanghai,
China: a Bayesian spatial analysis. Environmental Research, 2015, 136, 405-412.

Jewell C P, Kypraios T, Christley R M, Roberts G O. A novel approach to real-time risk prediction for emerging infectious diseases: a case study in
Avian Influenza H5N1. Preventive Veterinary Medicine, 2009, 91(1): 19-28.

Paul M, Tavornpanich S, Abrial D, Gasqui P, Charras-Garrido M, Thanapongtharm W, Xiao X M, Gilbert M, Roger F, Ducrot C. Anthropogenic
factors and the risk of highly pathogenic avian influenza HSN1: prospects from a spatial-based model. Veterinary Research, 2010, 41(3) . 28.
Stevens K B, Gilbert M, Pfeiffer D U. Modeling habitat suitability for occurrence of highly pathogenic avian influenza virus HSN1 in domestic
poultry in Asia: a spatial multicriteria decision analysis approach. Spatial and Spatio-temporal Epidemiology, 2013, 4. 1-14.

Paul M C, Goutard F L, Roulleau F, Holl D, Thanapongtharm W, Roger F L, Tran A. Quantitative assessment of a spatial multicriteria model for
highly pathogenic avian influenza HSN1 in Thailand, and application in Cambodia. Scientific Reports, 2016, 6: 31096.

Iglesias I, Sanchez-Vizcaino J] M, Mufioz M J, Martinez M, de la Torre A. Spatio-temporal model of avian influenza spread risk. Procedia
Environmental Sciences, 2011, 7; 104-109.

Fang L. Q, De Vlas S J, Liang S, Looman C W N, Gong P, Xu B, Yan L, Yang H, Richardus ] H, Cao W C. Environmental factors contributing
to the spread of HSN1 avian influenza in mainland China. PLoS One, 2008, 3(5) : €2268.

Fuller T, Havers F, Xu C L, Fang L. Q, Cao W C, Shu Y L, Widdowson M A, Smith T B. Identifying areas with a high risk of human infection
with the avian influenza a (H7N9) virus in East Asia. Journal of Infection, 2014, 69(2) . 174-181.

Martin V, Pfeiffer D U, Zhou X Y, Xiao X M, Prosser D J, Guo F S, Gilbert M. Spatial distribution and risk factors of Highly Pathogenic Avian
Influenza (HPAI) H5N1 in China. PLoS Pathogens, 2011, 7(3) : e1001308.

Fang L Q, Li X L, Liu K, Li Y J, Yao H W, Liang S, Yang Y, Feng Z J, Gray G C, Cao W C. Mapping spread and risk of avian influenza A
(H7N9) in China. Scientific Reports, 2013, 3. 2722.

Gilbert M, Golding N, Zhou H, Wint G R W, Robinson T P, Tatem A J, Lai S J, Zhou S, Jiang H, Guo D H, Huang Z, Messina J P, Xiao X
M, Linard C, Van Boeckel T P, Martin V, Bhatt S, Gething P W, Farrar J J, Hay S I, Yu H J. Predicting the risk of avian influenza A H7N9
infection in live-poultry markets across Asia. Nature Communications, 2014, 5. 4116.

Van Boeckel T P, Thanapongtharm W, Robinson T, Biradar C M, Xiao X M, Gilbert M. Improving risk models for avian influenza: the role of
intensive poultry farming and flooded land during the 2004 thailand epidemic. PLoS One, 2012, 7(11) : e49528.

Tanner W D, Toth D J A, Gundlapalli A V. The pandemic potential of avian influenza A ( H7N9) virus: a review. Epidemiology & Infection,
2015, 143(16) : 3359-3374.

Li N, Bai B, Wang Z, Luo F, Lu X Z, Lu C H. Avian seed dispersal and seedling distribution of the endangered tree species, Taxus chinensis, in
patchy habitats. Plant Ecology & Diversity, 2015, 8(3) : 407-414.

Li X L, Liu K, Yao HW, Sun Y, Chen W J, Sun R X, De Vlas S J, Fang L. Q, Cao W C. Highly Pathogenic avian influenza HSN1 in mainland
China. International Journal of Environmental Research and Public Health, 2015, 12(5) ; 5026-5045.

A, RATIE. CIS FHEIBBOREAE S L 2N 5 AW ZRAE G RN, AE75% 40, 2010, 30(23) : 6674-6681.

LaDeau S L, Glass G E, Hobbs N T, Latimer A, Ostfeld R S. Data—model fusion to better understand emerging pathogens and improve infectious
disease forecasting. Ecological Applications, 2011, 21(5) . 1443-1460.

WEE, KEW, INKE. BRSIIERBIFR S, hEZ2FE2H, 2008, 18(5) : 148-153.

TSR, MOCHE. fREE K SRR A S L 2. AR MR AABISERRL, 2015, 44(1) : 83-89.

>, G, BT ARG M IR, SRR, 2010, 22(3) : 104-110.

