Supplementary Information for “Characterizing land use/land cover from multi-sensor time series

from the perspective of land surface phenology” by Lan H. Nguyen (lan.nguyen@sdstate.edu) &

Geoffrey M. Henebry (henebryg@msu.edu)

Table S1. Reclassification of CDL land use/land cover classes for Robert County, SD.

CDL Code CDL Class New Class CDL Code CDL Class New Class
0 Background NoData 53 Peas Other Crops
1 Corn Corn 59 Sod/Grass Seed Grassland

4 Sorghum Other Crops 61 Fallow/Idle Cropland Grassland

5 Soybeans Soybean 111 Open Water Water

6 Sunflower Other Crops 121 Developed/Open Space Barren/Dev.
21 Barley Other Crops 122 Developed/Low Intensity =~ Barren/Dev.
22 Durum Wheat Wheat 123 Developed/Med Intensity ~ Barren/Dev.
23 Spring Wheat Wheat 124 Developed/High Intensity Barren/Dev.
24 Winter Wheat Wheat 131 Barren Barren/Dev.
27 Rye Other Crops 141 Deciduous Forest Forest

28 Oats Other Crops 142 Evergreen Forest Forest

29 Millet Other Crops 143 Mixed Forest Forest

36 Alfalfa Alfalfa 176 Grassland/Pasture Grassland
37 Other Hay/Non Alfalfa Grassland 190 Woody Wetlands Wetland

39 Buckwheat Other Crops 195 Herbaceous Wetlands Wetland

41 Sugarbeets Other Crops 205 Triticale Wheat

42 Dry Beans Other Crops 241 Dbl Crop Corn/Soybeans  Other Crops
44 Other Crops Other Crops




Table S2. Overall accuracy (in percent), kappa for location and quantity of 2017 RFC
models summarized by sample pools, sample sizes, and input sets. A particular scenario
(current row) was compared to a scenario right above it (row above) using the
nonparametric Mann-Whitney U test and the TOST equivalence test. The null
hypothesis of the U test is that a random accuracy metric of the first scenario (row above)
will be less than a random accuracy metric of the second scenario (current row).
Significance level of the U test are indicated by ***, ** and * for p-values of less than 0.001,
0.01, 0.05, respectively, and NS for “not significant”. Results of the TOST equivalence
test are highlighted in light blue for “not equivalent” and light yellow for “equivalent.

ARD HLS

Scenario OA k L k_Q OA k L k_Q
Tg C1s 89.0 0.909 0.913 87.9 0.898 0.908
% CiM 90.2 ™ 0.921 ™ 0.920 ™ 89.6 ™ 0915 ™ 0917 ™
Té" C2S 90.5 ™ 0.923 Ns 0924 *  90.3 ™ 0.922 ™ 0.920 *
B C2M 91.6 ™ 0.933 ™ 0.929 ™ 91.3 ™ 0932 ™ 0927 ™
.g P01 87.1 0.907 0.871 86.3 0.899 0.866
% P05 90.2 ™ 0918 ™ 0.926 ™ 89.7 ™ 0914 ™ 0923 ™
Té" P15 91.7 ™ 0.928 ™ 0.942 ™ 91.3 ™ 0924 ™ 0939 ™
® P25 922 ™ 0932 * 0947 ™ 919 ™ 0929 ™ 0944 ™
© CxQ 88.2 0.892 0.923 87.9 0.887 0.924
9 HPLM  89.1 ™ 0901 ** 0.926 Ns 888 * 0.901 ™ 0921 Ns
§-1 SPL 89.9 ™ 0.931 ™ 0.899 Ns 88.6 NS 0919 ™ 0.890 Ns

CMB 941 ™ 0961 ™ 0938 ™ 93.8 ™ 0958 ™ 0936
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Figure S1. Boxplots of overall accuracy (OA) metrics from different scenarios for each

combination of year and data source.
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Figure S2. Boxplots of kappa_Location (k_L) metrics from different scenarios for each

combination of year and data source.



TE-;xosoo .
Tﬁ-;oxxxo .

N
b * H— NI
A= T HI A==
e - HL e
—

1T 1T 1T T T 1 1T 1T 1T 1T 11 1T 1T 1T 1 1T 1T 1T 1T T
0oL os0 020 040 ook os0 o020 040 0oL 080 080 040 ook os0 o020 040

_.E R
_.E oo oo+ |

20M6.HLS

-
1
4
=
=
i
3
!
-
-
I
I
4
=
i
i
3
!

CMB CMP CxQ HPL
2017.ARD

CMB CMP CxQ HPL

T
1
4
i
©
i
H
B
I

I
CMB CMP CxQ HPL
2018.ARD
—_
I
I
L
i
i
H
I
CMB CMP CxQ HPL

-
I
J
i
&
i
H
I

—
=]
i
|
P25
—
=
i
|
P25
—
=]
i
b
|
P25
—
.E
i
|

s
]
-
I
P15
2018 .ARD
—
I
4
I
P15
—
+
I
P15
2017 ARD
_"‘_
]
1
:
I

20M6.HLS

:
+
f—

4

:

H

:

I
Pas

X
T

|

]
1

£

:

:

I
Pas
T

|

]
1

£

I
Pas
T

|

]
1

£

I

-

I

I

I
-+

I
P01
-

I

I

I

I
-+

I
P01
-

I

I

I
.

