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Advances in research on modeling pattern formation of vegetation patch in arid

and semi-arid regions
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of Sciences, Beijing 100101, China

Abstract: Patchy vegetation pattern is a common type of landscape in arid and semi-arid regions of the world. It is of great
significance to study their formation, structure, and succession processes for revealing the key processes underlying the
dynamics of an ecosystem. It is also helpful in developing suitable restoration strategies for degraded ecosystems and to cope
with the impacts of climate change in arid and semi-arid regions. Considering that it is difficult to comprehensively elaborate
the processes and mechanisms of vegetation pattern formation based on ground investigation and remote sensing technology,
model simulation is an effective method to deal with this problem. Since the beginning of 1990s, a continuous and discrete
modeling of patchy vegetation pattern formation has been emerging. However, the comparison and validation of continuous
models to the real vegetation patterns in nature, and the complexity of discrete models to the rule-making still need to be
studied. According to a brief review of the positive and negative feedbacks underlying pattern formation, we have focused on
the new advances in continuous and discrete modeling of patchy vegetation pattern formation in this study, and also pointed

out the shortcomings of previous research. The feedbacks between plant and soil water, operating at small scales, lead to a
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large-scale patchy vegetation pattern. A complete understanding of the mechanism involved in the feedbacks between plant
and soil water is key to modeling patchy vegetation pattern formation. An external environment such as grazing intensity and
precipitation pattern has an important influence on the characteristics of patch vegetation pattern in arid and semi-arid
regions. Further, we have proposed a guide on strengthening the comparisons of the model results with observation-based
patterns, parameterization, and validation data, paying attention to the inclusion of local environmental conditions and
ecosystem functions in the model, building a hybrid model based on the advantages of continuous and discrete models,
developing standard sub-models for key processes and software platforms, and emphasizing pattern-oriented modeling and

spatial explicit modeling of vegetation pattern formation.

Key Words: vegetation patch; pattern formation; arid and semi-arid region; continuous models; discrete models

BEPCIRAE B SR 2 A L 5o 1 5 DO LR SO 2, S T R, — SBOE TR B & 50 mm 3]
750 mm A9, H A T A O RP T B B A AR AT D AR T R A2 XK M BT |
FIVREL B 142 18] S o e S N6 Sl T2, 6 22 2R BRR BERDIRAE S, B BEERR/INAT AL 0.5 m? 2]
1200 m* N4 BAT AW 2 REE SR A= Wi v SRR, BE DR 2 M R AR A A= ok | B IXUTRT 0 B g 1 - 3 5% it 2 45
DAITIT A2 3 72 5 BEHCIRA AR SR 2 S T T 5 T R IX A S RGN A SR SCE R, B AT B
B AL A AR R A A 0 TR R R XA S R G A S AR HA R S, A B T
T T2 T R XGRS RGBSR, L) 0 A e o T b T R IXAE SRR

BECIRAEBAR R DT FE 4R T 20 THAD 40 AEAREE TS s AR Z M AR A DTFE , Z 55| 1T BoR s R
SEGMICIE AR TR 2O S AR UL SR B BUAE AT A R AN 1 R R AT R Ak
FE IR AT AL G AN [R] RORE SEHCARAB DIAR 53 A AR EBRCAR A DA% Sy T miacd A FIBIL A AR AU, L R K 552 1
SRR AR A O DS BEBOIRAR B SRy A5 55 PSS 0504 2 A0 4 25 7 M v 3 A R SRR R A9 78 1
SE S BEHOIRAE WA SR G0 , LB RE TR G R AR B S B OB A P 710 iy — T D 0 BT 35 R A
FEIXIAINS GATBR | SRS 24 g 20 B T A 25 o AL SR A RE R A5 R Pl A BREBRCAR AR A6 S K
(EXT T BERCR AR DA SR W 58 I AR ARSI AR R AR 35 B R R0y DK S5 BRI A5 B ARBGA RE 1A R, HLAR
FECRA) S 18] o 510 8080 -5 AL RS SR A P (B A 25 02 , DR L) P B AL A D7 ik R T BEHCIRAB A SR I T
HLIEISZ 3 7R AR Z G TR O SCHREC R PR A 255 1T 4 T 0 A R SR A 1 BREHORAR B A%
SEME GERAIHT T GNE T SEHCRA RIS SR B UL S (FE T X BRI E MR RS SR T B
SEPENLE] , EL5 L Turing AFEMLH 25 T4 00 RGBS G -5 1 B R 410 ol A A FHTBIL A 0 22 0030 3l AS R E PR AIL
] R 75 A SR B R BLAIL AR , A0 5 A B AR 2 L TR A 3 ) 24 BERL DD AL ) 1722 R T R G
ZFIE LA T BESCIRAAAAR 5 T2 5T A BEE ) AR SOR TSR s S B0 T 25 R B HOTR A 4 A% g
T RAAUBT S , LAY 4 )1 52 B IX REHORAE RS SRt AL e SR R 2 5 TR S 4

Y AR RIS SR AL Tk A PR, — e S, o B BRI 2 i R 0 SR S £ 4
FEEITTIE  FEAVEE RS R MR A T 2 12 25 A A T o 22 e AL i Ml R, SECO0 B /N RUBE Af 7 1k Y 1ot
i TA R 22 I 28 RS R R — R RSB T 75 | 22 0 E T BEBRCBR AR A Jmd i B A B A
SOFNRE , TR E 1) 22 g 2 B ORI 1227 AR SR U, PR o3 T R 1 O e — R S A T AR R e 1Y
SRAT 1 iR

