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Role of EO in Agriculture m

Environmental/climate
impact and forecasting

Health and production,
pest and disease

Area/type
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European Earth Observational capabil
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Different products

Radiance Biophysical Composites Simulated
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OLCI Terrestrial Chlorophyll Index
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Date: 2016-08
Processed by the
University of Southampton
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CHUK products

Sentinel 2A|B Level 1

v

Atmospheric corrections
(Sen2Cor)

—

Sentinel 2 Level 2
Surface Reflectance

Cloud masking

15 days Image
composite

E@CIS

EARTH OBSERVATION CLIMATE
INFORMATION SERVICE

e

Extraction of vegetation products and aggregation

Vegetation products (VPs)
extraction

Simplified L2 Product
Prototype Processor
(SL2P)

Leaf Area Index (LAI), Canopy Chlorophyll
Content (CCC) and Fraction Absorbed
Photosynthetic Active Radiation (faPAR)

l

Aggregation of VPs
in 100 m

Y

Spatial flag setting based on
available pixels

Space-time gapfilling using Regenerative
learning and final product generation

Explanatory variables
- Elevation

- LC type

- Geo-coordinates

- Temperature

- Relative Humidity
- Solar Radiation

- Total precipitation
-VPsi+1

-VPsi-1

- Time information

Hyper-parameters
selection

Model Building/
Training and validation

Pl Prediction of missing pixels and
Gapfilling
Connecting with ground based
measures and Bias correction
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Real time monitoring

Jaspers Farm : [2023 — 01 — 12]
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Biotic and Abiotic stresses

leaf structure / pigment damage

Herblvory (virus): Downy mildew (disease):

chlorosis / leaf fall

>
\

2
(o)
9_’ Ultraviolet radiation: Flooding: reduced
P Fanll LRI Berger, Katja, et al. "Multi-sensor
5 spectral synergies for crop stress
< detection and monitoring in the
optical domain: A review." Remote
Sensing of Environment 280
urlent def|c1t Chlorophyll/Carotenoid (20 22) 11 31 98
\_ ratio, reduced biomass: -, 8
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Impact of Stressor

Symptoms
Texture and structure

Variables

) 7 455 T,
pigment conc., water

Variationsin Vls, unique dips

ik, o
S5k Salinity

discoloration

Pest content, Canopy cover, LAl and peaks
o Morphology, canopy Canopy height, slant height, NIRTSWIRT
4 4}.4‘; . . .
e Lodging structure, shadowing, vertical lodged height,
| vegetation density lodged area %
= ‘~ Sl Growth, chlorophyll, As, CC, NE,LUE,RUE Red-Blue ¥
.-'# . Nutrient | Pigment content, leaf
> . %_ structure
Y Leaf Turgor, water, leaf Tc ,ETa, Rn, P, Tmin, Tmax, NIRi SWIR iVisT
Drought| angle, chlorophyll LAI, Carotenoids, CC
Yellow leaf, tissue damage, CC, WC NIRTSWIR TVis ;

Metabolism, morphology,

Proline content,

Hg induce Fluor., NIRfor Cu

1)
BTN
; pigmentation, chlorosis fluorescence, soil quality Vis ‘ NIR '
_"%fr?. Heavy metals
® - Leaf structure, pigments, Tc, LeafT, CC, WC, Leaf Red Bluei
: Heat Stress | haat conditions pigments LWIk
=S T
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Key methods

Deriving Crop Traits and sensor-based crop stress  Feature Extraction and Radiative Transfer Models
Stressor Variables indices Feature Selection (PROSAIL, DART,
(LAI, RECI, TVDI, (PCA,LDA, ICA,CR, WT, SCOPE,SLC)
MTCI,PSI,PRI, CCI, MSC)
WDI,WSI, SAVI,RVI) ﬁ @
Applying Techniques Empirical Regression Machine learning Models  Hybrid Retrieval Method
Models Deep Learning Feature Fusion
Data Fusion
Ensemble methods
Expert Systems

