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Abstract Long-term mezsurement ot carton metabolism of old-growth forests is critical to predict
their behaviors and to reduce tite uncertainties of carbon accounting under changing climate. Eddy
covariance technology was applied to investigate the long-term carbon exchange over a 200 year-old
Chinese broad-leaved Korean pine mixed forest in the Changbai Mountains (128°28'E and 42°24'N,
Jilin Province, P. R. China) since August 2002. On the data obtained with open-path eddy covariance
system and CO, profile measurement system from Jan. 2003 to Dec. 2004, this paper reports (i) an-
nual and seasonal variation of Fyee, Fgpp and Rg; (ii) regulation of environmental factors on phase and
amplitude of ecosystem CO, uptake and release Corrections due to storage and friction velocity were
applied to the eddy carbon flux.

La and soil temperature determined the seasonal and annual dynamics of Fgpp and R separately.
Vep and air temperature regulated ecosystem photosynthesis at finer scales in growing seasons.
Water condition at the root zone exerted a significant influence on ecosystem maintenance carbon
metabolism of this forest in winter.

The forest was a net sink of atmospheric CO, and sequestered —449 g C-m~ during the study pe-
riod; 278 and —171 gC-m‘2 for 2003 and 2004 respectively. Fgpp and Fge over 2003 and 2004 were
-1332, -1294 g C-m % and 1054, 1124 g C-m? respectively. This study shows that old-growth forest
can be a strong net carbon sink of atmospheric CO,.

There was significant seasonal and annual variation in carbon metabolism. in winter, there was
weak photosynthesis while the ecosystem emitted CO,. Carbon exchanges were active in spring and
fall but contributed little to carbon sequestration on an annual scale. The summer is the most signifi-
cant season as far as ecosystem carbon balance is concerned. The 90 days of summer contributed
66.9, 68.9% of Fgpp, and 60.4, 62.1% of Re of the entire year.
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Forests have been proposed as possible sinks of the forests older than 100 years are thought to be insig-
‘missing’ atmospheric carbon that is not accounted for  nificant carbon sinks as they are generally in equilib-
by global carbon models!' ~*. While young and recov- rium between carbon uptake and total ecosystem
ering forests have obvious potential as carbon sinks, respiration>®!,
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In contrast, research by Carey et al.”! emphasized
the need to account for multiple-aged, species-diverse,
mature forests in models of terrestrial carbon dynam-
ics to approximate the global carbon budget. Several
recent process studies have indicated that some old
forest ecosystems do not reach a steady state carbon
flux and can continue to act as a net sink for atmos-
pheric carbon dioxide over several decades or
longer® ™'Y, Long-term measurements of whole eco-
system carbon exchange are needed to determine the
sink-source and budget status of ecosystems, and to
analyze how carbon exchange varies with seasonal and
interannual variation in environmental conditions.
However, very few actual measurements of Fygg iz
old forests have been conducted, and rcsults varisd
depending on conditions” "' '\ More actual meas-
urements are needed to clarify the role of old-growth
forests. Given the importance of the world’s old-
growth forests as a major terrestrial carbon store, this
study of the dynamics of carbon stock capacity and
carbon sink strength of old-growth forests will help to
reduce the uncertainties in carbon accounting.

The Changbai Mountains lie in the northeast of
China, on the boundary between China and North Ko-
rea. For special natural, historical and social causes
this area, is the most complete and well-conserved
natural ecosystems of China, even the world. Of these
well conserved East Asian mountain forest ecosystems,
the broadleaf Korean pine mixed forest is the typical
zonal vegetation in Northeast China and is about 200
years old !'"). On the data obtained with open-path
eddy covariance system and CO; profile measurement
system from Jan. 2003 to Dec. 2004, This paper re-
ports (i) annual and seasonal variation of Fngg, Fopp
and Rg; (ii) regulation of environmental factors on
phase and amplitude of ecosystem CO, uptake and
release

1 Materials and methods
1.1 Study site description

The measurements were carried out in No. 1 Plot at
the Forest Ecosystem Open Research Station of
Changbai Mountains (128°28'E and 42°24'N, Jilin
Province, P. R. China), Chinese Academy of Sciences,
since August 2002. There are villages and towns, but
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no industrial activities in the NE direction.

