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1. AFMEA 2| T2

7 AFe 21

&= S E=3
X+ 2Ll olsl Hatste 22X E=2F XHe| Bt 2 2 EHAQ
HEZEH AlsZtglE g 9 Zldiel ME2|28  Breathing Earth  System
Simulator (BESS) o|235}0{ o]3l
1XHAE SIE AO|Eo| 228H Mx| U A5 HE A|AH 2=
1XHAE BESSe| siAl ml2lo|E| Xtz 2F
XA = MODIS ct22= 2 MXZ|
2AMAE IE EME gHyst EXiE 75
. EA EI #E XIE 0|35t0 BESSZE Tl 2 &
A =
MRS Ab
) 2000-2018 @A 7|7t =©oF 1km AT, 8 Ekele| ==zt
ARMAE
St ZEEA X T A
Mzt XIEE o|235t0] EtAef & EAS| AlsZE o
5AtA =
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MEHAT=E MEATIHEE 2 HeY HIIEE Y Zord
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A|AED AR EHA
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27782] MODIS ®IM Atz, 87He|
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7}. BESS (Breathing Earth System Simulator) 28

Breathing Earth System Simulator(BESS)2 M=2|&¢?l process—based model

e
X

:Iog
0z
o2z

ol 8afl XIEXMez FAAEZN ZEMEFS 1-5 kme| SZtali&Tol 82| Azt
7

o =210
o

=
2 FE=0ct HAN =ZHIIEZ 2o Z|ele of =
Simulator (FLIES) o83l Thut SAb HTM 8 AN A AMEHAAES AMsta, FEte

sunlit/shade =0 2lsif S HEFS ALkstct AdRdo 2t 25°C ¥ FF0AM2

S (Forest Light Environment
=

Al
maximum carboxylation rate (Vcmax)E& o|Zst F Z2t =&=2=z2 FHsich ol C3 % C4
AlEE2 PEHM M= Farquhar Mstst 29 Ball-Berry Stomatal conductance equation S
off SLAMAMZS AESHI, Penman—-Monteith 22 S 0|23l ZSEAMES AETHHFig.1.;Fig.

2.). BESSoll E0{7t= A2 (Table 1.)z2F ZC}.



Atmosphere shortwave radiative transfer

'

Maximum carboxylation capacity

Canopy shortwave radiative transfer

Thermodynamics

Initialize/update sunlit/shade leaf temperature, soil temperature,
intercellular CO, concentration, and acrodynamic resistance

Canopy longwave radiative transfer

Y

Carbon assimilation

Conductance

-~ Energy balance

GPPand ET

Upscaling from snapshot to 8-day mean

Aerodynamics

Fig. 1. Algorithm of BESS GPP and ET (Jiang and Ryu 2016)

BESS
Type of Approach Process-based
Gross Primary Farquhar et al. (1980)
Praduction Plant Functional Type-dependent Loek-up
Table for Vema 2
Spatial 1/100°
Resolution (°) Global
and Range
Temporal 8 Day
Resolution and 20002015
Range
Climate Dataset NCEP/NCAR Reanalysis
ERA-Interim
Radiation Dataset BESS Radiation
(Spatial (0.05°)
Resolution)
MODIS Input Land Surface Temperature (MOD11A1)
Products Leaf Area Index (MCD 15A2)
Other MODIS Aerosol (MODO04_1.2)
Input Products Atmosphere Profile (MODO07 L2) Cloud
(MODO06_L2) Albedo (MCD43B3) Surface
Temperature (MODI11A1)
Land cover
Reference (Jiang and Ryu, 2016; Ryu et al., 2011)

Fig. 2. Summary of BESS model



Table 1. Forcing data of BESS model

Dataset Al siate | 32 A

1. MODO04_L2 aerosol product Daily 10 km

2. MODO6_L2 cloud product Daily 5 km

3. MODO7_L2 atmosphere profile product Daily 5 km

4. MOD11A1 land surface temperature product Daily 1 km

5. MCD12Q1 land cover product Annual 500 m

6. MOD15A2 leaf area index product 8—day 1 km

7. MCD43B3 albedo product 8—day 1 km

8. 0OCO-2 Lite XCO2 product Daily 3 km

9. MODIS global clumping index map - 1 km

10. | ICESat/GLAS global forest canopy height map = 1 km

11. | STRM global elevation map = 30"

