
Beehive color - One small step to improve honeybee resistance to disease and pests 

Honeybees everywhere are under attack from diseases and pests that compromise their health 

or can kill the hive.  Many factors affect the honeybees’ ability to fight off diseases and pests.  

One factor may be the stress the honeybees undergo while cooling and heating the hive.  If 

most of the honeybees’ energy is spent cooling or heating the hive then there is little energy 

left for gathering food and fighting diseases and pests. 

On a hot summer day, you may have observed that a black car will be hotter than a white car – 

this is due to the amount of solar radiation that the different colors absorb.  A black finish 

absorbs 80% of the solar radiation while a white finish absorbs only 30% of the solar radiation. 

During the day and night the wind, sunshine, air temperature and humidity are constantly 

changing.  It is amazing that honeybees regulate the brood temperature in a beehive to less 

than ±2°C in this ever-changing environment.   

An investigation of how the exterior color of beehives affects the temperature of the brood 

follows.    

The optimum temperature of the brood is between 35°C to 36°C for rapid growth.  Brood 

temperatures below 32°C can result in immune compromise and a decrease in foraging 

performance (Winston).  Brood temperature above 36°C can result in increased brood mortality 

and cause malformations (Fukuda; Winston). 

To determine what the change in brood temperature is between different hive colors a 

computer model of a standard white (“00 BASE”) hive is made.  The amount of energy the 

honeybees need to generate to maintain the brood temperature between 35°C and 36°C is 

applied.  This 00 BASE beehive is the baseline and other hive colors are compared to this hive.  

The hive configurations are: 

00 BASE – All exterior surfaces painted white. 

01 BLACK PAINT – All exterior surfaces painted black. 

02 WIND – A white 00 Base hive with a 10 m/s wind. 

06 GALV TOP OLD – A white 00 Base hive with an old (weathered) galvanized top. 

06 GALV TOP NEW – A white 00 Base hive with a new galvanized top. 

07 LOW ABSORPTIVITY FINISH – All exterior surfaces painted with low absorptivity (“Alabaster”) 

paint. 

The plot below shows the time & temperature of the brood in frame 5 for each configuration. 



 

 

Analysis of the Plots 

 

COLOR of the HIVE SUMMER DAY 
Relative to the Baseline the 
honeybees will need to: 

SUMMER NIGHT 
Relative to the Baseline the 
honeybees will need to: 

00 White Baseline Baseline 

01 Black Put significant effort into 
cooling the brood (-8°C) 

Same energy as the baseline. 

02 Wind 10 m/s Same energy as the baseline. Rest.  Will not have to work to 
generate as much heat (- 6°C) 

06 Galvanized NEW *, **Work to cool the brood a 
small amount. 

Work to add a small amount 
of heat. 

06 Galvanized OLD 
(weathered) 

*, **Work to cool the brood a 
small amount. 

Work to add a small amount 
of heat. 

07 Low a/e *Work to add a small amount 
of heat. 

Same energy as the baseline. 



*On a very hot day, this hive requires less bee cooling effort. 

** Notes apply to a stack of 4 boxes.  A small hive with a galvanized top will be hotter than a 

white top hive. 

*COLOR 
 

 SOLAR ABSORPTIVITY (a) THERMAL 
EMISSIVITY 

(e) 

RATIO 
a/e 

  

Special Low a/e 0.15 0.89 0.17 

  

White (Base Line) 0.30 0.9 – 0.8 0.35 

  

White primer 0.42 0.9 – 0.8 0.49 

  

Wood Pine, Yellow light 0.5 – 0.6 0.9 – 0.8 0.65 

               
Yellow, Green light 0.60 0.9 – 0.8 0.71 

  
New Galvanized 0.65 0.13 5 

         
Red, Pink 0.70 0.9 – 0.8 0.82 

               
Grey light, Blue 0.7 – 0.73 0.9 – 0.8 0.83 

  

Grey 0.80 0.9 – 0.8 0.84 

               
Blue, Green 0.85 0.9 – 0.8 1.0 

  
Black 0.96 0.87 1.1 

  
Old Galvanized 0.8 0.28 2.9 

*Values for solar absorptivity and emissivity will vary with surface prep, age and paint 

manufactures.  

