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Understanding the process and impact of
polar shrub expansion
using the Ecosystem Demography Model
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A1 &3 ME

A 1A A7NEY 54

a

HoATE= dPf AT FAHA AE7IEE XA A 28 (Individual—based

regional ecosystem model)?l Ecosystem Demography model version

2(ED2)E FHetw, o] /Mo A BSHL b AW BE 47
43 B QA 2 24d, Baed W5 B9 @ Ao =0l

W, o2 Sletel thedl Lo APES AW

1. ED2-&xg AA =
2. ED2—-E= 23 &8 dagAv 35 A% 2 2% 3y 24
3. 95 A% W g Aoz Qe AR FEE =3 AHZ HI 1
ED2-E=2 AAE F+F38+1, o5 &3t 7245 2 35 A4 9 3
Foz st Ayt Ergl A9 AA|ste #3ke] WHolE FAMsta 1z}

St



A2a a7 B2y 2 A9

L A% £=2 85 &% a4

A 2016W@¥ 20179 19009 2% #5 AZ o]F 7 I 2Ll A
(1980-2010¥) 2% 7FF =& & (¢F 1.7 TO)E 7I5HJTINOAA, 2018, 1
H1). AA A dstel vls] oF F e AR
Arctic Amplification @l gk @l op# 7
AAE 7PERE, Wekel HAde] fhaie wE o5 WhAME (albedo) T, A
7o iR S TS WE Sol vk AA7A 9 AFtel wEw, o]zfsh
Arctic Amplification®] Al&d ¢, YT AALZ 2147 D7A 19804

o

—1999d 3} vlwal o 9T7HA A+

o

A sl ge] G oleld

L
- [e)
sh3] welA A ol B Apx

Ay

=%

oft

et

=AY 2= AHA, vE &4 vlE T2 224wl ds e wke
o7 d#x Qth. Sturm et al. (2001)2

ARAE Blaste], 36782 AR o] o e QEl Ao e,
9] Fole} F A (diameter) 8] w43 AFo]l WSty Husith(
3). Tape et al. (2006)+= 202%¢ A T 135294 At 504
(1945-2002\3) &-9u]&F 2= 33 (shrubification) o] 2ofwitha A5k (1

H4).
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Annual Mean (Oct.- Sept.) SAT Anomaly

—— 60-90°N
Global |

L L L | L L L | L I L | L L L | L L I T
1900 1920 1940 1960 1980 2000
Year

<TIH1> 1981-2000W 9] Htd} vHlwst SA (Y% 605 o4 I HAA
AFG o A FTH oA % (Surface Air Temperature, SAT, anomalies)
(NOAA 2018)



Projected changes in surfacetemperature from 1980-99to 2090-99
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<I1¥Y3> #E 5% o: Kugururok River in Alaska, USA
(Sturm et al., 2001)

<I1¥H4> &5 249 o) 2: Chandler River in Alaska, USA
(Tape et al., 2006)



o fAZ R, HH A9 e 900m A e @& HAAPHO| A= Juniperus
nanal A 93&43 Salix glauca ¥ Betula nana® A &Z7}o] tisk Ha7 1]
1 (2¥Hba), 55 AW 7l8H Eg Aol Betula glandulosa B39 A& o] #=
HAH(2™5b). ¥, EokR ZvlE Qs 7]E€ #E (Betula nana)S IAFSHIL
2L A AF (Eriophorum¥ Carex) o] A&shs A-¢%= HE5F Alulgotels H

AEAT(C1™H50).

® Observabons of
increasing shrubs

@ Observalions of stable
shrub populations

O Shrub change not known

<1¥5> Arctic tundra A9 #59 B & A 2 T
(Myers—Smith et al., 2011)



olgst n9%E A #E A (shrubification) = 2000 o] 2] A7 EA}L

Average NDVI

<AE6> AHAMASF(NDVD 571 (%) 3 B 43
(Myneni et al., 1997)
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S 039 . =041
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& 035 149648 yr ::0_37 E

045 -65N o046 =
2 aye 100 gl e B
s M sy o4 =
g 041 T oS04 B
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= 038 —042 3
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Year

<AH7> 7-8€9 H A AAA 4 (NDVD o] =43
Z7}50°] (Myneni et al.,, 1997)
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<I1H8> A& I B} =A% (Myers—Smith et al.,, 2011)

o

13 =7

2 A 5 (NDVD ] £
< BT (1"e, 7).

gt
Ao Hlall 3-6% Ath=

o\

-

%1:0

Y

2ustE Qlst g g IA Al ZHAE vtk (1) 7]E 3 A )
o #E WUE F7h (2) #EF AA £ F7F 3) IHHoRE A& A #
st 271 ol w2 AAx 2 (7188, Myers—Smith et al., 2011). o]&] 3+ A

F 5 4% 94 2R AR Tl doluAR, 54 A 23
a2 E250 BEo| FgAHAY, B2 AR Hnv) g2/ 2785 S
(CLH9, Tape et al., 2006). A& Aol W=, a3k A (interfluve) oA = &
ool Adirom AA wge i, A= BAMA (valley slope) ol A= kst

T 1 I
2 o Interfluves | Valley slopes I River terraces | Floodplains
1hs - w .
-1 ~a - "
ri +28% | +33% I +160%
5 ‘E ‘f NDVI: Jia et al.(2003) (Type 1 analysis, Figure &, ! (Type It .maly‘.ls Figure 6, Figure
5% 8 ! Table 3 I Table 4)
T I
[ — . | L
v = ic . Limited: occasional Active: regular
E 5; Nose ' Nous | flooding | flonding
:3
A2 2 ' | |
a8 ; ' -
| = I |
| ' Different types of | \
| alder shrubs I :
]
: + Willow shrubs : :
A A4 i : poplar trees
| | I f
400 m 4 | a o
| I | f River
I I I
| I |
|
200m 4 I
1 L I
-4 3 km ot

<Z1¥9> Topographical &% &4 =4 T2 % (Tape et al., 2006)



‘%_‘r?(rwer terrace)ﬁ‘r %‘%(floodplam)ﬂ A9 wjuj 2 Hete] 9%k Al 1
APZE Ao BEteta iy FAdo] Jbg skl At A EH AT

(160%, Tape et al., 2006).

B S wes A A2 WA e S obd, wie- B el A ghet
ste] WstE WA 7|3, o] WskEe FHuw wHAYF o3 thA] TS

0, Myers—Smith et al.,, 2011). ¥H5%9] 35 9 U9 F7le] &3 <

Ao F7h= A FEAo AAAH wAME (albedo) > HAAA 71L9 AsEanEs B

gogozl B oolyml oo %S A ESLEES U= (Summer

cooling), A&+ HHZ wWdadrts doH EFLEE  F=o|=(Winter
_‘_:O_ e} =

(e A
[
o

7F o Wii?@iﬁﬁwléEﬂlﬂWE%@S&i%ﬁL‘ﬂOWHMWHSSmﬂl

et al., 2011).
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ey

ti2| co,

zrw

A hr‘.’.‘i-l'ﬂa-}il
By BEAE
ALY OB ¥ Rl
HEFE : _ \ f
ey sags
S#ﬂs
<IH10> &5 4 34 49 J=m (Myers—Smith et al., 2011, #AZ4)
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7 o] of& WSk HFe Fuw wAYF 9§ WEsts SA4W A
A 2 A ghEt o] wek At vhFetAl KE Foluh gl At A%
#H5 9 AdARARE B FHol grHA g3, o] HAUINE By TS A
Aoz uEe Aot A HT 5o, AAT B/ AHEFES &
ato] 71&As #5 & ey MiAYSS olgstE s dgEe] EstA o]
Fo]x]aL Qlt}h. Piao et al. (2008)2 ORCHIDEE ®&& Alg3dto] A 207
AR (GPP), =42 A (NPP), A A A (NEP) B9 d3s 24

3 =A%

ste] 7S &% A2 (0.8 C)ol 93] Z71st 352 (respiration) o] 23

[e]
7}Se Eete] g4 £ (carbon loss)©o] ATy B usgdck(2H11).

== B == - e
<-10-5 -3 3 5 >10gCm2°C!' <105 3 3 5 >0 gCmf°C!

<-10-5 =3 3 5 >109Cm2°C"' <«-10-5 -3 3 5 >10 x0.01°C
<Z1¥11> ORCHIDEE REgo &z ®os A 2097 7134
LxW3le)] e (a)GPP W3, (b)NPPW 3,
(c)NEPH I, (D) LAGASA; A2 A 4= (NDVID)
H 32k (Piao et al., 2008)
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shAIRE, ol gk AA - B 7INE R thAlZ big—leaf 7IRF(SE g =
& AAFN 2o Abe) AW-ARHY RZowA mel Wl o wes) v
Fol 591 b BFW Arctic 44 AF FHe mAE @7} Ao
Schadel et al. (2018)2 8d7te E<9F warming 238 =422 2 Community
Land Model (CLM) XRoA3E Hlwsle] (1™H12), A= EFFio] 7t
shal FAAYA RS SUhR IS ®a FF S7H(carbon sink) 7F 57 H AR
Eols Edrie] #asty, AN GFS BHAZTHY] Add F7tel
ojs] 1k sfEo] Eoju x| kgtt.
Growing Season Monthly
8004 ) 20041)
o B0
%S A0+ 100
= 2004
,.,:m " k200 U_[us | _ La0 i %
T T + —_— T N Jﬂ'l__ll_lL_[lL-_ur__” i%
800 {e) 200 g}
e 6'.:'”‘:
5
o E
g 5 400 1004
= =2 200+
o 2
oF
3
Y-
of
200~ source 50 source =
Y B B o o oo 1 | e
il - er 100 w—d!"‘—llh—"_—vz'—:]n 38
T | T T T T T ¥ Ly i - L]
) F = R &
- ¥ ? Lo &
Annual Month
20 [m) sink ® Field control
a~ 1007 ® Field warming
Yo '*- - - S warming
ﬁ’ PYYREY came
3 source DField BCLM4.5 MCLMS.0

