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Comparison of the simulation effect of different growing degree-days
calculating methods on crop development processes
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Abstract To explore the impact of methods of calculating growing degree-day on simulation effect of crop development
processes, the data from 1989 to 2011 of the 3 developmental phases of Miyun winter wheat including reviving-jointing,
jointing-heading and heading-maturity, were analyzed. The active and effective growing degree-days (GDD) were
calculated by adapting six calculating methods based on three linear (Linear A, B and C) growth assumptions on single
cultivar Jingdong 8 or all cultivars. The stability of coefficient of variation (CV) and simulation deviation (SD) of
development days (DD) model and GDD models were analyzed. Results showed that: Simulation effects of GDD models
for different developmental phases were excellent compared with DD model; Simulation effect of single cultivar was
better than that of all cultivars; The model efficiency (ME) , Root-mean-square error (RMSE) and Normalized RMSE
(NRMSE) of DD model and GDD models were compared. Results showed that: Simulation effects of 6 GDD models are
all excellent compared with DD model; Simulation effect of single cultivar was better than that of all cultivars; Simulation effect
of active GDD was better than that of effective GDD for same linear growth assumptions; Simulation effect of developmental
process was significantly improved by linear B than that of linear A and C among three linear growth assumptions.
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Fig.1 Three assumption of response of rate of growth and development to temperature
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Table 1 Coefficient of variation,absolute bias and relative error of developmental days among models
B iR Ot 4 8 5 A3 G I T A SR Sy 5 4O
Single cultivar (Jingdong 8) All cultivars as an integrated unit
RHE W
Developmental  F I /d o EEW RN/ e EEW
phase Average 1 oy L0 sgsyy  Averase HE 20 Y A "
developmental ~ Model i 22 /d developmental ~ Model i 22 /d

days eV SD K days v SD RE

DD 10. 36 3.5 8.71 DD 11.56 3.5 8. 84

AA 11.72 2.3 5. 80 AA 11.77 2.4 6.07

RE-RTT AE 15.10 2.7 6.79 AE 14. 80 2.7 6.76
Reviving to 40. 2 BA 11.72 2.3 5. 80 39.6 BA 11.77 2.4 6.07
jointing BE 15. 10 2.7 6.79 BE 14. 80 2.7 6.76
CA 11.72 2.3 5. 80 CA 11.77 2.4 6.07

CE 15.10 2.7 6.79 CE 14. 80 2.7 6.76

DD 17.18 2.3 11. 86 DD 15. 80 2.4 12.06

AA 15. 30 1.9 9. 64 AA 14. 45 2.0 9.79

R -l il AE 15. 81 1.8 9.48 AE 15.91 2.1 10. 69
Jointing to 19.4 BA 15. 30 1.9 9. 64 19.9 BA 14. 45 2.0 9.79
heading BE 15. 81 1.8 9.48 BE 15.91 2.1 10. 69
CA 15.30 1.9 9. 64 CA 14.45 2.0 9.79

CE 15. 81 1.8 9.48 CE 15.91 2.1 10. 69

DD 9.72 2.5 7.04 DD 8.90 2.5 6.79

AA 7.25 1.7 4.81 AA 7.10 1.6 4.29

i A Bl 2R AE 6.77 1.3 3.72 AE 8. 00 1.6 4.46
Heading to 35.5 BA 6.76 1.6 4. 60 36. 8 BA 6. 88 1.5 4. 14
maturity BE 6.11 1.2 3.43 BE 7.73 1.6 4.27
CA 7.24 1.7 4. 81 CA 7.09 1.6 4.28

CE 6. 74 1.3 3.71 CE 7.99 1.6 4.46
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Table 2 Comparison of CV of variables and SE of model among six models for three phases

H— @A (4 89)

Single cultivar (Jingdong 8)

NGy bRl I 7 A b R AR 2 44O

All cultivars as an integrated unit

RH B ARTR i
Developmental phase  GDD model oy gragore pyoriinss 11— fedyirkling  BURME  BUBARCR B
ME RMSE NRMSE GDD model ME RMSE
AA 0.47 2.90 0.07 0.57 2.92 0.07
AE 0.31 3.32 0.08 0.50 3.18 0.08
R BA 0.47 2.90 0.07 0.57 2.92 0.08
Reviving to jointing BE 0. 31 3.32 0.08 0. 50 3.18 0.08
CA 0.47 2. 90 0.07 0.57 2.92 0.08
CE 0.31 3.32 0.08 0.50 3.18 0.08
AA 0.38 2.51 0.13 0.34 2.50 0.13
AE 0.49 2.29 0.12 0.34 2.51 0.13
P -l el BA 0.38 2.51 0.13 0.34 2.50 0.13
Jointing to heading BE 0.49 2.29 0.12 0. 34 2.51 0.13
CA 0.38 2.51 0.13 0.34 2.50 0.13
CE 0.49 2.29 0.12 0.34 2.51 0.13
AA 0.61 2.07 0.06 0. 50 2.27 0.06
AE 0.72 1.74 0.05 0. 44 2.39 0.07
il - A B BA 0. 66 1.94 0.05 0.53 2.20 0.06
Heading to maturity BE 0.78 1.57 0. 04 0.47 2.32 0. 06
CA 0.61 2.07 0.06 0.50 2.27 0.06
CE 0.73 1.74 0.05 0. 44 2.39 0. 06
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