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2020) (https://www.isage.eu/)



Prediction of climate change in Finland

In future, according to Climate Guide (https://Ilmasto-opas.fi ) the average 
temperature in Finland will rise more and faster than the global average

In addition to warming, precipitation is estimated to increase

The changes will affect winters more than summers 

Warming will be fastest in Northern Finland 

The growing season will become longer and warmer.

https://ilmasto-opas.fi/


Aim of the study

we wanted to find out how sheep will 

cope with possible climate changes -

not how sheep affect climate



Data

Performance data was from ProAgria's data recording scheme 

Finnish native Finnsheep, imported Texel breed, crossbreeds of the two breeds

Studied traits were number born alive, litter weight gain, weight at age of 120 d, 
muscle depth  

Weather data was from the Finnish Meteorological Institute and it contains 
different traits but 

the main focus of the review is on the effect of temperature which was best of 
studied weather traiis

The average temperature of 30 days’ time period before measuring weight and 
meat traits and

7 days period before measuring for litter traits were calculated

Only the animals with both weather and performance records and which were 
born from 1996 to 2016 were used 



Data

Combining of performance and meteorological data was done by 

using postal numbers of farm and to combining first the 

commune location information to farm number. The location of 

commune was used to find nearest weather measuring stations. 

To compare effect of temperature to performance in different 

breeds, the animals born from beginning of March to end of May 

were used. Those animals were most probably kept outside on 

pasture. In early spring or in autumn animals were kept mainly in 

indoor, and environmental and temperature effects are different 

compared to those animals reared on pasture. 

For litter traits all year around data was used



Annual number of Finnsheep, Texel and crossbreeds animals 
which had both climate and performance results.



Distribution of lambing for different months in Finnsheep, 
Texel and their crossbreeds



Phenotypic analysis

The phenotypic effect of temperature on weight at age of 120 d was analyzed by 

using SAS and Mixed procedure

The statistical model contains sex, litter size and age of dam as fixed and herd as 

random effect 

The breeds were analyzed separately

The phenotypic breaking points of third degree polynomial were estimated by R-

studio and segmented model



Effect of temperature in Finnsheep

Means (grey dots) and least 

square means (black dots) for 

each degree of temperature 

(average of 30 days), cubic 

polynomial fit (yellow dots) 

and segmented line with 

estimated change points for 

population’s changes in 

weight at age of 120 days 



Effect of temperature in Texel

Means (grey dots) and least 

square means (black dots) for 

each degree of temperature 

(average of 30 days), cubic 

polynomial fit (yellow dots) and 

segmented line with estimated 

change points for population’s 

changes in weight at age of 120 

days 



Effect of temperature in crossbreed

Means (grey dots) and least 

square means (black dots) for 

each degree of temperature 

(average of 30 days), cubic 

polynomial fit (yellow dots) and 

segmented line with estimated 

change points for population’s 

changes in weight at age of 120 

days 



Effect of temperature (average of 30 days) on herd-year 
solutions

When T30 increase, the herd-year

solutions for weight at 120 days age

decrease

Herd-year effect in breeding value

estimation model correct (atleast part)

the effect of temperature

It doesn’t help breeding of

heat resistance



Effect of temperature in Finnsheep, whole year data

Means (grey dots) and least 

square means (black dots) for 

each degree of temperature 

(average of 7 days), cubic 

polynomial fit (yellow dots) and 

segmented line with estimated 

change points for population’s 

changes in born alive 



Effect of temperature in Finsheep, whole year data

Means (grey dots) and least 

square means (black dots) for 

each degree of temperature 

(average of 7 days), cubic 

polynomial fit (yellow dots) and 

segmented line with estimated 

change points for population’s 

changes in litter weight gain



Genetic analysis

Genetic parameters for climatic adaptation traits were estimate to both pure breed separately

Data was analyzed using DMU and multi trait random regression animal model 

The statistical model for weight at 120 d of age contain sex, litter size, artificial feeding and herd 

as fixed effects, animal as genetic effect and temperature as reaction norm (linear, quadratic and 

cubic effect). The statistical model for muscle and fat depth contains also the weight at the 

measuring day.  

The statistical model for born alive and litter weight gain contain age group of ewe and  herd as 

fixed effects, animal as genetic effect and temperature as reaction norm

As a result, the genetic variances were obtained for both the studied characteristic and the 

animal's reaction to the temperature change (kg/degree C or pcs/degree C). I fitted the first, 

second and third order terms to the data. Only the results of the linear random regression model 

are presented here 



Genetic parameters for Finnsheep

Increase of 

temperature had 

favourable effect to 

litter traits in 

Finnsheep but 

negative effect to 

growth and muscle 

depth. Finnsheep

´lamb all around year 

and there are more 

variation 

circumtances



Genetic parameters for Texel

Texel 

Model
Trait unit

Permanent 

variance 

(S.D.)

Genetic 

variance 

(S.D.)

Residual 

variance 

(S.D.)

Fixed 

regression (SE)

Linear
Born alive count

0.0038 

(0.0044)

0.031 

(0.0053)

0.22 

(0.0049)

Adaptation to 

temperature

count/o

C

0.000079 

(0.00007

1)

-0.0087 

(0.0023)

Linear

Litter weight 

gain 3d-42d
kg 0.25 (0.20)

2.03 

(0.42)
9.3 (0.21)

Adaptation to 

temperature
kg/oC

0.0052 

(0.0028)
-0.03 (0.016)

Linear

Weight at 120 

d
kg

5.45 

(0.50)

26.11 

(3.68)

15.95 

(0.71)

Adaptation to 

temperature
kg/oC

0.059 

(0.021)
-0.10 (0.042)

Linear
Muscle depth mm

0.13 

(0.071)

6.31 

(1.21)
3.07 (0.15)

Adaptation to 

temperature
mm/oC

0.018 

(0.0048)
-0.070 (0.029)

Increase of

temperature had

unfavourable effect

to all traits in Texel. It

might be due to birth

season (spring)



Limitations of the study

Better information about the local weather condition would have been obtained with a more precise 
location of the condition and the utilization of grid solutions instead of weather station data

In phenotypic study, lambs are often timed to be born in a short period of time and the farm's lambs 
are also weighed at the same time or at least in larger groups, so that the animals in the same group 
all get the same weather information - although there is apparently a lot of information, there are no 
observation units.

The model, which also includes information on relatives, combines information from different farms 
and even from different years of the same farm, and is thus better than a mere phenotypic 
examination.

The absence of extreme warm conditions and unknown effect as extra feeding or taking animals 
indoors in cold and bad weather might affect to results.

In many countries where sheep production is based on year-round grazing, the weather effect is 
greater



Summary

The phenotypic connection of weather data was not strong, but in many traits around 20 °C the 

performance started to deteriorate 

There was genetic variation in the temperature tolerance especially in Finnsheep.

Sheep are very resistant to different weather conditions and in Finland so far there are rarely high 

temperatures harmful to sheep 

If one wants to study the heat resistance of domestic breeds in extreme conditions, controlled 

test conditions or precise monitoring methods ("activity bracelets") are needed 

Weather conditions can also indirectly affect sheep production: grass growth and harvesting 

conditions, parasites, insect-borne diseases



Is it need to breed temperature resistance?

The temperature is not yet critical level for sheep production in the 

Nordic countries, but it is worth keeping this in mind. 

There is genetic variation in sheep's heat resistance, and combining 

weather data with production data is easy – so it’s possible
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