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Abstract. Production possibilities and risks of a givennplare basically determined by climatic factors.
Expected future climate is modelled by several atanscenarios. In this study results of the RegCM3
model downscaled to the Carpathian Basin were uBed. paper focuses on the climatic conditions of
cherry production in Central Hungary in three tipgriods: 1961-1990 as a base, 2021-2050 as the near
future and 2071-2100 for the long-term analysissuRs show that in the near future fruit crackimkr
could be higher, but in overall the expected charage mostly favourable for cherry production. By t

end of the century irrigation may be required foe secure and quality cherry production. It is also
advised to re-evaluate the varieties accordingh® indicated changes, as a new orchard planted
nowadays will have many productive years in thesdgeriod.

Keywords:. climate change, cherry production, adaptation, tharacking, year types

Introduction

Security of agricultural production is very sengtto weather and changing climate.
However, it is very difficult to express the agticwe related effects of the climate
change in numbers and figures, since the soilpdmosphere system is very
complex. The crop simulation models were creategite an approximate description
of this complex system, and were applied also ingdwy in case of field crops (Fodor
and Pasztor, 2010; Erdélyi, 2009).

Another method is the application of climatic iratiors defined for certain
phenological phases of a given plant (Dios et28lQ9; Ladanyi et al., 2010a,b). This
kind of examination can be done separately by sedseffects, but an overall
evaluation should be done, too. Also the climatdicators can easily be related to risk
values.

The other components of the climate change studiesthe climate scenarios.
Results from coarse resolution global climate med&CM) can only be considered as
a first-guess of regional climate change conseggeantglobal warming (Bartholy et al,
2009). Regional studies for agricultural purposasehbeen possible since the global
models were downscaled by statistical methodsgb resolution (10-20 km) data. One
technique that can be used to obtain climate charigenation at finer scales is the use
of nested regional climate models (RCMs) (Tormaalet2011). Expected regional
climate change focused to the Carpathian Basinadetited by four different RCMs,
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run by the Department of Meteorology, E6tvos Lorémiversity (Bartholy et al, 2006;
Torma et al.,, 2008) and by the Hungarian MeteoiokigService (Szépszé and
Horanyi, 2008).

Studies on climate change impacts in agricultueeregeded very much in order to
find adaptation strategies. It is especially imanottin case of fruit production, where
the change of varieties is slow and the orchardsptanted for long time. This paper
focuses on the expected climatic conditions anddppities of cherry production in
Central Hungary in the near future (2021-2050) ahdhe end of the century (2071-
2100), compared to the base period of 1961-1990.

M aterials and methods
Climate data

Climate data were provided by the Department ofddeilogy of the Edtvos Lorand
University. The horizontal grid spacing is 10 knthe highest one reached by RegCM3
model — and the database contains daily data @igit&tion and temperature for the
baseline period (1961-1990) and for the future {20@50 and 2071-2100) using the
A1B scenario.

weres Sfivh g

Figure 1. Local administrative units in Central Hungary artgrid of
the meteorological data — data of red ones werdyeseal
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Data were converted into an Access database atdasefwas developed to make
the further calculations. The program can be paramsed according to the user’s
requirements. The necessary calculations for amy ge time period such as decade,
century, etc. can be calculated with this software.

Although the 10 km resolution grid covers the whatea of the Central Hungary
region Fig. 1), due to the huge amount of data, analyses weriedaut characterising
each of the 17 local administrative units (LAU 1yubregions — by one grid point’s
data.

Definition of climatic year types

The evaluation of the important climatic factors afcertain plant in a specified
phenophase can be done separately and estimaligd artirisk values can be defined
for them. Summarizing these values an overalltytdr risk value can be calculated for
each year. Having an adequate database, resulteaaxtended both in time and space.
However, these calculations do not take into actotne interactions of the
meteorological factors, so they can lead to fadseilts.

Instead, in our work climatic year types were dedirbased on several factors. This
method allows to concentrate the effects of climdactors and to define some
interactions among them. Utility values based oneexpstimates were also added to
the year types. In case of cherry production — itkease of growing possibilities of
sour cherry (Szenteleki et al., 2011) — 12 climgiar types were defined, while the
years not belonging in one of the categories, wlefsned as common or “normal” with
a utility value of 0.88. In the followingsTéble 1-4 climatic year types are grouped
according to the precipitation.

