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Simulating the exchanges of carbon dioxide, water vapor
and heat over Changbai Mountains temperate broad-
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Abstract A process-based ecosystem productivity model BEPS (Boreal Ecosystem Produc-
tivity Simulator) was updated to simulate half-hourly exchanges of carbon, water and energy
between the atmosphere and terrestrial ecosystem at a temperate broad-leaved Korean pine
forest in the Changbai Mountains, China. The BEPSh model is able to capture the diurnal and
seasonal variability in carbon dioxide, water vapor and heat fluxes at this site in the growing
season of 2003. The model validation showed that the simulated net ecosystem productivity
(NEP), latent heat flux (LE), sensible heat flux (Hs) are in good agreement with eddy covariance
measurements with an A value of 0.68, 0.86 and 0.72 for NEP, LE and H;, respectively. The
simulated annual NEP of this forest in 2003 was 300.5 gC/m?, and was very close to the ob-
served value. Driving this model with different climate scenarios, we found that the NEP in the
Changbai Mountains temperate broad-leaved Korean pine mixed forest ecosystem was sensitive
to climate variability, and the current carbon sink will be weakened under the condition of global
warming. Furthermore, as a process-based model, BEPSh was also sensitive to physiological
parameters of plant, such as maximum Rubisco activity (Vcmax) and the maximum stomatal con-
ductance (gmax), and needs to be carefully calibrated for other applications.
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Global warming resulted from greenhouse gases
emission, such as CO,, and the issue of fresh water
shortage throughout the world has brought forward
austere challenges to scientists, policy-makers and the
public all over the world, which made the research on
carbon and water cycles in terrestrial ecosystems be-
come the core issues in global change science. For
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confidently predicting the future trend of global
change and seeking effective way to manage and con-
trol water and carbon cycles in terrestrial ecosystems,
it is a prerequisite to understand the processes in water
and carbon cycles and the feedback mechanism among
them. Dynamic modeling of energy and mass (water
and carbon) fluxes in ecosystems is an effective tool



Simulating the exchanges of carbon dioxide, water vapor and heat

for analyzing the mechanism of water and carbon cy-
cling in terrestrial ecosystems and predicting the
fluxes of water and carbon cycles. Since the 1990s,
research on this field has been a scientific hotpot and
significant progress has been made. Many scientists
established a series of models coupling carbon and
water cycles from their own disciplines. These models
can be grouped into the following types: bio-
geographical model, biophysical model, biogeo-
chemical model and remote sensing model, repre-
sented by BIOME-BGC'"!, BATS'”, FOREST-BGC"/,
aviM™, siB2P! TEM®” 1BIS®!, BEPS®'?. Among
these models, the BEPS model had been widely used
in studying productivity of different regions and eco-
systems at different spatial scales for less parameters

and strong practicability“o_m.

Although the models mentioned above can be
used to simulate carbon and water cycle in terrestrial
ecosystem, validation of the model is still a concern
for the data availability. Eddy covariance technique,
characterized by the real-time, long-term continuous
measurements of carbon, water and energy fluxes be-
tween the atmosphere and ecosystems, provides the
data foundation for bettering our knowledge on carbon
and water cycling in ecosystems and for model
parameterization and validation. In recent years, it has
become a key method in several international pro-
grams studying the role of the biosphere in global
biogeochemical cycles, and many flux observation
networks covering different regions have been estab-
lished, among which ChinaFLUX was established in
2002115161

Changbai Mountains temperate broad-leaved
Korean pine mixed forest is the most important forest
type in northeast China, and also a typical ecosystem
in eastern Northeast China transect, which is an im-
portant area in studying global changeml, and an ob-

servation tower of ChinaFLUX is located in this forest.

Developing a process-based model to simulate water
and carbon fluxes at this site will be helpful for the
simulation of carbon and water cycles in other types of
ecosystems in ChinaFLUX. Moreover, it can provide a
model basis for extrapolating the site-based flux ob-
servation to large regions. The objectives of this paper
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are: (i) to introduce the application, adjustment and
parameterization of BEPS based on observed flux data
in the Changbai Mountains; (i1) to simulate the fluxes
of carbon dioxide, water and heat in the Changbai
Mountains temperate broad-leaved Korean pine forest
ecosystem; and (iii) to analyze the sensitivity of model
outputs to climate variability and physiological pa-
rameters, through which provides a foundation for the
study on carbon and water cycle at regional or global
scales and the interaction mechanism between it and
environmental change.