H

I
P01
-

I

I

I

I
-+

I

1 T T T T 1 1 T T T T 1 1 T T T T 1 1 T T T T 1
0oL os0 020 040 ook os0 o020 040 0oL 080 080 040 ook os0 o020 040

-
—
1
-

i
H
T
C2s
-
—
L1
|
1
-

i
T
C2s
-
—
1
-

i
i
f
C2s
-
—
1
1
-

i
H
H
T

2016 ARD
T
—
1
1
i
i
H
H
H
T
C15 C2ZM

-
—
1
1
i
i
i
i
T
C15 C2ZM

2017.ARD

2016.HLS
-
=
I
I
L
i
H
I

-
—
! |
-+
b b
i i
| |
C15 C2ZM

F * ;- I— - = Flj-Asemess - 2 _.ﬁ S - = _.ﬁ S
I I I I I I I I I I I I I I I I I I I I I I I I I I I I
o0l 00 080 0.0 o0l 050 D20 0.0 o0l OS50 080 0.0 o0l 050 D20 0.0
Auenp” eddey Aueny eddey Anuenyy eddey Aueny eddey

2017 HLS

:.

P2

:.

P1

C

2017 HLS

PO

P01

C1s C2Z2M CZ5

2017 HLS

C1M

Figure S3. Boxplots of kappa_Quantity (k_Q) metrics from different scenarios for each

combination of year and data source.



Table S3. Significance level of the nonparametric Mann-Whitney U test for pairwise OA,
k_L and k_Q comparison. ***, ** and * indicate p-values of less than 0.001, 0.01, 0.05,
respectively. NS means “not significant”. Area colored in light yellow (upper right) show
results computed on ARD-RFC models, and light blue (lower left) show results from
HLS-RFC models. The null hypothesis is that a random accuracy metric of the first
scenario will be less than a random accuracy metric of the second scenario (or the first
population has smaller values than the second population). For the test on ARD-RFC
models, the first scenario is selected from the table’s row, and second scenarios is

selected from the column. Scenario selection for the test on HLS-RFC models is in the

opposite direction (column — row). For example, the significance level for comparison
of k_ L between CIM and C2M are “NS” and “**” for ARD- and HLS-RFC models,
respectively.

Overall Accuracy

Kappa for Location

Kappa for Quantity

Cls CiM C(C25 C2M

C15

CIM (25 C2M

Ci1s CiM C25 C2M

2016

C1S
CiM
C2S
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*%% *%%
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A% A% *%%
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CxQ HPLM SPL CMB

CxQ HPLM

SPL CMB

CxQ HPLM

2016

CxQ
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SPL
CMB

%% Ex %%

%% L

NS -
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%% Ex 2 %%
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Table S4. TOST equivalence tests. “E” indicates that the two sets of accuracy metrics are
equivalent or differences between those are within a user-defined range of Cohen’s d.
“x” that the two sets of accuracy metric are not equivalent. Area colored in light yellow
(upper right) and light blue (lower left) show results computed on ARD- and HLS-RFC
models, respectively. For the test on ARD-RFC models, the first scenario is selected from
the table’s row, and second scenarios is selected from the column. Scenario selection for
the test on HLS-RFC models is on the opposite direction (column — row). For example,
the results of equivalence test between C1S and C2S are “x” and “E” for ARD- and HLS-

RFC models, respectively.

Overall Accuracy Kappa for Allocation Kappa for Quantity

ClS CIM (C2s C2M | CIS CIM (C2S C2M | Cl1S CIM C(C25 C2M

C1S - x x x - x x x - E E x
2 | C1IM X - E E x - E E E - E E
8 | s x S E - E | x E - E
C2M x x E - x x E - x E E -
Ci1S - x x x - E x x - E E x

> | CIM x - E x x - E x [ - E E
8 | c2s x E - E | «x E - E|E E - E
C2M X x E - x X E - x E E -
P01 P05 P15 P25 P01 P05 P15 P25 P01 P05 P15 P25

P01 - x x x - E x x - x x x
© | P05 x - x x x - E E x - x x
& | p15 x x - E | x E - B | x x - x
P25 x x E - x x E - x x E -
P01 - x X x - E x X - x x x

E P05 x - x x x - E x x - x x
| P15 x x - E x 18 - i x x - E
P25 X X E - X X E - X x E -
CxQ HPLM SPL CMP | CxQ HPLM SPL CMP | CxQ HPLM SPL CMP

CxQ - x x x i, x x x - E E x

© | HPLM E - x x E - x x E - B x
& SPL x x - x x x - x E x - E
CMP x x x - x x x - x x E -
CxQ - E x x - x x x - E x x
g HPLM E - E x x - x x E - x E
o | SPL E E - x x x - x x x - x
CMP x x x - x x x - E x x -




Table S5. Accuracy assessment of RFC models summarized by sample pool scenarios.