Table 1. Extreme dry climatic year types in case of cherpdpction

M eteorological factors Extreme dry and Extreme dry and cold Extremedry and
extreme cold warm
Precipitation in April 0-15 mm 0-15 mm 0-15 mm
Precipitation in May 0-25 mm 0-25 mm 0-25 mm
Precipitation in June 0-20 mm 0-20 mm 0-20 mm
Tmin January — February below -25°C exis below €l &xist not below -17°C
Tmin March — April below -3°C exist below -1.5°Qist not below -1.5°C
Utility value (H) 0.2 0.35 0.6

Table 2. Dry climatic year types in case of cherry produatio

M eteorological factors Dry and extreme Dry and cold Dry and warm
cold
Precipitation in April 15-25 mm 15-25 mm 15-25 mm
Precipitation in May 25-50 mm 25-50 mm 25-50 mm
Precipitation in June 20-40 mm 20-40 mm 20-40 mm
Tmin January — February below -25°C exis below €l &xist not below -17°C
Tmin March — April below -3°C exist below -1.5°Rist not below -1.5°C
Utility value (H) 0.2 0.75 0.86
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Table 3. Wet climatic year types in case of cherry productio

M eteorological factors Wet and extreme Wet and cold Wet and warm
cold
Precipitation in April 40-100 mm 40-100 mm 40-10&nm
Precipitation in May 70-180 mm 70-180 mm 70-180 mm
Precipitation in June 80-150 mm 80-150 mm 80-150 mm
Tmin January — February below -25°C exis below €l &xist not below -17°C
Tmin March — April below -3°C exist below -1.5°Rist not below -1.5°C
Utility value (H) 0.2 0.8 1

Table 4. Extreme wet climatic year types in case of cherogpction

M eteorological factors Extreme wet and Extreme wet and cold Extreme wet and
extreme cold warm
Precipitation in April above 100 mm above 100 mm o100 mm
Precipitation in May above 400 mm above 400 mm abt0 mm
Precipitation in June above 200 mm above 200 mm veaB60 mm
Tmin January — February below -25°C exis below €l &xist not below -17°C
Tmin March — April below -3°C exist below -1.5°Qist not below -1.5°C
Utility value (H) 0.2 0.55 0.6

Risk of fruit cracking

Cherry and sour cherry production has a specti fiactor. This is the fruit cracking
due to the excessive precipitation in the harvesbg, resulting decrease of quality and
significant yield loss. In some extreme years tfeeking damage can cause up to 80-
100% loss in sweet cherry and about 40-50% lossum cherry orchards (Christiensen,
1996, Csiszar, 2004).

According to an earlier study (Szenteleki et &01@) harvest period of sweet cherry
is considered between 2May and 18 July and four risk factors are calculated for
every harvest day using the following algorithm:

» K2 risk factor: 10-6. days before harvest at leEstmm rain occur once-»
K2=0.15; twice-0.4; three times>0.7

» K3 risk factor: 5-1. days before harvest at leadtnim rain occur onee
K3=0.2; twice—~0.5; three times»0.8

* K4 risk factor: during harvest at least 5 mm raiccwr once> K4=0.8;
twice—1

The overall risk factor is like follows:

o K2+K3+K4=KS5; if K5>1, than K5=1.

To obtain the overall utility value of a given yeds utility value based on the
climatic year types must be corrected with thik vialue.

Results
Overall evaluation of the Central Hungary region

Central Hungary region is partitioned into 17 loadministrative units (subregions),
which have slightly different climatic and topoghap characters. Despite that — for
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practical computing reasons — each of them wasesepted by one grid point’s
meteorological data. A joint evaluation of theseadél7 places x 30 year for each
period) allows giving a general estimation of theufe climatic potential of cherry
production.

