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ABSTARCT:  The geographical information system (GIS) has been used successfully in many studies to solve 

apicultural problems. The winter season is considered as a challenge for honey bee colonies due to the cold weather 

which cause the forfeiture of many colonies. The good wintering of honey bee colonies depends mainly on the 

wintering regions and beekeeping practices. To identify the suitable regions for colonies wintering at El-Behera 
governorate, different datasets were prepared and spatially analyzed by using ArcGIS. The  input datasets were 

temperature, distance from roads, distance from plants, land cover, slope and precipitation. Two wintering maps were 

created; all the datasets were combined at the same weight in one map and at different weights in the other map. The 

two maps showed similarities in their spatial outputs. The suitable areas for colonies wintering were successfully 

identified. The spatial statistical analysis showed significant differences between the suitable regions and the 

unsuitable regions. The described model in the present research can be applied elsewhere for the successful 

identification of suitable wintering regions.@JASEM  
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Beekeeping is a widespread practice due to the 

unlimited importance of honey bees. Many problems 

face honey bee colonies, one of these problems is the 

cold weather during winter season. The death of 

many honey bee, Apis mellifera, colonies has been 

reported during winter season mainly due to the cold 

weather. The total colony losses in the Belgium for 

2008/2009 winter was 19% (Nguyen, 2010) while for 

2011/2012 winter in the USA was 22.5% (Spleen et 

al., 2013). Also, colony losses with different 

percentages has been reported in different countries 

(see, Nguyen, 2010). The very low temperature can 

prevent foraging behavior (Joshi and Joshi, 2010) and 

chill the brood. To solve this critical problem, some 

researchers have developed modified beehives to 

protect colonies from the passive impacts of the low 

temperature (Erdogan et al., 2009; Omran, 2011 & 

Zacepins and Stalidzans, 2012). However, such 

modified beehives are somewhat costly and may need 

specific requirements (e.g. the availability of 

electricity source in the apiary). 

 

The geographical information system (GIS) has been 

applied previously to solve some beekeeping 

problems and assist in beekeeping development 

including, the identification of suitable sites for 

apiaries (Estoque and Murayama, 2010), rangeland 

suitability for beekeeping (Amiri et al., 2011 & Amiri 

and Shariff, 2012), plants suitability for honey bees 

(Myung-Hee et al., 2001 and Coulson et al., 2005) 

and for the identification of the suitable regions for  

 

 

beekeeping under harsh environmental conditions of 

elevated temperature and low relative humidity 

(Abou-Shaara et al., 2013). Different factors were 

incorporated into the spatial analysis including; land 

cover, water resources, roads, slope, temperature and 

relative humidity to present solution for beekeeping 

problems (e.g. Amiri et al., 2011 and Abou-Shaara et 

al., 2013).  

 

In Egypt, as in many parts of the world, many 

beekeepers suffer from colonies death during winter 

season. The north of Egypt is rich in cultivated areas 

and apiaries, especially at El-Behera governorate 

which is considered as the largest agricultural 

governorate. However, the identification of the most 

suitable areas for colonies wintering has not been 

studied yet. Therefore,  the most essential factors 

impact colonies wintering were incorporated into the 

spatial analysis to identify the most suitable areas for 

colonies wintering. Also, two methods for combining 

datasets were tested and the better method was 

subsequently recommended in combination with the 

used model for the successful identification of 

suitable wintering regions elsewhere. 

 

MATERIALS AND METHODS: 
 The study was conducted on El-Behera governorate, 

a governorate with significance agriculture 

importance located in the north of Egypt  (Fig. 1) 

with total area of  9826 km
2
. 
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Fig. 1: The location of El-Behera Governorate in the north of Egypt. 

 

The ArcGIS 10 program was employed for the 

identification of the suitable wintering regions at El-

Behera governorate based on the most important 

factors that impact colonies wintering. The input 

datasets include; minimum temperature, distance 

from water resources, distance from roads, slope, land 

cover, distance from plants and precipitation. The 

input datasets were prepared as layers for spatial 

analysis according to Abou-Shaara et al. (2013).  

 
Each dataset (factor) was reclassified according to the 

importance for colonies wintering as shown in table (1). 

The minimum temperature was incorporated into the 

analysis because during the winter season a great decrease 

in the temperature happens which hinder bee foraging, and 

a temperature from 10 to14 °C was considered as low 

suitable by Amiri and Shariff, (2012) and Amiri et al. 