T T T T
S FFaL L LR
- I A - A R S
Year

t
L &

<1¥12> 87t ¥k warming A8 3 CLM &3

(Schadel et al.,

2018)
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=gt A9y & (hydrography), # % (topography), A ® (ecology) ¥#& =
5 % YA A5 ARE AP A (a"13). ofF, A% ATES e
o=, A B AW gEdngel Fo Bl #5 Wl de AsS SEsta 2
Agith Fo AIE 35 A5E &85t b FANAS FHste] BY EyE
AAsisty By BEgs AFsets Y As FUtE FYstEE g
olF, A Bt Aol wet #d BE JfHE FFste] ED2-Eldt BES T
F3tE= gt

ED2-Eret myol daAst Ao el erHE ARE BT
13). % 71% 21 9 #5 7] 25)ste ED2-E&g 2y o=w 4
dOPE $A28S FARES Atk B 4% 2 37 gels axTy &
dsol Aolfr meke] A olg @ W] og n2e s Ak of
oF &, #E AR 2 o= sk A ster 3] A-Z WolE uEsh
o}

Cat ALK o
B 4= data mining
1ApE =
- XNE 2E 5
- 2 45 "ot
- F2 MO|E o] £x|AH £4
2AEE

X o
R CR- TR

4;




M2 & 2 AP g

AR = U A 3

F—AE FHo] AE A o JIFS v = HAHo| U =0 F=
ARE 7o R sto] dukstA] o]Fo{A 3l Qlt}. Naito and Cairns(2011)
5 dPagte] dgeA 19709t 2000t Alole] o] A HHA

(Topographic Wetness Index, TWD 7} &2 Aoz FHAHAY= AS H

A1

32

(

offt LA o &

(1%14) 2Rl @%%Q‘I}dg 371’_]'5,‘ /\E’]X‘;—O] 7&—7]%(1»“,61, bank)ﬂ—.‘l] 7‘]11] ];_l X]
S8 (TWD S 2 4887 Arhs 28 BQTHGED,

Shrub —
No change
change Lass

<I9E14> 55 A7 AFFEAST(TWD £ 1970-20004
A& &2 85 (Naito and Carins, 2011)
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<KED> #AE AFY 2A=3He] 3AwA (logistic regression) A3 (Naito and
Carins, 2011)

Coefficients Analysis of deviance

) ) Resid Residual
Variable Value SE t—value df Deviance ) p
ual df deviance

DIFF.

DIST
TWI 0.0715 0.0288 2.4938 1 7.6162 1043 1417.88 0.0058
WIDTH.

0.0015 0.0004 3.1813 1 14.6035 1044 1425.49 0.0001

0.0009 0.0018 0.4951 1 1.6617 1042 1416.22 0.1974

1970
DIFF.
wip 00001 0.0021 —0.0659 1 0.0043 1041 141621 0.9474
S5E7E ZpEskE AL o) ofd] e A o] FAE L 9SS Wk, ol

st 9T FAE A e A7 BYS &8l AlF el dist AAZA olsvt
ooty spARE, 7128 Ao W AX T V|FEY W] AW D A g BALE
AR RS &8 oldl oFg Aot Lawrence and Swenson(2011)
2 Community Land Model(CLM4) 2} Community Atmospheric Model (CAM4)
S HE3e] #E Shadingl® <18 Summer cooling &3 % Winter
warming &3¢} T2 23 EE=(permafrost) Zo] W3S EAFATHIHL5).
W Aol 2 (grass) Aol Hlal w3 W Hrt W=, AH9E Zed
T mRoR sk W HhARS o] wral webA] S5 Bl A 7E ST
o2 QIF #EH AJoA ¢ =2 ESFLEI v &2 FF 3 (Active Thickness
o]

Layer, ATL)

=
kAR, o] dAFE #FAGE AAXHACE &L Wrﬂ(,pmwﬂwd
vegetation composition) ¥#&5 A7 9 &3 Ao st AL v S Th

Piao et al. (2014)& 1980Y ZWHE-E 201197bA &dk3t =UxpgArst
(NPP) o] 7tz 3 A7 7F(growing season) =52 A7k W
= AT AYE vig o 7|3t tiet Sk Ao vzt

EEIEC B 04
T BRHAH(IR16). AW AF ATl ASH A BFY
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Soil depth (m)

(i} Vol Soil Water
0 EES

JFMAM) JASOND JFMAM I JASOND

Grass —— Shrub ~Grass SB_HIGH -SB_LOW
Shrub
(a)T,, {b) Snow depth () Exposed LAI+SAI {d) Surface Albedo
10 08 20 0
i} 06 = B ~— A
20 0.4 \ : .
-30 0.2 i )
10 g : '
u 0.6 g 010 E h
04 15 = -0,
g 020 .
3 i 33 '
2 | /{;L 0,00 —H — i H 0.25 ,{r‘*""*-l_ 000F — — = 34 =1
o H f JLJ;-LL 1 28NV o X WP W
5 -0.06 |’ ] S 1 o0 “-1 |
2 A8 Bl 015
JEMAMI JASOND JEMAMI JASOND JFMAMI JASOND JEMAMI JASOND
(e} Absorbed Solar " (f} Sensible Heat Flux (g) Latent Heat Flux 3‘:I{h]' Ground Heat Flux
50 0 =
200 &l 20
150 — 40 10 /
100 / 20 0
4 o = 10
53 20 Lt -20
150 BO 0
| 100 > . 60 5
E 50 “ E &0 0 5
ol R R 5
B 2 , &
20 /H " 10 ” E { 2 Il_‘
lg_.r_"'l = 'li..{:a_:r-.._ E ff \ 4 A \] F AT = T']'lr'}'”
-10 = Tl S of+t= = Jﬁ"’ﬁ—' S B, N -2
20 i 5 3 -
JFMAMI JASOND JFMAMJ JASOND IFMAM] JASOND JFMAMI JASOND

<19 15> Community Land Model(CLM4) 2} Community Atmospheric
Model (CAM4) & HEAA ZE(grass) & #E(shrub) A21A] oA
ZYAe B 8 4 2% ¥ A} (Lawrence and Swenson, 2011)
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HNDVI-GT

o N oA

I
n

Trend in B <
(1072 per year)

N

-38 0 38
R(107%)

<2¥16> 3097H(1980—-2011) A&7 (growing season)
A2 A= (NDVD oF Hi&x2 AaaA (R) 9 W3kel
TA2AYAF (NPP) &F H 250 A33A (R) ¢ W3} (Piao et al., 2014)

-DGVM, JULES, LPJ_GUESS, CLM4C, CLM4CN, OCN Y% VEGAS)2 &%+ A
A AbA A Z74 (static prescribed vegetation composition) S BFE O 2 A E
Al =8 Bogozy, 30dzte] A X A (S A5 gA) e gt LA
A S7HE gk EgoeEx A TeNdn Ayt Tt

(overestimation) ¥ 9= 7Fs/d o] Slth.

TA Y A 270 Hste] wE A4 HeS 2o ¢ Qe BEYES I8
st dAqt= o}F v &3ttk,.  van  der Kolk et al (2016) &

NUCOM~—tundra(NUtrient and COMpetition) %3 (ZH17)& HE3to] 5714
A -2 ZA (relatively well—drained shrub to water—logged graminoid—
dominated wetland) 94 167FA1 9] 7]$W 3} Alyg] (% A4 W3ty %
Pl wE A A W FES HMItE Rty FAAEE ST B
o A Ay, st A o= o] A E I, o] T e 250
gy Bt oH(1918). Ld3rtA FEAE AU RCP YR 3}

9 =gk =717 ZAlo] wAlEr A9 =X (wetland) A 3 & FE (nutrient) o



lNPP

VEGETATION

Light competition p H
,,,,,, =] S
3 i - ak P R 3 1] o
Evapotranspiration| Snowmelt ¥ Graminoid g S
rainfall Dwarf shrub E] =
water outflow| water inflow 2 8
& £
S S
Soil moisture LITTER
C litter N litter
SEER =< 5
Organic soil Moss Moss 3| =
Qg Plant leaf Plant leaf =1
= Plant wood | | Plant wood g
g AN | g
E_ s Plant root Plant root & _
2 Nutrient competition, 3
o (=}
S =
=]
= Plant root Plant root =
Mineral soil )
\ v
B -.--!—__
Permafrost

<1™-17> NUCOM—tundra 28 E21%
(van der Kolk et al., 2016)

Grant et al. (2019)= RCP8.5 7|§W3} Alvteled Axus Z74e Z24
(polygon) &% F-#3tal AR = ecosys Zd = 48 A

O|E XM 47%2 flat—centered polygonal(¥o]et 4
E =98 1 m Heold =dh)E FEEHAL, I ¢

polygonal(F%°] Ed Xt 0.2 m7F Y ZE FEHAT 2014-20159& 7+
Aoz e u, 72A4TH drlFoliswes w2 7 AT SR A
2015-20859 9] ¢=dxYF(NPP) ] F 50-150 ¢ C m™® y ! S7F8 Zlojg}

3 AT (1E19). E3H v AE & (heterotrophic respiration) 2] 71
o] AoiFor oA FolitstetA F % (net CO2 uptake) > =olWHAI R H &
(CH4) 9] S7t¥o® <& 2A7FA HAa aves s Ao F5a%lh shAIRE
715/l ost 2l WS E A o)akA] ka1 75l 7] (fixed) wiiE

of &
of, 7|3 W3le] w wjg x| o] FfE AP olidletAh S0 F7kel ww
7 el

o Frbe AAaT PSS WA
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Biomass (g m2)