The annual mean temperature is 0.9—4.0°C, and
the total precipitation is 693.9 mm-a™' (evaluated be-
tween 1982 and 2004). The site provides a maximum
fetch of 60 km in the E-S-W direction and a minimum
of 500 m in the NE direction. The area is covered by
on average 200-year-old, multi-storied, uneven-aged,
multi-species mixed forest consisting of 'Korean pine
(Pinus koraiensis), Tilia amurensis, Acer mono, Frax-
inus mandshurica, Quercus mongolica, etc. A dense
understory, consisting of mwiii-species broad-leaved
shrvb, has coverage ot 40%. The niean canopy height
is 26 m. The peak leaf arca index is about 6.1. The soil
1s classified a¢ dark brown forest soil. The landscape is
very tlat. See ref. [18] for advanced detailed site in-
formation.

1.2 Instruments and measurements

Net ecosystem exchange (NEE, or Fngg) was de-
termined from the measurements of eddy-covariance
flux and CO; concentration profiles.

An open-path eddy covariance measurement system
was installed at 40 m. The system consists of a Li7500
open-path sensor (IRGA, Li-Cor, USA) and a 3-D ul-
trasonic anemometer (CSAT3, Campbell Scientific,
USA). Both instruments were sampled at 10 Hz.
Half-hourly fluxes are calculated on-line and collected
by a CR5000 data logger (Campbell Scientific, USA).

A 7-level CO; profile was measured by a CR10X
(Campbell, USA) controlled multi-port system con-
nected to a Li820 gas analyzer. Calibration of the
IRGA against standard gases is done automatically
every 2 hours.

Meteorological variables were sampled every 2 s
and stored as half-hour statistics (CR23X, Campbell,
USA). Meteorological measurements at 40 m include
air temperature and relative humidity (HMP45C, Vais-
ala, Finland), wind speed (A100R, Vector, UK),
downward/upward solar radiation and net radiation
(CNRI, Kipp & Zonen, the Netherlands), and Qpprp
(Li190SB, Li-Cor, USA). Precipitation (52203, Young,
USA) is measured at 62.8 m. Two plates (HFPO1 and
HFPO1SC, Hukseflux, the Netherlands) measure the
heat flux at 5 cm under the soil surface. Soil water
content is characterized by TDR probes (CS616,
Campbell, USA).
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Leaf area index was measured with an LAI-2000
canopy analyzer (Li-Cor, USA). For a continuous re-
cord of canopy structure, a global vegetation absorp-
tion index (Vayp 19 was deduced from Qpprp meas-
urements above and below canopy (eqn (1)). Six Qpprp
sensors (LQS70-10S, Apogee, USA) were installed
below the forest canopy around the flux tower.

1
vV, =——log7_, 1
Al X g7, 49

where k is the extinction coefficient for diffuse light.
T

- is canopy transmittance and was estimated as the
ratio of the averaged flux density measured below the

canopy to that measured above canopy.
1.3 Flux calculation

1.3.1 Calculation of Fnes

At present, net ecosystem CO; ¢xchange (Fnge) is
assessed as the sum of eddy covariance measurements
(F.) at height z; and the storage of CO; (F;) in the
underlying air (eq. (2)). However, many reports show
that this may underestimate nocturnal respiration flux
densities especially during stable nighttime condi-
tions'?*?!. Several groups have recently addressed the
advection terms by measurement or simula-
tion™? 227?71 All these studies agree that the neglected
advective processes are responsible for the underesti-
mation of nighttime fluxes. Zhang et al. show that
pressure-induced flux, which is always omitted, is the
responsible reason for the negative nighttime Fngg
flux under strong wind in winter’®®), At present there
are still methodological problems and potential defi-
cits in the estimation of the advection and pres-
sure-induced terms. Mass balance approaches are not

precise enough to allow reliable flux corrections. While
waiting for a physically based correction, the u« cor-
rection seems the best compromiselzz' -

In this study, net ecosystem exchange between for-

est and atmosphere was assessed with eq. (2).
o, (=

Here, the first term on the RHS is the storage term (F),
the second is the eddy CO; flux (F.) measured at
height z; Subscript r denotes a cuantity at eddy flux
measurement height z,. The siorage term was calcu-
lated from CO,, profite data in growth seasons and CO,
series by IRGA of OPEC system in dormant seasons.

