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Phenology and Minimum Temperature as Dual Determinants
of Late Frost Risk at Vineyards
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ABSTRACT

An accurate prediction of budburst in grapevines is indispensable for vineyard frost warning system
operations in spring because cold tolerance depends heavily on phenology. However, existing frost
warning systems utilize only daily minimum temperature forecasts since there is no way to estimate
the site-specific phenology of grapevines. A budburst estimation model based on thermal time was
used to project budburst dates of two grapevine cultivars (Kyoho and Campbell Early), and advisories
were issued depending on phenology as well as temperature. A “warning” is issued if two conditions
are met: the forecasted daily minimum temperature falls below -1.5°C and the estimated phenology is
within the budburst period. A “watch” is issued for a temperature range of -1.5 to +1.5°C with the
same phenology condition. Validation experiments were done at 8 vineyards in Anseong in spring
2005, and the results showed a good agreement with the observations. This method was applied to the
climatological normal year (1971-2000) to determine sites with high frost risk at a 30 m grid cell
resolution. Among 608,585 grid cells constituting Anseong, 1,059 cells were identified as high risk for
growing Kyoho and 2,788 cells for Campbell Early.
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ATFHIAAR] B7E L EEO ARZA
Ay B3EE?] AB(Kyoho)yS HIES}Y Campbell
Early, Muscat Baily A 5 U8 FE58 Auisie
ATh 20043 49 24259 T F o] A|ellx] o}
7HARE =99 Ere] FARE FEE AT A
7t HuE I oS F4H0E vF 10
km o} 7N ZHeE A8l 2005 3¢9 319FE 6
A 297k QAPEY +0.5°C8 2A LAR Nu|AH
(Model HOBO HS8 Pro, Onset Computer Corporation,
USA)E T3 790l dX3lar 1089 718 &
et o Ao AXHEE ARSHA Model
GeoExplorer 11l %! Pathfinder 2.80, Trimble Inc.,
USA)E S43laL 7lE=@1A Erlx)e] Ao
FHsl HEet YRFEE QUK Table 1, Fig. 1).

7VERNA Al Fehe B 71ARERE UldR]|
o] FAPREES LIRS AAY HApITR
(Yun, 2004)Z A3}7] leirte 33515 (watershed)
9] 41 = 23 (Digital Elevation Model, DEM)®]
st Al A AEE 8407 RS
FEHHAEZ(Hydrologic Unit: HU) & 7371% o4
AHE BF I FREEAEE 7, HEs
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22. Y F, FX7Re £H « MET HE
AL S gAshs VELe 4 FA7|L0lH,
IBIMET R0l 9j3)] Ex9] @olAal71E F33517] 9

Table 1. Location, topography and cold-air accumulation of
8 temperature measurement sites in Anseong

Station Id Longitude Latitude Altitude Cold-Air.
(DD)* (DD)* (m)  Accumulation
Vineyard 127.1245 36.0121 45 12
Site 1 127.1421 36.5614 42 511
Site 2 127.1430  37.0159 61 5
Site 3 127.1521 37.0155 78 1
Site 4 127.1128 37.0013 49 1
Site 5 127.1047  36.5937 42 92
Site 6 127.1245  36.5935 45 84
Site 7 127.0959 36.5928 41 477

*decimal degree



30 Korean Journal of Agricultural and Forest Meteorology, Vol. 8, No. 1

| SupoN fCHON
i uwon Youngin_ ®
- - Youngin - fehon ’

Hwasund?sén

'Site@tea

”  Pyungtaek ’ ,.":‘\nseong

N - . &S
-

Site4
* -

X

Site7- ;

[ g’ *;'4 .
ite5 Site6

Asan A%NChenz&\ )

* Site
Elevation (m)
0-30
. '30-60
360 - 90
£2190 - 120
m120 - 150
> 150

,,,,,,

Kilometers

Fig. 1. Location map of study sites in Anseong, where
grapevine phenology and air temperature were observed in
spring 2005. i
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Fig. 2. Hydrologic Units (with numbers) constituting Anseong
area (a shaded portion) superimposed over the digital elevation
model. The digital elevation model grids defined by
corresponding Hydrologic Units are used to calculate the
topographic potential for cold-air accumulation, which is
necessary for estimating daily minimum temperature.
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Table 2. Formulae to calculate chill days for the five cases that relate daily maximum (7x) and minimum (7n) temperature to
the threshold temperature (7¢) and 0°C, where is the mean daily temperature (from Cesaraccio er al., 2004)

Number Temperature Chill Days Anti-Chill Days

1 0<Te=Tn<TIx Cd=0 Ca=Tm-Tc

2 0<Th<Te<Tx C#*[(Tm—Tn)—%Q} Ca~ Tx; Tc
3 0=Tm=<Ix=T Cd=~(Tm—Tn) Ca=0
Tx )(T x) _
< =_| ix =
4 In<0<Tx < Tc Cd= (Tx«Tn 5 Ca=0

- [ Tx )(Tx) (Tx—Tc) Tx-Tc

5 Tn<0<Te<Tx Ca= [(Tx 555 =BT
Cd: Chill-days

Ca: Anti-chill days

Tx: Daily maximum temperature
Th: Daily minimum temperature
Te: Threshold temperature

Tm: Daily mean temperature

a9z 74140}04 AA7Ne-S BASR= Aol 7 & E LEAZRIF)S o5 goz 248 A7
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Th(Table 1, Fig. 2). o158 sivk(Fig. 3, Table 2). 71 23} FRSIA
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=g < Alkstal olF AlEFAge] ASTNE nlwstd
o} gl g HrEe Qs V18] XE wiY

2.3. WotoHst oMl £ ¥ Mz HE 01] & FEY7I1EDT4, 19900 28] sid7kset 5
IBIMET 28-S ¥% #%5 A%, Campbell Early  F59 /N3A-& 43100k 4). o] 2jolA] Alatd

o] Fgsly] 98 "ag B = Fuo] Bolrle DS #o] 1000 =EEbE gdolt),
PARE(CIE2= ) FHsiAle] Hast Ao, .

wole]] P QF 7287k o]u] Kwon ef al{2003) DVS=""DVRi C))
of 93 HaFeH, FEA AREE F B i=1

T 8°CR FUsh, FasiAlel dast Aaw where

(Rey2 A% -159, Campbell Early -155°]c}. F3) DVR[_:( 1 )X 100 for Kvoho
A F gobA Heke Ak LEAD F DLRTY [575-55T ’

(RhB)YS A&gafa) Wkt t=o2 Ay +159,

. 1
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Fig. 3. Concept of the two step phenological model for predicting flowering date in temperate zone deciduous trees. Floral
buds must be exposed sequentially to long enough periods of chilling temperature (Re) and heating temperature (RhB, RhF) for

budburst and subsequent flowering.
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