12. | ERA Interim Reanalysis air temperature data 3—hour 0.75°

13. | ERA Interim Reanalysis dew point temperature data | 3—hour 0.75°

14. | NCEP/NCAR Reanalysis U-wind data Daily 2°

15. | NCEP/NCAR Reanalysis V-wind data Daily 2°

16. | Still global C3 and C4 Distribution  map - 1°

17. | Kbppen—Geiger global climate classification map - 0.5°

18. | NOAA global carbon dioxide growth rates data Annual -

L. BESSS| 4l malale Xz BE
1. LED Z|gt 2&A =X & 2|
- 2014-2016A 7|2t ¢t 7[&2| LED MME Lef ATt FI24 X|He| X|FE HIAEE F
= UARS. o|E HIHSZ HFAIMX|=(Normalized vegetation index, NDV)E T3
(Fig. 3.)
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Day of Year

Fig. 3. In situ NDVI measured by LED sensor (2014-2016)

- 7|29 Hato| w2t X|del Hatstof MAMel +HE #7XISH| olHZ (Fig. 4.). WA,
M=Z HM=zfet LED dMAM= Z[&2] Mol Hls 7Sz Algol eatE. 20198 HAS7HX| Al
PRl &< LED MM dx[A=E 74 (Fig. 4.).

o

(e}

HMoZ MX[stl 2H

Ho
rot

Fig. 4. (Left) Previous version LED sensor in spring season. (Right) Newly installed LED sensor

on 2019
~S0|2E WS olAlsts MMt Lks WS olAlsts MAME st wEoz s 8
H, 2 dAMTE Ef ke of w2l #H3slst= 2ol MI|E QAlste HEE HIUWEHSEM F



2. F0IM H=E BESS dalmzioleet EFA Atz ZHe| H[W

Fig. 6. Study site. Tussock tundra council, Alaska

| -/ a
E5t ojct 2EAE 0|28  che| HEIAME GEHMX|x, Ol EQF 2ot =8 EHe
(Table 2.)
- Z3t 160l cloud berrye| 28 A7ZHSt0] HHXMX|~E ZF Z5F H(20x20cm)2 F&t

(Fig. 7)

- S50t 2E 2 A A5tod gHEAH ek (Fig. 7.)

Table 2. In situ data on each plot (“—“no data)

Plot Understory Leaf area Soil Soil water (us) | Soil water(%) NDVI

_‘I‘I_



temperature

vegetation index
(°C)
1 Moss 0.62 6.9 2.08 20.7 0.85
2 Lichens 0.10 45 2.47 35.5 0.71
3 Moss 0.64 23 2.52 37.1 0.79
4 Moss 0.60 6.4 2.16 23.8 0.82
5 Moss 1.07 56 1.67 5.2 -
6 Lichens 0.31 159 1.60 2.9 -
7 Moss 0.53 70 1.83 10.7 -
8 Lichens 0.17 45 2.95 49.3 -
9 Moss 0.52 6.2 2.52 37.3 0.83
10 Moss 0.53 59 1.85 11.3 0.84
11 Lichens 0.19 6.7 2.29 28.9 0.71
12 Moss 0.93 - 1.75 7.9 0.84
13 Moss 0.39 4.2 1.95 15.3 0.83
14 Moss 0.81 7.3 1.86 11.99 0.85
15 Lichens 0.20 50 2.04 19.3 0.68
16 Moss 1.03 6.5 1.96 15.9 0.80

h

Fig. 7. (Left) Plot 16. (Right) Scanned image for LAl measurements at

plot 16




Ch colH cl22E= H A2
1. MODIS Al& C}RE2E

BESS ZE 2= AUAZE (Solar radiation)2 &HEsH7| s Terra?t Agua MODIS CH7|2f
A AN=2E2 H{egCE (Table 1). MODIS 7| (Collection 6) 2 |X| (Collection 5) At
25 ¥ 471X CfE 39 F&, MEIHE KR J2|1 37K ExX XARE U™HAERE
Mol Lhe{gteton & 3572 AR F52 2R3 CHFig. 8.; Fig. 9.). MOD04_L2 &
Che| ol0{2Z (dark target and deep blue combined aerosol optical depth at 500m) G| 0| &
(Fig. 10.), MOD6_L2 & (cloud optical thickness, cloud top pressure, cloud top
temperature, surface pressure and surface temperature) HIO|Ef  (Fig. 11.
MOD/MYDO7_L2 (total column precipitable water vapor and total ozone burden,
atmospheric profile) HIOl&, MOD11A1 & tte| EX| EH 2X (land surface temperature)
diole (Fig. 12.), MCD12Q1 ¢iZt EX|x|= O 0|5, MOD15A2 8&7tel FHAX[$= (LAl)
dolE (Fig. 13.) 2l MCD43D61 LUH T C|o|E{E 2001HollAl 2018 Afo| F=&FCt.
I35 42| E (fast algorithm)S 7H 24510, MOD0O4_L2, MODO06_L2, ZI2[2 MODO07_L22]

