SUPPLEMENTARY DATA

Costafreda-Aumedes, S., Leolini, L., Menz, C., Yang, C., Argenti, G., Dibari, C., ... Moriondo, M. (2025). Uncertainties in predicting the future
medium-term occurrence of grapevine sprouting in Europe: the role of phenological models and climate scenarios. OENO One, 59(2).
https://doi.org/10.20870/0eno-one.2025.59.2.8056

SUPPLEMENTARY DATA

iVES etz

Table S1. Number of RCMs of each GCM used in the study for the baseline (1976 — 2005) and
the RCPs 2.6 and 4.5 (near-future, 2026 — 2055).

GCM Acronym Baseline RCP2.6 RCP4.5 TOTAL
CNRM-CERFACS-CNRM-CM5 CNRM 2 2 4
ICHEC-EC-EARTH ICHEC 6 5 16
MIROC-MIROCS MIROCS 2 2 4
MOHC-HadGEM2-ES MOHC 4 3 3 10
MPI-M-MPI-ESM-IR MPILR 5 5 4 14
NCC-NorESM1-M NorESM1 2 1 1 4
IPSL-IPSL.CM5A-IR IPSLIR 1 1 2
NOAA-GFDL-GFDL-ESM2G NOAA 1 1 2
IPSL-IPSL-CM5A-MR IPSLMR 2 2 4
TOTAL 25 18 17 60

Table S2. Percentage (%) grid points in which budbreak date was not simulated by 20% or more
of the cases by a phenological model for the baseline (1976 — 2005) and the near-future (2026 —
2055) summarized from Figure 2.

Variety | FCF F CF |GDD UNIFORC WANG BRIN UNICHILL UNIFIED
CH 69 37 6.9 3.5 2.6 3.7 4.5 2.8 6.2
CS 13.6 52 13.6 5 4.9 2.9 4.5 0.9 13.2
“w GE 10.5 5.6 8.9 5.6 3.5 4.1 4.5 7.1 6.8
§ GR 7.6 3.3 7.6 3.2 3.0 2.2 4.2 6.0 2.0
§ PG 132 59 110 | 59 4.4 4.2 4.0 7.9 6.2
- RI 350 58 336 | 538 4.0 4.3 5.1 32.8 114
TF 100 58 100 | 4.9 5.2 5.8 6.3 9.6 3.9
™ 137 58 13.7 | 5.8 4.9 5.4 7.7 6.3 134
CH 29 29 1.8 1.7 1.0 1.8 2.4 1.5 1.7
CS 89 89 24 2.3 2.3 1.1 2.4 0.3 8.3
© GE 104 9.2 3.3 3.3 1.6 2.1 4.0 7.8 7.6
§ GR 73 7.3 1.4 1.3 1.3 0.8 2.2 6.4 0.5
§ PG 13.8 11.8 3.5 3.5 2.3 2.1 3.8 10.8 5.0
o RI 33.6 322 33 3.3 2.0 2.2 5.1 31.3 11.9
TF 53 53 2.9 2.2 2.5 2.9 3.5 4.7 1.6
™ 84 84 29 2.9 2.4 2.6 4.4 3.1 7.9
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Table S3. Average and standard deviation (within brackets) in the percentage of the uncertainties
for PHE, GCM, RCM, RCP and their first order interactions (varl:var2) by grape variety and
period (baseline = 1976-2005, near-future = 2026-2055) for both phenological model types
separately (Forcing and Chilling-Forcing). RES are the average residuals of each grid-point
ANOVA and Ncases are the average number of cases (30-year periods of the available RCMs) in
which the budbreak is simulated. The abbreviations of the varieties are in Table 1.

£ £ £ 5] 5] =

CH 52083148 82.1(23.3) 107(156) 4.1(5.8) . 05(0.6) 04(07) ; 2.1(2.9) ; ; 0.1(0.3)

CS 1679.7(1758.3) 93.0(10.1] 3.6(63  1.3(1.8) . 08(1.0] 0509 ; 0.6(1.1) . . 0.2 (0.6)

GE 4339 (713.4) 73.8(205) 13.5(104) 7.0(8.6) . 0808 0709 ; 3.8(4.7) . . 0.3(0.7)

& R 10632(8768) 900(13.6) 5485  2.1(3.0) . 0811 06(1.0) ; 0.9(1.6) . . 0.2(0.5)

g PG 530.8 (714.9) 78.6(22.1) 10.4(10.9 5.9 (8.4) . 09(1.0) 08(1.0) ; 3.1 (4.3) . . 0.4(0.6)

T w366l (570.0)  75.9(20.5 12.1(10.1] 6.6 (8.3) . 0809 0709 ; 3.5 (4.4) . . 0.3(0.7)

T 667.8(417.7) 91.8(7.9) 4749  18(2.1) . 0405 03(0.5) ; 10(1.3) . . 0.1(0.4)

o TN  6702(471.4) 888(129 62(72) 27 (4.0) . 0405 03(0.5) ; 1.3(2.0) . . 0.1(0.4)
$ CH 1609.4(8402) 36.9(227) 38.8(17.4) 143(7.2) 2.1(26) 03(0.3) 02(02) <0.1(<0.1) 2.8(1.9 23(3.3) 1.8(1.9) 0.4(0.4)
CS  2994.2(2239.5] 55.5(27.4) 26.4(17.5) 9.9(7.8) 13(1.7) 1.6(1.4) 08(0.8) 0.1(0.1) 1.8(1.6 1.1{1.4 0809 0.8 0.6

