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ABSTRACT

A terrestrial biogeochemical model (CASACNP) was coupled to a land surface model (the Common Land
Model, CoLM) to simulate the dynamics of carbon substrate in soil and its limitation on soil respiration.
The combined model, CoLM CASACNP, was able to predict long-term carbon sources and sinks that CoLM
alone could not. The coupled model was tested using measurements of belowground respiration and surface
fluxes from two forest ecosystems. The combined model simulated reasonably well the diurnal and seasonal
variations of net ecosystem carbon exchange, as well as seasonal variation in the soil respiration rate of
both the forest sites chosen for this study. However, the agreement between model simulations and actual
measurements was poorer under dry conditions. The model should be tested against more measurements
before being applied globally to investigate the feedbacks between the carbon cycle and climate change.
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1. Introduction

The response of the terrestrial carbon cycle to
increasing atmospheric carbon dioxide and climate
warming is a key uncertainty in future climate change
projections (IPCC, 2007). One of the most impor-
tant advances in climate prediction over the last two
decades has been the implementation of global car-
bon cycle into climate models (Friedlingstein et al.,
2006). As a result, predictions of future climate can
be made for any given greenhouse-gas emission sce-

nario, rather than atmospheric concentrations that
may also vary with climate change. This advance-
ment has made it possible to attribute the predicted
climate change to emissions from different sections or
countries since the industrial revolution and to inte-
grate biophysical models of climate systems with so-
cioeconomic drivers of greenhouse gas emissions. How-
ever, the carbon cycle has yet to be implemented
in any climate models developed in China (Wang
et al., 2009). The Common Land Model (CoLM;
Dai et al., 2003, 2004) has recently been coupled to
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the Global/Regional Assimilation and Prediction Sys-
tem (GRAPES), which is a new-generation numer-
ical weather prediction system independently devel-
oped by the Chinese (Xu et al., 2008). Although the
carbon cycle of CoLM needs to be improved further,
nitrogen and phosphorus cycles were recently added
into Carnegie-Ames-Stanford Approach (CASA′) car-
bon model (Fung et al., 2005) to create a new bio-
geochemical model, termed CASACNP (Wang et al.,
2010). Thus, we coupled CASACNP to CoLM. In this
context, this study is a first step toward the develop-
ment of a climate model with a fully interactive carbon
cycle element, or an earth system model, in China.

To achieve this, two existing models, the CoLM
and the CASACNP model were combined to create a
new model, CoLM CASACNP. CoLM is an advanced,
process-based, land-surface model that includes a com-
prehensive set of mechanistic descriptors of physical
soil processes and biophysical vegetation processes,
and that calculates gross primary productivity (GPP)
and respiration from leaf and soil. It does not, how-
ever, include respiration from wood and roots nor does
it take into account the nutrient limitation on carbon
uptake. CASACNP is a biogeochemical model with a
process-based representation of heterotrophic respira-
tion from a number of discrete organic pools that sim-
ulates long-term changes in terrestrial carbon stocks
at daily time steps. Neither model alone can meet the
broader needs described above: CoLM cannot predict
long-term carbon sources and sinks, and CASACNP
cannot predict Net Ecosystem Exchange (NEE) on di-
urnal time scales, and neither can predict autotrophic
respiration alone.

To drive the CASACNP component, it was neces-
sary to provide, as inputs, daily amounts of GPP, leaf
respiration, and daily mean soil temperatures and soil
moisture calculated by CoLM, as well as air temper-
atures from observation data as meteorological forc-
ing data. In the formulation of CASACNP, wood and
root respiration is a function of wood/root pool size
and air and soil temperature, and net primary produc-
tion (NPP) is calculated from GPP, as computed by
CoLM, and autotrophic respiration, including leaves,
wood and root respiration. Coupling the two models
creates a platform suitable for studying how climate
and other factors affect carbon-cycle dynamics and the
interactions between climate change and the terrestrial
carbon cycle.

Therefore, the objectives of this study were the
following: (1) to improve the carbon cycle process
of CoLM to predict ecosystem carbon dynamics over
decades or centuries; and (2) to compare the modeled
NEE and soil respiration rates (SRP) using the new
coupled model with field measurements at two chosen

forest sites, the Dinghushan Biosphere Reserve (DBR)
and the Walker Branch Watershed (WBW). The paper
is organized as follows: the CoLM CASACNP coupled
model is described in section 2; the data, methods, and
offline experimental design are described in section 3;
section 4 presents an evaluation of simulated carbon
fluxes compared with observation data; and finally, a
discussion and conclusions are presented in section 5.

2. CoLM CASACNP description

2.1 CoLM

The CoLM model has been extensively evaluated
in offline and coupled modes (Dai et al., 2003, 2004;
Huang et al., 2008; ?lpMeng2009; Yang et al., 2009;
Zheng et al., 2009). CoLM originates from the Com-
munity Land Model (CLM) initial version. CLM has
been developed by many groups and has also been cou-
pled with the National Center for Atmospheric Re-
search (NCAR) Community Climate Model (Zeng et
al., 2002; Dai et al., 2003, 2004; Oleson et al., 2004;
Bonan and Levis, 2010). Concurrent with the devel-
opment of the CLM, the CoLM was undergoing fur-
ther development at Beijing Normal University. CoLM
has been improved over CLM in many aspects. It
includes the following: a two-big-leaf model for leaf
temperatures and photosynthesis-stomatal resistance
(Wang and Leuning, 1998; Dai et al., 2004); a two-
stream approximation for radiaitve transfer within the
vegetation and soil, and the calculations for radia-
tion absorbed by sunlit and shaded leaves separately;
a treatment for canopy interception that takes into
consideration of the fraction of convection and large-
scale precipitation; soil thermal and hydrological pro-
cesses, with consideration of the depth to bedrock;
a runoff parameterization following the Topography-
based Runoff Prediction Model (TOPMODEL); and a
slab ocean–sea ice model (Dai, 2005).

