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This document contains:

Supplementary Figure 1 contains the distribution of the four growing season types for the three satellite products;

Supplementary Figure 2 contains the distribution of the agreement regions for the four growing season types between
Land Surface Models (LSM) and LAI3g;

Supplementary Table 1 contains the percentage of agreement for each growing season type between LAI3g and LSM;

Supplementary Figure 3 contains the distribution of the agreement regions for the four growing season types between
Land Surface Models (LSM) and CGLS;

Supplementary Table 2 contains the percentage of agreement for each growing season type between CGLS and LSM;
Supplementary Figure 4 contains the global climatological growing season start and end timings for LAI3g and CGLS;

Supplementary Figure 5 contains the differences in growing season start timings between LAI3g and each Land Surface
Model;

Supplementary Figure 6 contains the differences in growing season end timings between LAI3g and each Land Surface
Model;

Supplementary Table 3 contains the fraction of land grid-cell in agreement with LAI3g for each land surface model in
Onset and Offset timings;

Supplementary Table 4 contains the average difference between LAI3g and MODIS, CGLS, each land surface model,
and multi-model ensemble mean (MME) in Growing Season Start (GSS) and Growing Season End (GSE) timings;

Supplementary Figure 7 contains the differences in growing season start timings between CGLS and each Land Surface
Model;

Supplementary Figure 8 contains the differences in growing season end timings between CGLS and each Land Surface
Model;

Supplementary Table 5 contains the fraction of land grid-cell in agreement with CGLS for each land surface model in
Onset and Offset timings;

Supplementary Table 6 contains the average difference between CGLS and LAI3g, MODIS, each land surface model,
and multi-model ensemble mean (MME) in Growing Season Start (GSS) and Growing Season End (GSE) timings;

Supplementary Figure 9 contains the zonal mean of growing season start and end timings in three specific subregions:
Americas; Europe plus Africa; Asia plus Oceania;

Supplementary Figure 10 contains the distribution of the four growing season types of each Land Surface Model (LSMs)
and MODIS.
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Supplementary Figure 1. Global climatological (averaged over 2000-2011) distribution of the four main growing season modes for (a)

MODIS version 6, (b) LAI3g, (c) CGLS. Index values: (purple) evergreen; (green) single season with summer LAI peak; (cyan) single
growing season with summer dormancy; (orange) two growing seasons type.
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Supplementary Figure 2. Global climatological (averaged over 2000-2011) distribution of the four main growing season modes for (a)
Multi-Model Ensemble mean (MME); (b) CLM 4.5; (c) CLM 5.0; (d) JULES-ES; (e) JSBACH; (f) LPJ-GUESS; (g) ORCHIDEE; (h)
ISBA-CTRIP. Only the areas characterized by the same type of LAI3g (Supplemetary Figure 1b) are shown. These common areas are
called agreement regions. Index values: (purple) evergreen; (green) single season with summer LAI peak; (cyan) single growing season with
summer dormancy; (4, orange) two growing seasons type. White regions are for disagreement areas. Above this selection, areas of agreement
between satellite products are shaded with a different hatching pattern: LAI3g and MODIS (Supplementary Figure 1a) slash hatching (/);
LAI3g and CGLS (Supplementary Figure 1c) backslash hatching (\); MODIS, CGLS, and LAI3g crossed hatching (X).



Supplementary Table 1. Fraction of land grid-cell in agreement with LAI3g for Multi-Model Ensemble mean (MME) and LSMs in each
growing season type. Values are reported in percentage. Colored regions in Supplementary Figure 2.

