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ut, what if we could predict such sudden collapse?
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ut, what if we could predict such sudden collapse?
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simple theory built on the mechanism of bifurcations
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Let’s give ita try...
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rediction Debrief. ..
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rediction Debrief. ..

1Uhn

e So what’s an increase?
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rediction Debrief. ..

e So what’s an increase?
e Do we have enough data to tell?
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rediction Debrief. ..

e So what’s an increase?
e Do we have enough data to tell?
e Which indicators to trust most?
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mpirical examples of early warning

Have relied on comparison to a control system:
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We don'’t have a control system. ..
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All we have is a squiggle
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Boettiger & Alan Hastings, UC Davis cboettig@ucdavis.edu Early Warning Signs

24177



gs : doi:10.1038/npre.2012.6857.1 : Posted 31 Jan

¢ Precedin

Boettiger & Alan Hastings, UC Davis cboettig@ucdavis.edu

A pattern isn’t enough

Early Warning Signs

25/77



gs : doi:10.1038/npre.2012.6857.1 : Posted 31 Jan

¢ Precedin

Boettiger & Alan Hastings, UC Davis cboettig@ucdavis.edu

We need a framework

Early Warning Signs

26/77



gs : doi:10.1038/npre.2012.6857.1 : Posted 317Fan

¢ Precedin

framework for predicting catastrophe

I A pattern

ion test, < = 0.807

@ Wissel 1984, Carpenter & Brock 2006, Dakos et al. 2008, Guttal et al. 2008, Scheffer et al. 2009, Dakos et
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framework for predicting catastrophe

I1 A pattern

A statistic

@ Dakos et al. 2008, Dakos et al. 2009,
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framework for predicting catastrophe

i1 A pattern

ion test, < = 0.807
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Not approaching
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@ Dakos et al. 2008

Boettiger & Alan Hastings, UC Davis cboettig@ucdavis.edu Early Warning Signs

29/77



gs : doi:10.1038/npre.2012.6857.1 : Posted 317Fan

¢ Precedin

framework for predicting catastrophe

I A pattern

° 20 40 6o 0 10w

A statistic
~§ T v

Not appreaching Approaching

‘transition transitio

Boettiger & Alan Hastings, UC Davis cboettig@ucdavis.edu Early Warning Signs

30177



gs : doi:10.1038/npre.2012.6857.1 : Posted 317Fan

¢ Precedin

framewo

Boettiger & Alan Hastings, UC Davis

rk for predicting catastrophe

I A pattern

A statistic

Y

Not appﬁeachmg Approaching

transmlon tran5|t|o'

Select a threshold

False Postive

choettig@ucdavis.edu Early Warning Signs

31177



c
What's an increase?
™
S
o}
9
17
o
o
-+ 88 8 o
5 2 8 8
. . -
% ~ Correlation test, t=-0.01 5N Correlation test, t=0.807
ﬁ © 24
o w
Ngz:2 R
GEJ_ h <
c @
S - o |
(S0 T T T T T T - T T T T T
o 0 200 400 600 800 1000 0 200 400 600 800 1000
F! time time
o
-1
fe)
S
%)
o))
=
S
@
O
]
S
o
@y Boettiger & Alan Hastings, UC Davis cboetlig@ucdavis.edu Early Warning Signs 3277



c
hat’ [ ?
at's an increase*

™
°
9]
g

7]
o
o
_— g} Eg

- 'g ° g 4
5 2 8 8
R -« Correlation test, t=-0.01 pY Correlation test, t=0.807
N, =
— -
o w
N3 3%
GEJ_ h <
c @
~ — o
0 1
8 l‘] 260 460 860 860 1 Ubﬂ &I 260 460 860 860 WUbU
F! time time
o
-1
k)
° -

7 € [—1,1] quantifies the trend.

o)
£
S
@
o
9]
S
[a
@3 Bosttiger & Alan Hastings, UC Davis cboettig@ucdavis.edu Early Warning Signs

32177



1an

nfortunately. . .

s
gR £ 84
. 8 -

~ Correlation test, t=-0.01 ai Correlation test, t=0.807

= N ‘

© -

0 3 -

- (&)

b < |

]

- o

6 200 460 860 860 1000 él 200 460 860 860 1000
time time

Both patterns come from a stable process!

gs : doi:10.1038/npre.2012.6857.1 : Posted 3
cv

¢ Precedin

Boettiger & Alan Hastings, UC Davis cboettig@ucdavis.edu Early Warning Signs 33177



¢ Precedin

gs : doi:10.1038/npre.2012.6857.1 : Posted 31 Jan
1.6

Typical?

abundance
700 800
PR

cv
14 15

13

~ Correlation test, T=-0.01

T - T
0 200 400 600
time

Boettiger & Alan Hastings, UC Davis cboettig@ucdavis.edu

T
800

1000

abundance

2.0650

(9%

750

1.8

14

12

False alarm!

Correlation test, t=0.807

T T T
0 200 400 600 800 1000

time

Early Warning Signs

34/77



¢ Precedin

gs : doi:10.1038/npre.2012.6857.1 : Posted 31 Jan
1.6

Typical?

abundance

700 800
PR

abundance

2.0650

Correlation test, T=-0.01

17

cv
(9%

14 15

13

T - T T
0 200 400 600 800 1000
time

How often do we see false alarms?

Boettiger & Alan Hastings, UC Davis cboettig@ucdavis.edu

750

1.8

14

12

False alarm!

Correlation test, t=0.807

T T T
0 200 400 600 800 1000

time

Early Warning Signs

34/77



1Qan

ften. 7 can take any value in a stable system
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can take any value in a collapsing system

System approaching transition
(100 data pts)
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(Using a novel, general stochastic model to estimate)
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Comparison to a system approaching transition
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eyond the Squiggles

@ general models by likelihood: stable and critical
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eyond the Squiggles

@ general models by likelihood: stable and critical
@ simulated replicates for null and test cases
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eyond the Squiggles

@ general models by likelihood: stable and critical
@ simulated replicates for null and test cases
@ Use model likelihood as an indicator (Cox 1962)
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Do we have enough data to tell?
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How about Type I/ll error?
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Linguistically, a disaster.
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Instead: focus on trade-off
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eceiver-operator characteristics (ROCs):

Visualize the trade-off between
false alarms and failed detection
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onclusions

@ Estimate false alarms & failed detections
@ |dentify which indicators are best
@ Explore the influence of more data on these rates.
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