Earth observation
for sustainable practices
in viticulture
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* Welcome

* Earth Observations for agriculture
* Introduction to VitiGEOSS project
* Earth Observations in VitiGEOSS

* Data in action

* Participatory activity & Discussion
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European Green Deal

Climate change and environmental degradation are an existential threat to Europe and the world.
To overcome these challenges, the European Green Deal will transform the EU into a modern,
resource efficient and competitive economy, ensuring:

* no net emissions of greenhouse gases by 2050
« economic growth decoupled from resource use
* no person and no place left behind

The EU’s goals are:
« to ensure food security in the face of climate change and biodiversity loss
* reduce the environmental and climate footprint of the EU food system

« strengthen the EU food system’s resilience
+ lead a global transition towards competitive sustainability from farm to fork
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Source Google Earth Engine - ERA 5, 2m air temperature
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Monitor / halt deforestation

MAP  DASHBOARD HELPV  ABOUTY  BLOG  OTHER TOOLS Vv
| WATCH |

v Angola

In 2010, Angola had 53.8 Mha of tree cover, extending over 43% of its
land area. In 2022, it lost 267 kha of tree cover, equivalent to 103 Mt of
CO: emissions.

SUMMARY
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Reduce carbon emissions

Image credit: petrmalinak
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e Change in biomass production
* land use change detection

e Agricultural inputs

e Decarbonisation
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https://www.shutterstock.com/nl/g/petrmalinak
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Inputs

(s

Solar radiation

atellite data

NDVI (‘greenness’)

Surface albedo

kl.and surface temperature

Meteorological data
Air temperature
Relative humidity
Wind speed

Transmissivity

-

Static inputs

Physical constants

T

Crop model parameters

\_ )
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Photosynthetically active radiation

‘ Light use efficiency, foag  Plant species dependent

Potential biomass production

Radiation stress Damage from radiation

Temperature stress Too cold or hot
Humidity stress Vapor pressure too low

Moisture stress No sufficient soil moisture in root zone

Biomass production

‘ Partitioning model [solate above ground dry matter, stalk

Stalk dry matter ¥ ? %
P A Y ,¥ : A

‘ Summed over time Incorporating thermal threshold

YIELD
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Water Consumption Plant Biomass Production
Evapotranspiration (ET)
mm/day kg/ha/day

Continental

Quantified For every Pixel
(approx 10-250m)
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WaPOR

Water Productivity open access portal (FAO)

&/ )) Food and Agriculture Organization
»/ of the United Nations R L .
e Free data, accessible to anyone
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Reduction of chemical applications

Biomasa (kg/ha/sem) TCH

Dosis Bonus L/ha

HEN
i ——

BEEE

] 500 (0.8 ha. - 7.4%) s (0.8 ha. - 7.4%) Bonus (Man_bonus)

501 -800 (2.0 ha. - 18.0%) 77.5-123.92 (2.0 ha. - 18.0%) [Jose (0.0 ha. - 0.0%)
ﬁ 801 -1200 (2.5 ha. - 23.0%) i 123.93 - 171.07 (2.3 ha. - 20.5%)

1201- 1400 (2.9 ha. - 25.8%)
B 1401- 1800 (29 ha. - 25.8%)

0.6-0.9 (2.0 ha. - 18.0%)
171.07 - 185.72 (3.1 hs. - 28.2%) 0.9-1.2 (2.3 ha. - 20.5%)
B 185 72- 21052 (29 ha. - 25.8%)

12-1.3 (6.0 ha. - 54.0%)
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Reduction Nitrogen application

Biomass Yield Tn/ha Biomass-adjusted nitrogen recommendation
LA RESERVA STE 512

131-512 Promadio dellote 1334

Tt Produccién (kg/ha) M
Semana 44 (2 rov 2022) Max 2059

Desviacién k]

Nitrogen Price Urea (USD)