1 Materials and methods
1.1 Study area description

The area selected in this study is No. 1 plot in the
Changbai Mountains forest ecosystem station of the
Chinese Academy of Sciences, located in the southeast
of Jinlin Province, China. The topography in the re-
gion is predominantly flat, with slight undulations.
The climate is temperate continental under the influ-
ence of monsoon, an annual mean temperature and
annual precipitation are 3.6°C and 713 mm, respec-
tively (averaged from 1982 to 2000), and the prevail-
ing wind direction is southwest. The vegetation is a
mature natural Changbai Mountains temperate
broad-leaved Korean pine forest, with the mainly pre-
ponderant species of Pinus koraiensis, Tilia amurensis,
Quercus mongolica, Fraxinus mandshurica and Acer
mono, etc. The mean canopy height of Pinus koraien-
sis was 26 m, mean stem diameter was 32—46 cm,
and stand density was 560 stems/ha (>8 cm). The peak
LALI of the canopy was about 6 m*/m’, which occurred
in the growing season at the end of July. The soil there
is an vpland dark brown forest soil originated from
volcanic ashes with a deep surface organic layer.

1.2 Experimental design and data acquisition

The measurement tower in the Changbai Moun-
tains is located at 42°24'09"N, 128°05'45"E, with an
elevation of 738 m. A 62-m-high tower was set up
with an open path eddy covariance measurement sys-
tem and 7 levels of routine meteorological profile
measurement systems, through which canopy CO;,
water vapor and heat fluxes and meteorological vari-
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ables above and within the forest were measured si-
multaneously. The open path eddy covariance system,
mounted at a height of 40 m (14 m above canopy), is
composed of a three-dimensional sonic anemometer
(CAST3, Campbell, USA) and a fast responding open
path infrared gas analyzer (LI-7500, LI-COR Inc.,
USA). The sensors were directed to southwest, the
dominant wind direction. Soil moisture and soil tem-
perature were also observed at the same time as flux
measurements. Soil moisture was measured with TDR
(CS616_L, Campbell, USA) at three different depths
(5, 20, and 50 cm). Soil temperature was measured at
the depths of 1, 5, 20, 50 and 100 cm with 105T
(Campbell, USA).

Collection frequency of raw flux data was 10 Hz,
that of climate data was 0.5 Hz. The 30-minute aver-
aged values of each variable, calculated online by
CR5000 datalogger (Compbell Science Ins.), were
used in this study. The instruments were put into op-
eration on August 24, 2002; here we used the data in
2003. A series of pre-processing was done before us-
ing the flux data, which included coordinate rotation,
Webb correction'"®, and filter with friction velocity
threshold u.>0.2 m/s (for determination of the critical
friction velocity see refs. [19], [20]). The effect of
storage item should be considered in the calculation of
net ecosystem exchange (NEE). We used the CO;
concentration measured by LI-7500 to estimate the
storage item in this study (for the estimation method
see ref. [21]).
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2 Model description
2.1 BEPS model description

The process model, dubbed the Boreal Ecosystem
Productivity Simulator (BEPS), was originally built by
Liu et al.”” based on the framework of forest biogeo-
chemical cycle model FOREST-BGC (Running and
Coughlan, 1988), and can be used to simulate carbon,
water and energy balance in ecosystems. The BEPS
model, which involved many biochemical, physio-
logical, and physical ecosystem processes, integrated
ecological, biophysical, plant physiological, meteoro-
logical, and hydrological methods, was process-based
and remote sensing driven. It was initially used to
simulate boreal forest ecosystem productivity in Can-
ada. After that, Bunkei" and Liu" applied it to
East-Asian and Chinese terrestrial ecosystems, respec-
tively. The model had been refined by Liu et al. and
Chen et al. many times, and formed different versions
for different objectives, with the minimum temporal

scale of daily“o_m.
2.2 Key equations in the model
(1) Key equations in the process of carbon cycle

