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Abstract 
A simple phenology model has been developed, calibrated, cross-validated and applied to predict the harvest 
date of spring barley and winter wheat in Denmark. The model uses temperature sums to calculate the 
developmental rate of the spring barley from sowing to harvest and for winter wheat from the first of January 
to harvest for winter wheat. The historical (20 year) temperature was used to estimate the harvest date, and 
the modelled harvest dates are in the range of the observed harvest dates over the same period. The 
uncertainty of the historical average estimated harvest dates is 7-10 days for spring barley and 5-10 days for 
winter wheat based on inter-annual variability of the climate. This inter-annual variation in estimated harvest 
dates was lower than the spatial variation in estimated average harvest date across the country. The 
uncertainty of the model based on the uncertainty in the model parameters is 10-14 days and 1-4 days for 
spring barley and winter wheat, respectively. The model uncertainty of around one to two weeks must be 
considered low, given that many factors other than just the weather conditions in practice affect the harvest 
date, including machine availability and capacity, available manpower and soil trafficability. The model can 
be used to predict the harvest date of the current year, by using the 20 year long-term average data as proxy 
for the climate till the harvest date. The presented model can be used to predict harvest date in individual 
years as the season advances to provide predictions of harvest date closer to the actual harvest date. 
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Introduction 
In continental and maritime climates, the cropping systems are defined by a growing season and an off 
season. During this off season, most cash crops cannot be grown due to unfavourable conditions, e.g. low 
temperature and/or high precipitation. The precipitation surplus and lack of plant cover may lead to erosion 
and nitrate leaching. To reduce these negative effects, cover crops can be grown to minimise negative 
environmental effects (e.g. De Notaris et al. 2018). In Denmark, the farmers are obliged to grow cover crops 
on a specified proportion of the agricultural land; however, in some years and under certain circumstances, 
the cash crop cannot be harvested in time to make sure that the cover crops can be established before the 
unfavourable conditions begin. For national inventories of nitrate leaching and in order to follow legislation, 
it is important to address barriers for the establishment of cover crops, in particular related to the harvest time 
of the cash crop. Farmers may under particular circumstances obtain exemptions from governmental bodies 
regarding the requirement for timing the establishment of cover crops, when the main crop cannot be 
harvested in time, e.g. due to cold summers or unsuitable harvesting conditions. To be able to grant these 
exemptions to farmers, the harvest date needs to be predicted well in advance, i.e. during June and/or July. 

The phenology of plants is solely based on air temperature and day length (e.g. (Olesen and Bindi 2002, 
Trnka et al. 2014, Pullens et al. 2019)), which are easy to measure or calculate. Since the models only need 
these two inputs, the model is considered to have a low complexity. Most crop models simulate the 
phenology by using air temperature and day length formula, including the DAISY model (Jabloun et al. 
2018). A preliminary study performed at Copenhagen University applied the DAISY model to simulate 
historical maturity dates (Styczen et al. 2018). The DAISY model is a complex model that incorporates many 
aspects of crop development, growth and other biophysical aspects of the soil and plants, for example it 
simulate soil water and nitrogen dynamics. However, this high model complexity is not needed to assess the 
phenological stages of a crop.  

While the phenology model is used to predict development until physiological crop maturity, the duration of 
the period from physiological maturity to harvest depends on a range of other factors, in particular the 
external ambient weather conditions governing the drying of the grain and straw (Olesen and Mikkelsen 
1985, Atzema 1993) as well as field readiness (Edwards et al. 2016) and trafficability of the soil (Hutchings 
et al. 2012). Therefore, a separate model is needed that considers these aspects to predict the harvest date. 
Such a model is not readily available and needs to be developed, while keeping the simplicity of the model in 
mind. 

The objective of this study is to calibrate a phenology model to accurately simulate measured developmental 
stages of winter wheat and spring barley. This study will also develop, calibrate and validate a simple model 
for predicting harvest date in winter wheat and spring barley using different model structures for the period 
until maturity and for the period from maturity until harvest. 

Materials and Methods 
The methods used in this study can be separated into two sections, first a previously tested and published 
phenology model is calibrated (Olesen et al. 2012). However, all phenology models only simulate the 
developmental stages of the crop to physiological maturity, which is not the same as the harvest day. 
Therefore, an additional model has been developed and tested to be able to calculate the harvest date based 
on the day the crop has reached physiological maturity and meteorology data. 

