Balancing Nature and
Economy: Ecological-
Economic Modeling for
Biodiversity-Friendly Policies

Prof. Dr. Arndt Feuerbacher
Department of Ecological-Economic Policy Modeling \
University of Hohenheim : “

www.projekt-beatle.de



Agenda

« Why do we need integrated models?

« What is Ecological-Economic Policy Modeling?

- Biodiversity-friendly Policies in Germany

- Partial Declines of Cocoa Pollinators in West Africa

* Qutlook

www.projekt-beatle.de



Why do we need integrated models?

- World faces multiple crisis ("Polycrisis world”)
which are highly interconnected

« Detrimental impacts of economic activity on
climate change, pollution and biodiversity loss

- Trade-offs between addressing multiple
challenges (Trilemma)
» Risk of facing unintended consequences

- Example: Policies promoting biofuels resulted in
deforestation through indirect land-use change
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What is ecological-economic modeling?*

« Model that is

» "capable of assessing the relevant impacts of the ECONOMIC-
socio-economic activities on ecosystems, as well as EA%%LE?_ﬁgAL

the relevant effects of the state and development of L.C. BRAAT

W.FJ. VAN LIEROP
i 1 1 H ” dit

ecological systems on socioeconomic activity il

(Braot and van Lierop, 1987, p. 49)

Braat and Van Lierop, 1987, Economic-Ecological
Modeling, Amsterdam
https://pure.iiasa.ac.at/id/eprint/2902/1/XB-87-

*or “Economic-ecological modeling” 00L.pdf
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Linking ecological and economic systems
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Linking ecological and economic systems

Ecological System

Economic System
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Different types of ecological-economic models
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- Different model types:

- ABM, market models (PE and GE) spanning over various spatial and temporal scales

- Difficult to delineate from “bioeconomic models”, “integrated assessment models”, etc.
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Ecological-economic policy modeling?

- Understanding the impacts of a policy on both ecological and
economic systems

 Capturing both the economic and ecological benefits and costs of a policy

* In our research group:

. Use of market models instead of supply / farm models

- Capture feedback fromm markets to analyze leakage, rebound and spillover

effects
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Social-ecological research
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PROBLEM DEFINITION

Biodiversity decline in European agricultural landscapes

“ademign o Naltwne FF Weo i
o ¥ X ¥ & ¥ | S

> Increase in political reforms
for preserving biodiversity
on European farmland.

> Initiatives to make
agricultural land-use more
biodiversity and insect-
friendly

EU lays out roadmap to 25% organic farming

German climate, insect protection laws

cross finish line . o
Bavaria to pass 'save the bees’ petition

into law in landmark move
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..but these initiatives face many opponents, often
citing unreasonable costs of conservation efforts

Bloom berg US Edition ~
@ Live Now Markets Econom ics Industries Tech Al Politics Wealth Pursuits Opinion Businessweek Equality Green
Politics Farmers Roll Hundreds of Tractors to

Paris to Protest Pesticide Ban

Copa-Cogeca: Nature Farm to fork: falling production and

Restoration Law needs rising costs
‘thorough review’

(o MYeurope » Ewope Mews

European farmers challenge current nature
restoration proposal
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Overarching objective: bridging the intention-transformation gap

v' Dramatic decline in biodiversity

v Increase in political reforms and targets for strengthening
biodiversity

= Intention for transformation

x Lack of knowledge about costs and benefits
x Economic models ignore ecological relationships

=> Ecological-economic policy modeling can help to bridge this gap
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Project structure

v I

N

e N s N s e N
@ Biodiversity & ® Ecological- @ National & local ® Multi-criteria
land use economic modeling perspectives evalutation

Quantification of the contribution of insect
pollinators to agricultural productivity

Simulation model for

Participat
analyzing ropa ol

development of
transformation

Collaborative scenario
analysis with
stakeholders using
social, economic, and
ecological indicators

biodiversity-
enhancing measures
in agricultural and
food policy

Biodiversity
- scenarios and
analysis of non-
governmental
instruments

Seminatural Habitats

L> Synthesis & policy implications
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Model linkage in the BEATLE project

p
Ecological-Economic model framework

1) Integration of Semi-
natural habitats to
simulate pollination

INVEST

Ecological modeling of
ecosystem services

€ memmem e — e —————————

services
PALUD T :
Spatially explicit
land use model — CGE
S Macroeconic model
. o ~ (Germany and
/4 2)Validation and spatial international trade)
scaling of the land use
model

3) Empirical Analysis and
- detailed modeling of
‘ consumer prefrences

J

« Market results
(prodyction and
prices) from CGE
passed down to land-
use model

« Land-use model will
cdlculate Jand-use
changes (incl..qutiqgly
explicit crop diversity

 INVEST determines
change in pollinator
abundance, pollination
service changes and
changes in yields
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Modeling the economic and ecological impacts of a large-scale organic agricultural policy

