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Abstract: As a part of ChinaFLUX projects, CO, fluxes were measured below- and above-canopy of a temperate mixed
forest at Changbai Mountain with the eddy covariance technique since late 2002. Using the CO, fluxes data measured below-
and above-canopy in 2003, this study quantified the contributions of below-canopy CO, fluxes to ecosystem carbon budget of
this mixed forest. The results showed that nighttime below-canopy CO, flux increased exponentially with soil temperature at
a depth of 5 cm, and below-canopy respiration was well consistent with soil respiration derived from chamber measurements
(R*=0.77). The below-canopy respiration and soil respiration, coupling with gross ecosystem productivity ( GEP) of the
whole forest over the whole year, showed similar one-peak seasonal pattern over the whole year and reached their maximums
in July through August. The annual below-canopy respiration and soil respiration were 770 g Cm “a ' and 703 g Cm *a ™",

respectively, contributing 59.88% and 54.69% to total ecosystem respiration. GEP of the below-canopy ( GEP, ) showed
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clearly bimodal seasonal pattern, with higher rates in mid May and late August. Although GEP,  only accounted for 5. 69 %
of the total forest photosynthetic productivity over the whole year, its contributions in seasons with low canopy density (i. e.
April, May and October) reached 19.99% , 21.06% and 14.53% , respectively. The seasonal pattern of below-canopy net
ecosystem productivity was controlled by the seasonal variability in respiration of this layer. The below-canopy acted as a net

carbon source during the whole year, with peak carbon emission in August.

Key Words: below-canopy; above-canopy; CO, flux; eddy covariance; respiration

BT TR CO, 38 B A+ PR b A B R AR BB AR . BREZEWESE
WAATE T2 H 2 IR AR ST 3R SBOE T2 CO, MR NFN B TS EEA AR ME
T2 CO, i B XA FRbh A 25 RGBRI L M TR th 25 IR BRSO R TR T 2 2k s ™ o (R, 2ot FRARAS [
R CO, B EFTINAE BY FR#dTEz CO, 3@ & FRIE , LUETE v A M 3R A% . & b3 T ZRAMAE B K
KA RAMERE

FIFAFEIE WL EL AR , AT LARA 8 (B AE B (AT N (b ) B 138 5 KA JH] CO, ATk &2 (1 i 25 728 S ¢
ik AT, A=A B LI 25 32 BIAE A= BE BRI, O EZ AN RIR G2 E E N URENE IR RENE
i, X — R EEARABAFEAR KA T E S o TR, IR E P )7 228 R (eddy covariance, EC) 7 #i i F T
WRIELA B 52 432 4544 (well-defined understory ) f #RMk A4 25 RE T IZ KAMGHE T2 H CO, E & 7, ek
REZEAR TH0 A B B A RO B T, SEBLRT RIS AR S R 4L CO, BB R K &S A shuim™ . RE7E K
i U R B 5 B AE S R B I, ARG T 2 B it BE B 7 22 WL 2> 32 B ), 5L 5 A0 2 #) 8 B WR B AR =X
W T ORIARSE &, T O SE B A S R CO, @B AN MR R —FEBus >,

K B IR IR AR (CBS) 2 E 2 HIBKIL , 3L JLAR R T BE U 07 22 5K BRI 52 62 SRR BBk WS
FRAE R HLER AR FIHLAAE T RRZIAIRY ™ o R, XHEZRMAOE T2 CO, 18 B I Z T 3 B4R K Hx
BAEBRGERBCCTTIR M A T2 B8 . A5 R B IR AR S 2 FAR e T 2 119 BE B 7 22
CO, 38 B HE K AE =k T IBIFIREE , 2T T XS RGEME T JZE CO, @& M ZET S BRHE R I A
R, THRE T Z CO, il BN ZARMAES RGN BTN, DU IR AR AR A S R G RIEER
T FRAR AR AR, 7 0 B SL AR A 2 R Gl B 45 WU (A R IR AL EIBIRE
1 HREH=E
1.1 SEEuh A

