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Chilling requirement for deciduous fruits under climate change  in Egypt
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Abstract: Many fruit trees require cold temperatures in winter to break dormancy. Quantifying this chilling
requirement and selecting appropriate cultivars for the climate of a growing region is crucial for successful

cultivation of such crops. It was tested that the hypothesis global warming is causing accumulated winter
chill to decrease across the fruit growing regions in Egypt. The detection of potential trends in

accumulated winter chill (between 0 and 10 °C) was determined using climate datasets. Several models
exist can quantify winter chill, and each growing region uses a model that has been shown to perform well

under local climatic conditions. The sensitivity of chilling model to projected climatic change was tested
likely to affect fruit production in the near future. Fourteen sites in Egypt based on hourly and daily

temperature records, winter chill was modeled for three past temperature (1970, 1990 and 2009), and
temperatures in 2050 derived from three IPCC-AR4 General Circulation Models (CSIRO, HadCM3 and

MIROC) for A2 greenhouse gas emissions scenario. Mean winter chill for each site and year was
calculated using the Chilling Hours. Chilling models predicted substantial decreases in winter chill at all

sites, but the extent of these decreases varied depending on sits. The results suggest that chilling hours
during the winter season could decrease substantially under the under warming scenarios provided by

current GCMs. In all scenarios, winter chill in Egypt declined substantially over time. The MIROC GCM
projected the greatest warming and thus the greatest decreases in winter chill, followed by the HadCM3

and CSIRO GCMs. Averaging over all three General Circulation Models annual winter chill loss by 2050
compared to 1970 would amount to moderate 17.7 % and 22.6 %, if the climate simulated by the MIROC

GCM which consistently caused the greatest decline in winter chill, turns out to be accurate. Research
efforts are needed to identify the most appropriate chilling model for preparing fruit growers for the

imminent effects of climate change.
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INTRODUCTION

Many fruit trees require cold temperatures during
the winter to overcome their seasonal dormancy .[1 ,2]

Most fruit species that evolved in temperate or cool
subtropical climates have such chilling requirements

that need to be fulfilled each winter to achieve
homogeneous and simultaneous flowering and regular

crop yields. In order to select appropriate fruit species
and cultivars for the climate of a given site, researchers

have developed chilling models, which convert
temperature records into a metric of coldness .[3 ,4]

Chilling units are most meaningfully described and
measured using an hourly time scale. Chill hours below

a threshold are one of the most common methods for
calculating chill. A base temperature is chosen, usually

at 10 ºC. If the temperature is above this base then it
is too warm for the plant to accumulate chilling. If the

temperature is below 10ºC then the plant is affected by
the cold temperatures, with colder temperatures

producing bigger effects. As soon as temperature drops
below the base temperature for one hour, one chill unit

is accumulated . Using the same chilling model to[5 ]

quantify both a cultivar’s chilling requirement and the

amount of winter chill available at a given location
enables growers to predict whether the cultivar will

perform well under the specific temperature conditions
of their sites. Chilling models also constitute tools to

understand and manage the interannual variation in the
time, at with tree crops complete their dormancy. Many

growers use estimated winter chill to determine the
time line for certain management measures, such as the

spraying of rest-breaking chemicals, or to predict their
yield potential for the season. What remains unclear is

how well different chilling models predict winter chill,
when temperature conditions deviate from historic

patterns. Since overwhelming scientific evidence
suggests that the global climate is warming, IPCC , [6]

most growing regions might experience substantial
temperature increases in the near future, with likely

consequences for available winter chill. In general, the
strongest warming trend has been identified for daily

minimum temperatures during the winter months
LaDochy et al., , indicating that winter chill might be[7]
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strongly affected by climate change. Fruit orchards

might thus be among those agricultural systems in
Egypt, and probably in other parts of the world, that

are most vulnerable to the environmental stresses
invoked by climate change. The implications of climate

change for winter chill have occasionally been
investigated Baldocchi and Wong , but no studies[8]

have compared the effects of temperature increases on
winter chill, when quantified with different chilling

models. The objective of this study is thus to provide
an estimate of how sensitively chilling model react to

observed past, and predicted future climate change,
helping tree crop growers refine the tools available to

them for understanding and reacting to  the
consequences of climate change.

