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Abstract. Honey bees are the main pollinators of the most agricultural plants on our planet. 

Foraging behaviour is one of the distinctive behaviours of honey bees and is like a link between 

the honey bee colony and the ambient environment. It is well known that environmental and 

meteorological factors can have either positive or negative impact on the foraging activity and the 

amount of gathered nectar and honey production. This research summarises the effect of the main 

agrometeorological factors, like temperature, humidity, wind and intensity of precipitation on the 

foraging activity. Within this research, a model for potential honey bee colony foraging activity 

based on the agrometeorological factors is presented and described. For the calculations weather 

forecast is used, either by the manual input or by the automatic uploading using the JSON format. 

The outcome of the model allows the beekeepers to predict and evaluate the potential amount of 

nectar to be foraged during the active season or specific period of time. This research is conducted 

within the Horizon 2020 FET programme project HIVEOPOLIS (https://www.hiveopolis.eu/). 
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1. Introduction 

One of the main outcomes of beekeeping for the beekeepers is the amount of honey bee 

colonies can produce. Honey production and bee colony foraging activity is dependent 

on various factors like colony strength (Amdam et al., 2009), colony development stage, 

rate of colony infection (Kralj and Fuchs, 2010), environmental conditions, insecticides 

(Yang et al., 2008), availability of foraging resources (Abou-Shaara, 2014) and others. 

Additionally, honey bees provide essential pollination services for wild flowers and 

crops, worth billions of US$ (Breeze et al., 2016; Potts et al., 2016). 

This research tries to numerically evaluate the effect of agrometeorological factors on 

the bee colony foraging activity and lies within the precision beekeeping direction, 

which is defined by Zacepins et al. (2015) and characterised by the remote colony 

monitoring to maximise its productivity. The developed model helps the beekeepers to 
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estimate the potential amount of honey that can be foraged in the target location taking 

into consideration agrometeorological factors. Having this data for different locations, 

beekeepers can decide on better apiary locations. Previously authors developed a model 

for the bee apiary location evaluation (Komasilovs et al., 2020), which can be used by 

the beekeepers to choose the suitable place for the apiary, taking into account surrounded 

fields and flowering activity, and location itself, but meteorological factors were not 

considered. Agrometeorology is the study of weather and use of weather and climate 

information to enhance or expand agricultural crops and/or to increase crop production 

(Frere, 1979). 

Agrometeorological factors determine the bee colony viability and productivity rates 

of the nectar plants. Agrometeorological factors include: temperature, humidity, wind, 

precipitation, solar radiation and etc. (Hoogenboom, 2000).  

The importance of the influence of meteorological elements on honey bee flight 

activity and plant nectar excretion is well recognized and shows that bee species are 

affected by weather conditions in various ways (Clarke and Robert, 2018). Significant 

influence of air temperature, humidity, precipitation, minimum and maximum air 

temperature, as well as wind strength was observed by researchers (Puškadija et al., 

2007). The weather conditionals all influence what a worker bee will do at any time 

moment in the colony (Page and Robinson, 1991). 

Bee colony productivity is closely connected to the plant nectar excretion and this 

process is related to the environmental factors. Each plant can have different 

characteristics and levels of nectar and pollen production, as weather conditions can alter 

the quantity and sugar concentration of nectar in flowers (Corbet, 1990). The minimal 

temperature needed for the most plants to start producing nectar is 10°C and usually with 

the increase of the ambient temperature this process is intensifying. When temperature is 

between 16°C and 25°C the nectar excretion is the most active, but when temperature 

reaches 30–32°C this process practically ceases, excluding some south plants which can 

have nectar till 38°C (Bajazitova et al., 2016). Increasing temperatures enhance flight 

activity while decreasing temperatures have the inverse effect (Burrill and Dietz, 1981). 

