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Why is modelling organic agriculture / agroforestry / etc. important?
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2030 Targets for sustainable food production

Reduce by 50% the Reduce nutrient Reduce sales of
overall use and risk losses by at least 50% antimicrobials for
of chemical while ensuring no farmed animals
pesticides and deterioration in soil by 50% :
reduce use by 50% fertility; this will in organic aquaculture
of more hazardous reduce use of

pesticides fertilisers by at least -
20 %
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The state of
humanity and our
planetary home

The Aotearoa Circle 2019

Raworth (2017)
Steffen et al (2015)




What would happen if we went for large-scale implementation of
alternative production and food systems?

Key topics
trade-offs and synergies
(biophysical) viability of various options
(biophysical) consistency of various options

total versus relative assessments — sufficiency vs. efficiency

Some thoughts on model types:
biophysical vs. economic
optimisation vs. no optimisation

internal consistency vs. consistency with existing databases (e.g. FAOSTAT)



Land use
150

Pesticides 10 Deforest.

Nes

Erosion

Reference: 0% organic 100% organic

Muller et al. 2017



100% food competing feed

reduction
50% less food waste and loss Land use
150
Pesticides Deforest.
U
"f N~~
Water

GHG

N —,

Erosion P

[
o
~N
«©

©

L

.
K]
S
=

Reference: 0% organic 100% organic




Muller et al. 2017; Courtesy: R. Ziircher
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Schader et al. 2015

Land use

Billion hectares

Land occupation:

® Current situation: Base year

B 2050: Reference scenario
2050: Food - not feed

Diets

Energy intake
Kcal/cap/day

total: 2,763

15

Current situation:
Base year

Protein intake
G Protein/cap/day

total: 77

34%

Current situation:
Base year

1
3.38

338 |
I} 338 ||

= |ivestock products
_plant products

total: 3,028 total: 3,028
17% £ 5
| 95%

2050: 2050;
Reference Scenario Food - not feed

= |ivestock products
- plant products

total: 82 total: 78

11%h
38% ;

. 89%

2050: 2050:

Reference Scenario

Food - not feed

Livestock
Billion animals
® Current situation: Base year

® 2050: Reference Scenario

Catle | 1.39 Flos

Chickens 75

5.19

Goats

Environment

1.85
1.45

Buffaloes

m Current situation: Base year m 2050: Reference Scenario

Arable land occupation
Billion hectares

I 1 54
I 163
1.20

GHG emissions*
Gt.CO2-eq

I 11.0
I 128
10.4

Freshwater use
km?

I 1371
I 2,178
1,718

* GHG emissions include emissions from input provision, deforestation and organic scils:

N-surplus

Million tonnes N

I 37.9

I 121.8
65.2

Non-renewable energy use
Exajoules

I 22 .6
| 06, 7
17.2

Deforestation
Million ha

I | 8.2
I | 7.2
-6:5

2050: Food - not feed

0.92

2050: Food - not feed

P-surplus
Million tonnes P

I 472
| 64.0
384

Pesticide use
Dimensionless index

I 141
I 154
12,0

Soil erosion from water
Billion tennes soil lost

I 33.7
I 26 .2
32,2




Cropland use

Share of animal source protein in diets



Key aspects of modelling organic agriculture and agroforestry

Organic agriculture:

Assumptions on
Yield gaps
Crop rotations
in particular on legume shares
No mineral fertilizer use

alternative N sources: legumes on set-aside land, human excreta, etc.
Reduced pesticide use

Different assumptions on various (emission) factors
organic fertilizers, C-sequestration, ...

Biodiversity effects



Key aspects of modelling organic agriculture and agroforestry

Agroforestry

Assumptions on
Crop and tree shares per area
Yields

Sequestration in woody biomass

Different assumptions on various (emission) factors
organic fertilizers, C-sequestration, ...

Biodiversity effects



Challenges of modelling organic agriculture and agroforestry

A
Nitrogen-
Yield
relation

(cf. Barbieri et
al.2021)
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Challenges of modelling organic agriculture and agroforestry

crop rotations
component area shares (trees — crops)
yields in agroforestry

N cycle

characteristics of organic fertilizers vs. mineral fertilizers and their dynamics in the
soils, etc.

P and C cycles

many data issues, such as related to
suitability of soils and regions

(economic and social aspects )
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Ongoing work and future plans with SOLm

SOLm is available on Bitbucket (Code, Documentation) and an ftp-server (Data)

Better representation of the N-Y-dynamics (MA thesis I
Better representation of crop rotations (MA thesis 2)
Better representation of P and soil C (PhD thesis 1)

Agroforestry scenarios for the EU (eu project 1)
(Bio-)vegan scenarios (MA thesis 2)
Bioenergy in sustainable food systems (PhD thesis 2)

Country scenarios built on National GHG Inventory reports (no plan yet)
Comparison of LCA footprints with food-system-derived footprints (no plan yet)

Landscape-level biophysical food-systems model for localised policy advice (PhD thesis
3; EU project 2)

Output: Shiny-App interface, etc. (maybe MA thesis 2)