‘swath‘H|0|E{ & ’tile’ O|O|E{2 sinusoidal £EH 2 B stsIict

Tile Dataset

Products

Reprojected :"
praducts

Angstrom

coefiicient

MODB?’
25TB
| 2014365

i

IVILILY) o

T D |

Standard | Mfﬁ_ﬂﬂ?
products T - Example: MOD11 = 2014365 — h28v05 — Land surface temperature

Fig. 8. MODIS data processing
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Fig. 11. MODO06_L2 Cloud optical thickness

_14_



o

Fig. 13. MOD15A2 Leaf are index

2. MODIS Hlo|H MFH

MODIS tiZ| HIO|E{= swath YHENZ XM=== EtHo|l MODIS X|™ O|0|E{= sinusoidal Zt
EAZR FMEZI MEH (reprojection) ZHH0| E==0|ct, Zt X|ZE™ sinusoidal EA1} W
Atot= swathE Zt=rCt. 2+ swathe| Ul EAM z=xE &3stct. acksol 2 tile ®

[

7
M J2 swath HAS =24 2[ME@ (nearest neighbourhood resampling)

T
~ IE nx

=l (
FEsict 7ot gX|7F €2 HEAHAE Z7| flsi 10 km aerosol optical depth, 1 km
cloud optical thickness, 5 km total precipitable water vapor, 2|1 5 km total ozone
burden 2| 5% Ef|IZ2 AZHE swath£2 0.05° sHMEZ =2 2MET YHES 0[835

o
MEAHS sHIYCH 30° sfatel UHE AI2E o HHOE 0.05° M2 MEAIMCE
4

kN

_‘|5_



Search for MODO7
Preanalysis swaths intersecting download;;?am? swath
larget tile

Read swath coordinates
and calculate tile
coordinates

Interpolate SZA + VZA
from one MODOT swath
o targettile

Select swaths leading to
the smallest SZA + VZA
of target ile

Resample

-
Build swathZtile relation
by Delaunay
triangulation

download MODO4 and
MODOE swath data

J

rReproject MODO4,
MODOE and MODO7
data fo target tile

=

Fig. 14. Flow char for reprojection algorithm

3. MODIS 23

MOD11A1 §X| X|E™ 2% (Land surface temperature) XAFZ2| data gap= MODO06_L2 |
TH 2F XE2E o|85 E2kD o] Z1tZ sunlit/shade 2E2F EYF %2 FHE sl
O| 2= 2lct. MCD15A2 ¥ HAX[%= (leaf area index, LA)= =3 A o Zof U0 7H&F 2z
A2E2 FEO 2l Holg 2FE 2tstst7| e 2ot AAE 2AM wAloz dEE
2iCt. MODIS aerosol optical depth, total column precipitable water vapor 12|11 total
ozone burden AR EE FE0| @l clear—sky @02t 7535t 2 & 3= (all-sky) &%
o U= SALE &ESH| fIsf MERRA (Modern—Era Retrospective analysis for Research
and Applications) M&4 A2 Z O|0|E{ gap= AR Ct MERRA HIO|E{= 0.5° x 0.66°

_’lé_



05° Od2|EZ2 Aoz LAl

(@]

—

Ct. MODIS2t MERRA At=7} UX[SIESF 5HF5HF
Az= 2HIUCH (Fig. 15.).

b s, oF AlZtoiot MSEo A2 = of ARE
2
2|

6

w

Leaf area index

Jd A
. :

wata

T

.
= = 0|

.

i P

s i . oo
L T i S - e

0
3700 3750 3800 3850 3900 3950 4000 4050

Days since 2000

Fig. 15. Example for LAl filtering .(Block dot
MODIS data; Red line: filtered MODIS data; Blue line
filtered VGT data; Green line: filtered AVHRR/NOAA

data

2t I9E §4 #iAE HXIE

Jm
o

MODIS2t &2 SHZ 42 IXLolM MLEE =Tt =t (Fig. 16.). HEX[L2 1~3
tAe =2 AmIt b85St SALME sHROl of2] Feol fld Jao| It
SXLolM 7tES 2E ARE WHEUSH, 0.06% Hat=2 MFEAS &

