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Temperature anomalies in the world
1900-2016

Antti Lipponen

https://www.flickr.com/photos/150411108@N06/35471910724/

Temperature anomalies arranged by country from 1900 - 2016.mp4
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Changes in Estonia: warmer January



Absolute temperature change (°C) in Estonia 
compared to years 1971-2000

Eesti tuleviku kliimastsenaariumid aastani 2100, Luhamaa jt 2015
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Changes in Estonia: more precipitation Oct-March



Average amount of precipitation compared to
years 1971-2000
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https://www.macsur.eu/

• Integration and improvement

of models

• Case studies

• To find the risks and consequences
related to adaptation and 
mitigation to the climate change in 
agriculture

https://www.macsur.eu/


Probabilities of occurrence of adverse events 
from sowing to maturity causing major threats 
for wheat production are projected to increase 
all over Europe under climate change

Trnka et al 2014

JY= Jyvasküla
UP= Uppsala



1981-2010 (-) versus 2060 (box)

Trnka et al 2014





• Questionnaire in 
2007



Climate related factors limiting crop
production

L1 – length of growing season
L2 – occurence of late/early frost
L3 – rain during sowing/harvesting
L4 – floods
L5 – winter damage
L6 – hail damage
L7 – drought
L8 – heat stress



Adaptation strategy for year 2050

Cultivation time
New crops and varieties



Adaptation strategy in Estonia:
1991-2000 versus 2012- 2017
• Wheat, rape seed, potato

• More varieties

• More winter crops

• More pathogens and diseases (and pesticides)

• Changed sowing and harvesting times

• Changed cultivation times

• Novel crops
• Soybean, hemp, buckwheat, winter barley, triticale

Olesen et al in writing process



Barley yield depending on rain and sowing date

Rain for 1 month before sowing (mm/month), 

Delay of sowing (sowing date) 

Rain during 3–7 weeks after sowing (rain sum mm/period)

Low: 1·1–23·1 mm

Moderate: 23·2–40·7 mm

High (extreme): 40·8–112·9 mm

Low: 25 April–12 May 

Moderate: 13–19 May 

High (extreme): 20 May–6 June

Low: 2·3–39·4 mm

Moderate: 39·5–63·3 mm

High (extreme): 63·4–176·7 mm

Hakala et al 2012



Temperatures during 3rd and 4th weeks after sowing (average temp)

Low: 6·3–11·6 °C

Moderate: 11·6–13·7 °C

High (extreme): 13·8–19·1°C

Temperature sum accumulation rates during the period of 2 

weeks before heading (temperature sum)

Very high temperatures (maximum day temperatures 28°C or higher) 

during the period of 7 days before and 14 days after heading

(duration)

Temperature sum accumulation rate during the period of grain 

filling (heading to yellow ripeness) (°C d/day during the period)

Low: 63–135 °C d

Moderate: 136–159 °C d

High (extreme): 160–237 °C d

Low: 0–2 d

Moderate: 3–5 d

High (extreme): more than 6 d

Low: 5·2–10·2 

Moderate: 10·3–11·5 d

High (extreme): 11·6–16·6°C d/day



Wheat yield change prognosis in Finland
26 models combined

Pirttioja et al 2015 

Spring wheat Winter wheat

Change in yield (%)



Spring wheat yield stability and variance

Pirttioja et al 2015 

Yield stability (%)
Yield variance (%)



Pirttioja et al 2015 



Wheat yield potential

• Wheat yield potential may rise by 59-109% by year 2050 thanks to
genetics and breeding: 

• Improvement in light conversion efficiency, extended duration of 
grain filling resulting in a higher harvest index, and optimal 
phenology.



Case studies: Northern Savo, 

Finland
• Observed climate change 

• longer growing period, higher mean temperatures, more total rain

• greater variability, summer droughts, less snow cover, feed quality 
losses, wet conditions more frequent ⇒ soil compaction by machines

• adaptation in cultivars, fertilization, pest mngmt.,

farm machinery, drought risk mngmt, silage storage, 

crop rotations, sowing dates

• Increasing grass growth benefits dairy and beef
• limited by EU N directive, greening rules; national land buying regulations

• Increase in yield potential of cereals and oilseeds is 

uncertain: more frequent summer droughts, daylight

• Positive market development and more flexible and 

encouraging policies (N, land) needed for adaptation



Opportunity in breeding? 

Trends in Plant Science 2015 20, 426-434DOI: (10.1016/j.tplants.2015.04.011) 

Copyright © 2015 Elsevier Ltd Terms and Conditions

http://www.elsevier.com/termsandconditions


Whole system is complex: inputs, outputs, 
settings and farm income

Köchy et al 2017



Summary

• The climate change will impact the life of a farmer: more
opportunities (if temperature raise is less than 2 degrees and there
will be more rain) and more risks. Need for a smart farmer.
• Novel crops and varietes

• Crop rotations and caring for soil is important

• The opportunites for rural life may lie in the development of 
bioeconomy and improving the valorization of local produce. 



Thank you!

Chair of Crop Science and Plant Biology