1 BEBUIRAERAR BT B i AL

L1 BEBCRHS R B S A5 HIL
FHREREVE A AL — B A2 BT AR O T, TN B % ORI et AT T RGP = R A

http ; //www.ecologica.cn



24 11 RIPRAE ;-5 5 X REHORAE RS SR 1 B PDLAIT 52 o J 8863

WFFE R WA 2 B A A R 8 T AR AR 2 18] A DX T 5 4 v 36 Al 7S 24098 SR A1k AR XA A f) A0 DU 28 O )
GRAEH AR R T R X BEHOIRA S S5 AT R U, — M A Ry S/ N RUBE R FOK RS i A 285
JRUIS202521308 Sk T 48 s O UL TR 0 35 i Bl 43y R I R A0 20 1 R AR 40 R K 22 TRD 1) R
R — e AR e R R E O — 28 0B R, R A A W e S K Z L — R 1] s, HaE
T AR BEHR X R KB A IR R IR T A A B X5 T AR A DX 38 37 24 2 S T AR L 3R OK [ Al
PBE DR Bl | FE— DA SRR B A Wy i AR I R AR R R 5t X A b A i S AR 22 TR AY A ] )
Tt G T AR T R K S DTG (AR ) A= i ) ik — 2D BG 5 — R il S A5t Sk R AR ) A W i K Z [H]
R — b B ) S 45t , 2 AR R oK 5 DAY o AR AR AT AR K 23, K o3 B AR BR ] 1 AL A I DR
T HEIRY O B, & i TR AR S 55 R A 2K ST AR I AR e ] 321 - SOK T AR R PR T RS Sl Y
YERL, SRR ZE LU TR A G, TRl HE S e T AR AR R K BE ) 5 T2 9 S ft , iX 2 Al ) A e 5 3K
Z (B )RR ] S5t HCU AR B I 2 fRHE A AR EIT R T R R OK A iB s . TR R 5t
VIR ZE 1R 1 RS DX ) A Wy e A S 00, U0 ) 0 A R e D] LR A 1 2 4G, AT 3 1 1 522 T 52 B
850 VNI K2 eI S P/ U QR 736 o = 2 D1 e N ) €5 I S e /eI B/ SN S o7 R S S B e
T BEHCIRAF A SRR IR R U BEHCHRAB B T S RS SRy (R R B R R 52 ik S 3%
AIRIFFERSTAN , — e R S LA A B b | 390 g O EA T .
1.2 BEHUIRAE RIE Y 28 i S A

TR0 BUAER SR G ML HE A T R R T I BRAE (1) 7E ZE AR R JE: Lefever F1 Lejeune[m N8 T — Y g
AT T AL 1) I B 3y R AR 14203030 HE AR T R ) 22 TR A8 A R 5 R 1 % A W e sh S AR AR HR R T Al
BUDELRAE 7 PN A7 9 30 B 8 380 T B 28 5 A O AL, S 1 2 BRI LAY A5 AR (R BE) 6 J=) T
I PRI I AT VG M 0 A K o B Sh AR, FOE RO AT TR RS, Rt dE DL A BT 5
BTN A% SR s R AR ARy BN TRAN PR S — 2 A A e 2

dB(X,T)
ot

K, B(X,T) R THEZ X (B s i AU E Y &, F, WO EaE A, F, AR Z 8] B 5 28 B
YER, F), IR FE T B0 2 32

W5 , Klausmeier © FEE T — AN AT SR 6L & BTSSR i (43 IR SR A W B RIK ) 1) 36 SRR | 175 AT e A
T AR K o3 (0 B A5 AR A S HAR EAE T, B4 T 5 I b 200 IR AR SR ITE i, 5 Lefever 1
Lejeune' ™ RS HIRE LY 12450 2 18 T 55 28 20K SGE BRI 30K 43 sh8 74540, 47 B TR B /K e
SEXSRERIE SRR RE I . SR, AR RN 133K 73 S A R I e W25 1) s I [) RUBE () 7K S e, A IX
53 AR 8K XA HAR AL A5 R 5 S Bl 28 SRAEVE 2 07 O — B0, HARA Y JC 8 49 19 8580 J7 F 4
VRN P TR B A

:FGFI_FM (])

"’Bz,{"’Q aZJ+WBz—mB (2)
ot dx dy
W W e wowp (3)
ot d0x
X, B W RS (v, y ) FAEBA DR AR, m WA RO, o EEHK I I N RS L3R, o £

KA n(a"’x + a"’y] SR B W B SR K mB R 0 ‘?TW RFKIS I
MR, a fRFRFEAK, WRFEZER  WB {LFKZEM . Sherratt(2010) B RFEAZ H T Klausmeier( 1999) ¢
B (/578 (2) VAR (3) ) BB AR itk 2 TF T R O AW RV 55 205 T Ll

2001 4, Von Hardenberg s (58] T — ML S A AR = (Y E RUK) S A o e 25|
TR TR K S RO BR324 A TR R K 532 R X 5 1 22 i R i 4

http ; //www.ecologica.cn



8864 JAE = 40 %

SR R, B4 AR R 25 16 BR L B SR RR 25 PF R 210K R B AR B S5, — BB i R R 25 R Y
SIRRE, AR, H 5 Klausmeier ) RIRS—E | oK X 43 6K f £ 0K, HEEA M RIAL B AN F , TR4H Y
T HE— Y

B YW 2p 2

o B aw VBB —uB (4)

%Vza—(l—pB)W—WzB+5V2(W—,BB)—Ua<Wa;aB) (5)
X, B . WNHEBEYEMK, B . ZZW iR THEY A RBER ETEEIEDPSKOREERK R,

V2B BTN MW O B n AL 1%, B R IR BRI 5 23 1007 AL ALV AR R, wB SRR AT B K
FET- AR B S s g A FE T AR o RERFIK, (1 - pB) WARH ZE LTI BIK T, W2 B FiR

MRS . 5 V2 (W - BB) (et Z ek, » 2V —oB)

—B) (et

R T SR e 3K B AS ARG /K SCE AR HilleRisLambers %57 Rietkerk 2610 T8 =43 4
Aiw (AR HLFROK | 48K By SRR R AR B B R I 3 b SR K R SR A A e AR
B TGS AE R BE SR XA — K A9 38 B (EARBE A T BRI A &2 2 X BN AR Y Rietkerk %57 fl 570
DR AT P 0 Stk — A 4 G 10

oB

— = B - dB + D,AB 6
at cgmaxW+Kl B ( )
oW B+k W W

= 2 g ———B-r,W+DAW (7)
i B +k, W+ k,

39S B+k W

~Z=P-a 2 %1 DAS (8)
at B +k,

Kb, B LW SOAREAEY R T HORMMEIK ¢ ARPIVOK ALY E R E, g, R KK, K,
SERRE AR A MK BRI AL, d RIET-SEMEYI R SRR, D, AEREYT L, o RERKRBER,
ky, —ABIMELL, W, 2RI TR ABER, r, B2 R SRR EHOKK REL, D, 2K

YA, PIRFEK, D RMFIRT TR cg,.. W _EI/K BAVERMEYAK, dB RFEAEYILT:, D, AB KR T

B+k, Wy w
B +k, REBE, g W+ k,
B +k, W, . .