M 7| Ak St ofE] A2 d&2 olSet Altol JtsstES 2

_‘|7_

t2te| 7|=of €2 MERRAE MODIS



MOD11A1 X[ZH™

o 25 XIEE 0|
ol=ACt. MDC15A2 HHAMX|4= (Leaf area index, LAl

gt Ai=2 FEo| 23 HlolE

=l Atk (Fig. 17.).

ot BESS =24 #
1. BESS 2| &&

- RHM LhERlE= OOlHZE ZH 9

Ho

ot

gap—filling

0k

SEA
So

Fig. 16. Reprojection in the preprocessing

S Hetz| o,

—

clole ot

S [Pakani

= =
oRE
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=2
=
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~

7tst7| 2lsl S AE

Ly

2% (Land surface temperature) Xt=22| H|0|E| =2 MOD06_L22]

0|ZH 2 sunlit/shade 2= E 2F9 Mg

M HAlOZ =

T

dHsl= FAIS
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. At HEkM (1Bias)S AlAMeH (Table 3.).

A ololelel #He{7F SotM BESS ZE 2| =7k sfatzel ¢
A

Table 3. Evaluation of BESS model against flux data over different

ecosystem types

BESS GFPP
Ecosystem i 2 RMSE Bias
Types (fRMSE) (rBias)
1.01 0.08
ENE 6 582 (55%) (4%)
0.68 035
DBF 1 093 10 21%)
123 0.67
Tundra 7 0.69 (184%) (99%)
; 25 1.04 0.51
Fire 3 0.65 (95%) (46%)
_ 1.12 0.41
Ovwerall 17 0.74 (90%) (33%)

Table 4. Linear relationship between BESS model and flux data in different spatial

resolution
Model WValidation Spatial  Resolution
Scores
0.01° 0.033"° 0.083"
BESS i 0.74 0.73 0.74
rRMSE(%) 90 32 80
rBias(%) 33 32 34

2. BESS Z & kAl

- 7|1 XHZHEM Lef AT} X|€ 2| maximum carboxylation rate (Vemax)= YU S

2 MMl mhel MG BHE. 53 o/H TEE A4S0l HE BEHCH HAE we

=2 O - -

_’l(?_



rE2o| = Zoll 2= (Rogers et al 2017). 84| Vemaxe= AlZHE o2 Ho|7}
2 de| E3F (Wilson et al 2001).

- m2tM, 2 AFoM = =HXM 0|2 (optimality theory)oll 7|85t A|Z2ZIM o=z
Vemax AR E 75, o Chel el MZ J(2toll st =X 3 ol M835tL, Of
Ha Vemaxoll EM=E 258 ME (Fig. 18.; Fig. 19)

(b) Jul
S

0 20 40 60 80 100 120

Fig. 18. Average Vcmax25 from 2001 to 2016. a) June b)

July ¢) August d) September

N
|0
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Def: LAl > 1 Def: Ta>5 Def: Ta > 10

Fig. 20. Model example over DBF on 2014 (LAI: Leaf area index, Ta: air

temperature

3.BESS Y1} H|mE 2d MA U XE SH

- BESS Z2ge| ZutE3 cfE 2Heol EHA XE=Z(MODIS, FLUXCOM, SVR)x}t H|Wstod
I} (Table 5.)

- Moderate Imaging Spectroradiometer (MOD17A). MODIS GPP= 8% ZtA2l 1km =7t
sHatzoll A ZARMTS A LS| 26l light use efficiency(LUE) Z& (

2004)2 ol&%. o] LUE ZHE2 JIIAMLZol S8 HEdga@Ab (absorbed
photosynthetically active radiation, APAR)Z} &Y ofzto| Uct JI™E. O2(1 Plant

functional type(PFT)oll 2|&%t look—up tableg & 15t09 LUESl =ZHZis HE&
1

Running et al.

