Landscape-scale simulation
for terrestrial population
modelling and ERA
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Landscape scale mapping and modelling
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Landscape scale mapping and modelling
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Landscape capture

Farm Type Area SpringBarley | SpringWheat

10000 1 2973.990 0.053 0016 0.002
10001 7 3067.520 0.058 0.001 0.016
10002 2 3449.770 0.087 0.000 0.007
10003 5 3332.790 0.057 0.004 0.006
10004 1 3772.150 0.103 0.003 0015
10005 2 3495.530 0.093 0.002 0.009
10006 3 3217.980 0.055 0.002 0.005
10007 1 3706.900 0.099 0014 0.006
10008 7 3030.970 0.051 0.000 0.012
10009 9 2894.950 0.065 0.000 0.009
10010 2 83.060 0.234 0.000 0.000
Uses planning GIS

information e.q. road maps,
municipality information,
together with farmer subsidy
reqgistration information to
generate very accurate and
very detailed landscapes for
simulations.
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Using landscape ——
. ' ' delling Skylarks (A/aud ; di
simulation in ERA — S o e and s

Development and Testing of an Agent-Based Model

-
| I l O d ( E I t( ESt I I I g Christopher J. Topping*, Peter Odderskaer”, Johnny Kahlert

Department of Bioscience, University of Aarhus, Rende, Denmark

. : Model testing against 4 independent data sets looking at
The testing Is our assurance that pair density, location, nest and egqg fate, and seasonal

our model system is behaving like  changes in density:

the real world.

This is done be detailed testing at
different hierarchical levels.

Modelled number of pairs

This when combined with a relevant
scanario = baseline

30 Date

For example skylarks:
- landscape scale population, ;
- nest and chick development and
survival,

- within and between field dynamics.
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Based on farming practices
Simulated per field and farm

Currently background pesticide use is based on
general data but in future actual use can be
simulated.

Projected use of the pesticide to be tested is
applied against this background:

Fate includes drift, partitioning between soil and
vegetation compartments, environmental decay
etc..
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An example application

Hares and pesticides — how ERA could be done in ALMaSS
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Evaluating the importance of different ERA
assumptions

This example evauates the ~ © Lo farming on Es
effect of landscape 8 . — M oes !C'”dsctope -> Very low
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Chris J. Topping *, Lars Dalby, Flemming Skov
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Context is king —why?

Assuming we have a toxic impact on an individual it is affected.
Context affects both exposure and susceptibility (individual and population).

AARHUS

NP UNIVERSITY Landscape simulation ERA & wildlife management



Context is king —why?

Assuming we have a toxic impact on an individual it is affected if exposed.
The context determines both exposure and susceptibility (individual and population levels)

An example:
102 v Pesticide applied from here Vole simulationon 10 x 10 km

8 landscape, orchard application
5 0.98 of an endocrine disruptor.

2 0.96 _ _

& 094 Optimal vole habitats randomly
2 0.92 distributed, moved near to

5 09 orchards or moved away from
® 088 orchards.

Simulation Year

i I i s d
—e—Random --a--Remote —l—Near ..but the actual net population impact is largest in ‘Near’|

From: Dalkvist, et al. 2013. Landscape structure mediates the effects of a stressor on field vole populations. Landscape Ecology 28: 1961-1974
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Some emerging issues

Toxicity matters - but not more than ecology

Habitat spatial-arrangement and quality are important, but very hard to
predict the effect of these in advance

Temporal scales matter — year on year use and fragile dynamics

Protection goals cannot be directly re-used in a landscape population
context:
1) net and relative effects (previous example)
ii) ‘action at a distance’ (no effect for off-crop is very difficult to achieve in some systems)
i) we need new spatial definitions (changes in distributions vs in-crop/off-crop)

To handle this we need a systems approach.
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Systems approach to ERA — what it means

Populations considered in space and time at scales
commensurate with spatial dynamics

Realistic agricultural management and landscape
structure

Multiple stressors, regulated and un-regulated (even if
only one product is being assessed).

The result is that the impact of the pesticide is compared
against a realistic population state.
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Looking forward

Context dependency creates problems, but solutions are not far off
) e e P e

£ 10000 1 2973.990 0.053 0016 0.002

“//Z7 Tl 10001 7 3067.520 0.058 0.001 0016

oy 10002 2 3449770 0.087 0.000 0.007

. . M § 10003 5 3332.790 0.057 0.004 0.006

DC“"“Sh dOtC] O\/O”Oble ng 10004 1 3772.150 0.103 0.003 0015

" 10005 2 3495530 0.093 0.002 0.009

: 10006 3 3217.980 0.055 0.002 0.005

; f e 10007 1 3706.900 0.099 0014 0.006

. . 10008 7 3030.970 0,051 0.000 0012

DetO”ed Gls m(]pplng 10009 9 2894.950 0.065 0.000 0.009

. ) 10010 2 83.060 0.234 0.000 0.000
Lidar mapping

Farm subsidy information
Fertlizer usage per farm
Regqister of animals per farm
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€
Toftlund

(pesticide use from Sustainability Directive)

Unfortunately this is not yet the case for the rest of the EU
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Looking forward
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Looking forward

Representative landscapes from each
zone and eventually each country. e

Allows the identification of ‘hot-spot’
conditions.

This leads to potential for landscape
specific mitigation, or restricted

Mitigation / Exposurerefinenement
Mitigation / Exposure refinenement

“J
approval. z
Alm here |S a Slmple process — based ) - | Acceptablerisk, authorization |
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Looking forward

Landscape context provides potential for tailored mitigation options
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Conclusions

We have come a long way since 1991(3) - landscape-scale population-
based ERA is a reality.

The new approach yields new possibilities and creates new challenges.

With new data availability these approaches can be implemented across
the EU.

Solutions already exist to most of the technical problems.

However, new thinking is needed in the implementation of landscape-
scale ERA and systems approaches.
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