(2011). At the same time the maximum temperature at El-

Behera governorate does not excess 26°C during winter, 

and such temperature was considered as suitable for bee 

colonies (Amiri and Shariff, 2012 & Amiri et al., 2011) and 

Tan et al. (2012) found the highest activity of honey bees at 

the ambient temperature about 20°C. Therefore, the 

minimum temperature above 9°C was considered as more 

suitable for wintering in the present model. Although the 

bees are able to collect water from a relatively long distance 

about 6 Km (Hagler et al., 2011) and from different 

resources especially continuous ones (Abou-Shaara, 2012) 

it is better to locate colonies near to water resources to save 

forager bee efforts. Thus, the nearest water sources were 

considered more suitable for wintering than the farther 

ones. The distance from roads was also considered in the 

analysis because the near sites from roads are suitable for 

beekeeping work especially during colonies transportation. 

Also, the slope was considered in this study because 

placing the colonies on a relatively even land is better for 

beekeeping. Accordingly, these factors (distance from roads 

and slope) were used by  Amiri et al., (2011) & Amiri and 

Shariff (2012) for studying land suitability for beekeeping. 

 

 The land cover was classified into two main categories 

according to Abou-Shaara et al. (2013). Placing the bee 

colonies in an area with cultivated plants is much better for 

honey bee colonies, as some sources for pollen and nectar 

may exist. Thus, cultivated areas were considered as more 

suitable. Also, beside the land type, its better to locate the 

colonies near to the plants. Thus, areas near to plants were 

considered more suitable. Concerning the precipitation, 

areas with low precipitation was considered more suitable 

to protect the colonies from heavy rains. 

 
 

 

Table 1: The ranges of input factors and their description. 
Datasets  Range Description 

 

Minimum temperature (°C) 

<  8 Unsuitable 

> 9 More Suitable 

 

Distance from water resources (units)* 

0 – 0.16 More Suitable 

> 0.16 Unsuitable  

 

Distance from roads (units) 
 

0 – 0.22 More Suitable 

> 0.22 Unsuitable  

 

Slope (degrees) 

  

0 - 7 More Suitable 

7 -16 Suitable 

>  16 Unsuitable 

 

Land cover (types) 

 

Barren lands  Unsuitable 

Cultivated areas   More Suitable 

 
Distance from plants (units) 

 

>  5 Suitable 

0 - 5 More Suitable 

 

Precipitation (mm) 

 

>  30 Unsuitable 

<  30 More Suitable 

*: units derived from the classified output layers. 
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Datasets analysis:  Datasets were analyzed by using 

two methods; 1) the datasets were combined at the 

same weight of importance for all factors, 2) the 

datasets were combined at different weights 

according to their intensity of importance as 

described by Saaty (2008), table (2) shows the 

weights of each factor derived from the relative 

importance matrix. The relative importance value was 

assigned for each factor based mainly on its 

importance during winter season. The suitability map 

for wintering regions resulted from the two methods 

were compared, and the suitable regions for colonies 

wintering were recommended. Fig. (2) presents the 

used model in the study. 

 

Table 2: The derived weights from the relative importance matrix for each variable. 

Variables A B C D E F G 

Temperature (A) 1 8 5 5 5 2 2 

Distance from water resources (B) 1/8 1 2 2 1/2 1/2 1/5 

Distance from roads(C) 1/5 1/2 1 2 1 1 1/2 

Slope (D) 1/5 1/2 1/2 1 1/4 1 1 

Land cover (E) 1/5 2 1 4 1 1 1 

Distance from plants (F) 1/2 2 1 1 1 1 1 

Precipitation (G) 1/2 5 2 1 1 1 1 

Derived weights for each variable. 

Variables  A B C D E F G 

Weights  0.38 0.085 0.084 0.06 0.14 0.101 0.15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: The used model in the study, during the combination step two methods were applied. 

 

Spatial statistical analysis: The classified regions 

according to their suitability for colonies wintering 

were statistically analyzed by using the Anselin Local 

Moran's I statistic at siginificance level of 0.05 

according to the z-scores and p-values. 

 

 

 

RESULTS: 
Fig.3 presents the classified regions  according to 

their wintering suitability for honey bee colonies 

derived from the combination of input factors at the 

same weight.  The north of El-Behera governorate 

was classified as more suitable and suitable while the 

southern regions generally were considered as 

unsuitable.