To aveid ine underestimation of nighttime Fngg
ander calm condition, u» correction was applied to
nighttime flux measurements. UU. correction was ap-
plied to measurements in winter seasons. The storage
corrected eddy flux is assumed to be independent of
turbulence density, measured with u«; the threshold of
us is 0.17 for growth period and 0.02 for dormant sea-
sons. UU« threshold is 0.37 (Fig. 1).

Calculations were made under R environment™’.
Post processing on eddy fluxes includes 3-D sonic
anemometer tilt correction (coordinate rotation, Planar
fit method), frequency response correction, sensors
separation correction, humidity correction for tem-
perature by ultrasonic anemometer, path correction,
common WPL correction etc.

1.3.2 Empirical formulas and gap-filling

Several strategies were used to fill the data gaps in
order to get complete flux time series. (i) Data gaps of
2 hours or less were filled by direct interpolation. (ii)
For longer gaps, empirical formulas describing rela-
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Fig. 1. Dependency of nighttime Fyge on turbulence, expressed as friction velocity (u*). (2) from June to August and (b) from December to February.

Data are bin averaged with an equal number of data points per bin.
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tionships between Qpprp, soil temperature and net CO,
flux were applied separately for daytime (eq. (3)) and
nighttime (eq. (4)). (iii) In cases where empirical rela-
tionships could not be developed as a result of missing
meteorological data, mean diurnal variations were
used to fill the missing data !, The time window is 1
month for winter and 1 week for the other seasons.
Daytime Fngs measurements were fitted to a hy-
perbolic dependence on light (Qpprp) according to the

Michaelis — Menten equation B0

@ OQpprp * Fopp sat
Foge = SAT +Ry. 3)
Foppsar + @ Opprp

where a is the ecosystem quantum yield (mng
COz-m‘z-s"/umol photons-m'z-s'l), Fgpp, sar (mg
COym™%s™") is the ecosystem gros: primary produc-
tivity at “saturating” light, and Kp (mgCOz-m'Z-s‘l) is
the ecosystem respiration during the day.

To fill in nighttime data gaps and estimate daytime
ecosystem respiration flux, nighttime valid Fygg were
moc%eled with the following Arrhenius type func-
tion"®"),

Fugt pign = Fr, 1., e[(Ea/ RV T -1/TK )] ) @)

Here E, is the activation energy in J mol ™, and R is the
gas constant (8.314 J-K“-mol"). T is the reference
temperature and was set t0 283.15 K. Fgg. Tref1s €co-

system respiration flux at reference temperature
(mgCO,m™2s™).

Models were fitted by the modified Levenberg-
Marquardt method and confidence ranges for parame-
ter estimates were estimated with the bootstrap
method"?,

1.3.3 Decomposition of Fngg into Fgpp and Rg

Eqgs. (3)—(6) were applied to decompose Fygg into
Rg and Fgpp. Gross ecosystem exchange by primary
photosynthesis (GPP or Fgpp) can be defined as the
difference between Fngg and the total ecosystem res-
piration (Rg):

Fgpp = Fnee—Re. )

Daily ecosystem respiration Rg is composed of day-
time respiration (Rg, asy) and nighttime respiration
RE, aignts

Re=RE night+RE day- (6

Nighttime net exchange flux is always thought as

nighttime ecosystem respiration. Temperature re-
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sponse models obtained from nighttime net exchange
fluxes (Rg, nighe) Were applied in daytime to estimate
daytime ecosystem respiration (RE, gay)-

2 Results and discussion

2.1 Seasonal dynamics of meteorological variables
and leaf area index

Dynamics of meteorological variables from 2003 to
2004 are shown in Fig. 2. The most significant differ-
ence between 2003 and 2004 was precipitation (Fig.
2(a)}. The precipiwaon of 2004 was 707.3 mm and
very cluse to 693.9 min. the averaged value between
1982 and 2004, while the precipitation of 2003 was
5384 inm. The precipitation between May and Sep-
tember of 2004 was 500 mm and very close to 547
mm, the averaged value of the corresponding period
between 1982 and 2004, while that of the correspond-
ing period of 2003 was 388 mm. Qpprp between June
and September of 2004 was less than the correspond-
ing period of 2003 (Fig. 2(c)) while soil moisture of
2004 was higher than that of 2003 (Fig. 2(b)).