SERWLIZE B2 B B IR AE S RGEE A0 1 S AR FE - ZLARAR Y 2547 (42°24'N, 128°6'E, i
738 m) WIS REE 2 X R 2R KR KRS L S, 557 2R EE 2.8 °C L 4R IFE K & 695 mm,
KE IR RS AE KR 4 ~9 Ahr. WA AIARFHE R 0.5, PARBERE R 40% , MR R 2.5 m fbXE
EIFFARK SR o FTEARZHFEIRE N 25 m, FFFAR R LA (Pinus Koriaensis) 548 ( Tilia amurensis ) 52 i #k
( Quercus mongolica) 7K B ( Fraxinus mandshurica) .8, AW (Acer mono) %%, HEAR)ZE FEA A B ( Deutzia
amurensis) \ Btz T ( Corylus mandshurica) 2.4 ( Lonicera maackii) , ¥4 F BEAL$E5E B ( Carex spp. ) . ILFHF
( Brachybotrys paridiforms) 310 i ( Meehaniaurticaefolia) FRIZ&M |
1.2 GEEMERSZWN

FIFAZAE 40 m 1 2.5 m AL TR BB 7 22 R GE 20 5% T 2 X ARTE T )2 1Y CO, JKIRAIRE & il B 1T W
Mo W3R P Ty 22 R G0 FEADTE =458 75 KR X (CSAT3, Campbell Scientific, Logan, UT, USA) FiFF#X CO,/
H,0 £LAMSR 57X (LI-7500, Li-Cor Inc. , NE, USA) , 4l I Fll & K 1 CO, KAKIRWKE . REMIELR
KA R Ay 10Hz, 38 1 B0 K42 25 (CR5000 , Campbell Scientific, Logan, UT, USA) 7E 4k K42 313% 30 min 115
SERMEHITAEM . WK ER BTSRRI R RS DL R B RERS (PAR) (TR EE 1S K
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B R R, A I RGN R AT S SR

A A SAR/ A ISR AT TR (R, ) WRIN, WAI i B el R MR 2 10 m &b, B0 E 4 P47 %A
Ro BB E] 2 9:00 ~11:00 (J AT E]) , I A g 43 A 1 ~2 R (BRI LR 2 ~3d) o R4
W75 i B R A 35 AR T S S0k
1.3 B 5504

A (D) THREBRMRR A B S RS CO, H & (NEE) «

NEE = w'p' (Z,) + f%dz (1)
0

XA, GRS | DM ERRRE T2 RGN CO, #i, 5 2 MR mtRBNEE(Z,) 1
CO, f#fF 3, NEE NIERRABRG M KH CO,, i Rnm ik CO,,

BRI R, B e AR b 2@ B AT 3 YRR AT B4 T AT ko 3 UL g s e 3
EEHIRIAT T WPLRKIE, IS BER &R CO, BB B RN o« A0, BB T FA FEk
B B BA 1Y) S B , TR S B TR TR XU (e, ) Wi R{EL AR AR R DRI B o AR5 o, AR IR B 0y 22
FARL K 2R ILIAE SHAUE/N T 20% BRI B e T AOR_E IR R T 2 MBI w, I FE S 51M 0. 15 ms ™' Al
0.032 ms™',

A Lloyd-Taylor 75 72" St 5 BB IR1 B8 HEATHAN I 1 5K A R 2

R, = R(7y 7 7T) (2)

AL R HSHIRE (T, AFFFTE N 10 C) T HIFFIRES (mg CO,m *s™") E, HTELAE(T mol ') , T,
WEN -46.02 C TH5 em HHEEE(C).,

F I R BRI T )Z R BB B BT AN, 81 O oR/NEER 1 AN A o AOE B E LI g R Bk
B4 A Michaelisl-Menten 578 ' (X 3) #HATH4M, 8 OR/MEEN 1 A4NH

a-PAR - R,
“w-PAR+P, T (3)

K, o HESRER VAR THER (mg CO,pmol ~'photon ') , P, KAER REW BRI A7 H1 (mg
CO,m~*s™") Ry WEAREBRFEM AR (mg CO,m s ™) ,PAR FbAH RS (pmol 'm s ™) AHFST
A 2003 EBERIE IS o P, F1 R, 23512k 0.0017 mg CO,pmol ~'photon ' 0. 87 mg CO,m *s ™" I
0.156 mg CO,m *s™',

BABRG CO, H#(GEE) LA NEE 5 R, Z 223K, B :

GEE = NEE - R, (4)

HEASRGERE b, BESRGE T (GEP) M%7 11 (NEP) 43 5|5 GEE #1 NEE ${{HAH% ,{H
5, B GEP = - GEE ,NEP = - NEE, 83K H ILMPERHE (€ 0 CHRHME T EHEEERKESIE
ARFEHRR,E 1)  AHEAE FE 11 AR ERFE3 AHK GEP 5ER 0,