CLM4.5 CLM5.0 JULES-ES JSBACH LPJ-GUESS ORCHIDEE ISBA-CTRIP MME

EVG 56.4 73.7 90.1 21.8 61.2 71.1 72.0 40.2
SGS-S 67.4 44.0 50.4 75.3 76.0 81.3 71.0 78.9
SGS-D 374 20.8 5.0 41.1 17.9 20.6 39.6 13.1
TGS 14.0 9.8 0.3 8.3 14.1 3.8 7.1 0.5
Total 589 40.3 40.3 64.7 62.4 66.3 66.2 62.6
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Supplementary Figure 3. Global climatological (averaged over 2000-2011) distribution of the four main growing season modes for (a)
Multi-Model Ensemble mean (MME); (b) CLM 4.5; (c) CLM 5.0; (d) JULES-ES; (e) JSBACH; (f) LPJ-GUESS; (g) ORCHIDEE; (h)
ISBA-CTRIP. Only the areas characterized by the same type of CGLS (Supplemetary Figure 1c) are shown. These common areas are
called agreement regions. Index values: (1, purple) evergreen; (2, green) single season with summer LAI peak; (3, cyan) single growing
season with summer dormancy; (4, orange) two growing seasons type. White regions are for disagreement areas. Above this selection, areas
of agreement between satellite products are shaded with a different hatching pattern: LAI3g and CGLS (Supplementary Figure 1b) slash
hatching (/); MODIS and CGLS (Supplementary Figure 1a) backslash hatching (\); MODIS, CGLS, and LAI3g crossed hatching (X).



Supplementary Table 2. Fraction of land grid-cell in agreement with CGLS for Multi-Model Ensemble mean (MME) and LSMs in each

growing season type. Values are reported in percentage. Colored regions in Supplementary Figure 3.

CLM4.5 CLM5.0 JULES-ES JSBACH LPJ-GUESS ORCHIDEE ISBA-CTRIP MME
EVG 413 46.2 754 22.5 32.8 39.2 579 29.5
SGS-S 65.3 44.8 48.1 73.0 75.1 79.3 74.1 79.2
SGS-D 424 26.5 5.6 43.9 28.8 26.2 47.7 16.6
TGS 21.6 17.8 0.6 14.0 17.8 6.4 13.6 0.7
Total 58.3 42.4 46.5 61.0 63.0 66.3 67.2 63.8
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Supplementary Figure 4. Global climatological (averaged over 2000-2011) growing season (a,b) start (GSS) and (c,d) end (GSE) timings
for (a,c) LAI3g, and (b,d) CGLS.
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Supplementary Figure 5. Global climatological (averaged over 2000-2011) differences in growing season start (GSS) between (a) Multi-
Model Ensemble mean (MME); (b) CLM 4.5; (c) CLM 5.0; (d) JULES-ES; (e) JSBACH; (f) LPJ-GUESS; (g) ORCHIDEE; (h) ISBA-
CTRIP and LAI3g (Supplementary Figure 4a). The green regions represent areas of agreement between LAI3g and LSMs. Yellow-red
colors correspond to areas where models timings are later compared to LAI3g, while blue-violet colors correspond to areas where models
timings are earlier compared to LAI3g. Regions where GSS timings are not computed, such as non-vegetated and evergreen areas, are in
white. Above this selection, areas of agreement between satellite products are shaded with a different hatching pattern: LAI3g and MODIS
(Supplementary Figure 1a) slash hatching (/); LAI3g and CGLS (Supplementary Figure 1c) backslash hatching (\); MODIS, CGLS, and
LAI3g crossed hatching (X). Note that the GSS in the TGS regions corresponds to the GSS of the first growing season cycle
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Supplementary Figure 6. As Supplementary Figure 5 but for growing season end (GSE) timings between LAI3g (Supplementary Figure 4c)
and Multi-Model Ensemble mean (MME) and LSMs. Note that the GSE in the TGS regions corresponds to the GSE of the second growing
season cycle.