(1) Photosynthesis. The simulation of photo-
synthesis in BEPS model was based on the instanta-
neous leaf-level model of Farquhar, after spatial
extrapolation, Chen et al."! obtained the following
equations:

A =-12-((Ca +K)g+V, - Ry —\/((Ca +K)g +V, —R,)’ —4(V,,(C, -)=(C, + K)R))g) , 1)

A, =%((ca +230)g +0.2J —R, —\J(C, +2.3T)g +0.2J —R,)} —4(0.2J(C, ~T) = (C, +23DR,)g), (2)

in egs. (1) and (2), A and Aj are Rubisco-limited and
light-limited gross photosynthetic rates, respectively;
C.is the CO; concentration in the atmosphere; Vi, is
the maximum carboxylation rate; Ry is the daytime
leaf dark respiration; X is a function of enzyme kinet-

ics; I" is the CO, compensation point without dark res-
piration; J is the electron transport rate; g is the con-
ductance to CO; through the pathway from atmos-
phere outside of leaf boundary layer to the intercellu-
lar space. The final assimilation rate is the smaller one

1) Liu, M. L., Study on land use/cover change and vegetation carbon pool and productivity in terrestrial ecosystem in China, Dissertation of In-
stitute of Remote Sensing Applications of the Chinese Academy of Sciences, 2001.
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of A. and A;.

With the separation of sunlit and shaded leaf
group, the total canopy photosynthesis can be calcu-
lated as

Acanopy = Asun L‘qlsun + Ashade LAIshade ’ (3)

where Acancpy is the canopy photosynthesis; the sub-
scripts ‘sun’ and ‘shade’ denote the sunlit and shaded
components of photosynthesis and LAI.

(2) Respiration. Respiration of ecosystem con-
sists of autotrophic respiration and heterotrophic res-
piration. Conventionally, autotrophic respiration is
separated into maintenance respiration (R,) and
growth respiration (R;). Maintenance respiration is
temperature-dependent:

3 oI
R, =2Mi0“25Q10 0, 4)
i=1
where i is an index for different plant components (1
for leaf, 2 for stem, 3 for root); M; is the biomass of

plant component i; ) is maintenance respiration

coefficient for component i; Qo is the temperature
sensitivity factor, and 7 is air temperature.

According to Bonan (1995), growth respiration
accounts for 25% of gross primary productivity
(GPP)*!, therefore

R, =0.25GPP. )

In the simulation of soil respiration, the effects of soil
moisture and soil temperature were taken into consid-
eration:

Ry, =R, o f(O)F(T), (6)
where Ry, 10 is the soil respiration rate at 10°C.

(ii) Key equations in the process of water cycle.
In the sub-model of water cycle, following processes
were considered: precipitation, canopy interception,
throughfall, snow melt, snow sublimation, canopy
transpiration, evaporation from canopy and soil, out-
flow, etc. Evapotranspiration aboveground is calcu-
lated as follows:
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plant +Esoil +Sground +Splam ’ (7)

where ET is evapotranspiration; Tpjan is transpiration
from plants; Ejja and Spiane are evaporation and subli-
mation from plants; E;y is evaporation from soil;
Sgrouna i8S sublimation from the snow on the ground.
The revised Penman-Monteith equation was used in
the calculation of the above items.

2.3 Establishment of BEPSh model and its parame-
terization

The minimum temporal scale of BEPS model is
daily, which makes it incapable of describe daily dy-
namics of ecosystem fluxes at half-hourly scale. In this
paper, we established the BEPSh model with temporal
scale of half-hourly (fig. 1) by making adjustment on
BEPS model based on part of the observed flux data in
the Changbai Mountains temperate broad-leaved Ko-
rean pine forest ecosystem, and redefining some plant
and soil parameters used in the model.
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Fig. 1. The framework and major processes in BEPSh model.

