Our Smart Farm — crop monitoring and

decision support for farmers

Mike Rivington, Mohamed Jabloun
British Crop Production Council Congress.
Shaping the Future of Crop Production
Harrogate 4" November 2025

The James

Hutton
Institute



Presentation overview

" Context setting — the rational for Our Smart Farm:

* Multiple drivers: climate change impacts, water availability (examples)
biodiversity, geopolitics, policies including climate mitigation, market...

= Visualising the future climate — what does 2°C + look like?
= Decision support in a complex world

" Crop modelling for decision support

= Benefits for planning adaptation

= Constrained by lack of basic data — Need for a culture shift in attitudes to
sharing and collaboration

"= Why field-scale based monitoring and modelling?
= Tools for decision support: Our Smart Farm
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Research Context: Crop Production in the Big Picture =

Importance of understanding climate change impacts IIII'

= How will crops respond to climate? Hﬁ{atn;ﬁ
= Growth and productivity o Institute
= Climate trends and extremes G""“’“’”’# s Overseas and

= Resource use: fertilisers, chemicals g
= How does this relate to wider issues of:
= Climate and Biodiversity (poly)crises
= Food and nutrition security, dietary change
= Net Zero pathways Potatoes
= Viable and sustainable land-based sector
= Land Use and Food System Transformations
= Understanding risks and opportunities
= Risk perception deficit (global)
= Spatial variation (soil-climate-management combinations)
= Crop breeding for resilience
= Crop suitability — new crops
= Climate proofing farming, supply chains, policies and
building resilience in socio-ecological systems o

Dimbleby 2021
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What about water availability?

Climatic Water Balance for the Baseline Period 1960-1989
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@ strong Surplus

@ strong Deficit

) Moderate Surplus
. Moderate Deficit

Climatic Water Balance Ratio
(CWB ratio= (P / ETO0)

defined as the ratio of
Precipitation (P) to Reference
Evapotranspiration (ETO).

Strong Deficits; precipitation
covers only 50% or less of the
evapotranspiration(ETO) demand.
Moderate Deficit; precipitation
covers 50 to 100% of the ETO
demand.

Moderate Surplus; precipitation is
0 to 50% greater than the
evapotranspiration demand.
Strong Surplus; where
precipitation is 100% or more
greater than the ETO demand.



Changes in water availability: baseline to 1990-2019

Climatic Water Balance Change for the Period 1990-2019 compared to 1960-1989 baseline
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Changes in water availability: baseline to 2020-2049

Climatic Water Balance Change for the Period 2020-2049 - Ensemble Member 06 (2°C warmer, 2% wetter)
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Changes in water availability: baseline to 2050-2079

Climatic Water Balance Change for the Period 2050-2079 - Ensemble Member 06 (2°C warmer, 2% wetter)
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Crop modelling to support decision making T
Benefits Hutton
= “Experimentation on the laptop, not the field”: What if...? Institute
= Field specific analysis based on simulations run with field data
Challenges: Solutions:
= Lack of basic data for model calibration and = Use farmer-supplied data

validation = Multiple model ensembles and protocols
= Calibrating models for future climatic = Real-time input and monitoring data: soils,
conditions climate, sensors and Earth observations
= Spatial variability: climate, soils, management = Networked data collection (LoraWan, 5G)
= Model use beyond research: credibility and = High Performance Computing, API’s

° ° o ?
how to get farmer participation: = Machine Learning / Al

= Data ownership



Basic observed data — the missing piece of the puzzle =

Fundamental needs for crop model calibration and ﬂ“ﬁﬁ"&ﬁ
validation, with combinations of: Institute
= Tillage

= Sowing date

= Fertiliser type, rate, dates

= |rrigation, if any

= Growth stages (phenology) and dates
= Yield (biomass and grain / tuber etc.)

= Rotations / land use history

“In Scotland, with a 1km climate grid Challenges:

resolution, there are c. 57,000 unique soil- Culture of data sharing
climate combinations in the arable areas = |ssues of data ownership
alone, but we have a small handful of
experimental farms and therefore observed
data points for model calibration”

= Monetising data vs public good (subsidy payments)

Fostering data exchange: proving benefit to farmers

Providing the mechanisms for farmer-researcher
collaboration = Our Smart Farm



How to build better farmer-science collaboration?