(€29 o'Ly) 0€9) Ov¥) (rév) ave) (Sep) (CNa7) (8¢9 (869

1'97 81 ¥'61 Sel €91 LTl TLl 791 T 9'¥C |3us]
(L'92) ($'62) (8'82) (L°59) 0¢2) oD (L€0) L2 Los)  (s6p)

0¢l L6 €6 81 8L S0 L'L ! ¥'9T v'LT HS 9SO
(020 (6'12) (T1e) (€°6£) (8'00) (12 (OX'19) (€L0) 19 (s

L01 I'L Tl 081 '8 ¥'0 89 S0l $'9C 67T HS SSD
(LLy) 0°L9) 029 (€°09) (6'6¢) (CR40) (§20) (1'eh) (8oL (Te6L)

€9C 1'97 1'$T 8T 29! 8T (4% 6'L1 ¥'6T 8 HN dSD
(OX7%) ($°59) (€'99) (€79 (8'89) (6°00) 912 (1'69) (e (@eL)

LLY S| 8T 6'LT 6'L1 ¥'C ¥'S 061 I'ey 0'LE HN SSD
O¢h) (9'89) (CR49) (L+S) (1'9¢) wrin (820 (8'8¢) (€99) (s

€€T ¥'Te 91T ST L€l €T 0¢ ¥'91 L'8T 60t 4SO
(€'8¢) (Lss) (¥'89) (1LS) (€09) (Lom (8'02) ((X49)] €1 699

191 9°¢l LT 96T L'ST 61 LS I'LT ¥'6€ ¥ SSD

HANN  dI41D-VEST  HddIHOYO  SSHND-[dT HOVESL SH-SHIM OSIWID SYIWIO ST1OD SIAONW

“JIUOW QUO JO AJUAIIIP WNWIXEW © Y)Im HS pue ‘HN ‘Teqo[3 Jo 95eiuaorad oy 9AIS S)oxorIq UI SaneA dU [, "YISUS] UOSeIs SUIMOIS Ul [9poul 99ejIns
pue yoes 103 SIJOIN PIM JuswaaIde ur [[90-prisd puel Jo uonoery oy syrodar mo1 ise] 9], ‘9 pue ¢ sainSi Arejuowra[ddng ur seare popeys uooIr) "(HS) a1oydsmuay
yInos pue ‘(HN) 21oydsiuoy yuoN ‘[eqo[3 10j seejuadiad ur payrodar are sanfeA ‘ssurwn (4SOH) puo uoseas 3uimolsd pue (SSOH) 1els uoseas 3uimolisd ur (FININ)
UBQW J[QUIdSUD [9POW-N[NUW PUB ‘[OPOUW 20BJINS PUB] YB3 ‘STOD ‘SIAOIN 10J SEIVT PIM JUSWAIZE UT [[99-PLIS pue| Jo uonoely Y], °¢ qe], Arejuswdiddng

10



70 960 0 o1ro- or't Gee L6°0 LO0- 900 9Y°0- HS 4SO

6¥°0- - L60 18°0 [8°1- 0cc €L’ - L9°0- 8¢°0 wo HS SSD
S¥0- 0€0- 00- Ly'0 0 9¢C- 6C'I- 60°0- €ro- €0 HN HSD
1234 S0 620 90°0 S0 €0l LO'T S0 ¥0°0- Iv'0- HN SSO
LTO- ero- LO0 e £0°0- 60C- 980~ 80°0- 60°0- 91°0 4SO
€0 Sro wo o 600 780 60 1€°0 700 S0 SSO

HAN  dIELO-VESI  HHJAIHOYO  SSHND-fdT HOVEST SH-SHTIAL O0SINIO SYIWIO STDD  SIAONW

‘sJurwin I9T[Ies 03 puodsorIod sonfeA 9AnESou pue sSuIWn 19Je[ JOJ PUB)S SAN[BA JANISO]
‘(HS) 21oydstway yinoS pue (HN) 21oydstwoy YioN ‘[eqol3 Ioj syjuow ur paytodar are sonfep ‘sSurun (gSO) pug uoseas Surmoln pue (SSOH) MBS UOSLIS
SurmoIn ur (AJA) UeoW [qUIASUS [SPOW-I[NUW PUE PO 908JINs pue] yoed ‘ST ‘SIAOIN Pue SEIV T Uoam)aq 0UAIJIp aSeIdAy *p d[qe], Areyudwdjddng

11



. CLM4.5-CGLS

60N

30N

308

608

908

T T T T T

180 _150W _120W_ 90W 60W 30W _0 __ 30E 60E 90E_ 120E  150E 180 180 _150W_120W_ 90W 60W 30W _0__ 30E 60E 90E_ 120E 150E 180
N N . = ] ()