2016 2017
ARD HLS ARD HLS

Metrics Cls CIM C25 C2M C1S CIM (C25 (C2M Cls CIM C25 C2M CIS CIM C(C25 C2M
PA_Corn 946 953 953 957 912 921 923 926 939 945 947 954 918 932 934 94.0
PA_Wheat 754 779 783 786 702 729 731 744 59.0 634 638 663 570 625 613 633
PA_Alfalfa 735 803 791 826 693 771 772 799 742 802 782 827 712 801 764 828
PA_Soybean 954 961 961 966 903 911 91.8 921 953 957 957 962 936 946 946 951
PA_Other Crops 112 354 197 509 153 439 252 550 156 212 223 297 156 251 212 332
PA_Water 974 984 982 983 962 979 978 982 %4 971 976 975 954 968 973 973
PA_Barren/Dev. 551 586 59.7 609 474 472 543 56.1 543 556 576 585 486 446 508 519
PA_Forest 877 895 931 940 843 878 931 945 833 842 875 883 8l6 844 889 908
PA_Grassland 93.0 941 938 949 936 95.0 951 96.1 934 942 942 949 940 947 952 958
PA_Wetland 668 744 721 792 739 804 820 877 677 728 746 789 699 767 798 842
UA_Corn 948 955 954 959 898 906 913 915 947 953 953 959 918 93.0 931 934
UA_Wheat 844 893 876 902 820 865 855 89.1 80.6 842 831 861 804 828 833 843
UA_Alfalfa 837 888 877 912 798 872 86.6 89.6 879 910 909 929 8.0 915 90.0 936
UA_Soybean 93.6 947 947 952 904 916 917 922 927 931 934 939 915 926 929 934
UA_Other Crops 358 613 499 702 466 670 540 710 41.0 438 503 528 404 476 450 551
UA_Water 975 976 977 976 963 962 964 969 9.4 960 962 965 959 96.0 958 96.3
UA_Barren/Dev. 770 802 771 790 724 741 740 759 770 785 777 786 757 734 762 771
UA_Forest 86.7 885 904 911 848 875 906 924 80.7 829 854 866 824 843 883 89.7
UA_Grassland 849 872 864 886 8.6 876 889 904 855 874 880 893 83 875 886 900
UA_Wetland 742 795 801 844 763 816 834 875 739 777 788 821 751 795 816 849
OA 888 907 904 918 868 887 894 90.7 89.0 902 905 916 879 896 903 913
k_L 0904 0923 0921 0935 0.884 0.904 0.909 0.922 0909 0921 0923 0.933 0.898 0915 0922 0.932
k Q 0917 0926 0.924 0932 0906 0914 0921 0.927 0913 0920 0.924 0929 0908 0917 0.920 0.927




Table S6. The nonparametric Mann-Whitney U test and the TOST equivalence test for
the (P01 versus P25 RFC models) and (C1S versus C2M RFC models) comparison. The
null hypothesis is that a random accuracy metric of the first scenario will be less than a
random accuracy metric of the second scenario (or the first population has smaller values
than the second population). Significance level of the U test are indicated by ***, ** and *
for p-values of less than 0.001, 0.01, 0.05, respectively, and NS for “not significant”.
Results of the TOST equivalence test are highlighted in light blue for “not equivalent”
and light yellow for “equivalent”.

P01 versus P25 C1S versus C2M
2016 2017 2016 2017
Metrics ARD HLS ARD HLS ARD HLS ARD HLS
P A_Corn *%% EE 23 EE 23 *%% EE 23 *%% *%% EE 23
PA Wheat *ok EEES EEXS *%% XX EELS ok s
P A_ Alfalfa F%% Sk H%% F%% Sk F%% F%% Sk
PA Soybean *%% EE 23 EE 23 *%% EE xS *%% *%% EE 23
PA_Other Crops *EE D £33 #4% ®4k ok okt 4k
PA_Water NS NS NS NS kot ook ook kot
PA_Barren/Dev. ik otk otk *hk - - . 260
PA_Forest NS NS NS NS ok 4k 4k ok
P A_Grassland *%% EE 23 EE 23 *%% EE 23 *%% *%% EE 23
PA Wetland EXES #3434 #3434 EXES #3434 EXES EXES #3434
u A_Corn *%% *%% *%% *%% *%% *%% *%% *%%
UA_Wheat NS NS NS NS ok ok EEx) ok
UA_Alfalfa NS NS NS NS i BB % *4k
UA Soybean EXES #3434 #3434 EXES #3434 EXES EXES Kook
UA_Other Crops =~ *** 2 *5% # #5% 0k ok .
UA_Water NS NS NS NS **x S * #Hk
UA Barren/Dev. *% *%% * *% *%% *%% *% *%
UA_Forest NS NS NS NS kot kot kot kot
UA Grassland *%% EE 23 EE2S *%% EE 23 *%% *%% EE 23
UA Wetland *%3% EE EE *%3% EE *%3% *%3% EE
OA %% EEXS EEXS *%% EEXS %% P e
k L *%% *% Sk *%% Sk *%% *%% Sk
k Q F%5% *%% *%% F%5% *%% F%5% F%5% *%%




Table S7. Accuracy assessment of RFC models summarized by sample size scenarios.

