Mapping the race between crop's phenology and climate risks; a case-study for wheat in France under climate change conditions.
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Figure S1. Normalization functions: (a) Modified exponential (shown here with the specific coefficients applied for the indicator of the number of days with very cold temperatures leading to mortality between emergence and ear 1 cm stages), (b) Inverse sigmoid (shown here with the specific coefficients applied for the indicator of heat days damaging grain filling between anthesis and grain maturity), (c) Sigmoid (shown here with the specific coefficients applied for the indicator of vernalizing days between emergence and ear 1 cm stages)
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Sigmoid function:


Modified exponential function:




Figure S2: Simulated vs. observed dates of phenological stages ear 1 cm (green dots), flag leaf (orange dots) and anthesis (purple dots). Each point represents a site x year observation from the EPIPHYT database (https://data.pheno.fr/). Black continue line represents the 1:1 relationship.
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Figure S3: Historical (1991-2020), near (2041-2070) and far (2071-2100) futures’ distribution of wheat main phenological phases (EM-E1: emergence to ear 1 cm; E1-FL: ear 1 cm to flag leaf; FL-AN: flag leaf to anthesis; AN-GM: anthesis to grain maturity) under RCP 4.5 scenario in the 7 French wheat ecoclimatic zones (WEZs A to G). DOY: day of the year.
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Table S1: Median of the simulated dates of phenological stages per Wheat Ecoclimatic Zone in France, for RCP 4.5 and 8.5 scenarios, and historical (1991-2020), near future (2041-2070) and far future (2071-2100) periods.
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Figure S4. Evolution of the frequency (number of years over a 30-year period) of the different types of climatic risks since historical (1991-2020), near (2041-2070) and far (2071-2100) futures in the 7 French wheat ecoclimatic zones (WEZs A to G) under RCP 4.5 scenario. The different types of climatic risks concern cold temperatures, excess water, heat and drought. The size of the circles corresponds to the percentage of the area of the WEZ affected by the risk. The transparent area delimited by the dotted lines represents the 95 and 5 quantiles of the distribution.
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Figures S5: Bivariate maps of heat and water deficit indicators per phenological phase

[bookmark: _GoBack]Figure S5.1. Bivariate maps of heat and water deficit indicators per phenophase for different periods for RCP 8.5. A) represents historical (1991-2020), B) near future (2041-2071) and C) far future (2071-2100). EM-E1: emergence to ear 1cm stage; E1-FL: ear 1cm to flag leaf stage; FL-AN: flag leaf to anthesis stage; AN-GM: anthesis to grain maturity stage. Each cell of the legend corresponds to a class of heat and water deficit combined risk and corresponds to the median of the three models.
[image: ]





Figure S5.2. Bivariate maps of heat and water deficit indicators per phenophase for different periods for RCP 4.5. A) represents historical (1991-2020), B) near future (2041-2071) and C) far future (2071-2100). EM-E1: emergence to ear 1cm stage; E1-FL: ear 1cm to flag leaf stage; FL-AN: flag leaf to anthesis stage; AN-GM: anthesis to grain maturity stage. Each cell of the legend corresponds to a class of heat and water deficit combined risk and corresponds to the median of the three models.
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Figure S6. Bivariate maps of heat and water deficit indicators for different periods for RCP 4.5. A) represents historical (1991-2020), B) near future (2041-2071) and C) far future (2071-2100). Each cell of the legend corresponds to a class of heat and water deficit combined risk. Large maps (on the left) correspond to the median of the three models while Q5 and Q95 maps are associated with quantiles 0.05 and 95 of the three models. 
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E1 stage A rcp45 66 65 63 -1 -3

E1 stage B rcp45 84 79 74 -5 -9

E1 stage C rcp45 106.5 96 91 -10 -14.5

E1 stage D rcp45 69 68 65 -1 -4.5

E1 stage E rcp45 72 69 65 -2.5 -7

E1 stage F rcp45 93 85 81 -7 -12

E1 stage G rcp45 77 73 69 -4 -8

FL stage A rcp45 108 106 104 -2 -4

FL stage B rcp45 125 120 117 -5 -8

FL stage C rcp45 143 134 130 -8 -13

FL stage D rcp45 115 112 109 -3 -5.5

FL stage E rcp45 116 112 109 -4 -7

FL stage F rcp45 131.5 125 122 -6 -10

FL stage G rcp45 123.5 118 115 -5 -8

AN stage A rcp45 130 127 125 -3 -5

AN stage B rcp45 145 139 136 -5.5 -9

AN stage C rcp45 162 153 148 -9 -14

AN stage D rcp45 136.75 133 130 -4 -7

AN stage E rcp45 138 133 131 -5 -8

AN stage F rcp45 151 145 141 -6 -10

AN stage G rcp45 145.5 140 137 -6 -9

GM stage A rcp45 168 163 161 -5 -7

GM stage B rcp45 186.5 180 176 -7 -10

GM stage C rcp45 203 193 189 -10 -14

GM stage D rcp45 176 170 167 -6 -9

GM stage E rcp45 179 173 170 -6 -9

GM stage F rcp45 192 184 181 -7 -11

GM stage G rcp45 189 183 180 -6.5 -10

E1 stage A rcp85 63 64 61 0 -3

E1 stage B rcp85 84 74 66 -10 -17

E1 stage C rcp85 107 90 78 -16.5 -29.5

E1 stage D rcp85 75 68 63 -6 -12.5

E1 stage E rcp85 74 67 62 -7 -13

E1 stage F rcp85 93.5 81 71 -12 -22

E1 stage G rcp85 76 68 63 -8 -13.5

FL stage A rcp85 107.5 103 100 -4.5 -8

FL stage B rcp85 125 116 110 -9 -15

FL stage C rcp85 143 129 120 -13 -22.5

FL stage D rcp85 118 110 105 -7.25 -13.25

FL stage E rcp85 119 111 106 -8 -13.5

FL stage F rcp85 131.5 122 114 -10 -17.5

FL stage G rcp85 123 114 109 -8 -14

AN stage A rcp85 129 123 119 -6 -10

AN stage B rcp85 145 136 129 -8.5 -15.5

AN stage C rcp85 162.5 149 139 -13 -23

AN stage D rcp85 138.5 131 125 -8 -14

AN stage E rcp85 141 133 127 -8 -14

AN stage F rcp85 151 141 133 -10 -18

AN stage G rcp85 145 137 130 -8 -15

GM stage A rcp85 167 160 154 -7 -13

GM stage B rcp85 186 176 168 -10 -18

GM stage C rcp85 204 189 179 -14 -24.5

GM stage D rcp85 177.75 168.5 161 -9 -17

GM stage E rcp85 182.5 173 165 -10 -18

GM stage F rcp85 192 181 172 -11 -20

GM stage G rcp85 190 180 172 -9.5 -18
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