There was significant difference in temperature
between 2003 and 2004 (Fig. 2(d), (e)). This differ-
ence is especially obvious in ‘March—May’ and
‘June— September’. Atmospheric and soil temperature
at 5 cm depth between June and September of 2004
were 0.7 and 0.5C higher than that of 2003, respec-
tively, while atmospheric and soil temperature at 5 cm
depth between March and May of 2004 were 2.5 and
0.4°C lower than that of 2003, respectively.

Vpp is determined by precipitation and air tempera-
ture. High precipitation and high temperature in 2004
and low temperature/poor precipitation in 2003 weak-
ened the difference in Vpp of growth seasons between
the 2 years (Fig. 2(f)).

Fig. 3 shows the clear seasonal course and signifi-
cant inter-annual difference of L,;. Bud burst occurred
in early May. Ly, reached its maximum in August and
decreased from September in 2003 while La; peaked
in July and decreased from August in 2004. The aver-
aged La; between June and September of 2003 was 0.3
higher than that of 2004.

2.2  Relationships between ecosystem carbon me-
tabolism and environmental factors

Ecosystem photosynthesis was determined by Ly, at
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Fig. 2. Dynamics of meteorological variables between 2003 and 2004. (a) Monthly precipitation; (b) soil moisture at 10 cm; (c) Qpprn; (d) T, at 40 m;
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Fig. 3. Seasonal development of L,; in 2003 and 2004.

a seasonal scale (Fig. 4(a)). For this mixed forest
ecosystem, 94% and 93% of variance in Fgpp of 2003
and 2004 was explained by the variation of L, re-
spectively. Fgpp increased 23.3 and 20.8 g C-m* per

week for each incremental increase in L, in 2003 and
2004. The close relationship between L and Fgpp
also appeared in other reports'™>’ 34
Variation in radiation can explain 31% of residual
variance in Fgpp of spring/autumn seasons and con-
tributed almost nothing to that of summer (Fig. 4(b)).
Parameters a and Fgpp. sar in eq. (3) can be used to

explore the relationships between Fgpp and envi-
ronmental factors (with the exception of radiation).
Multiple environmental variables jointly control CO,
exchange of the ecosystem and strong interactions
among these variables make it difficult to discern their
individual effects. To minimize the confounding
among variables, partial correlation analysis was ap-
plied to separate the influence of individual factors.
L1 determined dynamics of a and Fgpp sar at a sea-
sonal scale. Fgpp sar and a significantly increased in
magnitude with La; (Fig. 5 and Table 1). To analyze



68

Fpp (8C-m2 week™)

25 3.5 45 55

Science in China Series D: Earth Sciences

20 > o- ® Summer
S 0 0Spring & Fall

-10

Residual (gC- m~2- week™")
<
i
’
e Y o

-20
300 500 700 900

QOpopp, (umol-m~. 577
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Fig. 5. Dependency of Fgppsar and a on La;. See table 1 for fitted function.

the influence on Fspp by other factors, we calculated
partial correlation coefficients between residuals of a
and Fgpp, satr (@ and Fgpp, sar minus predications by
Equations shown in Table 1) and environmental fac-
tors (Table 2).

In summer, soil moisture was not a controlling
factor for photosynthesis of this ecosystem because of
the abundant precipitation. Fgpp, sar was controlled by
Vep and air temperature while a was only correlative
with Vpp. T, and Vpp significantly influenced ecosys-
tem photosynthesis via a and Fgpp, sar in spring. a
significantly correlated with water condition in the
roots zone in the cold and dry winter. This shows that
there was maintenance photosynthesis in winter and
validated the Freeland’s report on photosynthesis by
some conifers below —6°C even down to —40°C™*,