(385 USD/T)

i 3ha 125kg/ha 283 kg/ha 327
8ha 130kg/ha 315 kg/ha 970
Area: 33.51 ha

Cutting: 2 15ha 135kg/ha 326 kg/ha 1,883

Yield Tn/ha 2023: 123.39
7ha 140kg/ha 304 kg/ha 819
33 ha 3,999

2 Ciclo:

Maximo: e 33ha 165kg/ha 359 kg/ha 4,561
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FruitLook uses
modelling to turn

raw datainto

data products 4

The FruitLook

website provides
 field-specific data

to farmers

& fruitlook.co.za

O /\

Water Gro vth Mineral

DATA
4 0
"4 DissEmn A

FARMER
INTERPRETATION

FruitLook
helps farmers
save water and
improve farm
productivity

BOLZANO 2-4 OCTOBER 2023




EUROGEO WORKSHOP 2023

BOLZANO 2-4 OCTOBER 2023



EUROGEO WORKSHOP 2023

B
2
& fruitlook co.za AboutFrlook  Consutants  Aboutus  Supgart . | VITIGEOSS @ g

Vineyard innovative tool based on the integration of Earth
field s

Zoom in and monitor your fields : =

Add a dimension to your knowledge on yield variation and potential

Get started-Free View demoblocks.

This project has received funding from the European
Union Horizon 2020 research and innovation
programme under grant agreement No 869565.

Information services

» Weather and climate forecast

* Phenology monitoring

» Crop status

+ Disease management

» Business and sustainability manager
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Motivation of VitiGEOSS

Innovative solutions to be more efficient and

| ] o/
sustainable 20% 60%
CO, emissions from Of wine production comes

agriculture [EPA, 2010] from the EU [European

Commission, 2014]

 Europe is the world's largest wine producer,
and viticulture is the largest economic activity in .
Southern Europe. 20% 3M

Of the total jobs in employed in the EU are in

- Agriculture plays a crucial role in climate change, e T e wine sctr [CEEY,

being responsible for more than 20% of CO, emissions. uh
« Sustainable agriculture aims to develop new practices
to meet the current and future needs of society,
while reducing the negative effects of climate change. k
o, 0
A et e T s VITIGEOSS @ g
agreement No. 869565. ..
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The VitiIGEOSS project

Innovative tools for vineyards, based on the integration of
Earth observation services and field sensors.

« European Project funded by the program: SC5-16-2019

« Improving the efficiency of vineyard management using
data collected by satellites (GEOSS and Copernicus data)
and proximity sensors.

« Duration: 3.5 years, start 1/09/2020 end 29/02/2024.
9 participants from 4 European countries

@
VitiGEOSS project has received funding from the European Union’s .
Horizon 2020 research and innovation programme under grant VITIG EUSS @ .

agreement No. 869565. [ )
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VitiGEOSS consortium

BOLZANO 2-4 OCTOBER 2023

4 Research
Centers

3 Wine producers

2 Companies

A eurecal @

NNNNNNNNNN
Barcelona °

Supercomputing p S
Center I [

Centro i

DIPARTIMENTODI Nacional de Supercomputacién — pASSION FOR INNOVATION
AGRARIA
FAMILIA
TORRES .
o (5EE SYMINGTON
e (%ifé.é\}’fafm
cleofe  pwe
ssssssssssss
aaagﬁ
o,
VitiGEOSS jecth ived funding fi the E Union’ .
Hlolrizon 202%?53%&381 ;er'n%e::/'n?\ov:zo:]ngrc:g?;mrﬁe llj:]%;;ere;r;an?lon ° VITIG EUSS @ .
agreement No. 869565. ..




EUROGEO WORKSHOP 2023

VitiGEOSS concept

Climate
..................................... -
Phenology {\‘3\6\ L
Disease

O

Suones®®

Sustainability
Crop status”

»

41 o
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Optimisation whe

o
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o

VitiGEOSS project has received funding from the European Union’s

Horizon 2020 research and innovation programme under grant VITIGEUSS
agreement No. 869565.
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Purpose of VitiIGEOSS

« Optimizing decision-making,
better control and monitoring

« Recommendations for improving ’ Crop yield (kg) ’
use of resources and efficiency
WUE=  —— — or .-
* Providing real-time, reliable and
easily accessible information Water consumption (n’) ‘
i Predictions helplng tO antiCipate Reduce water Increase yield without
. . consumption without increasing water
and face the main risks due to decrease in yield consumption

climate change

he
&8

o,
VitiGEOSS project has received funding from the European Union’s VITIG EUSS @ .
o®
([

Horizon 2020 research and innovation programme under grant
agreement No. 869565.
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Earth observation data used for:

*¢ Identify vineyard management zones via image segmentation techniques

@ Detect in-season production anomalies via weekly statistical analysis of crop growth
@ Inform crop water demand forecasts by combination with weather forecasts

l~» Monitoring and forecasting of phenology

% Aerial inspections

-
s
o _©

VITIGEOSS® 3
®
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Crop status indicators

Spatial Resolution: 10-1000 m | Temporal Resolution: 1-16 days

¢

Land Surface NDVI Albedo

Temperature
Low Earth Orbit (LEO) ‘

Geostationary
Orbit (GEO) Solar Radiation

Global Climate Models
& Weather Observations Precipitation

= = = :)
= = J_J
S @Y U
AN
Relative Humidity  Air Temperature Precipitation Wind Speed

Spatial Resolution: 1-5 km
Temporal Resolution: 15 min.