(i) Establishment of the model. The BEPS model
was initially developed for regional applications at
daily time steps. So it simplified some biogeochemical
and biophysical processes such as water transport in
the soil profile and soil C decomposition dynamics. In

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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order to improve the robustness of this model to simu-
late C, water and energy dynamics in terrestrial eco-
systems, we adopted the strategy of the daily BEPS
model for simulating photosynthesis and transpiration
and enhanced the description of underground proc-
esses.

Firstly, taking the internal heat and water transfer
between soil layers into consideration, we vertically
divided the soil into several layers, soil water content
in each layer is simulated with the method of Sellers
(1996)"" as follows:

da; _{I_Esoi] _QI_T;" i=1

8
d |Q.,-0-T, i=234-N; ©

where i is the layers of soil; 6, is the soil water con-

tent of each layer; / is the infiltration from throughfall
of precipitation and snowmelt into the first soil layer;
Q; is the vertical water transfer between layers; T; is
the water loss by plant transpiration.

Studies showed that the carbon exchange be-
tween soil and atmosphere accounted for two thirds of
the total carbon storage in terrestrial surface ecosys-
tem'®. Therefore, estimation precision of soil respira-
tion will influence the evaluation of carbon exchange
of the whole ecosystem to a large degree. Soil respira-
tion is subjected to soil moisture, soil temperature, the
chemical property of litters, and soil texture. In former
BEPS, only the effect of temperature and soil moisture
on heterotrophic respiration was considered. To im-
prove the estimate of soil respiration, we replaced this
component of BEPS with the soil sub-model of
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CENTURY"™ to divide the soil C into 9 pools, in-
cluding foliage structural pool, foliage metabolic pool,
soil structural pool, soil metabolic pool, woody pool,
surface microbe pool, soil microbe pool, slow C pool,
and passive C pool. Each pool has its own decomposi-
tion rate, which is dependent on soil temperature, soil
moisture, soil texture and litter type (lignin nitrogen
ratio). Soil respiration then can be described by

9 .
R, =) CKi fTIF@OfUDfte),  (9)

i=]
where C; is the size of the ith carbon pool; K., is

the maximum decomposition rate of each pool; f(Ty) is
the impact of soil temperature on decomposition; f(6)
is the impact of soil moisture on decomposition; f (/i)
is the impact of lignin content of litter on decomposi-
tion (it is only effective for litter pools and equals 1.0
for other C pools); f(te) is the effect of soil texture on
microbial activity (it acts on soil microbial pool and
equals 1.0 for other C pools).

(i) Model parameterization. Because the de-
tailed soil processes considered in BEPSh model, there
are more soil parameters than the original model,
which includes mainly the soil texture, soil bulk den-
sity, soil organic matter content, saturated soil hydrau-
lic conductivity, etc. All these parameters can be esti-
mated from soil texture following Saxton et al.'™*’. In
order to make the model suitable to simulate the flux
characteristic in the Changbai Mountains temperate
broad-leaved Korean pine ecosystem, we adjusted the
corresponded plant parameters in BEPSh model. Table
1 lists the major vegetation parameters, their values,

Table 1 Major vegetation parameters used in the model

Parameters Values Resources
Maximum stomatal conductance/ mm s™' 8 Ref. {26]
Clumping index 0.6 Ref. [9]
Maximum carboxylation rate at 25°C/umol m* s 50 Ref. [10]
Over story maximum LAU/m® m™ 4.5 Data from CERN*
Under story maximum LAU/m’ m™ 2.5 Data from CERN
Over story minimum LAL/m® m™ 1.5 Data from CERN
Under story minimum LAI/m? m™ 0 Data from CERN
Canopy height of over story/m 26 Observed value
Canopy height of under story/m 8 Observed value

a) CERN: Chinese Ecosystem Research Network.
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and resources used in the model.
3 Result analyses

3.1 Characteristics of meteorological variables

Meteorological variables as solar radiation (R),
air temperature (7), relative humidity (RH), and pre-
cipitation (P) are the main driving variables in BEPSh
model, their variation will influence the output of the
model directly. Fig. 2 shows the annual variation of
solar radiation, air temperature, relative humidity, and
precipitation in the Changbai Mountains temperate
broad-leaved Korean pine ecosystem. As the main
factor influencing the air temperature, solar radiation
exhibited the same seasonal trend as air temperature
(fig. 2(a), (b)). During the period of observation in
2003, the maximum value of daily incident solar ra-
diation was 1.68 X 10* W/m’, with an average of 7.39
X 10° W/m®. The annual mean air temperature was
4.8°C, 1.2°C higher than the normal. Daily mean air
temperature ranged from —24.9°C to 24.0°C. The an-
nual precipitation was about 537 mm, lower than the
normal, with 60% of which fallen during the period of
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June to August. Therefore, the climate in 2003 was
warmer and drier compared with the average of 19
years (1982—2000).