Analysing the distribution of climatic year typesgarding temperaturd-igy. 2) the
significant decrease of the extreme cold years bmmbserved. The number of cold
years is increasing but there is no contradictiati \the expected; it means that the
formerly extreme cold years become only cold. Daseeof the number of normal years
can be the reason of the continuous and significemnéase of the warm years. Overall,
a tendentious warming can be observed, which i®uable for quality cherry
production. The utility value of the extreme coldaggis very low because of the high
risk of winter and spring frost damages. The sigaift decrease of the extreme cold
years indicates the decrease of the frost damagpscially in long-term.
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Figure 2. Distribution of climatic year types regarding temgkeire

However, results call the attention to a very im@ot but rarely mentioned question:
the re-evaluation of the varieties. The considgraktent of climate change would have
a great impact on the time and length of ripenohgymancy and blooming period of
cherry varieties (Ladanyi et al., 2009). Milder vers can lead to the shortening of the
deep dormancy period, resulting earlier blooming. @ consequence despite of the
milder climate the risk of the spring frost canrgese in case of some varieties, too.
Changes in the well-known and so far successfyipliad blooming time groups and
pollination partners are also expected. Re-evalnatif the varieties according to the
indicated changes is important in case of planaimgw orchard. Counting with a 20-
25 year lifetime, orchards planted nowadays willehanost of the productive years in
the second period examined (2021-2050), alreadgrurttanged climatic conditions.

In case of precipitationHg. 3) there are unfavourable tendencies, too. The numbe
of extreme dry years is insignificant in the baselperiod and also in the near future,
but there is a significant increase by the endhefdentury (in every 5-6 years one extra
dry year is expected). There is a continuous irs&eéa the number of dry years and
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decrease in case of the normal years. Not complébelugh in a great part, these
opposite tendencies correspond to each other. 48 o& the wet years a temporary
increase, while in long-term their decrease caolis®rved. The number of extreme wet
years is insignificant in all the three periods gwwver this year type disappears.
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Figure 3. Distribution of climatic year types regarding prpitation

All together an aridification tendency can be obedr but the dry and warm
(H=0.86) as well as the normal (H=0.88) year types still favourable for cherry
production. However, the significant number of exdry years at the end of the century
is a warning sign. In very dry years the fruit depenent is not appropriate and it
affects the fruit size as well as the yield advigrsét calls the attention to the
importance of irrigation. Changes are not so drastat it would require immediate
investments in existing orchards, but may be consdim the future.

Based on the climatic year types the continuousease of the utility values can be
observed Table 5. However, in short-term the fruit cracking risk lhigher, so the
overall utility remains almost the same as it wathe baseline period. Two reasons can
explain the increase of the fruit cracking risktire near future. One of them is the
increase of the number of wet years. At the same, tthe number of dry years is also
higher. If the cherries grow on drier conditionsd gorecipitation is before harvest,
cracking damage is higher than under balanced weteditions. Importance of
irrigation possibility is great in this point ofexv and may be justified even in existing
young plantations, while other protection methodsaso available. In long-term, due
to the more arid climate, the fruit cracking riskdiecreasing again, and compared to the
base period, 9% increase can be expected in thralbuslity.

Table 5. Cherry production utility in Central Hungary

Period Climatic utility Fruit cracking risk Overall utility
1961-1990 65 % 5% 61 %
2021-2050 70 % 11% 62 %
2071-2100 73% 5% 70 %
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Spatial variability

The overall evaluation of the Central Hungary reggives a general aspect but has
the disadvantage of masking spatial variability. the followings the spatial and
temporal variability of the utility/risk values wibe discussed.

As it can be seen imable 6 in the near future the ranges of the utility esu-
calculated from the 17 subregions — are simildh&ones of the base period, but at the
end of the century the ranges are expected abeutdli these. This tendency can be
observed in both climatic utility and risk of frustacking as well as in overall utility.
Ranges of the overall utility values of the suboegi are over 20% in the first two
periods and about 10% in the future (standard tiews are approximately 6% and
3%). It means that more favourable climatic cowdisi will appear in most of the
subregions and the potential for cherry productilhbe more similar across the whole
region.