Spatially explicit modeling

+ Extension of the land-use model to include among others

organic farming

« Coupling models to represent interactions between land

use and ecosystem services

« Case study: Ecological-economic modeling of organic

farming expansion scenarios in Baden-Wdrttemberg

Next steps:

+ Scaling from Baden-Wurttemlberg to all of Germany

* Model coupling of CGE, PALUD & INVEST

www.projekt-beatle.de
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CGE Model with detailed representation of the agri-food system

Market model (Computable-General-Equilibrium model)

Barley
, . . : Other fruits
+ Using novel dataset to depict organic and conventional l Ma]:re
food markets (demand, supply, processing, trade) = Othercereals
: . : Oth
- Disaggregation of representative household groups ; S
Rape
 Simulation of biodiversity-friendly policies Sugarbeet
- Coupling with land-use and ecological model e
. . . Vegetables
+ Passing down changes in aggregate agricultural
production I Wheat
- Capturing ecological feedbacks (change in . —
N : Oat
pollination dependent yields) B Potato
Other oilseed
%&rawberry
Am?e
Oerfruits
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Small Midges, Major Consequences:
Partial Declines in Cocoa Pollination and Their
Economic Impact in West Africa and Worldwide

Falk Krumbe, Camillus Wongnaa & Arndt Feuerbacher
Under review at Agricultural Economics.

/AN UNIVERSITY OF A KNUST e \
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Cocoa’s dependence on pollination

Visitors of cocoa flowers

Forcipomyia biannulata

Forcipomyia ashantii ; i
forclpomyla castanea

Culicoides citroneus
Forcipomyia clastrieri

/

Mesohomotoma tessmanni
Forcipomyia falcinella

Liotrigona parvula
___Forcipomyia frutetorum

Hypotrigona araujoi

Pheidole megacephalal

e
Crematogaster clariventris

~ Forcipomyia fuliginosa

-\Forcipomyia hardyi

Crematogaster africana

" Forcipomyia indecora
Q Forcipomyia inornatipennis
orcipomyia litoraurea

Forcipomyia squamipennis

Camponotus atriceps

Stilobezzia africana
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Cocoa production is entirely
dependent on animal-mediated
pollination (siopa et al. 2024)
Various different pollinator families,
but Forcipomyia midges dominate
in Ghana

= Deposit of 235 pollen grains for

successful pollination (kaufmann
1975)



The mighty midge

Photo credit: https://www .reddit.com/r/interestingasfuck/commentsie t/fnldnp1/

« > Forcipomyia squamipennis
~2.5 mm
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Research questions

1. What are the short-term economic impacts of partial changes in forcipomyia populations?
2. How do different spatial extents affect these impacts?

3. To what extent do impacts differ across households
(poore non-poor, rural « urban) ?

4. How do impacts transmit to importing and non-affected producing regions?

= Focus on Ghana (second largest cocoa producer)
= Cocoa contributes 2% to national GDP in 2015 (11% of agricultural GDP)

= 450,000 livelihoods depend on cocoa in Ghana (~15% of all farmers)

= Western Region produces about 50% Ghana’s cocoa production

Western Ré

Source: 2015 Social Accounting Matrix for Ghana, developed by JRC, Seville (Ferreira et al. 2021)
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Scenarios of partial cocoa pollinator declines

= Consultation of cocoa pollination experts about likelihood of
population changes in West Africa

= Scenarios: Unexpected 33% decline in cocoa pollinator
population with different spatial extents

= Scendrio 1 - Regional decline: Western region of Ghana
= Scenario 2 - National decline: Ghana — whole country

= Scenario 3 - West-African decline: Ghana + Cote dlvoire
(approximate whole of West Africa)
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Ecological-economic model

Economy-wide model o
Cocoa yields —

Computable general Ghana
equilibrium (CGE) Ecological relationship

model for Ghana

Forcipomyia midges
population ~ cocoa
yields

‘\//Cocoa yields — West Africa

PE Model for global cocoa marker—l

Cocoa exports Cocoa world
by Ghana market price
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Changes in cocoa yields (Ecological model)

Yield (% of base yield)

150

100

50

y=-0.83+0.34log(x) ( R?=0.46)
Based on Groeneveld et al. (2010)

/

-33%
|

15

T
20 25

T
30 35

Number of pollinated flowers

40
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No (known) monitoring of

midge populations across time

and space

Experimental data from

Groeneveld et al. (2010) about

relationship between

pollinated flowers and cocoa

yield

Assumption: Pollinator

efficiency (pollinated

flowers/pollinator) stays

constant

= Cocoa yields become a

logarithmic function of
pollinator populations



Changes on the global cocoa market (Partial Equilibrium Model)

%-changes in global prices and supply

100% 503%
80% B Scenario 1-Pollinator decline only in Western Ghana
B B Scenario 2 - Pollinator decline in whole of Ghana
60% F
i B Scenario 3-Pollinator decline in whole of West Africa
40% |
20% G
0%
- -3.5%
20% F
i -19.7%
-40%
Supply(=Demand) Price
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Welfare changes across rural households in Ghana (CGE model results)

