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Effect of canopy layers on the accuracy of net ecosystem productivity simulation; A case
study on temperate mixed broadleaf-conifer forest ecosystem of Changbai Mountain. QIAO
Yan-yan', REN Chuan-you', WANG Yan-hua'*, YANG Ya-li', WANG Guan’, SHANG
Ying', CHEN Mei-juan' ('Agronomy College of Shenyang Agricultural University, Shenyang
110866, China; °Bureau of Meteorology of Yanbian Korean Autonomous Prefecture, Yanji
133000, Jilin, China).

Abstract; Based on meteorological gradient observation data during 2003—-2008, the net ecosys-
tem productivity (NEP) was simulated using multi-layer model under different canopy layered
numbers of mixed broadleaf-conifer forest of Changbai Mountain. By comparing the modeled NEP
with those measured by eddy covariance system, the influence of different layered numbers on
simulated NEP accuracy was analyzed with the criteria of the maximum coefficient of the determi-
nation (R*) and the minimum root-mean-square error ( RMSE). The results showed that; (1)
The model built in this study had good reappearance ability of diurnal NEP variation under differ-
ent canopy layered numbers, but showing a tendency to undervaluing NEP when the layered
number was small and a tendency to overestimating NEP when the layered number was large. (2)
The ability to simulate diurnal variation of NEP increased with the increase of layered number
when the layered number was small, while the ability to simulate diurnal variation of NEP was
relatively stable with the increase of layered number when the layered number exceeded by a cer-
tain value. (3) It was advisable to divide the canopy into 4—7 layers when NEP was estimated by
multi-layer model at mixed broadleaf-conifer forest ecosystem of Changbai Mountain. The results
can provide reference for the study of the NEP simulation of forest ecosystem.

Key words: mixed broadleaf-conifer forest; multi-layer model; net ecosystem productivity; best
layered number.
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Prie: GRAER , 2005 ) A AXE, 15 24 H Ll g R TR 22
MO B R0

2 HERSEL

2.1 NEP fhBA

ARCAETE)Z 43 Z W3Rl I AR NEP [ [A]
KA 30 min, 58 EEAHSC T LI Y NEP , FlE
MG BRI LK —3, NEP R FBIA
HATAR SR .

> AJIAI - R,
NEP,  ={i=i (2)
- R,

Hr NEP i NEP WIBAUME A 255 § A
FUE A EA R (wmol CO, - m™ -+ s7") JLAINES
| ERTEA(m?) RS ARG (umol CO, -
m™ 87" ) o FRAIR R LA BH 5 B A AT X 48, 2
KPR T 0l A R, 75 A

55 0 Z AT T AR O A R A (R —
JRe g5 AR 0, TS O A) R Farquhar 45 (1980,
1982) 7 ikt Al A .

6A%-A (A HAgup) A Agusr =0 (3)
K, 0 RAIBREI A TR F 196 A HR
(pmol CO, » m™ + s7') Ay (mol CO, + m™ -
s™') /8 RuBP FRAE BRI A6 A 3% A, (wmol
CO, - m™ « s7") FIR BRI HRIR T oL &,

F L b DX i 30 10 R 1 2 LS, 7K A
P g Je , i LAZK 4 AN 2 A2 25 2R G P WA FH 1) B o]
HZE (RFEE2007) , AT PR AES RS
P 5 £ Ay ek B2 1 8 B eR 8, K 1 Ll T TR 28
ARG R (wmol CO, » s ) fi 40 T 45 71
(fT1% 72 ,2008)

R, =0.0689¢" " (4)
TR2.5 m AR SIR(C),
2.2 BIRSHUL

R S5 B 2 B el 2 R S AR A el 2 (A i

Table 1 Valid range of observational items during rain free period

RURIIBIIRE| CO, & F CO Y poe WG LE EPGEE Hy KRS H,0 % s R ) ot
(mgCOz'm_z's_l) (mg'm%) (W'm_z) (W-m’z) (g-mﬂ) (m-s’l)
FRE -2.0~2.0 300~ 800 -200~ 800 -200~800 0~25 >0.2
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FrAIEE S0 JIEHR (8 m) EITHAR (26 m) ¥2) 453
2~20 JZ2 B E A& R AL T AR B A, LU TR
JE AU AL E R A (2) TH5E NEP,, .
2.2.1 MlEEEEE A HTREOLEHEE A
(pmol CO, + m™ « s7") K] RuBP A4 BR il () ¥4
B A A g (pmol CO, - m™ « s7") FNRILH AR
il LB R A, (pmol CO, » m™ « s7") B/
IR B O G R A BiE R —IkZ
WX (A(3)) Wi/ DR, 0 225 BR I H - (%
50.95)

RuBP FRA: BRI A EOGA 3R Ay 9 -
J(C-I'")
4.5C+10.5I""
Ao, C 2N ERRY CO, ¥ (ol - mol ™), "
JEVEPFIR ) CO, M2 5 (wmol » mol ™), VC,WJEIL:E%j(
RAAEHHZ (pumol CO, - m™ « s7") | J HWEFEM
HL - fZ 3 % (pumol e - m™ - s7'), 0.015V, . HI

HIEEI

TETER AL R J(umol e » m™ - s7') &
KM AR ] FOGE AT PAR B PREL
(Farquhar et al.,1982) .

