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The Joint Research Centre is the 
European Commission's science and 
knowledge service

• Quantitative crop yield forecasts at national level

• Ad-hoc analysis of situations of extreme weather

• In close cooperation with DG AGRI and Eurostat

• JRC MARS Bulletins on Crop Monitoring in 
Europe

• Public dissemination, contributing to 
market transparency

• Timely, accurate, independent, established

• 28th edition in 2020

The MARS Crop Yield Forecasting System
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The MARS Crop Yield Forecasting System

Quantitative analysis

Crop yield forecast 

Vegetation monitoring
Remote sensing

Time series of crop 
specific area/yield 

statistics 

Statistical yield 
forecasting 

Production of  10-day 
biophysical indicators

Site and crop 
specific 

information to 
tailor the system 

to the area/crop of 
interest

Crop growth simulation

Production of  daily 
meteorological indicators

Weather monitoring

Expert judgement 
and decisions 
required

MARS Crop Yield Forecasting System
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Crop Monitoring in Europe
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Crop Monitoring in Croatia

Quantitative crop yield forecasting, statistical infrastructure:
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Crop Monitoring in Croatia

Quantitative crop yield forecasting, statistical infrastructure:
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Crop Monitoring in Croatia

JRC MARS Bulletin

Crop Monitoring in Europe

Vol 28

No. 3, 20 March 2020

No. 5, 15 May 2020

No. 4, 27 April 2020

No. 6, 12 June 2020
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Crop Monitoring in Croatia

JRC MARS Bulletin

Crop Monitoring in Europe

Vol 28, No. 7

27 July 2020
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Crop Monitoring in Croatia

JRC MARS Bulletin

Crop Monitoring in Europe

Vol 28, No. 9

14 September 2020
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Crop Monitoring in Croatia

JRC MARS Explorer:
Regional weather
observations 2020
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Crop Monitoring in Croatia

JRC MARS Explorer:
Regional crop
growth parameters
2020
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Crop Monitoring in Croatia

JRC MARS Explorer:
Regional crop
growth parameters
2020
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Crop Monitoring in Croatia

JRC MARS Explorer:
Regional remote sensing
parameters
2020
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Climate Trends in Agro-meteorological Observations

A northward shift of agro-climate zones 
has been observed in the last 40 years:

Ceglar, A., et al., 2019, Observed northward migration of 
agro-climate zones in Europe will further accelerate under 
climate change. Earths Future, 7, 1088-1101
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Climate Trends in Agro-meteorological Observations

Temperature based indicators: 

• Increase in duration of thermal 
growing season

• Increase in number of frost-free

days

Changes in crop phenology 
(earlier flowering and harvest)

Higher exposure of vegetation to 
late spring frost due to earlier growing 
season onset 

Trend in growing degree days (C/year)
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Climate Trends in Agro-meteorological Observations

Temperature based indicators: 

• Areas affected by heat stress are getting larger 
(more pronounced in southeastern and southern 
Europe)

Heat stress during the most sensitive periods 
of crop growth has increased

South-eastern Europe has experienced 
doubling of share of area affected 
by heat stress

Trend in heat degree days (C/year)
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Climate Trends in Agro-meteorological Observations

Rainfall based indicators: 

• Increased evapotranspiration rates 
have increased crop water requirements

Soil moisture has decreased particularly in 
south-eastern Europe, southwestern Europe 
and western France. 

A significant increase in the crop water deficit 
for maize has been observed in large parts of 
southern and eastern Europe.

Increasing irrigation water demand. 

European Environmental Agency, 2016. Climate change, impacts and 
vulnerability in Europe. An indicator-based report.
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Climate Trends in Agro-meteorological Observations

European Environmental Agency, 2016. Climate change, impacts and 
vulnerability in Europe. An indicator-based report.

Key messages: 

• An increase in the duration of the thermal growing season has led 
to a northward expansion of the suitable areas 

• Changes in crop phenology (earlier flowering and maturity)

• Impact on crop production and relative performance of different 
crop species and varieties

• Climate change led to an increase in the crop water demand and 
thus in the crop water deficit in large parts of southern and 
eastern Europe

• Negative trends in soil moisture in southern Europe

• Severity and area affected by climate extremes (heat waves, 
droughts) have increased; south-eastern Europe a hotspot region
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Climate predictions and impact of climate change on 
agriculture in Europe

High-resolution EURO-CORDEX data, bias adjusted:  

Biophysical crop model simulations using the MCYFS
modelling framework

Ceglar, A., et al., 2019, Observed northward migration of agro-climate zones in Europe will further 
accelerate under climate change. Earths Future, 7, 1088-1101

1. Northward migration of 
agro-climate zones might 
be up to two times faster in 
the coming decades 

2. Southeastern Europe will 
be characterised by 
substantially longer 
growing season length and 
active temperature sums

3. Area affected by heat 
stress will increase, while 
crops will be exposed to 
longer heat waves, most 
pronounced in southern 
and south-eastern Europe  
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Climate predictions and impact of climate change on 
agriculture in Europe

Feyen, L., et al., 2020. Climate change impacts and adaptation in Europe. JRC PESETA IV final report

High-resolution EURO-CORDEX data, bias adjusted:  