From the bee colony side, bees would not fly at all if the ambient temperature did not 

exceed 9°C regardless of light intensity (Burrill and Dietz, 1981). Also beekeepers 

approve by the visual inspections that bees are not flying if the ambient temperature is 

less than 8°C. Honey bee A.mellifera is fully active at temperatures higher than 12–14°C 

and solar radiation higher than 300 w/m2 (Heinrich, 2013). At ambient temperatures of 

about 20°C, the highest activity was recorded (Tan et al. 2012) while at 43°C the lowest 

foraging activity was observed (Blazyte-Cereskiene et al. 2010). 

Also humidity has an effect on the nectar excretion, it is observed that the plants are 

mostly  active at humidity level 60–80 % (Pankov, 2008). 

(Kumar et al., 2002) pointed out agro-ecological data for Punjab county in India 

showing the most intensive bee activity at 18.3°C and 60 % humidity. (Miklič et al, 

2002) presents data obtained at Rimski Šančevi site near Novi Sad, Serbia, and he 

observed the most intensive bee activity at 20–28°C and humidity at 40–50 %. 

Optimal weather conditions for the massive nectar excretion can be described as 

warm, without wind, sunny weather with short rainfalls during the night and relatively 

high humidity. Such weather conditions also support a high flight activity of the bee 

colony. 
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Based on several scientific researches, rain not only disturbs the bee flights but also 

can wash away the nectar from the flowers (Vorobjeva, 2015; Gaeva, 2015), thus having 

strong negative impact on honey bee activity and pollination. Huge precipitations may 

also lead to the death of faragers if they are not able to reach the hive on time. 

It is observed that wind is the only meteorological factor which has no positive effect 

on the nectar excretion. Strong and especially dry wind has a negative effect on the 

honey plant development process (Gaeva, 2008).  

Natural environments are characterized by variable wind that can pose significant 

challenges for flying animals and insects (Crall et al., 2017). Wind variability represents 

one of the most important, and potentially most challenging, components of 

environmental complexity for flying animals. It is not well described how the find 

affects the flight activity and there appear to be no data directly measuring the effect of 

wind speed on the foraging rates of individual bees (Hennessy et al., 2020), but it is clear 

that strong wind prevents bees from active flying, or bees have to spend more energy for 

the foraging and flying processes. Despite being subjected to a wide range of speeds and 

turbulence intensities, some authors found that bees do not avoid foraging in windy 

conditions (Crall et al., 2017). (Vicens and Bosch, 2000) identified that wind speed is a 

major environmental factor influencing the number of foraging honey bees on apple 

trees. 

In addition also atmospheric pressure can affect the flight frequencies of the bee 

colonies. As well it should be mentioned, that bees will not fly if there is no light. Within 

the meteorological factors temperature and solar radiation appeared to be the major 

factors influencing honey bee flight initiation. 

Aim of this publication is to present a model for honey bee colony foraging activity 

based on the agrometeorological factors. Outcome of the model allows the beekeepers to 

predict and evaluate the potential amount of nectar to be foraged and honey gain by the 

colony during the active season or specific period of time. 

This research is conducted within the Horizon 2020 FET programme project 

HIVEOPOLIS (https://www.hiveopolis.eu/).  

2. Overall model description 

The model presented here helps to evaluate the overall honey production from the nectar 

foraging and its losses due to the agrometeorological factors. It is a prediction model 

which uses the weather forecast as input. It can use short-term or long-term (up to a 

couple of weeks) weather forecasts provided by the online services. As an additional 

option for the modeling process, meteorological data sets from previous years can be 

used under the assumption that future weather will be similar to the long-term average 

for the specific geographical location. 

There are some prerequisites for the model operation. Users have to know and input 

honey foraging period (by months) in the target location and the average foraging 

activity (in percents) in that period. The total number of percent should be 100% for the 

whole period. In some regions where foraging is equal in all months, foraging activity 

per month would be 100/12 = 8.33 %.  

Another input parameter required by the model is the amount of nectar that 

potentially can be foraged by the strong colony per day in a good weather condition. 
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Then taking into account the monthly coefficients it is possible to calculate the 

average amount of honey for each day.  

