Investing in landscape restoration: combining
ecological transitions into a real options model

AARES Conference February 2011 CSIRO

CSIRO Ecosystem Sciences i La Trobe University

Anke Leroux and Stuart Whitten ‘lml







~ arsupial

W ndlor fire

Fertilisation

grazing
Cultivation

ion ceases

on, fertilizer

ng

5. Revegetated areas

Ower storey planted ar high densities
Large perennial exotic grasses dominant
Very low diversity of grasses and herbs

»  Lirtle or no regeneration of native species

F

HHEHEE+t
Grazing: Very low
Nutrients: I' high, N high
Soil disturbance: Low

Fertilisation ceases

Restore

S&TM model for
Box Gum Grassy
Woodlands

Source: Australian Government



A real optil ons approach

Objective: Maximise project value (F) via investment k in next instant
(given future k also optimal).

Key assumptions:

ARehabilitation cost to any point considered sunk.

ANo investment payoff (V) until project complete (end investment).
ARisk neutrality, (r = real, risk-free rate of return).

Note solution is separable:
Alnvestment: k (each small time period) is 0 or at maximum k_bar.

Alf 0 then no further investment in project (unless stochastic
investment payoff is subject to a sufficiently large, positive shock).
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The objective function is:

F(V,K) = ma:r;{—k:dt—l— (F(V,K) + E[niF])}

i 1 + rdt

—— N ———

Investment Discounted at risk Change to

Value of e
project in time free rate of expected
period dt iInvestment project value
(0 or K)

Objective is to maximise value F given payoff from restoration
project at completion V and remaining expenditure to complete
the project K.
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AVia stochastic payoff from the completed restoration project (V)
AFollows a mixed Brownian and Poisson diffusion process.
AExhibits increasing uncertainty over time.
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ASolution to model has two parts:
F is the restoration solution
f is the solution when the project is put on hold

A Note that if there is no potential of a shock destroying the investment then the result is
equivalent to a diffusion process based on pure geometric Brownian motion.
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Interpretation

Remaining Restoration Costs
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Figure 2: Schematic representation of the numerical solution to the ecological
restoration problem. ‘llm
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An application to Box Gum Grassy woodlands

Base Case Project Parameter Values

Project
A B C

Parameter

Minimum project duration (years) 15 15 15
r  Real rate of discount 0.03 0.03 0.03
k  Restoration costs ($/year) 50 100 300
d1  Opportunity cost of delaying restoration 0.03 0.04 0.045
01 Ecosystem specific uncertainty 0.03 0.04 0.05
A Arrival probability of catastrophic event 0.01 0.01 0.01

Probability of success (%) 99 90 69
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Free boundaries for A, B and C.
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Scenario 1 Scenario 2

Scenario 3