» O purpose of monitoring

O the scale of monitoring

7 O the need for controlled experiments

O the type of monitoring (qualitative vs. quantitative)
10
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Reflectance
s s & = £

Biotic Stress

Direct Pest Assessment
Biophysical & Biochemical Parameters for Early Detection of Invisible Pest Infections

Landscape monitoring through EO data and ancillary information

Leaf Canopy .
andscape

Adult

3568 501

650 700 750
Wavelength / nm

Lu et al., 2022

369 97

No Locust

"~ 16,000

(Marescot, et al., 2025)

Red Palm Weevil Detection
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Biotic Stress

PDRS: Remote Sensing Monitoring and Forecasting of Major
Global Epidemic and Migratory Pests and Diseases

7Bnng together cutting-edge fesearch to

provide pest and disease information in

the Belt and Road countnes -
- - T e - - My ¥
\ \J‘ | VRN ? ' :

Pest & disease monitoring and B ™

forecasting information (system and

service ptoducts)

b \
..
L i i R 7 ‘g e

Continue to suppon dochlon making .

, in sustainable managements to ensure ~ ~
food security
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. %

1. Land degradation (Yield gap)- Long term
2. EO4Cereal stress: Long->Short term
3. Flash Drought :Short term

Nz mam -
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Case study: Yield gap in Malawi

Challenges: Research aims:

Land pressure:
* Cropland expansion
e Continuous farming

» monitor cropland expansion
and estimate remaining arable land

Low crop yield:

* Land degradation » Understand yield gap

SOIUtIO,n S _ s ’!’ﬁﬁ 0~ g Nl e > Understand best practices
* Sustainable intensification gEENA /% sV aa) SNERFIE e
e RIS, S for crop diversification
» Crop diversification

BRECQIA
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Agriculture expansion in Malawi

h

P X ) P
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Croplandh extent in 2018
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cropland expansion result from forest loss indicated by colored
;7 polygon, different color represent the year of forest loss .
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Agriculture expansion in Malawi

« Rapid cropland expansion rate: 10% (2010-2020)
« Limited potential for future expansion (5%)

Location of Malawi in Africa Central Region : Southern Region .
: ’ B i Distance to settlements. I | ™
\ A ' ) L 2000
(m) /’\\ 'l \\. 1 f‘
s -— 4 I
1000 1 e’ ,:' ":{.5 ’.};* "\ P
Lo N - LS \
.7 v / « ! vl [ 1800
\ - Elevation
Malawi regions and districts 750 A
- 1600
Malawi Distance to rivers
500 - ‘ \ [ 1400
" Distance to roads
- 1200
[ Regions 250 A r . .
Districts (il 2005 2010 2015
Year
B Croplands in 2019
Bl Expanded croplands in 2010-2019
Il Lost croplands in 2010-2019
Bl Potentially Availibale Cropland Chengxiu Li, et al., Environ. Res. Lett., 2021
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Yield Gap

e Yield gap = Potential Yield - Farm Yield e Socio-economic factors
Potential Yield:
Management
/DATH COLLECTION AT HYDROLOGICAL ) 8

EXPERIMENTAL SITES MIODEL

Bt @
E }h x v A
- ._‘ - L
i ' o) L i A ;". £
. £ el L HEsTr B A
s AL

J
) SOCIO ECONOMIC
CLASSIFICATION
a® P

® ®©° o9 o

T‘l‘l I'I"T BRECGIA
/ . . \)

Chengxiu Li, et al., Remote Sensing., 2022, Daniela Anghileri et al., , Agricultural Systems, 2024 Socio economic factors .
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Yield Gap

YRS YgRS

Y
a) w [tonne/hal] b) [tonne/hal c) [%]
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Potential Yield ( simulated) Actual Yield ( Remote Sensing) Yield gap (percentage )
18
m o e I E SIS E S e Bl SRS = e i v > THE EUROPEAN SPACE AGENCY



EO4CerealStress

 “Synergistically use of multi-source Earth Observation data and in-situ data - taking advantage of
their complementarity - to understand the effects of single and combined stressors on cereal
crops”

