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Figure S1. County-level average change in cumulative GDD at silking stage from 1983 to 2021 for each of the 12 states. The red lines represent significant temporal trends at p < 0.01 level.



	Table S1. Summary of changes in cumulative GDD of silking stage. The values in the parentheses of the second and third columns are corresponding average of the changes.

	State
	Number of years with positive change in county-level average GDD 
	Number of years with negative change in county-level average GDD
	Coefficient (R2) of temporal trend of GDD change (p-value < 0.01)

	Illinois
	32 (18.1)
	 7 (-15.0)
	N/A

	Indiana
	35 (35.6)
	 4 (-23.8)
	N/A

	Iowa
	21 (21.9)
	18 (-14.2)
	N/A

	Kansas
	30 (19.1)
	 9 (-6.5)
	N/A

	Kentucky
	33 (29.2)
	 6 (-18.3)
	N/A

	Michigan
	39 (45.2)
	 0
	N/A

	Minnesota
	24 (35.8)
	15 (-39.0)
	N/A

	Missouri
	33 (29.8)
	 6 (-11.9)
	N/A

	Nebraska
	23 (19.5)
	16 (-12.3)
	N/A

	Ohio
	26 (28.7)
	13 (-20.0)
	1.37 (0.24)

	South Dakota
	34 (17.7)
	 5 (-9.1)
	N/A

	Wisconsin
	29 (27.8)
	10 (-11.3)
	0.98 (0.19)
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Figure S2. County-level average change in cumulative GDD at doughing stage from 1983 to 2021 for each of the 12 states. The red lines represent significant temporal trends at p < 0.01 level.


	Table S2. Summary of changes in cumulative GDD of doughing stage. The values in the parentheses of the second and third columns are corresponding average of the changes.

	State
	Number of years with positive change in county-level average GDD 
	Number of years with negative change in county-level average GDD
	Coefficient (R2) of temporal trend of GDD change (p-value < 0.01)

	Illinois
	 9 (19.2)
	30 (-15.1)
	N/A

	Indiana
	 9 (23.2)
	30 (-16.9)
	N/A

	Iowa
	15 (24.8)
	24 (-23.1)
	1.43 (0.29)

	Kansas
	 9 (8.6)
	30 (-11.5)
	N/A

	Kentucky
	 7 (10.4)
	32 (-19.8)
	N/A

	Michigan
	 4 (12.1)
	35 (-62.8)
	1.97 (0.25)

	Minnesota
	21 (34.6)
	18 (-15.7)
	1.68 (0.25)

	Missouri
	11 (6.5)
	28 (-14.6)
	N/A

	Nebraska
	15 (16.2)
	24 (-17.2)
	N/A

	Ohio
	16 (23.7)
	23 (-16.2)
	N/A

	South Dakota
	27 (26.1)
	12 (-12.9)
	1.31 (0.31)

	Wisconsin
	13 (18.4)
	26 (-24.1)
	1.20 (0.32)
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Figure S3. County-level average change in cumulative GDD at dented stage from 1983 to 2021 for each of the 12 states. The red lines represent significant temporal trends at p < 0.01 level. 


	Table S3. Summary of changes in cumulative GDD of dented stage. The values in the parentheses of the second and third columns are corresponding average of the changes.

	State
	Number of years with positive change in county-level average GDD 
	Number of years with negative change in county-level average GDD
	Coefficient (R2) of temporal trend of GDD change (p-value < 0.01)

	Illinois
	30 (32.8)
	 9 (-16.8)
	N/A

	Indiana
	19 (23.2)
	20 (-22.8)
	N/A

	Iowa
	19 (31.6)
	20 (-22.2)
	2.03 (0.48)

	Kansas
	20 (18.9)
	19 (-14.5)
	N/A

	Kentucky
	 8 (14.9)
	31 (-29.6)
	-1.01 (0.18)

	Michigan
	28 (36.5)
	11 (-13.0)
	1.83 (0.50)

	Minnesota
	23 (23.0)
	16 (-24.1)
	1.23 (0.23)

	Missouri
	 9 (18.8)
	30 (-33.2)
	N/A

	Nebraska
	19 (23.4)
	20 (-16.0)
	N/A

	Ohio
	37 (45.6)
	 2 (-14.3)
	N/A

	South Dakota
	39 (57.2)
	0
	1.87 (0.45)

	Wisconsin
	39 (65.6)
	0
	2.23 (0.53)
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Figure S4. County-level average change in cumulative GDD at mature stage from 1983 to 2021 for each of the 12 states. The red lines represent significant temporal trends at p < 0.01 level.