"= Need a culture change to foster observed data exchange and
collaboration between farmers and scientists
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= Virtuous cycle: need platforms to enable data sharing and in return

provide model results to data providers

" Foster “Win-Wins”: More observed good quality data means better

calibrated models = improved utility

= Better calibrated models means credibility for use in decision
support

= Spatially applicable crop models means improved salience and
relevance to meet farmer’s needs



Why field-scale based monitoring and modelling?

= Scale at which management

= Crop management data is or can

Rationale for Our Smart Farm

decisions are applied

be made available

Provide a platform for better farmer-science collaboration: data sharing
Science needs farmer supplied data to calibrate models
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Need for decision support tools to enable ‘experimentation on the laptop,
not the field’ to allow financial viability and plan for adaptation to multiple

drivers, including climate change
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Our Smart Farm: Providing a platform to enable farmer-science i'ﬁii
collaboration on observation and simulation sharing The James

Hutton
Institute

A new two-way data exchange and crop simulation e ——
modelling research platform. =

Farmers use Our Smart Farm to monitor their crop growth Add anew field to start

and development using Earth Observations, and their own
input data to run crop models. Then they use the outputs
to understand and identify the limiting factors affecting
yield and production consequences to make informed
decisions to adjust crop management and increase income
while reducing environmental impact.

* Can be applied anywhere in the world

* Currently arable focus, grass growth module exists

Funding provided by Scottish Government
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Weather /
Climate API

Farmer supplied field
activities/Observations

/ — . Soil API

e

Earth Observation API

\ OurSmartFarm

£ Fields ~ B Seasons ~ O L e

Field boundary

Crop Model API




Field Topography & Water Flow Direction F
OurSmartFarm = By I I '

The James
A Welcome Fields Seasons
Estate Field (P) = 2023 = Spring Barley = 2023-04-20 H Utton
@ Dashboard Use the list below to select a InStItute
| field
Field topograph Hydraulics properties Soil Analysis Soil Observations
@ Add Fields pograpny y prop / Y OFF
® Elevation Slope Aspect Flow direction Elevation Slope Aspect (8] Flow direction Den Sou_th (M)
Estate Field (P)
Kennels Field (O)
Field elevation o Middle East (L)
56.4800 Flow Direction Pylon Field (N)
' 55,4500 Road Field (K)
B Weather ’ Direction
= Heatie 56.4795 ( )
56.4795
I Simulations (m) .
. 90
20470 56.4790 + 7
= -
- L]
56.4785 56.4785
Selected Field:
_ B - Area: 7.6 ha
s0.4780 56.4780 - Perimeter: 1121 m
128
56.4775 56.4775
3120 3118 3116 3420 3118 3116 Selected Season: 2823
. on ' lon - Start: 2822-89-81

- End: 2023-10-81

The James Hutton Institute Scotland, 2023




Field Activities, Management,

OurSmartFarm

A We

@ Dashboard

@ Add Fields

BB Soil

£ Records

# Satellite

& Weather

I~ Simulations

Estate Field (P) = 2023 = Spring Barley = 2023-04-20

Records timeline @

Mineral Fertilization

Sowing
Mon 17 Tue 18 Wed 19 Thu 20
April 2023
Soil Management Crop Management Field Observations Edit

Select an activity from the list below to add the specific details to the timeline.
Activity: Date

Tillage 2023-05-15
Bed Preparation
Lime Application

+ Add

The James Hutton Institute

Soils Analysis +

Fri 21

Fields Seasons

Use the list below to select a
field

Y OFF

Den South (M)
Estate Field (P)
Kennels Field (O)
Middle East (L)
Pylon Field (N)

Sat 22 Sun 23 Road Field (K)

Selected Field:
- Area: 7.6 ha
- Perimeter: 1121 m

Selected Season: 2823
- Start: 2022-09-01
- End: 2823-18-01

Scotland, 2023
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Field Observations

OurSmartFarm

@ Dashboard

@ Add Fields

B Soil

& Records

I+ Simulati

Estate Field (P) » 2023 > Spring Barley = 2023-04-20

Records timeline @

Mineral Fertilization

Sowing
Mon 17 Tue 18 Wed 19 Thu 20
April 2023
Soil Management Crop Management Field Observations Edit

Select an observation activity from the list below to add the specific details to the timeline.

Category Date

Emergence 2023-05-15
Flowering
Lodging
Flooding
Yield
Pest/Disease
Weeds
Other...

Description:

Add observation location

+ Add

Fri 21

Sat 22 Sun 23

Use the pin button to mark the location where the observation was
made.