P AREEREK, aS B+, R&KBE, DAS IEMFKIZH

1.3 ZIESRETR R

S, BEHOIRAE DA SR T 1800 12 S AR AP 7 1) B S L Ml i e BRELROPR AR W M SR Il e PP a2 S A T ) 22
Filv A K SO BRI SRR H R S . Gilad VYA T HUON R AL & AN SR B (AR R M ROK | 3
K ) R SRS | B BE 44 S K 5352 R R G AL BURS JR) I st 82 rhosZ i A ) AR W KM LG R A B i
15 AR BB RIEE B B AILA] . Saco %51V FE Rietkerk 55 VIHIBLAY b RA T L F K BRAR , S50 T M AR I AL
TiRE SR T M ARAR AU A 5 R AR 59, AU, T AR SRy, 1T EL AR 1 DXIRAR i MR gt
JRyo Zeng SFIESE T TR T R RO AR IS R GG ) (1) 2 R R AR MR T S A S AR R
LA | SRR [F] A2, IR Y =R i3 5l AR A o S | A R R R AR Y
JoT e 2 B ARCADL T I 1 U/ DA A — e BRI DU RS B A 5 ) | B i B Al DB e e, i o U DX T e
FAETETF 2525 . Lin 557 7€ Klausmeier  BORUECA b 51T —AN B T AP AR R 4000 5 20 7K

P, aS BACERAHYIK , r, WARERZ KRBT, D, AW AR T HORT L,

http ; //www.ecologica.cn



24 11 RIPRAE ;-5 5 X REHORAE RS SR 1 B PDLAIT 52 o J 8865

BEURHE I 1 1E 1] RS RIL  20 2A 5C(3) o BEADL 1 RIS R J8C, AR B L R 2% T 1) S i HIL ok B AR
Thompson %' 7E Rietkerk %" B ELRH [+, 25 8 7 AR 119 25 BE B 1, BLADL 44 SR 3 W Ah 197 WA T ik
AR A3 250 AT A AL S S 5 SE BRI SE W) 45 . Barbier 55 22 1 S — 4 A= ) ik Bh 35
A YRR I T R BRI 1€ H 2K PG e v s SREABL AR SR AU I, DA A A ) 22 ) R L AR 3 R 5 4 ] LA
SR BE R Sy , P I PR EE RIRE A 22 [0 4 XL ) S BRI, Van der Stelt 554038 1 4 it 327K ) vl g R
LRPEY O 1BIT T Klausmeier W BERY il 2 b 0] F PP XA SR8 BRUARAEL . Escaff 47 18T
SR AE R RS G A SR S S R A RN SRR AR 1 A 1 B — R Rl A ) i sl A i AR AR AR SR AR Aty
%iﬂﬁ%‘z ( Nagumo —type equation ) s ﬁw T{Mﬁ%%ﬂﬁf,ﬁ’ﬁ(*ﬁﬁ*ﬁ% E/‘Jﬁﬁﬁk , %%%‘% Hﬂ mlﬁ% E"J ﬁg Fﬁ%?%
L EE (48 580 T S48 B AR R, BRE A RAFL A B M 14 96 B2 B T R R BE A B N AT/ . Bordeu 5510 42 Hy —
H P EAT AR = BRI A 2 B 7 45 (logistic ) J7 R A IR A — P A= W i (0 i 25 AL RO AR O 125, 5 T8 81 1 R g 1]
AR A5 4 L b1 US IBAIL R, A ADL 25 SR W - SR AR i A5 | R )Ry B S ) 5 P AR B 5 ke
(R 43 A LRI R L T T 2 XA S R G A A 28 [T 20K JRy o Kinst S5 $ T — AR R Bk - 285 1 (AL
B AL TAERCE YR 25 R AR ORI K USSR i AL T R R B A )RR -4 BOIR 3
TR BEHOIRAT B I 2 18] 24 50 21 F S 550U S ) 250 AR5 e sl A B I A REAS ALk Jmy 14 1 S g
(R & Rl T B W AR . Tlidi 550 45 T Bordeu %51 BIAI RS oy O AR, IR T AR
SEAEL ) (B SRRl 5 P AR ELAE P 0L 4% (] [R] PR BRI 2% P Ml B B — R MiA: = BT B, 45 SRAR e o it
THE L FNSE SR LU SE SRR UIRATL RS R U8 TR 1 R HIBL . Wang 552 M3 T AL 5 AN SR i (LB
TRK ) (SRR, 5 T B ORI 38 X HOR AU B A K 22 18] A AR VR, Tlidi 4500 2% 18 1 ¥ PR 28
I AR | R ) 2 Bl 7 A AR A A ol BB R S5 8 A e R U T A i Y AR )
Jol /DR p SN R AR ) A A R AR A R T B — R A A i 3 T A B B O AR B T TR
SO A& 1n] 5] PR BR 58 2% 18 R BB B I R SIOIR AR B RS JR) 19 JE . Eigentler 501 A4 @ T — ANk JR B Y
Klausmeier " 8 HIEIN T — D HEA R B0 AR B BCEBUR T, iR T RE R KB WU T B, 5
TSN T 2 F 5 XA A WK R 9T B, Huang %502 25 p8 1 + 398 J2 X AE 4 4% Jm JE B A 52 Wi, X
Klausmeier ' BRI FAETT BT T OB 2 hK 98 TR R A2 oy (10 A8 | ASCADL 285 21 oAy 7% 42 ol [X. 1 AR 4 R
SR T ISR

1.4 SRR LSS R R

BEHCRAE RIS = (14 SRR F AR SRR R IS | ik TR ol RE R AR ) 22 18] U 45 5 AL Al

W5 7K Z 18] B AH B FATL S A s A 1R 50 22 P i k2 D7 R 6 5l O e BR 0 o O 25 v R BOR 3R
® o B R SR SRR n] L 20 E o RIS EUE SRR i T 1 & T p i i, — B2 1 3k
PRI bR S O A , 300 T L B s PR 45 o e R K 2 O AR WA SR JE A 52 0 LA RS A1 38 B0 35 14 i) 7 AL
L7 AR AR 1 2D R OGS R A PR ANRR B MR AT NI, — e T (1 i AR A
TEAR , X BEHCHPAE RS S5 BT R ffp el A, [N 52 e Mt i, 75 22 B8 2 B0 0 i BB A T A . 23 1)
EEE-RERITRRZE , AR B IR MR R TR LL B R AR IR SR B A A
JEIH R AT %A% S (R 5 FE A HE AV — S, AR A P iR R ) 5 AR SR R AL AR £ 119 1E
R 22 | i DB Al - PR SR 1) B I RSB 2 PO Sk, T S AT SR S BEHRCR AR A A% S I
AU TR A COFFEZ AT o (HASTERE M, CA 1T 2 SR S BERIDL T & B A A B Jay , 58 ]
AR T FE 3t P T T BE 2200 1 AR SR I FSC Y LT S AT T 3K T i I % A 28 A R 288956 3l ) 52 Wil B s 2L
(1, ATAVBDEE SR 2 2 5 A AT S, A LG, 5 S BRI ) AR A% S LB R TR 1) | AT I e o
X7 .