MATERIALS AND METHODS

Estimating winter chill, we obtained hourly
temperature records from fourteen weather stations.

Stations used were Alexandria, Asyout, Kaliobia,
Bani_Swaif, Cairo, El Behaira, El Arish, El_Dekheila,

Fayoum, Giza, Ismailia, Kafr Elshikh, Minya, Elmonfia.
Table (1) and Fig. (1) Shows the distribution maps for

fruit growing area in Egypt. From all stations, records
were obtained temperature dates between the period

1/10/ to 1/4 for the years, 1969/1970 and 2008/2009.
The chilling calculations were done in winter seasons

only. For the projection of future temperatures, we used
projected changes in temperature from three General

Circulation Models (GCMs): UKMO-HadCM3, CSIRO-
MK3.0, and MIROC3.2 each run under the A2

g re e n h o u se  g a s  e m iss io n  sc en a r io  o f  th e
Intergovernmental Panel on Climate Change AR4

(IPCC, 2007). Using Climate Wizard, the average daily
minimum and maximum temperatures projected for

each month during 2050 were calculated at each of the
fourteen study locations. Relative to the long-term

average for each site (1969/1970, 1989/1990 and
2008/2009) mean daily maximum temperature was

projected to increase by 1.5 °C for the CSIRO model,
by 2.3 °C for the HadCM3 model and by 2.2 °C for

the MIROC model, on average over all sites. Increases
in mean daily minimum temperature were projected to

be slightly greater at 1.7 °C for the CSIRO model, 2.6
°C for the HadCM3 model and 2.8 °C for the MIROC

model.

Chilling Hours M odel:  The Chilling Hours

Model(sometimes referred to as Weinberger Model;
Bennett, ; Weinberger, , as originally proposed,[9] [10]

simply calculates the number of hours, when the
temperature (T) is below 10 °C. The number of

accumulated Chilling Hours (CH) is thus given as:

10Model: T

10CH = 3  T  

10 10If T between 0 C < T < 10 then T  =1o

10Else T = 0

The chilling model, accumulated chilling was
calculated for each hour of the temperature record, with

the beginning of the chilling season set to October 1st,
and the end of the season set to April 1st (depending

on whether or not the year was a leap year. To
facilitate data processing, we developed an Excel

spreadsheet calculator to automatically calculate all
chilling estimates from the hourly temperature records.

We chose 1969/1970 as the base year to calculate the
change in chilling requirement for fruit tree during the

period from 1969/1970, 1989/1990 and 2008/2009 as
past climate and by using climate change data during

the period 2050 from three GCMs as the future
climate.

RESULTS AND DISCUSSION

Current climate: Understanding average monthly

temperature trends of the studied time serious from the
period 1/10/ to 1/4 during (1970, 1990 and 2009) for

the fourteen locations was the first step in carrying out
this study. Fig. (2) shows the average monthly

minimum, maximum and mean temperature of 1970,
1990 and 2004 at the fourteen studied weather stations.

Asyout and Cairo stations had the highest monthly
maximum and minimum temperatures trends

respectively compared to the other stations. The lower
values of maximum and minimum temperature were in

Alexandria and Minya. Fayoum and El Monfia stations
had the highest and lowest values respectively for

monthly mean temperatures trends compared to the
other stations. Regarding the average of the fourteen

stations, the highest values of minimum, maximum and
mean temperature of 11.4, 23.9 and 17.6 °C,

respectively were observed in 2009 Fig. (3). In
addition, the lowest values of minimum, maximum and

mean temperature of 10, 22.5 and 16.2 °C, respectively
were observed in 1969/1970.

Future climate: The future climate shows in Fig. (4)

illustrate the average monthly minimum, maximum and
mean temperature of years 2009 and 2050 for three

GCM (CSIRO , HadCM3 and MIROC) of the fourteen
studied weather stations. Minimum and maximum

temperatures under MIROC and HadCM3 GCM model
respectively give the highest increase. CSIRO GCM

model gave the lowest values for the minimum and
maximum temperature. Asyout and Cairo stations give

the highest monthly maximum and minimum
temperatures trends compared to the other stations

under HadCM3 and MIROC respectively. The lower 
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values of maximum and minimum temperature were in

Alexandria and Minya under CSIRO GCM model.