	Table S4. Summary of changes in cumulative GDD of mature stage. The values in the parentheses of the second and third columns are corresponding average of the changes.

	State
	Number of years with positive change in county-level average GDD 
	Number of years with negative change in county-level average GDD
	Coefficient (R2) of temporal trend of GDD change (p-value < 0.01)

	Illinois
	 2 (12.0)
	37 (-80.6)
	-1.70 (0.21)

	Indiana
	 2 (17.3)
	37 (-77.9)
	-1.96 (0.23)

	Iowa
	21 (29.0)
	18 (-40.6)
	N/A

	Kansas
	13 (14.0)
	26 (-32.0)
	N/A

	Kentucky
	 2 (23.3)
	37 (-58.7)
	N/A

	Michigan
	 1 (6.6)
	38 (-101.9)
	N/A

	Minnesota
	14 (20.0)
	25 (-54.0)
	N/A

	Missouri
	11 (30.8)
	28 (-40.7)
	-1.77 (0.19)

	Nebraska
	27 (34.7)
	12 (-17.4)
	N/A

	Ohio
	 0
	39 (-119.5)
	N/A

	South Dakota
	 0
	39 (-61.1)
	-1.56 (0.24)

	Wisconsin
	 6 (14.7)
	33 (-75.2)
	N/A
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Figure S5. County-level average change in cumulative KDD at silking stage from 1983 to 2021 for each of the 12 states. 


	Table S5. Summary of changes in cumulative KDD of silking stage. The values in the parentheses of the second and third columns are corresponding average of the changes.

	State
	Number of years with positive change in county-level average KDD 
	Number of years with negative change in county-level average KDD
	Coefficient (R2) of temporal trend of KDD change (p-value < 0.01)

	Illinois
	32 (5.7)
	 7 (-3.2)
	N/A

	Indiana
	33 (7.5)
	 6 (-2.1)
	N/A

	Iowa
	17 (3.2)
	22 (-4.4)
	N/A

	Kansas
	29 (15.9)
	10 (-5.5)
	N/A

	Kentucky
	26 (6.3)
	13 (-2.2)
	N/A

	Michigan
	28 (2.2)
	11 (-2.0)
	N/A

	Minnesota
	19 (2.4)
	20 (-2.7)
	N/A

	Missouri
	34 (11.8)
	 5 (-4.0)
	N/A

	Nebraska
	26 (9.6)
	13 (-6.8)
	N/A

	Ohio
	26 (4.0)
	13 (-1.8)
	N/A

	South Dakota
	30 (6.1)
	 9 (-4.9)
	N/A

	Wisconsin
	32 (2.5)
	 7 (-0.6)
	N/A
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Figure S6. County-level average change in cumulative KDD at doughing stage from 1983 to 2021 for each of the 12 states. The red lines represent significant temporal trends at p < 0.01 level.


	Table S6. Summary of changes in cumulative KDD of doughing stage. The values in the parentheses of the second and third columns are corresponding average of the changes.