2 BEHCRAE AR B A R B BRI

2.1 EHEHUN Tk
RS LU, RESCIRABE B JE 2 1 s FORA DL ) B B 2 — AR AR R T A ) 8 A4 1 B A

http ; //www.ecologica.cn



8866 JAE = 40 %

20 22 90 AEARANHIZN hrihy 17 Sato FI Iwasa' ™ 2 T LA—HIER 14 725 32 Ay 50— 722 o 1% 80 SR AEASL R | RS
AL 0 AT 0 RSEADLIE e 1LV AZ B A IR 25 TRIAR J=y BT I, 45 R W22 =y AAS 78 A B 28542 [ 7 R 1] R KL
RS Sl , 55— HERTRUA LE , AR e 1) T A 5 BN D TR A A SRS . Mauchamp 55 36 T BEHRN B3 |
SEEEAR BN, LA R RE RS B UL =2 1) A 52 E AR P AR LU R A 17— 1 B 4 P 23 BSOS I 1A Sh ALY | 3 i o
B ITTHL A K FIBR IS S DI RE AR A #h SE AR A7 R A READL S T+ 5 DOBUBE R 22 58 (AL AR R A% S5 ) A%
JEEhAS SIIRERHL, Thiery 5% % T BTCHY PUACIR A (TCRT BTER | L1052 (RS /1N 52 3 14 7
AR AU ISR ) A G 7 0 R 0T 2 i 07 B WY B S ) A T2 R VY R R A A R 2%
HPPRAR R BB I 25 B OT ML 1 SRS 45 SRR WIRADIAS S5 00 i Y F) 8 B IG5 , Y A 245 4 AR Jm A8 A AR
5 S e 3 e B PR S A R BRI 04 S BRI B R AR B G, Wiegand 557 LT R 32 2 AR A B A0
F0 A 3% SR M T R R £ s DR DA I Sl S A TR B B O R 4 7R 1 R K G TRE AL A
L& SR 52

WFFE IR AT SERFASR ST A S ALASE Y A T A P AR R BEHCIR A S S 1 TS0 ) = b 2 22
J7i e TR L [R] s 2R A (BRI AR 1) S 7 o — o B A B AT, B RO SR A B MR AR B | 1 BT
PR T —E BB e, SRR TR f AL RORESOR B E 2 RT3l 24, LA SROCAURA B,
A A B Eh AR, 5 E HOTH Sh AR TE 5 , BT )AL Wi I S 6 A — R B S 4 A AR EL AR
SR BRI, ToML A SIPUBIRI T—2 RAE R G S Sl R A RN ARAU RGeSl 4 R RE 91T
RAE N B FRITHPREFE , B I APRSALS b — I 2% 50 S AR SR B IT IR S A O, b — 2] 54
FATOR S AR IR A 1 AR ) A B B BT — I 2] HRE A — R RS Y A B b i) BT AR A )
PRI ] 25 BRI, 44> BC S AR 48 AT 22 18] AR A i 58 T B T AN R RAR SR I A, 2 T MR R AR
g BT AR BB AR 1 RO R R RS % A 35 A IR B BT 2% TR A AT, % T H
EHILH B RITHY N FRIIRE , BT AR SR S AR 48 B A e i — 2R DR 2 | B4 BT AR A
PREIAT R LA A B0 5 AR SR S TR A PR 2 [ A R A P S BBURE DA% J= B9 i, 8 SRR 2R MR 5
JUIN 425 T AR A AL A vl LA 200,V B B ARG R] A 28 RS AU R s 2 A SR ORI AL 18 R ) o) 5
HCRLIT IR AR DG ZR AL b, bl et B TR0, i3, BB IR 2 4 ) 22X | 3
fE Bk T 5 HAE BEHCRAR DA SR e At b ) 2
2.2 EETRIHE- K AR S ABTHLAR] Y B AUN

Dunkerley * A4 £ 1 — AN R SPLAY B BT 11 ShAILRSEAY , 5> BATTAK A /K 14 53 e R 400 26 A7 0 00 2R At s L
PR i RN R 33 2 R AL T — AR R 2R 2 RARL A SR T . Keymer 551 g2 1
— ] B B AR AR Y | A BT ARPIR S (R ARABLB) Fh 2 500 e AR 08 B0 A R 114 )3 v e 8 1 >fe
B2, A R SRS BRI A 25 ] L 320 00 (H T R B A EL AR TR S8 B2 S M K A5 280, F A28
BRI LIRSS Rietkerk 5 SEFETITHY Thiery 555 7 SITHL F ShHLETARY 3834 1T A RUEE AR 61 2
TSEAIL A G g e 8 A 25 AR 8 PP A SR 2R, G SRR AN () JBE U8 A B BB VR T A 1 A [R5 A RUEE Y
LHABREHOIRZS (RS SR, Feagin 45 R T 5 1128 o 5300 MM N AR 3000 2 1 FrA 9 REVE A% R I B ¥ T L A 30
PUBLRY, B~ BT AR (B3 2 RS | SRS SRR e S PEAE Yy ) el AR SR 490 9 fie 2 11 P R e i e
B B PRI 24 SR B4 A 0 A 1 S MRS DS | 2 SR AR IR A A RUBE TR v RUBE A RSk [ e 1 0 P
BREE AR SRy, Shoshany 451 I FITCH A SIHURL A0 ME AR5 e RIS R0 T 88 L AR (X Mk 52, DAk L S A
WEHS SRR (BRSO B8 | I 34 B AR R 2 A1 2 580) 14 Bl ) 74 A 2 A B R JE A o6 B i 7
Scanlon %1% 2 5T ARSI 2 (1 Jmd S A1 FEURILEACAE B 25 R 10 4 SR VB RV T B e R IR S (A58 IR 58
(] ] REFE AR A SN R A 1 TR A S LAY S BROLIN 28] A g e DA R /)N ) e 23 A1 T R v T 4 R RUBE B0 ¢
VR 23R (RIK A R0 )RR RUBE A S AL AR EL AR T 25 58 . Cipriowi 45120 gt 17— 1) it 20 A 3
TR B T = AR REAR R I 22 B2, 8 T RO EAEY R XA 0.1 m JRER 8=

http ; //www.ecologica.cn



24 11 RIPRAE ;-5 5 X REHORAE RS SR 1 B PDLAIT 52 o J 8867

TH] (A% 25 I AR AR RN 8K | DL R 3R, X T B AR B BT, DU B R B D A i b
B A AR FBET b B R TR AR BRI S B ARb Fe e A X T i B ool IR R R B A 45 R
IR 0 L RIAD FE R 2 5 DX P A IR B A% Sy Bl A 0 B 72 N K 3 B A8 R iR 5 400
B T A Ul JE DA A BE R R A GIE B IR BERR 2 A | - B A BLAR O T SRR A R 2R OC EE ) ORI
I ENTE R SRS 5 )
2.3 FEIK RSN IR R T B 5 T AU AL