2 #REITE
2.1 ABEEFHETEL

K B IR R3Sk 2003 45 FZIF R R FHE T AMME 1 Fim. Mg LZE(40 m) 5TF)Z(2.5 m) KK
BRI B2 (T-test) , —H 55 om PRE K TR AR “ Bug” 35284k, HHET7ET ~8 AMikBlH k(A
la) , ME T EEERBERPERBMTMHE LZE. fERZE8F R 6 ~9 A6, M N2 G B RGEH
AR EE ) 10% . Mod EZ6E A RERST 2 g 2810, HE 7 ~8 A A ML, X 5 ' M
MAX(E L) o MIETENA ARSI R 3" 52540, 76 5 AR 10 AR R8I E(E, 5 cm HRE
M+ A K B AR FETE 0. 18 ~0.45 m’m 7 Z 8] (& 1c) , RBAFEWFFT 0 H] B9 K 5 LR IR SRR 2 F 2
JoipiE

NEE =
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2.2 HETZE CO, & B PR M B RHE

Kl 2 B T KB LR IR E T B E COo,
i (BRSO TSR R, ) S IR
(R)5S em WERN LIFBERIRR . N T HBIER
BEDLIRZE , XA GE T 2B SR E] CO, i & B 1% IR
TR 2 CHE T, BARES R
. . . . . RN ZEDA 10 MR, 457 E8xR (8 2) ,ME T ER
] CO, i B 1 - 3 i 1 % B - 3 IR BE 2 48 B K
Lloyd-Taylor J5 #& )k 5E R B0 H18 0.99 1 0.69, HKk
& T ERE CO, i &8+ EIFIRAE 10 CF IR B
ERPERB( Q) 43010 2.69 F12. 14,

FT 2T B R ARGE R CO, 58 & i R 15
11475 i), T B ORUEA R 75 2 Z B B AT Ee P . S em
BREE M IR EAE - 17.8 CHI19.8 CHEBHTEE N,
BEU T ZEAR MM B K ARE T Z CO, 18 & 54 R i ]
e | e UL 2 i 3 I 2 (6] B B A SR (R,

mmm %7K Precipitation

R Temperature ('C)

PAR4 (mol-m2s7!)
PARy. (mol- mm2.d7")

sl 1. g =0.62R,,, +0.019,R* =0.77,p <0.001) , X B
S RN R AR TR CO, AT WW
Sl A | 5 RSB ARSI " (R
E o BHCRTCRNIT AR TR 0 S 2 R

N |l| ] RE R BI LS CO, MR 5 B, S5 ARk L I0P

A WL R G IS 2 1 B 25 W 2R e 1 L
AR A PR 1 CO, 38 B 4143 HEAT 7 4 B A 7T
B KA R AR ( CBS)2003 4F R EFRE A Tt 171

Fig. 1 Seasonal dynamics of environmental factors at CBS in 2003 )\i‘%‘»;[yl(ﬁ'l? % E{Jﬁ'ﬁ%;ﬁ‘&‘if_“g grj‘%: Eﬁ E{Eﬁ :J: ;H(]‘E_t
a: 40 m MBS (T,c) 2.5 m AESCE (To) WIS om IREEMEIME 20 () 1) | A A 25008 S A 00 955 A X 058 1 5
(T,); b: Mod EENAAREEN (PAR,,) ME T ZHEE RS Al METREXE CO, BEMHE TR NEE N
(PAR) se: 3 om WIEHILARGAC (SVC)BRACREPrecipitaion) e onerir o e BeWl . (B 4) 0 765 A48 AT FJRAK
a: air temperature at the heights of 40 m (7,,) and 2.5 m (T},) and ?ﬁ%@ﬁﬁj"ﬁﬁ‘%%{ﬁJ'ﬁ’f@*ﬂ%{#?%*ﬁ%ﬁﬁ'ﬁ%ﬁi?ﬁﬁ
T4 K B W 0 38 2 43 5 %5 0. 00033 mg CO, pumol ™
photon,0.29 mg CO,m s ' H1 0. 066 CO,m *s™', 25K
R AR A B 50% 1 T ECAl A 0y, KR
TRAK CO, M T R4 8RS How AR 91 85X 135X 26 A bk E T B AR M2 s
WEHERIRA S, 5 AWM TR CO, EE HLMRIHE X 31 5HM A B0 EE R (1)5 F Gbksg i KA ,
T TR B CEER T oAb B 655 (2) MOZ T IRMBAE 5 0 ik A sk A A€ B0, A 400 06 P R , DR T
HRBIIEAR S . G4 AT FREIEBALIEET S A6, B% A MHE TR o, B SHE TR