Crabtree B, Bayfield N. Developing sustainability indicators for mountain ecosystems: a study of the Cairngorms, Scotland. Journal of Environmental
Management, 1998, 52(1) . 1-14.

Wang X D, Zhong X H, Gao P. A GIS-based decision support system for regional eco-security assessment and its application on the Tibetan

Plateau. Journal of Environmental Management, 2010, 91(10) : 1981-1990.

http ; //www.ecologica.cn



14 SR 386
[68] DaiF C, Lee C F, Zhang X H. GIS-based geo-environmental evaluation for urban land-use planning: a case study. Engineering Geology, 2001, 61

[69]

[70]
[71]

[72]

[73]
[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]
[89]

[90]

[91]

[92]

[93]

(4):257-271.

Wang Y M, Liu J, Elhag T M S. An integrated AHP-DEA methodology for bridge risk assessment. Computers & Industrial Engineering, 2008, 54
(3): 513-525.

Mot , BET. ST PSR AL EUAMTE I IX B AE B2 23350, ikl 2010, 38(3) ; 42-45.

Peterson A T, Martinez-Campos C, Nakazawa Y, Martinez-Meyer E. Time-specific ecological niche modeling predicts spatial dynamics of vector
insects and human dengue cases. Transactions of the Royal Society of Tropical Medicine and Hygiene, 2005, 99(9) . 647-655.

Peterson A T, Robbins A, Restifo R, Howell J, Nasci R. Predictable ecology and geography of West Nile virus transmission in the central United
States. Journal of Vector Ecology, 2013, 33(2) . 342-352.

Peterson A T. Ecological niche modelling and understanding the geography of disease transmission. Veterinaria Italiana, 2007, 43(3) . 393-400.
Peterson A T. Predicting the geography of species’ invasions via ecological niche modeling. The Quarterly Review of Biology, 2003, 78 (4) .
419-433.

Hirzel A H, Hausser J, Chessel D, Perrin N. Ecological - niche factor analysis: how to compute habitat - suitability maps without absence data?
Ecology, 2002, 83(7) : 2027-2036.

Stockwell D. The GARP modelling system: problems and solutions to automated spatial prediction. International Journal of Geographical Information
Science, 1999, 13(2) . 143-158.

Phillips S J, Dudik M, Schapire R E. A maximum entropy approach to species distribution modeling//Proceedings of the Twenty-first International
Conference on Machine Learning. Banff, Alberta, Canada: ACM, 2004, 83-83.

Phillips S J, Anderson R P, Schapire R E. Maximum entropy modeling of species geographic distributions. Ecological Modelling, 2006, 190(3/
4) . 231-259.

Urbani F, D'Alessandro P, Frasca R, Biondi M. Maximum entropy modeling of geographic distributions of the flea beetle species endemic in Italy

A Journal of Comparative Zoology, 2015, 258 99-109.

(Coleoptera: Chrysomelidae: Galerucinae: Alticini). Zoologischer Anzeiger
Brook E J, Anthony Hart C, French N P, Christley R M. Molecular epidemiology of Cryptosporidium subtypes in cattle in England. The Veterinary
Journal, 2009, 179(3) . 378-382.

Simon-Grifé M, Martin-Valls G E, Vilar M J, Garcia-Bocanegra I, Martin M, Mateu E, Casal J. Biosecurity practices in Spanish pig herds:
perceptions of farmers and veterinarians of the most important biosecurity measures. Preventive Veterinary Medicine, 2013, 110(2) ; 223-231.
EE, EH, BEEBE, M. T RS0 E R T T RS AN AR, 2014, 23(12) : 1897-1904.

Fauci A S, Morens D M. The perpetual challenge of infectious diseases. The New England Journal of Medicine, 2012, 366(5) : 454-461.
Boklund A, Alban L, Mortensen S, Houe H. Biosecurity in 116 Danish fattening swineherds: descriptive results and factor analysis. Preventive
Veterinary Medicine, 2004, 66(1/4) : 49-62.

Van Steenwinkel S, Ribbens S, Ducheyne E, Goossens E, Dewulf J. Assessing biosecurity practices, movements and densities of poultry sites
across Belgium, resulting in different farm risk-groups for infectious disease introduction and spread. Preventive Veterinary Medicine, 2011, 98
(4): 259-270.

TRERAE , RO, REBOE. BT AR A W 2 A AU A BT ST
2010, 46(12) . 32-34.

VIHTTTAS FEIE 8 471 A IS & o ). b [ 3 o oks

Kang M Y, Liu S, Huang X X, Dong S K, Shi P J. Evaluation of an ecological security model in Zhalute Banner, Inner Mongolia. Mountain
Research and Development, 2005, 25(1) : 60-67.

ZRIbedte, TRAN SO, TS ULAE AL 1 AR PY IR AE D 2 E . TRIXAFSY, 2005, 22(1) : 57-62.

Kearns F R, Kelly M, Tuxen K A. Everything happens somewhere: using WebGIS as a tool for sustainable natural resource management. Frontiers
in Ecology and the Environment, 2003, 1(10) : 541-548.