Dunkerley R T — R B O E SR AT SR S R Y SR R OB X R
B Ay 0 S RN A5 SR W] BRARAR BE TR , 5 WO S IRABL A S (8 A= A7 S ma AR /N, T 52 5 8 o T
A B AN R GRS S T BOR W B A IR B S R B B Ak . Puigdefabregas %6 #y T — B HIIC
JLE SRR AL, T KRR A A 22 TR AR AR T I Ry 25 IRAB RIS J 2 R AR 179 2 K 3 R0 X B AL e A ] e
SE T AR A A B2 TR 388 2 T B IR A B S 1040 AR R T ) A 4 B A8 P A B, IUBIOE AR A 3 25
SRS ARAT AR i 1 D 4 20 R D 1) A2 9 TR A5 18 . Yokozawa 551 | R £ WS A% AR A (B 45 B,
LNANGUSSUR SR (X 1Y g 7 Nl 51 e £ = W S P i e - 0 AT L 2 e e g 1 9 o B PN
], 45 R 5 AN PR S A U L, TRV 235 DA J5 T 25 ) 7E 0 Bk 5 A R H B, Adler A1 Raff' 7 A4 2
T —ANBTROCH B S U ERLR Y O AN e 452 b 410 ] S S AR ol G A U S DA Ry, 4 SRR SO
S A PR S S 1 b, A4 A R A 408 BT =2 ) 4 R B AR P 2 S B HOCR A A Ry 1 AL
Peters ' Sy T 4R B0l -V ATV DX A A 0% s MR P BA JR R B2 IR A DG 3R LA T B o A A Ak
PSR Sy B AL AR T — MRS A A 3 S T 25 BE B S B OSSR 40L T 23 2 (Rl 7 2
FRUBE S (R RAH LA, 235 SR8 ]« 70 A 205 88 0 S 2 [ R 1 N ) A S5 T AR Jmp e i) B — e b 42 1 P A )
B | AR Y IS A3 BE X T - 22 1) B AR AR ] 2 OGS e T AR B B A R A8 AR 4 b S 4D R AR - AN A
Wfh 2 (852 22 A B AR . Esteban Fl Faireén' @ ## T BSHOTH [ hALEDE 52 X5 T 22 3 A IR A
RS R F L BUE AL EE R FERE R S5 T A SRy 23878 (B AR 7™ g e FE R 3 I i 2%
PR RS 278 58 A BRI AT A SR IRAE A% Jmy O BIF TR 45 R — 3, BV 1R A5 IR
W IR st B3RS, A OV T R IR TR R X A BRI S R R e M Sh LR (R
FIEPRARNIE N EEZ MIE Y B AR AR A | S SR B O 5 R 8 2R T A R e AL T o
TE SOV Ry P TE B, 45 5 R B R B 0 B /N2 T 80 B 1 S T A% S, R B 5 B8 ORI I i 1) - T A% R
Franz 557" 3 F = 28O #R + BRI BEB 1 KT, R T 2 i) S 3 TR [ S LA S g A 0l -
T RYTE L AR R T — R A B A7 R0 L K R AR 2 (DN BEAIL 21 5 32 2 LAY i S A i =X ) o King 11
Franz' ' 7€ Franz 57 BRIILARE FHRG T — 2T o0 M A SR 20 sh B AE A AL, 3L T BEHLFE Y, Bl T
BB ARKFIHR SR H R EE MRl TR RIS B T R R sh A . SRR R AR R TR
I, A AR K 2 R AT RO 5 ZE R R OO B IR A K 2 - S | RE B e 2R B Al Ok A
AR,
2.4 BEHUSL LA R BRE

BB AN VAT BA B (A B BRE R Z BE RUSHe A T (BTN AT Xt A e s Jm 174 B 4/ SO
FORBE, T NP ARG R S EE S, I el e BT RS A g BRI B B I TR A s 8] 3SR ]
B TTHRAEVESR AR TR S TR USH R ROR TR R 09 A [A) B AUk AT RIS 22 R A, BB
JC RS A Z RIS RHIE | P AR A48 ORI R A R B0 24 20, % 1 L 26 52 = (A U Jmy i PR
W, TR A AR WA 52 51 0 7 45008 14 B 1), 76 BEBeURAR ks R 8 Al i B — 2 i3 B
HOPRAFAPOS o (14 B B LA B S LR AL 3= SRR R WG AR T BB REE T MR R BB AR XS 570
{EL Bt o 6T A 40 1A RUBE A A AL A AEAB AR R T8 i AV FH A 0, DL R R T AR A Ay 12 4y T
B2 MR e | R TS PR RS AR A 400 B R AR 4% R BT U SR B i £, B B, 5 ZHT Tietjen il

http ; //www.ecologica.cn



8868 JAE = 40 %

Jestsch' ™ X} 1995—2005 £F2f 5 DXHCHCR G AU AE AR IURE BY O BT 5T £33 45 SRR 0L, T 22 B s TR 0L T
Woe -1 SR BAUMT S B 253

3 ZiEERE

3.1 A

BEHORA S SR i 5 R T TR TR XAS RGN A RIK G R, BRI B A 25 #4 F i 2 pL 2
WF9E, 5 TR TR TR X AR R G A i 2 HA 2 X, M 20 tHhag 90 SRR mIi & JR =4 3
HORAE A SR B BRI 52 )2 Hh R S5 | SR T, FRATT A 2008 T s A TR 2] BESCIRAT B 4% SR T B 8 7K G A mT
FE A7 L0 A 7 B A B B, AN T BB ARAS B HURE AL BT 55 O AEL B A% = 1 2 S 405 8., i B8 ] B2 — d AR AL
il ) T AR U R N3 s AN AT e B B BB (U PR A 25 A BRI 3 AN (] i HLH:
5 0 RO S AR ME G — ), 24 I T — A TR R 5 S 1 At e BRE NP A % o T2 RSO0 o 4 BT A ) At
BEHORAE DA Sy T R BRI S AT e — N R IR B AT 55, 2480, JCI8 e 14 S 4Dl aA 2 B mose il | 5 7l
LA INGR , — 5 AT LA 5| 5T 22 B SEHOIRAE A% R B AL B 52 35 A, 50— D T AT A i 2 A AU TR
T 22 XSl 0 RS IE R I — 2D A B HOIRAF B A Jm) T AL A TR ABIFSE
32 g

LA T AR R N AR LR JLAS D R

(1) BEHOIRAE AR J53 1) 32 SEAR D14 J IO 58 5 S o L3I0 1 ML 5% Sy L AR AN BEAIE ') HoiE i 1 SR A8
= B HIOBERY | WK B K S AU A5 | 38 S oM A5 B R 2 A BB AR v A5 A5 78 5 T b 20 1) 489 7 A 3
W R B2 | ik — - FAR IR Jo) AT BB I ZR A | LA XA AL X T 52 T R X AR S R G ™™