The parameter Rp in eq. (3) is the mean daytime

Table 1 Fitted function for the dependency of Fgppsar and @on La
Year Functions AR
Fc,pp_ SAT = 058_026XLA1 092
2003
a=0.0047—0.0022xL., 0.90
2004 FGPP. SAT = 076—032)([-“ 0.94
a=0.0059—0.0026xL,; 0.89

ecosystem respiration of each time window and can be
applied to analyze the relationship between ecosystem
respiration and environmental variables. Soil tem-
perature was the only factor that controlled respiration
at a seasonal scale. The relationship can be described
with the exponential function (Fig. 6). To analyze the
influence on ecosystem respiration by other factors,
we calculated partial correlation coefficients between
residuals of Rp (Rp minus predications by Equations
shown in Fig. 6) and environmental factors (Table 2).
This shows that soil temperature was the only signifi-
cant driver for ecosystem respiration when surface soil
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Table 2 Partial correlation coefficients between environmental variables and residuals of parameters in eq. (3)”

Season Residual of Fgpp, sar Residual of a Residual of Rp
Vep Sw. s0cm T som Vep Sw. soem Ta. 40m Vb Sw.ioem  Sw. s0em T 4om
Summer 0.54%%* 0.11 0.36° 0.51**. -0.11 0.1 020 -0.1 0.17 -0.14
Winter -0.01 -0.14 0.08 -0.02 0.36%*+ -0.09 -005 0.18 0.44%*+ 0.022
Spring&Fall 0.58%** -0.20 —.78**»* —.48* —0.14 ~.75%** -029 022 0.17 0.09

a) Vpp, Vapor pressure defect (kPa) measured at 40m; Sw. 1ocm, $0i! moisture measured at depth of 10cm; Sw. soem, S0il moisture measured at depth
of 50cm; T,. som, air temperature measured at 40m. Season definition: Summer, June to August; winter, October to April; Spring & Fall, May and

September. Significance levels: 0.001 **#*,0.01 **, 0.05 *.

water content was abundant in summer and tempera-
ture exhibited high amplitude fluctuations in spring
and autumn. In winter, the soil surface was dry and
soil respiration was very weak and water condition in
the roots zone significantly regulated ecosystem
maintenance metabolism as demonstrated by the closs
relationship between soil moisture at 50 <1z and o and
Rp (Table 2).

® 2003 ~

O 2004 o

R (mgCO, m=s™)

TS,Scm ( °C )

Fig. 6. Dependency of Rp on soil temperature Tssq,l(solid line) :
fitted function for 2003, Rp = 0.035exp(0.106 X T, se), A-R? = 0.46;
2(dashed line): fitted function for 2004, Rp = 0.041exp(0.094 X Ts, scwm),
A-R =042

2.3 Annual carbon budget and seasonal dynamics

Table 3 shows monthly and annual carbon budgets
of broadleaved Korean pine mixed forest in Changbai
Mountain from 2003 to 2004. Fngg, Fgpp, Rg were
—278, —1332 and 1054 g C-m™> in 2003 and -171,
—1294 and 1124 g C-m? in 2004, respectively. This
old-growth forest ecosystem was a carbon sink during
the research time periods.

Annual dry mass weight growth of this forest, esti-

mated by Zhao (2005)1) with a dendrometry method,
were 2100.3, 2056.2 g:m >-a'in 2003 and 2004, re-
spectively. As carbon contexi varies from 0.4 to 0.5 in
differcnt plant parts ", the annual Fnpp, were 945.1 +
105 and %25 + 102 g C:mx*a™* in 2003 and 2004, re-
spectively.

Table 3 Monthly and annual carbon budget from 2003 —2004
(unit: g C:m™)

Season Month 2003 2004
Nee  Re  Fore Fyee Rg Fope
10 128 521 -393 29.6 720 424
11 8.5 194 -109 5.6 11.5 -59
12 1.6 83 6.7 3.0 93 63
Winter 1.1 87 -76 0.6 57 -52
0.6 99 93 0.2 48 45
3 30 176 -145 33 141 -10.8
4 1.1 36.7 -355 5.0 351 -30.1
SUM 288 1526 -1239 473 1524 -105.1
Spring 5 -304 1082 -1386 -23.8 1166 -1403
SUM -304 1082 -1386 -238 116.6 -1403
Summer 6 -97.0 1842 -2812 -73.0 2085 -281.5
7 -96.3 2149 -3112 -78.2 2299 -308.1
8 —62.2 2373 -2995 421 2594 -3014
SUM -2554 6365 -891.9 -193.3 697.8 -891.0
Autumn 9 -20.8 1570 -1778 08 1569 -157.7
SUM -20.8 1570 -177.8 -0.8 1569 -157.7
SUM -278 1054 -1332 -171 1124 -1294

