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ABSTRACT

The coupled models of both the Global Ocean-Atmosphere-Land System (GOALS) and the Atmosphere-
Vegetation Interaction Model (GOALS-AVIM) are used to study the main characteristics of interannual
variations. The simulated results are also used to investigate some significant interannual variability and
correlation analysis of the atmospheric circulation and terrestrial ecosystem. By comparing the simulations
of the climate model GOALS-AVIM and GOALS, it is known that the simulated results of the interannual
variations of the spatial and temporal distributions of the surface air temperatures and precipitation are
generally improved by using AVIM in GOALS-AVIM. The interannual variation displays some distinct
characteristics of the geographical distribution. Both the Net Primary Production (NPP) and the Leap Area
Index (LAI) have quasi 1-2-year cycles. Meanwhile, precipitation and the surface temperatures have 2–4-
year cycles. Conditions when the spectrum density values of GOALS are less than those of GOALS-AVIM,
tell us that the model coupled with AVIM enhances the simulative capability for interannual variability and
makes the annual cycle variability more apparent. Using Singular Value Decomposition (SVD) analysis, the
relationship between the ecosystem and the atmospheric circulation in East Asia is explored. The result
shows that the strengthening and weakening of the East Asian monsoon, characterized by the geopotential
heights at 500 hPa and the wind fields at 850 hPa, correspond to the spatiotemporal pattern of the NPP.
The correlation between NPP and the air temperature, precipitation and solar radiation are different in
interannual variability because of the variation in vegetation types.
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1. Introduction

The climate system is composed of the atmosphere,
hydrosphere, lithosphere, biosphere and cryosphere

(Gu et al., 1994). A good understanding of the in-
teraction between these components is important for
the climate variability and for a reliable future projec-
tion of atmospheric CO2 and resultant climate change.

∗Corresponding author: DAN Li, danli@tea.ac.cn
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The results from numerous model studies have shown
the potential positive carbon cycle feedbacks to op-
erate in the climate system (Matthews et al., 2007).
It has been found that both oceanic and terrestrial
carbon cycles contribute to the global carbon cycle-
climate feedback, and that in the most cases, the ter-
restrial component of the feedback is dominant over
the next century. However, there is a large difference
in the strength of the feedback between models. Most
of the variance between the models originates from
differences in the terrestial carbon cycle response to
climate change (Friedlingstein et al., 2006). Studies
of the interactions among different components and of
feedback mechanisms are important to make simula-
tions of the current climate and projections of the fu-
ture climate, for which a good understanding of the
relationship between vegetation and climate is cru-
cial. There have been many studies on vegetation
feedbacks to the modern climate (Charney et al., 1975;
Schlesinger and Jiang, 1991; Sellers, 1997; Pielke Jr.,
1998; Woodward et al., 1998; Prentice et al., 2000;
Cramer et al., 2001; Brovkin, 2002; Sitch et al., 2003;
Wang et al., 2005; Notaro et al., 2007; Levis et al.,
2007) The climate exerts a dominant control over the
spatial distribution of the major vegetation types on a
global scale. In turn, vegetation cover affects climate
via alterations of the physical characteristics of the
land surface, like albedo, roughness, water conductiv-
ity (biogeophysical mechanisms) and atmospheric gas
composition (Brovkin, 2002). The results by Nemani
et al. (2003) indicate that global changes in the cli-
mate have eased several critical climatic constraints
for plant growth, such that Net Primary Production
(NPP) increased 6% globally. The largest increase was
in the tropical ecosystems. The Amazon rain forests
accounted for 42% of the global increase in NPP, ow-
ing mainly to decreased cloud cover and the resulting
increase in solar radiation.

The climate system models began to develop in
China about 15 years ago. The results from the first
coupled model-GOALS that was developed by a re-
search group of the Global Ocean Model and Coupling
Model at the Institute of Atmospheric Physics of the
Chinese Academy of Sciences were published by Wu
et al. (1997). The coupled model includes the ocean,
atmosphere, land and sea-ice component, which was
based on a twenty-layer Oceanic General Circulation
Model (OGCM) (Zhang et al., 1996) and a nine-layer
Atmospheric General Circulation Model (AGCM) (Wu
et al., 1996). Liu et al. (1996) coupled an OGCM with
an AGCM, and then (Yu and Zhang, 1998) proposed
a modified flux-anomaly-coupling scheme to overcome
the climate drift of the ocean and expanded the cou-
pling region from the open ocean to the global domain

successfully. A modified scheme of cloud radiation and
a simple biosphere model were introduced (Liu and
Wu, 1997; Liu et al., 1998).