VF - “1 )
Leaflet | Tiles © Esri — Source: Ezri, i-cued, USDA, USGS, AEX, GeoEye,

Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User Community

Fields Seasons

Use the list below to select a
field

Y QFF

Den South (M)
Estate Field (P)
Kennels Field (O)
Middle East (L)
Pylon Field (N)
Road Field (K}

Selectad Field:
- Area: 7.6 ha
- Perimeter: 1121 m

Selected Season: 2823
- Start: 2@22-99-81
- End: 2823-18-81
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Spatial Analysis — Satellite Imagery U TIT

OurSmartFarm = o The James
Hutton
Welcome Field s :
A Vele Estate Field (P) > 2023 > Spring Barley > 2023-04-20 e Fasens Institute
@ Dash . Use the list below to selecta
Available Cloud-free Images €@ M CCELEn (LEIEE () Vegetatlon field
NDVI - Moisture Y oFF
EO Eo| |Eo +| - . R
Den South (M)
Satellite image: 2023-05-29 Ca nopy n Itroge n Estate Field (P)
ED | 50y =52 EU =0 EO EO , Kennels Field (O)
+ N S Middle East (L)

EO ||| EO || EO EO|| EO EO EO EO Pylon Field (N)
- ' . Road Field (K)

Sep Oct Nov Dec Jan Feb Mar Apr May Jun
2022 2023

I Simulations

Options -

Selected Field:
- Area: 7.6 ha
- Perimeter: 1121 m

} Remove edge pixels

Vegetation index data to show
Maximum + Selected date Time series Anomaly
Selected Season: 2023
- Start: 2822-99-81
- End: 2023-18-01

Field Zonation -

) Create field zonation

M e _ . k| Leaflet | @ OpenStreetMap contributors

The James Hutton Institute Scotland, 2023




Field Zonation =

e
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OurSmartFarm = oy
N Fg . The James
Welcome Ields £asons
Estate Field (P) > 2023 > Spring Barley > 2023-04-20 Hutton
@ Dash Use the list below to select a Institute
N field.
. Vegetation indices (VI
Available Cloud-free Images € egetation indices (V)
@ Add Fields NDVI v Ml
- EO EO |EO +| -
& Soil - Den South (M)
Satellite image: 2023-05-29 Estate Field (P)
2 Rec EO EO EO EO EO EO EO Kennels Field (O)
+ Middle East (L)
£ Satell EO | EO EO EOC || |EO EO EO EO b Pylon Field (N)
Satellite _ Road Field (K)
Sep Oct Nov Dec Jan Feb Mar Apr May Jun
2022 2023
l# Simulations
+ 7
Options

Selected Field:
- Area: 7.6 ha
- Perimeter: 1121 m

Field Zonation

Number of zones
Create field zonation 72 3 4 5 5
Selected Season: 2823

- Start: 2822-09-01

Zones Statistics - End: 2023-10-81

Zone Mean Area (%)
1 0.82 76
2 065 24

b e A : Leaflet | © OpenSireetMap confributors




Crop Growth Anomaly: variation between years —~—
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Ci/IHI/Projects/Shiny-Apps/OurSmartFarm_Modules/O5F - Shiny - X
http:/f127.00.1:3276 | 2 Open in Browser 45y Publish =
J— o The James
usmatram i Hutton
A& Welcome Fields Seasons Institute
Estate Field (P) = 2023 = Spring Barley > 2023-04-20
(1) hb Use the list below to select a
PO . field.
. Vegetati d VI c to:
_ Available Cloud-free Images @@ egetation indices (V1) emparefo
@ Add Fields NDVI v 2023-04-22 v Y OFF
o + -
& Soi =0 £0| (B0 o Den South (M)
Satellite image: 2023-05-29 Estate Field (P)
EO| EO EO EO EO EO Kennels Field (O)
+ Middle East (L)
# Satellit EQ| | |EO EO EC| EO EO EO EO X7 Pylon Field (N)
Satellite _ Road Field (K)
Sep Oct Nov Dec Jan Feb Mar Apr May Jun NDVI
2022 2023 — O ny
& Simulations - -00 |
-01
_ I 02| + 4
Options 03
\ . - 04
I Selected Field:
Remaove edge pixels \ \ - Area: 7.6 ha
- Perimeter: 1121 m
Vegetation index data to show \
Maximum Selected date Time series + Anomaly \
\ selected Season: 2023
- Start: 2022-89-81
\ \ - End: 2023-16-81
Field Zonation I
b =
Create field zonation \ /
Balruc y
i Mead
|
| E |

