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Text S1. Brief introduction on three existing process-based models
In this study, we compared our revised phenological model (TPForc model) with three commonly-
used one-phase models, namely, the UniForc model, the Photothermal model and the M1 model. These
three models share a common framework. Specifically, the basic hypothesis is that the bud growth
state (Sy) in a specific date is the accumulation of daily growth rate (Rf) from the start date (Dsar) to
the date. When the growth state (Sr) reaches the critical value (F*) on date Ds (day of year), the spring
phenology (leaf unfolding/flowering) will occur [Eq. (1)].

Sf = B2 pgare Rr (T) = F* (1)

t=Dstart

where Dyir was optimized as a fixed date after the 1% January or the previous winter solstice. The
differences among these models are the different drivers of bud growth rate. Details are as follows.

In UniForc model, the daily growth rate (Ry) is calculated as a sigmoid function of daily mean air
temperature (77) (Eq.2).

1
Ry (T,) = 1+efalt—Tb) 2)

where f, and f; are free parameters with f; < 0 and f» > 0. Therefore, the UniForc model contains four
fitted parameters: Dy, f, fo and F. Dyiare Was optimized as a fixed date after the 1% January.

In Photothermal model, the daily growth rate is determined by the mean air temperature (77) and
the daylength (DL) (Eq.3).

DL

where T} is the base temperature for bud growth. Therefore, the Photothermal model contains three
fitted parameters: Dy, T and F.

In M1 model, the daily growth rate (Rf) is calculated as a sigmoid function of daily mean air
temperature (77) and daylength (DL) (Eq.5).

K
Ry (T,) = max(0, T, — Ty) x (=) (5)

where T} is the base temperature for bud growth. Therefore, M1 model contains four fitted parameters:
Ditare, T, kand F”.

To compare with our revised model, we optimized the Dyrr in Photothermal and M1 models as a
fixed date after the previous winter solstice.



Table S1. Statistics on the optimum model types and performances for each time series. Climatic
zones I, II, III, IV, V and VI denote middle temperate zone, warm temperate zone, north subtropical
zone, middle subtropical zone, south subtropical zone and north tropical zone, respectively.

Shortest Longest

RMSE VRMSE
Phenology event ~ Site ID  daylength  daylength  Species name  Optimum model  Climatic zone NSE r
(days) (days)
(hours) (hours)

Leaf unfolding 50639 8.4 16 U. pumila TPForcp | 4.8 047 0.7 5.6
Leaf unfolding 50844 8.6 15.8 U. pumila TPForct | 2.6 064 081 2.8
Leaf unfolding 50936 8.7 15.7 U. pumila TPForct | 3 0.78 0.89 3.2
Leaf unfolding 54064 8.8 15.5 U. pumila TPForcp | 3 054 0.74 3.1
Leaf unfolding 54186 9 15.4 U. pumila TPForct | 3.6 042 0.69 51
Leaf unfolding 54266 9.1 15.3 U. pumila TPForcp | 3 0.72 085 44
Leaf unfolding 54273 9 15.4 U. pumila TPForcp | 4.6 037 061 5.9
Leaf unfolding 54333 9.1 15.2 U. pumila TPForcp | 74 022 048 8.7
Leaf unfolding 54353 9.1 15.2 U. pumila TPForct | 4.9 0.46 0.68 5.2
Leaf unfolding 52895 9.7 14.7 U. pumila TPForct 1 3.6 066 081 5.7
Leaf unfolding 53646 9.5 14.8 U. pumila TPForcp 1 3.6 0.23 0.6 4.5
Leaf unfolding 53754 9.6 14.8 U. pumila TPForcp 1 4.8 057 0.76 6.8
Leaf unfolding 53817 9.7 14.6 U. pumila TPForcp 1 4.5 062 0.79 5.8
Leaf unfolding 53845 9.7 14.7 U. pumila TPForcp 1 6 053 0.73 55
Leaf unfolding 53986 9.8 14.5 U. pumila TPForcp 1 49 0.22 047 5.5
Leaf unfolding 54324 9.2 15.2 U. pumila TPForcp 1 3.2 0.67 0.82 3.6
Leaf unfolding 54326 9.2 15.2 U. pumila TPForcp 1 75 0.44 0.69 7.7
Leaf unfolding 54405 9.3 15.1 U. pumila TPForct 1 2.2 06 0.78 3.4
Leaf unfolding 54518 9.4 14.9 U. pumila TPForcp 1 1.9 049 071 3.3
Leaf unfolding 54525 9.4 15 U. pumila TPForcp 1 2.7 05 071 4.4
Leaf unfolding 56093 9.8 14.5 U. pumila TPForcp 1 4.3 0.38 0.62 3.8
Leaf unfolding 58005 9.8 14.5 U. pumila TPForcp 1 4.1 069 084 6.3
Leaf unfolding 57178 10 14.3 U. pumila TPForcp 11 55 0.23 049 5.8
Leaf unfolding 57245 10 14.3 U. pumila TPForcp 11 1.9 0.67 081 29
Leaf unfolding 57251 10 14.3 U. pumila TPForcp 11 75 0.19 047 10.4
Leaf unfolding 57297 10 14.3 U. pumila TPForcp 11 4.6 0.76 0.88 55
Leaf unfolding 57482 10.1 14.2 U. pumila TPForcp 11 6.4 001 0.22 6.8
Leaf unfolding 58203 10 14.3 U. pumila TPForcp 11 4.7 048 0.7 53
Leaf unfolding 50353 7.8 16.7 S. matsudana TPForct | 1.6 0.63 0.85 1.6
Leaf unfolding 50639 8.4 16 S. matsudana TPForcp | 3 058 0.74 3.7
Leaf unfolding 50873 85 15.9 S. matsudana TPForct | 6.6 046 0.75 7.3
Leaf unfolding 50888 8.6 15.8 S. matsudana TPForct | 5.6 0.47 0.69 9.6
Leaf unfolding 50936 8.7 15.7 S. matsudana TPForct | 5.8 044 07 10.3
Leaf unfolding 50949 8.7 15.6 S. matsudana TPForcp | 39 058 0.75 49
Leaf unfolding 50953 8.7 15.7 S. matsudana TPForcp | 5.8 011 034 6.6
Leaf unfolding 50983 8.7 15.7 S. matsudana TPForcp | 4.7 053 0.72 5.3
Leaf unfolding 54266 9.1 15.3 S. matsudana TPForct | 2.1 086 0.92 5.1
Leaf unfolding 54273 9 15.4 S. matsudana TPForct | 4.1 0.79 0.89 74
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Flowering 59663 10.8 135 B. ceiba TPForcp \% 6.3 0.28 0.53 5.2
Flowering 59849 11 133 B. ceiba TPForcp VI 7.8 0.12 0.36 7.6




