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The desertification process




Desertification vulnerability
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The desertification process - patterns

Goaogle Faith Google Earth

(a) Bands in Somalia (b) Gaps in Niger

(c¢) Spots in Zambia (d) Maze in Sudan



Mathematical treatment of biomass los
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Translating ecology to mathematics: - ®
Vegetation patterns « localized structures ® . ® .
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Source: Gilad et al (2004) Source: Rietkerk et al (2002)

Mathematical paper:
- Dynamics of disappearing pulses [ Bastiaansen, Doelman (2019)]

This presentation:

1. Summary ‘Dynamics of disappearing pulses’

2. Minimizing biomass using maintenance strategies /\ /\
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A simple ecosystem model

Extended-Klausmeier model

Wt = Wayry —W + a —wv?

U = D%m —mu +wv?

) : water [) : ratio of diffusion

v :vegetation @ : rainfall
M : mortality /\/\/




Understanding pulses in the model

« PDE: infinite-dimensional state space

* Reduction possible because of localized structures

1. Pulse-location ODEs: describe movement of pulses

2. Stability criterium: test if configuration is feasible




Pulse-location ODE
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Stability criterium

Enough resources to sustain all vegetation patches?

Depends on amount of rainfall and distance between patches

(a) high rainfall (b) low rainfall
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Stability criterium

Enough resources to sustain all vegetation patches?

Depends on amount of rainfall and distance between patches

(a) high rainfall (b) low rainfall

What happens when outside feasible region?

One patch disappears :

irregular configuration: (least amount of biomass)

Half of the patches disappears
(wavelength doubling)

regular configuration:




Dynamics of disappearing pulses (1)

(a) initial configuration

(b) at/after destabilization

fast cimate change
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Dynamics of disappearing pulses (2)

(a) initial configuration

(b) regular pattern achieved

slow climate change

-
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(¢) at/after destabilization
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Dynamics of disappearing pulses (3

Rate of climate change
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total hiomass

Optimizing biomass

Important question: how is biomass optimized (for any particular rainfall value)?

200000

100000 -

-Total biomass is optimized
in regular patterns
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total hiomass

Optimizing biomass

Important question: how is biomass optimized (for any particular rainfall value)?

200000

100000

— Fast change

—— Slow change

max

I
0.5

rainfall a

total biomass per unit length

More total biomass when
there are more patches

I

-Total biomass is optimized
in regular patterns
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Strategy #1: p
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Strategy #2: early removal (for slow change)
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Strategies #1 & #2: simulation results

total biomass

—>Short term benefits possible if right patches are removed
- Long term benefits unclear
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(a) Fast climate change
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(b) Slow climate change
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Strategy #3: removal of |N/3]| patches
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Strategy #3: simu

- Short term benefits clear
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- Long term benefits unclear
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Conclusions/Discussion

Biomass optimization:
1. As many vegetation patches as possible

2. Aim for more regular configurations

Maintenance strategies:
= Short-term benefits possible

= Long-term benefits unclear/unpredictable (without constant monitoring)

Discussion points:
* Alternate maintenance techniques?
» Alternate questions/issues that can be handled with mathematical techniques?

* Possible extensions or hiccups?
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