Leaflet | @ OpenStreetMap confributors

The James Hutton Institute Scotland, 2023




Model Simulations (Crop Yield Forecasting) ===
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Den South (M) > 2023 Institute
My Fields:
Model output Scenario Analysis Crop Performance Ezidszftll? [ﬁ;
Estate Field (P)
YIELD | | Kennels Field (O)
— Actual — Predicted (
” 4.7 t/ha : : : Middle East L)
5 | | I Pylon Field (N)
44.49 I ! |
I I I
I I
et T 45 | [ [
& Weather Output variable: l | |
I I I
: 4 I I I
i . a
I Simulations ‘ Yield ! : | Add a new field...
I I I 3 3
: Manage my fields
Yield 35 i i i
Leaves T I ] I
& 3 : : i Selected Field:
Stem 2 [ | [ '
o | ] | - Area: 6.3 ha
Leaf area index © 25 : ! | - Perimeter: 1116 m
=
Grain nitrogen content f= i i i
©
Grain nitrogen concentration 1G] 2 : ] :
) I I I
Crop nitrogen uptake 15 : : :
MMitraman laachina M : : :
I I I
1 | I |
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' H £l El
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Model Simulations (Nitrogen Leaching) ———
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My Fields:

Fields Seasons

Road Field (K)
Den South (M)
Estate Field (P)

Model output Scenario Analysis Crop Performance

YIELD . . Kennels Field {O)
4.7 tha 24 | — Actual — Predicted Middle East (L)
N | ! Pylon Field (N)
22 H i
44-49 [ !
2 | i
[ I
Output variable: 18 Need for a | !
[ I
) ) 1 I
~ Simulations Nitrogen leaching A 16 cover CrOp : : Add a new field.__
o : : Manage my fields
= 14 1 |
z i i
2 1z | I .
= | I Selected Field:
1 I
g’ 1 : ! - Area: 6.3 ha
g H | - Perimeter: 1116 m
3 os i i
S o6 | i
g : |
z 04 | i
0.2 | 1
: I
0 i 5
=l B! =
=l E =
0.2 2l o =
Oct 2022 Jan 2023 Apr 2023 Jul 2023

Leaflet | @ OpenSireetMap
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Model Simulations (Nitrogen Stress Index) —~—
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OurSmartFarm = (®) Demomode %
The James
@ Dashboard Fields Seasons H Utton
Den South (M) = 2023 Institute
My Fields:
: ) Road Field (K)
Model output Scenario Analysis Crop Performance Den South (M)
Estate Field (P)
YIELD | i Kennels Field ()
W 4.7tha i — Actual — Predicted Middle East (L)
| ] Pylon Field (N)
44-49 04 I |
I I
& Weather | ]
" Qutput variable: 0.35 I |
I I
i i . - I [
¥ Simulations Nitrogen stress index v | ] Add a new field...
0.3 | I M S I TR
~ : : \lanage my fields
5 | |
v
025
E : : Selected Field:
b : : - Area: 6.3 ha
g 0.2 : : - Perimeter: 1116 m
2 I I
c | I
9 015 l I
g [ [
z l I
I I
01 | |
I I
I I
I 2
0.05 21 E: 55
2| 2| 2
Oct 2022 Jan 2023 Apr 2023 Jul 2023
Leaflet | © OpenSirestMap
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Scenario Analysis “experimentation on the laptop” I~II_II

OurSmartFarm = (®) Demomode %o The James
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My Fields:
Road Field (K)

Model output Scenario Analysis Crop Performance Den South (M)

Estate Field (P)
Build scenarios Kennels Field (O)

s 01 P Middle East (L)
. cenario Pylon Field (N)
Scenario name
Scenario 2 [ ]
Scenario 1 h
8 Weather Scenario 2 [ ]
i i Current O . O
I~ Simulations Activity: Add a new field. .
Sep 2022 Now 2022 Jan 2023 Mar 2023 May 2023 Jul 2023 Sep 2023 .
I I Manage my fields
Mineral Fertilization v
Date Selected Field:
Output variable: l Aug, 25, 2023: Predicted: 462 $1: 5.18 - Area: 6.3 ha
2023-06-03 6 | §2: 5.7 83:5.71 - Perimeter: 1116 m
Yield - \ |
55 I I
Use current irrigation ’ : }
. 5 | |
Application rate (kg/ha) Avallable - | }
scenarios 45 | |
. I I
I I
| |
No nitrogen stress 4 ! !
° © I [
N (%) (noN) g a5 ! !
No water stress ] : }
(noW) b 3 ! !
) ) =~ I I
Yield potential - | |
+ Add (NGWN) % 25 : } Leaflet | ® OpenStreetMap
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OSF helps upscale to regional and national level crop modelling