2016 2017
ARD HLS ARD HLS

Metrics P01 P05 P15 P25 P01 P05 P15 P25 POl P05 P15 P25 P01 P05 P15 P25

PA_Corn 941 948 958 962 898 91.8 931 93.6 933 944 952 956 90.7 932 941 945
PA_Wheat 581 792 853 874 496 737 824 850 458 640 703 725 444 624 674 699
PA_Alfalfa 619 799 8.7 879 550 779 842 865 56.8 814 875 897 550 80.0 871 88.5
PA_Soybean 946 962 966 968 885 916 925 928 933 958 967 971 921 944 955 96.0
PA_Other Crops 71 21.8 40.0 483 9.1 272 473 559 00 166 316 40.6 00 188 332 43.0
PA_Water 975 981 983 985 970 974 979 979 963 969 976 978 960 963 971 974
PA_Barren/Dev. 496 582 624 642 388 507 565 589 470 558 60.8 625 361 480 548 57.0
PA_Forest 86.6 914 928 934 845 903 920 928 779 867 89.0 897 791 870 894 903
PA_Grassland 926 940 945 947 937 949 955 957 931 941 945 949 939 948 954 95.6
PA_Wetland 648 737 764 776 745 813 83.6 845 644 738 773 786 692 783 81.0 822
UA_Corn 930 956 964 967 874 911 922 926 928 954 964 967 899 928 940 946
UA_Wheat 845 875 894 902 806 856 880 89.0 705 849 887 898 676 820 899 913
UA_Alfalfa 752 912 921 929 699 901 911 920 813 928 940 946 791 924 939 947
UA_Soybean 922 943 956 961 879 913 93.0 93.6 91.0 930 943 948 898 926 938 943
UA_Other Crops 70 480 776 847 90 558 843 895 00 271 739 869 00 294 732 855
UA_Water 974 976 977 978 961 962 966 96.8 949 962 969 971 950 96.0 964 96.5
UA_Barren/Dev. 725 783 807 817 660 737 779 789 705 781 810 822 671 757 791 804
UA_Forest 853 890 908 916 847 882 908 91.6 80.0 834 8.6 867 821 858 879 889
UA_Grassland 837 869 879 885 848 881 895 90.1 845 876 888 893 848 878 892 897
UA_Wetland 728 796 824 835 746 827 852 863 722 777 807 819 738 799 831 842
OA 871 905 91.8 923 848 89.0 90.6 912 871 902 917 922 8.3 897 913 919
k_L 0906 0919 0927 0931 0.883 0.903 0914 0.919 0.907 0918 0.928 0.932 0.899 0914 0924 0.929
k Q 0.877 0929 0.944 0949 0.862 0.922 0940 0.945 0.871 0926 0.942 0947 0.866 0.923 0.939 0.944

10



Table S8. Producer’s and user’s accuracies in percent (%) of 2017 RFC models
summarized by sets of input variables. A particular scenario (current column) was
compared to a scenario on the left (left column) using the nonparametric Mann-Whitney
U test and the TOST equivalence tests. The null hypothesis of the U test is that a random
accuracy metric of the first scenario (left column) will be less than a random accuracy
metric of the second scenario (current column). Significance level of the U test are
indicated by ***, ** and * for p-values of less than 0.001, 0.01, 0.05, respectively, and NS
for “not significant”. Results of the TOST equivalence test are highlighted in light blue
for “not equivalent” and light yellow for “equivalent”.

ARD HLS
Metrics CxQ HPLM SPL CMB CxQ HPLM SPL CMB
PA_Corn 922 952 ™ 940 N 971 ™ 915 942 ™ 909 Ns 959
PA_Wheat 812 777 Ns 147 N 790 ™ 749 811 ™ 81 N 80.0
PA_Alfalfa 715 862 ™ 759 N 819 ™ 704 888 ™ 699 Ns 814

PA_Soybean 945 927 Ns 970 ™ 988 ™ 925 930 " 946 ™ 978 ™
PA_Other Crops 34.6 254 N 59 Ns 229 = 317 293 Ns 46 Ns 204 ™

PA_Water 938 961 ™ 994 ™ 994 Ns 0931 947 ™ 995 ™ 993 Ns
PA_Barren/Dev. 434 435 Ns 695 ™ 69.7 N 401 351 N 593 ™ 614
PA_Forest 737 787 ™ 948 ™ 961 ™ 752 80.7 ™ 944 ™ 954 ™