Data used for calibration and validation 
Two sources of data were used to calibrate and validate the phenological model, two datasets from Aarhus 
University and a dataset from field experiments conducted on farmers’ fields (Landsforsøg). One of the 
datasets from Aarhus University, including all significant dates (sowing, emergence, flowering, maturity and 
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harvest), was collected as part of the winter wheat project (Olesen et al. 2000a, 2000b, 2003) over the years 
1992-1998 at  five locations (Foulum, Flakkebjerg, Jyndevad, Roskilde and Rønhave). The other dataset 
from Aarhus University, also including all significant dates (sowing, emergence, flowering, maturity and 
harvest), was collected during the CROPSYS project (Olesen et al. 2000a, Shah et al. 2017) over the years 
1997-2004 at three locations (Foulum, Flakkebjerg and Jyndevad). This has primarily included trials of 
winter wheat (Olesen et al. 2000a) as well as long-term trials of several crops, including both spring barley 
and winter wheat (Shah et al. 2017). For winter wheat, in total there were 112 observations from the period 
1992-2004 distributed over 5 sites and for spring barley 34 observations for the period 1997-2000 distributed 
over three sites. 

Another dataset contained historical data on sowing, maturity and harvest which were collected from across 
Denmark (Figure 1) from variety trials of winter wheat and spring barley distributed over Denmark 
(Landsforsøg). This included 824 observations in spring barley and 934 observations in winter wheat over a 
period from 1991 to 2018. 

 
Figure 1 Geographical location of sites from which data has been used in this study. 

These datasets were partly used for calibration of the model and partly for validation (Table 1). 

Table 1 Datasets used for the calibration and validation of the model. 

 Calibration Sowing – 
Maturity + Cross-
Validation + Validation 

Calibration Maturity – 
Harvest + Cross-
Validation + Validation 

Validation Maturity – 
Harves 

Project from which the 
data originates 

CROPSYS + winter 
wheat project 

½ Landsforsøg and 
CROPSYS 

½ Landsforsøg 
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Calibration and validation of the phenology model 
A modification of a previously described and published phenology model was used (Olesen et al. 2012). This 
model has been developed for cereals and can simulate both winter wheat and spring barley. The original 
model distinguishes between three different stages of crop development; however, for this project much data 
was available for intermediate developmental stages. Therefore in this project, the model distinguishes four 
different stages of growth, with the following BBCH scale (Lancashire et al. 1991): 

• Seeding to emergence (BBCH 09) 
• Emergence (BBCH 09) to the appearance of the flag leaf (BBCH 39) 
• The appearance of the flag leaf (BBCH 39) to anthesis (GS65) 
• Anthesis (BBCH 65) to maturity (BBCH 89). 

The duration of the period from seeding to emergence is solely determined by temperature and based on a 
temperature sum (Equation 1). The period from emergence to the appearance of the flag leaf and from the 
appearance of the flag leaf to flowering depends on both temperature and day length and this is modelled by 
summing the product by temperature and day length functions (Equation 2). The period from flowering to 
maturity is modelled by Equation 1. 

𝑆𝑆 = �𝑚𝑚𝑚𝑚𝑚𝑚(𝑇𝑇𝑖𝑖 − 𝑇𝑇𝑏𝑏 , 0) ∙ 𝛼𝛼 (1) 

In which S temperature sum demand (°Cd) for the given phenological phase, Ti is the daily mean temperature 
(°C); Tb is the base temperature (°C); and α is a photoperiod response. 

𝛼𝛼 = 𝑚𝑚𝑚𝑚𝑚𝑚 �1,
(𝜆𝜆 − 7)+

13
� 

(2) 

In which λ is day length (h) and “+” denotes that only positive contributions are considered. Thus,  
photoperiod response is used for the period between germination and flowering (Olesen et al. 2002); for the 
other periods no photoperiodic response is considered (α=1). The base temperature was set to 5°C for all 
developmental stages of wheat (Saarikko and Carter 1996, Olesen and Bindi 2002, Peltonen-Sainio and 
Rajala 2007). 