Scenario 1: Western Region Scenario 2: All Ghana Scenario 3: West Africa
Poor Rural Households (First Quintile)
Scenarioland 2:
= Poor households
experience higher
welfare declines
= Higher dependence on
labor income
= Underemployment
increases

1.5

Non-poor Households (Quintiles 2-5)

Scenario 3:

= Except Greater Accraq,
all regions benefit from
the 90% cocoa price
increase

Change in welfare compared to base (%)
(equivalent variation as a share of base household expenditure)
I  —————

-4 0 4 8



Outlook for Ecological-Economic Modelling for Biodiversity-Friendly Policies

= Ecological-economic policy modeling is still a “young field”
= Review of related literature currently in progress (led by Tim Williams in our group)
= Ecosystem services are a good “bridge” to link ecological and economic systems
= Difficult to model biodiversity as a whole — data limitations
= Focus on pollinators as a proxy — but sometimes only few species matter
= Important to collaborate with ecology experts
= |mportant to capture feedback mechanisms
= Example: More organic agriculture leads to higher local pollinator abundance and
thus higher pollination dependent yields.
= BUT: Possible adverse effects on biodiversity through trade leakages due to yield gaps

between organic and conventional agriculture.
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Thank you for your attention!

Do not hesitate to contact me in case of questions!

E-Mail: a.feuerbacher@uni-hohenheim.de

Website: eep.uni-hohenheim.de

Follow us on social media!

BEATLE website (www.projekt-beatle.de)
LinkedIn https://www.linkedin.com/company/beatle-research

Bluesky : '

www.projekt-beatle.de


http://www.projekt-beatle.de/
http://www.projekt-beatle.de/
http://www.projekt-beatle.de/
https://www.linkedin.com/company/beatle-research
https://www.linkedin.com/company/beatle-research
https://www.linkedin.com/company/beatle-research
https://bsky.app/profile/beatleresearch.bsky.social

What is policy modelling?

* In short “to model the past or future impacts of policies”
. Ex-post or ex-ante perspective (what-if scenario analysis)

« Multiple purposes

- How do policies impact different dimensions of an economic system

« Households (welfare, Consumption), production, international trade,
government

* Investigate impacts over time and space
 Explore policy alternatives

« Approaches
- Mostly quantitative, few qualitative approaches

- Econometric modeling, simulation modeling (market models like PE
and CGE models, agent-based modeling, I-O models) and others

www.projekt-beatle.de



BEATLE related Publications

Biicheler, H., Bieling, C., Feuerbacher, A. (2024). Exploring private financing for biodiversity

ECOSYSE)EMS conservation: stakeholder perspectives and governance in case of wildflower stripsin Germany
AND PEOPLE
- — [N Feuerbacher, A., Herbold, T., Krumbe, F. (2024). The Economic Value of
IDWAWWIEEIE  Pollination Services for Seed Production: A Blind Spot Deservi ng Attention.
Rgggg:ﬁiecs S .. Libran-Embid, F., Grass, I., Emer, C., Alarcén-Segura, V., Behling, H., Biagioni, S., Ganuza, C., Herrera-Krings, C.,
OF THE ROYAL SOCIETY B Ani Setyaningsih, C., Tschamtke, T. (2024). Flower-bee versus pollen-bee metanetworks in fragmented landscapes.
B Feuerbacher, A. (2025). Pollinator declines, international trade and global
@ ECOLOGICAL
= ECONOMICS food security: Reassessing the global economic and nutritional impacts

THE INTERNATIONAL SOCIETY FOR
ECOLOGICAL ECONOMICS

Streit, L., Feuerbacher, A., Rohl, M. (2025) Market-Based Instruments for Biodiversity in
S0\ i -\ Agricultural Landscapes: An Evaluation of Quality Criteria in a German case study
MANAGEMENT

Jouary 2025, Volume 7, Number 1

Conservation Science and Practice

‘A journal of the Society for Consenvation Biology

Agriculture
Ecosystems &

Mupepele, A.-C., von Konigslow, V., Bleile A.-M., Fornoff F., Friind J., Klein, A.-M. (2025) Plant-

Landscape Ecology
pollinator interactions in apple orchards from a production and conservation perspective.

(@) WILEY

e k

Environmental
Evidence

Krumbe, F., Melder, S., Feuerbacher, A. (forthcoming): The vital
role of pollination services in seed production: A global review

Alarcon-Segura, V., Grass, |., Feuerbacher, A., Gonzales-Chavez, A., Mupepele, A.-C. (2025). Semi-natural habitats
and their contribution to crop productivity through pollination and pest control: a systematic review. Minor revision

A

A

Mupepele, A.-C., Hellwig, Niels., Dieker Petra, Klein, A.-
M. (2025) Wild bee trends in Germany. Minor revision
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