Spatial Resolution: > 10 km | Temporal Resolution: s 1 hour

BOLZANO 2-4 OCTOBER 2023

Weekly information on:

= Evapotranspiration [mm/week]

= Biomass production [kg/ha]

= NDVI (Normalized Differenced
Vegetation Index)

= LAl (Leaf Area Index)

= Nitrogen content [kg/ha]

-
s
o _©
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Phenological monitoring

Baggiolini scale

N
b

BUDBREAK FLOWERING BERRY SET VERAISON RIPENING
(State C - Green tip) (Stage 1) (State J) (Stage M) (berry maturity)
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Phenological monitoring

Retrieve satellite Retrieve climate
images Retrieve data prediction Retrieve images
Sentinel-3 Weather station data Weather/climate prediction ~Cameras/Drones images
EMM l E{_‘z
i:: J J
PhenoAl

8
@3 Avrtificial intelligence models = x = Process-based models

Deep Weather Deep forecast Deep cam Mechanistic
obs model

!

Deep EO

+ % Phenological @}9@
e stages o 6““/ ®
VITIGEOSS ®®
VitiGEOSS project has received funding from the European Union’s ..
Horizon 2020 research and innovation programme under grant Y
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Copernicus Sentinel-3

Phenological monitoring
*] F .‘.ﬁ : f:er;tti:::' ;:li;n mean temperature
o Ry ”*"‘. \, M‘\\\““ . SLSTR (Bands S7,
¢ . . e ‘9\.‘!\0’:’ .'“:”‘. ‘.\“ “\“".';';.:':’.z}';.‘:\ 5 S8 and S9)
104 :0. Qo0 ope .o o. ‘ o ° ° ° { o. o
| e T ""‘"-"’" R
K A o, 0 O ol ¢ : 4 e Pros: two
0 oo d, S e X0 o "0, & %% o
L o, ot measurements per
Y ’ o ’ day
e Cons: 1km? spatial
December  resolution
2021

January
2021
oo
| —— VITIGEOSS @ g
°
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Phenological monitoring

\4

Vineyard e m - _Pr_o]_ec_tk:n _________
AN . .
B0 @il ——t-ty :
: N >|] E_) 000
z I T — :
x—_ﬁ-T ' : GRU
N N e e (@60
MAE Bud Break | Flowering H
(Mean Absolute Error)
Deep EO3 8.13 4.37 3.99 5.47
Baseline (GDD) 23.91 20.63 20.91 45.65

(Growing Degree Days)
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MAE cross-validation 2017-2022

Output

L Linear
(16,1)

Linear
(64,16)

Ripening | Average
7.82 5.96
62.00 35.48

VITIGEOSS &

)
L X )
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Drone analysis

» Periodic drone surveys to acquire RGB vineyard imagery

« Row segmentation through deep learning

» Vegetation indexes to monitor plant stress and general state of health

Drone image Row segmentation Vineyard density
index
DL model vNDVI
(=visible NDVI)

on rows + interrows
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Drone analysis: vegetation indexes

Interrows
vNDVI

0.72
0.70

0.68

0.66

0.35
0.64

0.62 0.30

0.60 0.25

0.58 0.20

0.15

0.10
Rows

vNDVI

0.05

0.00

Vineyard density index
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Lessons learned

Earth Observation in viticulture

ok

o,

VITIGEOSS @ g
®
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4
%‘ PRO: hourly measurements, punctual information,
accurate measurements (= accurate models)
CONS: expensive, prone to sensors failure
IN-FIELD
SENSORS

6 .J/_/ PRO: easily scalable, cheap/freely available

CONS: lower revisit time, lower resolution
SATELLITE (= less accurate models) e

[

°,0
VITIGEOSS® 3
D)
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1. Remote sensing can be the best option in some cases