2000
(a) TO PO (No change)

1000 (T S s

e —— e e —————|
U T TTTTPORTROTT TTTTPFTTRTITROTROT LI TTETTRTT TT TT TT TITiT1T TT TT TT TToir1T TT TT T

1594 2004 2014 2024 2034 2044 2054 2064 2074

2000

(b) T2.5 P15 (RCP2.6)

1000

R

u TATT T T T AT T AT TR T T I T R T I T T T P T T A TR T T T T R T I T T TR T T R T T T T T T T T T TR T T R TR T T T T T o I T T

1394 2004 2014 2024 2034 2044 2054 2064 2074
3000

{c) T5 P30 (Intermediate)

2000 4
1000
T e e e B et
1994 2004 2014 2024 2034 2044 2054 2064 2074
4000 1 T8 P45 (RCPB.S)
3000 - o

2000 -
1000
0

..___.--_’_'M—i-‘

1994 2004 2014 2024 2034 2044 2054 2064 2074
2000

(e) TOP4S
1000 M

e T — e —

0

1994 2004 2014 2024 2034 2044 2054 2064 2074

5000
ao00 | () T8 PO
3000 -
2000 -
1000

0

1594 2004 2014 2024 2034 2044 2054 2064 2074

<1H18> 715W3t Avte] od 24 ulo] QujA W3E 2o Ay}
(van der Kolk et al., 2016)
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270—: (a) 300
268 - - o
. 266 @
X 264 .
= 262 3 - 150
= 260 100 g
258 50 <<,
256 3 —t
250 4 (0) LCP
200 -
150 3
100 4
50 3
W E ' im

center

-50 4— : . . . .
250 4 (¢) FCP
200 4
150 3
100 4
50 3
0

NPP (g C m*y")

L | S S —

2020 2030 2040 2050 2060 2070 2080

(1985 1995 2005 2015 1990 2000 2010)
Year

<1H19> ecosys B¥ O 2 H O3t RCP8.5 7]% Alrtg] 2o
mE G A7F HH Barrow AFOlEA S CO2 &2 W3}
(Grant et al., 2019)

Seletel ] FAZ ddoR A9 QA BFe B ATE AuA A
SAY B g 8 g AP g ATE A
A

¢
1
Ol
o
I
_L4
>
TR
N
]I
=
oo
O
o
=3
)
ol

S B8 B2 AL Y B Y QAT g AT Ho
o A B olrEA Wegy, BY ATt ADeAe] Aok B ey

of &

A 83 Ecosystem Demography model version 2(ED2) E&& A 7]H7]
Bt (Individual—based) XA —-Ae] ZF O ZH 2Ao] 37] W }o](Size & Age)
Oa= 7IWe s AEA 784 2 #d &, odyA], §h FAE Est= HAl
o] Aq-AerFPoltt. 7] 7HE ED2 BRI L wtBow, 54 AY-IF 43 &
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Al 22 AE7 AFBHEE (ED2)

1. ED2 28 +=x

Hodoq Atg¥E ED2 58 (Ecosystem Demography model version 2,
Medvigy et al, 2009)2 <% (hydrology), A%% A4 Z=ZA~(and
surface ecosystem processes), B AA|8s £33 (soil biogeochemical
cycle) S Rost= /N 7INE XA e ¥ (Individual—based regional ecosystem
model) o]t} ED2% A AAFAI AR B HiEo] Sl Big—leaf 7|HHAH
—"QEH B Al RPomM, A Sizest AgeZtA ivlshs WHES A&

(1920, 21), ©]E NCAR CESM, NASA ModelE, DOE ALM ol &
Ezﬂo] A Folth, TU3 7] FF 7 (meteorological forcing) & grid—cell &Fe]
A EoF W Xx PAI disturbance (& 59, 34U forest harvesting, =H
S)7F 593 x19E 2 patch—celle Y, ZF patch—cell ¢HollA A4 Elld
(plant function type)® =71} volof Wl 15S Y79 (size and age—based
grouping), IwHEE AES Eosta olet B =, w4 W ouyx] FYA =
i/‘ﬂi% Bolstth(2922). o] HAolA FAHE Fo WFES WA
(LAD, Faww?] (Basal area), TU2EAE(GPP), «=dAEAZF(NPP), &

2 wkak(evaporation and transpiration) S°]th(E2).

=

“Big-Leaf” vegetation Demographic Vegetation

<19 20> Big—leaf 283 ED2 B39 o] =A%
(Koven et al., 2017)
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<71¥21> ED2 28l =v et (tile)H A4 Age?} Size grouping
o Al (Medvigy et al., 2009)

Atmospheric grid cell

Patch 1 Patch 2 Patch 3 Paich 4 Patch 5

b (harvested)
( ) Radiation: (a) direct and diffuse PAR;

~ (b) direct and diffuse NIR; (c) diffuse TIR -

N Fluxes: W, H, C /_’

Gapy
<Z1¥22> ED2 28 Fx9F TR AM A (Medvigy et al., 2009)
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<¥%2> ED2 B3¥ FAF F2 W

AT ol F @ 9
Basal area cm?/m?
Leaf Area Index (LAI) m?/m
Diameter at breast height (DBH) cm
Plant density plant/m?
Biomass (bark, leaf, fine—root, root, kgC/m?
aboveground—sapwood, aboveground)
Patch age yr

Coarse woody debris (carbon and nitrogen)

Soil Carbon (Fast, slow, structural pool)
Soil Nitrogen (Fast, slow, mineralized pool)

Assimilation rate (CO2-limited, light—limited,
RuBP—limited, Actual)

Net stress factor (Moisture, Nitrogen)
Stomatal conductance
Gross Primary Productivity (GPP)

Respiration (bark growth, leaf growth, leaf, root
plant, heterotrophic, root growth)

Net Ecosystem Productivity (NEP)
Net Primary Productivity (NPP)
Leaf transpiration

Evaporation (leaf, wood)
Interception (Leaf, Wood)
Throughfall rate

Surface runoff

Sensible heat

Soil heat flux

Soil water flux

Soil temperature

Soil water content

kgC/m?, kgN/m?

kgC/m?
kgN/m?

umol/m?/s

kg/m?leaf/s
kgC/m?/yr

kgC/m?/yr

kg/m*/yr
kgC/m?/yr
kg/m?/s
kg/m?/s
kg/m?/s
kg/m?/s
W/m?
W/m?
W/m?
kg/m?/s
K

m®/m®
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2. ED2 28 A& Agy A+

ED2v dA7MA Hul HEFA9Y 2715 a9, ofvnfEe] ddid 2 &
A7F solel & uket TR A A $8E =% (biogeochemical cycle) %
olul#] =3 (4 49 ¥4, latent heat and sensible heat cycle)d Ao AF&-
3tk Medvigy et al. (2009)+ ED2 B39 B4% 2704 WHow A5 s}
AMHET-/1E SHAAE 7 gde 2718k AGG-=4 A9 Hdaoz A4 Bl
= Z713}, = big—leaf 7x), /N SHAAZ BdH A9 BE4E HA3 A7
Suo] 271 T8y (W= H55 Harvard Forest® Howland Forest) & 247

A AWy SRS o sk, mekd A8 2 EA
(heterogeneity) & W4 & Q= /M7= 7Rt 29 73271 235 ®HIH

(71923).

olglgt /HEFZE 7|¥k 29

|

e Ao =AU Az 2o A G
shels] mejyhth(1924). Big-leaf 71N B8 TE% 2 AGG RER
3

of

flo

nj= BER zddo] XAb biomass A = ZFNet aboveground
—e— Observations—=— HET model —— AGG model -4&- |nitial model
Q\
\&‘
T

T T T T T T
1994 1996 1998 2000 2002 1994 1996 1998 2000 2002

A
)
8

a\.
D —p - A A

-

~A

0.8
|
0.20
|

{—s

0.0
|

Conifer growth (m® ha™' y™)
0.10
|

Hardwood growth (m2 ha™ y'1)
0.4
0.00
J

(c)

=

03 06 09—

- A- - A

0
1

- -+

T T T I I
1994 1996 1998 2000 2002 1994 1996 1898 2000 2002

Hardwood mortality (r'n2 ha’ y'1)
1
|
2
Conifer mortality (m®ha™' v

<1¥23> u|= XX Harvard Forest 24 AAel w4 HA 3 Az
(Medigy et al., 2009)
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AQ (B hal vy A1-08 050202 05 0.8 1.3

-8 -T6 -74 -T2 =70 -68

e

Pl :
fHC ha Ty )

-1.1 .p 8 -0.5 02 0. o5 BE L1.F

78 .16 -74 72 70 68

(c)

Met
(el hat wl)

40

BEDS DI BT 05 B 13
78  -76 74 -T2 -70  -68
<71¥24> A%} biomass A3 &4 Net
aboveground carbon accumulation).
(a) #5% (b) AGG B (A Bagh o=
ED2 &% 2o HZ3t A3
(c) HET W (478 7184 2= ED2 =¥
2 A5t 43 (Medvigy et al. 2009)
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ekal ®o s

O MR FAass A0 Bk we, A
HET W 2e) dnbs Zwsl Wgyol 53 A=s A9 QA5 A3s
st

Kim et al. (2012)2 dul$4H (B4 Tapajos =2 Y) =824 EFYolA
Aot = A YA (Net Ecosystem Productivity) ¢ ED2 23 2o A9

—a— Qbsarvation
= =0RIG
——OFT

NEP [tonC/halmonth]

g

g 8

Evapotranspiration [mm/month]