 “To develop products that can be used to monitor these stressors and provide a scientific
roadmap for the future development of EO products and techniques for monitoring multiple crop
stressors”

https://eo4cerealstress.org/

D) ©
University of é

Agriculture and
@Southampton l* I AQri-FO0d Canada  uwiersity of Natural Resources | Iﬁ UNIvzl;'s;v: g
e Bonove. sne o TweNte.  JRIVERRTY
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https://eo4cerealstress.org/

EO4CerealStress: Project Framework

| EO & in situ data collection |

Stressor/Effect Estimation - Approach

Planet Scope etc. )

Satellite ,,r/r \

(Sentinel, EnMap, ( ﬁll

PRISMA, \ %;‘
\ ‘H—..%- __F____,./f

Airborne
(UAVs, Drones etc.)

Climate data
(P, T,RH,SM etc.)

In-situ crop measurements
(Agronomic,
Biochemical/Biophysical variables
e.g., LAI, CCC, FC etc.)

In-situ Soil
Properties/Nutrients
(K, N, P, Cu, As,Cd, Cr, Pb,Al )

‘ N : Machine Learning |:>
'- +

Empirical Regression based Methods

+
O TSI\
ZEASEA =0

R TR
- ,,4.-0‘::*“ :

" - -

ot - e

‘ ,

Radiative Transfer Modelling

Experimental Products
+

EO based Crop stress indicators
+
Algorithms for cereal crop stress

Product Evaluation, Scientific Analysis
& Impact Assessment

New algorithm-based Product
Development & Validation

rice soil
salinity, heavy
metals,
nutrient
deficit

Andalusian
Federation of
Rice growers

Bonifiche {AF__R}
Ferraresi farm h
‘ Agriculture
Canada
f " p
'

L LI

Three prototype demonstration cases

e

Implementing

Scientific Roadmap

N[ LA
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Test site | - Rice cultivation in
Andalusia, Spain

Nutrient stress,
Salinity, Heavy metal,
Water stress

Bonifiche Ferraresi Farm

Crop Masks

- Summer Wheat

Test site Il - Marchfeld region,

Austria Test site Il - Bonifiche Farm, Italy

. 4 Stem radius
v Stem wall width
_-”" | Material strength

21
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Pilot site |I: Andalusia Rice Farm, Spain

1 Salinity, nutrients deficit in soils, and toxicity by heavy metals

0 Relationship between multiple stressors and rice crop status/condition.

L Data Collected/Used:
O EO data: Sentinel-2, PRISMA, and EnMap

0 Meteorological data: ECMWF ERAS data, REDIAM (Andalusian
Environmental Information Network), SIAR (Agroclimatic Information
System for Irrigation (SIAR) of Spain

Q Field Data (Campaign in summer 2023):

U Soil Parameters :Electric conductivity-salinity, organic carbon,
texture parameters, nutrients -P, K, Ca, Mg, Na and Heavy
metals (As, Cd, Cr, Pb,Al, Cu), ASD spectra

U Rice Crop Variables: LAI, CC, water content, fresh and dry
weight, UAV hyperspectral images - VIS-NIR-SWIR , ASD
Spectra

N P_vza_smsu_éu (] OPTIMAL, PUNTAL [ ] SUBOPTIMAL, JSENDRA
e N orrivas aRGiLA [l SUBOPTIMAL, BOMBA SUBOPTIMAL, PUNTAL
2 5&; \f»é & OPTIMAL, JSENDRA SUBOPTIMAL, GUADIAMAR BAD, HISPAGRAN

; PN = FALLOW ‘77_
ey ==
< 0 1km
B Y § oo U A A ST SR TSl iy | |

7 tudy area: 1,260 km?
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Agriculture response to flash drought

Remote Sensing Applications: Society and Environment 39 (2025) 101690

Flash droughts are rapid-onset, short-term drought

events characterized by a swift decline in soil R L SR ‘§
moisture and precipitation deficits, typically ELSEVIER fourat homapage: sl oot

developing over a few weeks. »