Lately, a dynamic vegetation model called AVIM
was coupled with AGCM to realize the two-way in-
teractions between the biosphere and the atmosphere
(Dan et al., 2002, 2005). Atmosphere-Vegetation In-
teraction Model (AVIM) (Ji, 1995) linked the vegeta-
tion growth module and the physical processes of the
Land Surface Model (LSM) with climate change, and
found that the physical exchange processes between a
plant and its abiotic environment and the physiologi-
cal processes that influence plant growth, and then the
changes in the surface dynamical parameters, in turn,
affect the physical exchange processes between the veg-
etation, atmosphere and soil (Ji and Yu, 1999). Some
other land surface process models described their pa-
rameters with observed monthly data explaining that
the parameters cannot change with climate change.
Using AGCM-AVIM, Dan et al. (2005) studied the
variation of the terrestrial carbon cycle and climate
change. Dan et al. (2007) further employed the simu-
lated results like NPP to compare with available data
sets, and to explore the relationship between NPP and
climate variation.

In order to further study the interactions between
vegetation and climate change, we incorporate AVIM
into GOALS to replace the simple land model in
GOALS. The main objective of this paper is to use
both GOALS and GOALS-AVIM to investigate the
climatological mean state of the coupled model and in-
terannual variations of the climate by diagnosing the
standard deviation (STD) of the model outputs. Fi-
nally, the interannual variability of relevant fields is
analyzed to study the correlation between NPP and
atmospheric physical variables. In addition, by mak-
ing the correlation analysis of NPP by vegetation types
with terrestrial air temperatures, precipitation and so-
lar radiation in their interannual variations, we at-
tempt to explore how vegetation types influence the
relationship between NPP and the climate.

2. Model and methods description

2.1 Model

The coupled model, GOALS, used in this work in-
cludes an AGCM, an OGCM and a land surface model.
The AGCM has 9 layers in the atmosphere and is trun-
cated rhombically at 15 wave numbers. The horizon-
tal resolution is 7.5◦ lon×4.5◦ lat. The OCGM has 20
layers and its horizontal resolution is 4◦ lon×5◦ lat.
The horizontal resolution of the land surface model
in GOALS-AVIM is 1.5◦ × 1.5◦, which includes 10-
layers soil and 1-layer vegetation that is classified into
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13 plant function types (PFTs). The land physical
process in AVIM has 8 output variables that include
interception of rainfall and drainage, snowfall of the
surface, temperature of the vegetation canopy, tem-
perature of the surface soil layer and the deep soil
layer, water contents of the top three soil layers. The
prognostic variable of the biogeophysical process is eaf
area index (LAI), and the eco-biological variables are
NPP and biomass. A nesting technique is employed
to link the AGCM and AVIM, in which a unit grid of
the AGCM is subdivided into 15 grid cells down to the
surface.

The initial fields of the coupled model are taken
from the off-line climatologic mean state, in which the
OGCM, the AGCM and the AVIM have run 6500,
2000, and 300 years, respectively. The coupled models
of both GOALS and GOALS-AVIM are integrated for
100 years, respectively, and their last 50-year outputs
are chosen for analysis in this work.

2.2 Methods

2.2.1 Standard Deviation (STD)
The STD is a degree at which every data point

deviates from the mean value. An average value for
the STD is a square root that derives from the mean
value of the square of the outlier. It is able to repre-
sent the degree of dispersion of the dataset, and also is
a statistic that describes the mean difference between
the data sample and the mean value. In meteorology,
the STD may reflect the degree of change in the data,
referring to the mean data.

For a meteorological element (variable), the formu-
lation of the STD is:

Sx =

√
√
√
√

1
n

n∑

i=1

(xi − x̄)2 , (1)

where Sx is the STD of the variate X ; n is the sample
amount; xi is the i-th variate; x̄ is the mean value.