Change in winter summer temperature and precipitation under different global warming scenarios
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Climate predictions and impact of climate change on 
agriculture in Europe

Hristov, J., et al., 2020. Analysis of climate change impacts on EU agriculture by 2050. 
JRC PESETA IV project

High-resolution EURO-CORDEX data, bias adjusted: 

• PESETA IV crop model 
simulations

• Crop model simulation 
environment used under MCYFS

• Rainfed and fully irrigated 
situations

• Drought and heat stress 

• CO2 fertilisation effect 

• Main crops simulates at 
European level
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Climate predictions and impact of climate change on 
agriculture in Europe

Hristov, J., et al., 2020. Analysis of climate change impacts on EU agriculture by 2050. 
JRC PESETA IV project

Impact on grain maize

Fully irrigated 
conditions:

Rainfed 
conditions:
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Climate predictions and impact of climate change on 
agriculture in Europe

Hristov, J., et al., 2020. Analysis of climate change impacts on EU agriculture by 2050. 
JRC PESETA IV project

Impact on winter wheat

Rainfed conditions:
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Climate predictions and impact of climate change on 
agriculture in Europe

Adaptation will be crucial! 

European Environmental Agency, 2019. Climate change adaptation in the agricultural sector in Europe 
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Climate predictions and impact of climate change on 
agriculture in Europe

Adaptation will be crucial: 

• Farm management

• Climate services - informed 
planning and anticipation of 
unfavourable conditions

• Co-design approach 
with experts and 
end-users

Ceglar, A., et al., under review. Clisagri: an R package for agro-climate services. MEDGOLD project 
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Climate predictions and impact of climate change on 
agriculture in Europe

Key messages:

• Climate change will lead to northward expansion of areas suitable for 
several crops, increased crop water demand, more frequent extreme 
climate events 

• Without adaptation wheat and maize yield will decrease in southern 
Europe and the crops produced will have reduced nutritional value

• Adaptation mechanisms at national/regional and farm levels

• Important role of: 

• CAP - support climate action, increase resilience and sustainability

• Climate services, to provide climate informed agro-management 
planning and anticipation of unfavourable conditions

• COPERNICUS - digital transformation of agriculture holdings, using 
earth observation

Hristov, J., et al., 2020. Analysis of climate change impacts on EU agriculture by 2050. 
JRC PESETA IV project
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Keep in touch

JRC MARS Bulletins on the JRC Science Hub: 

https://ec.europa.eu/jrc/en/mars/bulletins

JRC MARS Explorer: http://agri4cast.jrc.ec.europa.eu/mars-explorer/

AGRI4CAST Data Portal: http://agri4cast.jrc.ec.europa.eu/DataPortal/

MARS Crop Yield Forecasting System Wiki: 

https://marswiki.jrc.ec.europa.eu/agri4castwiki/

YouTube Videos on EU Crop Monitoring: 

https://www.youtube.com/watch?v=YsJ2yh_MplI&list=PLGI5zHT2w7jB

daQWQTDxEQQKvmLlaRx_h&index=2

https://ec.europa.eu/jrc/en/mars/bulletins
http://agri4cast.jrc.ec.europa.eu/mars-explorer/
http://agri4cast.jrc.ec.europa.eu/DataPortal/
https://marswiki.jrc.ec.europa.eu/agri4castwiki/
https://www.youtube.com/watch?v=YsJ2yh_MplI&list=PLGI5zHT2w7jBdaQWQTDxEQQKvmLlaRx_h&index=2
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Thank you

© European Union 2020

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of 

elements that are not owned by the EU, permission may need to be sought directly from the respective right holders.

https://creativecommons.org/licenses/by/4.0/
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Annex:
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Meteorological infrastructure

Near real time 

Pan-European

Daily, 10- daily, monthly, 

seasonal,

long term average

METEO DB

Gridded data

Aggregated data

Observed data

Weather 

forecast data

Temperature
Rainfall
Radiation
Vapour pressure
Windspeed
Evaporation
Evapotranspiration
Climatic water balance
Snow depth

Agro-meteorological analysis

Crop growth models
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Earth observation infrastructure

Pan-European

Daily, 10- daily, monthly, 

long term average

MARS DB 

image repository

compositing 

interpolation

smoothing

indicator computation

information products 

1km resolution

Qualitative
Independent source of measured biomass 
Convergence of results

Quantitative
Crop yield forecasts (regional) based on RS 
derived vegetation state parameters only
Pasture productivity 
Improvements meteorological infrastructure  

High resolution 

NDVI
fAPAR
Radiation
Snow cover
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Incoming 
Solar Radiation

Mean Daily
Temperature

Precipitation

WOFOST / WARM
Storage organ weight

Leaf area index

Biomass

Management 
practices

Soil type

Crop variety parameters

Crop calendar

Crop growth model infrastructure
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Statistical infrastructure
Weather has a significant effect on crop yield, accounting for most of the inter-annual variability

Crop development

Observed weather

Sowing

Crop growth simulation

Biomass accumulation / RS

Crop development

Observed weather

Sowing

Crop growth simulation

Biomass accumulation / RS

F
O
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S
T

Statistical analysis + analyst expertise = published FORECAST

Harvest
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Forecast Accuracy 2018