3.2 Simulation results

(i) Simulation of soil temperature and soil water
content. Soil temperature and soil water content are
two important factors influence the decomposition of
soil organic matter, on which the precision of soil res-
piration estimation depends. During the growing sea-
son of 2003, soil water content at 50 cm depth was
higher than field capacity (26.9%) and that at 5 cm and
20 cm was higher than wilting point (12%) all the time,
which implied that the forest did not endure severe
drought. The comparison of simulated soil temperature
and soil water content with measurements at different
depths showed that the model successfully captured
the variability in soil temperature and moisture. Table
2 demonstrates the regression parameters of simulated
and measured soil temperature and soil water content.
The BEPSh model performed better for soil tempera-
ture than for soil water content. The R values for both
are significant at P <0.01 level.
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Fig. 2. Meteorological variables of the Changbai Mountains temperate broad-leaved Korean pine ecosystem in 2003. (a) Solar radiation,
(b) air temperature, (¢) relative humidity, (d) precipitation, where solar radiation and precipitation are daily total, relative humidity and

air temperature are daily average.
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Table 2 Regression parameters of simulated and measured
soil temperature and soil water content

Depth/cm Slope R n
1 1.0036 0.9407 7680
Soil temperature 5 1.0133 09164 7680
20 0.9965 0.922 7680
S 1.1066 0.7398 7680
Soil water content 20 0.9036 0.6005 7680
50 0.8445 0.5089 7680

(i) Simulation of CO, flux. Generally, net
ecosystem carbon exchange (NEE) is used in the study
of CO, exchange between vegetation and atmosphere.
While in the context of carbon cycle, net ecosystem
productivity (NEP) is usually of great importance, as
from which we can easily detect one ecosystem is ei-
ther a sink or a source of carbon. Therefore, we used
NEP in this study. As for the value, NEP = —-NEE.

Run at a pretty high temporal resolution (half
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hour), BEPSh model has the ability to capture the
sub-daily response of NEP to meteorological variables.
It explained 68% of the variations of NEP at this site.
Fig. 3 shows the daily course of simulated and meas-
ured NEP at different periods (early, middle, and late
growing seasons). To check the ability of the model in
simulating the daily variation of NEP under different
climates, here we selected 3 weeks with different
weather conditions. The days 126, 128, 130, 131, 195,
241—246 were clear, the days 125, 127, 196—201,
240 were cloudy or rainy. The daily temporal patterns
of NEP simulated by the model were very similar to
the measured ones (fig. 3). Daytime NEP of clear day
was higher than that of cloudy or rainy day because
strong solar radiation enhances photosynthesis at clear
day. During the middle growing season, there were 6
days with less available data and lower daytime NEP,
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Fig. 3. The daily variation of CO, flux of the Changbai Mountains temperate broad-leaved Korean pine ecosystem at different periods

during the growing season in 2003. (a) Early growing season (DOY 125—131), (b) middle growing season (DOY 195—201), (c) late

growing season (DOY 240—246), the dots are the measured values, and the line represents the simulated one.
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but the model could still capture the NEP variations
(fig. 3(b)). During the whole growing season, the
simulated NEP at noon was occasionally lower than
the measured one, which might be attributed to the
determination of vegetation parameter Vemax. In addi-
tion, both simulated and measured NEP showed dis-
tinct seasonality. In the middle growing season, when
vegetation had strong photosynthesis, NEP at noon
reached 0.6 gC/mz, higher than that of the early grow-
ing season (0.24 gC/mz) and the late growing season
(0.53 gC/md).