  



00 WHITE HIVE (baseline) 
Section view showing temperatures and 
airflow direction (at 2:00 pm). 

 

01 BLACK HIVE – 14:00 hrs 
Section view showing temperatures and 
airflow direction (at 2:00 pm). 

 
GALVANIZED TOP NEW 
Isometric view showing surface 
temperatures. 
 
 

 

GALVANIZED TOP OLD 
Isometric view showing surface 
temperatures.  A OLD galvanized top will be 
hotter than the NEW galvanized top.  With a 
4-box hive this has little effect on the brood 
temperature but will be significant with 
smaller hives. 

 



 

Night section view showing airflow. 
Basically warm air moves up the center, cools 
at the top and flows down the sides 
 

 

Noon section view showing airflow. 
Airflow is not uniform.  Airflow is up the sides 
and up / down in the middle.  The hot top 
keeps the air and prevents good air 
circulation.  The sun is shining on the right 
side and top.  As the sun moves the airflow 
will change. 

 

 

 



The computer simulation is for a hot-summer day and includes the following environmental and 

engineering parameters: 

 Hive: Langstroth (4x boxes) 

 Solar radiation settings date:  February, clearness 0.9, location Wellington, no shade. 

 Wind speed constant at 1 m/s for all configurations less 03 Wind.  Configuration 03 

Wind has a constant wind speed of 10 m/s. 

 Ambient air temperature “hot day” (diurnal with a low of 21°C and a high of 30°C) 

 Material thermal capacitance is included. 

 Bee energy – endothermic heat to maintain brood temperature (diurnal) 

Hive design notes for happier healthier honeybees: 

1. The use of low absorptivity and low emissivity finishes (Cool Colours or equal) this 

reduces the amount of energy the honeybees need to generate at night to keep the 

brood warm and reduces the amount of energy the honeybees need to exert to cool the 

hive on a hot day.  

2. Finish galvanized tops white.  This important for hives made with 1 to 3 boxes. 

3. Finish the exterior of hives white or very light colors.  Avoid black, blue, grey, green and 

galvanized finishes. 

4. Keep painted surfaces fresh.  The solar absorptivity increases with age and finish fading. 

5. For optimum honeybee health and performance, hive design should be tailored to the 

geographic location(s) and the environment where the hive is deployed. 

6. In the summer wind at night reduces the amount of heating required by the bees. 
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Thermal Parameter Example 1 Example 2 

Advection 
Heat Shielding 

A bee absorbs heat in the 
hive and leaves the hive to 
dissipate the heat to out-
side. 

A bee presses its self-next to 
a hot wall and then moves to 
another spot to dissipate the 
heat. 

Conduction Heat conducted through the 
walls of the hive. 

The warmth of a bee 
conducted through the wax 
comb to the larva. 

Natural Convection The warm bee cluster will 
heat the surrounding air.  
The warmer air rises 
removing heat from the 
cluster. 

On a day with no wind the 
outside of the hive would be 
cooled by natural convection 
air movement with the air 
moving up and around the 
hive. 

Force Convection The wind blows on the 
outside of the bee hive which 
increases the heat transfer 
off the sides of the hive. 

The bees fan to move the air 
up and away from the cluster 
cooling the cluster. 

Radiation  The bee hive is warmed by 
absorbing the sun’s rays. 

The warm bee hive radiates 
heat to the cool night sky. 

Bee Energy Metabolism 
Endothermic bee heat 

The bees shiver to create 
heat to warm the brood. 

General bee metabolism 
generates some heat. 

Phase change of water The evaporation of moisture 
from the honey will cool the 
hive. 

On a hot day bees may bring 
water into the hive so it will 
evaporate reducing the 
temperature of the hive. 

 