PA_Grassland 921 932 ™ 950 ™ 963 ™ 930 932 * 9.2 ™ 973 ™
PA_Wetland 71.0 714 Ns 727 ™ 789 ™ 777 722 NS 775 ™ 832 ™

UA_Corn 951 947 Ns 033 Ns 982 ™ 928 944 ™ 872 N 970
UA_Wheat 89.8 907 Ns 614 NS 9271 ™ 887 911 ™ 575 Ns 936
UA_Alfalfa 873 914 Ns 897 * 944 ™ 867 933 N 8.0 N 941

UA_Soybean 929 942 ™ 894 NS 966 ™ 922 937 ™ 883 NS 961 ™
UA_Other Crops 55.0 51.5 Ns 284 Ns 529 = 528 537 NS 247 NS 569 ™

UA_Water 923 932 ™ 999 ™ 998 N 912 933 ™ 998 ™ 99.6 NS
UA_Barren/Dev. 622 63.8 ™ 933 ™ 924 Ns 592 630 ™ 91.8 ™ 883 NS
UA_Forest 720 771 ™ 931 ™ 934 N 767 828 ™ 913 ™ 940 ™

UA_Grassland 862 864 Ns 881 ™ 896 ™ 876 8.2 N 888 ™ 899 ™
UA_Wetland 70.7 745 ™ 810 ™ 8.3 ™ 730 745 ™ 85 ™ 879 ™
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Table S9. The nonparametric Mann-Whitney U test and the TOST equivalence test for
the comparison between phenometrically-based and combined RFC models. The null
hypothesis of the U test is that a random accuracy metric of the first scenario (left
column) will be less than a random accuracy metric of the second scenario (current
column). Significance level of the U test are indicated by ***, ** and * for p-values of less
than 0.001, 0.01, 0.05, respectively, and NS for “not significant”. Results of the TOST
equivalence test are highlighted in light blue for “not equivalent” and light yellow for

“equivalent”.
CxQ versus SPL HPLM versus SPL
2016 2017 2016 2017
Metrics ARD HLS ARD HLS ARD HLS ARD HLS
PA Corn R Hkok ok NS R Hkok NS NS
PA_Wheat NS NS NS NS NS NS NS NS
PA_Alfalfa e o NS NS NS NS NS NS
P A_Soybe an *%% *%% EE 23 *%% *%% *%% *%% *%%
PA_Other Crops NS NS NS NS NS NS NS NS
PA Water 43 ok k% ok 43 F%% 4% s
PA_Barren/Dev. . . Fokok . . . . .
PA Forest Fo4ok Fokok ook Fokok Fo4ok v $okok ok
PA Grassland *%k *%% *kk %% %k %% %k %%
PA Wetland 43 ok k% NS 43 ok #4% ok
UA_Corn #¢ e NS NS w6 e+ NS NS
UA_Wheat NS NS NS NS NS NS NS NS
UA_Alfalfa #¢  x NS NS + NS
UA_Soybean e e NS NS NS NS NS NS
UA_Other Crops NS o NS NS NS o NS NS
UA Water *%k *%% *kk %% %k %% %k %%
U A_B arren, /Dev. 43 ok k% ok 43 ok 43 ok
UA FOI'eSt *H% *3%3% EE *%3% *H% *%3% *H% *%3%
UA Grassland 43 ok k% ok 43 ok 43 ok
UA Wetland *%k %% *kk %% %k %% *%k %%
OA R Hkok ok Hokok R Hkok *4ok NS
k L Fo4ok Fokok ook Fokok Fo4ok Fokok Fokok Fokok
k:Q *4ok Hokok NS NS *4ok Hkok NS NS
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Table S10. The nonparametric Mann-Whitney U test and the TOST equivalence test for
the comparison between phenometrically-based and combined RFC models. The null
hypothesis of the U test is that a random accuracy metric of the first scenario (left
column) will be less than a random accuracy metric of the second scenario (current
column). Significance level of the U test are indicated by **, ** and * for p-values of less
than 0.001, 0.01, 0.05, respectively, and NS for “not significant”. Results of the TOST
equivalence test are highlighted in light blue for “not equivalent” and light yellow for
“equivalent”.