MOD15A2 fPAR AtZ 2t LUEZHE 0[&35t0] Al=2] oA SAto|HX| 7t S5t &et
o st otgg 2g2Eeh

- Support vector regression(SVR). SVR Z|Hte| GPP= 8Y ZtA 1/30k 3Ztel{ar= 0|0

=
(Ueyama et al. (2013a) AFE2E 0|&¢. SVR2 HIMY 3 E MY S| = HEst= J|AH S
o

& HY Yol stuel. 2170 ST oC|ZEA A|ABECZ UFSE ARE AT
AKX MEM J7|FXE(Japanese Re—Analysis 25 years — JRA25)E HIEFS 2 upscalingg!.
- FLUXCOM GPP= 8¢ Zt4 1/12% SZHHIAEE JIX0f 11702 HAHY Z[#H(1171X]

Zl1He 4 JIXIZ2 2FE = US. model tree ensembles, multiple adaptive regression
splines, artificial neural network, and kernel method)S ¥&+=2 5101 2tE. FLUXCOM2 224

i s& 251 dMA 7=H 0l & &% FLUXNET La Thuile synthesis HIO|E{E 0| &

N

i
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Table 5. Models for the evaluation (MODIS, SVR, FLUXCOM)

Type of Approach

MODIS
Semi-empirical

SVR
Machine-learning

FLUXCOM
Machine-learning

Gross Primary Pr
oduction

Light Use Efficienc

¥

PFT-dependent Lo
ok-up Table (MOD
17AZ)

Support Vector Re
gression from 21
eddy covariance si
fes

Random Forest, M
cdel Tree Ensembl
g, Multivariate Reg
ression Splines, Ar
tificial Meural Met
work, Group Meth
od of Data Handli
ng, Support Vecto
r Regression, Kern
¢l Ridge Regressio
n, Gaussian proces
S regression

Spatial Resolutio 1/100°® 1/30 ° 112 ¢

n () and Range __ Global Alaska Global
Temporal Resolut 2 Day 8 Day 8 Day

ion and Range 2000-2015 2000-2011 2001-2012
Climate Dataset MCEP/MCAR Rean Japanese Reamalys ERA-Interim

alysis Il is JRAZS

Radiation Datase Global Modeling a  JRA 25 ERA-Interim
t (Spetial resoluti nd Assimilation Of (1.19) (0.75%)

an)

fice
1%x1159

MODIS Input Pro
ducts

Land Surface Temperature (MODT1A1)
Leaf Arza Index and fPAR(MOD 15A2)

Other MODIS Inp
ut Products

Surface reflectanc
g —GR (MOD09AZ)

NDWI & BV (MOD
13420
Bidiractional Refle
ctance  Distributio
n Function (MCD4
IAZ/4)

Landcover

Landcover (MCDH
24710

Alaska Geospatial
Data Clearinghous
=

Reference

{Running et al., 20
04 Fhao et al, 20
0a)

(Ueyama et al, 20
13)

4. BESS BHe| B2A X|Tof C}2 DYe| Z2A XTo u/mET}

- BESS Z¥el ZutE1 g 2% (MODIS, FLUXCOM, SVR)e| Z1t=0| & fluxAt= 2t
8| m3I0 AS Btol (Fig. 21, SURIMALE, Fig. 22, B L)

- 29 7k B|DE Aol Ol8E ZHA XEBE 08

?/sfl 2018H= BESS =& Hrt H
A

- EX| LI} (Table 6.)
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o = 0.7 o 0.75
RMSE = 1.12(90%) . B RMSE = 1.01(81%)
Bias = 0.41(33%) o Bias = 0.17(14%)
4 6 8 10 4 6 8 10
Observed GPP (gC m2 d™) Observed GPP (gC m2 d™)
10
A ENF yz 0. 55': +0.28 (d)
- ¢ DBF -
; RMSE1, 07(86%) <
5 8[| ¢ Tunera Bias = -0.27(-22%) i A
'E W Fire f 'E Acg
a
A A
S 5* 8 $ anh 2
A
o A A o IR
o - o
o i A A 2 aa A o Ran
g W w 3 " g
] gt T B8 a fan A 8 a
H 2t ¥ o 3 827 %a & i 0.87*x +0.1
2 27 ¥ A oA O < ¥, X
& a;g{ée @ o (c) e Rmsusssn 67(54%)
Bias = -0.07(-6%)
0
0 2 4 6 8 10 6 8 10

Fig. 21.

