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Climate change & the “6™ mass extinction” e

Cottbus - Senftenberg

* Global biodiversity loss: increasing rates of extinction — “6th mass extinction®

@ Extinctions since 1500 @® Declines in species survival since 1980
(Red List Index)

* Causes of biodiversity loss apBEs 2019, Dasgupta 2021) o o
* Land use change & agricultural intensification O — S =
* Climate change = becomes increasingly important ‘‘‘‘‘‘‘‘‘‘‘‘ i
* and others... —

00 1800 1800
YEAR YEAR

—> Particulatly challenging in agricultural landscapes

* Contributions by economists: Species conservation — the static perspective

. Choosing cost-effective conservation sites

) ) ) Conservation measures
* Choosing cost-effective conservation measures . Extensive land
xXtensive land use

—> Cost-effectiveness: maximising conservation outcome for given costs | . e.g. testrictions on the timing and
number of harvests on a meadow

Image sources: IPBES (2019)



Climate change and biodiv conservation: the dynamic b-tu

. qunder!burg
perspectlve Cottoussorfraren
Temporal dimension Spatial dimension
* Ecological aspects: phenological adaptations * Ecological aspects: range shifts
= adaptation of timing of life cycle stages * Species’ ranges shift poleward/ uphill
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Temporal dimension

Spatial dimension

* Ecological aspects: range shifts
* Species’ ranges shift poleward/ uphill

* Ecological aspects: phenological adaptations
= adaptation of timing of life cycle stages

above-ground
phase

—> Changes in effectiveness of measures > Spatially heterogeneous changes in

benefits
* Changes in opportunity costs

* Impact of climate change on conservation costs’
* Costs of measure depend on timing of harvest

. A Some sites become more productive, others less
relative to profit-maximizing timing

* Climate change advances profit-maximizing timing

—> Relative changes in costs of different
measures

—> Spatially heterogeneous changes in costs
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Set-up
. * Case study: large marsh grasshopper (LMG) in Schleswig-Holstein
SSmt

Legend

P i
* Spatial scale
* 12km * 12km climate cells @.a-gfff:%\%\f
* 250m * 250m grassland cells 5
E:i/
* Conservation measures y
* Restrict timing and frequency of land use <
* Defined “phenologically” tf/
S Y
* Determine cost-effective spatio-temporal allocation of conservation =
measures

* Compare two periods:
* 2020-2039
* 2060-2079

{
Images: Daniel Konn-Vetterlein, mapchart.net RIS
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A / Temperature, soil

(v 75
Yield-maximising = Climate model moisture

timing of mowing

* Daily values
* For each grassland

* For each period

* RCP4.5 -/

cell —

Harvest Vegetation

module aslelels -' flh

‘;
4
kevents: inundationy \ o — . assessment €
Optimisation

* Depends on climatic
conditions and
productivity

Vegetation (grass) \
growth

* Simplified version of
model developed by
Schippers and
Kropff (2001)

* For each grassland
cell

Result: ecologlcal benefit for glven

* Depends on climatic
conditions and

. . _ . _ _ _ productivity
Images: Johannes Leins, Daniel Konn-Vetterlein, Charlotte Gerling, https://freepngimg.com/png/4787-grass-png-image-green-grass-png-picture
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A basic climate- -ecological-economic model Srandenburg
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ftenber
(LMG population /) Profit-maximising \

WA

* For each grassland g = timing of mowin
cell 5 L¥ Climate model ming ot mowing

2) Opportunity costs
of conservation

* Impact of grassland
use and climatic

k conditions measures
J Harvest Vegetatlon * For each grassland
/1) Phenologlcal \ module 0 . de cell

* Depends on climatic
conditions and

productivity /

"

Agrl -economic cost

measure remains \
cost-effective ‘
2) Spatial shifts

HEEE
—cu . Optimisation

y

assessment

Spatio-temporal \

allocation of

|
S * BN conservation
- —. _ fi+ measures
P e Result: ecological benefit for oiven .
(= = S * For each period

ost constraint for each period

K e * According to benefit-

Images: Johannes Leins, Daniel Konn-Vetterlein, Charlotte Gerling, https://freepngimg.com/png/4787-grass-png-image-green-grass-png-picture \ Cost ratio /




b-tu

Analysis of policy instruments Brancenburs

University of Technology
Cottbus - Senftenberg

* Analysis of policy instruments

* “Benevolent dictator* assumed 1n conservation planning rarely exists in reality
—> which policy instruments can be used to incentivise or implement conservation?

* Are they still suitable under climate change?
* Agri-environment schemes
* Land purchase

e [nstrument choice



Designing cost-effective agri-environment schemes under b-tu
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Cost-effective AES under recent (2000-2004) and future (2075-2079) climatic conditions

Keyv methodological changes skylark
* Ecological model: _ 04
. . E 0.35
* Impact of land use on 8 bird species (Witzold et al. 20106) g 03
o 025
* Impact of climate change: phenological adaptations 3 02 |
.. . 2 015
* Changes in timing of egg deposition S o1 \
= 0.05
* Simulation and optimisation (based on Sturm et al. (2018)) o0
- - : S FC RO
* Determine cost-effective conservation measures and payments P FFFITFFT SO
____________ time
E Climate model :
l =@=7000-04 ==@=RCPA.5 RCP8.5

...... I R |
: Harvest module :<—>: Vegetation model :

_____________ 1 e e — = d
v I I ) 4

== e e .
Ecological model ! Agri-economic cost assessment

! I

Simulation and optimisation module

A 4

Result: cost-effective AES

Image: Wikipedia
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Cost-effective AES under recent (2000-2004) and future (2075-2079) climatic conditions