Regarding the average of the fourteen stations, the

MIROC model give the highest values for minimum

and mean temperature of 14.2 and 20.11 °C

respectively and HadCM3 model give the highest

values for maximum temperature 26.2 °C Fig. (4). In

addition, the lowest values for minimum, maximum and

mean temperature of  13, 19.2 and 25.4 °C respectively

for CSIRO model under climate change at year 2050.

Similar temperature trends throughout the Middle East

Zhang et al.  make it likely that our findings are[11]

representative of a regional trend.

Current chilling: Data in Table (2) showed that among

the 14 stations, winter chill in 1970 ranged from 598

to 1121 Chilling Hours, from 562 to 1087 winter chill

in 1990 and from 510 to 995 winter chill in 2009.

Winter chill among the study sites had declined from

1121 to 510 Chilling Hours from 1970 to 2009.When

expressing winter chill calculated with the model as a

proportion relative to mean chilling in 1970, differences

between the chilling projections became apparent. On

average across all stations, the loss of annual chilling

between 1970 and 1990 amounted to 3.7 %, when

quantified in Chilling Hours, compared to 8.1 %

between 1990 and 2009 , And 11.8 % between 1970

and 2009 for the other sites. When using the Chilling

Hours Model to quantify winter chill, chilling losses

were most severe and light in Bani Swaif and El

Dekheila, which lost 5.9 % and 2.1% respectively in

first period (1970 to 1990). The severe and light losses

in chilling from 1990 to 2009 (second period) were in

Fayoum and Alexandria, which lost 10.8% and 5.8%

respectively. The highest chilling losses were in

Fayoum, which lost 13.9 % and the lowest chilling

losses were in El Dekheila during the current chilling

(1970 to 2009).

Future chilling: The results suggest that chilling hours

during the winter season could decrease substantially

under warming scenarios provided by current GCMs. In

all scenarios, winter chill in Egypt declined

substantially over time. The MIROC GCM projected

the greatest warming and thus the greatest decreases in

winter chill, followed by the HadCM3 and CSIRO

GCMs. The Average over all three General Circulation

Models, annual winter chill loss by 2050, compared to

1970, would amount to moderate 17.7 % and 22.6 %,

if the climate simulated by the MIROC GCM which

consistently caused the greatest decline in winter chill,

turns out to be accurate. Bani Swaif growers could face

chilling losses up to 22.6% of 1970 Chilling Hours, on

average. Indicating that future winter chill will not only

is lower but also less reliable than it is at present.

When using the Chilling Hours Model under climate

change scenarios to quantify winter chill, chilling losses

were most severe and light in Bani Swaif and El

Dekheila, which lost 23.6 % and 14.2.1% respectively,

under CSIRO GCM , 22.6% and 16.4% respectively

,under HadCM3 GCM and 27.5% and 21.9%

respectively, under MIROC GCMs  in 2050. Chilling

hours depended on the position of location. Decreases

in winter chill between 1970 and 2050 varied

geographically between the North and south of Egypt

(Fig. 5). Suitable areas for future fruit production

winter chill decline strongly affected the spatial extent

of areas suitable for the cultivation of tree crops with

chilling requirements. In general these results are in

accordance with Eike, et al., , which recorded that [12]

the Chilling Hours Model is most sensitive to rising

temperatures and chilling model predicted substantial

decreases in winter chill at all sites in California’s , but

the extent of these decreases varied depending on the

model used. Across all sites between 1950 and 2050,

mean chilling was predicted to decrease by 33%. Also

similar results obtained by Eike, et al., , which [13]

reported that a decrease in the numbers of chilling

hours in high-elevation oases by an average of 1.2–9.5

h/year between 1983 and 2008, a period during which,

according to the scenario analysis, winter chill was

sufficient for most important species in most years in

the highest oasis. In the two climate change scenarios,

pomegranates, the most important tree crop, received

insufficient chilling in 13% and 75% of years,

respectively. While production of most traditional fruit

trees is marginal today, with trees barely fulfilling their

chilling requirements, such production might become

impossible in the near future. Dennis, et al., , found [14]