MODIS, (c) SVR, (d) FLUXCOM

Predicted ET (mm d™)

Observed GPP (gC m2 d")

GPP and flux data in

_ BESS

Predicted ET (mm d™")

Observed GPP (gC m2 d™')

each model (a) BESS,

MODIS

3
.44(62.21%)
.27(38.48%)

Predicted ET (mmd™')

Observed ET (mm d™)

_SVR

Observed ET (mm d™)

15 2

Observed ET (mm d™)

FLUXCOM

Blu = -l].!lll K ‘}"/-)

1 1.5 2
Observed ET (mm d™)

25 3

n

Fig. 22. ET and flux data in each model (a) BESS,

MODIS, (

c) SVR, (d) FLUXCOM

_23_

(b

(b



Table 6 The performance of each model over each plant functional type

Sites
BESS GPP MODIS GPP SVR GPP FLUXCOM GPP
PFT
EMSE Bias RMSE  Bias EMSE Bias RMSE  Bias
r r ” P
(rEEMSE) (rBias) TEMSE) (rBias) TRMSE) (rBias) TRMSE) (rBias)
1.01 0.08 | .06 =06 1.29 =().55 0.77 -0.01
ENF [ 082 0.81 0.75 088
{55%) (4%) (57%) [=3.2%) (70%)  (=30%) (41%%)  (=5%)
(68 035 0.57 008 19 -85 086 -0.42
DBF | 0.93 0.95 0.54 0.96
{41%%) (21%%) (38%)  (5%) (125%) (-56%) (54%)  (-28%)
1.25 0.67 0.90 0.24 0.50 -0.07 0.50 (.05
Tundra 7 0.69 0.66 0.66 0.65
(184%) (99%%) (151%) (40%) (85%)  (-11%%) (B5%) (-8%)
104 0.51 .10 0.39 1.01 -0.24 066 0.09
Fire 3 0.65 0.65 0.31 0.68
{95%) (46%) (106%)  (38%) (O8%%) (23%) (63%)  (8.7%)
1.12 0.41 1.01 017 1.07 -0.27 0.69 -0.07
Overall 17 074 0.75 .65 0.85
{90M%h) (33%) (B1%%)  (14%) (B6%)  (-22%) (54%)  (-6%)

Ht. BESSE o|&¢t BtaE3H A A& MZ

- BESS GPP(Gross primary production, ZdXIMARZE) (Fig. 23.) 1} BESS
ET(Evapotranspiration, S84 M=ZF (82 7+ 1km SZUSHAE)
- QIRIBE ~200TBH +

Kl ARgO| Tag.

H1
&2
rlo
|
0
O
[~
o
M
kO
ol
a2

rlo

- X 2 AFATF ERE 2lsA AME AEEX] MHE o[8". ZHel Mu{o U= Al

2E ME 2 NMESte ANsts P22 BESS E¥E 7S

oo



Fig. 23. BESS ET (mm/d)(Left) and BESS GPP( gC/m2/d)(Right) (July 2015)

- M|ZtEl BESS GPP2t BESS ET XL & = H
2 22 MzZE 29 SXES LEE 5 gl 520 d7|70o X
= mok (

£ 0| Zct AlSZt " Mol 2= Het

iy
«Q
N
~
S—

&1 Universal Polar Stereo graphic(UPS)2 % AT (Stereographic projection)2l E=3st &4
22 YHtM oz A=+ Universal Transverse Mercator (UTM) £ A2 =2X|gtof| thst 2=
i X

=
oS0 &

Fig 24 BESS ET (mm/d)(Left) and BESS GPP( gC/m2/d)(Right) (July 2015)
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Fig. 26. Relative contribution (%) for inter—annual variation of GPP

(a) BESS, (b) MODIS, (c) SVR, (d) FLUXCOM
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5. eyt te| 2 Fofof| chet J|of FE

*

BESS & Atz +H

1. MODIS #ld Atz +F

MODIS CHZ| (Collection 6) 2} §X| (Collection 5) AtRE 2 47}X| C}E 2Z A AHAH
MEZI= Xtg J2|2 3 71X Ex X2 E UHXEZ Mo ClRE}Hend & 37712

2lzd XF2E 2000 -2018A Alo| &S Fch

- MODO04_L2 k| ol{ZZF (dark target and deep blue combined aerosol soptical
depth at 500m) H|0|E{, MOD6_L2 & (cloud optical thickness, cloud top pressure,
cloud top temperature, surface pressure and surface temperature) O|O|E{ (Sayer et al.
2014)