J. PAR

= paR+2 1) (6)
2, PAR S35 i M B0 A A &R S (wmol + m™
©sT).

X RRARIN =, IR ) CO MR T ] I
W L7487 ( Brooks et al.,1985) :

I =42.7+1.68(T,-25)+0.012(T,-25)> (7)
A, T (°C) g i SRR, A BF5E b LU e )2
A ARARE .

HHLAFR CO, M BE R an i 2 kA7 ik 5
(Jones,1992) .

C,=0.7C, (8)
Hrp, ¢ JEFMNR COLHEIE (umol « mol ™) |

FBRAHR IR o G % A, (pmol CO, -
m” s R Farquhar %5 (1980) AR A .

Vo CT)

A =0 K (1+0./K)
A K, & CO, [ Michaelis-Menten %% ( % A
296.08 wmol + mol™) , 0, &M TN 0,53 (B H
20.9kPa) ,K J& 0,0 Michaelis-Menten # % (54 30
kPa)

—-0.015V_ . (5)

RuBP =

0.015V_ . (9)

2.2.2 Sy RS BOGE R NS i S5k
W TET R 20 (LAL) S 90 A ) A 38 A 280 R 1 O
SR, AR WS A T AR 8 B0 I E 7E 2003—
2005 F iR K ZEHAT TR Y 0 A K A T )
AR AT LG H IR (DOY) 1) IR R %K .
LAI=-4.5176x10*DOY*+0.1785D0Y-11.9719
(R*=0.9347,n=15) (10)

R I 1) 43 2 - TR AR R8s 2 B, K i
St v T 2 PR T AR B e J2 1 0 A R 2 ¢
A LEREZ S b 2 B R i AR BT R

LAI, =LAI( —0.0029h>+0.0455h+0.8047)

(R*=0.9885,n=5) (11)

s LU T RR VR S ARTEAS [R] 225 i TvD
TR HR b = B 0 o A R 2B AR ], 1 FH A 5 (10)
BIRTARAS 25 0 H P AT 19 LAL P A28 (1) men]
PAFLE HIFE T 25— B h 2 ERY SR i
(AEER Y

oS i JER N RIS RN h AR,
D2 @ J2 B T AR

LAI=LAI, ~LAI, (12)

%0 2 LR B A A RGR ST PAR AR
#& Beer-Lambert B R] 8N .

PAR.=PAR,( 1-a) e -1 (13)
Ko Mk 2 A3, SR A 32 m i B AL 1) S
%5 ® (CNR-1,KIPP & ZONEN ) 75 i) %6 5l )52 5
FRINT Q FNA SR W e AR A Q, , FH =35 1Y LU ARk
i, Hoh K TG R B, & R PR T 5 A
30 H) PR %L ( Campbell , 1998) .

sz x> +tan’6
x+1.774(x+1.182) 7
Ao iR AR EE oA B R R, E SR R A T
KIS, AEP) B R e K- 7 1) B 45052 5 3 )5 W)
RE R (= N N € £ L 7 N0 o N 71 P = 1
XK X o 2R R BEAS RA, A BF5E b iase it £ 4
T NERIE Bl x=1, 0 I KRHKTMA, 1/cosd HIEH
TEI ek 2 B B A R BT IE R AR

2.2.3 AESE(V, A1) SEIREE R 7E
THRFOLEHR A BRI R KA AR
R R V, | ST E R T i 7%
BHCRFRA AR, g Y, R A B
FIRLEE A 07 pRER . F T 2 B AR EU RIS B i
M AERGERE T, ), AV, A A gk
PRIER, 4> i IR B R i A S RO N B HL AR i

/cosf (14)
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Table 2 Parameters of H,, H, and S for V, ., J,, over Changbai Mountain

H,(J - mol™) Hy(J - mol™) S,(J - mol™'K™) H,(J - mol™) Hy(J - mol™) S,(J - mol™ - K1)
SHH 52750 202600 669 298.2 61750 185600