To calculate GPP, CoLM uses the leaf photosyn-
thesis-stomatal conductance model [second version of
the Simple Biosphere Model (SiB2)] of Sellers et al.
(1996a), which in itself implemented the photosynthe-
sis model of Farquhar et al. (1980), as formulated by
Collatz et al. (1992), and relates stomatal conductance
to carbon assimilation according to Ball (1988). A
semi-empirical model for photosynthesis and stomatal
conductance was used to represent the coupling of pho-
tosynthesis and transpiration via leaf stomata:

gleaf = m
Anet

cs
hsp + b (1)

where gleaf is leaf stomatal conductance, m is an em-
pirical slope from observation, cs is partial pressure
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of CO2 at the leaf surface, hs is the relative humidity
at the leaf surface, p is atmospheric pressure at the
surface, and b is the minimum stomatal conductance.
Canopy net assimilation, Anet, is modeled using

Anet = GPP − Rleaf (2)

where GPP is gross primary production and Rleaf is
leaf respiration. The modified Farquhar et al. (1980)
enzyme kinetic model assumes that the most limit-
ing resource (e.g., nitrogen, short-wave energy, or leaf
carbon-export capacity) determines GPP (Sellers et
al., 1996a, b):

GPP = min(WRubisco, WLight, WCarbon) (3)

where WRubisco is the Rubisco (leaf enzyme)–limited
rate of assimilation, WLight is the light limited rate of
assimilation, WCarbon is the carbon-export limited as-
similation rate for C3 plants. For C4 plants, WCarbon

is the PEP-carboxylase limitation on photosynthesis.
Leaf respiration, Rleaf , is modeled using

Rleaf = RdDT(Tleaf) (4)

where Rd is the dark respiration of the leaf at 20◦C
(mol m−2 s−1) and DT(Tleaf) is the temperature de-
pendence of maximum catalytic capacity of Rubisco.

2.2 CASACNP biogeochemical model

Recently, a new model of N2 fixation based on re-
source optimization principles was developed (Wang et
al., 2007, 2010). This modeling framework has been
used to explain the geographic variation in N2 fixa-
tion globally (Houlton et al., 2008). Following this,
nitrogen and phosphorus cycles were added into a car-
bon cycle model, CASA′ (Fung et al., 2005), to create
a new model named CASACNP (Wang et al., 2010).
The numbers of carbon pools of CASACNP are dif-
ferent than the CASA′ model: they combine surface
litter with soil litter, and surface microbial biomass
with soil microbial biomass. Thus, the model includes
9 carbon pools, 10 nitrogen pools, and 12 phosphorus
pools. Nitrogen fixation and biochemical soil phos-
phorus mineralization are represented explicitly. The
stand-alone version of CASACNP has been evaluated
using estimates of carbon pool sizes in plants, litter,
and carbon, as well as nitrogen and phosphorus pools
in soil (Wang et al., 2010).

In the present study, only the carbon cycle of
CASACNP was used, and Table 1 lists nine carbon
pools in CoLM CASACNP. The plant live biomass has
three pools: leaf, wood, and root. Litter is separated
into metabolic and structural litter and coarse woody
debris. Soil organic matter is divided into microbial
biomass, slow and passive pools.

Table 1. CoLM CASACNP Carbon Pools.

Pool type Pool name Description

Plant Leaf Leaf biomass
Wood Woody biomass
Root Root biomass

Litter Metb Surface and soil metabolic
Struc Surface and soil structural
CWD Coarse woody debris

Soil Mic Soil microbial
Slow Soil slow
Pass Soil passive

The carbon cycle part of CASACNP can be de-
scribed as follows. Changes in the plant C pool size
are described as (Wang et al., 2007, 2010):

dCi

dt
= aiNPP − τiCi, i = l, w, r (5)

where the subscript i represents leaf (i = l), wood
(i = w), or root (i = r). Here, ai represents the al-
location coefficients, NPP is net primary productivity
in g C m−2 d−1, and τi is plant mortality rate (d−1).

Litter C dynamics (Cj) in the soil are modeled us-
ing

dCj

dt
=

∑

i

fj,iτiCi − njτjCj , j = m,s,c (6)

where the subscript j represents litter metabolic
(j=m), litter structural (j=s), or coarse woody de-
bris (j=c). Here, fj,i is the fraction of carbon from
the plant pool, i, to the litter pool, j; τj is the litter
turnover rate (d−1), and nj is the nutrient limitation
on litter decomposition and is assumed to be 1. Nu-
trient limitation as represented in CASACNP was not
used in this study.

The dynamics of soil organic C (Ck) is modeled
using

dCk1

dt
=

∑

j

fk1,jnjτjCj +

∑

k2

fk1,k2τk2Ck2 − τk1Ck1 (k2 �= k1) (7)

where the subscript k1 or k2 represents soil micro-
bial (k=microbial), soil slow (k=slow), or soil passive
(k=passive). Here, fk1,j is the fraction of decomposed
carbon from the litter pool, j, to the soil pool, k1;
fk1,k2 is the fraction of decomposed carbon from the
soil pool, k2 to k1; and τk1 or τk2 is the soil turnover
rate (d−1).

