Supplementary Information
Supplementary Table S1: Number of trees and observations of budburst at The Morton Arboretum (TMA) and the number of sites, trees, and observations of budburst in USA-NPN (NPN) as well as the median and range of the day-of-year (DOY) and the accumulated growing degree-days (GDD) of budburst. GDD was calculated at a 5˚C base temperature accumulation threshold. The median and range latitude and mean winter season temperature of USA-NPN sites are included.
	Group
	Species
	TMA n trees
	TMA n Obs.
	NPN n sites
	NPN n trees
	NPN n Obs
	Observed Budburst DOY
median (range)
	Observed Budburst GDD
median (range)
	NPN Latitude 
median (range)
	NPN Mean Winter Season Temperature 
median (range)

	TMA + NPN
	Q. alba
	10
	15
	87
	161
	369
	114 (56-150)
	207 (0-747)
	40.71 (32.36-47.49)
	-0.5 (-15.6-13.3)

	TMA + NPN
	Q. macrocarpa
	23
	38
	51
	78
	122
	114 (68-152)
	153 (23-735)
	42.03 (31.58-47.14)
	-4.8 (-15.7-10.7)

	TMA + NPN
	Q. palustris
	11
	18
	21
	36
	51
	107 (71-139)
	162 (20-399)
	40.07 (34.89-44.98)
	1.2 (-14.6-8.1)

	TMA + NPN
	Q. rubra
	3
	4
	125
	233
	613
	117 (70-155)
	115 (0-572)
	42.54 (32.64-47.53)
	-3.7 (-16.3-8.6)

	TMA Only
	Q. imbricaria
	5
	9
	3
	3
	8
	103 (86-146)
	219 (90-778)
	39.9 (35.52-40.87)
	1.5 (-3.9-6.8)

	TMA Only
	Q. montana
	10
	17
	8
	41
	183
	94 (61-114)
	310 (150-587)
	35.96 (35.63-39.25)
	5 (0.2-8.2)

	TMA Only
	Q. velutina
	4
	8
	19
	28
	100
	104 (71-143)
	184 (26-619)
	40.87 (35.52-44.13)
	0.8 (-8.1-7.7)




Supplementary Table S2: Number of trees and observations of leaf out at The Morton Arboretum (TMA) and the number of sites, trees, and observations of leaf out in USA-NPN (NPN) as well as the median and range of the day-of-year (DOY) and the accumulated growing degree-days (GDD) of leaf out. GDD was calculated at a 5˚C base temperature accumulation threshold. The median and range latitude and mean winter season temperature of USA-NPN sites are included. 
	Group
	Species
	TMA n trees
	TMA n Obs.
	NPN n sites
	NPN n trees
	NPN n Obs
	Observed NPN Leaf Out DOY
median (range)
	Observed NPN Leaf Out GDD
median (range)
	NPN Latitude 
median (range)
	NPN Mean Winter Season Temperature 
median (range)

	TMA + NPN
	Q. alba
	10
	19
	87
	165
	362
	124 (78-151)
	283 (58-1108)
	39.96 (32.36-45.43)
	-0.5 (-15.6-13.3)

	TMA + NPN
	Q macrocarpa
	25
	43
	43
	64
	115
	121 (77-153)
	193 (76-658)
	42.06 (30.53-47.14)
	-4.9 (-15.7-10.7)

	TMA + NPN
	Q. palustris
	11
	21
	22
	40
	57
	115 (79-160)
	224 (85-837)
	40.86 (35.18-44.98)
	0.8 (-14.3-5.5)

	TMA + NPN
	Q. rubra
	3
	5
	144
	249
	648
	124 (80-147)
	167 (52-874)
	42.54 (34.01-47.55)
	-3.8 (-16.3-8.6)

	TMA Only
	Q. imbricaria
	5
	9
	4
	4
	8
	112 (104-122)
	271 (217-490)
	40.87 (35.52-40.87)
	1.5 (-1.9-6.8)

	TMA Only
	Q. montana
	10
	20
	10
	45
	189
	100 (81-125)
	362 (177-587)
	35.96 (35.63-42.44)
	5 (-1.8-8.2)

	TMA Only
	Q. velutina
	4
	8
	15
	26
	98
	112 (88-135)
	251 (72-619)
	40.87 (35.52-44.13)
	0.8 (-8.1-7.7)




Supplementary Table S3: Range values for budburst observations at The Morton Arboretum in 2018 and 2019. Day-of-year for budburst observations (DOY) are presented with the associated accumulation of growing degree-days in parentheses (GDD). We also present the variation between GDD accumulation at the time of budburst as the difference between 2018 and 2019 for each individual observed in both years. GDD was calculated at a 5˚C base temperature accumulation threshold. 
	