	State
	Number of years with positive change in county-level average KDD 
	Number of years with negative change in county-level average KDD
	Coefficient (R2) of temporal trend of KDD change (p-value < 0.01)

	Illinois
	 2 (1.7)
	37 (-9.8)
	N/A

	Indiana
	 7 (2.1)
	32 (-7.8)
	N/A

	Iowa
	17 (5.5)
	22 (-3.1)
	0.31 (0.30)

	Kansas
	12 (4.2)
	27 (-13.4)
	N/A

	Kentucky
	 2 (1.3)
	37 (-9.0)
	N/A

	Michigan
	 5 (0.7)
	34 (-2.0)
	N/A

	Minnesota
	21 (3.7)
	18 (-0.9)
	0.14 (0.19)

	Missouri
	 3 (4.8)
	36 (-13.7)
	N/A

	Nebraska
	25 (8.5)
	14 (-7.2)
	N/A

	Ohio
	12 (1.0)
	27 (-4.7)
	N/A

	South Dakota
	31 (8.4)
	 8 (-2.8)
	0.43 (0.31)

	Wisconsin
	19 (0.9)
	20 (-1.6)
	N/A
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Figure S7. County-level average change in cumulative KDD at dented stage from 1983 to 2021 for each of the 12 states. The red line represents significant temporal trend at p < 0.01 level. 


	Table S7. Summary of changes in cumulative KDD of dented stage. The values in the parentheses of the second and third columns are corresponding average of the changes.

	State
	Number of years with positive change in county-level average KDD 
	Number of years with negative change in county-level average KDD
	Coefficient (R2) of temporal trend of KDD change (p-value < 0.01)

	Illinois
	31 (8.4)
	 8 (-3.3)
	N/A

	Indiana
	21 (3.3)
	18 (-4.4)
	N/A

	Iowa
	26 (6.4)
	13 (-2.3)
	N/A

	Kansas
	31 (17.3)
	 8 (-13.3)
	0.85 (0.29)

	Kentucky
	17 (2.9)
	22 (-9.6)
	N/A

	Michigan
	25 (0.9)
	14 (-0.8)
	N/A

	Minnesota
	23 (3.1)
	16 (-0.7)
	N/A

	Missouri
	27 (10.7)
	12 (-8.8)
	N/A

	Nebraska
	32 (12.7)
	 7 (-3.5)
	N/A

	Ohio
	24 (3.7)
	15 (-3.5)
	N/A

	South Dakota
	37 (14.5)
	 2 (-0.6)
	N/A

	Wisconsin
	32 (2.3)
	 7 (-0.8)
	N/A
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Figure S8. County-level average change in cumulative KDD at mature stage from 1983 to 2021 for each of the 12 states. 


	Table S8. Summary of changes in cumulative KDD of mature stage. The values in the parentheses of the second and third columns are corresponding average of the changes.

	State
	Number of years with positive change in county-level average KDD 
	Number of years with negative change in county-level average KDD
	Coefficient (R2) of temporal trend of KDD change (p-value < 0.01)

	Illinois
	 7 (6.1)
	32 (-10.1)
	N/A

	Indiana
	 5 (3.1)
	34 (-6.5)
	N/A

	Iowa
	27 (6.9)
	12 (-1.5)
	N/A

	Kansas
	27 (15.0)
	12 (-5.1)
	N/A

	Kentucky
	17 (8.0)
	22 (-6.3)
	N/A

	Michigan
	 3 (0.3)
	36 (-0.8)
	N/A

	Minnesota
	24 (1.7)
	15 (-0.7)
	N/A

	Missouri
	25 (14.6)
	14 (-4.6)
	N/A

	Nebraska
	39 (11.8)
	 0
	N/A

	Ohio
	 1 (2.7)
	38 (-5.4)
	N/A

	South Dakota
	 6 (6.3)
	33 (-4.5)
	N/A

	Wisconsin
	15 (0.9)
	24 (-0.6)
	N/A





	[image: ]
	[image: ]

	[image: ]
	[image: ]

	[image: ]
	[image: ]

	[image: ]
	[image: ]

	[image: ]
	[image: ]

	[image: ]
	[image: ]


Figure S9. Corn development data of each state in the year 2021. The six curves (from left to right) represent the six growing stages of planted, silking, doughing, dented, mature, and harvested.
	Table S9. Number of counties with full record of corn yield for the study period 1982-2021 in each state.