Figure 1 shows the flow of carbon between pools,
with carbon generally flowing from upper left to lower
right. Vertical lines represent carbon losses from each
pool, and horizontal arrows indicate carbon gains to
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Fig. 1. The configuration of CoLM CASACNP, with carbon flowing from upper left
to lower right. Vertical lines represent pool losses; horizontal arrows represent pool
gains; and open circles represent transfers between pools. The detail description of
each carbon pool is presented in Table 1.

each pool. Open circles indicate carbon transfers from
one pool to another. For example, carbon lost from the
leaf pool is transferred to the metabolic and structural
litter pools. Carbon efflux from each pool is propor-
tional to the pool size, and the proportionality is de-
fined as a rate constant. Rate constants for the plant
pools depend on plant phenology and air temperature,
and rate constants for litter and soil depend on soil
temperature, moisture, soil texture, and soil manage-
ment. The primary input into this system of pools is
NPP, and is calculated as follows:

NPP = GPP − Rleaf − Rwood − Rroot (8)

Net ecosystem exchange (NEE) is calculated using

NEE = GPP − Rleaf − Rwood − Rroot − Rsoil (9)

where Rwood, Rroot, and Rsoil represent wood, root,
and soil respiration, respectively.

Respiration rates of woody plant tissue and roots
were modeled using

Rwood = r1Cwood exp{308.56[1.0/56.02−
1.0/(Tair + 46.02− 273.15)]} (10)

Rroot = r2Croot exp{308.56[1.0/56.02−
1.0/(Tsoil + 46.02− 273.15)]} (11)

where r1 and r2 are empirical scaling factors for
the wood and root respiration rates, respectively;
Cwood/Croot represents the size of the wood/root car-
bon pool; Tair is air temperature; and Tsoil is mean soil
temperature within the rooting zone.

Soil respiration (Rsoil) includes two components:
(1) CO2 released by litter decomposition, and (2) CO2

released by soil carbon decomposition. The calculation
was performed using

Rsoil =
∑

j

(
1 −

∑

k1

fk1,j

)
njτjCj +

∑

k1

(
1 −

∑

k2

fk2,k1

)
τk1Ck1 , k1 �= k2 , (12)

where fk2,k1 is the fraction of decomposed carbon from
the soil pool, k1 to k2.

3. Data and method

3.1 DBR: site description and measurements

Measurements from two sites, DBR and WBW,
were used to assess the performance of the coupled
model. The site at DBR is an evergreen mixed for-
est located in Central Guangdong Province, South
China (23◦10′N, 112◦32′E). It has a typical, subtropi-
cal, monsoon, humid climate, with an average annual
temperature of 20.9◦C and average annual rainfall of
1956 mm (Wang et al., 2006). The bedrock is a mix of
Devonian sandstone and shale, and the soil is classified
as lateritic red earth (oxisol); it is loamy in texture and
acidic, with low base saturation (Tang et al., 2006).

Half-hourly rainfall, air temperature, relative hu-
midity, wind speed, and incident solar radiation were
measured at the top of a 38-m-tall tower at DBR in
2003. Soil water content (SWC) was measured at ev-
ery layer underground (Wang et al., 2006). SRP was
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measured using a static chamber system (Tang et al.,
2006), and included the CO2 released from the de-
composition of litter, soil organic matter, microbial
biomass, and root respiration. The net CO2 flux above
the canopy was measured using an Open Path Eddy
Covariance (OPEC) flux system at 27 m above the
ground.

3.2 WBW:Site description and measurements

WBW is a temperate deciduous hardwood forest
located in the U.S. Department of Energy’s National
Environmental Research Park near Oak Ridge, Ten-
nessee (35◦57′N, 87◦17′W). The mean annual temper-
ature is 14.2◦C and the long-term (50 year) mean an-
nual rainfall is 1352 mm. The soils are primarily typ-
ical Paleudults. The depth of the bedrock is about 30
m, and deep rooting may be a source of some water
(Hanson et al., 2004).

Data from studies carried out at WBW (Hanson
et al., 2000, 2001, 2003a, 2004; Wilson and Baldocchi,
2001) were obtained to test the performance of model
predictions at hourly and daily time steps. Eddy co-
variance data for hourly NEE (Wilson and Baldocchi,
2001) were selected to evaluate the diurnal model per-
formance. Daily measurements of GPP, NEE, SRP,
and mean daily NEE and SRP, as simulated by 11
ecosystem models from the Through-fall Displacement
Experiment (TDE) intermodel comparison exercise
(Hanson et al., 2004) were also compared with the
model simulations. Observations of GPP and NEE
were available from 1995 to 1998. Observed SWC data
were available from periodic observations vertically
integrated (0–35 cm) time-domain reflectometry rod
pairs for 1995–1998, and from horizontally-installed,
frequency-domain, reflectometry that was placed at a
depth of between 0 and 35 cm in 1998. SRP measure-
ments were available from periodic chamber observa-
tions and from nocturnal understory-eddy-covariance
measurements for 1998 (Hanson et al., 2003b; Wilson
and Meyers, 2001).

3.3 Model performance

The performance of the coupled model was evalu-
ated by comparing simulated and observed hourly and
daily NEE and daily SRP.

Four statistical measures, including the correlation
coefficient (RR), mean bias (Bias), mean absolute bias
(ABS), and modeling efficiency (EF), were calculated
to qualify the model predictions. Bias, ABS, and EF
were calculated according to the equations reported
by Hanson et al. (2004) and Mao et al. (2007). Bias
provides a measure of bias in model predictions and
ABS quantifies the mean deviation of model predic-
tions from observations. EF ranges from one to in-

finitely negative, with value of 1 being a perfect fit to
observations and a value less than 0.5 usually consid-
ered to be a poor fit.

In this study, positive values of NEE represented
carbon uptake by forests from the atmosphere. There-
fore, uptake of carbon by the forests, such as GPP, is
a positive flux.