Group
	Species
	2018 Observed 
DOY (GDD)
range
	2019 Observed 
DOY (GDD) 
range
	Individual difference in GDD 2018-2019
median (range)

	TMA + NPN
	Q. alba
	122-126 (119-174)
	99-112 (60-125)
	49 (5-60)

	TMA + NPN
	Q macrocarpa
	120-129 (86-214)
	99-133 (60-239)
	38 (5-100)

	TMA + NPN
	Q. palustris
	122-124 (119-148)
	105-119 (66-159)
	14 (10-45)

	TMA + NPN
	Q. rubra
	122-124 (119-148)
	119-119 (159-159)
	39 (39-39)

	TMA Only
	Q. imbricaria
	122-127 (119-185)
	112-119 (125-159)
	10 (5-45)

	TMA Only
	Q. montana
	122-126 (119-174)
	98-119 (52-159)
	10 (5-96)

	TMA Only
	Q. velutina
	122-127 (119-185)
	112-114 (125-140)
	9 (5-45)




Supplementary Table S4: Range values for leaf out observations at The Morton Arboretum in 2018 and 2019. Day-of-year for leaf out observations (DOY) are presented with the associated accumulation growing degree-days in parentheses (GDD). We also present the variation between GDD accumulation at the time of leaf out as the difference between 2018 and 2019 for each individual observed in both years. GDD was calculated at a 5˚C base temperature accumulation threshold. 
	


Group
	Species
	2018 Observed 
DOY (GDD)
range
	2019 Observed 
DOY (GDD) 
range
	Individual difference in GDD 2018-2019
median (range)

	TMA + NPN
	Q. alba
	119 (119-174)
	125 (60-125)
	49 (5-60)

	TMA + NPN
	Q macrocarpa
	119 (86-214)
	134 (60-239)
	38 (5-100)

	TMA + NPN
	Q. palustris
	119 (119-148)
	134 (66-159)
	14 (10-45)

	TMA + NPN
	Q. rubra
	119 (119-148)
	159 (159-159)
	39 (39-39)

	TMA Only
	Q. imbricaria
	146 (119-185)
	125 (125-159)
	10 (5-45)

	TMA Only
	Q. montana
	148 (119-174)
	125 (52-159)
	10 (5-96)

	TMA Only
	Q. velutina
	148 (119-185)
	140 (125-140)
	9 (5-45)




Supplementary Table S5: Latitudinal trend in residuals of date of predicted date of budburst or leaf out for USA-NPN validation points withheld from model fitting for four phenology models: thermal-time models using TMA data only (TMA), TMA and USA-NPN data (COMB), TMA and USA-NPN data with a latitude spatial covariate (LAT), and TMA and USA-NPN data with a mean winter temperature spatial covariate (WT). Units are in days per degree latitude with standard error shown in parentheses. 
	Group
	Species
	Phenophase
	DF
	TMA
	COMB
	LAT
	WT

	TMA + NPN
	Q. alba
	Budburst
	320
	-3.7 (0.8)*
	-3.7 (0.8)*
	-0.5 (0.8) †
	-2.2 (0.8)* †

	TMA + NPN
	Q. macrocarpa
	Budburst
	89
	-2.3 (0.9)*
	-2.4 (0.9)*
	0.7 (0.9) †
	-0.4 (0.9) †

	TMA + NPN
	Q. palustris
	Budburst
	20
	-3.9 (1.6)*
	-3.9 (1.6)*
	-0.6 (1.6) †
	-1.8 (1.6) †

	TMA + NPN
	Q. rubra
	Budburst
	359
	-4.4 (0.7)*
	-4.3 (0.7)*
	-1.0 (0.7) †
	-2.8 (0.7)* †

	TMA Only
	Q. imbricaria
	Budburst
	22
	-7.6 (2.3)*
	-8.6 (2.3)*
	-4.4 (2.3)
	-6.4 (2.3)*

	TMA Only
	Q. montana
	Budburst
	697
	-0.8 (3.0)
	-0.3 (3.0)
	2.3 (3.0)
	-0.9 (3.0)

	TMA Only
	Q. velutina
	Budburst
	374
	-2.3 (1.1)*
	-1.1 (1.1)†
	1.1 (1.1) †
	-1.3 (1.1)

	TMA + NPN
	Q. alba
	Leaf Out
	284
	-2.9 (0.8)*
	-3.4 (0.8)*
	-0.1 (0.8) †
	-1.3 (0.8) †

	TMA + NPN
	Q. macrocarpa
	Leaf Out
	93
	-1.9 (0.8)*
	-2.1 (0.8)*
	1.1 (0.8) †
	0.2 (0.8) †

	TMA + NPN
	Q. palustris
	Leaf Out
	52
	-4.4 (0.6)*
	-4.5 (0.6)*
	-1.2 (0.6)*†
	-1.1 (0.6) †

	TMA + NPN
	Q. rubra
	Leaf Out
	398
	-3.4 (0.6)*
	-3.4 (0.6)*
	0.3 (0.6) †
	-1.8 (0.6)* †

	TMA Only
	Q. imbricaria
	Leaf Out
	22
	-7.6 (2.4)*
	-7.6 (2.4)*
	-4.0 (2.4)
	-5.7 (2.4)*

	TMA Only
	Q. montana
	Leaf Out
	697
	-1.0 (3.0)
	-1.7 (3.0)
	2.5 (3.0)
	-0.2 (3.0)

	TMA Only
	Q. velutina
	Leaf Out
	374
	-2.2 (1.2)
	-2.3 (1.2)
	1.4 (1.2) †
	-0.7 (1.2) †
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