CxQ versus HPLM SPL versus CMB
2016 2017 2016 2017
Metrics ARD HLS ARD HLS ARD HLS ARD HLS
P A_Corn *%% *%% *%% *%% *%% *%% *%% *%%
PA Wheat NS NS NS ek ek ek *Hk ek
PA_Alfalfa S i #4k %% Hork % . -
PA_Soybean ok #kk NS % Ak - . *oksk
PA_Other Crops NS NS NS NS e *% *k *4k
PA_Water rEE ok ook rEE NS NS NS NS
PA_Barren/Dev. xEE wAxE NS NS NS NS NS x*
PA_Forest w0k e D *%% * NS *%3 Ak
PA_Grassland *okok NS *okk * . #okok % -
PA_Wetland NS NS NS NS i e *4% *4k
U A COI'II *3%3% *H% NS *%3% *%3% *H% *3%% *%3%
UA_Wheat * NS NS S B33 4% EEES ok
UA_Alfalfa NS NS NS NS
UA_Soybean R % *Hk 4k ok okt *hok -
UA_Other CrOpS ook NS NS NS *%% * *%% ook
UA_Water e i ok ok NS NS NS NS
UA_Barren/Dev. rEE ok ook e NS NS NS NS
UA Forest *4k pa *kk v *k pan NS *4k
UA_Grassland i NS NS NS NS #kk - o
UA_Wetland NS NS R *4% *hk 4k *otk otk
OA v NS *kk *4k v pa *kok v
k L btk NS H4% Eat btk bt H4% Eat
k Q NS NS NS NS 4% 34 S vy
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Table S11. The nonparametric Mann-Whitney U test and the TOST equivalence test for
the comparison between phenometrically-based and combined RFC models. The null
hypothesis of the U test is that a random accuracy metric of the first scenario (left
column) will be less than a random accuracy metric of the second scenario (current
column). Significance level of the U test are indicated by **, ** and * for p-values of less
than 0.001, 0.01, 0.05, respectively, and NS for “not significant”. Results of the TOST
equivalence test are highlighted in light blue for “not equivalent” and light yellow for
“equivalent”.

CxQ versus CMB HPLM versus CMB
2016 2017 2016 2017
Metrics ARD HLS ARD HLS ARD HLS ARD HLS
PA Corn *%% *%% *%% *%% *%% *%% *%% *%%
PA_Wheat xR SR x i *okok *ok *ook *%
PA_Alfalfa o ek o o NS NS NS NS
P A_Soybean *%% *%% *%% *%% *%% *%% *%% *%%
PA_Other Crops NS NS NS NS NS NS NS NS
PA_Water okt okt *4k 4k . - otk -
PA:Barren/DeV. RS *%% *hk *okk *hk ®ok% *kk .
PA Forest *%% *%% *%% *%% *%% *%% *%% *%%
PA_Grassland i EF *E% ok %% ok ®%% .
P A_Wetland *%% *%% *%% *%% *%% *%% *%% *%%
UA Corn *%% *%% *%% *%% *%% *%% *%% *%%
UA_Wheat X e % *4% % ok ®%% -
UA_Alfalfa w0k 2k Ry *4% *%% *Ak ok 4k
UA:Soybean o R i okt otk otk otk .
UA_Other CI‘OpS B 333 NS *3%% % *k * *k
UA_Water *kk okt *okk ok *ohk ok . .
UA:Barren/DeV. RS #4% *okk ®kk *kk *h% *okt -
UA_Forest % ok ®%% % ok #4% e -
UA_Grassland o e ok okt #x ok — .
UA_Wetland X e *E% ok %% ok ®%% .
OA *H% B *k% *H% *H% B *k% *H%
kL B EREs *H% B B ERES #H% B
k:Q *H% B *k% *H% *H% B *k% *H%
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Table S12. Pixel-based comparison between 2016 predicted land cover maps and the
CDL summarized by sample pools. Areal units are km?.

ARD HLS
Land Cover Info. CDL C1S CiIM (C2S (C2M Cl1s CiIM (C2S C2M
Corn Area 662 643 639 643 639 668 666 670 670
UA 92.7 929 92,6 927 862 860 859 858
PA 90.2 896 90.0 895 870 866 87.0 86.8
Wheat Area 103 100 104 103 105 97 101 102 105
UA 825 802 80.9 797 795 771 761 741
PA 80.6 815 812 81.6 751 75.6 757 76.1
Alfalfa Area 45 30 32 31 33 31 33 31 35
UA 765 740 751 726 695 661 683 644
PA 51.0 525 521 53.7 472 488 476 495
Soybean Area 746 730 721 721 714 712 696 696 688
UA 909 914 914 9138 873 882 882 887
PA 889 884 883 879 833 822 823 817
Other Crops = Area 13 0 0 0 0 0 1 1 1
UA 0.0 0.0 0.0 0.0 0.0 0.0 89.1 0.0
PA 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0
Water Area 154 127 123 121 119 131 126 125 125
UA 9.7 972 974 975 93.0 941 944 945
PA 79.7 777 763 75.6 792 771 76,6 765
Barren/Dev. Area 131 51 50 47 51 47 53 48 58
UA 51.0 486 495 46.6 41.6 363 387 331
PA 201 186 178 184 150 148 142 147
Forest Area 64 62 64 64 67 63 65 63 65
UA 683 671 66.7 64.8 629 616 622 610
PA 65.7 662 661 67.2 61.1 618 606 61.3
Grassland Area 761 923 918 924 916 933 939 944 955
UA 746 746 745 747 729 725 719 712
PA 90.5 90.1 904 90.0 895 895 892 895
Wetland Area 262 274 290 288 295 259 262 262 240
UA 48.0 455 453 439 51.9 503 504 512
PA 50.0 503 49.7 495 51.3 502 503 46.9
OA 80.8 804 804 80.1 779 774 774 77.0
k_L 0.820 0.819 0.819 0.817 0.782 0.777 0.779 0.780
k_Q 0.878 0.868 0.867 0.863 0.875 0.871 0.866 0.857
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Table S13. Pixel-based comparison between 2017 predicted land cover maps and the
CDL summarized by sample pools. Areal units are km?.

