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ABSTRACT. Climate conditions are important for viticulture. For instance, in
the period of OMedieval Climatic OptimumO (9@D0) northern boundary of
viticulture reached the Baltic, whilihe secalled &Little Ice AgeO (130D850)
affected grape production in Europe and viticulture pulled up to Southern
Europe. The last decadeOs warming is beneficial for viticulture in many regions,
e.g. we deal longer and warming growing season. Climaaagé does not mean
only positive effect on viticulture, may induce some negative effects, e.g.
increasing of extreme events. T'rgu Mure! is not known for viticulture.
However, climate change may induce some favorable conditions in that
direction. The signf climate change in T"rgu Mure! are: warming trend;
actually,no change in precipitation or in frequency of extreme events. In the
last 30 years (1982017) mean annual temperature reached 9.5 {C. In the-1951
1981 period this value was 8.8 jC (while thénimum threshold for viticulture
is 9.0 {C). After PtlIfai Drought Index, no extreme, very serious, serious or
heavy drought was registered, only a moderate drought was recorded in 1987.
There are many indices for viticulture. An increasing, statisticahificant
trend is characteristic for many temperature indices. There is no statistical
significant trend regarding the precipitation indices. Based on Huglin index
(HI), T"rgu Mure! may be included in the second class (cool), and based on
Winkler index (W) may be included in the first region (very cool). SenQOs slope
estimate for these two indices are 5.417 (for HI) respectively 4.300 (for WI). If
the trend of Winkler index will remain the same, as in the netdecades, this
index will reach 1390 (regiohl.: cool). The decreasing, statistical significant
trend of FS15D (Vitis Serious Frost Risk Days) may have also a positive effect
on viticulture in T"rgu Mure!.
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1.INTRODUCTION
Viticulture is strongly influenced by climategespecially by temperature,

precipitation and solar radiatioBome favorable climatic conditions are:
¢ Mean annual temperature2d ¥.C

! Meteorological Quality Service T%orgu Mure", Romanriag: ruszotti@yahoo.com



e Mean annual mcipitation amount: 5000 mm (also rainfallistributionis
importan)

e Mean temperature of ripening period=-20 ¥C

¢ Resistance to low temperature in winterrofks:-18/~20 %C

e  Minimum active heat sum: 850 ¥4C

e  Minimum sunshine hours in the perioflpril-September: 1200 hours
(Bognir and Mercz, 1995, Berbecel and 8tar1970, Csete and NyZki, 2006

Climate conditions are important for viticultute the period of OMedieval
Climatic OptimumO (96@300) northern boundary efticulture reached thBaltic
and southern Englandavhile the secalled &Little Ice AgeO (13aB50) affected
grape production in Europe and viticulture pulled up to Southern Efdomes,
2007).

The last decades warming is beneficial for viticulture in many region (longer and
warming growing season). For example, from 2004 to 2013, the vineyard area in the
United Kingdom (UK) increased 148%. (Nesbitt et al., 2006imate change does
not mean only positive effect on viticulture, may induce some negative effects, e.g.
increasing of extreme eventsShortterm and longerm adaptation strategies are
needed. (Fraga et al., 2013).

In Romania,there are eight wine regions (Irimia et al., 201I7ygu Mure! is
located in the center of Transylvania (Romania). The Transylvania Plaieau
region are:

e Vineyard T%rnave (Blaj, Jidvei, Media!, T%rn#veni, Zag#r, Valea Nirajului)
Vineyard Alba (Alba lulia, Ighiu)

Vineyard SebelApold (Sebe!, Apold)

Vineyard Aiud (Aiud, Turda, Triteni)

Vineyard Lechin$a (Lechin$a, Teaca, Bistri$a, Bato!)

There are some ecoclimatata of Transylvania Plateau wine region:
Altitude: 175544 m

Mean annual precipitation amounts: 5389 mm

Sunshine hours: 1284391 hours

Mean temperature of July: 182®.5 ¥4C

Maximum temperature of August: 3742.5 ¥.C

o  Numberof days with maximum temperature >30 ¥4C

(Agrometeorologicalraining courseinternal material NMA, 2004)

T"rgu Mure! is not knowrfor viticulture. However, climate change (especially
warmingtendenciesinay induce some favorable conditions in that diogc

In the end of 19th many time itOs mentioned Apor KirolyOsindboetszati
Lapdk (a periodical inteded for viticulture and wingroductior), who had a
vineyard near T"rgu Mure! (in Tofak¥ and produced excellent wine (articles from
Bortszati Lapok1888, 1896)

It shouldbe mentioned, that the soil and the topography also is significant in
viticulture, moreover the local amdicroclimateconditions.
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2. SOME CLIMATIC CHARACTERISTICS OF TERGU MURE!

Climatedata fromT"rgu Mure! meteorologicastation (elevation 308 m) were
used, from the period 1954017.Tabel 1 present soe generalmultiannual data
regarding terperatures, precipitation amounts aswhshinehours.

Table 1. Some annual climate data ii”rgu Mure!