Table 6. Ranges of the cherry production utility values en@al Hungary (17 subregions)

Period Climatic utility Fruit cracking risk Overall utility
1961-1990 20% (51-70%) 10% (3-12%) 24% (44-68%)
2021-2050 17% (60-77%) 11% (6-17%) 22% (49-71%)
2071-2100 10% (68-78%) 6% (3-8%) 11% (63-74%)

Climatic utility

Al ose
[ ] 1961-1990

[ | 2021-2050
| 2071-2100

Figure 4. Climatic utility of the subregions regarding chepyoduction in Central Hungary
(the value refers to the highest column in the thambol)
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As it was presented previously, the warming climatefavourable for cherry
production. In the majority of the subregions atowous increasing tendency of the
climatic utility values can be observeldid. 4). This is especially characteristic in the
northern part (Szob), where the utility value waes liowest in the base period. In some
subregions (Budapest, Aszod, Monor) in the nearéu2021-2050) the climatic utility
value can slightly be lower (2-3%) than in the bagsgiod. For the third period
examined (2071-2100) the climatic utility valueg aways greater than in the base
period.

According to the general results, the fruit cragkirsk is always the highest in the
period 2021-2050, except the surroundings of R&k@g. 5. The increment is
between 1-10% compared to the base period, thdéegteehange is in Pilisvérosvar.
However, the worst situation (highest risk) is ectpd in the subregions of Aszdd,
followed by Szob and Veresegyhaz.

As it was presented during the overall evaluatianthe end of the century the
average of the cracking risk values is similartie bne of the base period. But the
situation is more complex. There are some sigmftichanges in the risk values — in
Aszdd it drops to the one-third, in Monor and iroBzo the half of the base value —
while in Cegléd, Dunakeszi and Szentendre theviadlkes are almost doubled.

Fruit cracking risk

A o086
[ ] 1961-1990

T 2021-2050
B 2071-2100

Figure 5. Fruit cracking risk of cherries in the subregiomsG@entral Hungary
(the value refers to the highest column in the thambol)
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In the near future (2021-2050) the fruit crackimgkris higher, so despite of the
increasing climatic utility values, the overallliiyi remains almost the same as it was in
the base period. There is an interesting patteign ©), because on the western side of
Central Hungary region mostly some increase, wdrle¢he eastern side some decrease
can be observed. The most important changes a@eab and Rackeve (12% and 8%
increase), where the increase of the crackingwiak quite small. By the end of the
century the overall utility values are generallgtier than they were in the base period.
The exceptions are Budapest and Cegléd by 1% decerad Erd with no change. By
that time the overall utility value in Szob increasy 25%, which is much more than in
the other subregions. The subregion of Aszdd shalas an outstanding result (16%
increase), as the cracking risk is very low inttied period.

Overall utility

Al o037
[ | 1961-1990
| 2021-2050
B 2071-2100

Figure 6. Overall utility of the subregions regarding chepgoduction in Central Hungary
(the value refers to the highest column in the thambol)

Statistical data of cherry growing areas are ugusttuctured by regions (NUTS 2
level) or counties (NUTS 3). Data by local areatsinjsubregions) are available
unfortunately only from the year 200Tgble 73, when the most important areas were
Cegléd, Rackeve, Veresegyhaz, Budadrs and Erd.
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Table 7. Net cherry growing areas in the subregions (souk®H, 2001)

L ocal area (subregion) Net cherry area (ha)
Aszod 0.16
Budadrs 28.89
Budapest 0.15
Cegléd 119.42
Dabas 0.15
Dunakeszi 0.00
Erd 25.17
Godolis 7.97
Gyal 0.00
Monor 4.50
Nagykata 2.00
Pilisvorosvar 241
Réackeve 65.11
Szentendre 9.64
Szob 0.00
Vac 471
Veresegyhaz 49.11

Despite of the differences in time periods it isrthhdo compare these data with the
overall utility values of the base period. It candbserved that most of the production
was under appropriate climatic conditions, as Gebkid the highest utility value (0.68)
in the base period. The same utility value has Padf but of course the growing area
there is very low due to the high urbanisation. ®herall utility value of Erd is also
high (0.67) but the area of this subregion is snaat production of sour cherry is more
important there. The other three areas have lowershll acceptable utility values:
Rackeve 0.64, Veresegyhaz 0.61 and Budatrs 0.6. 8@rming up between the base
period and the survey date of the growing areasatssmbe considered.)