(2) BP9 3% 22 455 R RN B FRORE AL 22 [B) 1Y) OC 3R, 285 O S B AU Y B 1k, ARG BF9E 3R ], s Ak i) 22 i
Klausmeier A AITEE AR f 5 X 2 REPEAE RS Jm) 77 T SEAG L34, BB B b T 000 5 W9 A o 2 AU AR b 5
AR B Sy 4, B RIS AR %) I R ML ) R B e e 8 e T A XA A R TE LAY &R s ™

(3) LR G TEL MBS HUBTRIA A LA W EIR BT % S8 e ) D AU A ) 7 W A 0 - S K S 5%
HESE AR, B ORI A S O A R s 2 R LA AR S REAR G b AL, 455 P A I A TR B A Y
Al T 47 M AUl BEHUIRAE A% SR A TE i, B AT ARG R G5 1 5 2 TR TR & B R X AR B
ZH 2R 2 (B S5 R XSG i 5 ) AR Logistic B FITTHL I ShHLIEF T 9% 3h 28555 W0 AR Bl ks Je) =22 1]
AIAHE SR AR A R AR ARG i 2 —,

(4) 2R FH T ) A% SR S0 2 A 1T ) A R RS 4DL SR B 52 2% 3R 0 1) P R 45 4 RN o R ) e AR L kit
XY RISy b i) I B a1 N W =R 1) [ K7 N D i O I DREI = i O i U1 R W s W = s e B NS £ 2
T AT R B8/ IN RO 2o 2 X IS AR A% Sy 22 498 AART I B A K & AT X AN ] 2 52 M i e 3 A 57 B Ay B8 B 7
Ik

(5) Dy k) s ] do ABEHRAT RIS SR T OB S A8 23 (1] o OB AT 9K 2 % S DLy 0, (2
fi) 4o R A BE A DR RR IR R O A AR sl 0 S R T 2 Tl S Bt AR AR T o R A (AR PR R 7 AR ) T
A2 8] R (A

(6) W {F 55 AT A 5 s XA e R 285 R 2 B8 AT O A b b 0000 % 2 o 4 ) 2% L 4 B T T
TR AR S B 3 AR R LA B R A8 A R 858 A8 A i g 347

(7)) W FE A R BEHRAB A% SR T et e v B s o A5 780 R Rk AR T 15 o K R 1) B SRS 401 07
KPR & SR T O A BADR M &, LA IR A A8y SR N AR, 2 T MR R BIRIAE 1% 0 T
B T ARG AR % (A

£ 3L Hf ( References)

[ 1] Tschinkel W R. The life cycle and life span of Namibian fairy circles. PLoS One, 2012, 7(6) : €38056.

http ; //www.ecologica.cn



24 11 RIPRAE ;-5 5 X REHORAE RS SR 1 B PDLAIT 52 o J 8869

[2]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

Bordeu I, Clerc M G, Couteron P, Lefever R, Tlidi M. Self-replication of localized vegetation patches in scarce environments. Scientific Reports,
2016, 6 33703.

Liu Q S, Liu G H, Huang C, Li H. Soil physicochemical properties associated with quasi-circular vegetation patches in the Yellow River Delta,
China. Geoderma, 2019, 337. 202-214.

Zfh, # st mﬁi@ T, B MU R X Y S TR, AR, 2017, 37(14) ; 4905-4912.

Rietkerk M, Dekker S C
(5692) : 1926-1929.

, de Ruiter P C, van de Koppel J. Self-organized patchiness and catastrophic shifts in ecosystems. Nature, 2004, 305

Ravi S, D’Odorico P, Wang L X, Collins S. Form and function of grass ring patterns in arid grasslands: the role of abiotic controls. Oecologia,
2008, 158(3): 545-555.
RO, X1, T4 2T REREEMEK KX A 25 R GRS, B ASAAR, 2011, 22(1) « 243-249.
M, P, EERRE Jthiﬂzl:ixfi}%ﬁ/rﬁfﬁff%)%ﬁ/ﬁiﬂﬁ7kﬁ%d]WEJ HBFFTok . EBFAGE, 2012, 31(8) : 2137-2144,
Martinez-Garcia R, Calabrese ] M, Hernandez-Garcia E, Lopez C. Vegetation pattern formation in semiarid systems without facilitative mechanisms.
Geophysical Research Letters, 2013, 40(23) . 6143-6147.
Bonanomi G, Incerti G, Stinca A, Carteni F, Giannino F, Mazzoleni S. Ring formation in clonal plants. Community Ecology, 2014, 15(1) :
77-86.
Mueller E N, Wainwright J, Parsons A J, Turnbull L. Land degradation in drylands: an ecogeomorphological approach//Mueller E N, Wainwright
J, Parsons A J, Turnbull L, eds. Patterns of Land Degradation in Drylands, Understanding Self-Organised Ecogeomorphic Systems. Dordrecht:
Springer 2014 1-9.

B, mOE, AHAA. TR TRREAESRLES HHOK AR, B, 2016, 36(11) : 3127-3136.
Berdugo M, Keéfi S, Soliveres S, Maestre F' T. Plant spatial patterns identify alternative ecosystem multifunctionality states in global drylands.
Nature Ecology & Evolution, 2017, 1(2) : 0003.
Gandhi P, Tams S, Bonetti S, Silber M. Vegetation pattern formation in drylands//D’Odoorico P, Porporato A, Runyan C W, eds. Dryland
Ecohydrology. 2nd ed. Springer International Publishing, 2019 469-509. (¥ bl fT7 I I BEkL, A HIA S GG B, 5 RIEEHIIL)
Pringle R M, Tarnita C E. Spatial self-organization of ecosystems: integrating multiple mechanisms of regular-pattern formation. Annual Review of
Entomology, 2017, 62. 359-377.
Dunkerley D. Banded vegetation in some Australian semiarid landscapes : 20 years of field observations to support the development and evaluation of
numerical models of vegetation pattern evolution. Desert, 2018, 23-2. 165-187.
Borgogno F, D'Odorico P, Laio F, Ridolfi L. Mathematical models of vegetation pattern formation in ecohydrology. Reviews of Geophysics, 2009,
47(1): RG1005.
Meron E. Pattern-formation approach to modelling spatially extended ecosystems. Ecological Modelling, 2012, 234, 70-82.
Grimm V, Railshack S F. Individual-Based Modeling and Ecology ( Princeton Series in Theoretical and Computational Biology ). Princeton and
Oxford; Princeton University Press, 2005 21-35.
Meron E. Modeling dryland landscapes. Mathematical Modelling of Natural Phenomena, 2011, 6(1) . 163-187.
Cipriotti P A, Aguiar M R, Wiegand T, Paruelo J] M. Understanding the long-term spatial dynamics of a semiarid grass-shrub steppe through inverse
parameterization for simulation models. Oikos, 2012, 121(6) ; 848-861.
Barbier N, Bellot J, Couteron P, Wiegand T, Grimm V, Deblauwe V, Biro P, Mueller E N. Assessment of patterns in Ecogeomorphic systems//
Mueller E N, Wainwright J, Parsons A J, Turnbull L, eds. Patterns of Land Degradation in Drylands, Understanding Self-Organised
Ecogeomorphic Systems. Dordrecht: Springer, 2014 247-264.
Couteron P, Hunke P, Bellot J, Estrany J, Martinez-Carreras N, Mueller E N, Papanastasis V P, Parmenter R R, Wainwright J. Characterizing
patterns//Mueller E N, Wainwright J, Parsons A J, Turnbull L, eds. Patterns of Land Degradation in Drylands, Understanding Self-Organised
Ecogeomorphic Systems. Dordrecht: Springer, 2014 211-245.
Liu Q S, Song H W, Liu G H, Huang C, Li H. Evaluating the potential of multi-seasonal CBERS-04 imagery for mapping the quasi-circular
vegetation patches in the Yellow River Delta using random forest. Remote Sensing, 2019, 11(10) . 1216.
Meron E. From patterns to function in living systems: dryland ecosystems as a case study. Annual Review of Condensed Matter Physics, 2018, 9:
79-103.
Turnbull L, Hochstrasser T, Wieczorek M, Baas A, Wainwright J, Scarsoglio S, Tietjen B, Jeltsch F, Mueller E N. Approaches to modelling
ecogeomorphic systems//Mueller E N, Wainwright J, Parsons A J, Turnbull L, eds. Patterns of Land Degradation in Drylands, Understanding Self-
Organised Ecogeomorphic Systems. Dordrecht: Springer, 2014 171-209.
Meron E. Pattern formation-A missing link in the study of ecosystem response to environmental changes. Mathematical Biosciences, 2016, 271
1-18.
SeACHR, . AR AL R BT R, A AR, 2016, 36(15) ; 4557-4572.
VFBUY, FEHLRL, A0, RS, YREE AN A A DE LIRSS BRI A=A, 2019, 39(7) : 2267-2281.