2004 2005
<71™25> ED2 AAE 474 A (ORIG)
F(OPT) =4 elA = (NPP) 2
ZwWlAk(Evapotranspiration, ET) 29 Ay 4

#=2(Kim et al., 2012)
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b
(a}m : ( ]60

O Observation
gt — Logistic model

Turnover coefficient
o
Vm [umol/m?/s)

0 i " i
160 180 200 220 240 260 280 0 5 10 15 20 25
Shortwave radiation [W/m?] Leaf lifespan [month]

<19 26> A2 2] Light—controlled phenology et 3 4747] 7k
H3lo wE 33 58 (photosynthetic capacity) W3}&F
(Kim et al., 2012)

A siglo] Wl WS (1Y25). AU el Axd A1H(F, FEo
_]
¢}

noQAEre] & JIFHE 9w mabgel k3 AlZe 99 FEH

3T

ry
%
iy,

<]
il
=

(photosynthetic  capacity) ©] k=
light—controlled phenology =< 7|@3dla ED2 34 EES

(leaf lifespan) @] &2 FASITH(IH26). 1 A3 FAH AN
(NEP) ¥ ED2 &8 Eo daprh v dAds EAT(LHE25). oJ&%, ED2:= 4
A g A4 EA (physiological characteristics) & HFE a1, 2149l A7t
mE A HalE B2od & gl Aol thE TEM/(terrestrial ecology model)
=%E] & Afolojth

Xu et al. (2016)& @3 2A¥ 7]

2)
module) & E=3to] EFFo] TAstH ESF

=
3

A4 48 B E(plant hydraulic

S "lA (soil potential)©] HolA a1

d
JERIS B -ql-th7|e] LRl o] Wisle] o water flowe] ZpolE
H3h= water stress scheme& ED2¢| AAIZATH EE XS Wl 7FA 44 B
dEE Az HAse 43, mAsegl ddede A vlelemia ARE
(aboveground biomass growth) ¥ WA A4 (leaf area index, LADE A4 &

A AAGAFIA S w55 T
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0.8

0.6

0.4

0.2

(a) Multi-year Average I 0BS
. - — .
I PFTn+HYD
[—JRain
6
4 -
2
0
(b) Dry year : wet year ratio
15
1
05
Rainfall  All Ds D BD E

1600

11200

1800

1400

Annual rainfall (mm)

<1=27> 2A B} (plant function type, PFT)
A4} wjo] @ uf~ A &5 (Aboveground bioass

growth) 53¢} B9 A3 (Xu et al., 2016)

(a) MODIS mean annual LAI (b) PFTo (c) PFTn+HYD (d) Grid fraction
i i : | ; ; ; EMODIS
. 0.6 PFTo
................ 20. 20. cdes e S eidesaes e -PFTH+HYD

04

......... 15. % PR 15 weve e ees:

EEDR R S s 10””“:”""t ..... 10......1.......- _____ 0.2

Mean =337 Mean=225 ! Mean=4.25

-95 -90 -85 -95 -90 -85 -95 -90 -85 <2 2-4 46 >86
LAI

(h) Grid fraction

Mean = 0.68

(e) MODIS minimum leaf cover (f) PFTo

15

10

(9) PFTn+HYD

Mean = 0.72

0.9

0.6

0.3

-95 -90

-85

-95 -90

-85

-95 -90 -85

<25 25-50 50-75 >75
Minimum leaf cover (%)

<71928> MODIS LAI =48#tg9F ED2 8 LAl 2o Ay}
(Xu et al., 2016)
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1H{a) Alaska (d) Alaska 5! (9) Alaskal = = =G waming
A = = = =27 warming
05 T T —
= 2
o7 SN -20 =3
- = = = 2°C warming 1
:é _05 = = = 4°C warming 40 "
< o
8 0 100 200 300 E 0 100 200 300 2 4 6 8 10 12
& ) =
k= * 20 -;_‘
E  1[{b) Manitoba £ (e) Manitoba % | (h) Manitoba
: : .
= € Opne o™ e o NE
5 05 - = =] 8 T e £
% ”' z) ‘\"\. = % 2
g EEmeCSTC . £ 20 .| = .
@ 1 %,
g g 3
g -05 2 40 g 0 .
a 0 100 200 300 ('_; 0 100 200 300 © 2 4 6 8 10 12
5 B
2 2
9 < 20
& 1+{c) Quebec (f) Quebec 3 (i) Quebec
Omm i L I ————
L e — = =" 2
_____________ -20
0 1
-0.5 -40 0
0 100 200 300 0 100 200 300 2 4 6 8 10 12
forest age (years) forest age (years) month of year

<19 29> st oA 7|24 Al ¥ Aspen biomass W3 A
A W3} 29 (Trugman et al. 2016)

Wk oy}, shAje] A O 1 AEjA v=u wiAYF] ek Aol
ED2 2&o] &&=ttt Trugman et al. (2016)> LEixgt @i 9 S5 shodd
(boreal forest)ellAe] S E {75 2ol W& (dynamic soil organic
layer change) 2} #7115 Zlolo] w& 2A1A¥ BX& JAMS (mortality) & F.9o8h=
BES ED2 3ol Adste], 3 kAl (mild fire) WA EF 23]k A4 it
Fol EoJu& HTE E3E 7|2o] 4% AsAl HGFH (evergreen forest) oA
<154 (deciduous forest) O 20| Aty A4 BF]l Ao o3k F AejA &4 2
2% 40%7F stAE A&l A Zlojehe B AuE HEIATH(IRH29).
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A3 & diNgdsd s 2 du

A 1A AT YE H 8

1. 72 AIE 714 AR 54

F=gk X9 ED2 AAl F5el 4, ED2 A PR 1o 9 ASS 98 714
A= 9 ZgA 757 FRE T YE A AFO]E (Atqgasuk, Barrow, Council) 2]
7178 B5 Aret A7) AL 717 B50] o] Fo|A AL 9= Toolik A998 7174 &
= AR2E ST (™30, 31, ¥3). ED2 28 F52 g8 Zad /Y AR
(FHE 7] 2E(Kelvin), A5 keg H0/m?%s), dAFCEs ©hap 747}
W/m?), AxEd ti71¢Pa), tdF = AewF T4 (m/s), HlHE (specific
humidity, ratio)©]al, th7|% o]Atst&4 (ppm) & 452 A8 Apglo|t),

»  ZTooliK_station

<I1H30> 8 AolE
US—Atq, US—Brw, Toolik station,
A ATFA

_34_



KOPRI-W KOPRI-S

<II¥M31> T2 AfolE
(US—Brw, US—Atq, Toolik station, =X A T4) A7

(AR &3] AmeriFlux tlo]EH|o] A A4 vAFE)
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CE3> F2 A|E B2

AFO]ET =
US—Brw 71° 19'21.00"N, 156° 36'33.01"W
US—Atqg 70° 28'10.56"N, 157° 24'32.04"W
TOOlik o | " o ' "
station 68" 37'59.96"N, 149" 33'59.12"W
A AT A 64° 50'38.40"N, 163° 42'39.60"W
<¥4> ED2 B8 Eoof Heodt 74 At 5=
1 @ 4]
Ailr temperature Kelvin
Precipitation rate kg H,O m 2 s}
Downward long wave radiation W m 2
Near infrared beam downward solar radiation W m™?
Near IR diffuse downward solar radiation W m™?
Visible beam downward solar radiation W m™?
Visible diffuse downward solar radiation W m™?
Atmospheric pressure Pa
Specific humidity kg H,O kg Air!
Zonal wind m s !
Meridional wind m s !
Geopotential height m

Surface CO2 mixing ratio (optional)

rmol CO, mol Air~

1
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Atgasuk®} Barrow AFelEQS] =¥~ Y (BFY ID: US—Atq, US—-Brw)+
AmeriFlux Networkel 4% Ergolty. North American Carbon Program
(NACP, Z2#32)elld 72 egeld =43 ARs ez QA/QC(Quality
Assessment and Quality Control) #%¥} gap—filled ZEAAE vl & A ¥}
= 30% A V1Y ARE FHslth NACP7E Aleshs AR (US—AtGF
1999-2006, US—Bar: 1998-2006) %2 7|4 ¥ Z&XA Ase e A4
TASNA 23] =38 tH(Dr. Donatella Zona — University of Sheffield;
Dr. Walt Oechel — San Diego State University). Toolik A9 7|A=t85+&=
University of Alaska at Fairbanks °llA] % 3}= Toolik Field StationolA]
=3k 1988-2016We AIFE 7AARE S FHsIRUGIE "E9He:
https://toolik.alaska.edu).