- MOD/MYDO7_L2 (total column precipitable water vapor and total ozone burden,
atmospheric profile) ClOl&, MOD11A1 &tk EX| EH 25  (land surface
temperature) H0|E{, MCD12Q1 EX| |2 E}2| O|o|E| (Baum et al., 2012)

- MOD15A2 8 Zte| HHA X[ (LAI) HIO|E

- MCD43D61 2t = o|o|E{ 7} (Roman et al., 2009)

2. 7|= HolH
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2(Ta), &= (PPT) & ctut=At (Rg)el AE 27| flsh 22l= 7|

Temperature2t CRU T323 Precipitation HIO|E MEE AIEZsI¥ 204, 0l= 0.5 Sl
Atz 2 ctR Zhe J|FEeoz Yok} 2 a2|= = Mol (Harris et al., 2014)

- 71% Holel ME+= HMAMAHo 2xZ= 450070 o|Ate] 7|A AEAE J|dtoz2 M ZEH=

- CtobE SAL Ho|HE BESSOIAM AMSste 49 Z2H4e| 5km o Hetd 7ES
Atet A2t 3 SAF HO[E{E 0| E3IAC. Chutd SAL OIOlEH= 7| SALR2 22

of
ot MODIS th7| Atzet X|MARE 3L 2 LHES Ho[E Q) (Ryu et al., 2018).
- 2 dFoME= 2001 HollAM 2011 A Atole] 7 ok 71.5 ° NollA 51.5 ° N A}O]
of ?I=et 170 ° WollA 140 ° W Atole] AXE 7IAl 7| ¥ ool (CRU ti”7] 2

£, CRU Z=& % BESS thul ZAIM)E ALSIS.

Ofn M

3. EX[¥|5 HolH

- MEfH RE=2 EFst7l sl (Ueyama et al. (2013a))2] EX| | SXZE ALS
o] Hiole{= «eiAFl X|2|HE O 0|E{5IA(Alaska Geospatial Data Clearinghouse)2|
A28 U 7HX MefAHz 2Fe (E=2HTundra 68%), ASE Y (ENF 26%), S &
==(DBF 4%), =X (Fire 0.9%))

- FH’'= Aol elaf AAE MEfAHLb ol HMO|El MEfA T CO2 E At M
Atolel HAMM =2"H35IH| cl2 EX| T 5 (Randerson et al., 2006; Ueyama et al.

2013b Welp et al., 2007).

ok

I--

A

[
- 282 HESZ Holg & Hels Y2 455 XI22e| Panhandleg M 2lgt =5

Ho
(@2
H
2
x
\I
N
H1
Pl
x
oy
=
oI

and Wendler, 2007).
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- o &4 E=EA Xz ZeiaFtel 18702 X[HojlA =&E (Ueyama et al.

(2013a))

- Z3A EIQ AO|EE LafjATtel clekst i EMEfHE LIEI] = 2IX[ol AS. 1370 A}

OlEoIM= HSEI MET|Zte] X2 JAAD, 770 AO|E= MET|Zte] XIZT UAAUS.

St IXAFL0M HBSEH FH2A(COU) EHA XNEE Eest & 22712 Xt2 & 18
I

W AlO|Egt ZATHEZ(GPP)2 "I £ AUARS. (wet sedge tundra (CMS, BEC and
IMW), moist tussock tundra (COU, ATQ, IVO, IMT and ARU), heath tundra, (IMH), burnt
tundra (ARM, ARS), black spruce forest (BNB, PRR, UAF and DLS), Aspen forest (DLA)
and burned black spruce forest (PFR and DLB))

3. A Mlolg Xz
- 2 E Hole&= ZZF3IE Gap—filling2t &
(Ueyama et al. (2013a))= O|At&T

ot
SEA 72 ol et HE2 HEolM 4

1l
H
L}
MM
I3
>

Gap—fillingzt Al
=MEf A WEHNEE)WIM GPP2t MEjAISSS 22lsl= &
AL SR X2 o Eoll= 72| okzto| gi7|dl O] & ¢QIX|st OIO[HE ALSE

- OfZh Hlo|E{= == X[Holl s =oRlo] =& 2 ds0| thE X|Hof Hlsh B
F

- 2000 HollM 2011 A Atol2] SVR (Support Vector Regression) 2ZH S AL23t0 el
ATFLe| ALOIE F=ZFAM X|H 22 Ak ZHEJS