(iii) Simulation of latent and sensible heat fluxes.
Simulated and measured latent heat flux (LE) usually

400
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had the same diurnal variation characteristics (fig. 4).
LE was close to O at nighttime; at daytime, LE in-
creased gradually from early morning, reached the
maximum value at noon, and then, LE decreased near
to zero at sunset. It obviously followed the diurnal
variation of solar radiation. Similar to NEP, the sea-
sonal change in LE was clear due to the tight correla-
tion between photosynthesis and transpiration. During
the middle growing season, LE was above 400 W/m’
at noon of clear day, higher than that of early growing
season (230 W/m”) and late growing season (390
W/m?). In addition, LE at clear day was obviously
higher than that at cloudy and rainy day. Simulated

200

=200

1 L 1
125 126 127 128
600

400

200

Latent heat flux/W - m™

(b)

A 1
199 200 201

-200

240 241 242 243

244 245 246

Day of year

Fig. 4. The daily variation of latent heat flux of the Changbai Mountains temperate broad-leaved Korean pine ecosystem at different
periods during the growing season in 2003. (a) Early growing season (DOY 125—131), (b) middle growing season (DOY 195—201),
(c) late growing season (DOY 240-—246), the dots are the measured values, and the line represents the simulated one.
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and measured LE fluxes were in good accord during
the whole growing season and the model could explain
86% of the variation of measured LE. Simulated LE
during early and middle growing seasons was higher
than the measured value, while it was slightly lower
during the late growing season (fig. 4). This discrep-
ancy between simulated and simulate LE resulted pos-
sibly from the errors in soil water content.

Evapotranspiration from forest consists of plant
transpiration and soil evaporation. He'*"! pointed out
that 60% of the heat will be consumed for plant tran-
spiration in the total evapotranspiration. We can hardly
partition different components in evapotranspiration
through experiment, however, model simulation could
easily do. The simulated results in this study indicated
that annual evapotranspiration was 297 mm in 2003,
where plant transpiration was 189 mm, accounting for
63.6% of the total evapotranspiration, which was in
agreement with the above proportion.

Comparison between simulated and measured
sensible heat flux indicated that the model could ex-
plain 72% of the daily variation of H, during the
growing season in 2003. In general, the simulated
value was lower than the measured one (fig. 5).
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i L I
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Fig. 5. The comparison of the simulated and measured sensible heat
flux of the Changbai Mountains temperate broad-leaved Korean pine
ecosystem during the growing season in 2003.

3.3 Sensitivity analysis of the model

(i) Effects of climate change on the flux of CO,
and water vapor. In order to investigate the possible
effect of climate change on C sequestration, water and
energy balances, we run the model under several dif-
ferent climate changing scenarios with current solar
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radiation, air relative humidity, and precipitation
changed by +20%, and air temperature changed by
£2C.

Figure 6 demonstrates the seasonal variation of
accumulative NEP and ET under present and changing
climate conditions simulated by the model. NEP was
sensitive to the variability of all meteorological vari-
ables except solar radiation. Through varying the
length of growing season, air temperature exerts in-
fluence on NEP. When air temperature increased, the
growing season became longer, vice versa. Further-
more, under the scenario of increasing temperature,
annual total of NEP trended to decrease due to the en-
hancement of respiration. Relative humidity impacted
on NEP through its control on stomatal conductance.
Increased relative humidity made stomata open wider,
consequently enhanced carbon assimilation and in-
creased NEP. The precipitation had reverse influence
on NEP from temperature. ET was most sensitive to
precipitation. The variability of +20% in precipitation
caused +14%—-16% changes in ET. Either increase
or decrease in relative humidity will make the ET de-
crease to different degree. This is due to the fact that
large relative humidity decreases the gradient of water
vapor pressure between the atmosphere and canopy
while small relative humidity increases stomatal resis-
tance. Both effects may decrease transpiration. We
should keep in mind that there are strong correlations
among various meteorological variables, their influ-
ence on the fluxes of CO,, water vapor and heat of
ecosystem usually interweaves together, so it is not
enough to only consider the variability of single vari-
able here, integrated analysis are needed in future
study.