Eddy covariance data do not provide values of Fnpp.
We adopted a ratio Fnpp/Fgpp of 0.47 + 0.04"%*" to es-
timate the annual ‘Fnpp’ from the eddy-covariance
Fgpp. Fnpp on eddy covariance data were 945.1 + 105
and 925 + 102 g C-m2a™' in 2003 and 2004, respec-
tively. Considering the stochastic error, uncertainties
of experiential formulas and gap-filling of eddy-co-
variance data, the Fppestimated by eddy covariance
and dendrometry method can be deemed same.

1) Zhao X S, Estimation of net ecosystem productivity by eddy covariance and biometry in the mixed forest of broad-leaved and Korean-pine in
Changbai Mountain. Master Thesis, Chinese Academy of Sciences, China, 2005
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Soil respiration in 2003 and 2004, estimated with
the temperature response function by Wang et al. in an
eddy-covariance field with the chamber method™®,
were 514.5 and 527.4 g C-m2a™, respectively. Soil
respiration accounted for 49% of ecosystem respira-
tion **, Ecosystem respiration in 2003 and 2004 were
1050 and 1076.3 g Cm™>-a™", respectively; these val-
ues were very close to those estimated with the
eddy-covariance method.

To assess the status of ecosystem carbon balance,
Falge et al. (2001) defined an index z,

2=|Fnge/Rel+1 = Fgpp/Ry, )]

Science in China Series D: Earth Sciences

When z > 1 the system is storing carbon, and when z =
1 the system is in carbon balance and Ry equals Fipp.
In general, z varies between 1 and 2 in growth seasons
and is less than 1 in dormant seasons. Our z values
were consistent with the theoretical ranges (Fig. 7(g),
(h)). The z values of 2003 and 2004, 1.26 and 1.15,
were very close to that of Harvard forest (42°32'N,
72°11', MA, USA) in 1993 and 1994,

Daily integrated Fygg and calculated Fgpp and Rg of
2003 and 2004 are shown in Fig. 7. Seasonal dynamics
in these 2 years were similar. The y2ars can be divided
into four characteristic pericds in terms of Fyge. On

44 2003

2.4

l{“ " (sC-m

WY TR S P, ;

1
)

(gC-m2-

SR S M ST VRS R |

.dh

R, (gC-m™

50 150 250 350
t(d)

Fig. 7. Seasonal and annual dynamics of Fuee ((a), (b)), Faer ((€), (d)), Re((e). () and Z ((g), (h)).
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the whole, they correspond to the meteorological sea-
sons.

In winter, from early October to later April, low soil
surface moisture seriously constrained the activities of
microbes and soil respiration was very weak even
though thick snow cover kept soil temperature above
—=5°C. In general, the ecosystem emitted CO, while
there was weak photosynthesis supported by an abun-
dant water supply in the roots zone. The 210 days of
winter accounted for 14.5% and 13.5% of Rg and 9.3%
and 8.1% of Fgpp in 2003 and 2004, respectively. Rg
and Fgpp in the winter of 2004 were less than that of
2003 except for October. This may have been caused
by lower winter soil temperature in 2004 (Fig. 2(e)).

In spring, from late April to late May, ecosystem
carbon metabolism rapidly increased 1n rmiagnitude
which was consistent wiiti the quick increase in Ly,
and temperature. This ecosjstem was carbon source
during this period.

Summer, from June to August, exerts the most in-
fluence on the ecosystem carbon balance. There was a
significant difference in carbon metabolism between
the two years of the study. Summer Fypg was —255.4
and 1933 g C-m in 2003 and 2004, respectively. The
90 days of summer accounted for 66.9% and 68.9% of
Fgpp and 60.4% and 62.1% of Rg in 2003 and 2004,
respectively.