Grain Yield Change for Ensemble Member 01

Change (kg/ha)
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Spring Barley simulated
yield changes for
2045-2054 compared to
2010-2019 baseline using 1
Regional Climate Model
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Calibration based on OSF helps upscale to regional and national level crop modelling
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Related projects

"= FarmBalance: Intelligence as a Service

= Detailed farm monitoring to enable monetisation of Natural Capital with
the supply chain

= De-risking transformations to sustainable practices in land use and
management

= Retina Project: GHG Monitoring, Report and Verification

R nmaisd
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= Dynamic monitoring, reporting and verification for implementing negative

emission strategies in managed ecosystems

" |ntegrating a ‘gold standard’ GHG Monitoring, Reporting and Verification

platform with Our Smart Farm

" |In development — integration with James Hutton Institute disease
forecasting modelling



FARMBALANCE TECH AND SCIENCE TO MEET USER NEEDS
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Data Collection
Mix of near-continuous & periodic
data collection techniques
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Data Calibration & Validation

All techniques calibrated & tested at
Cairnfield Farm using field survey data and

historical farm records
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Retina Project for Monitoring, Reporting & Verification TTIT
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llI" :'Iu!toz RETINA Project Home Live Data About Staff H utton
nstitute

Institute

Soil carbon sequestration
focus

] " Cloud-based platform

¢ = Combines new field-base,

Q landscape sensor technology
with satellite data and
modelling

= Mobile App for providing
management changes

e, ™ Near real time modelling of
49 838 website Dashboards / Glensaugh - Soil Temperature and Moisture Profile (8525) 2 D a9 =] Ca r bo n C h a n ges a n d G H G
Soil Temperature (8525) ) (8525) e m i SS i O n S

= Setting standards for MRV

Glensaugh -



https://retina.hutton.ac.uk/#/
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Summary - key messages IO
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= Multiple threats necessitate resilience building

* Need a cultural shift in approaches to data
sharing

= Potential from new data collection and
processing technologies

= Capabilities for modelling at the field scale for
decision support including climate change
impacts, mitigation and adaptation

= Science needs a better working relationship
with farmers for a 2-way data exchange

= QOur Smart Farm provides a platform to help
facilitate this.

"= Need to take a global perspective of risks....




Putt|ng projected UK CoP26: Putting Glasgow’s changing climate in a global context

Glasgow'’s temperature Plausible Global Impacts

12 Climate Simulations*

° 8
Cha nges In a glo ba I a b cdefgh ijk :’é 2080 4.4°C (3.3 -5.7°C)t Unprecedented droughts, heatwaves, floods. Severely reduced

? , agricultural production.
H e Loss of climate regulation ecosystem services: only 38% of emissions captured by Nature.
erspective - 207 mate resu vices: ony
- e Ocean acidification increases. Mass species extinction.
— - ZOGOIAmazon rainforest collapse. Sea level rise of 0.5m means many Island States disappear. I
12 =
possible = 2050 24°C (1.9-3.0°C)t Paris Agreement 2°C limit exceeded. 300m people displaced by sea

level rise. Arctic Sea practically ice-free (September).

= UK may be futures
2040 1.6°C(1.3-1.9°C)t global average temperature rise exceeds 1.5°C. More frequent
droughts, intense storms and flooding, increased rate of species extinction, loss of coral

{ M V4
relatively’ less
reefs. Arctic releasing more carbon. Food Security threats.

I m pa Cted d I re Ctly by °C) 2030 50 million climate refugees.

Cl | m ate C h a nge a N d l 4 2021 Atmospheric CO, is 412 ppm. Emissions from energy increasing by 4.8%. Nature
12 increasingly a source of carbon, not a sink. 25 million climate refugees.

ecosyste m 0

d eg ra d at I O n ( I n Itl a | |y) 2003 European heatwave with 20,000 heat related deaths.

than other countries.
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For further details please contact: T
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