 

Min. 

temperature

Distance from water 

resources

Distance from 

roads 

Digital Elevation 

Model  

Water map 

Roads map 

Slope 

Land cover

Distance from 
plants

Precipitation

Land cover

Output 

Output 

Output 

Output 

Output 

Output 

Output 

Outp
ut 

Outp
ut 

Outp
ut 

Outp
ut 

Outp
ut 

Outp
ut 

combine

wintering 

map 

Reclass 

Reclass 

Reclass 

Reclass 

Reclass 

Reclass 

Reclass 

Extraction 

Extraction 

Extraction 

Extraction 

 



  406 

 

 

HOSSAM  F.  ABOU-SHAARA
 

 

 
Fig.3. Wintering map derived for different factors at the same weight. 

 

Fig. (4) shows a comparison between the suitable 

regions for wintering derived from factors at the same 

weight and an actual map from google earth. To 

facility the comparison between the two maps a 

square covering the more suitable wintering regions 

with specific longitude (X) and latitude (y)  as shown 

in table (3) was added to the two maps. It is clear that 

the more suitable regions and the suitable regions are 

located in cultivated regions while the unsuitable 

regions are located in desert regions. 

 

    
Fig.4. More suitable regions for colonies wintering were marked by a square in a google earth map (left) and in 

the wintering map (right).  
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Table 3: Longitude (X) and latitude (y) for 4 points cover the more suitable wintering regions in Decimal Degrees. 

 
Point  Longitude (X) Latitude (y) 

1 30.582 31.199 

2 29.851 31.197 

3 30.586 30.613 

4 29.847 30.609 

 

Fig.(5) shows the wintering map derived from factors 

at different weights. It is clear that the more suitable, 

suitable and unsuitable regions for colonies wintering 

derived from this map and from the previous map are 

approximately the same with some minor 

dissimilarities. Also, the square with aforementioned 

points were placed on  the map to aperient the visual 

observation of the differences between the two maps.

 

 
Fig.5. Wintering map for honey bee colonies derived from factors at different weights according to their relative 

importance.   

 

The spatial statistical analysis for the wintering 

regions derived from the two maps, datasets at the 

same weight or at different weights  (Fig. 6) shows 

the presence of significant differences between the 

more suitable regions and unsuitable regions while no 

significant differences were found between more 

suitable regions and most of the suitable regions. 

Approximately the same trend for significance 

distribution was detected in the two maps which 

reveals the absence of large differences between the 

two methods for creating the wintering maps.  

 
Fig.6. Significance of  wintering regions (HH: significant regions of high values and LL: significant regions of low values) at 0.05 level of significance.  Map 

derived from factors at the same weight (left) and at different weights (right). 
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DISCUSSION:  
Combining the datasets at the same weight or at 

different weights based on their relative importance 

presented approximately the same suitability 

classification for wintering regions. This may be due 

to the equal importance of the input datasets because 

the suitable wintering regions should locate at 

cultivated regions with good weather, low 

precipitation, near to plants and water resources as 

well as to roads beside the low slope of the land. The 

honey bee colonies can perform thermoregulation 

within their colonies to keep suitable microclimate 

conditions within the colonies (Kronenberg and 

Heller, 1982), and the selected factors, for more 

suitable and suitable wintering regions, can improve 

colonies wintering, save honey bee efforts during 

thermoregulation and reduce the colonies death rate.  

 

The google earth map typically was fit with the 

output maps by visual observation where the more 

suitable regions were located at cultivated regions and 

near from water sources (Nile river and its streams) as 

well as near from the roads (these regions are located 

near to the cities). The far northern regions were 

generally classified as suitable for wintering and not 

as more suitable and that may be due to proximity 

location to the Mediterranean sea, which may impact 

the weather passively at these regions (i.e. low 

temperature and heavy rain fall). At the same time the 

southern regions were classified as unsuitable for 

wintering and that may be due to the desert nature 

and the far from roads and water sources as well as 

plants. The southern parts may be are more warm 

than the northern parts, however, the lacking of 

cultivated plants, road and water sources are critical 

limitations for wintering suitability. In general, the 

used model in the present study showed high 

accuracy in identifying the suitable wintering regions. 

This result is in line with the findings of Abou-Shaara 

et.al. (2013), who found a high degree of accuracy for 

a similar model employed for the identification of 

beekeeping suitability under harsh environmental 

conditions.   

 

Conclusion: Creating wintering maps by using 

different datasets as used in the present study 

presented accurate results about the suitable regions 

for colonies wintering. No need for assigning specific 

relative weights and sufficiently combine the datasets 

at the same weight. For beekeepers, wintering of 

honey bee colonies in the southern or in the far 

northern regions is not recommended. The model 

described in the present study can be applied 

elsewhere and for the same purpose. 
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