2.2.2 Singular Value Decomposition (SVD)
It is well known that SVD is a prime method of

analyzing a two-correlation pattern. Prohaska (1976)
has applied SVD in climate research the earliest. SVD
(Bretherton et al., 1992; Wallace et al., 1992) is a
method to analyze the correlation between two vari-
ables by obtaining the spatial distribution of the cor-
relation, which can explain the variance of a field ef-
ficiently. When a field has an abnormal pattern, the
other field also has the pattern correspondingly.

As to meteorological fields-the left and right fields,
the purpose of SVD is to find a linear combination-
a coupled pattern that can explain a high correlating
area in the separated fields, and reflect the correlation

between the left and right fields. By use of computing
a difference-matrix, the singular vectors are deduced
based on the maximum covariance of the two fields. A
part of the singular vectors and their time coefficients
define a part of the pattern of SVD. As mentioned
above, the SVD is a method by which the left and
right fields are decomposed into a linear combination
of left and right singular vectors.

A summary of the SVD is: decomposing m×n into

A = U

[

Σ 0
0 0

]

V T , (2)

where U is the m × m normal vector, V is the
n × n normal vector, Σ is the singular value, Σ:
diag(σ1, σ2, . . . , σr), r � min(m, n), σ1, σ2, . . . , σr.

Eq. (2) can be expressed as

A = U · ΣV T (3)

where U , V only have n rows, n is a singular value.
Because:

AT · A = V · ΣT · UT · U · Σ · V T

= V ·
[

σ2
1 0
0 σ2

r

]

· V T , (4)

where σ2
1 , σ2

2 , . . . , σ
2
r are eigenvalues of AT ·A, and V

is composed by corresponding the eigenvalue vectors
of AT ·A. Similar to A · AT, σ2

1 , σ
2
2 , . . . , σ2

r are eigen-
values of A ·AT, and U is composed by corresponding
the eigenvalue vectors of A ·AT. The singular value of
A is the positive square root of their eigenvalue. ui, vi

form the U, V vector, respectively:
{

U = (u1, u2 · · ·ur)
r � min(m, n) ,

V = (v1, v2 · · · vr)
(5)

where vi is the right singular vector; ui is the left sin-
gular vector.

Suppose that a pair of meteorological fields is X
and Y . X : Lm1V n; Y : Rm2Un. m1 and m2 are the
space points, n is the time point. L and R are singular
value fields of right or left.

With the definitions A = XY T, A is m1×m2 ma-
trix. The decomposing of A is a singular value decom-
posing of the real matrix. A pair of correlating distri-
butions between time coefficients and singular vectors
is its space-distributing pattern. They represent the
teleconnection mode of the two variable fields as the
same degree.

Considering that SVD may bring no-real correla-
tion, the paper test statistics reveal the significance of
SVD by means of the Monte-Carle method (Iwasaka
and Wallace, 1995; Shen and Lau, 1995; Shi et al.,
1997).
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3. Results and Discussion

3.1 Interannual variations

The statistical variable describing the difference
between the time series and its average is the STD,
which can assess the amplitude of the mean variation
of a dataset (Huang, 2004). To analyze the interan-
nual variation of the climate and vegetation from the
coupled model, the STD of each grid cell is calculated
for the 40-year time series of NPP, LAI, surface air
temperature and precipitation. The time scale of the
physical fields is the annual data.

3.1.1 Spatial distribution
(1) NPP and LAI
Figures 1a and 1b show the STD of NPP and LAI.

The large STD is distributed in Siberia, the east Eu-
ropean Plain and northern North America, where the
vegetation is the needle leaf evergreen tree with the
obvious seasonal cycle. The region along the coast of
the Pacific Ocean, the Indian Peninsula and the Indo-
China Peninsula is affected by a marine climate, so the
interannual variation of NPP is small (Dan, 2003) and
its STD is between 6–12 g C m−2 yr−1. The maximum
NPP STD in the Northern Hemisphere occurs in the
Indo-China Peninsula, dominated by tropical rainfor-

 

 

 

 

 

                       

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

(b) 

Fig. 1. GOALS-AVIM-simulated global distributions of
the standard deviation (STD) of (a) NPP, in units of g
C m−2 yr−1, and (b) LAI in units of m2 m−2.

ests, in which the value can reach 18 g C m−2 yr−1.
The lowest NPP STD is distributed in Greenland,
the Tibetan Plateau, the Arabian deserts and the Sa-
hara because these regions are covered by snow or
sand and the vegetation is sparse. The highest NPP
STD in the Southern Hemisphere is located near the
equator of central Africa and the Amazonian Plain,
and the largest STD of the latter can be more than
20 g C m−2 yr−1. The NPP in eastern Australia is
high, whereas its STD is very small. This is due to
the vegetation growth all year round. The global dis-
tributions of LAI and NPP are quite similar. NPP
is strongly and contemporaneously correlated to LAI
across the globe. This relationship can be explained by
the biological linkage of the two variables (Dan, 2003).

