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Figure S1. Leaf area index simulations with and without frost damage for two winter wheat
growing season at US-ARM site.
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Figure S2. The original and modified winter wheat carbon allocation algorithms in CLM.

e

— e}

L o 7

o

©

b ©

s ° ]

§ < |

= o

£

[ N

> o o original
o _| — o modified
T T T T T T

0 50 100 150 200 250

days since planting

Figure S3. The original and modified vernalization factor



Table S1. The years for land surface variables to reach equilibrium at the nine sites.

Land surface Threshold | Years to reach equilibrium
variables US- | US- | US- | CAF- [ TXLU | KSMA | NESA | NDMA | ABLE
ARM | PON | CRT | CT

Total ecosystem 1 (gC m™) | 260 32 760 | 34 786 660 446 336 840

carbon

(TOTECOSYSC)

Total soil organic 1(gCm™) | 110 54 6 45 520 600 496 370 620

carbon

(TOTSOMC)

Total vegetation 1 (gC m™) | 240 156 137 | 4 6 6 31 31 26

carbon

(TOTVEGC)

Leaf area index 0.05 (m” 20 6 3 4 6 6 6 6 6

(TLAI) m?)

Gross primary 1(gCm?) |30 26 12 30 6 6 6 6 6

production (GPP)

Total water storage | 1 (mm) 40 10 15 301 56 6 341 160 440

(TWS)

Latent heat flux 0.I(Wm | 30 8 5 6 31 6 16 31 26

(EFLX_LH TOT) |?

Sensible heat flux 0.I(Wm | 30 8 3 10 31 6 11 6 26

(FSH) )

Winter wheat yield | 0. 11 (bu 30 6 4 4 6 6 11 6 6
ac)

Table S2. Comparison of leaf area index (m*/m?), leaf dry weight (ton/ha), stem dry weight

(ton/ha), and grain dry weight (ton/ha) at the seven site-year. Note: Bias, mean difference

between simulation and model; IOA, index of agreement; r, Pearson’s correlation coefficient;

RMSE, root mean square error. The shaded columns are the modified winter wheat model, while

the unshaded columns are the original winter wheat model.

TXLU-1985 | TXLU-1986 | KSMA-1985 NESA-1985 NESA-1986 NDMA-1986 | ABLE-1986

Bias 0.77 | -0.54 | 0.90 | -0.87 | -0.20 | -1.36 1.95 -0.87 | 223 | -0.56 1.35 | -1.05 1.99 | -0.55
%\ 10A 0.64 | 0.52 | 0.64 | 0.51 0.60 | 046 | 033 0.46 0.33 0.49 0.57 0.48 0.37 0.50
N\E, r 0.72 | 0.63 | 0.50 | 0.50 | 054 | 0.20 | 0.06 0.21 0.04 0.43 0.54 | 0.87 0.11 0.61
3 RMSE | 094 | 0.71 | 1.22 | 1.24 1.05 1.81 2.15 1.06 | 2.39 0.83 1.70 1.34 | 215 0.92
-~ Bias 0.01 | -0.46 | -0.30 | -0.93 | -0.41 | -0.82 0.01 -1.00 0.61 | -0.39 0.26 | -0.60 | 048 | -0.43
E‘) g 10A 092 | 048 | 048 | 0.46 0.52 044 | 0.19 0.42 0.54 0.49 0.72 0.48 0.47 0.49
toz é r 0.86 | 0.64 | 045 | 045 0.64 | 0.07 | -0.01 0.56 0.46 0.48 0.56 | 0.83 0.29 0.73
= RMSE | 0.17 | 0.56 | 0.87 | 1.29 0.68 1.05 0.80 1.24 0.74 0.60 | 0.48 0.73 0.65 0.61

Bias 0.83 | -1.03 | 2.19 | -1.90 | -1.28 | -3.72 | 2.18 -2.87 | 213 | -1.76 1.89 | -2.11 393 | -2.37
E ED' 10A 0.60 | 0.38 | 0.33 | 0.36 0.72 0.47 0.57 0.39 0.57 0.52 0.76 | 050 | 0.18 0.33
w8 r 0.50 | -0.38 | 0.14 | 0.06 0.73 | -0.32 0.60 -0.65 0.66 0.51 0.92 0.37 | -0.05 0.50




RMSE | 133 | 135 | 285 | 214 | 3.25 5.57 3.15 3.33 294 | 225 2.69 | 275 4.65 2.45
- Bias -0.63 | -0.48 | -0.31 | -0.52 | -0.55 | -0.35 | -1.16 -1.34 | -1.11 | -1.09 | -1.06 | -1.31 | -1.04 | -1.74
%g 10A 0.52 | 030 | 0.63 | 0.51 0.52 0.31 0.58 0.41 0.65 0.55 0.57 0.43 0.70 0.45
_% é r 0.55 | -0.57 | 037 | 0.23 0.99 | -0.21 0.86 -0.60 0.88 0.53 0.98 | -0.02 0.78 | -0.07
s
o RMSE | 091 | 1.04 | 0.86 | 0.97 1.10 1.31 1.54 1.95 1.69 1.93 1.90 | 2.43 1.33 2.16

Table S3. Statistical comparison of leaf area index (LAI, m*/m?) between observations and

simulations at US-ARM and US-PON sites.