All this information should be prepared prior to the prediction and adjustment phase. 

When it is completed, then the model can adjust values based on the weather forecast 

using previously defined model parameters (described in the next section “Model and 

parameterisation”). Weather data can be inputted manually or uploaded using the JSON 

(JavaScript Object Notation) format. 

The model has been developed and tested in a Python environment, but in the future 

it is planned to create a user interface for a more attractive visual representation. 

2.1. Model and parameterisation 

Below all model equations are presented and shortly explained. 

The “Overall bee colony foraging coefficient” (OFC) is dependent on all individual 

weather coefficients and thus is multiplication of them, resulting in formula below: 

OFC = CoefTemperature * CoefHumidity * CoefWind * CoefRain, where: 

CoefTemperature - foraging coefficient which is calculated based on ambient temperature 

values, 

CoefHumidity - foraging coefficient which is calculated based on ambient humidity values, 

CoefWind - foraging coefficient which is calculated based on ambient wind values, 

CoefRain - foraging coefficient which is calculated based on the amount of precipitation. 

For the calculation of the average amount of honey gain for each day of the month 

equation below is used: 

Honey foraging per day [i] = Honeyday * Daysactive * Coeffmonth[i] / Days in the month[i], 

where  

Honeyday - assumed amount of honey foraged per day by the strong colony in good 

weather conditions. 

Daysactive - overall number of days, when foraging can happen 

Coeffmonth[i] - honey foraging intensity coefficient for specific month 

Days in the month[i] is equal to the number of days in corresponding month. 

For the calculation of the amount of honey gain for each day of the active foraging 

period equation below is used: 

Amount of honey per day[i] = Honey foraging per day [i] * OFC 

And for calculation of the amount of honey gain for the whole period equation below is 

used: 

Amount of honey per period = ∑ Amount of honey per day[i] 

2.2. Parameters 

Analysing the available sources and literature, the authors defined agrometeorological 

parameters and its values for the Latvian case. It was decided to use four main 

parameters: temperature, humidity, wind and precipitation. Parameter values can be 

changed and adapted for other regions or bee species. Values are presented in a form of 

rules. 

 

 



284  Komasilova et al. 

 

Temperature 

Foraging coefficient which is calculated based on average ambient temperature 

values for any potential time period is called CoefTemperature and is calculated as follows: 

If temperature is <8°C or >35°C then CoefTemperature is 0 

If temperature is between 8°C and 14°C then CoefTemperature is 0.1 

If temperature is between 15°C and 19°C then CoefTemperature is 0.8 

If temperature is between 20°C and 30°C then CoefTemperature is maximal and is 1 

If temperature is between 31°C and 35°C then CoefTemperature is 0.2 

 

Humidity 

Foraging coefficient which is calculated based on ambient humidity values is called 

CoefHumidity and is calculated as follows: 

If humidity is between 60 % and 80 % then CoefHumidity is maximal and is 1 

If humidity is <50 % or >90 % then CoefHumidity is 0.8 

If humidity is between 50 % and 60 % or between 80 % and 90 % then CoefHumidity is 

0.9 

 

Wind 

Foraging coefficient which is calculated based on ambient wind values is called 

CoefWind and is calculated as follows: 

If wind speed is <=5 m/s then CoefWind is maximal and is 1 

If wind speed is between 5 m/s and 20 m/s then CoefWind is calculated by the 

following formula: (100 – wind speed value * 5) / 100 

If wind speed is >20 m/s the CoefWind is 0 

 

Precipitation (Rain) 

Foraging coefficient which is calculated based on the amount of precipitation is 

called CoefRain and is calculated by the formula: (100 – Rain probability(%)) / 100. It 

results in values from 0 to 1 and meaning if CoefRain is equal to 0, then it is 100% 

probability of the rain and bees will not fly from the hive. 

3. Example of model calculations 
 

Within this section example calculations using the model are presented for the local case 

for Latvia. In Latvia, the active foraging period is usually from early April till end of 

August, but the nectar foraging intensity coefficients are different for different months. 