From fig. 6, we found that carbon sequestration
and evapotranspiration in the Changbai Mountains
temperate broad-leaved Korean pine ecosystem in-
creased sharply after the start of growing season (after
snowmelt and leaf emergency). The NEP and ET ac-
cumulated before growing season did not have much
effect on the values for the rest of the year, which in-
dicated that growing season was the key period deter-
mining NEP and ET accumulation. Simulated results
showed that the accumulative NEP of this ecosystem

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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Fig. 6. The responses of simulated accumulative net ecosystem productivity (NEP) and evapotranspiration (ET) of the Changbai
Mountains temperate broad-leaved Korean pine ecosystem in 2003 under different climate changing scenarios. Thick lines are for pre-
sent climate, thin grey lines are for increase in the values of meteorological variables, thin black lines are for decrease in the values of
meteorological variables. (a)(a’), solar radiation (£20%), (b)(b"), air temperature (£2°C), (c)(c"), relative humidity (£20%), (d)(d"),

precipitation (+20%).

was 300.5 gC/m2 in 2003, within the scope of the
measured values 222492 gC/m’". This evidence
proved further that the model had high enough preci-
sion in simulating carbon flux. Simultaneously, we
could conclude that the forest ecosystem in the
Changbai Mountains is still acting as a significant
carbon sink although it is a mature one, and this was in
accordance with the results of Zhang et al.”®,

(ii) Sensitivity of model parameters. As a proc-
ess-based model, simulation with BEPSh model is
subjected to the determination of parameters. There-
fore, sensitivity of key plant physiological parameters
in the model was also evaluated. Parameters tested in
the sensitivity analysis included the maximum car-
boxylation rate (V.max) and maximum stomatal con-
ductance (gma). The results showed that 20% of in-
crease in Vima Will produce 5.7% increase in NEP,
20% decrease of V.max Will lead to 8.2% decrease in

NEP. NEP will decrease when g either increase or
decrease. While for ET, gn.x had significant influence
on it, 20% increase in gm, Will make ET increase
1.9%, 20% decrease in gm.x will cause ET decrease
2.2%. Thus, we should be careful in determination of
parameters Vmay and gmax When applying the BEPSh
model to simulate carbon and water fluxes.

4 Conclusions

In this study, we established a model, BEPSh,
which can describe the daily dynamics of ecosystem
fluxes at half-hourly scale, based on BEPS model and
the process mechanism of the Changbai Mountains
temperate broad-leaved Korean pine ecosystem. With
the model, we simulated the CO,, water vapor and
heat fluxes of the Changbai Mountains temperate
broad-leaved Korean pine ecosystem. The results
showed that: net ecosystem productivity, latent heat
flux, and sensible heat flux simulated and measured

1) Zhang, J. H., Han, 8. J,, Yu, G. R., Seasonal variation in carbon dioxide exchange over a 200-year-old Chinese broad-leaved Korean pine
mixed forest, Agricultural and Forest Meteorology, 2004 (submitted 1o Agricultural and Forest Meteorology).
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were highly correlated, with the R* value of 0.68, 0.86
and 0.72, respectively. The simulated and measured
daily and seasonal variation of NEP, LE and H, were
in good agreement. However, deviation still existed
between the simulated and measured values, especially
at noon, which suggested that further improvements
for the model are needed.

The accumulative NEP of the Changbai Moun-
tains temperate broad-leaved Korean pine ecosystem
in 2003 simulated by the model was 300.5 gC/mz,
which provided an evidence supporting the conclusion
that the forest ecosystem in the Changbai Mountains
acting as a carbon sink although it is a mature one.
Simulated annual accumulative evapotranspiration
was 297 mm in 2003, accounting for 55.3% of the
total precipitation. Partitioning the evapotranspiration
into plant transpiration and soil evaporation with the
model made it clear that plant transpiration in the
ecosystem was 189 mm, accounting for 63.6% of the
total evapotranspiration.

Analysis on CO, and water vapor fluxes of this
ecosystem under different scenarios with the model
showed that: NEP was sensitive to climate change,
when temperature increased, accumulative NEP
tended to decrease, which indicated that the sink func-
tion of the ecosystem would be weakened under the
condition of global warming.
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