(2) Surface Air Temperature (SAT)
Figure 2a shows the STD of the simulated SAT

from GOALS-AVIM. The annual STD of SAT over the
ocean is similar to the spatial distribution of the cli-
matologic mean state over the land. The annual STD
of SAT over most parts of the continents is generally
higher than that over the oceans. The simulated STD
over the ocean is closer to the observations (Fig. 2c)
than that over the land. In the joint-belt of the ocean-
land at high-latitudes, the STD is even higher than
that of other areas because of the annual change of
sea-ice. In most of the Arctic Ocean, due to the per-
manent snow-ice, the annual change of SAT is almost
equal to 0◦C.

The STD of the simulated SAT in the mid-high
latitudes is higher than that in the low latitudes. The
STD in the desert region is much higher than that
in other areas, for example, in the desert of Australia
and the plateau of Brazil. Compared with the obser-
vations, both models of GOALS-AVIM and GOALS
(Figs. 2a and 2b) can simulate the essential character-
istics of the STD, but generally the simulated STD is
slightly higher than the observations, especially in the
northern mid-high latitudes. The position of the sim-
ulated STD center only roughly corresponds to that
of the observations. The result from GOALS-AVIM is
more reasonable than that from GOALS. The GOALS-
AVIM can give rise to a high center in the western
Tibetan Plateau, which is similar to the observations,
but it does not exist in GOALS. In the tropical ocean,
though the simulated STD is generally lower than the
observations, the trend of the STD is improved in
GOALS-AVIM.

Though GOALS-AVIM does not eliminate the bias
of GOALS completely, GOALS-AVIM indicates some
improvement. For example, GOALS-AVIM makes the
land-sea contrast of the STD more obvious than the
observations, and the areas of high value (>0.8) of
GOALS-AVIM is shrunk and more closed to the ob-
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(a) 

(b) 

(c) 

Fig. 2. Global distribution of the standard deviation
(STD) of the surface air temperature in units of ◦C
from (a) GOALS-AVIM, (b) GOALS, and (c) NCEP re-
analysis.

servations than that of GOALS on the 60◦–80◦N. The
pattern of the STD in GOALS-AVIM is better than
that in GOALS, especially in the continental regions
of the Northern Hemisphere. Though above improve-
ments, the two models of GOALS-AVIM and GOALS
have some shortcoming in some regions, especially in
60◦–80◦N, that STD of simulation is obvious higher
than that of observation. The main reason is that
snow-cover of models are not made into layers in phys-
ical processes.

(3) Precipitation
Figure 3 presents the STD of the annual precipi-

tation from two models. It can be seen that the dis-
tribution of the STD is similar to that of the annual
mean state. For example, the area with a high value
STD of precipitation corresponds to an area of its an-
nual state, vice versa. At a given location, however,
the strength of the STD of precipitation is generally
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(c) 

Fig. 3. Global distribution of the standard deviation
(STD) of precipitation in units of mm d−1 from (a)
GOALS-AVIM, (b) GOALS, and (c) Xie-Arkin precip-
itation observational data.

proportional to the annual mean state of precipitation.
The main characteristic of the STD of precipitation

is strong over some areas of the continents in GOALS-
AVIM. For example, the STD of precipitation over
Southeast Asia, some parts of South America, South
Africa, and the equatorial region in the Pacific is the
highest across the globe. Compared with the observa-
tions, especially over the ocean (Fig. 3c), the simu-
lated STD of precipitation in GOALS-AVIM is lower
to some extent, but on the continents of North Africa,
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(a) (b) 

Fig. 4. The power spectrum of the global surface temperature monthly mean anomaly
of GOALS-AVIM and GOALS (solid line denotes spectrum density, dot line denotes
red-noise curve), (a) GOALS-AVIM, (b) GOALS. y-coordinate is value of spectrum
density, x-coordinate is frequency, unit: month−1.