For the cross-validation of spring barley, the actual sowing date was used, since this information was 
provided as part of the data, it reduced the uncertainty in the calibrated parameters/temperature sums. For 
winter wheat, the developmental stages could be predicted with equal precision by simulating only  the 
period from the first of January to maturity (Olesen et al. 2012). This simpler approach, starting with 
calculation on January 1 in winter wheat, has been used in the further modelling. When calibrating and 
validating the model for spring barley, the actual sowing date was used as a starting point for the calculation. 
However, this date is not known in scenario analyses for the prediction of the harvest date, so in these 
simulations the sowing date is determined by weather conditions. Sowing of spring barley is predicted to 
occur when the 10 days average temperature after the 1st of March is above 6.1°C (Olesen et al. 2012). 

The temperature sum requirements for each phenological stage (S, equation 1) were calibrated with the entire 
CROPSYS data separately for spring barley and winter wheat based on historical data for sowing, 
germination, flowering and maturity. The calibration was set up to minimise the root mean square error 
(RMSE) between the modelled and harvest dates (Equation 3). 

𝑅𝑅𝑅𝑅𝑆𝑆𝑅𝑅 = �∑ (𝑠𝑠𝑖𝑖 − 𝑜𝑜𝑖𝑖)2𝑛𝑛
𝑖𝑖=1

𝑚𝑚
 

(3) 

In which s are the simulated values, o are the observed values and n are the number of data points. 
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For winter wheat, a cross-validation was conducted by leaving one of five or one of three sites out of the 
calibration for winter wheat and spring barley, respectively. The stations used for the cross-validation were 
Foulum, Flakkebjerg, Jyndevad, Roskilde and Rønhave for winter wheat and Jyndevad, Flakkebjerg and 
Foulum for spring barley. The calibration and cross-validation was done in the R software (R Development 
Core Team. R Foundation for Statistical Computing 2018) with the package DEoptim (Mullen et al. 2011) 
and was set to reduce the root mean square error (RMSE, equation 3) For each site, also the meteorological 
data was available. 

Beside the root mean square error another goodness of fit is calculated, the coefficient of determination (R2),  

𝑅𝑅2 = 1 −
∑(𝑦𝑦𝑖𝑖 − 𝑓𝑓𝑖𝑖)2

∑(𝑦𝑦𝑖𝑖 − 𝑦𝑦∗)2 
(4) 

In which y is the measurements, y* is the mean of the measured data and f is the modelled value. 

Calibration and validation of model from maturity date to harvest date 
To estimate the harvest date based on the maturity date, half of the data from Landsforsøg was used to 
identify factors affecting the number of days needed, while the other half was used for the validation of the 
model. The division of the two datasets was performed randomly to make sure the data was not biased or 
correlated. Between the maturity date and harvest date many options have been analysed, so we have used a 
fixed number of days, and we have analysed, whether the period is determined as a temperature sum, which 
increases with a fixed value for each rainy day (rainfall over 1 mm). A range of daily precipitation thresholds 
was used (0.1, 1, 2 and 5 mm/day) in combination with different base temperature sum. A model without 
rainy days was also tested with different base temperatures (equation 1 without α=1 and equation 5) to assess 
the model with the highest predictive skills. 

𝑆𝑆 = �max(𝑇𝑇𝑖𝑖 ,𝑇𝑇𝑏𝑏) + 𝑚𝑚𝑎𝑎𝑎𝑎_𝑜𝑜𝑚𝑚 ∗ 𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚𝑦𝑦_𝑎𝑎𝑚𝑚𝑦𝑦𝑠𝑠 (5) 

In which S temperature sum demand (°Cd) for the given phenological phase, Ti is the daily mean temperature 
(°C); Tb is the base temperature (°C); add_on is the degrees (°C) added when a rainy day occurs; rainy_days 
is the number of days where the precipitation is above a specified threshold. 

Modelling harvest date on a national scale 
For the national modelling, we used gridded daily climatic data of Denmark (at 40 and 20 km grid scales, 
Figure 2). For the prediction, the model is run using actual observed data from the present year until the date 
for which no climatic data is available and subsequently the mean of the previous 20 years. To assess the 
uncertainty derived from the climate, the model was run for individual years with data from the 20 previous 
years. 

The uncertainty of the model to the model parameters was assessed by running the model by using the 
minimum and maximum temperature sums for each specific developmental stage (Table 2 and Table 4).  
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a)  b)  
Figure 2 Different grid sizes for different years for which the meteorological data was available, a) from 1999-2013 40*40 km grid, 
b) from 2013-onwards 20*20 km grid. 