GE 14842 (1162.8) 27.0(25.7) 412(16.6) 20.4(117) 2.0(2.2) 08(07) 0.4(03) <0.1(<0.1) 37(2.6 20(2.1) 2.0(1.8 0.6(0.4)

8GR 22650(1311.0) 48.1(27.8) 31.7(18.8 11.4(80) 1.6(21) 1.2(1.0) 06(0.6 0.1(0.1) 22(17) 1520 11012 06(0.6)

g PG 1609.4(1183.7) 33.5(25.4) 37.1(16.9) 18.5(10.4) 1.8(2.0] 0.9(09) 04(0.4) <0.1(<0.1) 3.4(2.4) 1.9(2.1) 1.8(1.5 0.6(0.4)

- Rl 14569 (1051.1) 28.5(25.0) 403(167) 20(11.1] 19(20) 07(07) 0.4(03) <0.1(<0.1) 3725 20(22 20(1.7) 0.6(0.4)

TE 17531 (817.1) 44.8(20.9) 33.9(15.4) 13.1(7.3) 17(2.0] 06(0.5) 03(0.2) <0.1(<0.1) 23(1.6) 17(2.2) 12(1.2 0.4(0.4)

TN 17632 (880.5) 437 (23.8) 350(17.8) 13.0(7.2) 17(20) 05(0.5) 02(02) <0.1(<0.1) 2.4(1.6 1.8(25 1.3(1.4 0.4(0.4)

CH 927.1(1277.8) 91.1(59) 4937  18(1.9 . 06(07) 0404 ; 1.01(0.9) ; ; 02(0.3)

CS 2085.4 (4142.0) 90.3(14.0] 4.6(67) 1.9 (4.1) . 10(1.3) 0.9(1.1) ; 101(1.8) . . 0.3 (0.4)

GE  1461.8 (4860.0) 69.1(27.8) 17.6(17.7) 6.5 (8.0) . 1312.1) 09(1.3) ; 41 (4.7) . . 0.4(1.0)

& R 18485(13589) 96149 1827 07(12) . 03(0.6 02(0.3) ; 0.3(0.5) . . 0.1(0.2)

g PG 1098.6 (3742.8) 73.2(23.0 15.1(14.0] 5.7 (6.4) . 1.1(1.3) 0.8(0.9) ; 37(4.8) . . 0.4(0.8)

" R 488 (667.9)  75.4(23.3) 12.9(13.6] 4.2 (4.5) . 2337 14019 ; 3.0(2.9) . . 0.8(1.9)

TE 1183.4 (6839 96.2(22) 20(13) 08(0.8) . 03(04) 020.3) ; 0.4 (0.4) . . 0.1(0.2)

g TN 1787.9(1929.2) 97.1(1.5) 13(07)  0.5(0.4) . 04(04) 03(0.3) ; 0.31(0.2) . . 0.1(0.2)
;%_’ CH 2113.2(2208.8) 43.6(23.3) 31.8(13.9) 15.3(10.1) 1.5(1.8) 0.7(0.5) 0.5(0.6) <0.1(<0.1) 2.9(2.4) 1.5(1.8) 1.6(1.4) 0.5(0.3)
g CS  2853.4(3830.0] 489 (26.8) 27.5(15.8) 13.2(9.4) 13(1.7) 1.8(1.8) 1.0(0.6 0.1(0.1) 2723 1625 1.1(1.3 0907
GE  2371.0(5286.4) 32.7 (33.5) 365(21.0) 19.1(12) 1.8(22 13(1.5 07(08) 0.1(0.1) 3.6(27 1.4(1.3) 2.1(20 07(0.5

8GR 31884(20707) 71.0(121) 15965 75047 08(1.0) 08(1.3) 04(0.3) <0.1(0.1) 15(1.3) 0.8(14 10(1.1) 04(0.6)

g PG 1605.2(3036.2) 31.5(30.7) 37.5(19.6) 19.2(11.4) 1.8(2.0] 1.1(1.3) 07(0.9) 0.1(0.1) 3627 1.6(1.5 22(1.8 07(0.5)

RI 1137.4(858.4) 33.6(27.2) 35.3(18.1) 18.5(10.6) 1.6(2.0) 1.7(1.5 09(0.9) 0.1(0.1) 3.4(2.4 1.8(1.5 2.1(1.8) 1.0(0.8)
TP 2312.0(1283.2) 60.5(11.5 22.5(8.0) 10.6(5.9) 1.0(1.1) 07(0.8) 03(0.3) <0.1(0.1) 2.0(1.4 1.1(1.4) 1.0(1.1) 0.4(0.3)

TN 3517.6 (3660.9) 66.3(12.9) 19.8(8.4 8.6(5.5 1.0(07) 07(0.4 0.4(0.3) 0.1(<0.1) 1.6(1.2) 07(0.8) 05(07) 0.3(0.2)
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Figure S1. Spatial distribution of the uncertainty (%) from the first order interactions (var!:var2)
between PHE, GCM, RCM and RCP and the residuals of the ANOVA across Europe for the future
period (2026-2055). Dark regions evidence the grid points in which budbreak date was not
simulated by 20% or more of the cases by a phenological model.
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Figure S2. Comparison between different temperature trends (Red line — Tmean trend warmer
year; Blue line — Tmean trend cooler year) and budbreak occurrence (Red bar — earlier observed
budbreak; Blue bar — later observed budbreak) observed from 1 September to the latest observed
budbreak occurrence for all varieties and years. For the information regarding the observed
datasets, please refer to Table 1, Leolini et al. (2020).