http ; //www.ecologica.cn



8870 JAE = 40 4

[30]
[31]

[32]
[33]
[34]
[35)
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47)
[48]

[49]

[50]

[51]
[52]
[53]
[54]
[55]
[56]

[57]

Meron E, Yizhaq H, Gilad E. Localized structures in dryland vegetation; forms and functions. Chaos, 2007, 17(3) . 037109.

Sun G Q, Wang C H, Chang LL, Wu Y P, Li L, Jin Z. Effects of feedback regulation on vegetation patterns in semi-arid environments. Applied
Mathematical Modelling, 2018, 61 200-2015.

Wang X L, Wang W D, Zhang G H. Vegetation pattern formation of a water-biomass model. Communications in Nonlinear Science and Numerical
Simulation, 2017, 42. 571-584.

Lefever R, Lejeune O. On the origin of tiger bush. Bulletin of Mathematical Biology, 1997, 59(2) : 263-294.

/N TR X LSRR SOM A RS 3E REHLE]. h RS kB, 2011, 41(12) ¢ 1721-1730.

Gilad E. Mathematical Models for Vegetation Patterns and Biodiversity[ D]. Beer-Sheva: Ben-Gurion University of the Negev, 2006.

Klausmeier C A. Regular and irregular patterns in semiarid vegetation. Science, 1999, 284(5421) . 1826-1829.

Sherratt J A. Pattern solutions of the Klausmeier Model for banded vegetation in semi-arid environments I. Nonlinearity, 2010, 23 (10) .
2657-2675.

Von Hardenberg J, Meron E, Shachak M, Zarmi Y. Diversity of vegetation patterns and desertification. Physical Review Letters, 2001, 87
(19) . 198101.

HilleRisLambers R, Rietkerk M, van den Bosch F, Prins H HT, de Kroon H. Vegetation pattern formation in semi-arid grazing systems. Ecology,
2001, 82(1): 50-61

Rietkerk M, Boerlijst M C, van Langevelde F, HilleRisLambers R, van de Koppel J, Kumar L, Prins H H'T, de Roos A M. Self-organization of
vegetation in arid ecosystems. The American Naturalist, 2002, 160(4) . 524-530.

Saco P M, Willgoose G R, Hancock G R. Eco-geomorphology of banded vegetation patterns in arid and semi-arid regions. Hydrology and Earth
System Sciences, 2007, 11(6) : 1717-1730.

Zeng X D, Zeng X B. Transition and pattern diversity in arid and semiarid grassland; a modeling study. Journal of Geophysical Research:
Biogeosciences, 2007, 112(G4) . G04008.

Liu Q X, Jin Z, Li B L. Numerical investigation of spatial pattern in a vegetation model with feedback function. Journal of Theoretical Biology,
2008, 254(2) : 350-360.

Thompson S, Katul G, McMahon S M. Role of biomass spread in vegetation pattern formation within arid ecosystems. Water Resources Research,
2008, 44(10): W10421.

Barbier N, Couteron P, Lefever R, Deblauwe V, Lejeune O. Spatial decoupling of facilitation and competition at the origin of gapped vegetation
patterns. Ecology, 2008, 89(6) : 1521-1531.

Van der Stelt A, Doelman A, Hek G, Rademacher ] D M. Rise and fall of periodic patterns for a generalized Klausmeier-Gray-Scott model. Journal
of Nonlinear Science, 2013, 23(1) : 39-95.

Escaff D, Fernandez-Oto C, Clerc M G, Tlidi M. Localized vegetation patterns, fairy circles, and localized patches in arid landscapes. Physical
Review E, 2015, 91(2): 022924.

Kinast S, Ashkenazy Y, Meron E. A coupled vegetation-crust model for patchy landscapes. Pure and Applied Geophysics, 2016, 173(3):
983-993.

Tlidi M, Bordeu I, Clerc M G, Escaff D. Extended patchy ecosystems may increase their total biomass through self-replication. Ecological
Indicators, 2018, 94, 534-543.

Tlidi M, Clerc M G, Escaff D, Couteron P, Messaoudi M, Khaffou M, Makhoute A. Observation and modelling of vegetation spirals and arcs in
isotropic environmental conditions: dissipative structures in arid landscapes. Philosophical Transactions of the Royal Society A; Mathematical ,
Physical and Engineering Sciences, 2018, 376(2135) . 20180026.

Eigentler L, Sherratt J A. Analysis of a model for banded vegetation patterns in semi-arid environments with nonlocal dispersal. Journal of
Mathematical Biology, 2018, 77(3) : 739-763.

Huang T S, Zhang H Y, Liu Z, Pan G, Zhang X M, Gao Z C. Theoretical study on self-organization of vegetation patterns triggered by water
resource in deposited sediment layer. Complexity, 2019, 2019 9516865.