that the annual accumulation of winter chill hours and

chill degree hours is diminishing across the fruit and

nut growing regions of California. They also applied

our analytical algorithm to project changes in winter

chill using regional climate projections of temperature

for three regions in the Central Valley. Predicted rates

of reduced winter chill, for the period between 1950

and 2100, are on the order of -40 h per decade. By the

end of the 21st century, orchards in California are

expected to experience less than 500 chill hours per

winter. This chronic and steady reduction in winter

chill is expected to have deleterious economic and

culinary impact on fruit and nut production in

California by the end of the 21  Century. Similarst

results obtained by Gregory, et al., , which reported [15]

that future work assessing the vulnerability of peaches

to climatic change will require greater insight into the

expression of climatic change, the relationship between

environmental variables and peach phonology, and the

adjustment strategies that growers could use to adapt to

certain changes.
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Table 1: List of station, latitude, longitude and elevation of weather station* 

Number Station Name Latitude Longitude Elevation (m)

29    00 ó1 Alexandria 31    07 ó o  7o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 Asyout 27    11 ó 31    06 ó 71o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 Kaliobia 30    28 ó 31    11 ó 14o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 Bani_Swaif 29    04 ó 31    06 ó 30.4o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 Cairo 30    08 ó 31    24 ó 26o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 El Behaira 31    02 ó 30    28 ó 6.7o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 El Arish 31    07 ó 33    45 ó 17.1o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 El_Dekheila 31    03 ó 31    23 ó 7o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 Fayoum 29    18 ó 30    51 ó   30o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 Giza 30    02 ó 31    13 ó 22.5o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

11 Ismailia 30    36 ó 32    14 ó 10o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 Kafr Elshikh 31    07 ó 30    57 ó 20o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

13 M inya 28    05 ó 30    44 ó 40o o

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

14 Elmonfia 30    36 ó 31    01 ó 17.9o o

*The data collected from central laboratory for agriculture climate 

Table 2: M eans of winter chill for 14 sites in Egypt under current and future climate.

Sites                   Years

-------------------------------------------------------------------------------------------------------------------------------------------------------

1970 1990 2009 GCM model at 2050

----------------------------------------------------------------------------

CSIRO HadCM 3 M IROC

Alexandria 1018 980 923 747 692 599

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Asyout 694 660 601 486 450 390

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Kaliobia 697 656 596 482 447 387

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bani Swaif 598 562 510 413 382 331

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cairo 769 742 689 558 516 447

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

El Behaira 751 719 661 535 495 429

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

El Arish 1023 996 927 750 695 602

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

El Dekheila 731 715 671 543 503 436

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fayoum 611 592 528 427 396 343

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Giza 649 629 579 468 434 376

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ismailia 900 855 790 639 592 513

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Kafr El Shikh 1121 1087 979 792 734 636

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M inya 1106 1067 995 805 746 646

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Elmonfia 1069 1045 980 793 735 637

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Average 11737 11305 10429 8438 7817 6772
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Fig. 1: Distribution map for fruit growing area in Egypt

Fig. 2: Minimum, maximum and mean temperature of years 1970, 1990 and 2009 of the fourteen studied weather

stations.
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Fig. 3: Average of the fourteen stations for minimum, maximum and mean temperature of years 1970, 1990 and

2009.

Fig. 4: Minimum, maximum and mean temperature of years 2009 and 2050 for three GCM (CSIRO, HadCM3 and

MIROC) of the fourteen studied weather stations.
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Fig. 5: Average of the fourteen stations for minimum, maximum and mean temperature of years 2009 and 2050

for three GCM (CSIRO, HadCM3 and MIROC).

Fig. 6: Accumulated chilling hours during current climate (1970,  1990, 2009) and  future climate (2050  for three

GCM model (CSIRO, HadCM3 and MIROC)).
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Conclusions: The effect of climate change is a highly

significant one on the chilling requirement for

deciduous fruits. It can be assumed that other fruit

production regions, where of similar crop species are

grown under marginal chilling conditions, are also

susceptible to even slight warming trends. Given the

long term costs and commitments involved in planting

and maintaining fruit orchards, systematic studies on

how winter chill conditions can be expected to change

in the short and medium term will represent invaluable

tools for horticultural decision making in the future.

Finally, our analysis may be extended to include the

impacts of winter temperature increases on other fruit

species.
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