Mean annual temperature 1951-2017 9.1°C
Absolute maximum temperature [1951-2017| 38.8 °C (08.2012)
Absolute minimum temperature [1951-2017|-32.8 °C (01.1963)

Precipitation amount 1951-2017 586.4 mm
Sunshine hours 1961-2017 1979 hours

Monthly data(temperatures, precipitation amourdsg¢ shown in fig. 13.
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Also, some dangerous meteorological pbmena for grape were studied. Mean
number of days of hoar frost/year are 46. The first day okappce of this
meteorological phenomena is 5 Qmto, the last day is 22 April. Meaumberof
daysof glazeyear are 2, and may appear between November and Febrbarkail
is presenin avelageone time/year, between MarSeptember.

Number of days covered by snow are 60. The first day of (not durable) snow
cover is 18 November, the last day is 11 March. Sdepth is highest in January: 7
cm, in February 6 cm, while in @Bember 3 cm. All these are aage values

Temperature inversions appear when temperature increases with altitude. This is
a relatively frequent phenomenon in Transyleanand may be important for
viticulture. The T%orn#veni meteorological station is located at 523 m elevation, and
often has a behavior as a mountain in terms of temperature inversions. While
T%orn#veni town is under 300 m elevation. That can explain whey ahewften
higher minimum temperaturés winter compared to nearly station, T%.rgu Mure"
(308 m) or why here number of tropical days are gre&®@ste 1987 (when it was
founded) at T%orn#veni meteorological station the minimum temperatura never was
under-20 ¥4C (Rusz, 2015

In 2018, a secondautomated weather station was installed in T%.rgu Mure" at
elevation 465 m (Cordé Plateau) For example, the meamf minimum
temperaturesf March in 2019 there was +2;C, while in the main meteorological
station (308 m}0.6;C.!

o

3.CHANGE IN CLIMATE TIME SERIES FROM TéRGU MURE!

MannKendall trend analysisMann, 1945; Kendall, 19%3as applied in order
to analyze the linear trend, and SenOs slope estiate (968 was calculated to
determine the rate of the trends, using Makesens soff@ahmi et al., 2002)
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Positive, statistically significant trends are in case dhe mean annual
temperaturemnean summer temperatwuaad yearly sunshine houfBable 2.)

Table 2.Linear trend of mean annual, mean summer, mean winter temperature and
yearly sunshine hours

Mann-Kendall trend, Sen's slope estimate.

Significant values are shown in bold (at confidence level ***=0.001)
Mean annual temperatu(@951-2017) 0.021 ***
Mean summer temperature (1980217) 0.032 ***
Mean winter temperature (192D17) 0.015
Sunshine hours (1964017) 4.710 ***

Not only the linear regressiofine, but also the % order polynomial
regression line shown that in case of mean annual temperature there is a clearly
warmer trendFig. 4).
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Fig. 4. Linear (red)and 6" order polynomial(black) regression line of mean annual
temperature

Overlapped mean annual and summer mean temperatures reveals that higher
values of temperatures are in the last decadesiever,there are no significant
trends of winter temperatures, overlapped time periods shown, that in the last
decades we are deal wiiigher values. (Fig5-7).

In case of precipitationgenerally there are no statistically significant trends
(Table 3) No extreme, very serious, serious or heavy drought was registAred
moderate drought was in 19874(fai Drought Index(Rusz, 2019).
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Fig. 5. Mean annual temperatures, 30 years overlapped periods
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Table. 3 Linear trend of number of days with: liquid and solid precipitation, maximum
amount of precipitation/24 hours,and precipitations amount over thersholds sets

Number
of dayg
with Max/24h |liquid |solid 0.1 mnp 0.5 mm 1.0 mnp 2.0 mnp5.0 mm|10.0 mi 20.0 mi
precipitg
tion:

Linear

trend -0.010 (0.194 |-0.139 |0.100 |0.000 |0.055 |(0.027 |0.063 |0.038 |0.000

4. CLIMATE INDICES FOR VITICULTURE AND TRENDS

Temperature indicessainfall indices andextreme indicesand the standard
deviations(Hlaszny 2012) were calculated using climate data fré%rgu Mure"
meteorological station, period 192017.Also, linear trends were stigH, using
ManrntKendall tes{Mann, 1945; Kendall, 19‘458en©s|0pe estimat¢Sen, 1963
and Makesens softSalmiet al., 2002)The resultis presented in Tabel-@.