& EARTHDATA Other DAACs - £ Feedback

(“ ORNL DAAC

DISTRIBUTED ACTIVE ARCHIVE CENTER.
FOR BIOGEOCHEMICAL DYNAMICS,

About Us Get Data Submit Data Tools Resources

Search ORNL DAAC

DAAC Home > Get Data = NASA Projects = North American Carbon Program (NACP) = Landing page

NACP Site: Tower Meteorology, Flux Observations with Uncertainty,
and Ancillary Data

Overview
DOl https {/doi.org/10.3334/0RNLDAAC/1178
|
j NACP X
Project [ nace | ‘.
Published 2013-08-09
Updated 2013-08-09 e
AMERICA
Usage 251 downloads
Citations 20 publications cited this dataset
T e
X S0UTH
GO glei' s Mapdata 22019 Te-ms-;f'_'se

& Download Data 426 5 MB B User Guide —
e Spatial Coverage

Bounding rectangle

Description
This data set contains meteorological, carbon cycle flux. phenology, and ancillary data measured Temporal Coverage

at 47 eddy covariance flux tower sites across Morth America. The data were used by Morth

Amearican Carbon Program (NACP) Site-Level Synthesis as model driver data and for assessing

<71¥32> US—-Atq® US—-Brw EF 9] 3034 74F = (gap—filled)
714255 A 33 North American Carbon Program (NACP)
tlo] g uo] A
(https://doi.org/10.3334/ORNLDAAC/1178)
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Council A9 7|4AEE FAAT49 dolg o)A (KPDC, 713833, 34)°] &
AFstod 3 (2012, 2014, 20159)9 A& FHaA. 713As 4 73

(1979-2017Q) 5t A4u= A7t olf sbssd 28 We 7y ARt

_—

National Centers for Environmental Prediction (NCEP) North American
Regional Reanalysis (NARR, Z1¥H35)°|4 A¥3dt= 32km 3AIZF 1H4 A5E
TR 3 AKX 7HY (linear—interpolation) &2 30% 74 g2 A4 51

ALgae e,

ke
KPDC "?% About Us Metadata Live Data Science Data Policy News O\

KoreaPolarDataCenter

26,465 items in KPDC

Frrsle s @ Q@ c =B e <

[KOPRI-PAMC-00020805]
PAMC 26823

[KOPRI-PAMC-00020812]
PAMC 26830

[KOPRI-PAMC-00020793]
PAMC 26811

[KOPRI-PAMC-00020808]
PAMC 26826

[KOPRI-PAMC-00020809]

<IA™E33> SA4A 4 do]Euo] 2~ (KPDC, https://kpde.kopri.re.kr/)

a I

Search Keyword is = Eddy covariance data of Alaska permafrost site X~ Reset

Search 7 data out of 26,465 m

No. Title 4 v Reg.Date + ¥ Science Keywords -
o 7| EARTH SCIENCE 7
1 a of Alaska permafrost site in 2017 20181270 Atmosphere
B 2 | EARTH SCIENCE
? 2 of Alaska permafrost site in 2016 2017-12-11 Biosphere

0 —— .
2 Ed a of Alaska permafrost site in 2017 2017121 Locations C

2016-11-22 CONTINENT 4

2 of Alaska permafrost site in 2015 " North America

20161122 s 1

Eddy coval a of Alaska permafrost site in 2016 < Alaska

6 i 2015-12-23

°© a of Alaska permafrost site in 2014 20151223 Submitter -
4 nce data of Alaska permafrost site in 2012 summer 201210:05 7| Park safgjore

"N 1 2 2 SEO WON SEOK 2
— - 3 Juyeol Yun 1

<I™34> deaTtelM S48 cduyEAat A 55
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A Homie » Gridded Climate Data » NCEP NARR

NCEP North American Regional Reanalysis: NARR

See the PSD NARR webpage for more information on PSD's involvement in the NARR project

Brief Description:
» NCEP's high resolution combined model and assimilated dataset. It covers 1979 to near present and is
provided 8-times daily, daily and monthly on a Northern Hemisphere Lambert Conformal Conic grid for all
variables. More

Temporal Coverage:
+ B-times, Daily and Monthly means for 1979/01/01 to May 31, 2019

« Long Term Daily, Monthly means for years 1979 - 2000.

Spatial Coverage:

+ The native model grid is converted to a Northern Lambert
Conformal Conic grid which is what we archive. Corners of this grid
are

1.000001N, 145.5W; 0.897945N, 68.32005W, 46.3544N,
2.569891W,; 46.63433N, 148.6418E
The grid resolution is 349x277 which is approximately 0.3 degrees
(32km) resolution at the lowest latitude. A page describing the
coverage along with information on reading the projection is
available.

<I19H35> 32km &ZHE3EY 3A1%F 14 7R RE Alse
National Centers for Environmental Prediction (NCEP) North
American Regional Reanalysis (NARR: ftp://ftp.cdc.noaa.gov/)

5> 71 A= glolE o)A BE

71 Ae o)A
North American Carbon Program https://doi.org/10.3334/
(NACP) ORNLDAAC/1178

Toolik Field Station (University of

i https://toolik.alaska.edu
Alaska Fairbanks)

Korea Polar Data Center (KPDC) https://kpdc.kopri.re.kr/

National Centers for Environmental
Prediction (NCEP) North American ftp://ftp.cdc.noaa.gov/
Regional Reanalysis (NARR)
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2. 2 AIE T4AR ¥4

ED2 B&EE Eoetr] faiM a7 E I 73AEE T TVHAEM, 7] &
% (Kelvin), 4% (kg QO/mZ/S) AAbE (G ot ok 242 W/m?), AxW o
71% (Pa), o7 ‘;‘ AL W 34 (m/s), W5 (specific humidity, ratio)©]Th.
A AFEel wEd, ojejst 7| vFE T U] 2E Eckgite] &yiadt
A8 #E A @ el 7P @ 9FS v FE P (Martin et al.
2017, Z1936). B T2 AT, V] =5, & HAM, ST, 5 S8
714 76 AP A G At (Barling et al. 1994). webA, ED2 239
FoAAE 714 AsE T W] 2xs Ao M S Wrd slolgt e

.

Air Temperature
Carbon Dioxide
Fire

Humidity

Ice and Frost
Insolation

Snow Depth / Cover

Fungal Infection [7]§
[ 3

w

[}

g

JYIHASOWLY

Herbivory

Surface Conditions
Active Layer Depth
Soil Moisture

Belowground Conditions
(excl. ALD and SM)

Belowground Resources

EVIDENCE POINTS PER CLUSTER

1

BIOCLIMATE SUBZONE

<1936> A B 4% 2 H99 Fo

|
(Martin et al. 2017, AZA))
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3. 292 A8 3 4 Z=2AY

US—Atq EFY S A== FLUXNET2015°04, US-Brw EFYY AzE=
AmeriFlux °l4 2t 69, 10&<te #A=E FHsAH (1”37, 1¥H38).
FLUXNET2015+ QA/QC—checked gap—filled A8E AFst=  3HH,
AmeriFluxi level=0 (QA/QC Z: 17t §l& #SZA)E ATt SAATF4L EF
9o ArE FAATAL AEHO|AKPDCO) ol £33 3 (2012, 2014, 2015
W) 9l level-03 level-2 A= (QA/QC 1 A)E FAHSFAH(EHA EFY

P.I: B4 HRAD).

QA/QC (Quality Assessment and Quality Control) Z#17} gl US—-Brw
EFR1e] EYA ARe AY ATEY WHES vY S Z(36), ux(riction

velocity) —threshold ¥ ¥} moving—window ¥ S 2 12} quality controlS 3}

e |& hitps://amerifluxlbl.gov/ -~ B O| Search... 0~ | |I"u S &b f,:,-

& AmeriFlux; Measuring carbo... % | [

[SEDICE About ~ Community ~ Sites ~ Data ~ Tech » Yearof Methane ~ Resources ~ Q. SignIn

Quick Sites: | Sign in to Use

POSTCARDS

AmerFlux Year of Methane Festured March 2019 AmeriFiux Year of Methane Detecting inhibition of leaf respiration in
Site — US-PLM/PHM Featured Site US-NGC the light at the ecosystem scale

North of Boston lies the Great Marsh, Tucked away on the remote Seward The inhibition of ieaf respiration in the
the largest remaining Maore Peninsula In the far Mare light has long Mare
FEATURED SERVICES
Upload Data Download Data
Upload files for flux and BADM data See which variables and years are available.
1 Upload Data 1 Download Data
Join The Ameriflux Community Register a Tower Site
Join the emaill (ist Create a personalized account. Register your tower. Upload, archive and share your data.

& Join Community 9 Register a Site

<1¥37> US—-Brw ZYXA A85E A &3 AmeriFlux A5 o] A
(http://ameriflux.lbl.gov/data/download —data)
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LY

Search...

@ FLUXNET2015 Dataset - Flu., *

@& https//fluxnetfluxdata.org/data/fluxnet2015-dataset/

ABENE),

% Fluxdata

The Data Pontal serving the FLUXNET commuinity

Sites = Sign In

About = Community +

Home AboutDate  FLUXNET2015 Dataset Custom Search

o |

FLUXNET2015 Dataset

The FLUXNET2015 Dataset Includes data collected at sites from multiple regional flux
networks. The preparation of this FLUXNET Dataset has been possible thanks only 1o the

USEFUL LINKS

Blog —What's New

FLUXNET2015 Dataset
efforts of many scientists and technicians around the world and the coordination among teams a T
from regional networks. The previous versions of FLUXNET Dataset releases are the FLUXNET
Marcon| Dataset (2000) and the FLUXNET LaThulle Dataset (2007). The FLUXNET2015
Dataset includes several improvements to the data quality corntrol protocols and the data
processing plpeline. Examples include close interaction with tower teams to Improve data

quality, new methods for uncertainty quantification, use of reanalysis data to fill long gaps of
micrometeorological varisble records, among others (see the data processing pipeline page

for detalls). Refef to the Data Policy page for data usags and acknowledgement requirements FLUXNET 2015

Download FLUXNET2015 Dataset

(Dataset updated on November 3, 2016 — changes)

Data products

The complete output from the new data processing pipeline includes over 200 variables —

<1¥ 38> Atqasuk ZY AR E A ¥ 5=

FLUXNET2015
(http://fluxnet.fluxdata.org/data/fluxnet2015—dataset/)

<E6> A3 ZY A A quanlity control ¥

A EOE W]
Zona et al. 2009. BES  u*x > 0.25 m/s,
Gl.Biogeoc.Cy. removed outliers (>6std)

wind dir b/w 350—180

outliers (higher than 3*mean
of 3 points)

