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FIG. 1. (colour online) Evolution of vegetation patterns in the presence of slow precipitation drift. The green curve A avoids
the tipping point by going into a reversible patterned state. The red curve B falls off the fold point leading to irreversible
extinction. Model (1) is used with a given by (5). The Green curve A corresponds to slow decrease (¢ = 0.006, corresponding
to a change of 2 mm/year) while the red curve B corresponds to a faster decrease (¢ = 0.03, corresponding to a change of 40
mm /year). Other parameters are ap = 2.85,a1 = 1.75,00 = 0.0001,6 = 0.05,d = 1,¢ = 0 on a domain of size L = 22.839
with periodic boundary conditions. The full vegetation state (black curve C) bifurcates into a patterned state (blue curve D,
computed by the software package AUTO [12]) at a = ap = 2.4743, and has a fold point at a. = 2. For values of a below a,
and above a., the full vegetation state still exists (dashed black curve C) but is unstable to spatial perturbations. The vertical
green dashed line E at a = aq = 2.18 is the asymptotic prediction for the delayed “take-off” value of the green curve. Excellent
agreement between the asymptotics and numerics is observed.



{Q M:(‘Zt)*‘ (P't o SCP)()‘ o (‘P & ch i’wa.r“i' t/\z \f/

6= Y —Y- kRO OLAJ&%

¥ A

s 11 Sy, ke 5@ LT
|
\f
Dropping Ao 4 we gels 0k FO]

g‘ A i JH— = +
= X@ F € ¢
O
%
@_;ML_; &)= P%ML—-L{—Q\VL‘E_ 1 G N
o bbkq_—{‘( {-h.-:
| %@’(): do iy

o 2
; o €l T n.g. ; N
R — i e ; Vv A D+ B’U{\ m— é l



Tidrododion 4o SODE ©

Slﬁﬂjfmi
e
et _ |
AA¢S LMr/Q-"—hM—Mjﬁ:{UQL . At =000 }

X:O
“E*O’L ‘t;_o:(ﬂ::S

x= Xt S il A{)%’L@,hﬂ(h
5L 5 el QA@&J a f | ?
MW . lenier za( -‘p_n,,@ M LL{%
~lot uwt)s prot- ‘M'&‘f(); Hatin ‘—%W :

X2

KMCX/{L) &IX = F‘weagp&.{% “qui K< s () & X,)_ q

N i i by o w0l
NSy VDL w U‘(”mg)’t) O(LA,
B N

"
— &4
e

: = Ny b = %
e T T A
R Ry 7,
W " £ +O&®>'# (4 V itﬁg



=
ﬁ‘&éoo

[ L e Fokion - Plawc %%k

co € '
//OCE— (it) i

g.ﬂﬁpo%_ y X(9)=0

kf’Q A >uw-ﬂa(JLvm.1 @x\-ub(, MS}\
. X 0\ y S
(0} LK) - \”/S .
L ONLE exh L d

&@ 5@@ &5 )= © 3, ¢
ﬁ‘ ”

P 3
.P

dcs )L O
N o alinee :{ iR C%)

e 6iF )-({ ~- ad@v@ % Lan

‘@J@}jl\ @441 ol i i
N " l\ | <C‘_Qé?. {o(<o
X -~ M(&/@d} .,6;;(>3

SO—L“—_E——-L{_L_.__, o
I'r—v\—Q*‘ :' L/k
“{ Lt CW)s



&LOLL (20 61 At + ,g—g &) = O
/ﬂnﬁ. (W#\_g C,@j. L..OWMVOLA_,\ ‘Ep K=o =& ;

Qm
. Lot ol € O when 85 T Ao |
-5
Ex: Supporr (et)= —L¥ £ tews ﬁczﬂ* 167 5= 0.0R
d,\;.m 0440) ww{M { o{>o

Thon  @=0 ©» s
Howde e J({/»L LM&Q&C{% % uﬂzg @’&UL\/QJ IQL—L @(NO 4,5
L T Ala wm0 — s bt gl

i - o}ﬁ uﬂw@f\ \ k> .8
N 00-""‘"‘@ ng&iﬂ.\/&ﬁ( @"3 &L “: [fot WWANLCBL F%IP%.J

%b{m Lﬂ;;@f;om: +the “tuw«—af(] o l({owwfw tinr 4
m | {the —Valiante a {L_«. iﬂw{:&
| be cona \/z/ua @La
Fowren - PQ“""K %@ N ’EAL f?(:/v“' @‘a :
@@t)x W), = LOWx ;5 w(x0)=50
on Wt e \/W“JZXL S= 2{ &
| + () W = Ef W«

