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Impact of climate warming on heat resources and freezing injuries in wine grapes

at the east foot of the Helan Mountains of Ningxia
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Abstract; Using meteorological data collected from the east foot of the Helan Mountains of Ningxia since 1981, we analyzed
the impact of climate warming on heat resources and freezing injuries in wine grapes. The results show that the average
temperatures from April to September increased significantly during this period, with an abrupt climate warming trend
beginning around 1997. Temperature anomalies were higher than 1°C in some years after 1997. The trend of average
temperatures in April, when wine grapes are in their bud germinating stage, increased rapidly, but there were also greater
fluctuations, and the risk of frost or of strong cooling periods also increased. Low-temperature injury events were more likely

to appear between July and August, which is the period during which wine grape berries grow and mature. With the active
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accumulated temperature above 10°C increased significantly, the probability of mid- or late-maturation was 100% , and the
probability of temperatures of 3300°C ( the critical value of high maturity and quality) between April and September
improved. With the frost-free period was prolonged the probability of late-maturation increased; the accumulated
temperatures and frost-free periods could result in extreme late-maturation trends in many years. The factors affecting low
temperature freezing-disasters in winter had no distinct trend. As the number of sustained days at which the minimum
temperature dropped below —17°C (the freezing-disaster critical temperature) decreased, the extreme minimum temperature
was raised, although it was still below —17°C , and the days at which the minimum temperature was lower than —4°C at a
depth of 20 c¢m decreased in Huinong, Helan, Pingluo, and Yinchuan. The frequency of frost appearing after the
appropriate time in spring was also reduced, but the number of days with frost increased. Although the minimum temperature
decreased, Both the years and days with frost appearing after the appropriate time in spring increased. Climate warming has
both advantages and disadvantages for wine grapes, and different cultivars adapt to these effects differently. Thus, there is
still a need to increase monitoring of temperature and to prevent exireme climate events and meteorological disasters during

the key periods of wine grape development in order to reduce or avoid the negative effects of climate change on wine grapes.
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Table 1 The average temperature characteristic during April and September in east foot of Helan mountain
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TR LTS/ (C/10a) 4—9 A% SRRA 49 1
Increasing trend of average temperature SEHRIE/C TR Z AT/ C
HiIX Mean temperature
K Mean temperature . .
Region 4—9 A from Avril to difference from April
4 H 5A 61 7 8 A1 oH April to S ph to September after and
April May June July August  September September September before climate abrupt
2 0.71 0.51 0.72 0.44 0.43 0.27 0.50 19.3 1.1
B 0.63 0.23 0.49 0.27 0.23 0.03 0.29 19.1 0.8
% 0.64 0.45 0.74 0.35 0.31 0.19 0.42 19.1 1.1
sl 0.86 0.57 0.84 0.60 0.58 0.45 0.63 19.2 1.4
T e e 0.60 0.45 0.77 0.53 0.44 0.33 0.49 18.9 1.2
KT 0.92 0.90 1.23 0.89 0.80 0.68 0.89 19.1 1.8
FAR 0.64 0.64 0.95 0.60 0.61 0.40 0.62 19.3 1.2
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Fig.2 Interannual variation of average temperature form April to September in Yinchuan
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Fig.3 Interannual variation of the days which average temperature <20°C between July to August in Yinchuan
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Table 2 Change trend of the active accumulated temperature and the beginning day and the ending day of the average temperature =10°C in

east foot of Helan mountain

HiIX. Region HR T B I KT TN 2SR

4—9 HiERR Hifn#a$A (°C/10a) 123 81 92 150 119 189 156
Active accumulated temperature 1997 4F 2 Rij F- I FR L/ °C 3234 3244 3213 3184 3180 3136 3223
from April to September 1997 4E 2 J5 ¥ kL °C 3490 3457 3474 3519 3463 3508 3527
SAFTE B AR s (°C/10a) 161 103 131 192 153 241 206
Active accumulated temperature 1997 4F 2 Rij F 2 R/ C 3334 3354 3299 3279 3272 3229 3329
throughout the year 1997 2 J5 PR/ C 3670 3620 3655 3707 3642 3714 3730

