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For the western honey bee (Apis mellifera), weather conditions (especially air temperature, but also 

global radiation, precipitation intensity and wind speed) and availability of nectar are, next to 

factors like breeding traits and colony health, essential in determining flight activity and with it for 

pollination and honey yield. Thus, climate changes could affect flight conditions for bees. In Hesse, 

an increase in the air temperature of 0.6 K was detected compared from the period 1951-1980 to 

1981-2010 (HLNUG, 2016). Climate scenarios predict a further increase of 3.9 K on average for the 

period 2071-2100 compared to the reference period 1971-2000 (REKLIES, 2017). This study 

examines the impact of a changing climate on honey bee flight and honey yield.  

The model BIENE, developed by the German Weather Service (Deutscher Wetterdienst, DWD, 

FRIESLAND, 1998), allows the classification of hours according to their (weather-related) 

suitability for bee flight (none at all, bad, moderate, good) as well as the calculation of a measure of 

potential bee flight for freely chosen periods. This purely weather-driven model, however, was not 

suitable for the assessment of the bee flight during the whole year, because crucial parameters were 

omitted from the model, especially the phenology of honey plants. The effects of climatic changes 

of the last decades are clearly visible on the development of these plants, especially in spring. For 

example, the beginning fruit tree blossom (apple, sweet cherry, sour cherry, pear) in Germany since 

1961 has advanced by about 3 days per decade.  

Phenological phases of relevant honey plants were studied and those crucial for the development of 

the honey bee colonies integrated into the model. For the model, the phenological phases 

"beginning of bloom - hazel" (beginning of colony development) and "end of bloom – winter lime" 

(end of flowering period) proved to be most relevant. In order to assess changes in bee activity 

during fruit tree pollination, phases for beginning and end of blossom (sweet cherry to apple) were 

also considered. Seven honey bee colonies at four sites in Germany were monitored for between 

one and five years for flight activity. The data were used to validate and enhance the flight activity 

model. Coupling the weather-driven model with phenological phases (hazel and winter lime) 

enhanced the model performance considerably.  

The study of the potential bee flight at six stations in Hesse and Baden-Wuerttemberg for the period 

1951-2015 showed an increase of the yearly potential bee flight, due to warmer air temperatures and 

thereby better flight conditions. This trend was also visible for changing climatic conditions based 

on three global climate model runs, which showed a possible increase of annual potential bee flight 



  Abstract of final report 
 

in the period from 2071-2100 of 10% (RCP 2.6) to 25% (RCP 8.5) compared to the period of 1971-

2000. However, this increase did not take place during the main flowering period, but during the 

increasingly warmer period in late summer and autumn, in which, however, no major honey plants 

are still in bloom. 

The rising temperatures caused an early flowering of all investigated honey plants (hazel, pear, 

sweet cherry, summer lime) by on average of 7 (RCP 2.6) to 21 (RCP 8.5) days. No significant 

changes of potential bee flight were visible during the main flowering period (hazel to winter lime). 

The early onset of flowering did not cause a desynchronisation between bee flight and flowering, 

but reduced the daylight hours usable for bees. This reduction in flying hours can be compensated 

by rising temperatures during the main flowering period, but cannot be surpassed. 

During fruit blossom (sweet cherry to apple), there was a significant reduction in potential bee flight 

by 19% (RCP 2.6) and 44% (RCP 8.5) as the loss of daylight hours could not be compensated by 

rising temperatures.  

In addition, honey yield data from Germany and Hesse was used to examine the possible 

development of a statistical model establishing a relationship between bee flight and honey yield. 

The investigations have shown that potential bee flight alone is not sufficient to assess honey yield. 

More data, especially relating to nectar availability has to be included into the model.  

In summary, climate change, due to rising air temperatures, can lead to good flight conditions for 

honey bees through the year. If there is sufficiently large and diverse nectar availability - also in late 

summer and autumn - and the parasitic infestation can be contained by beekeeper interventions, 

honey bees (and thus beekeepers) might even benefit from the changed climatic conditions in the 

next 100 years. Pollination in horticulture however, will have to depend even more on more cold- 

and low-light-tolerating pollinators like bumblebees.   
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