GU,  + (8 %UL
e T T 0 01:,)— \74 U O, $) ”L7C r ouL Con cLau') Jc\wJC

The — oAB0 C/Laiw'\



Sgadufﬁ-i %‘,'U(S + 0 X("LX 4 As)w = é W oex . @
| - : (F-p)

w(x,e) = ng')

_A)
Chetnag von () °/(%"><e, 3 @w A= Q&(S)Js

ZL’“UL/S3 M("é g)
~ U= e /"?/LL} e l%a 7B  eu okl

Us "'X‘w”l/( + U,
. A0

7@%(5 +CL(5\U "-’-‘—E}fe ¢ Mﬂ )

- AG) A
UA&JU-G‘}Q/ \/@4@ 2 i u(tjjg)___ 3 2 V(j 5) *) %Ms_"au__ 0 ZVS

oV =

==) i\/S - %‘@ Z V‘j‘a | -—{:%&_ : i ,;M
C/L\&WXL Ve (% Vi s} \,\J(bé “L‘C%)) & 0~ <

T Y
' &



Co @

i

; Do/

o )

— — £ '
%A“) % --?:.A(S

e (g(g) Q ¢ J ‘
[,JL\_UUL A(Sﬁ = go{CS) 3
e o
/V 'ff[xa/t A(g‘,):o %
cnd g o & e 9( ol ol

i Loploce's sty ol ¢ .

£> Sf Thain
2 AL ,
0'2(5)N e 2

0(s) ~ %<—é~




~Han wtan o)
o C, { . o b 1 | 5 CL
. —o% 1, f"'x__ - A/g
ety 1

2 LA (S

kAl 24 Aw S ) e
=D g > £ = 9%kl = L a ) As) |

< (% e

Next) apply LM{JZMS /»;s»’fl\pcf -
Rl it A= ek ad 0O
S5 Had Als) her o ﬂ/m,}gﬁ Ponas

| A
~ T oy o now ok T

@

¢ . ,
, — QJA) B |
S ¢ N P 0 ‘lA“P)/g S .
" R

S >, we hate

oe . Auc‘-sr) ($-5.)
3

(]



OD%M g L e ek tak 6/(§D L g Lt o= CL(SA).
P wis) <L i sy i
io’u) >> i >

oz(ﬁ)—— ©
. J gSA dyds+ ¢ ﬂw% () Z(sﬂ\ g
| f'
”"ﬂ”\, 0(0[’01(3«0 /

¢ Back o L3} = -—L+§ F;@LS)JB, thein S’f;:L/

R

S Yoy |




a= 26
25r
2 L
€=0.02
j
<15
E
'l L
05+
£=0.004
0
2.56
s a_ (numerics)
240 S d ] -,
\ - - -3 (asymptotics) e¢=0.002
231 W ~ o —a (hybrid)
ad ool w\\@\\ ........ @ ap
- a
211 RS 2
‘&*gﬁ.
5 [ .
o .
19_ . @‘O\‘..
S -~ ®
1.8 : ! !
0 0.005 0.01 0.015
€

FIG. 2. Numerical verification of aq as given in (16) for (6). The slow drift is taken to be a = ap — et with ag = 3,
oo = 0.0001, L = 22.839 and é = 0.05. Top left: the evolution of max n as a function of a with ¢ as indicated. The dashed
lines show a4 as given by (16). The patterned state (blue on-line) to the left corresponds to a single-bump solution, whereas
the patterned state on the right corresponds to the wave-number 10 born from a Turing bifurcation at a = a, = 2.47439. Top
right: color plot of n(x,t) as it evolves in time. The Turing bifurcation point a,, the delayed bifurcation a4 and the fold point
a. = 2 are indicated. Bottom left: Comparison of asymptotic and full numerical results for ag. The hybrid curve is obtained
by using the full homogeneous state (17) instead of (7) when computing (16). The value of a4 is estimated numerically as
discussed in the text, and an average over 50 simulations is used. We used N = 100, dt = 0.1 (see Appendix A for numerical
implementation details).



