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Alm
* Monitoring trade-offs between production and environment can be expensive.

* Understanding the impacts of various scenarios is impractical through field
experiment

 Computer simulation models can fill gaps between what we need to know and
what is available from measurements.

Produce a tool that can be used to explore scenarios and associated trade-

offs between production and environment factors.
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The Rothamsted Landscape Model functionality \D
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The Rothamsted Landscape model
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Carbon, N and P from dead roots

Drainage: water, NOZ, available P

* Water and nutrients may flow laterally

* Slope across the landscape affects erosion
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A summary of the current Rothamsted Landscape Model functionality



Model validation using data from Broadbalk

BROADBALK

" , | Broadbalk is the longest running experiment in the
e Broedoalk Widemess ¢ - world. Set up in 1843 to study the effect of organic
‘Smp" 20 19 1817 16 15 14 1312 1110 9 8 7 6 5 3 22211 and inorganic fertilizers On Wheat'
i i since sty 1008
ConunuousM b. .""
wwwwww«m-w‘w-wu-www- . “y: Data available:
A * Wheat grain and straw yield
Ll L Ll Ll L] * Yields of other crops grown in rotation
* Soil data
Oats Maize Wheat Wheat Wheat from 1999
. i * Weed surveys
! * Disease data
Oats Maize Wheat Wheat Wheat from 2000
* Crop nutrient data
e | | o v S * @Grain quality data
Stip-»> 10 18 17/ 16/15/14/13/12/11 /10, 9 |8 | 7 6| 5 3 [22021|1 ® N Ieached
Oats Maize Wheat Wheat Wheat from 1998
Wheat No herbicides
Occassional fallow
Continuous wheat Re-drained | \D
autumn 1993
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Model validation using data f
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Model validation using data from Park grass /.

ROTHAMSTED
RESEARCH
Plot 3a
° meas ——mod The Park Grass experiment is the
8 oldest experiment on permanent

grassland in the world. Started in 1856,
to investigate the effect of fertilizer on

[e)]

Yield / DM ha't

’ yield of hay

2
Data available:

0 o .

@(ob @,\0 é\% '@%o Noo@ \909 \/050 ,@QQ ,96’ %0\9 Gr.aSS yleld
* Soil data

Plot 143 * Botanical composition

[ ]

10 herbage nutrient content

Yield / DM hat

http://www.era.rothamsted.ac.uk/



Model validation using the North Wyke Catchment

0O Flume
©  Phosphorous Flume
©O  Soil Moisture Station/Rain Gauge

| oo The North Wyke farm platform was set up in 2011 to

, assess livestock productivity and ecosystem
— p—y 33 responses to 3 different managements:
[ Red Farmlet 4

Y piscontinued Green Farmlet

Currently (2013/5 — 2018/9)

/

** Permanent pasture

/

o Improvement through the use of legumes

/

< Improvement via planned reseeding and innovation

Data available:

*  Water flow

* Water chemistry
* Soil data

* Herbage survey
* Botanical survey

3 farmlets; 15 sub-catchments; 21 fields \D

ROTHAMSTED
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Model validation using the North Wyke Catchment
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Model development: Crop Sequence Generator

e Method:

e Uses CEH Land Cover® plus: Crops 2016-2018.

* Probability calculated of one crop following another (e.g. wheat

- maize).

* Add additional agronomic rules programmatically (e.g. max 1

potato crop every 4 years).

* Result: Realistic crop sequences.

* Intended use: BAU scenario models in GB.