3.4 Model parameterization and simulation
setup

The runs were carried out for DBR and WBW us-
ing the tower-observed meteorological forcing for each
of the two forest sites, including precipitation, air tem-
perature, relative humidity, wind speed, and incident
solar radiation. For each simulation, the model was
initialized using arbitrary initial conditions of 283 K
vegetation surface, ground and soil temperatures, sat-
urated soil water content, with no snow and canopy
water storage. Most of the vegetation and soil pa-
rameters for the DBR site were estimated from the
information in Table 1 of Yan et al. (2009), and the
vegetation and soil carbon pool sizes from Zhou et al.
(2006). Leaf area index (LAI) and seasonal leaf phe-
nology for the WBW site were taken from Hanson et
al. (2001, 2003c), and the soil physical and chemi-
cal conditions were from Peters et al. (1970). Carbon
pool sizes of the WBW site were taken from Table 3
of Hanson et al. (2004). The model was spun up to
a steady state by reusing the observed meteorologi-
cal forcing before the predictions by the models were
compared with observation data. A steady state was
considered to have been reached when the differences
between two successive spins in the annual mean soil
temperature of each layer were < 0.01 K and soil mois-
ture values for each layer were < 0.001 kg m−2 s−1.
Each CoLM CASACNP simulation had three steps:
(1) CoLM was run to generate the daily mean forcing
data, including GPP, leaf respiration, soil tempera-
ture, soil moisture, and air temperature for the run-
ning of CASACNP; (2) by recycling the daily forcing
data from step 1, CASACNP was run until all pools
reached a steady state, i.e., the change in each pool
size between two successive cycles was < 0.01%; and
(3) using the pool sizes at a steady state from step 2,
CoLM CASACNP was run to obtain the model output
for comparing with observations.

4. Results

4.1 Evergreen mixed forest (DBR, China)

Modeled and observed hourly NEE data were com-
pared for two 2-week periods—one wet period and one
dry period—to assess the model’s performance. The
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Fig. 2. Comparison of observed and CoLM CASACNP-outputted hourly NEE (top) and simulated
and observed difference plots of hourly NEE (bottom) for a 2–week wet period and dry period in
2003 at the DBR site.

wet period was from day of year (DoY) 156 to DoY 169
and the dry period from DoY 281 to DoY 294 in 2003.
Figure 2 shows that the model was able to simulate
the diurnal variation in NEE quite well, but it sys-
tematically overestimatesoverestimated the nocturnal
respiration rate. The observed maximum hourly NEE
was 0.84 g C m−2 h−1 during the wet period and 0.91
g C m−2 h−1 during the dry period, whereas the mod-
eled maximum hourly NEE was 0.64 g C m−2 h−1 for
the wet period and 0.70 g C m−2 h−1 for the drought
period. Both the observed and modeled results suggest
that the DBR forest maintains a substantial ability to
sequester carbon, even during the relatively dry sea-
son. The model simulation performed better under
wet conditions than under dry conditions (higher RR,
lower bias and higher EF value; Table 2). Plots of
model residuals of hourly NEE (Figs. 2c and d) show
that the model errors during the day were greater than
those at night because the fluxes during the day were
much greater than those at night.

Figure 3 compares the modeled and observed daily
NEE and SRP in 2003 at the DBR site. Both ob-
served and predicted daily NEE values were positive
for most days, suggesting the forest was a carbon sink
for most days in the year 2003. Both the modeled and
observed daily NEE fluxes during the dry season (DoY
273–365, October–December) were higher than those
in the wet season (DoY 182–243, June–August). The
lowest carbon uptake occurred between February and
March 2003, which was also reported by Yan et al.
(2009) when they investigated only daytime NEE at
this forest site. The measures of model performance
in Table 2 show that the simulated daily NEE agreed
well with the observed (RR=0.82, EF=0.53). Differ-
ence plots of predicted minus measured daily NEE (fig-
ure omitted) and negative bias (Table 2) suggest that
CoLM CASACNP underestimated daily carbon flux.
In conclusion, CoLM CASACNP can generally repro-
duce the observed seasonal variation in daily NEE in
2003 at the DBR site.
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Table 2. Performance of simulated hourly NEE (g C m−2 h−1) during the wet (and dry) periods, daily NEE and daily
SRP (g C m−2 d−1) for the DBR site.

Variable RR Bias ABS EF

Hourly NEE 0.91 (0.83) −0.02 (−0.04) 0.13 (0.15) 0.55 (0.51)
Daily NEE 0.82 −0.58 0.89 0.53
Daily SRP 0.89 0.17 0.47 0.77

Figure 3b compares the simulated and observed
daily SRP at the DBR site in 2003. SRP is calcu-
lated as the sum of respiration from the decomposi-
tion of litter and soil organic matter and root respi-
ration. Different from the seasonal variation in daily
mean NEE, the observed daily SRP during the wet
season was higher than that in the dry season, as a
result of changes in water limitation. This seasonal
variation was reproduced well by the model, with very
high RR and EF values (RR=0.89, EF=0.77 in Ta-
ble 2), but the model overestimated the value for most
days throughout the whole year, especially the days at
the beginning of the dry season (Julian day 275–315),
and with a positive bias in comparison to the actual
measurements.