1997 4FJ5 1k 3700°C 445/ a 8 6 7 10 6 11 11

w1 HEEREEA (d/10a) 2.9 2.9 1.6 3.2 2.6 2.6 3.5

ZHMEE Y (d/10a) 3.6 2.4 4.0 3.9 3.3 45 3.5
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Fig.4 Interannual variation of the active accumulated temperature in Yinchuan( a.throughout the year;b.from April to September)
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Table 3 The factors of the frost-free period in east foot of Helan mountain
Hi[X Region Hfe RE P I KT T il gk FAREE
=27 H W RIS :
FRAMEMEAIAR, (d/102) 3.9 3.9 33 6.2 25 7.0 6.0
Advanced trend of latest frost date
1997 4 Z R 2 ¥ 456 AL
4—24 4—17 4—21 4—21 4—19 4—23 4—24
Latest frost date before 1997
A= k2% A H H
1997 fF AR PR A 4—17 4—9 4—16  4—11 411 4—8 4—10
Latest frost date after 1997
) T HE oA .
PEMRHEBS (d/10) 3.8 2.7 45 3.9 5.8 3.7 3.9
Postponed trend of first frost date
1997 4F 2 HiBk Z=-F- 39 %) 48 H 9]
First frost date before 1997 10—9 10—15 10—8 10—14 10—10 10—13 10—11
1997 4£2 540 7 H
. @z}éﬂéﬂ; SR EH 10—15 10—17 10—17 10—19 10—20 10—18 10—19
First frost date after 1997
'?E', - R AR 4 1
SRR/ (4/102) 8.1 5.6 7.0 9.8 73 10.5 9.9
Change trend of frost-free period
B A A
1997 FEZ T AR d 167 180 170 175 175 175 171
Frost-free period before 1997
1997 4E 2 JE P TAE M/ d
182 192 1 191 1 194 1
Frost-free period after 1997 8 o 86 ? 93 o 93
> A ) HAEAL /.
1997 @;Ej‘;*a,ﬁ 180d VAL BAEAR/ a . " 6 . " . s s
Years of frost-free period longer than 180d after 1997
1997 £ 2 J M S Z fifi 2/ d
15 12 16 16 18 19 22
Difference of frost-free period after and before 1997
230 —— AN 180d —— 155d
- 220
= 210
2200
E 2 190
¥ 180
R&
< 170
g 160
=150
lgo Lt v v v v b 1
— o v [ (=)} — o v [ N — [aa] v [y (=) — o v
® ® ® ®wW ® & A A & & S O O O O = =
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44y Year
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Fig.5 Interannual variation of the frost-free period in Yinchuan
F4 HEZUFBERHWEFRNHEEBHIRESE
Table 4 The days of extremely low temperature and minimum temperature in winter in east foot of Helan mountain
HiIX. Region 2R B B I KT GRS ARG
-17°CL I H & d
1?5@?%’]‘1&@[:[%& ) 10.5 7.4 8.9 6.2 5.3 6.0 4.3
Average days the minimum temperature below —17°C
W AR S L Extreme minimum temperature/ °C -28.4 -28.2 -27.7 -27.7 -25.9 -25.0 -26.9
it E AR R #/(C/10a
BRI GR35/ (T 10a) 0.0 0.2 0.3 0.9 0.7 0.8 0.7
Increasing trend of extreme minimum temperature
1997 4F 2 J& i s e I AL Z T T/ °C
Difference of extreme minimum temperature after and -0.3 0.3 0.7 1.5 1.3 1.8 1.3
before 1997
20cm RJE-4C LT 24P HEUd
Average days the temperature below —4°C at a depth of 4.5 6.1 2.8 3.2 3.6 3.7 1.1
20 cm
1997 4FJ 20em WRE-4°C LT H BB Z Bk b/ d
Difference of days the temperature below —4°C at a depth -1.9 -33 -0.7 -1.7 -1.7 -0.5 -0.4

of 20 cm after and before 1997
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Fig.6 Interannual variation of the days(a) and the sustained days (b) which the minimum temperature below —17°C in Helan
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Fig.7 Interannual variation of the extreme minimum temperature in Huinong
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Fig.8 Frost days the and minimum temperature after the appropriate time in spring in Qingtongxia
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Table 5 The characteristics of cold air process above medium strength in Qingtongxia
2000 “=Hi[ Before the year of 2000 2000 FLLJG After the year of 2000
s EEEY FHEER RKHRR EEY TR RKHR
Cold air intonsit A/ % ige/e R/ C R/ C WA/ % R BRI/ C R/ C
Y Frequency Average Average Maximum Frequency Average Average Maximum
annual times cooling range cooling range annual times cooling range cooling range
H&E KL L
Moderate and above intensity 57.9 1.4 8.6 62.5 2.2 9.0
cold air 11.7 13.2
1445, Strong cold air 36.8 1.1 9.5 56.2 1.4 9.9
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