Asia, Europe and North America, the STD is reason-
ably simulated in GOALS-AVIM. In South Asia, the
simulated STD displays some biases due to the topo-
graphical effects of the Tibetan Plateau.

The two models, GOALS-AVIM and GOALS, can
generally simulate the essential characteristics of the
STD of precipitation. For example, the high value of
the STD is mainly located in the torrid zone, while the
area of the high STD value of precipitation is corre-
sponding with the area of the high value of the annual
mean precipitation. Though GOALS can also simu-
late those features, the results are higher than those
from both GOALS-AVIM and the observations. The
area of the high center (>0.6) is larger than that from
both GOALS-AVIM and the observations. Moreover,
there is a false high center of the STD in South Africa
in GOALS.

3.1.2 Periodicity
In this section, according to the results of integra-

tion of the coupled model, the cycle of the interan-
nual variability of the climate simulated by the coupled
model is analyzed quantitatively. The tendency vary-
ing with time is analyzed firstly. The global monthly
mean surface temperature, precipitation, NPP, and
LAI anomalies are analyzed, filtering out the seasonal
varieties by 5 points smoothing. The amplitudes of the
interannual variability of NPP and LAI are 0.6 and
0.06, respectively (figure omitted). The amplitudes
of the interannual variability of the surface tempera-
ture and precipitation are 0.5 and 1.2 (figure omitted).
Then, considering the fluctuation of these variables, we
can see that all of the NPP, LAI, surface temperature
and precipitation data have the pronounced charac-
teristics of interannual variability, which can be simu-
lated by GOALS-AVIM. Comparing to the results of
GOALS, which concluded that the amplitudes of the
interannual variability of surface temperature and pre-
cipitation are 0.3 and 0.6 (figure omitted), the results
of GOALS-AVIM display greater amplitude values of

the interannual variability of surface temperature and
precipitation.

After analyzing the curves varying with time of the
coupled model results, we then try to find the cycles
of each variable by using the power spectra method,
setting the confidence level at 95%.

The power spectra of time series of the global
monthly mean surface temperature and precipitation
have one-peak values, respectively. The 2–4-year cy-
cles imply that 2–4-years is one of the most important
interannual fluctuations in the coupled atmosphere.

Comparing the power spectra of the two time se-
ries of the global monthly mean surface temperatures
between GOALS-AVIM and GOALS (Fig. 4), we can
find that the result of the coupled model has a one
peak value, with a 2–4-year cycle, whereas the result of
the GOALS model has three peak values, with a most
significant 2–4-year cycle, which is less significant than
that of GOALS-AVIM, according to the analysis of the
spectrum density function. The aforementioned com-
parison tells us that the interannual variability of the
surface temperature is one of the most important cou-
pled fluctuations in the climate system. Affected by
the terrain and the underlying surface, the spatial scale
of the temperature anomaly is relatively small. There-
fore, when considering the time series of the global
annual mean surface temperature, the power spectrum
function cannot display apparent interdecadal feathers
(Yu, 1997).

Comparing the power spectra of the two time se-
ries of the global monthly mean precipitation between
GOALS-AVIM and GOALS (Fig. 5), we find they
have mostly the same feather, which both their power
spectra have statistically significant 2–4-year cycles,
with similar spectrum densities as well.

The power spectra of NPP and LAI give 1–2-year
cycles (Fig. 6), which have the strongest signal-to-
noise ratio and are shorter than that of the atmo-
spheric variables. This tells us that climatic changes
of the land surface physical fields not only are related



NO. 3 ZHI ET AL. 605

  

(a) (b) 

Fig. 5. The power spectrum of the global precipitation monthly mean anomaly of
GOALS-AVIM and GOALS (solid line denotes spectrum density, dot line denotes
red-noise curve), (a) GOALS-AVIM, (b) GOALS. y-coordinate is value of spectrum
density, x-coordinate is frequency, units: month−1.