4.2 Deciduous Forest (WBW, USA)

Figure 4 shows the comparison of the modeled and
observed diurnal cycles of hourly NEE for the selected
2-week wet (DoY 151–164) and dry (DoY 238–251)
periods in 1998. The observed maximal hourly NEE
over the dry period was 1.1 g C m−2 h−1, ∼20% lower
than the maximal hourly NEE during the wet period.
This difference suggests that soil water deficits had a
significant influence on the diurnal NEE, which was
also reported by Greco and Baldocchi (1996) and that
drought reduced the daily rate of carbon uptake by
25%–30%. Simulations using the coupled model in
the present study also suggest a reduction of ∼35%

of hourly NEE as a result of water stress at the WBW
site during the dry period. However, NEE was over-
estimated during the night compared to observations
under the two wet and dry extreme conditions. Gen-
erally, the agreement between modeled and observed
hourly NEE was better under wet conditions than un-
der dry conditions, with a smaller bias value of −0.05
(g C m−2 h−1) and higher EF value of 0.79 (Table
3). The absolute differences between observations and
model predictions were higher during daytime both
under wet and dry conditions (Figs. 4c and d), similar
to the results from the DBR site.

Figure 5a compares the modeled daily mean NEE
with the observed data and the model mean predicted
over several years. The comparison shows that ob-
served daily NEE was a negative value before the
growing season (DoY 0–120) of each year, before be-
coming a positive carbon flux after DoY 120, in-
creasing with time until between DoY 150–180, and
then decreasing to a negative value again after DoY
300. These seasonal cycle characteristics of NEE re-
late closely to the seasonal variations in canopy LAI
at this site, and they were quite well reproduced
by the coupled model and the model mean. Com-
pared to the model mean, CoLM CASACNP had a
smaller bias response to the observations and a higher
EF value (CoLM CASACNP bias=−0.67, EF=0.73;
model mean bias=−0.94, EF=0.68; Table 3). Figures
5b and c shows that the model underestimated daily

Fig. 3. (a) Daily NEE and (b) SRP in 2003 at the DBR site. The 365 days for SRP were made up
arbitrarily of the months January–April 2004 and May–December 2003.
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Table 3. Performance of simulated hourly NEE (g C m−2 h−1) of wet (and dry) periods, daily NEE and daily SRP (g
C m−2 d−1) for the WBW site.

Variable RR Bias ABS EF

Hourly NEE 0.90 (0.92) −0.05 (−0.13) 0.15 (0.15) 0.79 (0.65)
Daily NEE 0.88 −0.67 1.30 0.73

0.88m −0.94m 1.32m 0.68m

Daily SRP 0.59 (0.81) 0.59 (−0.70) 0.47 (0.88) 0.02 (0.40)
0.65 (0.85m) 0.55 (−0.46m) 0.71 (0.82m) −0.27 (0.51m)

Note: superscript m represents the model mean; the numbers in the daily SRP row indicate predicted SRP vs. (chamber-based

observed SRP) (n=28) and predicted SRP vs. (eddy covariance observed SRP) (n=365), respectively.

NEE during the growing season (DoY 120–300), but
the model overestimated the observed daily NEE near
the beginning (DoY 100–120) and near the end (DoY
300–320) of the growing season.

Figure 6 shows that CoLM CASACNP reproduced
the observed seasonal pattern of SRP quite well from
1995 to 1998, with peak values occurring in sum-
mertime; however, the model underestimated some
peak values during that season. Furthermore, both
CoLM CASACNP and the model mean did not cap-
ture well the temporal dynamics of the subcanopy
eddy covariance daily soil respiration data, with quite
substantial model errors in 1998 (see Table 3 and Fig.
6). Based on the standard of good fit being an EF
value > 0.45 in this study, CoLM CASACNP did not

do a good job of capturing daily SRP as measured by
chamber and subcanopy eddy covariance observations,
and the model mean simulations did a good job of pre-
dicting the chamber-based daily soil respiration rate,
but demonstrated a bad performance compared to the
eddy covariance measurements.

5. Discussion and conclusions

5.1 Discussion

CoLM CASACNP reproduced the diurnal cycle of
NEE at both selected forest sites reasonably well, but
overestimated nocturnal NEE for both sites. Under in-
sufficient turbulent conditions, especially during calm

Fig. 4. Comparison of hourly NEE measurements and CoLM CASACNP output (top), and
difference plots of simulated minus observed hourly NEE (bottom) for the 2-week wet and
dry periods in 1998 at the WBW site.
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  Obs Models mean CoLM_CASACNP 

Fig. 5. CoLM CASACNP and model mean prediction for daily NEE plotted together with avail-
able daily observations from 1995–1998 at the WBW site (a), and difference plot of model mean
(b) and CoLM CASACNP (c) predictions minus measurements for the period 1995–1998.

and stable nights, CO2 flux measured by the eddy co-
variance technique is often underestimated (Lee et al.,
1999; Falge et al., 2001; Carrara et al., 2003). Wang et
al. (2006) reported the same problem at the DBR site,
and Wilson and Baldocchi (2001) showed the same
problem at the WBW site. It is therefore reasonable to
attribute part of the current model’s overestimation of
observed nocturnal respiration to measurement errors.
Model performance was typically better for wet con-
ditions compared to dry conditions, and the coupled
model overestimated SWC during dry periods (Figs.
7b and 8c), suggesting that the response of stomatal
conductance or soil respiration to water stress contains
large errors.

As stated previously for the DBR forest site, the
highest daily NEE occurred during the autumn–winter
season, not during the summer season (July–August),
and the lowest during February–March. The lowest

observed daily NEE could be attributed to the low-
est photosynthetically active radiation (PAR; Figs. 3a
and 7a). During the summer season from July to
August, the observed carbon absorption ability was
depressed due to high temperatures (Fig. 7a) and
high PAR (peak value 52.9 mol photons m−2 d−1).
At the same time, some rainfall aggravated soil res-
piration and reduced plant photosynthesis, which to-
gether could explain why this forest site acted as a
relatively weak carbon sink during this period. The
highest observed daily NEE occurred during October–
December, which could be attributed to the relatively
high PAR (peak value 37.7 mol photon m−2 d−1) and
lower SRP (Fig. 3b). For the lowest modeled daily
NEE appearing during the same period, the minimum
GPP predicted by the model appeared in February
and the second smallest value appeared in March (fig-
ure omitted), which could explain this point. Others
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Fig. 6. Daily chamber-based SRP, 1.5-m eddy covariance observations,
model mean and CoLM CASACNP simulations from 1995–1998 at the
WBW site.