Engstrom et al. BRW

2006. JGR—B

Harazono et al.
2003. Tellus B

Goodrich et al.
2016. AFM

BES  ux > 0.1 m/s.

a 30—day moving window
that advanced one day at a
time and any half—hours that
exceeded *£2 standard
deviations from the mean for

that half—hour

Zona et al. 2011.
Ecology

BES u* > 0.1 m/s. linear—gap

filled (<2h)
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71%2 3%ttt Moving—window WHHol&dk Z; glolE] XQIEE FA 0% oY window
Abol 8] Batgkdt EFHAE AAete], o] "ol EQIETF

A AAsk= Wyolth. dzF Wsk(diurnal change)
change) 2] #tolE 183t window—day 2} window—hourE Z+zZF A A3t} A
7FA1¢]  ux—thresholds (0.2, 0.25, 0.3 m/s)¢ F 7FA¢ window—day
thresholds (5, 10 days), + 7FA%] window—hour thresholds(2, 3 hours), 5
7k 9] ®F=BAF thresholds(1, 1.5, 2, 2.5, 3 stds)E Z@ste] F 60714 <]
QA/QC 715 wH=aL o] 4A] (outlier) & A7k o] %, 2A1ZF ool 271 o]
Aol dlolE XERIEVL o]f7bsstu] A3 H 7P (linear—interpolation) &2 78-S
W #t}(2—hr linear gap—filling).

o
2t
S

H 3} (seasonal

il
N
N
N
N

mm[

4, ED2-EEg By AA"Y 75 4 4] FXAE £33

ED2 2% 2 Ees@ED Y A48 B A5 22X A9 E AAEY
(plant functional types, PFT; graminoid, evergreen shrub, deciduous shrub)
HE dF5 A7A(Mike Dietz, "]= Boston teh ZHE 539 o] 24 AF
= Toolik Aol shA] $-9 A4 GdFs ®ostr] Sl ED2E HA3e <
- (Davidson, 2012) & whgo= s3ivh A Agelx T=eb 249 A =
ZAA RO M FQ% T2 Rae Hu =523 &% (carboxylation
max rate, Vcmax), W& Y] (specific leaf area, SLA),

S A4 (growth

4 &
respiration factor), fine root allocation 2% &4 # ATH(21H 39, Davidson,
=

2012). AAEE 7F Bao) AP B @ E MES A2s daE olgste] F

2912 A4 (Monte Carlo method)3F9] & 10004 EQ B4 23 AEES FA )
Atk o] B¢ AER et RO AdE FYA X9 Hlwso] HAL By
S Adbetes doh Al A Fols AEHE Ayt AAl B Al 7t
d wol A% vixv E4HUH. A8 (phenology) & ED29] 7IE RES
AFg-3}o] %5 (graminoid) ¢+ Y9 #5 (deciduous  shrub)> %A%
(temperature—limited) 2]AIE= A4 =3 } 5 g (evergreen shrub) 2 4

Hel AdA W3k e A, evergreen)oi /}; Jx]2ltd. US—Atg, US—Brw,
Toolik AFelEQ] EoFS A8 AFE webx 242 SAE (loam), 23 (sand),
EEF (peat) &2 A3 (Davidson 2012).
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(Fgd 9
71 AE

cuticular_cond

<®7> ED2 B¥ F8 EF
dd LZ2AA B olE A
Temperature [C] below which leaf

Vm_low_temp metabolic activity begins to rapidly
Ph h decline
i otosynthes Vemax (VmO) Maximum photosynthetic capac1ty at
is and a reference temperature [umol/m?/s]
stomatal Slope of the Ball/Berry stomatal
conductance  Stomatal_slope conductance—photosynthesis

relationship

Intercept of the Ball/Berry stomatal
conductance relationship [umol/m?/s]

e %4) -
qguantum_efficiency Efficiency of using PAR to fix CO2
Tmax Maximum rate of photosynthetic
electron transport
a constant fraction of net
growth_resp_factor assimilation upon considering other
Respiration components of respiration

and turnover
5 % <%
B %4

dark_respiration_fa
ctor

leaf_turnover_rate

root_turnover_rate

the rate of dark (leaf) resp. It is
dimensionless b/c it is relative to
VmO.

the inverse of leaf life span[1/year]

the inverse of fine root life span
[1/year]

Mortality and
survivorship
(aLAf 8L s
B 54)

mort2

plant_min_temp

how poor the carbon balance needs
to be before plants suffer large
mortality rates.

Below this, mortality rapidly
increases.

Nitrogen and

water stress
(;ﬂ/\ o 2=x
=~

c2n_leaf

water_conductance

Leaf carbon to nitrogen ratio

Supply coefficient for plant water

o %E&)TT uptake [m”_ground/kgC_root/sec]
SLA specific leaf area (m“/kg)
Allocation q fine root‘ allocation '
and b1Ht DBH—height allometry intercept (m)
allometry b2Ht I()rlr?;l{l—height allometry exponent
s o) -
ihq]]iﬂ - b1Bs DBH-—stem allometry intercept
;E:] 2\_0/\4) b2Bs DBH-stem allometry exponent
el b1BI DBH-leaf allometry intercept
b2BI DBH-leaf allometry exponent
Reproduction . External input of seeds. Density of
and seed_rain seedling [kgC/m?/year]
- Fraction of (positive) carbon balance
r;cil]ntj’rjrn;nt r_fract devoted to reproduction
E\L"' == repro min h Min height plants need to attain
£4) bro_min_ before allocating to reproduction
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Graminoid

Evergreen

Deciduous

Prior
O Literature Survey
® Field Measurements
® Data Assimilation

Parameter CV (%) Elasticity Std deviation (g/m®)

Root Turnover Rate
Seeding Morality
Growih Respiration
Sood Rain

Specific Loat Area
Mortakty Rate

Min. Hoight

Fine ool e
Seed Dispersal

Vemax

Ouantum Effgiency
Wator Conthectance
Dark Aaspiration Aate
Slomatal Slope

Leal Width

Lead Turnover Hate
Cutleular Conductance
Phetosynthesis Min Tomp
Linprs. Labile C

Roct Aespiration Aate

11‘111111**101“]?}

g
g

150 200 ~0.150.10-0.050.00 005010 O 5 10 15

.H

I

»f’*Iilii*t*ié}l

llll‘llllllll"'Fll‘l‘l;un

o
g

100 150 200 -10 -08 0.0 0.5 ] 1M 20 30 40

Dask, Respiration Rate
Leal Width

llllllllllll"l"l'“I‘TI' i

(=]

5 100 150 200 -04 -0.2 00 02 04 (1] 5 10 15 20 25
<71¥ 39> Toolikoll A sk & 2837 Bolo #HZAste
ED25 3 E49 2RI F Q% (Davidson, 2012)



5. ED AJAAE B& /MA

71& ED29] 939 24 (deciduous vegetation) 2]AA1H (phenology) E&
(1) 25y B¢ i w& 49 & - 59 ZosiAY (2) 99 A%
AG2] AFA A4 (prescribed phenology coefficients) 2 H Q2 3o (2840
Medvigy et al., 2009). ¥ AF-o = 7|FWHste] & G ALZ e W
st Boetr] & Ad AFE e e® sto] st 7R S (growing
season index, iGSI, 211; Jolly et al.,, 2005)E AAAIA HEo| 433t}

o] AA717FA4 (GSD) &= Al 713 A} (growing degree day, =712, A%

4 rlo

—— QObservations —— Optimized model
o ===~ Initial model v MODIS dates
=
S - o v -
@ I
@
- T5) I
o M A I
=z o |
< |
< | |
e o
= !
% o 4 |
r o |
|
o - -

I I I
2001 2002 2003

<IH40> 7]1£9 ED2 A X = (initial WA AFA4H
AFAHEH A, Medvigy et al., 2009)

1GSI= iGDD x { VPD x i Photo (A1)
1.0 r—t 1.0 Ir 104
0.8 7 08 ™ 08 /
7 06 | k 5 & /
06 / . 064
a / g | \"\. g ] //
Q 04 / :_-: 0.4 | \\ EI:_. 0.4 o i
0.2 ’l/ 0.2 | N 0.2 _/-f
0.0 s 00 | o 0.0 <
4 2 ¢ z 4 8 0 1000 2000 3000 4000 T e w05 ne  ns
GOD ("C} Vapor peessure deficil (Pa) Photegeriod (h)

<I™HA1L> A7 A 5 GGSD & Akt flst Al 713<1AH(GDD, VPD,
Photoperiod) X33t (Jolly et al., 2005)
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(photoperiod)) Z2te] A& T+ (ad4l, 22)E THASLE HAFS T+
(multiplicative function)©|t}. Growing degree day+ & (greenup—maturity)
¥} 7}&(senescence—dormancy)© w2} ©hEH], Foll= heating degree
day (HDD, 1€1d%E 7|&2% 0T ol 459 2x9 )ola, 7Heeole=
chilling degree day(CDD, 8€1¥4YE 7|+=2% 20T o3l 59 2L 9]
PHE Auldt. 7 71512 AFTF (A2 = HA - Hol $AA (min and
max thresholds) ©]% - olstellA &= 0 (2 19 #s 7HHo=A 249 e
A A (S, FEE E FED el TS XA devh 7 71$R1Ake] A e
9] FH A H SHA| 2| = MODIS (MODerate resolution Imaging
Spectroradiometer) ABE  H}EOF  AALEl phenology  estimates
(MCD12Q2.v006) 9] greenup, maturity, senescence, dormancy E}o|™ o] &
I3 E(day of year) 2] 15 (2001-2016%) HHA= g3t

0 if VPD < VPD, ..
ypp = | P T Vi if VPD VPD> VPD (212)
Y=\ Yep —vpp, M e > WD Vi, B

1 if VPD = VPD,_.