(e N . . [ ) o
3 2 -1 0 12 3 32 -1 0 123
Earlier [months] Agreement  Later [months] Earlier [months] Agreement  Later [months]

GSS _ CLMS5.0-CGLS GSS _ JULES-ES-CGLS

-
60N — 60N =

30N 30N

308

308

608 608

” 180 15(‘1W 12(‘1W BD‘W GB‘W ZO‘W (‘) SA‘IE Gl‘)E QL‘]E 12‘BE IS‘DE 180 . 180 15A‘)w 121‘7W 90‘W SO‘W BB‘W O‘ 31‘7E EtlE QLLE 12‘0E 15‘UE 180
Fekerke o R e R
Earlier [months] Agreement  Later [months] Earlier [months] Agreement  Later [months]
GSS JSBACH-CGLS GSS LPJ-GUESS-CGLS

ez B 5 N - _
60N - 60N - = -

30N | 30N | % S ‘ g -
308 - v » G T [

308

60S 60S | e =

908 T T T T T T T T T T T 908 T T T T T T T T T T T
180 150W 120w SOW 6OW W 0 0E 60E O0E_J20E 1S0E 180 180 ISOW 120w SOW 6OW GOW 0 G 60E 90E_120E 180E 160

[ 0§ | (=] O I . . [ O

3 -2 -1 0 72 3 3 -2 -1 0 12 3
Earlier [months] Agreement  Later [months] Earlier [months] Agreement  Later [months]

'ORCHIDEE-CGLS ISBA-CTRIP-CGLS

ES

180 _150W _120W_ 90W 60W  30W 0 30E 60E 90E__120E_ 150E 180 180 _150W 120W _ 90W 60W 30W 0 30E 60E 90E__ 120E_ 150E 180
N N . [ ] o N N . [ ] [
3 2 -1 0 12 3 3 -2 -1 0 2 3
Earlier [months] Agreement  Later [months] Earlier [months] Agreement  Later [months]

Supplementary Figure 7. As Supplementary Figure 5 but for growing season start (GSS) timings between CGLS (Supplementary Figure
4b) and Multi-Model Ensemble mean (MME) and LSMs. Note that areas of agreement between satellite products are shaded with a different
hatching pattern: LAI3g and CGLS (Supplementary Figure 1b) slash hatching (/); MODIS and CGLS (Supplementary Figure 1a) backslash
hatching (\); MODIS, CGLS, and LAI3g crossed hatching (X).
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Supplementary Figure 8. As Supplementary Figure 6 but for growing season end (GSE) timings between CGLS (Supplementary Figure
4d) and Multi-Model Ensemble mean (MME) and LSMs.
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Supplementary Figure 9. Zonal mean (a,c,e) growing season start (GSS) and (b,d,f) growing season end (GSE) timings for LAI3g (red
lines), MODIS (green lines), CGLS (blue lines), and multi-model ensemble mean (black dashed line). The grey regions show the multi-
model ensemble spread. The zonal means are computed over three specific regions: (a,b) Americas (170 — 35°W, red rectangle in the upper
map); (c,d) Europe plus Africa (35°W — 60°E, blue rectangle in the upper map); (e,f) Asia plus Oceania (60°E — 170°W, green rectangle in
the upper map). Values are reported as months of the year (MOY)
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Supplementary Figure 10. Global climatological (averaged over 2000-2011) distribution of the four main growing season modes for (a)
MODIS, (b) CLM 4.5; (c) CLM 5.0; (d) JULES-ES; (e) JSBACH; (f) LPJ-GUESS; (g) ORCHIDEE; (h) ISBA-CTRIP. Index values: (purple)
evergreen; (green) single season with summer LAI peak; (cyan) single growing season with summer dormancy; (orange) two growing seasons
type. It is important to keep in mind that evergreen regions are detected as areas where changes in annual LAI cycle are smaller than 25% of
the local annual LAI mean value (Peano et al., 2019).
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