Potential of sentinel 2-derived canopy water content as an i
indicator of flash drought: Case studies from European cereal

Since 2018, Europe has experienced persistent sub-seasonal-to- crop areas

Zaib Unnisa , Booker Ogutu, Jadunandan Dash

seasonal flash droughts, et f Gty ot it s

ity af , $017 1B), United Kingdom

ARTICLE INFO ABSTRACT

Early forecasting of flash droughts is critical but remains difficult e o Tk e o conming s o ok g ot Mttt By et i
Deotight Wndicans faster than in slow droughts, especially during critical crop growth stages, which affects the yield.

H Th 1y de i f flash droughts i ible through the ;aluati f the f pl

due to the rapid development of these events and the complex Copars e i o e e By e e, B sy Py e
.Ilinph)'s.iml ;“i“up:?r variables and vegetation index derived from Sentinel-2 across distinct cereal-growing regions in

. Evaporative siress index Eurcpe (ROI-1: Southern Spain; ROI-2: Northern Italy, ROI-3: Eastern Hungary) to evaluate their
I nte rp I ay potential for detecting flash droughts. The Evaporative Stress Index (ESI) was used for detecting
the drought onses, intensity, and duration, and the response of Normalized Difference Vegetation

Index (NDVI), Leaf Area Index (LAI), Fraction of Absorbed Photosynthetically Active Radiation

(FAPAR), and Canopy Water Content {CWC) were compared using spatio-temporal comparison

and Pearson correlation for Wheat and Maize crops in Summer 2022 and Spring 2023 droughis.

‘The findings revealed that CWC showed the earliest response to flash drought over irrigated areas

of Spain and ltaly compared to LAl and fAPAR. During drought, strong correlations between CWC

. . . . . . and ESI (wheat and maize) (in ROI 1, r = 0.59 and ROI 2, ¢ = 0.66) reflected a higher degree of

Wh I C h Re m Ote Se n SI n g b ased I n d I Cato r p rovld es ea rI y S Ign a I to conformity in capturing drought. However, the sensitivity of CWC to flash drought varied in the
rainfed region, with weaker correlation observed in Eastern Hungary, where r = 0.4, ROI 3. These

results show that there is potential in Sentinel 2-based CWC for early detection of flash droughts,

F I h d r ht particularly in irrigated systems. It can provide reliable and traceable information about crop
a S O ug stress at the onset of flash drought.

Unnisa, Z., Ogutu, B., & Dash, J. (2025). Potential of
Sentinel 2-derived Canopy Water Content as an
Indicator of Flash Drought: Case Studies from European
Cereal Crop Areas. Remote Sensing Applications:

Society and Environment, 101690.
23
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Study area

¢

I

14" E
Il common wheat [l Rice Il Other non permanent industrial crops Bare arable land
I Ourum wheat [ Triticale Sunflower [ woodland and Shrubland (incl, permanent crops)
Bl sarley Other cereals Rape and turnip rape Grasslands
B Rye B Potatoes B soya B Masked or not in the EU-28
B Oats B sugar beet Dry pulses
Maize I Other root crops Fodder crops (cereals and lequminous)
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Flash Drought indicator
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Flash Drought indicator

| 1

|

4-week ESI
(2018 -2023)

Harmonized Sentinel 2
MSI L2A product

(Atmospherically corrected )

4-Week Average Evaporative Stress Index (ESI) for Southern Europe (Mar — Sep)
47°N- ™ :

Filtered by ROIs & Date Range

. = Filtered by ROIs & Date Range
42° N- R .S My \ * Masked by Cloud and Snow

'

Timeseries
(mean & SD)

SL2P- Earth
Engine LEAF

Toolbox
Drought & Non-Drought
Year’s raster
l Segregation using
y 1 Thresl}old (-1,-2)
LAI v
fAPAR Crop masking (Wheat or Maize)
CWC |
(8-day Product)