  

(a) (b) 

Fig. 6. The power spectrum of the global monthly NPP and LAI of coupled model with
AVIM (solid line denotes spectrum density, dot line denotes red-noise curve), (a) NPP, (b)
LAI. y-coordinate is value of spectrum density, x-coordinate is frequency, units: month−1.

to the interior cycle of the model, but also are affected
by the model’s physical natures. Both NPP and LAI
are closely related to the seasonal variability of water
vapor and temperature (Dan and Ji, 2007), especially
related to types of regional geography and vegetation.
For most regions, all the elements can weaken the ef-
fects of the annual and interannual cycles of the model
(Dan, 2003). Therefore, we can see that the cycle of
the physical fields of the land surface is the minimum
cycle in each of the componential models.

3.2 Singular value decomposition of the cor-
relation fields

Before the SVD analysis, the anomaly of NPP, the
500 hPa geopotential height and the 850 hPa wind
field are normalized. The time series is the June–
July–August (JJA) anomaly of 50 years. NPP is dealt
with in the left field, which is averaged in the region
(20◦–60◦N, 100◦–150◦E) from East Asia to the west-
ern Pacific Ocean. The 500 hPa geopotential height
and 850 hPa wind field are taken as the right field,
respectively, and their geographical range is extended
to the region of 0◦–60◦N, 60◦–180◦E to analyze the
relatively complete atmospheric circulation. The cor-
relation between the temporal coefficient of the left
and right fields is calculated, which reflects the corre-

lation degree between the left and right fields of each
mode. The significant correlation represents the key
region of the interaction between the two fields, which
can be helpful to find the predicting signal and the
distribution structure of a variable represented by its
left and right fields (Wu and Wu, 2005).

3.2.1 The SVD of NPP and 850 hPa wind field
The SVD result in Table 1 shows that the first two

pairs of the singular vectors can account for 46.1%
of the total covariance, which demonstrates their im-
portance in making up the correlation function. The
correlation coefficients also exhibit the correlation be-
tween the temporal coefficients of a pair of singular
vectors. Consequently, this study only deals with the
first pair of singular vectors when the synchronous spa-
tiotemporal correlation is analyzed. To test the statis-
tical significance of the SVD result of the NPP and
850 hPa wind field, a Monte Carlo simulation is ap-
plied (α = 0.05). The critical value of covariance is
25.6% (ρα) and the critical value of the correlation
coefficients is 0.661(γα). Table 1 shows ρ > ρα and
γ > γα, indicating that the first pair mode passes the
significant test.

The positive coefficient of the left field (NPP)
mainly distributes itself in the region east of Baikal,
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Table 1. The SVD of NPP and 850 hPa wind field.

Singular values

The first pair The second pair

Covariance percentage (ρ) 0.263 0.198
Correlation coefficients (γ) 0.849 0.835
Variance percentage of NPP 0.171 0.142
Variance percentage of 850 hPa wind field 0.178 0.086

 

 

 

 

 

 

 

 

 

 

 

  

  

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

(b) 

(c) 

Fig. 7. The first pair of eigenvalues of SVD for NPP and
the 850 hPa wind field: (a) The left singular vector of the
NPP anomaly; (b) The right singular vector of the 850
hPa wind anomaly; (c) The temporal coefficient of the
left and right fields from SVD (solid line for the left field
and dotted line for the right).

the central chain of the Japanese islands, the Yellow
Sea, the Liaodong Peninsula and the Yunnan-Guizhou
Plateau of China (Fig. 7a). The negative value is
located in the region south of Baikal, northeastern
China, northern China, and the coast of eastern China.

The lowest negative anomaly occurs in northwestern
China. The overall characteristic is that the area of
the negative values is larger than that of the positive
values, which means the decreasing trend of NPP in
East Asia is more obvious than its increasing trend.

The right field is the corresponding eigenvector
mode of the 850 hPa wind anomaly (Fig. 7b). The
south wind anomaly in the summer is of particular
concern. Anomalous characteristics represent that
the large correlation coefficient is located over the
oceans and the latitudinal component is markedly
larger than the longitudinal component. The region
of the south wind anomaly bifurcates northwardly via
the Indo-China Peninsula from the low-latitudes in the
east wind belt around 5◦–15◦N. The first south wind
anomaly moves westward to the Indian Peninsula, and
the second south wind anomaly continues northward
to South China with a decreasing anomaly amplitude,
and then travels along the coasts of China and then
north into the Sea of Japan. The third south wind
anomaly from the low latitudes moves northward via
the Indian Peninsula to the Balkhash Lake and then
changes into an east wind anomaly. The inland wind
anomaly over China is very small. Figure 7c is the
temporal coefficient of SVD for the left and right fields,
which shows the strong correlation and the obvious in-
terannual variation.