Computers and Electronics in Agriculture
Volume 188, September 2021, 106330

Original papers
Simulating cropping sequences using earth
observation data

Ryan T. Sharp * & B, Peter A. Henrys 5 Susan G. Jarvis b, Andrew P. Whitmore 2, Alice E. Milne 3, Kevin Coleman 3,

Sajeev Erangu Purath Mohankumar *, Helen Metcalfe *

June 20, 2021

CropSequenceGenerator

Helen Metcalfe; @ Ryan T. Sharp
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Science aof the Total Enviremiment 767 {20081] 14459005

Contents lists available et Sciencelirect

Science of the Total Environment

jourmal homepage: www . elsevier.com/locate/scitotanw

The potential for soybean to diversify the production of plant-based

protein in the UK Current weather Near-future (RCP4.5)  Near-future (RCP8.5)

Kevin Coleman ®*, Andrew P, Whitmore ?, Kirsty L. Hassall®, lan Shield ?, & = &

Achim Dobermann™', Yoann Bourhis *, Aryena Eskandary®, Alice E. Milr
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Selection due to a change in
environment or management

ECOLOGY

- f . - A. Predicting community
ECOLOGICAL SOCIETY OF AMERICA

composition and the
effects of environmental
change on functional
diversity is a key goal of
community ecology.

Article @ Open Access @ ®

Density

Using functional traits to model annual plant community
dynamics

There are two main
approaches to this.

Helen Metcalfe @, Alice E. Milne, Florent Deledalle, Jonathan Storkey

. . - Trait
First published: 26 August 2020 | https://doi.org/10.1002/ecy.3167 . _ . . .
B. Trait-based filtering approach A C. Community dynamics modelling approach
: N . . Species possessing traits within certain s N The life cycle of individuals is described mechanistically
Corresponding Editor: Daniel C. Laughlin. thresholds determined by filters are selected. <= = and species compete with one another for resources.
This leads to a convergence in traits This leads to divergence in traits

Vertical movement

. * of seed in the soil SEEDBANK

dling Emergence

S Herlyjcide control
L eed |ghses
Combining these two Growth to canopy closure
approaches allows us
to predict changes in Annual Plant
community FRESH SEED - SEEDLINGS
composition Life Cycle

Groyfth under competition
Seed proddction

en response

MATURE
PLANTS

D. We can parameterise each mechanistic process within
a community dynamics models for multiple species by
describing trade-offs and correlations among plant
traits.

Parameter Estimate

This reduces the parameterisation requirements of the
community dynamics modelling approach and resolves
the issue of functional convergence/divergence.



Trade offs

e Landscape model is coupled with an optimisation algorithm to determine
Pareto optimal fronts between multiple objectives

Controls:
Fertilizer-N application
Fertilizer-P application
Farm-yard manure
Stocking rate

Objectives:
High Yield (crops only)
High Profit
Low Sediment loss
High NUE
Low N surplus
Low P surplus
Low Emissions

-

Increase in carbon storage
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) Rain
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N and
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available P
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Soil water
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Optimisation

e Algorithm sorts and ranks multiple objectives
* Seeks new management options
* |dentifies possible trade-offs

81 1 1 1 1
B L
© 79}
>
©
T) ?B B
~
77H
Non-dominated sorting
(Deb et al., 2002) TEL
combined with % \
differential evolution 75 ! ! ! . ROTHAMSTED
(Storn and Price, 1997) 4.5 -3 -3.5 - 7.5 RESEARCH

Leaching



Scenario analysis: TGRAINS

* Scenario food group areas were chosen to
align with the EAT-Lancet recommended
healthy diet.

* Lowland area kept constant.

* Upland area can only support livestock.

* ‘Regional’ and ‘Trade’ scenarios compared
with BAU.



cenario analysis: LTLS+
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Next steps

Qi

)
ELSEVIER Catens 44 (2001) 305-32:

@ Incorporate soil erosion into the model

“ PSYCHIC — A process-based model of phosphorus and

= o s.edlw‘ment mobilisation and delivery within o

\f{ ’ Eroslon Model agricultural can:hrpents. Part 1: Model description
/g

Implement POM/DOM-SPM dynamics

mmmmmmmmm

g\f’i@‘ Fate of pesticides | Pin drainage, runoff | B

W@, Partitioning and fixation to describe metal dynamics

. Relevant transformations for microorganic pollutants \D
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Carbon, N and P from dead roots
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Conclusions

* Models allow us to consider multiple interactions under a large range
of management strategies (although must be interpreted carefully)

e Used appropriately, models should allow sound conclusions to be
drawn on the relative impact of management strategies and might
highlight unintended consequences of certain actions.

/.
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