The peak of daily integrated Fgpp in 2004 (14.5 g
Cm2d™") was higher than that of 2003 (124 g
C-m_z-d"). Vrp and temperature were the controlling
factors for ecosystem production efficiency while Ly
changed very little during growth periods. Compen-
sation between temperature and precipitation caused
the difference in Vpp to be non-significant between
these 2 growth seasons (Fig. 2(f)). The cause for the
higher production efficiency in 2004 (Figs. 4 and 5)
may have been the higher temperature in the summer
of 2004.

The peak of daily integrated Rg in 2004 (10.3 g
C:m2.d”") was higher than that of 2003 (9.5 g
C-m"z'd_l). Possible explanations include (i) soil tem-
perature is the controlling factor for summer total
ecosystem respiration and summer soil temperature in
2004 was higher than that of 2003; (ii) Litter fall in
2003, 440 kg-ha™', was higher that of 2002, 400

kg-ha". This means that, andmaterial for decomposi-
tion in 2004 was greater than in 2003; (iii) summer
precipitation in 2004 (353.3 mm) was higher than in
2003 (314.8 mm) and the number of days without rain
in the summer of 2004 (28 days) was higher than in
2003 (25 days). It is possible that stronger precipita-
tion intensity in 2004 pumped more CO, from the
soil 24,

From September onward, Fgpp and Rg gradually
declined with air temperature and La;. There was not a
significant difference in total zcosystem respiration
between 2003 and 2004, Strenger Qpprp and higher Ly
may explaiz why Fgpp was isigher in 2003 than in
2004, Tlas significasii difference in Fgpp caused the
ecosysten: 1o be carbon source in September 2003 and
a sink in the corresponding period of 2004.

Fopp (8C-m2.d")

R.(gC-m>.d")

Fig. 8. Relationship between Fgpp and Rg. 1(solid line): fitted function
for 2003, Fgpp = 0.33—1.38xR;;, A-R* = 0.93; 2(dashed line): fitted
function for 2004, Fgep = 0.32—1.25xRg, A-R* = 0.91.

Evidences to estimate Rg with Fgpp did exist al-
though there were only a few reportsm' 1 Fig. 8
shows the significant relationship between Fgpp and
Rg in this forest ecosystem. The significance is even
larger than that between Rg and soil temperature (Fig.
6). The peak daily values of Rg did not correspond to
days with the highest Fgpp values.Rather, the days
with highest Rg occurred later than that of Fgpp, con-
sistent with other repoxts[33‘34‘ 1 This delay may be
caused by the lag between metabolism processes of
photosynthesis and plant respirationm] which ac-
counted for 60.7% of total ecosystem respiration"**',

1) Liu Y. Study on soil carbon efflux in the typical forest ecosystems of Changbai Mountains. Ph.D. Thesis, Chinese Academy of Sciences,

P.R.China, 2005
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3 Conclusions

This paper reports the carbon exchange measure-
ment above a 200 year-old Chinese broad-leaved Ko-
rean pine mixed forest in Changbai Mountains with
eddy-covariance technique from 2003 to 2004. Given
the importance of the world’s old-growth forests as a
major terrestrial carbon store, this study will help to
reduce the uncertainties in carbon accounting.

Ly and soil temperature determined the seasonal
and annual dynamics of Fgpp and Rg, respectively. Vpp
and air temperature regulated ecosystem photosynthe-
sis at finer scales during growing seasons. Water con-
dition at the root zone exerted a significant influence
on ecosystem maintenance carhca metabolisra in win-
ter.

The forest was a nit sink of atmospheric CO, and
sequestered —449 g Cm? during the study period,
—278 and -171 gC-m™ for 2003 and 2004, respec-
tively. Fgpp and Frg over 2003 and 2004 were —1332,
-1294 g C-m™* and 1054, 1124 gC-m™>, respectively.
This study shows that old-growth forests can be strong
net carbon sinks of atmospheric CO,.

There was significant seasonal and annual variation
in carbon metabolism for the regulation of environ-
mental factors. In winter, there was weak photosyn-
thesis and the ecosystem emitted CO, on average.
Carbon exchanges were active in spring and fall but
contributed little to carbon sequestration of the entire
year; the ecosystem captured and emitted almost same
amount of CO, during these periods. The summer is
the most significant season as far as ecosystem carbon
balance is concerned. The 90 days of summer ac-
counted for 66.9, 68.9% of Fgpp and 60.4, 62.1% of Rg
of the entire year.
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