4. Ef 7| ®t3be] =

- FXATLE EHA ZFE (YaE, FEfT ghAb) EEHA ERRIoAM zEE ZEd ot
S X2 E 0|-2510] BESSE Hrtstm SMA|Z

— University of Alaska at Fairbanks (& L%): A2tATL & AO|EL| AlYe| Fxof

7lsol st 3 AT Y

- University of Arkansas (Ben Runkle 1) 22lATL & AO|E FHo| EHA EIQYE
xle of™deldl, o] At=of| St 37 LA S S¢t BESS 282 MushA Hotet
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6. dHEdztel 22| A #E AE

O FAgEATe A=

—NGEE (Next Generation Ecosystem Experiments), ABoVE (Arctic—Boreal Vulnerability
Experiment) s =4 ¢] ©Aaof & 8ol tigh thE HAlEo] WBTY

- SHATAE ojedt 9IFe] U HAST P} AR FAshek s A

— & S F3l AlsE 2001t 1km w =S waeh = ¥ ARS 9 AN 2

A Ea FA
A% O waol T Fes ARE vEor 4 Ere ofn Ao s de oy}

— A7t 2wl whE AEAde] Wl a2la gl & FE A0 Wk ofdfisk=t] 719

O =X A EAL

- MODIS H|o|E{E &&35l0{ FAl, E._Fi 2 2 FEXEE =0 1km
AtEo| EtARl & EHA X|ZZ2EE carbon sink hotspots2 EHX|
ol

N
[}
i
il
v}

O XNHDY Akl 7|of
- BESSEH A2 S3t =X Ec2t x%jel BAo 8 ZHA o5

=2 XH 2 Jigol 710

O B viEd Al M= &
el g9 fzolMe Bt ESHA MESE S, B HiEA ALY

7‘._"43?3’_ ol Est=dl 7|0

N
=
il
>
i
i
j[}
e

O 21y g Lol 7|0

—

- &0l M 7(PEEF"EIE =UALE AIRE 0|85t 914 kol ghAt

- 01IE %—E{“_HH M BEEE Bt = SHA9 AAY dHaE JHE FH
of
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< HH™ X7 >

SUAUMT| 2 2T ALE HA X2

1) =& ZAIX (MODIS-derived global land products of
shortwave radiation and diffuse and total photosynthetically
1. }std 43 M1p ZEIXZE active radiation at 5 km resolution from 2000 )

2) =& ™ (An optimality-based model explains seasonal
variation in C3 plant photosynthetic capacity)

1)

N
i
Kl
o
ro

2)

1. Z&td A dat 3YALR
1) =2 A (MODIS—-derived global land products of shortwave radiation and diffuse and

total photosynthetically active radiation at 5 km resolution from 2000 )
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Abstract

The maximum rate of carboxylation ( ) is an essential leaf trait determining

VCITIEK
the photosynthetic capacity of plants. Existing approaches for estimating V. at
large scale mainly rely on empirical relationships with proxies such as leaf nitrogen/
chlorophyll content or hyperspectral reflectance, or on complicated inverse models
from gross primary production or solar-induced fluorescence. A novel mechanistic
approach based on the assumption that plants optimize resource investment coordi-
nating with environment and growth has been shown to accurately predict C3 plant
V., nox Dased on mean growing season environmental conditions. However, the ability
of optimality theory to explain seasonal variation in V., has not been fully inves-
tigated. Here, we adapt an optimality-based model to simulate daily V.- (V,
at a standardized temperature of 25°C) by incorporating the effects of antecedent
environment, which affects current plant functioning, and dynamic light absorption,
which coordinates with plant functioning. We then use seasonal V. ;¢ field meas-
urements from 10 sites across diverse ecosystems to evaluate model performance.
Overall, the model explains about 83% of the seasonal variation in C3 plant v:max.ZSC
across the 10 sites, with a medium root mean square error of 12.3 pmol m2s, which
suggests that seasonal changes in V... are consistent with optimal plant func-
tion. We show that failing to account for acclimation to antecedent environment or
coordination with dynamic light absorption dramatically decreases estimation ac-
curacy. Our results show that optimality-based approach can accurately reproduce
seasonal variation in canopy photosynthetic potential, and suggest that incorporat-
ing such theory into next-generation trait-based terrestrial biosphere models would
improve predictions of global photosynthesis.

KEYWORDS
canopy structure, memory effect, optimality hypothesis, photosynthetic capacity, terrestrial

biosphere model, V..

variation
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