The correlation between the climate and vegeta-
tion over China shows that the correlation of vege-
tation with precipitation is weak, but the correlation
coefficient is larger with temperature, which demon-
strates that the principal factor affecting the terres-
trial NPP over China is precipitation (He et al., 2005).
The relationship between the temporal variations of
the horizontal wind components (u, v) and precipita-
tion, derived from SVD, can account for the intrinsic
linkage between precipitation and the wind fields. Fig-
ure 8 shows the contemporaneous correlation between
the temporal coefficients of the first component of the
850 hPa wind field (right field) and of precipitation in
East Asia. Those areas higher than 0.21 pass the t-test
(samples: 480, α = 0.1, rα = 0.21). It can be seen in
Fig. 8 that the positive correlation in East Asia oc-
curs in southern China, central China to northeastern
China, northwestern China and the majority of Japan.
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Fig. 8. The contemporaneous correlation distribution
between the temporal coefficients of the first component
of the 850 hPa wind field (right field) and of summer
precipitation.

The negative correlation is distributed in southern
Asia, the Tibetan Plateau, western China, the Mongo-
lian Plateau, and the southeast China coasts. The fact
that the temporal variability of the 850 hPa wind field
has the positively cotemporaneous correlation with
that of precipitation, indicates that the strong mon-
soon corresponds to more rain. Tang et al. (2006)
pointed out that the summer precipitation near the
boundary of the summer monsoon has a great inter-
annual variation and its amount is positively corre-
lated with the monsoon intensity. When the sum-
mer monsoon affects Northwest China and northern
North China, these regions have greater precipitation,
whereas other regions have less precipitation. The re-
sults by Dan (2003) show that if the East Asian sum-
mer monsoon is strong, the south wind will transfer the
abundant water vapor of the tropical regions north-
ward, so that there is more precipitation in northern
China. If it is weak, the precipitation is less in north-
ern China and greater in southern China, which will
affect the magnitude of NPP.

It can be understood from the characteristics of the
left and right eigenvalue vectors that the region with
the positive correlation of NPP, where there is an in-
creasing NPP, corresponds to the south wind anomaly
at 850 hPa, which indicates that the summer monsoon
affects the NPP magnitude. This demonstrates the
strong contemporaneous positive correlation in East
Asia between the 850 hPa wind and the terrestrial

NPP.

3.2.2 The SVD of NPP and 500 hPa geopotential
height

Table 2 shows that the covariance percentage of the
first eigenvalue of the 500 hPa geopotential height from
SVD, is 0.29 and that the correlation coefficient of the
left and right fields is 0.73. Thus, the spatiotemporal
relationship between NPP and the 500 hPa geopoten-
tial height is analyzed using a pair pattern of the first
eigenvalue. The critical value of covariance is 36.2%
and the critical value of the correlation coefficients is
0.717. Table 2 indicates ρ > ρα and γ > γα, indicating
that the first pair of the mode passes the significant
test of the Monte Carlo simulation (α = 0.05).

Figure 9 shows that the positive SVD eigenvalue of
NPP is distributed to the east and south of Baikal, on
the coasts of eastern China, the middle-lower reaches
of the Yangtze River, the Bohai Bay and northeast-
ern China. The negative value is located in Northwest
China, the Da Hinggan Mountains and some regions of
South China. The absolute value of the negative value
is small in the regions of southern China, and the large
value is in Northwest China. The overall characteris-
tic is that the positive and negative correlations have a
continuous distribution, and that the region of positive
correlation is larger than that of negative correlation.
The spatial pattern of the eigenvalue of the right field
for the 500 hPa geopotential height exhibits a large
positive area from the equator to central Asia, and an
obvious increasing trend of geopotential height anoma-
lies from North China to the tropical oceans. A nega-
tive center is located around Northeast China. The Far
East nearly has a negative value. Figure 9c presents
the good correlation between the left and right fields
of SVD and the obvious interannual variation.