Fig. 7. (a) Daily observed air temperature (Tair) and PAR; (b) observed precipitation (Prec),
observed soil water content (SWC) and predicted SWC from CoLM CASACNP at DBR site.

have also reported that the minimum GPP of the DRB
forest occurred in March (Yu et al., 2008). Despite the
highest predicted daily NEE also appearing during the
October–December period, the simulations were lower
than the observations. The overestimations of SWC
by CoLM CASACNP (Fig. 7b) induced overestima-
tions of SRP (Fig. 3b), might explain this. Whether
leaf and wood respiration contributed to the under-
estimation of daily NEE because of the unavailabil-
ity of observed datasets could not be verified. Under
dry conditions, the predicted SWC did not decrease
as rapidly as the measured values (Fig. 7b), and this
phenomenon might be attributable to a common fail-
ure of simple soil water models (Ragab et al., 1997;
Harding et al., 2000; Mao et al., 2007).

As noted previously for the WBW forest site,
CoLM CASACNP captured reasonably well the daily
temporal dynamics of NEE, despite an underestima-
tion during the growing season and an overestimation
at the beginning and end of the growing season. To
demonstrate the possible reasons, observed and pre-

dicted data for the year 1998 were used with the follow-
ing explanation. Figure 8a shows that daily GPP from
CoLM CASACNP predictions was comparable with
observation data during the growing season. However,
CoLM CASACNP overestimated autotrophic respira-
tion throughout almost all days of the year, especially
during the growing season, which could be one rea-
son for the underestimation of daily NEE during the
growing season (Fig. 8b). The overestimated daily
GPP from the model (Fig. 8a) could be the contribut-
ing factor in the overestimation of daily NEE at the
beginning and end of the growing season. At the same
time, the model overestimated the SWC during the
dry period (DoY 225–265, 1998), which could also be
a factor in the differences between predicted and mea-
sured daily NEE (Fig. 8c). Hanson et al. (2004) also
reported that the initiation of leaf-out, the onset of leaf
senescence, and the appropriate approximation of mid-
season drought responses, were responsible for model
deviations from the observed daily NEE data at the
WBW forest stand.
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Fig. 8. Observed and predicted daily GPP (a) and au-
totrophic respiration (b), and (c) observed precipita-
tion (Prec), SWC measured by frequency domain reflec-
tometry (FDR), and periodic time domain reflectometry
(TDR) and predicted SWC from CoLM CASACNP at
WBW site.

The SRP results from CoLM CASACNP showed
better agreement with chamber-observed data
(RR=0.81, EF=0.40) than with eddy-covariance-
observed data (RR=0.59, EF=0.02) at the WBW
forest (Table 3). The chamber-based soil respira-
tion measurements included litter-layer decomposi-
tion. The CoLM CASACNP model also considered
litter decomposition dynamics, which could have con-
tributed to the relatively good agreement between
simulations and chamber-based measurements. One
possible reason for the disagreements between the
predictions and the understory eddy covariance data
may be related to footprint differences between the
conceptual eddy covariance footprint and the model
simulations (Hanson et al., 2004; Mao et al., 2007).
Other factors affecting soil respiration include soil
temperature, substrate quality and land use/cover
and disturbance regimes (Xu and Qi, 2001a, b; Re-
ichstein et al., 2003). However, in-depth research on
these potential contributions is beyond the scope of
the present paper.

5.2 Conclusions and future work

This paper has demonstrated the successful inte-
gration of the biogeochemical model, CASACNP, into
the land surface model, CoLM, to produce the hy-
brid model, CoLM CASACNP. This coupled model is
closely linked to simulate full water, energy and carbon
cycles. Hence, it can run “off-line” with different me-
teorological forcing data for a variety of process-based
studies relating climate to the carbon cycle. Further-
more, it can also be directly coupled with an earth
system model to fulfil carbon–climate interaction sim-
ulations in one integrated system.

CoLM CASACNP can predict long-term carbon
sources and sinks that CoLM could not. The combina-
tion of the two models also allows explicit estimation of
autotrophic respiration, which is absent in both CoLM
and CASACNP. The new model, CoLM CASACNP,
has been tested in two selected forest ecosystems. The
model was found to reproduce the diurnal and sea-
sonal dynamics of NEE and the seasonal variation in
SRP. However, the model overestimated SWC under
dry conditions, and the agreement of carbon fluxes
between simulated and observed data was relatively
poor.

In this study, it was difficult to make a statistically
accurate determination of the optimal parameter com-
binations. By tuning some important key vegetation
parameters, such as maximum Rubisco capacity at top
canopy at 25◦C per leaf area (Vcmax) and Q10 (frac-
tional change in rate with a 10◦C increase in temper-
ature) temperature coefficient, no better results were
obtained. Inappropriate parameterization will remain
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a serious issue for future model applications to ecosys-
tems without adequate reference data. It has been
reported that nutrient limitation has a significant in-
fluence on carbon uptake in land ecosystems (Vitousek
and Howarth, 1991; Wang et al., 2007; Else et al., 2007;
Thornton et al., 2007; LeBauer and Tereseder, 2008;
Sokolov et al., 2008; Thornton et al., 2009; Wang and
Houlton, 2009; Matear et al., 2010). Thus, the next
steps in future work by the current authors will involve
not only focusing on parameter optimization, but also
on calibrating the model using independent estimates
of soil carbon, nitrogen, and phosphorus pools, as well
as measurement of surface atmospheric CO2 concen-
trations. Having done this, uncoupled and coupled
simulations for studying carbon–climate feedbacks and
constraints of nutrient limitation on the magnitude of
these feedbacks between the carbon cycle and climate
at time scales from decades to centuries will be con-
ducted.
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J. Croker, and R. M. Augé, 1998: Description and
field performance of the Walker Branch Throughfall
Displacement Experiment: 1993–1996. ORNL/TM-
13586, 33pp.