	State
	Number of counties with full record of corn yield for the period 1982-2021

	Illinois
	44

	Indiana
	38

	Iowa
	65

	Kansas
	  7

	Kentucky
	25

	Michigan
	22

	Minnesota
	41

	Missouri
	  8

	Nebraska
	37

	Ohio
	43

	South Dakota
	11

	Wisconsin
	41



16

image5.png
County-level average change of weighted KDD at silking stage

5

10

-20 0 20 40

15

10 15 -15 5

0

-5

30

Indiana

w
~ *
Kansas Kentucky ’-. . .
o | -
o M . . M !
L d *
. I\ w -\ . *e . /
AL I e il et ] L
.2 . . . \ o _A_.IA el N l‘\,l . /“
..... ... R P SURR Y RTORT CERRRRRR N 2 * *le o o o .
g had ol ¢« * .
. l-? .
A 1 1 1 hd 1 1 1
. M . . -
Minnesota 4 Missouri
o
[sp) *
oY I’\‘ °, I.\‘ * 1 . -
M ne =
v K00 ’A‘A\’,A s . \‘ .U
. Io (R o . e nffe o
N . ~ o [\ ot ‘. \
”‘o * 1t e, .
o -4l PIMRA I | SURTN 4
* I I I I % R I
- v 3
Ohio S South Dakota
M *
. - il
. K \ prnar \I\
Ve, /\/ RN o e SN
..,.;..‘J\: te .A...:...A‘I..x.';.“ .
(14 - = e )
+1 1 1 1 ‘|_ 7 1 1 1
1990 2000 2010 2020 1990 200 2010 2020

-10

-20

10

-20 0 10 20

20

10

L
Nebraska .

1 1 * 1
*
Wisconsin
*
M . -
. \ |
CRAPARAIV RN K ol
0. 8. M 00t W00 Yooty evn b .2,

1 1
1990 2000 2010 2020




image6.png
County-level average change of weighted KDD at doughing stage

0
1
IS
.
.

> MR h Ho FOIPRON. SUPUN TN | ot e ..
- . . S .
o]t A ‘“\I\.f w | Sl NS TT ~’~;“I
. .o O e - 1 \ of Yoo B
I \ . LA * .l -
=1 * -1 *\
o . \ o) M .
(I\‘ T - g M 5] M .t .
4 . .
3 Illinois o | Indiana
I 1 L 1* L (I\l - L 1 1* 1
A d
PR . S N . ""»"“m‘““';*;‘;"
*
o - © \I . LN \ed | ‘! "
\ *
= 1 . v _| M .
T © \ !
< : ** -
7 . 2 *  Michigan
© Kentucky . [ g
o .
(-;7 . CI\I — 1 2 1 1 1
1 Missouri M IS
o \l\ AAAAAAAAAAAAAAAAAAAA .,
N | Y . .. o
BN ER W L el B
M AR RES "
IS v V o -
) . .
m K o
o * g !
A
<If -1 1 M1 1* 1