b BRI I BRI ., 3R R 7E 4 A BN AL FAE K F000 , MOE T BB IS PR 55

2.3 HHERMAEFE CO, BRHFH A

K H IR R AAEERAE TR CO, MR MEWHAME S Frn. HWE TR 1ER (CEP,,)
MV shA SRIENA VR (CEP, ) AN B2 R (1 5a) . KAILRHIRHM 4 A BT, 7E6 ~8
T 036 Ve P 3 B W (8 B TRE T V2 ML A 11 1 4 DU 58 XL 70 255 25 A, T /1 W (840 31 o BRAES ) )

soil temperature at a depth of 5 ecm (T,); b: above-canopy PAR
(PAR,,) and below-canopy PAR (PAR,_); c: soil water content at a

depth of 5 cm (SWC) and daily precipitation
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Fig. 2 The relations of below-canopy nighttime CO, flux (R, ) and
soil respiration (R,) to soil temperature at a depth of 5 ¢cm (T,)
R, 1 1 R, (IRBEWIRL i & 2 F Lloyd-Taylor 7 #1475  The
curves for R, ), and R, were fitted from Lloyd-Taylor equation:

Re,bc =0. 0986365'99< 1/56.02 -1/(Tg +46.02) ) , R2 =0.99

R =0. 0946380.67(1/5&02-l/(Ts+46.02)) R2 =0.69

(1.78 g Cm>d " ") f18 A FAI(1.16 gCm*d "),
BANBMESRAETFIGERE (R, ,.) JRE T ZHIF
W3 R A - SR AT 2 B A U R S AR A, H
BIRIIET ~8 AMh (B 5b) . T ZE I IF IR E &
IO IRER 5 5RO A Z BB A B B A IEAE 26 5R
Z(R,, = 0.47GEP, + 8.79, R* = 0.97, p < 0.001;
R, = 0.34GEP, + 16.52, R* = 0.96, p < 0.001) (&
6) . XFRHEZAVEF R T 3561 B TP IR 1) 557
IR JEG 490 F) 44 2 3o AR TRE T V2 10 P I A 7 e
Hi R W AR Z TR MAES RS, 'Et
VRS PRAE R Z EA R RHES LR 2P,
K B IR IR SSARTE A& =R I N ik % ( NEP,, ~
0) , FEBANAEKZE(S ~9 ) RIUHIKIL , LA
HEBRGHET T (NEP,)TE 6 ~7 A EElHE K, A&
T, MR T /2 A8 3R 3R 7E 2 4R #R R B B U (&
Sc) , H ik HE B #E R/ 8 AmiEBlHE K, H5.61 g
Cm*d™', MEFEREEZ RS A1 (NEP,,) HZ

Repe (Mg COp-m2s7h)

B3 MR TRFIGER (R, ) 5 R (R,) KRR
Fig. 3 The relationship between blow-canopy respiration (R, ) and
soil respiration (R, )
R, A AHIRI A 2] 4 AN B PATRAE SN 1 5 R,y H ARG AR
TR IR 5E IR B R AR 2) A E

average soil respiration rate of four chamber measurements; R, . was

R, was the

calculated with the fitted equation for below-canopy respiration in

Fig. 2

0.4
o a=0.00033
'\:-\ o Prax=0.29
o B0 © oo Ra=0.066
g 02 R2=020
)
Q
o
£
Luz 0 o @ ©
S - [e]
§ % o
-0.2 | |
0 200 400 600 800

PARy (umol- m2s7!)