Vincenot C E, Carteni F, Mazzoleni S, Rietkerk M, Giannino F. Spatial self-organization of vegetation subject to climatic stress—insights from a
system dynamics—individual-based hybrid model. Frontiers in Plant Science, 2016, 7: 636.

Sato K, Iwasa Y. Modeling of wave regeneration in subalpine abies forests: population dynamics with spatial structure. Ecology, 1993, 74(5) .
1538-1550.

Mauchamp A, Rambal S, Lepart J. Simulating the dynamics of a vegetation mosaic: a spatialized functional model. Ecological Modelling, 1994, 71
(1/3): 107-130.

Thiery ] M, D'Herbes ] M, Valentin C. A model simulating the genesis of banded vegetation patterns in Niger. Journal of Ecology, 1995, 83(3) :
497-507.

Wiegand T, Milton S J, Wissel C. A simulation model for shrub ecosystem in the semiarid Karoo, South Africa. Ecology, 1995, 76 (7).
2205-2221.

http ; //www.ecologica.cn



24 11 RIPRAE ;-5 5 X REHORAE RS SR 1 B PDLAIT 52 o J 8871

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]
[68]

[69]

[70]
[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]
[79]

[80]

[81]

[82]

[83]
[84]

[85]

Dunkerley D L. Banded vegetation: development under uniform rainfall from a simple cellular automaton model. Plant Ecology, 1997, 129(2) .
103-111.

Keymer | E, Marquet P A, Johnson A R. Pattern formation in a patch occupancy metapopulation model: a cellular automata approach. Journal of
Theoretical Biology, 1998, 194(1) . 79-90.

Feagin R A, Wu X B, Smeins ' E, Whisenant S G, Grant W E. Individual versus community level processes and pattern formation in a model of
sand dune plant succession. Ecological Modelling, 2005, 183(4) . 435-449.

Shoshany M, Kelman E. Assessing mutuality of change in soil and vegetation patch pattern characteristics by means of cellular automata simulation.
Geomorphology, 2006, 77(1/2) : 35-46.

Scanlon T M, Caylor K K, Levin S A, Rodriguez-Iturbe L. Positive feedbacks promote power-law clustering of Kalahari vegetation. Nature, 2007,
449(7159) : 209-212.

Cipriotti P A, Aguiar M R, Wiegand T, Paruelo ] M. A complex network of interactions controls coexistence and relative abundances in Patagonian
grass-shrub steppes. Journal of Ecology, 2014, 102(3) . 776-788.

Dunkerley D L. Banded vegetation: survival under drought and grazing pressure based on a simple cellular automaton model. Journal of Arid
Environments, 1997, 35(3) ;. 419-428.

Puigdefabregas J, Gallart ', Biaciotto O, Allogia M, del Barrio G. Banded vegetation patterning in a subantarctic forest of Tierra del Fuego, as an
outcome of the interaction between wind and tree growth. Acta Oecologica, 1999, 20(3) . 135-146.

Yokozawa M, Kubota Y, Hara T. Effects of competition mode on the spatial pattern dynamics of wave regeneration in subalpine tree stands.
Ecological Modelling, 1999, 118(1) : 73-86.

Adler P B, Raff D A, Lauenroth W K. The effect of grazing on the spatial heterogeneity of vegetation. Oecologia, 2001, 128(4) : 465-479.
Peters D P C. Plant species dominance at a grassland-shrubland ecotone ; an individual-based gap dynamics model of herbaceous and woody species.
Ecological Modelling, 2002, 152(1); 5-32.

Esteban J, Fairén V. Self-organized formation of banded vegetation patterns in semi-arid regions: a model. Ecological Complexity, 2006, 3(2) :
109-118.

S B R IR T R X E PORAE AR R B S5 A R AT SB[ DL 22 22 MRS, 2011,

Franz T E, Caylor K K, King E G, Nordbotten J] M, Celia M A, Rodriguez-Iturbe I. An ecohydrological approach to predicting hillslope-scale
vegetation patterns in dryland ecosystems. Water Resources Research, 2012, 48(1) . WO01515.

King E G, Franz T E. Combining ecohydrologic and transition probability-based modeling to simulate vegetation dynamics in a semi-arid rangeland.
Ecological Modelling, 2016, 329 41-63.

Wiegand T, Jeltsch F, Bauer S, Kellner K. Perspective article: simulation models for semi-arid rangelands of Southern Africa. African Journal of
Range & Forage Science, 1998, 15(1/2) : 48-60.

Tietjen B, Jeltsch F. Semi-arid grazing systems and climate change: a survey of present modelling potential and future needs. Journal of Applied
Ecology, 2007, 44(2) : 425-434.

Tietjen B, Zehe E, Jeltsch F. Simulating plant water availability in dry lands under climate change: a generic model of two soil layers. Water
Resources Research, 2009, 45(1) : W01418.

Tietjen B. Same rainfall amount different vegetation—How environmental conditions and their interactions influence savanna dynamics. Ecological
Modelling, 2016, 326; 13-22.

Severino G, Giannino F, Carteni F, Mazzoleni S, Tartakovsky D M. Effects of hydraulic soil properties on vegetation pattern formation in sloping
landscapes. Bulletin of Mathematical Biology, 2017, 79(12) . 2773-2784.

Meron E. Vegetation pattern formation: the mechanisms behind the forms. Physics Today, 2019, 72(11) : 30-36.

Zhang H Y, Huang T S, Dai L M, Pan G, Liu Z, Gao Z C, Zhang X M. Regular and irregular vegetation pattern formation in semiarid regions: a
study on discrete Klausmeier model. Complexity, 2020, 2020 2498073.

Sun J Y, Li X R, Chen N, Wang Y L, Song G. Regular pattern formation regulates population dynamics: logistic growth in cellular automata.
Ecological Modelling, 2020, 418. 108878.

Wiegand T, Jeltsch F, Hanski I, Grimm V. Using pattern-oriented modeling for revealing hidden information: a key for reconciling ecological theory
and application. Oikos, 2003, 100(2) : 209-222.

Grimm V, Revilla E, Berger U, Jeltsch F, Mooij W M, Railsback S F, Thulke H H, Weiner J, Wiegand T, DeAngelis D L. Pattern-oriented
modeling of agent-based complex systems: lessons from ecology. Science, 2005, 310(5750) : 987-991.

DeAngelis D L, Yurek S. Spatially explicit modeling in ecology: a review. Ecosystems, 2017, 20(2) : 284-300.

Rammer W, Seidl R. A scalable model of vegetation transitions using deep neural networks. Methods in Ecology and Evolution, 2019, 10(6) : 879-
890.

DeAngelis D L, Grimm V. Individual-based models in ecology after four decades. F1000Prime Reports, 2014, 6. 39.

http ; //www.ecologica.cn