Swayne D E, Suarez D L. Highly pathogenic avian influenza. Revue Scientifique et Technique ( International Office of Epizootics) , 2000, 19(2) :
463-482.

Conan A, Goutard F L, Sorn S, Vong S. Biosecurity measures for backyard poultry in developing countries: a systematic review. BMC Veterinary
Research, 2012, 8: 240.

Godfray H C J, Beddington J R, Crute I R, Haddad L, Lawrence D, Muir J F, Pretty J, Robinson S, Thomas S M, Toulmin C. Food security: the
challenge of feeding 9 billion people. Science, 2010, 327(5967) : 812-818.

Foley J A, Ramankutty N, Brauman K A, Cassidy E S, Gerber I S, Johnston M, Mueller N D, O’Connell C, Ray D K, West P C, Balzer C,
Bennett E M, Carpenter S R, Hill J, Monfreda C, Polasky S, Rockstrom J, Sheehan J, Siebert S, Tilman D, Zaks D P M. Solutions for a
cultivated planet. Nature, 2011, 478(7369) : 337-342.

http ; //www.ecologica.cn



14 1 X A T B R KU ) AR 25 22 IR T S o 15

[94]

[95]

[96]

[97]

[98]

[99]

[100]
[101]

[102]

[103]

[104]

Rockstrom J, Steffen W, Noone K, Persson A, Chapin IIl F S, Lambin E F, Lenton T M, Scheffer M, Folke C, Schellnhuber H J, Nykvist B, de
Wit C A, Hughes T, van der Leeuw S, Rodhe H, Sérlin S, Snyder P K, Costanza R, Svedin U, Falkenmark M, Karlberg L, Corell R W, Fabry
V J, Hansen J, Walker B, Liverman D, Richardson K, Crutzen P, Foley J A. A safe operating space for humanity. Nature, 2009, 461(7263) .
472-475.
Tilman D, Balzer C, Hill J, Befort B L. Global food demand and the sustainable intensification of agriculture. Proceedings of the National Academy
of Sciences of the United States of America, 2011, 108(50) : 20260-20264.
Guo C, Park Y S, Liu Y, Lek S. Toward a new generation of ecological modelling techniques: review and bibliometrics. Developments in
Environmental Modelling, 2015, 27, 11-44.
Prosser D J, Cui P, Takekawa J Y, Tang M J, Hou Y S, Collins BM, Yan B P, Hill NJ, LiT X, Li Y D, Lei F M, Guo S, Xing Z, He Y B,
Zhou Y C, Douglas D C, Perry W M, Newman S H. Wild bird migration across the Qinghai-Tibetan Plateau: a transmission route for highly
pathogenic HSN1. PLoS One, 2011, 6(3) : el7622.
sRgkSe, RS, R, HE R HSNI SEURTE SRR S N F ARSI Sk, 2007, 42(6) : 152-156.
Kilpatrick A M, Chmura A A, Gibbons D W, Fleischer R C, Marra P P, Daszak P. Predicting the global spread of H5N1 avian influenza.
Proceedings of the National Academy of Sciences of the United States of America, 2006, 103(51) : 19368-19373.
Webster R G. The importance of animal influenza for human disease. Vaccine, 2002, 20 Suppl 2: S16-S20.
Hulse-Post D J, Sturm-Ramirez K M, Humberd J, Seiler P, Govorkova E A, Krauss S, Scholtissek C, Puthavathana P, Buranathai C, Nguyen T
D, Long H T, Naipospos T S P, Chen H, Ellis T M, Guan Y, Peiris ] S M, Webster R G. Role of domestic ducks in the propagation and
biological evolution of highly pathogenic HSN1 influenza viruses in Asia. Proceedings of the National Academy of Sciences of the United States of
America, 2005, 102(30) : 10682-10687.
Gilbert M, Xiao X M, Pfeiffer D U, Epprecht M, Boles S, Czarnecki C, Chaitaweesub P, Kalpravidh W, Minh P Q, Otte M J, Martin V,
Slingenbergh J. Mapping H5N1 highly pathogenic avian influenza risk in Southeast Asia. Proceedings of the National Academy of Sciences of the
United States of America, 2008, 105(12) ; 4769-4774.
Tian H'Y, Zhou S, Dong L, Van Boeckel T P, Cui Y J, Newman S H, Takekawa J Y, Prosser D J, Xiao X M, Wu Y R, Cazelles B, Huang S
Q, Yang R F, Grenfell BT, Xu B. Avian influenza H5N1 viral and bird migration networks in Asia. Proceedings of the National Academy of
Sciences of the United States of America, 2015, 112(1): 172-177.
Trovdo N S, Suchard M A, Baele G, Gilbert M, Lemey P. Bayesian inference reveals host-specific contributions to the epidemic expansion of

influenza A H5SN1. Molecular Biology and Evolution, 2015, 32(12) ; 3264-3275.

http ; //www.ecologica.cn