Results 
Spring barley 
The cross-validated model to maturity date on the CROPSYS data resulted in the following temperature sum 
(TST)/ degree days per developmental stage (Table 2). The standard deviation of temperature sum 
requirements are derived from the cross-validation. 

Table 2 Calibrated temperature sums and standard deviation for different developmental stages of spring barley. 

Developmental stage Temperature sum ± standard deviation 
Seeding to emergence 36.2 ± 7.2 °C 
Emergence to appearance of the flag leaf 296.8 ± 11.5 °C 
Appearance of flag leaf to anthesis 171.3 ± 35.6 °C 
Anthesis to maturity 342.8 ± 19.9 °C 

For these results, it has to be kept in mind that the temperature sum is only calculated when the air 
temperature is above the base temperature, which was set to 5 °C for all developmental stages. 

The model shows a wider range than the measurements during developmental stage 1 (emergence), while at 
maturity, the model results are coinciding with the range of measured days after sowing. Anthesis is a 
developmental stage that is hard to assess in barley and combined with the lower amount of data available 
for this stage, the model simulates this stage slightly earlier, than the measurements, however, the simulated 
date is in the range of the measurements (Figure 3). The performance of the calibrated model for maturity 
date in spring barley has a root mean square error (RMSE) of 5.5 days. 
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Figure 3 1:1 plot of the modelled and measured duration of the growing season from the day of sowing for spring barley with 
uncertainty bars (± standard deviation). Different growth stages are germination, the appearance of the flag leaf, anthesis and 
maturity. Data: CROPSYS. 

To estimate the harvest date based on the maturity date, half of the data from Landsforsøg was used to 
identify factors affecting the number of days needed. Several models were tested to account for weather 
effects on harvest date. A range of tests was performed with a model in which a temperature sum increases 
with different temperature sums in case of different levels of precipitation (equation 5).  

A range of daily precipitation thresholds was used (0.1, 1, 2 and 5 mm/day) to calibrate the model. This 
resulted for different sites in different calibration results, indicating no uniformity in the method (Table 3). 
The high uncertainty in the resulting model parameters resulted in poor predictive performance of these 
models. 

Table 3 Calibrated results from maturity date to harvest date for the range of the temperature sum (°C) and temperature add_on 
(equation 5) when specific precipitation thresholds are used. 

Precipitation threshold (mm) Range temperature sum (°C) Cross-validated range 
temperature add_on (°C) 

0.1 126-135 7.4-20.1 
1 135-321 7.2-10.0 
2 122-322 6.3-12.9 
5 126.5-313.8 8.59-19.6 

In the end, the best predictive model performance was obtained when the model was used without a 
precipitation term and when the base temperature was set to 0°C in Equation 5. This has as a positive side 
effect that the model stays relatively simple, since only air temperature is used. For projections into the 
future, the 20 year average of the temperature can be used to model the harvest date, while this is not the case 
with precipitation data, since it has a bigger interannual variability. 

Thus, the final model to simulate the harvest date based on the maturity date was: 

𝑆𝑆 = �𝑚𝑚𝑚𝑚𝑚𝑚(𝑇𝑇𝑖𝑖 , 0) (6) 
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In which S is the temperature sum demand (°Cd) for the given phenological phase and Ti is the daily mean 
temperature (°C). The result of the calibration was that spring barley is harvested 400 GDD after the maturity 
date. 

 
Figure 4 Modelled and measured harvest day (DOY: Day of year) for the validation dataset from Landsforsøg with spring barley. 
The average deviation between modelled and measured harvest date (MBE, predicted minus observed) and the uncertainty is shown. 

The day of year (DOY) of modelled and measured harvest date have a good correlation, with a mean bias 
error of 0.029 days and a root mean square error of 6.3 days (Figure 4). Over the total length of the growing 
period, the model outputs and the measurement are in close agreement, with an R2 of 0.678 and a RMSE of 
6.2 days (Figure 5). 

 
Figure 5 Total modelled and measured length of the growing season for spring barley, data: Landsforsøg. 
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Winter wheat 
For winter wheat, the sowing date is less important to determine since the crop enters a dormant stage over 
winter. The crop development can therefore be calculated from the first of January onwards (Olesen et al. 
2012), and this has as a consequence that the model has one developmental stage less (germination). The 
other developmental stage were cross-validated on 5 sites in Denmark. For each developmental stage, a base 
temperature of 5 °C was set and in the period between germination and flowering, the photoperiod response 
was used (Olesen et al. 2012). The calibrated values and the uncertainty are presented in Table 4. 