ARD HLS
Land Cover Info. CDL Ci1S CIM C25 C2M Cl1Ss CIM C25 C2M
Corn Area 685 607 597 601 595 616 602 606 602
UA 954 958 958 959 920 929 926 927
PA 846 836 841 833 828 8l.6 819 815
Wheat Area 87 63 65 65 65 63 63 63 63
UA 880 877 876 877 876 875 875 874
PA 643 656 654 658 63.8 639 639 638
Alfalfa Area 50 37 36 39 38 36 36 38 38
UA 83.8 822 81.0 802 80.1 79.1 784 768
PA 614 60.1 640 611 579 56.6 596 57.8
Soybean Area 803 817 806 811 803 820 811 812 808
UA 89.7 903 901 905 871 876 875 877
PA 913 907 909 904 89.0 885 885 882
Other Crops Area 8 0 0 1 0 0 0 0 0
UA 00 00 990 0.0 0.0 00 00 00
PA 00 00 83 0.0 0.0 00 00 00
Water Area 153 121 120 116 115 125 122 119 119
UA 970 972 978 978 937 942 951 951
PA 76.7 759 738 737 762 752 738 73.6
Barren/Dev. Area 111 46 50 48 53 44 49 46 51
UA 524 50.0 513 487 462 434 433 407
PA 216 225 225 235 183 191 181 188
Forest Area 63 66 69 72 73 60 63 62 61
UA 63.6 624 60.7 595 632 616 618 620
PA 67.0 682 692 694 603 616 60.6 60.0
Grassland ~ Area 744 920 914 911 905 938 937 946 949
UA 736 737 737 738 720 718 713 709
PA 91.1 90.6 903 89.8 90.7 904 90.6 90.5
Wetland Area 237 263 283 277 293 239 258 248 250
UA 48.7 456 461 438 50.5 470 475 463
PA 540 545 540 543 509 513 499 489
OA 812 80.8 808 804 795 790 789 786
k L 0.841 0.838 0.838 0.833 0.814 0.811 0.810 0.806
k Q 0.852 0.846 0.848 0.843 0.858 0.851 0.851 0.851
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Table S14. Pixel-based comparison between 2016 predicted land cover maps and the

CDL summarized by sample sizes. Areal units are km?.

ARD HLS
Land Cover Info. CDL Po1 P05 P15 P25 Po1 P05 P15 P25
Corn Area 662 651 638 640 642 690 661 661 662
UA 91.0 92.8 93.0 93.1 829 863 870 871
PA 89.5 89.5 90.0 90.3 865 863 869 872
Wheat Area 103 75 103 111 112 66 100 111 113
UA 87.6 79.0 774 77 4 863 750 728 731
PA 64.4 79.6 83.7 84.6 55.7 73.0 79.1 80.6
Alfalfa Area 45 24 31 34 34 23 32 35 35
UA 82.2 74.1 72.9 72.9 758 663 646 649
PA 43.3 51.9 54.4 55.8 395 478 500 509
Soybean Area 746 724 722 721 722 683 702 704 706
UA 90.0 91.2 91.6 91.8 86.7 87.6 882 885
PA 87.3 88.2 88.6 88.8 794 824 833 837
Other Crops  Area 13 0 0 0 0 0 0 1 1
UA 0.0 0.0 0.0 0.0 0.0 00 879 834
PA 0.0 0.0 0.0 0.0 0.0 0.0 4.2 6.4
Water Area 154 119 121 123 125 125 126 127 128
UA 97.3 97.4 97.3 97.1 939 943 942 941
PA 75.6 76.6 77.6 78.6 762 769 777  78.0
Barren/Dev.  Area 131 46 49 53 55 44 50 52 54
UA 44.8 49.8 50.7 51.1 328 372 402 407
PA 15.7 18.7 20.7 21.6 11.0 142 160 167
Forest Area 64 64 65 64 64 62 65 64 64
UA 65.8 66.0 66.9 67.3 61.8 61.0 620 623
PA 65.1 66.6 66.8 66.8 59.0 61.8 619 619
Grassland Area 761 966 917 903 897 988 949 930 925
UA 719 74.6 75.5 76.0 69.6 717 729 733
PA 91.3 90.0 89.7 89.7 904 895 89.2  89.2
Wetland Area 262 272 294 291 289 260 256 255 253
UA 43.5 44.7 46.4 47.3 478 505 519 527
PA 45.0 50.0 51.5 52.1 474 492 504 508
OA 78.9 80.1 80.7 81.0 755 772 780 783
k_L 0.808 0.817 0.821 0.823 0.776 0.776 0.783 0.786
k Q 0.853 0.866 0.872 0.876 0.828 0.868 0.874 0.876
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Table S15. Pixel-based comparison between 2017 predicted land cover maps and the

CDL summarized by sample sizes. Areal units are km?.