Table 4. Temperature indices for viticulture in T%.rgu Mure" (period 19%5117)Significant
values are shown in bold (at confidence levels: ***=0.001, **=0.01, *=0.05, +=0.10)

Temperature Index Mean Star_ldgrd Linear trend (Manrll )
Deviation Kendall test. Sen's
Huglin-index HI 1606,96 179,31 5.417 ***
Winkler-index wi 1246,94 147,40 4.300 ***
Biologically Effective Day BEDD 1111.11 91.15 2 370
Dearees ' ' )

Mean July Temperature MjuT 19,9 1,43 0.033 ***
Mean january temperature ~ MjaT -3,5 2,93 0,024
Growing Season Average GSAT 15.3 0.78 0.023 ***

Temperature ' ' )
Growing Season Average| GSATX 229 113 0.030 ***

Maximum Temperature ' ' )
Growing Season Average| GSATN 9.4 0.61 0.017 ***

Minimum Temperature ' ' )

Harvest Maximum HMX 252 1.40 0.036 ***
Temperature ' ' :

Winter Minimum WMN 32,8 4,69 0,045
: Ten_merature

Ripening Average RAT 14,9 0,97 0.015 *
Temperature ’ '

Cool Night Index CNI 9,0 1,26 0,012
Continentality CcO 23,5 2,96 0,007
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Table 5. Rainfall indices for viticulture inT%.rgu Mure'(period 19512017)
There are no significant trends

Linear trend
ReinfallIndex Mean| O aton | o4 Sens dope

estimate)
Annual rainfall AR | 586,4 103,43 0,466
Summer rainfall SR | 160,7 55,86 0,152
Winter Precipitation WR |[1511 39,54 -0,161
Growing Season Precipitation | GSR | 435,6 92,19 0,448
Bloom Period Precipitation BPR | 81,7 33,02 0,276
Ripening Period Precipitation RPR | 100,2 44,16 0,355
Number of Growing Season Rairl GSRD | 82,4 9,88 0,093

An increasing, statistical significant trend is characteristic for many temperature

indices. There is no statistical trend as regard precipitation indices

Table 6. Extreme indices for viticulture in T%orgu Mure" (period 19512017)Significant
values are shown in bold (at confidence levels: ***=0.001, **=0.01, *=0.05, +=0.10)

Linear trend
Extreme Index Mean Standard Deviation (Mann-K'endaII
test, Sen's slope
estimate)
Number of Extremely
Hot Days NEHD 1,0 2,84
Number of Hot Days NHD 18,0 12,22 0.310 ***
Number of Summer
Days NSD 74,6 17,79 0.429 ***
Number of Frost Days NFD 115,0 15,36 -0.180 +
Number of Icy Days NID 21,3 12,61 -0.136 +
Vitis Frost Risk Days F8D 29,1 14,48 -0,152
Vitis Serious Frost Risk
Days FS15D 9,2 8,24 -0.080 *
Number of Spring Fros
Days NSFD 21,0 6,95 -0.087 *
Number of Fall Frost
Days NFFD 20,5 7,25 0.000
Spring Frost Index
(Gladstones) SFlsiag 12,5 1,77 0.0140
Spring Frost Index
(Wolf and Bayer) SFhys 6,2 0,74 0.011 *
Diurnal Range (July) DRjul 22,6 2,45 0.024
Mean April Daily Rangeg MADR 12,4 1,47 0.021 *
Mean harvest Daily
Range MHDR 13,2 1,39 0.004
Sun of Daily
Temperature Excursio ET 1979,9 155,71 1.470
RibZrauGayonrPeynaud
Index RGP 1052,7 149,96 3.698 ***




Based on Huglin index, T"rgdure! may be includedh the second class (cool)

(Tonietto andCarbonneau2004). Based on Winkler index, T"rgu Mure! may be

included n the first region (very cool)inkler et al., 1974).
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Fig. 8. Huglin index, 30 yeas overlapped periods far%.rgu Mure'(period 19512017)
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If the trend of Winkler index will remairthenin the next 12 decades this index
will rich 1390 (ll. Cool). GSAT, GSATX, GSATN determines the dynamics of
phenological phases in the reproductive life cycle of the plant. The decreasing,
statistical significant trend of FS15D may have a positive effect in viticulture
Overlapped time periods for Huglindex and Winklefindex are presented in
Fig. 8-9. While in the first 30 years periods Huglin index was below 1500 (very
cool), in the recent periods this value reached and exceeded 1700.

5. CONCLUSIONS

T"rgu Mure! is not known from viticulture. However, climate change (especially
warming tendencies)may induce some favorable conditions in that direction.
Climate change not means only positive effect on viticulture, may be induces some
negative effects®.g increasing of extreme ever@enerally facts of climate change
are warming trend change in precipitation (amount and distributioextreme
events become more frequent

The signs of climate change 'rgu Mure! are warming trend(statistically
significant positive trend for mean annual and summer temperatbrgsactually
no change in precipitations or in frequency of extreme evdiisre are many
indices for viticulture.

An increasing, statistical significant trend is characteristic for many
temperature indices. There is no statistical significant trend regarding the
precipitation indices. Based on Huglin index (HI), T"rgu Mure! may be included
in the second class (cool), and based on Winkler index (WI) may be included in
the first region (vengcool). SenOs slope estimate for these two indices are 5.417
(for HI) respectively 4.300 (for WI)

If the trend of Winkler index will remain the same, as in the neXtdecades,
this index will reach 1390 (region Il.: cgoINot only the southern exposurieut
temperature inversion may have an importance in grape growing

It may be useful in the future to place weather station in the slopes precisely for
viticulture.
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