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BISELACING ONE s
BY ANOTHER

reactive

» Spread of an advantageous gene fpe |

» Spread of infectious disease (Influenza, SAR type S
~ chemical reaction, e.g. S+[->2|

* Spread of Invasive species (gypsy moth, cane toad)

» Spread of Information, gossip ...




D EMIC SPREAES

Historic scenario Modern scenario

"X ‘gei

SARS
J. V. Noble, Nature 250, 726 (1974). L Hufnagel et al., PNAS 101, 15124 (2004)
Around the world
300-600km/yr

N ~6 MOk



BFREAD DEPENDS O
DISPERSAL PAT TERNS

Historic scenario Modern scenario

Qualitative

Difference!

Helbing, Brockmann, et al. ArXiv:1402.7011 (2014)
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Brockmann, et al. Nature (2006)



SPREAD DEPENDS ON
DISPERSAL PAT TERNS

Short distance Long distance
dispersal (SDD) dispersal (LDD)

Qualitative
Difference!

Iraveling vvaves‘ ‘Metastatic growth’ |



Ooccupancy
X

occupancy
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TRAVELING WAVES (1D)

Oic(x,t) = DAc+ rc (1 — %)

diffusion  growth

R.A. Fisher (1937), Kolmogorov et al. (1937)
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NOISY TRAVELING WAVES

Oic(x,t) = DAc+ rc (1 [C() -1/ C
diffusion growth  noise

R.A. Fisher (1937), Kolmogorov et al. (1937) Mueller, Tribe (1995)
Tsimring, et al (1995)
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GENERALIZATION
| ONG DIS TANCE IS

ﬁtC(QZ', t) = DAC 1 re (1 " %) ,_

diffusion  growth £oise,

* so far, mostly

S SR mean field approaches:
fE@-e@) g s
jump kernel <2 =» exp. growth

e.g. Mancinelli,Vergni,Vulpiani, (2002),
del Castillo-Negrete D (2003)

Tat tail cutoft” =» lin. growth

Hufnagel, Brockmann (2008)

| Mean-field approaches neglect the }

| discreteness of long-range jumps

iInconsistent with simulations, see below




SIMULATIONS

« Start with one ‘seed on a
d={1,2} lattice.

- New seeds due to long
range jJumps from
established populations.

G(2) ~ e|z]” W%




MCOVIED

p=3.9 p= 2.9 uw=1.9
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SELF-CONSISTENCY
ARGUMENT

time
1(t)

32 radius =
@elc | > space
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SELF-CONSISTENCY
ARGUMENT

new seed

@elc > Space

O. H., D.S. Fisher, 2014, arXiv:1403.4639



SELF-CONSISTENCY
ARGUMENT

time

5] It
@elc | > Space

O. H., D.S. Fisher, 2014, arXiv:1403.4639




SELF-CONSISTENCY
ARGUMENT

time

O. H., D.S. Fisher, 2014, arXiv:1403.4639



SELF-CONSISTENCY
ARGUMENT

time

Crucial jumps
typical occur at ‘half time’

space

t
1 %/ dt’/ ddr/ dr' G [I(t)é + 7 — 7]
0 B Bl(t—t’) :

. (jump kernel)

O. H., D.S. Fisher, 2014, arXiv:1403.4639



SELF-CONSISTENCY
ARGUMENT

time

s = 10)
Crucial jumps
typical occur at ‘half time’
, space

Saddle Point 1~ ti(t/2)** G[i(t)]
Approximation * (E)F e £ 1(t/2)

O. H., D.S. Fisher, 2014, arXiv:1403.4639




PO TMPTOTICS

SUpposINg: G(Z) ~ SE
p<d logI(t) ~ B,t"  n=220cts
u=d log [(t) NCdlogQSt)
B i (t) ~ AP B=-d
p=d+1 [(t) ~ tlog(t)
1 > d e 1 short-range dispersal dominates; linear spread
[I] Supercritical long-range percolation: [2] Long-Range First Passage Percolation:

M. Biskup, The Annals of Applied Probability 32,2938 (2004). S. Chatterjee, P. S. Dey. arXiv:1309.5757 (2013).



BEYOND ASYMPTOPIA

log, (1)
Stretched Superlinear
Exponential | Powerlaw
Growth  / | Growth
/
- Og 2 ( Zﬂc )
. ~ 20,,
Marginal case %)

Full cross-over form Is needed for
comparison with simulations and nature.



BEYOND ASYMPTOPIA

log, (1)
Stretched Superlinear
Exponential | Powerlaw
Growth | Growth
/ Og: 2 ( Z‘E )
- ~~ 2@’
Marginal case 2Z)
0 = I — ci
p = logy(l) z = log, (%) 0=p—d
log-size’ log-time”  distance to marginal case

5° 0z O




THEORY VS, SIMULATIONS - 1D
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SUMMARY OF
SPREADING ANALYSIS

« Mean-field theories faill because they neglect discreteness of long-range jumps.

time
* Self-consistency constrains the leading order dynamics g_aditis = (1)
* Indirect seeding: mean occupancy @ X : . ! N space
(e(@)) = 1 — exp (| /1(t)| =)

* Sub-exponential growth laws for I(t):
Power law, stretched exponentials and a crucial marginal case in between.




BIORE COMPLEX EPIDENISS
PROELS

time
SI model —
S Al = o)
l space
time
SIR model g
Sl =9
e w space

symmetry breaking
SIR =g Supercritical long-range percolation

[T M.Biskup, The Annals of Applied Probability 32,2938 (2004).
[2] P Grassberger ]. Stat. Mech. 2013, P04004 (201 3).
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INFECTION TREES

How are
Genealogies

embedded
N space!
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http://www.evo.ds.mpg.de