6. A QY ED2-ECg 2y =

AP A7t A2 AA JHAASF(LAD & WX (vegetation density) = w1 g+
&7 (NASA) Goddard Institute for Space Studies (GISS)9 H&F A+
ZF(Dr. Nancy Kiang) Z8F A3 Ent—GVSD (Ent Global Vegetation
Structure Dataset) & HFFCoE Z7|galAqth(2H42). Ent—GVSD+ HA|
Ent Terrestrial Biosphere Model (Ent TBM)=2 T3837] &) WdxE1 9
= AA T A AAZA (boundary condition) &2 X, ICESat/GLAS d|9] Eiﬁ}
MODIS doJE| & o] &3] FAkgh 2 Akl 0] (vegetation height) & §

E

A A4 (LAI, monthly and annual)E A|¥3c}. Ent—-GVSDE "J%l%
(evergreen shrub)¥ Y9 &= (deciduous shrub)@ GHAAF2 F3kel
cold—adapted shrub GHAAAFE A&t} AGAIHO|HE HIEFHO=Z 3
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Ent TBM Global Vegetation
ememae - Structure Data Set (Ent GVSD)

Vegetation Type

[ UEE I P —
5 7.5 10 125 15 17.5 20 40.3

1
051 2 3 4

Leaf Area Index (m2/m2)

0 1 2 3 4 5

<1842> A JHA A5 (LAD & 2 % (vegetation
density) Z7]3}el AFE-¥ Ent—GVSD dlo]H
(A& A% Nancy Kiang at NASA GISS)
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Previous
studies

¥ l Prior-parameter sets
Max LAI [m2/m2] July LAI of the key variables
in 2005 [m2/m2]

Do | . Flux-towers
(ATQ, KOPRI)

Allometry equations.
parameters

|
1
|
1
1
i C.LE.H
Parameters from | Leat Biomass |>_ _______ i flux data
prior distribution L]
[}
BDEAD I i
(structural biomass) : ', e i HWSD and % ED-2

IRk e [~ = »  EntGVSD-based Simulation at
S e Initial status tower sites
Plant density !
LAl -
~ BLEAF -SLA
Sunl‘llll';zﬁn Optimized key-
over Alaska PAZHISRES

<1843> G AT A ED2-ECg 78 = AQAE

Ent—GVSD wlaAs 14 Aue A4z A a7t 9le & 9lornw
Ent—GVSD WA 7€ Ag5olr AFelr SHS 5d 52 A 498
& (deciduous shrub) ¥ Ald4# WH3}&F (Juutinen et al.,, 2017, “1H44, 45) 9]
o] AWAAFE A=E (evergreen shrub) &2 EFath. A4 U
AH AR FAEY ED29 allometric equationS BFE O 2 AAFSFATH( L
43).

o e

Edul ©a9l Aio n&S F4% AW A (Post et al, 1985, ¥4) 9}
ITASA %} FAO(%%Q%%%H‘MH A &3 Harmonized World  Soil
Database (HWSD) ¢] E<&F 7]€4 (soil organic carbon, SOC) FH X (1%
46)5 nvtgo g AP A7t KA ESF F7]2 A (soil organic nitrogen, SON),
EoF ' W A4 HA A (fast, slow carbon and nitrogen pools) & FAFFS]
o =g, PEdy= (NASA JPL) 9] @& A7AZEFY A defart Ao 3
o+ £ &%= Zlo](mean active layer thickness) FAF A& (Yi et al., 2018,
O947)2 7 a8 s FES ZolE x7|FsdY. BEE GEA, AEWE 2%

FH  EYO ZF(ayer)vitt 259 4, liquid water fraction®] &

(propagation) ©] AAtE 1, TES Zlo] WEo] RTojxT},
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BO'00N

W Flux tower

- Survey plots

Figure 1. Location of Tiksi (left) and the land-cover map of the study area with survey plot locations (right). The graminoid tundra

mar
- Water
. o
- Graminoid tundra
D Dry fen

[] wetten/nai water
I:i Lichen tundra
- Shrub tundra

and flood meadow were grouped in the Jand-cover classification.

<19H44> 2=

o &= (deciduous shrub) o] 99 & x4 (LAD

=4 &~ (Juutinen et al., 2017)

DD (°C)

LAlyascular

LAl [tOt

800
400

0.0

—+— Graminoid tundra
—— Flood meadow

2 2014 b 2005 y
d e
Dry fen
Wet fen
= e " Lichen lundra
Shrub tundra

Jun Jul Aug

Jun Jul Aug Jun Jul Aug

Month

Figure 3. Accumulation of (a)—(c) the temperature sum above 0 °C (degree-days, DD), (d)—(f) vascular plant leaf-area index (LAI),
and (g— (1) total LALin the dominant plant community types for the years of the field data (2014), QuickBird (QB) image (2005), and
WorldView-2 (WV2) image (2012). The vascular plant LAl was medeled based on seasonal accumulated temperature (DD) (table 2),
while the non-vascular LAI was assumed to be constant and directly proportional to the areal cover. The vertical dotted lines indicate
the timing of the satellite images and of the field data.

<I1¥845> B=

Sk
=

(deciduous shrub) 9

A=
AHA X5 (LAD FAFHH F4F (Juutinen et al., 2017)




View Data Window

ek MR

P HWSD Soil Mapping Unit Details

Coverage DSMW
Soil Mapping Unit 3379
Dominant Soil Group GL - Gleysols

Cadcizol - CL
Carmbisol - CM

W Kastanozen-KS
Leplosol- LP
Luvisol - LV

Fad Plancol-FL
F 4 W Finthosol - PT

112 A= ) F A Podl-F2
Topsod Sand Fracton (%) 3 18 ey P FegotAG
Topeol Sit Fracton (%) s 61 3 gﬂ - :mﬁ:c
[Topsod Clay Fracton (%) 18 2t 3 Pl Vet VR
Topsol USDA Tewture Classification inam sitloam loam F & W Rock Outcrops -1,
Tnmoiaafau@nmtywm:] L41 L36 139 " = S ";
. :x ::;’;:‘;?‘;’;3) :44 e ;: |50-DO | Image Value 0
‘r‘mr\mw Pnebs ML st 1R %37 14 % iy
Sikieopa 1] ¥ Domsns Hchicht | Copy |LI = Mo
<Z1946> Harmonized World Soil Database (UN—FAO)
<E8> Frt B &40 A4 HE (Post et al, 1985)
Carbon (g m™®) Nitrogen (g m™®)  C/N ratio
. No. of
Life Zone Mean S.D. Mean S.D. Mean S.D.
samples
Dry tundra 5 3.1 2.2 -
Moist tundra 12 10.9 6.4 638.5 231.7 18.3 6.5
Wet tundra 33 20.7 16.0 1251.3 958.1 184 6.4
Rain tundra 8 36.6 12.9 2226.0 593.6 15.6 2.8
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() |7y ueat
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e

i |

(,-wr p BY) N 108 I5E]
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I

35

Hah

50
170 -163 -160 -155 -150 -145 -140

Longitude ()

<A847> LGP A7 A ETE=(mean
Active Layer Depth) FAF
(AFZ A ¥ Yonghong Yi at NASA JPL)

7. 9% 7% 24 37 A48 Y

217k (1995-20159)  &efi~vt A A 9 #@a =8 W3
ED2—tundra 23 ° =2 X3t > 21437+ 7 gt
9 A7I¥sEe J=(rate) &

(Mann—Kendall A7), o]gA ®2od &4 <3 (H
Hekes wE AR 2 SRR AV IeHEte g F ﬂﬂ%ﬂ 3}
(coupled—effect) o]t} wehr] 19952 7|20 & Ho|d A} (static—run) &
B35 7159 w9 Ax}(historic—run) oA AAS ], BE G 9 o

913t = (net effect) Q] A7) W3le}l 71T WHIH(Z, 7| A5 o3t %7]
H3lS 22 (decoupling) Al 71 AdES FHSATH(CLIHAR). o]gdA Had &

5 4 9 e ost A7) Mkl Y9 (net effect) I 715 WS (S, 7]
Aol ost A7) ewiste] AldA wlols zEekgith
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~

Ecosystem flux or pools
(e.g. BA, LAI, NPP)

5

0

Temperature
warming

=
=9
QO
o
)
=
S
L

2015

Temperature
at YYYY-MM-DD.HH:MM

Dynamic vegetation run
(i.e. Shrub growth)

+ Historic climatic condition
(i.e. temperature warming)

+ Static climatic condition

SN elefhe e to (i.e. natural growth
A L * " natural growth without temperature
e > warming)

Time

<1H48> #5AFI 71245 ¢ (decoupling) EA%E

M
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ED2 29 To& dd L% AR SV &, A, g 5
dobg AR, XY g7eh didE B ey 4, R FE1-F8 A
oJE VAR, #E A ¥ 43 /M ge d¥%s 9= vdva 44
7] 2ok Aol theke] Ak 39€xH(1979-2017d) 9 $AA (P, A

Ak 3993F (1979-20179) F8 Alo]|EoA B 252 H2 -9.05C
ol -0.65C Alol= YERSTH(IH49). US—-Brw AFJE(71° 19'21.00"N,
156° 36'33.012"W) 9] AF ¢ &%+ -9.05 CT(EFHA: 2.82 O =A 714 o
oril, US—Atq AF]E(70° 28'10.56"N, 157° 24'32.04"W) ¢ QA7 L= -
8.95 T((XETHA 248 T)= 1o +AFT WbH, Toolik station AFo]E
(68° 37'59.96"N, 149° 33'569.12"W) 9] A+ &%+ -7.14 CTEFHA 1.65
T), FAATA AFJE (64° 50'38.4"N, —163° 42'39.6"W) 9] A L5+ -
0.65 C(ZEFHAF 1.41 T m el 99X8 US—Atqet US—Brw Al Ed]
A AFE 27 FEREE RFAAH(39AZE A E) S THT A el A
Toolik stationZ} A A4 Alo] Ee ]3| AGF 227 TAAHS