Hanson, P. J., D. E. Todd, J. S. Riggs, M. E. Wolfe, and
E. G. O’Neill, 2001: Walker branch throughfall dis-
placement experiment data report: Site characteri-
zation, system performance, weather, species compo-
sition and growth. ORNL/CDIAC-134, NDP-078A,
158pp.

Hanson, P. J., D. E. Todd, and M. A. Huston, 2003a:
Walker Branch Throughfall Displacement Experi-
ment (TDE). North American Temperate Deciduous
Forest Responses to Changing Precipitation Regimes,
Hanson and Wullschleger, Eds., Springer, New York,
USA, 8–31.

Hanson, P. J., E. G. O’Neill, M. L. S. Chambers, J. S.
Riggs, J. D. Joslin, and M. H. Wolfe, 2003b: Soil res-
piration and litter decomposition. North American
Temperate Deciduous Forest Responses to Chang-
ing Precipitation Regimes, Hanson and Wullschleger,
Eds, Springer, New York, USA, 163–189.

Hanson, P. J., D. E. Todd, and J. D. Joslin, 2003c:
Canopy production. North American Temperate De-
ciduous Forest Responses to Changing Precipitation
regimes, Hanson and Wullschleger, Eds., Springer,
New York, USA, 303–315.

Hanson, P. J., and Coauthors, 2004: Oak forest carbon
and water simulations: Model comparisons and eval-
uations against independent data. Ecological Mono-
graphs, 74(3), 443–489.



NO. 5 SHI ET AL. 1141

Houlton, B. Z., Y. P. Wang, P.M. Vitousek, and C. B.
Field, 2008: A unifying framework for di-nitrogen
(N2) fixation in the terrestrial biosphere. Nature,
454, 327–330, doi: 10.1038 /nature07028.

Huang, C. L., X. Li, and L. Lu, 2008: Retrieving soil tem-
perature profile by assimilating MODIS LST prod-
ucts with ensemble Kalman filter. Remote Sensing of
Environment, 112, 1320–1336.

IPCC, 2007: Summary for policymakers Climate Change
2007: The Physical Science Basis. Contribution of
Working Group I to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change,
Solomon et al., Eds., Cambridge University Press,
15–16.

Lee, X. H., J. D. Fuentes, R. M. Staebler, and H. H.
Neumann, 1999: Long-term observation of the at-
mospheric exchange of CO2 with a temperate decid-
uous forest in southern Ontario, Canada. J. Geophys.
Res., 104, 15975–15984.

LeBauer, D. S., and K. K. Tereseder, 2008: Nitrogen
limitation of net primary productivity in terrestrial
ecosystem is globally distributed. Ecology, 89, 371–
379.

Mao, J. F., B. Wang, Y. J. Dai, F. I. Woodward, P. J.
Hanson, and M. R. Loams, 2007: Improvements of a
dynamic global vegetation model and simulations of
carbon and water at an upland-oak forest. Adv. At-
mos. Sci, 24(2), 311–322, doi: 10.1007/s00376-007-
0311-7.

Meng, C. L., Z. L. Li, X. Zhan, J. C. Shi, and C. Y. Liu,
2009: Land surface temperature data assimilation
and its impact on evapotranspiration estimates from
the Common Land Model. Water Resource Res., 45,
W02421, doi: 10.1029/2008WR006971.

Matear, R. J., Y. P. Wang, and A. Lenton, 2010: Land
and ocean nutrient and carbon cycle interactions.
Current Opinion in Environmental Sustainability,
2(4), 258–263.

Oleson, K. W., and Coauthors, 2004: Technical descrip-
tion of the Community Land Model (CLM). Tech.
Note NCAR/TN-461+STR, National Center for At-
mosperic Research, Boulder, Colorado, USA.

Peters, L. N., D. F. Grigal, J. W. Curlin, and W. J.
Selvidge, 1970: Walker Branch Watershed Project:
Chemical, physical and morphological properties of
the soils of Walker Branch Watershed. Technical
manual ORNL-TM-2968, Oak Ridge National Labo-
ratory, Oak Ridge, Tennesee, USA, 32–33.

Ragab, R., J. W. Finch, and R. J. Harding, 1997: Estima-
tion of groundwater recharge to chalk and sandstone
aquifers using simple soil models. J. Hydrol., 190,
19–41.

Reichstein, M., and Coauthors, 2003: Modeling temporal
and large-scale spatial variability of soil respiration
from soil water availability, temperature and vegeta-
tion productivity indices. Global Biogeochemical Cy-
cles, 17(4), 1104, doi: 10.1029/2003GB002035.

Sellers, P. J., and Coauthors, 1996a: A revised land sur-
face parameterization (SiB2) for atmospheric GCMs.

Part I: Model formulation. J. Climate, 9, 676–705.
Sellers, P. J., S. O. Los, C. J. Tucker, C. O. Justice, D. A.