Small/medium-sized vineyards
e > = 4 - ( ;

4
%‘ PRO: hourly measurements, punctual information,
accurate measurements (= accurate models) =——)
CONS: expensive, prone to sensors failure
IN-FIELD
SENSORS

.J/J PRO: easily scalable, cheap/freely available
CONS: lower revisit time, lower resolution —
SATELLITE (= less accurate models)

BOLZANO 2-4 OCTOBER 2023
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2. Supporting satellite data with other data sources

January December .iﬁj o
VITIGEOSS @ g
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January December hes

o, 0
VITIGEOSS @ g
®
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2. Supporting satellite data with other data sources

0.72

NDVI Sentinel-2 Torres Agrolab_PM1 2022-07-24 0.35 VNDVI drone Torres Agrolab_PM1 2022-07-29

500 -
L 0.30 1000
1500 | B

0.70
0.68
0.66

- 0.25 2000 - 0.64

100 A 2500 - 0.62

3000 A 0.60

0.20

3500 - 0.58

150 wewe

0 20 s 150 200 250 300 0.15 0 1000 2000 3000 4000 5000 6000 7000 8000

Sentinel-2 RGB-NIR bands resolution: Drone RGB camera resolution:
10 m/px 1-10 cm/px

b
o,
VITIGEOSS® 3
([ ]
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3. Wine growers are not data scientists

Evapotranspiration
100 m

=)

Simplify the data
visualization,
without losing

information

Google
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https://platform.vitigeoss.eu/

If you would like to test the platform or become a .ﬂéﬂ.
user until the end of the project, please get in touch VITIGEUSS®.
. @

on our website vitigeoss.eu or info@vitigeoss.eu

o
BOLZANO 2-4 OCTOBER 2023 °
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Who do we _\é Researchers
have In the
room?

\/ Technology providers
What is your
role”?

@ Other expertise
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Scale services to
other cultivars

BOLZANO 2-4 OCTOBER 2023
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Scale services to other cultivars

Sugarcane

BOLZANO 2-4 OCTOBER 2023
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Scale services to other cultivars

Characteristics:

 Extended cultivated area

Almond Hop  Preferably closed canopy
« Susceptibility to environment and weather

« Operations depending on phenological stage

BOLZANO 2-4 OCTOBER 2023
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What's the future

other use cases in agriculture

BOLZANO 2-4 OCTOBER 2023
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What's the future

other use cases in agriculture

Water resource management

o Water consumption estimation
o Water basins monitoring

Land suitability

o Historical analysis of temperature, soil moisture, soil
erosion, frost, drought stress

Field outcome estimation

o Estimation of gluten and protein content in wheat
o Yield estimation

BOLZANO 2-4 OCTOBER 2023
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Data scientists are
not wine growers

BOLZANO 2-4 OCTOBER 2023
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Data scientists are not wine growers:
How to work with wine growers

How to include wine growers in the process

Currently, from which sources does your organization obtain the needed
meteorological observations/measurements?

Sateliite data

Aerial images (drones)

Weathers

Soil moisture

I Manualivisual observationl

In-field fixed cameras

Machinery sensors

[ M |

Other type of sensors
0 1 2 3 4
Never used Sistematically;
used
@ Phenology @ Crop monitoring @ Disease 9 t @ Sustainability

What Crop indicators do you currently monitor?

Fruit Yield 21%

9
Water stress 21%

1

g
5

Crop evapotranspiration

Vegetative growth (e.g. leaf area index, foliar

surface, shoots length) 14%

Plant Vigour (NDVI- Normalized Difference

Vegetation Index) 14%

Vine health status (nutritional status, diseases and

pests) 12%

Plant nitrogen status 9%

Multiple choices

What benefits would you expect from the use of
satellite data/aerial imagery?

To monitor plant status and
needs/demands

To detect variability on
fields/farms

To detect
growth anomalies

BOLZANO 2-4 OCTOBER 2023

To monitor phenological

phases | © 9%

To timely detect diseases

and pests | 0 0%

0 1 2 3
Not interesting

Abs|
freq
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Thank you! %ﬂ

To find out more about VitiGEOSS and
our future activities, visit our website:
vitigeoss.eu

VitiGEOSS project has received funding
from the European Union’s Horizon 2020
research and innovation programme under
grant agreement No. 869565.

Get in touch at: info@yvitigeoss.eu
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