Keyv methodological changes

* Ecological model:
* Impact of land use on 8 bird species (Witzold et al. 20106)
* Impact of climate change: phenological adaptations
* Changes in timing of egg deposition
* Simulation and optimisation (based on Sturm et al. (2018))

* Determine cost-effective conservation measures and payments

Results: Yes- the cost-effective AES changes!
* Different measure is chosen (RCP8.5)

e Reasons

* Higher ecological benefit, less intensive land use
* Extreme events (inundations) drive costs

—> Relative costs of the measures differ between the two periods
Image: Wikipedia

skylark

0.4
0.35
03
0.25
0.2
0.15
0.1
0.05
0

probability of egg deposition

=§=7000-04 =—@=RCP4.5 RCP8.5
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General context
* Key trade-off: habitat permanence vs. spatial flexibility

* Land purchase:
* High permanence

* Increase flexibility by allowing for sale?
— Compare two policy scenatios: ‘sale‘ vs. ‘no sale

Key research questions

1) How does allowing for sale influence the conservation outcome
under climate change?

2) How much habitat turnover do we have under the ‘sale’ and ‘no
sale’ policies?

Model set-up

* Generic landscape with altitude
gradient

* Habitat suitability for 3 habitat types

based on elevation

* Climate change causes spatial shifts
(,,uphill®)
H1

H2 H3

11
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Model set-up

* Generic landscape with altitude
gradient

* Habitat suitability for 3 habitat types

based on elevation

General context
* Key trade-off: habitat permanence vs. spatial flexibility

* Land purchase:
* High permanence

* Increase flexibility by allowing for sale?

. . * Climate change causes spatial shifts
— Compare two policy scenarios: ‘sale® vs. ‘no sale® o oTas P
(>;uphill)

H1

H2 H3

Key research questions

1) How does allowing for sale influence the conservation outcome
under climate change?

2) How much habitat turnover do we have under the ‘sale’ and ‘no
sale’ policies?

shifts shrinks

t=1 t=1
12
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I<€Y fCSU.ltS a) ‘NO Sale‘ —_ IOW funding b) ‘Sale‘ - 10W funding
1) How does allowing for sale influence the \ S g -
. . N
conservation outcome under climate change? S g f— 1 , 316 9 o
< ,’ + « »
- Role of spatial flexibility (improves 5. '_%3 o it
outcome esp. for most threatened habitat c PR = L
type) Sl Pt 6.6 i B 7.3
. I I I I I I ] . I T T I T I I
1 3 5 Timeg 1 13 1 3 5 7. 9 11 13
2) How much habitat turnover do we have ) Time
under the ‘sale’ and ‘no sale’ policies? )
. . . 8 g 1 A
e Habitat turnover even in a static reserve network s /
c
) SR
* Only small differences (‘sale’ vs. ‘no sale’) for g° |a —
most threatened habitat type 8. »
. w —
- Role of permanence (important for most = 2
. <R o | —
threatened habitat type; decreases for others) / T |, . o] & sale
A no sale
s I I l
100 13

0 50
Level of funding (monetary units/ petriod)
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Key results

1) How does allowing for sale influence the
conservation outcome under climate change?

- Role of spatial flexibility (improves
outcome esp. for most threatened habitat

type)

2) How much habitat turnover do we have
under the ‘sale’ and ‘no sale’ policies?

e Habitat turnover even in a static reserve network

* Only small differences (‘sale’ vs. ‘no sale’) for
most threatened habitat type

- Role of permanence (important for most
threatened habitat type; decreases for others)

\

>

Trade-off

* ‘Sale’ mainly benefits habitat types that
become increasingly threatened

* ‘No sale’ mainly benefits permanence of

habitat types that expand

14
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Compare the cost-effectiveness of...

* Land purchase:

high management flexibility, low spatial flexibility

e Conservation contracts:

medium management and spatial flexibility

Key scenario analysis

* Conservation agency has limited agricultural knowledge = producer surplus (farmers)
* no profit/ low profit/ full profit

15
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Step 1.

Climate model —l Spatio-temporal
: estimates of

Ecological model Conservation cost assessment conservation
costs and impacts
\ .
3 Policy instruments
£ | !
c o :
o y ; Step 2:
5 £ Budget Instrument characteristics i | Allocation of
5 g constraint (spatial & management flexibility) ; conservation
T € l sites and
o ¢ l :
=R v v_ measures
8 = : : . - :
s © Allocation according to benefit-cost ratios :
o ]
A 4
Metapopulation model Step 3:

conservation

outcomes

Conservation impact for each policy instrument at landscape scale

l Simulation of

16
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Base case: higher ecological benefit for conservation « Byt full profit assumption reverses ranking!
contracts

14 600 5 180
4,5 160
12 [ ] 500 p
v 140
o) —
o 10 2 35
= 400 @ 2 120 w
- © E 3 =
= 8 & o 100 &
= = o 2
Qo =
= 300 o =25 —
=) @
5 > S 80 =
Y (=) @ [=5)
a 2 g 2 2
2 200 S E 60 8
E 4 S 1,5
100 ! 0
2
0,5 20
0] 0 0 0
land purchase conservation contracts land purchase conservation contracts
B number of LMG @ conserved area m number of LMG ® conserved area

—> Degree to which the conservation agency is able to capture farmers’ profit has a key
influence on the evaluation of the policy instruments
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Conclusion

* Consider the impact of climate change on species and conservation costs

* Policy instruments may have to be adapted
* Spatial flexibility
* Management flexibility

* Interdisciplinary research to leverage complementary expertise:

* Ecologists: analyse impacts of climate change on ecosystems, species, communities. ..

* Economists: analyse impacts of climate change on costs and appropriate policy context

18
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