8-day NDVI
calculation

42°N-
Timeseries
(mean &SD)

Istanbul

Bursa .
Hrbenian S ) ¥ Spatial
Palermo g i maps
J ' v

Pearson
Correlation

O N- Givalt m,
36N wraltar pa,/;?o l

Early detection of
Drought

4-week average ESI
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Time Series of ESI over ROI 1-ES
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Canopy Water Content
Feb Mar Apr May
: RN T X e [ s 3 ; Ty Y TR -rfi.
- TR o5

' 5.10°W
a 6.10°W 5.100W 0 0.5 1 15 6.10°W
Monthly Mean CWC (kg/m?2)
37.33ON-
36.43N-
B B
b 6.100W — 2
m 28
Monthly Mean ESI
¥l + THE EUROPEAN SPACE AGENCY
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Challenges and Gaps

Scientific
challenges in
using EO & In

situ data

Adverse weather

Disentangling o i . e Applicability and Data assimilation,
Integrating diverse environmental Codnadtg'%gﬁég?o'fd Regional and local rﬁ&?‘%ﬁ: ngi(r::fll(ia scalability across accessibility of
datasets stress sources and opportunities variations P e o?in g diverse agricultural high-quality
types ey e settings hyperspectral data

Lecal variations
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Regional vanations

X (k)
Knowledge gaps
e Optimal resolutions
e Techniques for seamless data integration and fusion
* Methods to upscale local observations to regional
e Standardized protocols for model integration and validation 30
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Strong agreement with ESI. Canopy Water Content (CWC) showed high consistency
with the Evaporative Stress Index (ESI) for detecting flash droughts in irrigated regions.

Early detection capability: CWC can capture the onset of flash drought, even during
crop growth stages, due to its sensitivity to rapid moisture changes.

Practical value: Incorporating CWC into drought monitoring systems enables early
warnings, helping optimize irrigation, diversify crops, and adopt drought-tolerant
varieties.

Future validation needed: Results should be verified with CWC derived from other
models or ground-based observations to confirm robustness.

31
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A wheat field shows a steady drop in NDVI over three weeks. At
the same time, canopy temperature from thermal sensing is
consistently 3—4°C higher than surrounding fields.

Questions

°Is this stress likely biotic or abiotic? Why?

*\Which additional indices could strengthen your conclusion?
How could early detection guide farmer decisions?
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NDVI in a potato field remains mostly stable, but hyperspectral
data shows localised declines in specific narrow bands
associated with pigment stress. Canopy temperature is normal.

Biotic or abiotic stress? Why?
Which indices or sensors are best suited to confirm this?

Management strategy ?

S am — | i [v] » THE EUROPEAN SPACE AGENCY




	Slide 1
	Slide 2: Role of EO in Agriculture 
	Slide 3: European Earth Observational capabilities
	Slide 4: Different products
	Slide 5: Earth Observation products
	Slide 6: CHUK products
	Slide 7: Real time monitoring 
	Slide 8: Biotic and Abiotic stresses
	Slide 9: Impact of Stressor
	Slide 10: Key methods 
	Slide 11: Biotic Stress
	Slide 12: Biotic Stress
	Slide 13: Abiotic stress
	Slide 14: Case study: Yield gap in Malawi
	Slide 15: Agriculture expansion in Malawi
	Slide 16: Agriculture expansion in Malawi
	Slide 17: Yield Gap
	Slide 18: Yield Gap
	Slide 19: EO4CerealStress
	Slide 20: EO4CerealStress: Project Framework
	Slide 21: Pilot sites 
	Slide 22: Pilot site I: Andalusia Rice Farm, Spain
	Slide 23: Agriculture response to flash drought
	Slide 24: Study area
	Slide 25: Flash Drought indicator
	Slide 26: Flash Drought indicator
	Slide 27: Results
	Slide 28: Results
	Slide 29: Results
	Slide 30: Challenges and Gaps
	Slide 31: Results
	Slide 32: Scenario-1
	Slide 33: Scenario 2

