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RES TORATION OF NATURAL ASSE TS

Aa\

)

degenerated ecosystems and biodiversity contaminated sites

» No responsible party
» Restoration investments are costly
* One can rely also on natural regeneration or attenuation processes
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https://databasin.org/datasets/cdbf0b6a752b4e868cf3393fe89afb6c/

DECISION MAKER
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the level of and which sites are

has a fixed budget \chooses the timing restoration investment restored.

10 billion euros

Goal: an optimal allocation of biodiversity restoration funds (i.e., the budget) between
ecoregions In Europe




In our general model the loss function satisfies
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* [he decision maker wants to minimise the expected number of lost species at the
end of the planning interval (the date [, for our example T = [0 years)
* [he loss function Is the expected number of lost species, e.g., Costello & Polasky (2004),

Luby & al. (2022) lﬁ %

W((pk)i) = ), lH (1= P;(N;(T;z, k,.)))]
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sum of all species [a species does not survive In any region|

» Each species have the same value (contrary to Weitzman's (1998) framework for the
conservation under limited funds)
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https://databasin.org/datasets/68635d7c77f1475f9b6c1d1dbe0a4c4c/
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Kier et al. (2005) plant data on vascular
plant species for each ecoregion:
approximately 80 000 species altogether
and values range from 330 (e.g., Faroe

sland Boreal Grassland) to 5 000 (e.g., Alps
Conifer and Mixed Forest) per ecoregion.

&

Creative Commons Attribution-NonCommercial 3.0 License,
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cXPECTED NUMBER OF LOST SPECIES

» Probabllity to survive = { the current habitat size / the original habitat size } to the power
0.2, by the ecological research, e.g,, Strassburg et al. (2020) and Luby et al. (2022).
* [he current habitat = original — lost + area under restoration — dynamics of restoration:
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In our general model the cost function Is
— increasing and

' @| BUDGET RESTRICTION uttimately

convex in k;.
* The restoration cost Is increasing and convex In the area brought under restoration
and decreasing In the lost habitat area that i1s not restored, similar as in Harstad (2023)
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average cost of agricultural land (Eurostat)

» Avallable budget drops by the restoration
cost at the restoration date, but raises by !
the rate of interest in between dates

i S




“'“'”’*’-" Approximately 8 /50 lost species

Largest shares

* lllyrian Deciduous Forests (1 2%)

» Pindus Mountains Forests (8%)

» Crete Mediterranean Forests (/%)

— Azores
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OPTIMAL ALLOCATION OF 10 BILLION E

- Allocation is driven by

|. The number of species 2. The cost 3. The lost habrtat before restoration
arge |, small 2,and large 3 = money
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Others 760 million e 8 %

Spain 1.6 billion e |6 7%

10
billion
e

Serbia 210 million e 2 9%

Romania 210 millione 2%~
Portugal 420 millione 4 %?

9 7%

Montenegro 210 million e 2 %
taly 1.7 billion e | /7 9%

_)
%BUDGET SHARE FOR COUNTRIES

Albania 660 million e

BiH 400 million e
Bulgaria 460 million e

Croatia 4/0 million e

Cyprus 460 million e

France 880 million e

|5 9% Greece |.5 billion e
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DECISION MAKER'S PROBLEM

inf W ((r, k)
(k)] ( l ll—l)
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B(z7) — B(t+) = Ck, Niz)) ' @| |
7,20, k>0, for all i.

7,20, k>0, for all i.
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Results

» Optimal walrting and investment rules

» A sufficient condition for restoration of a damaged stock
* A budget allocation formulation of the problem

A test: "Is the budget allocation optimal?”




-uropea

« |he Nat

N Commissions's

Digrtal Obse

ure Conservancy (2009) ha
» Kier et al. (2005) plant data on vascular plant species for eac

» Eburostat’s data on arable land prices

DAITA

NUMERICS

rvatory for Protected A
oitat loss as a percent

O

reas (DOPA)

f the total ecoregion area

N ecoregion

» Python SciPy's Sequential Least Squares Programming (SLSQP) with tolerance le-/
» Artelys Knitro


https://dopa-explorer.jrc.ec.europa.eu/

» Costello & Polasky (2004),
—conomics, 26, | 5/7—174
» Harstad (2023), 'he conservation multiplier; Journal of Political Economy, In Press

» Kier et al. (2005), Global patterns of plant diversity and floristic knowledge, Journal of

Blogeography, 32, | |0/=1116
by et al. (2022), When and where

L

- O

« Strass

SON

MENTIONED REFERENCES

/24-729

» Weitzman (19938), The Noah's ark problem,

R

et al. (2001), Terrestrial ecoregl
ourg et al. (2020), Global priority areas

LO Prot
ons of

_t

ne world,

Oor ecosys

Dynamic reserve site selection, Resource and Energy

ect forests, Nature, 609, 89-93

BioScience, 51, 933-938

‘em restoration, Nature, 586,

—conometrica, 66, | 2/9—1298

Jarmo |adskeldinen
Jarmo.jaaskelainen@helsinki.fi