Table 4 Calibrated temperature sums and standard deviation for different developmental stages of winter wheat. 

Developmental stage Temperature sum ± standard deviation 
Emergence to appearance of the flag leaf 264.7 ± 0.3 °C 
Appearance of flag leaf to anthesis 177.3 ± 4.5 °C 
Anthesis to maturity 459.8 ± 7.7 °C 

The model was validated using the entire CROPSYS and winter wheat datasets to test the performance of the 
model. Germination was not simulated, since the simulation of the crop started on the 1st of January. The 
model seems to predict the maturity date slightly too late; however, the whole model has an RMSE of 5.5 
days, which can be considered low. 

 
Figure 6 1:1 plot of the modelled and measured length of the growing season of winter wheat with uncertainty bars (± standard 
deviation). Different growth stages are the appearance of the flag leaf, anthesis and maturity. Data: CROPSYS 

For the simulation of the harvest date of winter wheat, the same equation as for spring barley was used 
(equation 6), for which a temperature sum with a base temperature of 0°C was calibrated. The temperature 
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sum between maturity date and harvest date is estimated to 450 ̊C. To validate this growing degree day, the 
model was tested on half of the data from Landsforsøg, and shows a clear correlation between the measured 
and modelled day of year (DOY) of harvest (Figure 7), with a RMSE of 9.0 days. The modelled and 
measured duration of the complete growing season also has an RMSE of 9.0 days and has an R2 value of 
0.621 (Figure 8), indicating that the model is capable of simulating the duration of the growing season and 
the day of harvest accurately. Although the measured harvest date has a high deviation, the average modelled 
and measured harvest date are only 2 days apart. 

 
Figure 7 Modelled and measured harvest day (DOY: Day of year) for the validation dataset from Landsforsøg with winter wheat. 
The average deviation between modelled and measured harvest date (MBE, predicted minus observed) and the uncertainty is shown. 

 
Figure 8 Total modelled and measured length of the growing season from sowing date for winter wheat. 

Modelling of average harvest date in Denmark for spring barley 
The developed model was used to calculate the harvest date for every year in the period 1999 to 2018, so the 
average modelled harvest date (Figure 9), the uncertainty related to model parameters (Figure 10) and the 
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uncertainty based on inter-annual variability in weather (Figure 11) can be calculated. The sowing date was 
set as the first day after 1st March in which the ten day average air temperature was above 6.1 °C (Olesen et 
al. 2012). The average harvest date occurs in the middle to end of August and has a variation of 13 days. The 
earliest harvest dates occur on the islands of Zealand and Funen, while the latest harvest dates are expected 
in the most northern parts of Jutland. The model uncertainty of the harvest dates is also the smallest on the 
islands of Zealand and Funen, while the uncertainty is the highest in the region of North Jutland and the 
northern part of Central Jutland region (Figure 10). The uncertainty based on the inter-annual variability in 
weather ranges from 19-42 days (Figure 11). 

 
Figure 9 Modelled average harvest date for spring barley in the period 1999 till 2018. 
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Figure 10 Model uncertainty in days of the modelled harvest date for spring barley in Denmark based on standard deviation in 
model parameters. 

 

 
Figure 11 Uncertainty in days of the harvest date of spring barley based on 20 year simulation, the uncertainty represents the range 
of the harvest dates due to inter-annual variability in weather. 

The predicted harvest date of spring barley in Denmark for 2019 is shown in Figure 12, based on 
meteorological data collected till 15th of June, 1st of July and 15th of July, and ranges from the beginning of 
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August till the end of August, following the trend in northwest direction as seen in Figure 9. The variation in 
modelled harvest day stays similar over time and only small differences of harvest date are calculated (2-3 
days) for each grid, which is lower than the uncertainty based on the model parameters and the interannual 
variability of weather. 
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Figure 12 Modelled harvest date for spring barley in 2019, based on meteorological data measured until a) 15th of June, b) 1st of July and c)15th of July. 
a) b) c) 
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Modelling of average harvest date in Denmark for winter wheat 
The average modelled harvest date of winter wheat over the period 1999-2018 is presented in Figure 13. The 
range of harvest dates is 18 days, with the earliest harvest dates located on Zealand and following a trend in 
later harvest dates in northwest direction. The uncertainty based on the model parameters ranges between 1-4 
days (Figure 14) and based on the inter-annual variability ranges from 11-22 days (Figure 15). 