ARD HLS
Land Cover Info. CDL Po1 P05 P15 P25 Po1 P05 P15 P25
Corn Area 685 598 596 604 608 603 604 609 612
UA 944 956 958 95.8 91.2 925 927 928
PA 824 833 845 850 80.3 815 825 829
Wheat Area 87 41 62 69 70 44 62 67 69
UA 923 873 868 86.6 914 873 862 859
PA 436 627 687 704 460 622 669 683
Alfalfa Area 50 24 37 41 41 25 37 39 40
UA 90.1 80.1 80.1 80.5 8.6 765 770 771
PA 426 59.7 653  66.6 434 568 598 613
Soybean Area 803 825 810 806 806 823 810 812 813
UA 880 899 90.7 90.8 8.6 875 878 88.0
PA 904 90.6 909 911 877 882 888 89.0
Other Crops  Area 8 0 0 0 1 0 0 0 0
UA 0.0 0.0 00 994 0.0 0.0 0.0 0.0
PA 0.0 0.0 0.0 72 0.0 0.0 0.0 0.0
Water Area 153 115 117 119 120 119 120 121 122
UA 97.7 976 974 972 948 947 945 943
PA 735 744 754  76.0 734 742 749 754
Barren/Dev. Area 111 43 51 53 54 35 49 53 54
UA 494 499 515 517 440 426 436 442
PA 192 228 248 255 14.1 188 208 215
Forest Area 63 67 72 71 71 58 64 63 62
UA 61.7 605 614 620 628 609 620 628
PA 656 690 69.6 697 581 615 617 614
Grassland Area 744 964 909 896 894 989 937 928 923
UA 708 738 747 749 691 716 723 726
PA 91.7 901 899 90.0 919 902 901 90.1
Wetland Area 237 264 287 282 276 245 259 249 247
UA 432 445 467 481 441 462 491 50.2
PA 483 540 557 56.0 456 505 51.6 522
OA 790 804 813 816 773 787 794 797
k_L 0.830 0.834 0.838 0.839 0.805 0.806 0.810 0.812
k Q 0.821 0.842 0.857 0.863 0.823 0.851 0.862 0.866
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Table S16. Pixel-based comparison between 2017 predicted land cover maps and the
CDL summarized by sets of input variables. Areal units are km?.

ARD HLS
Land Cover Info. CDL CxQ HPLM SPL CMB CxQ HPLM SPL CMB
Corn Area 685 597 625 602 604 613 627 641 608
UA 91.6 90.7 909 95.1 88.3 884 827 921
PA 79.9 82.8  80.0 83.9 79.1 81.0 774 81.8
Wheat Area 87 64 66 14 70 59 70 2 67
UA 81.7 845  55.2 83.4 80.9 81.6 767 847
PA 60.0 64.5 87 671 55.4 66.2 1.8 65.8
Alfalfa Area 50 38 42 BY 36 34 43 35 36
UA 81.2 736  69.0 82.1 80.2 706 679 78.8
PA 62.3 61.3 53.7  59.0 54.9 61.0 477  56.9
Soybean Area 803 765 755 912 816 769 762 910 812
UA 88.2 89.5  80.2 89.6 85.7 87.1 777 874
PA 84.1 840 91.1 91.0 82.1 82.6  88.1 88.4
Other Crops  Area 8 0 0 0 0 0 0 0 0
UA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Water Area 153 118 121 119 116 119 115 124 120
UA 91.6 91.7 975 97.8 89.1 923 941 94.9
PA 70.5 72.1 75.5 74.2 69.5 69.0 763 74.5
Barren/Dev. Area 111 71 64 53 57 65 46 46 61
UA 25.1 31.1 55.5 52.9 24.8 284 506 436
PA 16.1 179  26.6 27.1 14.7 119 211 24.1
Forest Area 63 56 73 76 74 37 65 73 67
UA 46.2 48.1 60.5 61.0 55.7 49.7  55.0 60.1
PA 40.9 55.7  73.0 72.1 324 51.1 63.9 64.1
Grassland Area 744 833 886 906 915 866 927 931 938
UA 76.1 738 725 73.3 73.9 704 704 71.5
PA 85.2 879 882 90.1 86.0 87.6  88.1 90.1
Wetland Area 237 399 310 220 253 377 286 178 231
UA 33.7 385 51.0 499 354 388  56.1 49.8
PA 56.7 504 474 53.3 56.4 46.9 421 48.6
OA 75.7 77.1 77.3 80.9 74.6 755  74.8 78.9
k_L 0.778 0.787 0.810 0.834 0.766  0.767 0.780 0.805
k_Q 0.831 0.845 0.818 0.857 0.826  0.842 0.811 0.861
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Figure S4. Number of valid observations (cloud/snow/shadow-free, EVI2>0) over the
study area for each combination of year and data source.
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