In the near future (2021-2050) both the climatiditutand the cracking risk are
expected to increase in all of the subregions ggkéd but with different extent. As a
result, the overall utility value of Cegléd remamimost the same (0.67), the ones of
Erd and Budadrs increase by 3-4% and the valuecoéségyhaz decreases by 3%. The
most important change can be observed in Rackevé&dincrease.

Regarding the long-term tendencies the followingralt utility values are expected:
Cegléd and Erd 0.67 (the same as before), Racké9e(letween the base and the near
future), Budadrs and Veresegyhaz 0.72 (more théf ib@rease compared to the base
period). The most significant changes can be olesem the areas (Szob, Aszéd and
Gyal), which were unsuitable for cherry productinhe base period.

Discussion
Based on the presented results the following c@mmhs can be drawn concerning
the future climatic conditions of cherry production
» Decrease of the extreme cold and cold year types &gield enhancing effect,
first of all due to the decrease of the frost dagsag

* Increase of the warm year types indicate the imgmment in climatic
conditions for quality cherry production.
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* The precipitation amount in the vegetative peribdves a temporary slight
increase in short-term, but in long-term its deseeaan be observed. It calls
the attention that appropriate infrastructure fagation may be required in the
future.

» The uneven distribution of precipitation during tha&rvesting season in short-
term indicates increase of yield loss risk causgdrint cracking, but in long-
term this risk is moderate. Risk of fruit crackimgght significantly reduced by
adequate irrigation, so the above mentioned needrfigation systems is
important also from this point of view.

» The serious decrease of the extreme cold yearshenthcrease of warm year
types — despite the tendentious aridification —dai@ an overall increase of
utility values in cherry production and decreaséheir variation.

The re-evaluation of the varieties according toitttkcated changes is advised, as a
new orchard planted nowadays will have most of gheductive years in the second
period examined (2021-2050). In this work interoaéil cooperation can help. With the
method of spatial climatic analogy (Horvath et @009) such regions can be found
where the present climate is similar to the expmkotee of the studied area in the future.
Thus, the future behaviour of the varieties careb&luated and tested in the present
days.

More solar radiation means warmer air temperatack lagher temperature also in
the upper layers of the soil. Therefore, not onlycase of cultivars but in case of
rootstocks it is advised choosing such kinds thigrate summer heat having their roots
in deeper soil layers. Irrigation is able to redscd temperature significantly and to
avoid drought. When water supply of the soil is éoihan the plant needs, it is ground
draught. Drip irrigation, for example, is a goodthwal to prevent ground draught.
When the air temperature is above 30°C, air humiditysually very low, therefore fruit
trees close stomas in the leaves and transpiratigos. Despite there is good water
supply from the soil the plant shows draught symnsoln this case drip irrigation is
not effective at all, sprinkler irrigation is neeld® cool down the surface of the leaves
and raise air humidity in the orchard. This problismot so important for sweet cherry
but, for example, in case of apple production $penirrigation during summer nights
is a corner stone to reach the necessary coloration

The rise of temperature can affect not only themgng but also the post-harvest
technology. Even a small rise of temperature irsgeahe risks during post-harvest
handling. The transportability and shelf life ofecty fruits depend first of all on the
time elapsed between picking and cooling as welbmaghe continuous temperature
control of the supply chain. In addition, experiesicshow that fruits harvested on
warmer days can be stored for shorter time assfhatvested with the same technology
but on cooler days.

To prevent fruit cracking in the second period (P2@D50) many protection methods
can be applied (Simon, 2006). The most effectivé very expensive protection
technique is the plastic rain cover over the tr&waying with minerals (calcium) or
metallic salts and fruit drying techniques need lewestment. Risk of fruit cracking
might significantly reduced by adequate irrigatitny, means of maintaining balanced
water conditions during vegetation period.

Up to now each of the 17 local administrative uritsubregions — were represented
by one grid point’s data. As the 10 km resolutiowl govers the whole area of Central
Hungary region, analyses can be carried out fogradl points to obtain a more precise
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view. The only limitation factor of it is the comjgu capacity, as due to the large
amount of data and the number of climatic parammetemsidered, at present the
calculations take a rather long time.
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