To get the monthly coefficients authors summarised bee foraging activity during the six 

years at one apiary, located in Dobele region. Data is used from the public web system: 

http://svari.strops.lv/#/. To get the coefficients, summarised weight gains during the one 

month are divided by the overall weight gain for the observed period (see Table 1). 

Unfortunately, the coefficients can be dependent on the specific location and seasonal 

forage availability. So for the best model performance those coefficients should be 

calculated for specific apiary location.  

Rounded coefficients are presented below for the whole year (January-December): 

[0, 0, 0, 0.06, 0.29, 0.36, 0.22, 0.07, 0, 0, 0, 0] and are called CoefMonthAbbreviation. 



 Modeling of the Potential Honey Bee Colony Foraging Activity   285 

 

For instance CoefApr = 0.06 or 6 %. This coefficient is inputted by the user, based on 

overall knowledge of bee foraging periods and overall bee activity in the target region. 

Next parameter needed for the model is the amount of honey gain per day by a strong 

colony in good weather conditions. It is assumed that the colony can gain 1.5 kg of 

honey (variable Honeyday). It is necessary to emphasize that this amount used by the 

authors is already excluding the honey consumed by the colony itself, but it is also 

possible to use the overall foraged amount of nectar by the colony. 

 
Table 1. Overview of the bee colony weight gain proportion during the several years in one 

location in Dobele region, Latvia 

 

 2015 2016 2017 2018 2019 2020 Average 

April 0.30% 5.87% 1.38% 3.25% 16.42% 8.06% 5.88% 

May 12.98% 21.98% 35.58% 42.39% 38.61% 24.52% 29.34% 

June 15.94% 52.52% 43.01% 28.80% 33.73% 40.11% 35.69% 

July 63.63% 18.12% 9.84% 16.15% 3.11% 21.72% 22.10% 

August 7.15% 1.51% 10.19% 9.40% 8.14% 5.60% 7.00% 

 

Then it is possible to calculate the overall honey that potentially can be gained during 

the whole active period (April - August, 153 days) in a perfect weather conditions: 

1.5 kg * 153 days (variable Daysactive) = 229.5 kg of honey (variable Honeyall). 

Taking into account the monthly coefficients it is possible to calculate the average 

amount of honey gain for each day of the month (Honey foraging per day [i]). 

Example for April could be: 

DayHoneyApr = 1.5 * 153 * 0.06 / 30 = 0.46 kg 

In a result we will get such an outcome for each month: 

[0.0, 0.0, 0.0, 0.46, 2.15, 2.75, 1.63, 0.52, 0.0, 0.0, 0.0, 0.0] 

Now we can use the agrometeorological factors and its values to adjust and predict 

the potential honey gain for the whole active foraging period. 

3.1. Scenario Nr.1 - Random values for the demonstration 

For the random value generation several rules and value limits were used. Below used 

values are presented: 

Average minimum and maximum temperature for each month based on the : 

 tempMinYearMonth = [-20, -10, 0, 5, 15, 15, 15, 10, 0, -5, -15, -20] 

 tempMaxYearMonth = [5, 5, 10, 20, 30, 30, 30, 30, 15, 10, 10, 5], 

Where tempMinYearMonth[i] - represents possible minimum value for the specific 

month during the daylight time and tempMaxYearMonth[i] represents possible 

maximum value for the specific month during the daylight time. 

Humidity: from 30 to 100 %  

Wind speed: from 0 to 20 m/s 
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Rain probability: from 0 to 100 % 

Then all random values are generated using the Python function for random number 

generation for the whole active foraging period (in this case from April to August). 

Generated random values are presented in the weather_data_random.csv file 

(supplementary materials). 

To demonstrate the calculation process let’s take values for the 1 of April 

(DayHoney[1 of April] = 0.46, Temperature = 16°C, Humidity = 47 %, Wind = 3 m/s 

and Rain = 19 %), then 

Amount of honey per day [1 of April] = 0.46 * 0.8 * 0.8 * 1 * 0.81 = 0.24 kg  

Using the provided data overall honey gain per whole active period is equal to 

50.18kg. This number may not correspond to the real situation, as it was mentioned 

before, agrometeorological factors were defined using the random number approach. 