B4 KahRWEZEHKS ABETRERERE CO, @i
(NEE,,) SME T BB A MBS (PAR,, ) FIRAR

Fig. 4 The relationship between below-canopy daytime CO, flux
(NEE,, ) and below-canopy photosynthetically affective radiation
(PAR,,) in May

Fp iR AT (3) 58], A SBEWME T TR The curve was
fitted from Eq. (3) and the regression coefficients were shown in

Fig. 4

W EhAZARGE T BN+ R A B 215 sh 2450 (18 Sb) o Besbh, BT 5 A BAHMOE T E A e Al R
T KT IR AE A, %2 B R HEOR AE 5 H I AR (& Sa, b) .
2.4 MET)ZE CO, il B XA FRAED RGN T I Tk

# 1 553 T K A LEAHR A 2003 SEMGE T CO, 5B B XA FAMES BRI T 1Tk, 2003 4
FRTE T EIEIL R+ ORI 43 51 770 g Cm 2a ™ f1 703 g Cm~2a™!, 205 A BB RGP R E K
59. 88% H154. 69% , 1E R NAHEIRE KITEFE 2 P9 (30% ~80% ) X i B TE T J2 MR I , J L2 + 30y
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Fig. 5 The seasonal dynamics of ecosystem and below-canopy CO,
fluxes of CBS

a: WERIAVEM(CEP,,) FIME T 26 & ER (CEP,, ) ;b: B4
PESRGFRAE (R, o) ME TIZERAE (R, o) F1 L3
BRI (R,) se: BARMASRGEGHE 1 (NEP,, ) FIMGE T 26
HEBRGH: 7 J1 (NEP,,) a: gross ecosystem productivity of the
whole forest (GEP,,) and below-canopy gross ecosystem productivity
(GEPy,); b: total ecosystem respiration (R, ,, ), below-canopy
respiration (R, ). ) and soil respiration (R,); c: net ecosystem
productivity of the whole forest ( NEP,,) and below-canopy net
ecosystem productivity (NEP, )

(=)

100 200 300 400
GEP,. (g C-m2month™)

E6 JEEGEER(CEP, ) SMETE MR (R, . ) XL
%(R,) HRR

Fig. 6 The relationships between gross ecosystem productivity of the
whole forest ( GEP,,) and below-canopy respiration (R, .) and soil

respiration (R,)

R, = 0.47GEP, + 8.79, R* = 0.97, p <0.001
R, = 0.34GEP, + 16.52, R* = 0.96, p <0.001

80 —
m— GLEP,./GEP,
C— Revc/Reac
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Fig. 7 Seasonal variations in the contributions of below-canopy CO,

fluxes to canopy carbon budget

%, 72K B LR RS A S R AR, BIFRMESREROEEWEZRA THAMR
WHDLE1ER ME T REEARDEE BB FRMESRIECE MBI TR 5.69% .

2B AR AR T Z I OE B X B A AR

F1 2003 FHETE CO, BEWNENBFHRESREBRBZ KT
Table 1 Contributions of below-canopy CO, fluxes to ecosystem

AR AR GE T IR TR B 2 Y BB BN, AR R E L
52.85% ~62.17% , A T JZ B3 BAFRARAY

carbon budget in 2003

BRMEFEBRRNFTER(ET). REN2F
EME T REPHDEE FTIRRE/N (R 1) HETE4,

CO, flux (g Cm~2a~1)

243 Components

5 H 10 3 4y 43 55K 2 19. 99% (21. 06% Fi
14.53% , i T HAb A Oy, th 7 H A iR E M E 2 N
(0~39% ), 2 BB TEAR B BE 4 /N 2 R kAT
I B A I R M S 3, R b 2 fh % st
FBHOCEERE B TERAMMBHRARESREN

GEP R, NEP
FEAFRAK The whole forest 1528 1286 242
#5E T 2 Below-canopy 87 770 - 683
A ke
5B T w se
The whole forest-Below-canopy
M T 2 BTER

Contribution from below-canopy 5.69%  59.88% -

BRAEPR i A % B A AN AR A S R GRS o
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(1) MGET 2 B FIGE B A 0l B 2 S BRI E =EARE, E 2B M3
WERIZATARAL, HERAE 7 ~8 A ikl Em K E. M5E T 2 i P I 38 & 1 1 5807 Il 2 70 K B LR IR 3SR
ARG A EEMAL, 205 BN S RGESEFIRE R 59.88% F154.69% .

(2) W5 T R HEEE 2 BRI ZE 5 AR, XA RMIEE =Y B STk RN 5. 69% o 1ETEAR A
BEAREI A 3, MORE T IZ M G E 7= STERZR AR, B R A B AL ) B R OB B E R B TR IR AR
il AR A 25 2R G0 RO BRATE IR 10 8 B R v b AN R AE 25 R G RR I o

(3) WE T ZE BT I B ZZEFRAE R 2T 28 Sl e T 2 R R e 2 48
ERRI AR , Hog e HE O 3 7E 8 A ik BlEc K,
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