Z Fu|FHA AEsEE Tk () 1093 ZF AFolEo A 1.75, 1.37 °C A 45

Ea
H
w
©
1
e

p <
0.001).
KE9> FQ APOE AY# 2% 57
=g Aol 4 AFF ZTFAA
R . 25() ©)
US—Brw 71° 19'21.00"N, 156° 36'33.01"W -9.05 2.82
US—Atq 70° 28'10.56"N, 157° 24'32.04"W -8.95 2.48
TOOlik ° ' " o ' " _
station 68" 37'59.96"N, 149" 33'59.12"W 7.14 1.65
SR A 64° 50'38.40"N, 163° 42'39.60"W -0.65 1.41
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Annua Median
a

Temperature (°C)

-
o

-10

Annual Median
Temperature (°C)

Barrow ALO|E (US-Brw)
+1.75 °Cl/decade (p < 0.001)

EA:-905°C
F WA 282°C

1980 1985 1990 1995 2000 2005 2010 2015
Year

Atqusak ALO|E (US-Atq)
+1.37 °Cldecade (p < 0.001)

bt ”‘R T4 :.885°C
F EHX-248°C

-15

-10

Annual Median
Temperature (°C)

Annual Average
Temperature (°C)

1880 1985 1990 1895 2000 2005 2010 2015
Year

Toolik AO|E

+0.27 °C/decade (p = 0.05)
D :-7.14°C
BE WA 185°C

5
1980 1985 1890 1995 2000 2005 2010 2015

Year
Council AtO| E (KOPRI)

T ' " o +0.60 "C/decade (p > 0.05)

EF:-085°C

HEFE HAL1.41°C
B -085°C (EEHA}:1.41°%) ¥
E=713Ml: 0.6 °C per decade (p > 0.05)

1995 1997 1599 2001 2003 2005 2007 2009 2001 2013 2015

Year

<2849> A 3997 (1979-20174) A &5 A
3t (mean), E+A=}, &F7] 23 (Mann—Kendall A4)
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KE10> F2 Aol

ful
2
o
N
o
o
X

T APE A

US—Brw 71° 19'21.00"N, 156° 36'33.012"W 112.72 32.30

US—Atq 70° 28'10.56"N, 157" 24'32.04"W 133.80 36.66

Toolik
station

SA AT A 64° 50'38.4"N, —163° 42'39.6"W 574.73 93.30

68° 37'59.96"N, 149" 33'69.12"W 304.93 86.59

Ak 3993 (1979-2017d) Fo Alo]EdlA A2 112.72 mmelA
574.73 mm AtelZ YEFHTHI®50). US-Brw AlC|EQ At ks
112.72 mm(EFA2}: 32.30 mm) 22X 7PF #9ka, US—Atq AlClES] g
A4 133.80 mm(EEH2F 36.66 mm)= 1o FEIPC WHH, Toolik
station AFC]ES] A+t 42 304.93 mm(EFZAHA 86.59 mm), A AT
Aol EC] A A 574.73 mm(EFHA 93.30 mm) At B BE
< A 29} vl gl wet wskshs HEs Wolh 9l A%
US—Atq® US—Brw APe|ECM st A2 E9HERE b E) o] T1
o AgEel 912 & Toolik station?} FAATA Aol e Hls) %, AB
LE9h=s thEA U] ARl EeA BF 39\t BAK R fojulstAl wWakA] ok
oH(p > 0.05).

E Qs AA9 FAT ASD A4S, BY SR gar A% A4 4% Ad =
el
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Annual total
Precipitation (mm)

Annual total
Precipitation (mm)

Annual total
Precipitation {mm)

Annual Total
Precipitation (mm)

L

400
US-Brw ALO| E (Barrow)
200 e -3.85 mm/decade (p > 0.05)
- TITH I 122.72mm
0 HFE HAH 32,30 mm
1980 1885 1890 1995 2000 2005 2010 2015
Yaar
600
400
) US-Atq AFO| E (Atqusak)
200 ; [ _ _ -3.42 mm/decade (p > 0.05)
|| : — T o 133.80mm
= A} 36.66 mm

0 g
1980 1985 1990 1935 2000 2005 2010 2015

Year
600
400 T 1 Toolik-station AFO|E (Toolik))
- R -5.01 mm/decade (p > 0.05)
200 ik ' T 30493 mm
. E, BF HA}: 86.59 mm

D - L
1980 1985 1990 1995 2000 2005 2010 2015
Year

KOPRI A}O| E (Council)
-54.2 mm/decade (p > 0.05)
3 :574.73 mm

HFE HAL 9330 mm

<2™E50> A 39d7F (1979-2017) 9745 24
H1t (mean), X8 2F, 7] A3 (Mann—Kendall #74)

v
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[\
(K

gX 2w Z2A 43

US—Brw EBF9], US—Atq B9, IS4 A4 BFelolA SA s A A w8 (net
ecosystem exchange, NEE) ¥} Z@AF(Evapotranspiration, ET) Z8 A (F=2-
82 AR) F. QA/QC EH27E fl= US-Brw ERY S22 A59 quality
controls ¢ A& AFES ¥PE O E us—threshold ®H ¥ moving—window
W or AT F 60 7FA 2 (37FA] ux—thresholds: 0.2, 0.25, 0.3
m/s, 2 window—days: 5, 10 days, 2 window—hours: 2, 3 hours, b standard
deviations: 1.0, 1.5, 2.0, 2.5, 3.0 stds)2] WA Hlojus dHlolEH ¥AE=
AAS = 2AZF ojUel 27 o]/Fe] dHeoly ERJIEZE EAFE uf M REIY
(linear—interpolation) 2 74D ¥-& A8st A (2—hr linear gap—filling, “1H
51), o]’¢A] (outlier) & 7} dA 8] Folm= & + Stk stAR e & <o
H oA E=a9 FdE" Ao ot wi AX(2"52) BE By HA 3
Ao Foust s = F SJorE=E, Ax AYA(US-Brw PI)Y &4
QA/QC Z# 17} o] &7bsd wj7bA US—Brw ERe] A58 AHES frH.$ir).

2 '; 5 1.; ‘ j. : b ;!' *
+ Fy y ;
¢ o s o dd } R W ET ,? g a3 e, & $278% ¢

o 2H ‘ogf j,}‘;l‘“k:'? . ’I:' ‘é‘t f"ﬁ. ’ﬁ*'é' -,*.“
£ SV E S X ¥ R A § S ¥ g & g

- % TSR : é’ o4 v >

=S " *

5 | | | | |’ u* € 0,3 (n/s)

1 5 10 15 20 * 0C = good & u* > 0.3 (w/s)

* 00 "= good & u* > 0.3 (n's)
Out liers{10day_3hr_wean+-3std)

* 2-hr linearly-filled data

2+

¢ ¢ $ -
I T . 8 *._..{_t;_.,_g_f_g ;i.;,?__:,_e‘ RAEE 4__,,,.{‘,__-;;___,
4 .« 43 aansdviviy \;,;.'hr PR 341 3 4 S MR 7
N o < "y "‘} 3o £" "; + B ‘!;u.' "’ ' & ‘} W 3
3 it ¥ ! o t $4 : L . s % * s b, [
E [ (:,‘: “f:}' "‘gt"‘., 1_.5‘ :og

E
Ll + Filtered 4 gap-Filled

gl | l | | |
1 5 1 15 2 P P
2014, 7

<Z1¥51> US—-Brw B¢ =82 A8 quality control ZEZ A2 o] A]
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3. ED2—EE2 B8 oH] XA 3 A7

A9 ATES o & A4 9 AW 34 A F2 259 s el o
3 A}A B ¥ (prior distribution, Z1853) 9 AlFE AL (E11), ol&st AFA
w3 e UJrE%:— s HdFE olgstd FH9E A4 (Monte Carlo
method) 3te] & 10007098 24 23S FASHATH(ZH53). Carboxylation max
rate, Specific Leaf Area(SLA), growth respiration rate, fine root allocation,
Growth respiration factor & S7HAEZAl 2o o] 1 Aol FGA

Beggel 2 BEEe ks Wzt WA FAHA

T 1000709 R4 23 & HAste B 2o w F53st ED2-5589 B
9 éﬂr, A AL Alo)EoA =43t 307 7+2 <AHAnSF(NEE) 82~

<E11> Y F8 B4 AR EE (prior distribution) Al

Plant Function . PRI Parameter
Type (PFT) Trait Distribution . 5
Carboxylation max rate Uniform 12 35
Specific Leaf Area(SLA) Log—normal 9 1.5
Graminoid Qio—factor Uniform 0.064  0.074
Fine root allocation Uniform 0.5 3.9
Growth respiration factor Beta 4.06 7.2
Carboxylation max rate Weibull 3.55 24.7
Specific Leaf Area(SLA) Normal 7.8 0.9
Bvergreen Quo—factor Uniform  0.06  0.07
Fine root allocation Log—normal 0.81 0.84
Growth respiration factor Beta 4.06 7.2
Carboxylation max rate Weibull 3.55 24.7
‘ Specific Leaf Area(SLA) Uniform 10.5 12.2
Descfl?,ﬁgus Qio—factor Uniform 0.06 0.074
Fine root allocation Uniform 0.5 4
Growth respiration factor Beta 4.06 7.2
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Variable Graminoid Evergreen shrub Decid