 

3.2. Scenario Nr.2 - Using the json file for data input 

Developed model allows uploading data using the JSON (JavaScript Object Notation) 

format. For example, user uploads such a JSON file: 

  { 
   "date": "2020-05-10", 
  "temp_avg_c": 23, 

"humidity": 38, 
   "wind_mps": 3.2, 
  "rain_per": 0,    
  } 

Then using those values the model will calculate the potential amount of honey gain 

for this day.  

Users are not limited to just one day using JSON, but can also input data for a long 

period. 

Honey [10 of May] = 2.15 * 1 * 0.8 * 1 * 1 =  1.72 kg 

 

3.3. Scenario Nr.3 - Using the actual weather forecast for modeling 

This scenario demonstrated the ability of the model to use the real-time weather forecast 

for the honey gain prediction, using the previously mentioned feature to use the JSON 

format input data. 

As a source for the meteorological factors data from the online service 

https://openweathermap.org/ was used. Using this service it is possible to obtain data for 

3 hour intervals for the period of five days based on geographical coordinates. Authors 

assumed that honey bee foraging activity during the day can be splitted into six intervals 

for each 3 hours starting from 6:00 to 21:00. It means that DayHoney [i] coefficients 

should be divided by 6. Additionally within this data from the mentioned weather 

forecast service there is no clear data about the amount of precipitation, but there is a 

weather type defined based on the amount of precipitation. And it is concluded that if the 

weather type is less than 700, the weather is not suitable for flying and foraging and it is 
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assumed that CoefRain = 0. But the calculations afterwards are the same, as already 

described previously. Weather coefficients are multiplied with hourly honey amounts on 

specific days. 

3.4. Validation of the developed model 

At this stage the developed model is only theoretical and in the future it should be 

validated in the real environment by practical experiments. But already now it could be 

used by the beekeepers to predict the bee colony foraging activity and its deviation based 

on the short-term or even long-term weather forecast. 

To validate the model authors used publicly available data for one bee colony weight 

changes during one active foraging period. Data is used from http://svari.strops.lv/#/ 

Historical weather data is used from the publicly available meteorological service 

www.meteo.lv. Nearest meteo station to the target apiary location was found. Data from 

the meteo station about the meteorological parameters can be found in the supplementary 

materials (weather_Dobele_2018.csv).  

Using the bee colony weight data it is found that during the active foraging period 

weight was increased by 108.2 kg in total. Using the developed model the achieved 

predicted result is 118.49 kg. The model showed a deviation of 9% from the real value. 

In the future it is planned to have a comprehensive practical experiment where bee 

colony weight changes and weather will be jointly fixed to further adapt the developed 

model. 

4. Conclusions 

One of the aims of the precision beekeeping is to maximize the bee colony honey 

production and the developed model can help the beekeepers to estimate the potential 

amount of honey that can be gained in the target location. Knowing the 

agrometeorological factors for different locations, beekeeper can decide on a better 

apiary location. 

The importance of the foraging activity is generally well recognised, but the impact 

of the environmental factors is still not clearly known. 

As it can be seen from this research, good apiary location cannot guarantee high 

foraging, as weather conditions can introduce some significant deviations. 

Authors presented the developed model for the potential honey bee colony foraging 

activity based on the agrometeorological factors. There are four main 

agrometeorological factors considered in the model: temperature, humidity, wind and 

amount of precipitation. In the future it is planned to include other factors, like solar 

radiation, wind direction and air pressure. 

At this moment the model is developed in the Python language without interactive 

user interface, but in the future it is planned to develop a separate web interface to ease 

the interaction with the model for the end users. 

Defined model parameters are based on the literature review but in case of need can 

be adapted and changed for the target regions and locations. 
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