IR AT R II BN T o TNV, o WL

Joo BV, ol R A R 6 R (Kall e al.,
1998)
J..o=an,N (15)
Ve mao =12 N (16)

Ko B MEE 1 mol CO,FHFEMHEFE(IA) ,n, &
Jou BTN Z 8] LE 5] 22 %% (B 0. 12 pmol CO, -
mmol ™' N - 57" n, & chma‘xﬂ] N Z [] i3 Eb 491 22 550 (B
0.23 wmol CO, » mmol™ N - s7') N &M A& &
(mmol N - m™),

WFoE R, BRAGE )2 9 I L 1 0 R A A
A HBERGT  or A E — 2, fEUL IR b A
AR e 2 N 7 28 B B G B A R S i 2k

N,=N,, + PAR,/PAR, (17)
Hop N RHS R R RS BN, e 2 TR Y
M A R, AR R 2011—2012 4F BURE SZIAE R
143.9 mmol N » m™2,

TEMRPE TN, SEPRp B AL el % g MR 1E
HAR VY, T EE B0 N pR K, A ISR T Leuning
(2002) e 1Y) Arrhenius J5 24 V, | T KR
JEE R I 1 ¢

Cexp (H,/RT,) (1-Ty/T)) ]
" T+exp[ (S,T,-H,)/ (RT,) ]

(18)

Jmax :JlnaXO']n;ax :']

Vc, max VL», max0 VL», max = Vc, max0
Cexp[ (H,/RT,) (1-T,/T,) ]
L+exp (S,T,-H,)/(RT,) ]
RV RS R (T, =298.2 K) F
B9 Ve e T T s H, 72 5 AL BE (energy of activation )
(J - mol™)  H, 2% 1% L BE (energy of deactivation)
(J - mol™) ,S, /&4 (entropy term) (J - mol™" + K™"),
ROASMARF R (W 8.314 ] - mol™ - K™')),
C=1+exp[ (S,T,-H,)/(RT,) ] (20)
H, H, S, EAS [ 40 ) i 220 AR K, HL |
H, .S TEH, T8 16 FOR A R vh IR A AR A5
JiI 43 580 ( Leuning,2002) , 76 A [l 23 JZ2 50T 24T

(19)

NEP (B4, L NEP, FIl NEP,, fAHSE 250 RN
SRR AR UE A B9 K LR B R TR 38 MR
H, H M S WHE?2,

3 HFRESH

3.1 BB R

TE 2003—2008 4% 4F 1 A < 2= HE 2= 4% %6 B LA
&R NI S AN%ESEH (2003—2005 4Fik 8 A 1—5
H ,2006 4£3& 8 A 3—7 H,2007 47 A 22—26 H,
2008 4= 8 H 5—9 H, LA T H4FEAR i FR) , 1653 )2 5L
h2~20 T oyl AT AR A R G T AL, N
)5 ERUIAUE NEP,,, 5 WA NEP,, 1%} H
W 1, FTUE I FEARFSZECT , BT g sr iR R
BIHA NEP HARARIRHEE T, BEHDUE 5 i 5 AH G
SN EL ) A8 b B — 250, BEASRTRL S 4K 1 Ll e
MR AN R G A 7y« B AL [ H AR AR R,
NEP WA I AE IE 15, AR (E S S e
H M6 R85 S AR EE S B R A i Bl i, A (]
GYIEEEAL) NEP,, YR B T 558 it i 107 B
(B 1 AR X80 o TE B 2 I, KR4
NEP,, /NT NEP, ,BE3 53 JZ B8 0, NEP 5
NEP , SEWAER  50 JZHCKR T 10 B K [F] 53 )2 51
BRI NEP,, 2ZZ AN 75502808 25,1015
RS RGN 57.44% . 86.49% , 85.93% FiI
85.49% A L (18l 2) , B iR 5] T M i MK (P<
0.01), AILLVE HHhE R R A W& )2 50 250
PIIG I ESER S S TR, 025800 2
BF,NEP,, 5 NEP,, [AJH 75 BRI RPRAUN 0.4848 15
PME BT ™ E ARG, S A2 ECh 5
HARLEA 0.9837, MIHZ 5 1« 1 L ILKHEZE, ME
G R AR SER N, BB R I T — 2 v A % i
], M 3 AT )25 R ECh 2~ 20 2 & 43
EREEIN NEP,, 5 NEP,, 1) R* &P H Jo i ki
JE T AR AR R LA T 2B DB
Iy B IEINBRREA NEP H A8 AL B BE S1 3858 | N
MO EEE I — e B, B SR Ak S
R RSP NEP H A8 6 17 88 1 A8 A AR /N | 7E A [A] 45
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