Dazlich, G. J. Collatz, and D. A. Randall, 1996b: A
revised land surface parameterization (SiB2) for at-
mospheric GCMs. Part II: The generation of global
fields of terrestrial biophysical parameters from satel-
lite data. J. Climate, 9, 706–737.

Sokolov, A. P., D. W. Kicklighter, J. M. Melillo, B. S.
Felzer, C. A. Schlosser, and T. W. Cronin, 2008:
Consequences of considering carbon-nitrogen inter-
actions on the feedbacks between climate and the
terrestrial carbon cycle. J. Climate, 21, 3776–3796.

Tang, X. L., S. G. Liu, G. Y. Zhou, D. Q. Zhang, and C.
Y. Zhou, 2006: Soil-atmospheric exchange of CO2,
CH4, and N2O in three subtropical forest ecosystems
in southern China. Global Change Biology, 12, 546–
560.

Thornton, P. E., J.-F. Lamarque, N. A. Rosenbloom, and
N. M. Mahowald, 2007: Influence of carbon-nitrogen
cycle coupling on land model response to CO2 fertil-
ization and climate varialility. Global Biogeochemical
Cycles, 21, GB4018, doi: 10.1029/2006GB002868.

Thornton, P. E., and Coauthors, 2009: Carbon-nitrogen
interactions regulate climate-carbon cycle feedbacks:
results from an atmosphere-ocean general circulation
model. Biogeosciences Discussions, 6, 3303–3354.

Vitousek, P. M., and R. W. Howarth, 1991: Nitrogen
limitation on land and in the sea: How can it occur.
Biogeochemistry, 13, 87–115.

Wang, B., T. J. Zhou, Y.Q. Yu, and B. Wang, 2009: A
view of Earth System Model Development. Acta Me-
teorological Sinica, 23(1), 1–17.

Wang, C. L., G. R. Yu, G. Y. Zhou, J. H. Yan, and L.
M. Zhang, 2006: CO2 flux evalutation over the ev-
ergreen coniferous and broad-leaved mixed forest in
Dinghushan, China. Sciences in China (D), 49(1),
1–12.

Wang, Y. P., and R. Leuning, 1998: A two-leaf model
for canopy conductance, photosynthesis and parti-
tioning of available energy I. Model description and
comparison with a multi-layered model. Agricultural
and Forest Meteorology, 91, 89–111.

Wang, Y. P., and B. Z. Houlton, 2009: Nitrogen con-
straints on terrestrial carbon uptake: Implications
for the global carbon-climate feedback. Geophys. Res.
Lett., 36, L24403, doi: 10.1029/2009GL041009.

Wang, Y. P., B. Z. Houlton, and C. B. Field, 2007: A
model of biogeochemical cycles of carbon, nitrogen,
and phosphorus including symbiotic nitrogen fixation
and phosphatase production. Global Biogeochemical
Cycles, 21, GB1018, doi: 10.1029/2006GB002797.

Wang, Y. P., R. M. Law, and B. Pak, 2010: A global
model of carbon, nitrogen and phosphorus cycles for
the terrestrial biosphere. Biogeosciences Discussions,
7, 2261–2282, doi: 10.5194/bg-7-2261-2010.

Wilson, K. B., and D. D. Baldocchi., 2001: Comparing in-
dependent estimates of carbon dioxide exchange over
5 years at a deciduous forest in the southeastern
United States. J. Geophys. Res., 106(D4), 34167–



1142 COUPLING CASACNP TO COLM VOL. 28

34178.
Wilson, K. B., and T. P. Meyers, 2001: The spatial vari-

ability of energy and carbon dioxide fluxes at the
floor of a deciduous forest. Bound.-Layer Meteor.,
98, 443–473.

Xu, M., and Y. Qi, 2001a: Spatial and seasonal varia-
tions of Q10 determined by soil respiration measure-
ments at a Sierra Nevadan forest. Global Biogeochem-
ical Cycles, 15, 687–696.

Xu, M., and Y. Qi, 2001b: Soil surface CO2 efflux and its
variation in a young ponderosa pine plantation in the
Sierra Nevada Mountains, California. Global Change
Biology, 7, 667–677.

Xu, G. Q., and Coauthors, 2008: The program structure
designing and optimizing tests of GRAPES physics.
Chinese Science Bulletin, 53, 3470–3476.

Yu, G. R., and Coauthors, 2008: Water-use efficiency of
forest ecosystem in eastern China and its relations to
climatic variables. New Phytologist, 177, 927–937.

Yan, J. H., G. Y. Zhou, Y. L. Li, D. Q. Zhang, D. Otieno,
and J. Tenhunen, 2009: A comparison of CO2 fluxes

via eddy covariance measurements with model pre-
dictions in a dominant subtropical forest ecosystem.
Biogeosciences Discussion, 6, 2913–2937.

Yang, K., Y. Y. Chen, and J. Qin, 2009: Some practical
notes on the land surface modeling in the Tibetan
Plateau. Hydrology and Earth System Sciences, 13,
687–701.

Zeng, X. B., M. Shaikh, Y. J. Dai, R. E. Dickinson, and
R. Myneni 2002: Coupling of the Common Land
Model to the NCAR Community Climate Model. J.
Climate, 15, 1832–1854.

Zheng, J., Z. H. Xie, Y. J. Dai, X. Yuan, and X. Q.
Bi, 2009: Coupling of the Common Land Model
(CoLM) to the Regional Climate Model (RegCM3)
and its preliminary validation. Chinese J. Atmos.
Sci., 33(4), 737–750. (in Chinese)

Zhou, G. Y., and Coauthors, 2006: Belowground carbon
balance and carbon accumulation rate in the suc-
cessional series of monsoon evergreen broad-leaved
forest. Sciences in China (D), 49(3), 311–321.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