-15

Ohio Wisconsin

1* 2

1 1 1 1 1 1 1 1
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020





image7.png
T n T o
oloom 4 oolw c 4 i m
ozt vet) [ : c S
="' = fe)) * =]
L8 — = : @
c— 3T, G : 5 o
: - : = - : < -
ol“% oo.V”o s : 8 S
=" : ot : 2 N
—~ —i : W
@ $ Do : o
B3 . N ——e 3 o i =1
] QM.Q ‘e © ﬂo o
- ¢ < X *s N
. . 24
*n «=* [} *e
T < *
IR l,\.o:o © < ¢ o
P ¢ v, - el L= k¥ >
s " — [0} " ¢ — ! (22}
—_— . . : . —
., $ z * e
v v~ AR o
T T T T T 1 T T T T 1 T T T T 1 L L L
Sl S G- ¢ b- €- 0€ ok 0oL- (4 oL ¢ 0 G-
. a -t 4 n * ulm
% = © M T =]
! o 5 = iw
. le - M
—_— % X —
o= i<, o © 2 ‘o
3 | el i < i H
So=e R N o *=——=ilo
(e . D — et K
& =" 5 =,
* - e - :
— 1384 N o] .zt m
=1 o) 2> » ~, 18
Sel ¢ s N
© ver 4 g A
§ o3 %2 = 2o
© QAM - om w 4 = oH Hde
.m ...V. ....U. N .A.‘I.m o
- om.o/o oolo .- o
T T T T T 1 T T T T T T 1 T T T T 1
Sl S G- G- 0 0¢- 0¥- 09- oy 0€ 0C 0L O
- - - o
o0 4 ¢~ MY 44
. © - & Q
ot ° Je ‘el N
—t ® .w 2% e
oﬂo : m e o2 ; c o
— . - : 4
=7 £ ‘=dq | === 0O 13
o —r* = ‘T t==. o
0/10” 010‘ ””\0
s % e =
| e ]
' * 3! o
e L4 .., N
[} R %, S
) Sk | == o
C QAL T $7 . |%
= L. - — R — R
= oA\l\M olw o»m —
3. s 3
T T T T T T T T 1 T T T T 1
oe 0 0L 0 Ol- Oy 0C O O0c¢- G¢ Sl S0 S G- G-

abejs pajuap 1B aay paiybiem jo abueyo abelane [ans|-Aluno)




image8.png
10

-10

-30

40

20

-20

10

County-level average change of weighted KDD at mature stage

-15

v " 4 v - 0
o
; M o 4 - lowa
OPOP % RUDTOTORITRNR JPPO SO 1 | | FUOTOUPRIN . © 7]
; .o, J ».l\.‘ R P DU S S P TSI ST .
* -
* . \ hPRS o *
7 TR I P o L7 e . .
- s M= : ¢ 4\ /!
. - ¢ olte ¢ o\ o .. -
[ ! . Crgn e ® lenely e .*
L 0 [ BRSO AR AN PR S0 N
lllinois < . ¢ ;e
1 1 1_* 1 1 1 e 1 1 1_* 1
1
K e 8 - -
. Ransas Kentucky o
* . -
. M * *
.o o A
* ~ 7 A d * !
- . .
* . *
RN IO. .0\ . \l . o - .. ..‘.’...“.'I.’A e N
228 ol »o, °[ "’l
ADARRAAA g AR AARAMRRRRE AR '.‘. *0 .
ot 1 T4
¢ . b o
1 1 1 * 1 CI\I -1 1 1 4
*
o | Nebraska
<
o . -
® o
M *
SEAN (A :
* * .
o | \ o\
-~ o o hACY
LRI \ PR
. . .
O Attt o iieiiis L
0
< Wisconsin
*
N A K3
.
n o :‘0
o - 0,’" vﬁ“o«.o cetey 0. ."Ao .
T . \l " \I
o *
o [
1 L (|\l L * 1 1 1 1 ¢

1 1 1 1 1
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020




image9.png
Cumulative percent (%)

100

80

60

40

20

lllinois
2021 /////
15 20 25 30 35 40 45

Week number





image10.png
Cumulative percent (%)

100

80

60

40

20

Indiana
2021

T
15 20 25 30 35 40 45

Week number





image11.png
Cumulative percent (%)

100

80

60

40

20

lowa
2021 ///
T T T T T T T
15 20 25 30 35 40 45

Week number





image12.png
Cumulative percent (%)

100

80

60

40

20

i

15 20 25 30 35 40 45
Week number





image13.png
Cumulative percent (%)

100

80

60

40

20

Kentucky
2021 ///
— T T T T T T

15 20 25 30 35 40 45
Week number





image14.png
Cumulative percent (%)

100

80

60

40

20

~| Michigan
2021
— T T T T T

15 20 25 30 35 40
Week number

45





image15.png
Cumulative percent (%)

100

80

60

40

20

T

15 20 25 30 35 40 45
Week number





image16.png
Cumulative percent (%)

100

80

60

40

20

15 20 25 30 35 40 45
Week number





image17.png
Cumulative percent (%)