 
Figure 13 Modelled average harvest date for winter wheat in the period 1999 till 2018 

 

  
Figure 14 Model uncertainty in days of the modelled harvest date for winter wheat in Denmark based on standard deviation in model 
parameters 
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Figure 15 Uncertainty in days of the harvest date of winter wheat based on 20 year simulation. The uncertainty represents the range 
of the harvest dates due to the inter-annual variability in weather. 

The predicted harvest date of winter wheat in Denmark for 2019 is shown in Figure 16, based on 
meteorological data collected till 15th of June, 1st of July and 15th of July, and ranges from the beginning of 
August till the end of August, following the same trend in northwest direction as seen in Figure 13. The 
variation in modelled harvest day stays similar over time and only small differences of harvest date are 
calculated (2-3 days) for each grid, which is lower than the uncertainty based on the model parameters and 
the interannual variability of weather.
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Figure 16 Modelled harvest date for winter wheat in 2019, based on meteorological data measured until a) 15th of June, b) 1st of July and c)15th of July. 

 

 
a) 

 
b) 

 
c) 
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Progression of calculated harvest date over time 
For the period till harvest date for which no measured meteorological data is available, the 20 year average 
temperature is used. While the season progresses, measured meteorological data is becoming available, 
which could potentially lead to better predictions. The model has been run for meteorological data up to 15th 
of June, 1st of July and 15th of July for both cereal crops. The results with the most recent meteorological data 
is presented in (Figure 12 and Figure 16), the results with the meteorological data up to 15th of June and 1st of 
July are shown in Figure 12 and 16.  

Discussion 
For both cereal crops, there is a good agreement between observed and predicted harvest date. The 
uncertainty in modelled harvest date based on parameter uncertainty ranged from 2-14 days, which must be 
considered low, given that many factors other than just the weather conditions in practice affect the harvest 
date, including machine availability and capacity, available manpower and soil trafficability. The inter-
annual variation of harvest date was in the same range as the parameter uncertainty for both spring barley (7-
10 days) and winter wheat (5-10 days). 

An addition of a ground water model to simulate the soil moisture to account for trafficability would 
unnecessarily increase the complexity of the model, in terms of increased  demand of data and 
meteorological inputs (Hutchings et al. 2012, Edwards et al. 2016). Since the model is functioning on a 
national scale, farm level details cannot be integrated in the model and will overcomplicate the model and 
increase the uncertainty on a regional scale. The presented model in which the duration between maturity and 
harvest is calculated with a simple degree sum, indicates that a simple model solely based on air temperature 
is efficient and sufficient. 

The figures show a spatial variation of average harvest date of 13 days for spring barley in Denmark with the 
earliest harvest dates on the islands and in South Jutland and the latest harvest dates in North Jutland (Figure 
9). For winter wheat, the range of harvest dates is 18 days, with the earliest harvest date on the islands and 
the latest in North Jutland (Figure 13). According to the model calculations, the harvest date is approx. 4-5 
days later in winter wheat than in spring barley. For both crops, there is a considerable regional variation in 
the expected harvest date, which is in late July/beginning of August in southern Jutland and the islands, in 
mid-August in central Jutland and after mid-August for parts of northern Jutland. 

The simulation for both spring barley and winter wheat indicate that in eastern parts of Zealand, the harvest 
dates are less dynamic and have a lower uncertainty, while in North Jutland, the harvest date for both spring 
barley and winter wheat has a higher uncertainty based on prevailing climatic data. The range of harvest 
dates from north to south is smaller than from east to west, which range from 2 to 3 weeks for spring barley 
and winter wheat, respectively. This spatial range in harvest dates can have a significant impact, since the 
date that the government sets for the sowing of cover crops is set nationwide.  

Conclusion 
In this study, we show that a simple phenology model with the addition of a simple temperature sum to 
calculate the harvest date can be used to accurately predict the historical harvest day of spring barley and 
winter wheat. The model has been calibrated using a large dataset and can be used to make predictions for 
the current growing season by using the recorded air temperature until mid-June, July and the 20 year 
average temperature to estimate the harvest date. The presented method is useful to predict harvest date and 
provides estimates of the uncertainty of the model.  
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