LAI (m%/m?)
Bias I0A r RMSE
WHE | BASE | WHE | BASE | WHE | BASE | WHE | BASE
US-ARM | 026 | 099 | 0.85 0.5 076 | 072 | 071 1.29
US-PON 117 | -143 | 079 | 05 078 | 073 | 1.65 | 2.05

Note: Bias, mean difference between simulation and model; IOA, index of agreement (Willmott

et al., 1985); r, Pearson’s correlation coefficient; RMSE, root mean square error. The WHE

columns are the modified winter wheat model, while the BASE columns are the original winter
wheat model.

Table S4 Seasonal comparison of net radiation (W.m™), latent heat flux (W.m™), sensible heat
flux (W.m™), and net ecosystem exchange (umol.m™.s™") between observations and simulations
across the four sites.

Net radiation (W.m>) Latent heat flux (W.m?) Sensible heat flux (W.m?) NEE (umol.m™.s™)
Bias RMSE Bias RMSE Bias RMSE Bias RMSE
US-ARM
ALL -1.47 4.6 471 7.95 4.83 277  9.64 12.67 -7.16 -1.77 11.19 13.72 1.92 236 221 2.7
DJF -4.94  -12.81 4.96 13.26 -2.87 -1.32 298 5.8 -7.08 -12.91 7.58  13.46 1.44 1.66 1.44 1.66
MAM 2.24 -2.17  3.87 3.71 -0.53 -13.62 747 14.54 2.19 7.61 8.17 122 098 419 178 442
JJA -1.33 -1 6.14 6.47 11.84 1392 12.14 142  -1393 -15.12 1598 16.89 2.72 147 2.78 1.5
SON -1.86 -24 338 4.64 10.87 12.09 12.63 14 -9.82  -10.65 11.03 11.74 254 2.13 255 2.14
US-PON
ALL 9.4 -17.44 16.1 23.67 3.27 -5.5 24.08 28.88 -7.84 -7.94  21.69 2251
DJF -2535  -37.97 26.59  39.88 -15.98 -19.95  16.58 21.36 -4.6  -13.39 9.09 15.78
MAM -0.68 -16.22  8.67 18.4 -9.18 -3498 10.55 35.86 11.34 16.96 1243  20.89
JJA 3.52 1.39 3.83 3.44 4099 37.46 4379 3941 -38.66 -35.71 40.45  36.47
SON -15.09 -16.97 15.48 17.33 -2.77 -4.55 394 643 0.56 0.37 2.85 3.44
US-CRT
ALL -10.54  -17.43 17.66  21.33  -20.75 -24.18 23.82 3249  23.28 19.86  29.03 28.1 197 265 288 44
DJF 4.77 -4.94 483 7.82 -11.68 -14.07 11.72 14.11 27.79 2199 2781 2255 0.74 075 1.09 1.05
MAM -5.75  -18.83  7.46 194 -21.43 -34.81 24.61 3834 3337 31.07 3922 4022 3.06 59 457 1752
JJA -27.09 -31.46 29.67  32.05 -28.34 -33.56  32.24 40.83 9.66 11.01 23.11  24.92 1.61 1.7 1.67 3.67
SON -14.09 -14.48 16.97 18.82  -21.55 -1427 221 29.76 223 1534 2292 2032 247 226 288 254
CAF-CT
ALL -1.33 -9.53  13.28 13.43 -20.9 -20.33  25.74 24.83 10.83 1.45  29.08 16 -024 -026 032 0.31
DJF -15.47  -17.24 1643 18.28 -17.01 -17.48 172 17.68 -4.32 -4.68 7.49 7.62 206 421 271 513




MAM 7.27 -5.25  13.96 13.83 -2991 -34.15  31.13 34.6 17.44 4.73 34.63  24.68 2.67 3.17  3.75 4.03
JJA 7.52 -10.84 14.13 12.33  -28.51 -23.2 3548 28.8 33.59 9.7 45.89 17.98 1.17 1.18 1.3 126
SON -4.64 -4.79 6.4 6.6 -8.17 -6.5 1126 11.26 -34 -3.97 4.67 5.8 1.42 2.08 241 332




