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OUTLINE OF TALK:

- Primer to Complex Systems
- Humans - cancer of earth’s ecosystem?

- Paper: Early warning signals of regime shifts in coupled human-environment
systems - PNAS, 2016



Primer to Complex Systems
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Primer to Complex Systems
Tinkering with Complex Systems ----- > At your own risk !!!

[1] Introduction of Cane toads (102) in Australia to from Hawaii
in June 1935 to control native Australian beetle (parasite to sugarcane).

Produce toxic chemicals — native predators can tolerate

— BUT NOT IN NEW HABITAT

Large depletion of native species that eat cane toads -

native Australian cats, native species of lizards, and snakes.

Explosion of Cane toads

[2] Small Indian Mongose

-From Southeast Asia Introduced To - Asia, Central America, South America
-Pest control

-BUT aggressive predators. Wikipedia

-decline of bar-winged rail, Jamaica petrel, hawksbill turtles, pink pigeon, Amami rabbit and
many other birds, reptiles and mammals.

[3] Water hyacinth (Eichhornia crassipes),
[4] Northern Pacific seastar (Asterias amurensis)
[5]Water hyacinth (Eichhornia crassipes)



Socio-economic trends

Humans as cancer to the Earth’s ecosystem
(Cancer and Humans seem to share similar Hallmarks)
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Humans as cancer to the Earth’s ecosystem
(Cancer and Humans seem to share similar Hallmarks)
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Critical Transitions, Regime Shifts and Tipping points

Critical transition - shift in a system’s dynamical regime from its current state to a strongly contrasting
state

Significant efforts to identify early-warning signals of critical transitions in Ecosystems, Financial
Systems, etc.

E.g., Lakes, climate, amazon rainforest, food webs, dry-land transitions, epilepsy attacks.

Systems approaching a bifurcation point show a characteristic behaviour called critical slowing down
leading to an increasingly slow recovery from perturbations.



Resilience of Systems
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-> high variability dynamics - low variability dynamics



Minimal Models of Coupled Human-Environment Systems

Charting pathways to climate change mitigation in a coupled socio-climate model

-Bury et al. 2019, Plos Comp. Biol.
muillenniumpc
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Early warning signals of regime shifts in coupled human-environment systems
Chris T. Baucha,, Ram Sigdelb , Joe Pharaona , and Madhur Anand
PNAS, 2016

* Environment Dynamics Model
A minimal ecological model of harvesting

* Social Dynamics Model
A simple social model of social norms and social leraning

* Coupled Human-Environment System Model
coupled dynamics of forests and conservation opinions such as:

a) social learning,

b) social norms,

C) economic costs,

d) resource dynamics,

e) the inverse relationship between forest cover and public support for conservation



Early warning signals of regime shifts in coupled human-environment systems
Chris T. Baucha,, Ram Sigdelb , Joe Pharaona , and Madhur Anand - PNAS, 2016

Environment Dynamics Model

R: Net growth rate
g — RF(l — F) — k h: Maximum Harvesting Efficiency

F+s

h and s signifies human behavior
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Early warning signals of regime shifts in coupled human-environment systems
Chris T. Baucha,, Ram Sigdelb , Joe Pharaona , and Madhur Anand - PNAS, 2016

Social Dynamics Model

- Imitation Dynamic of Evolutionary Game Theory
(humans tend to imitate successful strategies)

Dynamics:
- Each individual can be either C(Conservationist) or N(Non-Conservationist)

- Each individual samples other individuals in the population at a fixed rate.

- If the sampled person has the opposite position and is receiving a higher utility/payoff,
the individual switches to the sampled person’s opinion with a probability proportional
to the expected gain in utility.

=X: fraction of Conservationists
1-x: fraction of Non-Conservationists

dz

f
- = kr(l—2)AU = (—kz(1 — 2)AU) = kz(l — 2)AU ¢
at N

U.: Utility of Conservationist Strategy
U, Utility of Non-Conservationist Strategy
AU =U_ - U, ----> Utility Gain of transitioning from N to C Strategy




Early warning signals of regime shifts in coupled human-environment systems

Coupled Human-Environment System Model

dF hF dx

— =RF(1—-F)— — kr(l — r T

7 A-F)— 5 - = ko(1 - z)Al
Environment Dynamics Social Dynamics

IF SYSTEM GETS COUPLED THEN:

Socio-ecological feedbacks ---> slow down deforestation, and
socio-economic factors ---> assist in reforestation



Early warning signals of regime shifts in coupled human-environment systems

Coupled Human-Environment System Model

(1) Harvesting becomes a function of x:
Larger the fraction of Non-conservationists, larger harvesting

h replaced by h(1-x)
(2) AU (Utility Gain of transitioning from N to C Strategy), becomes a function of F and x:

(i) increasing function of f_ and decreasing function of f  ----- >d(f.—f)=d(2x-1)
d is strength of social norms

(if) decreasing function of F
If F is very low ---> People concerned ---> higher chances of people switching to C strategy
If F is very high then people give a damn ---> higher chances of people switching to N strategy

1
AU = UC_ UN: (J{(z.}f - ]_) + — — -'“;]

F+c L

Conservation cost



Early warning signals of regime shifts in coupled human-environment systems

Coupled Human-Environment System Model

dF hF dx
& —RF(1-F)— = = kz(1 - 2)AU
= RE( ) s + g7 kx(1— z)AU

Environment Dynamics Social Dynamics

h(l —z)F
F+s

F=RF(1-F)-

&t =kx(l—x) |d2x —1) +
(1— o) |d(2a = 1)+



Early warning signals of regime shifts in coupled human-environment systems
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If conservation cost sufficiently high (w = 1.5) and
social norms are sufficiently strong (d = 0.2),

7

forest collapses as harvesting efficiency h increases

cost of conservation is too high and social norms prevent conservationism
from establishing itself in the population (i.e., x = 0)



Early warning signals of regime shifts in coupled human-environment systems

Coupled Human-Environment System Model
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if conservation cost is smaller (w = 1) and social norms are weaker (d = 0.1):

as h increases beyond a tipping point, humans respond to declining forests by an
Increase in conservationism (x > 0).

This in turn allows moderate forest cover to be main- tained despite higher harvesting
efficiency (F > 0 becomes sta- ble,
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