100

80

60

40

20

Nebraska
2021 /
— T T T T T

15 20 25 30 35 40
Week number

45





image18.png
Cumulative percent (%)

100

80

60

40

20

iy

15 20 25 30 35 40
Week number

45





image19.png
Cumulative percent (%)

100

80

60

40

20

South Dakota

T T
15 20

25 30 35
Week number

40

s

45





image20.png
Cumulative percent (%)

100

80

60

40

20

“|Wisconsin
2021

T T
15 20

25 30 35
Week number

L

40

45





image1.png
Michigan

Kentucky
Missouri

lllinois

2020

2000 2010

1990

2010 2020

1990 2000

2000 2010 2020

1990

0z Oc- 05 0¢ 0L OL-
abejs Bunyis 18 gao pawbiam jo abueyo abelane [ans]-AJuno)





image2.png
County-level average change of weighted GDD at doughing stage

8(

40

-50

-150

© - Minnesota g 4 Missouri S
i ..
3 o s M .- o
P B ¥ *
o L9 e
o -
1 - b .
7] < 4 + Nebraska |;
3 =4 . i
ul') <Ir - 1* 1 1 1 1 1 2 1 1
3 1 ) K S - .
“© ] Ohio . Wisconsin .
_ 3 S ‘
.
O | e * .
o \‘ I\ s :«A AAAAA DR S | RE, I
4oV Sy
M o
Je e s 8 ¥

1 2

* 1 .

1 1 1 1
1990 2000 2010 2020 1990 200 2010 2020 19!

1 1 1
0 2000 2010 2020

1
9




image3.png
Michigan

2020

2000 2010

1990

0c 0c-

09- 0¢)

T
08

2010 2020

1990 2000

R~ ®
OWAQQQ Wl m
oo\loo .5 m
=, = =
A 5
J—_ s)
o* (2]
T T T T T T T T T T T T T T T T 1 T
09 0¢ 0¢- 09- 0 ovy- 08— 0Cl 08 ()7 0
- . - <
=T ] 32, 7 @ te—i ]
Y— . < © *el,
R Y] ] .
—_—, et : c . =, 0
B3 Tt —— o— M o—" c
—_—" L =t . O
- et . =i
0 o 0 =, "
5 s, ] |8 L= i *s cLi
[= s—" c ¢ —— e— L
= St T T . —_—,
- A. X Y S,
3 4 N e
T T T T T T T T T T T T 1 T T T T T T T
00L 0§ 0 0S- 09 0c 0 ov- 0c 02— 09- 09 0c 0

abejs pajuap 1B o pajybiom jo abueyd abeiane |ans|-Ajunod

2000 2010 2020

1990




image4.png
2020

N : -
M : : o
: : : I3
m B
—, © m ¥ Mm °f ‘——: £ |R
=", = s R = 9
[ .2 v — : * 0
— o = —t %l .no%o 31
o\“ﬂ [5) =" : o2 0 |o
' L : 2 |12
ey * . : z iy ww
/Jlo M o’mlo o\w\
T T T T T T T T T T T T LI T
0 O 00L- 0 00L- 00¢- 00L 09 0 0§- 0 00L-  00¢-
o S i Te—n 5 N
: . . (e} *
©: 5 o2,
o Tz oz % = o
n * =1 ) — ] = - -
= — ¢ v=. = Q
N ©
: ] De=r 4 S
: m =7 m S
»‘\oo . [m)
: : 2o < |o
. T . 00” 7 1 > Lw-|%
v s . Qou 2
o oAm,o
T T T T T T T T T T T
00¢- 0 0S- 00L- 0s 0 00L- 0S- 0SL-
o
| I}
o
. 13
o
N : —
¢ o
* I3
: o
| : S
; 8 I
@ H @
o T (] o
£ : = 3
. = : i o
: =
T T T T 1

LI N |
00¢-

0c 0c-

0§

0 0S-

0S§1-

05— 0S1-

abeys ainjew 1 ggo pawybiem Jo abueyo abelane |ans|-Aluno)

0S¢-