The geopotential height, one of the basic charac-
teristics of the atmosphere, is the basic reason for the
formation and evolution of large-area weather and cli-
mate. The abnormal isobaric surface, especially con-
tinuously abnormal, will affect the distribution and
budget of momentum, heat and water in the atmo-
sphere, which results in the large-scale or regional
weather and climate change. Li and Li (2001) used
SVD to study the relationship between the 500 hPa

Table 2. The SVD of NPP and 500 hPa geopotential height.

Singular values

The first pair The second pair

Covariance percentage (ρ) 0.29 0.13
Correlation coefficients (γ) 0.73 0.758
Variance percentage of NPP 0.168 0.089
Variance percentage of 500 hPa geopotential height 0.216 0.13
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Fig. 9. The first pair of eigenvalues of SVD of NPP and
the 500hPa geopotential height: (a) The left singular vec-
tor of the NPP anomaly; (b) The right singular vector of
the 500 hPa geopotential height anomaly; (c) The tem-
poral coefficient of SVD of the left and right fields (solid
line for the left and dotted line for the right).

geopotential height of the Northern Hemisphere and
the spring air temperature in Sichuan and Chongqing
(Chuan-Yu). Their results showed that the 500 hPa
geopotential height in prophase of October and cotem-
porary spring is closely correlated to the air tempera-
ture of Chuan-Yu synchronously and asynchronously.
The coupling characteristic between the two fields
is that the 500 hPa geopotential height increases
(decreases) in eastern China, and the corresponding
spring air temperature raises (drops). This demon-
strates that the abnormal evolution of the atmospheric
circulation affects regional weather and climate.

The time series of the first component from the 500
hPa wind SVD is used to calculate the contemporane-
ous correlation with precipitation, which explains the
relevant shape of the mode of NPP corresponding to
the geopotential height. Those areas higher than 0.21,
pass the t-test (samples: 480, α = 0.1, γα = 0.21). Fig-
ure 10 shows that the positive correlation extends from
the Indo-China Peninsula to South China, Northwest
China, North China including the Tibetan Plateau,
Northeast China and the large area east of Baikal. The
large correlation coefficient is distributed in the region
west of Baikal and in North China. The negative value
is located in the northern Pacific Ocean, the Sea of
Japan, East China and West Siberia. The analysis
above explains why NPP is correlated to the temporal
coefficients of both the first eigenvector from the 500
hPa geopotential height and precipitation. Thus, the
geopotential height is related to NPP by affecting the
associated precipitation. Gao et al. (2004) used SVD
to explore the relationship between the 500 hPa geopo-
tential height and summer precipitation, and pointed
out that the spring and summer precipitation in East
Asia is closely correlated with the 500 hPa geopoten-
tial height. The west-low and east-high pattern of
the 500 hPa geopotential height anomaly is the at-
mospheric circulation bringing summer precipitation
to East Asia, and the west-high and east-low pattern
leads to less precipitation. Wei et al. (2005) presented
that the rainy season can be represented by the period
from the first ten days of July to the first ten days
of September. The precipitation in Northwest China
is related to the contemporaneous atmospheric circu-
lation and the prophase of the 500 hPa geopotential
height, but the key region affected at different times
has a large disparity.

The first mode pattern of NPP and the geopoten-
tial height shows that the principal atmospheric circu-
lation system affecting NPP in East Asia is the west-
ern Pacific subtropical high and the Okhotsk low. The
change of position and the magnitude of these two sys-
tems in the summer corresponds to the change of the
mode shape of the NPP in East Asia. In other words,
the intensity and location of the summer monsoon sys-
tem will lead to the increase and decrease of the annual
NPP in East Asia.

Based on the SVD analysis of NPP and the at-
mospheric circulation, a strong spatiotemporal cor-
responding relationship exists between them. Many
studies (Texier, 1997; Claussen, 1997; Zhang et al.,
2002; Fu et al., 2002; Nemani et al., 2003; Zheng et
al., 2004) reveal that the terrestrial ecosystem dynam-
ics has important impacts on atmospheric dynamics,
atmospheric component transformation, oceanic circu-
lation, glacial expansion and orbit disturbance. Vege-
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Table 3. The correlation coefficient between terrestrial NPP and climate (precipitation, surface air temperature, and
solar radiation).

1 2 3 4 5 6

Terrestrial air temperature 0.17(23%) 0.21(29%) 0.1(17%) 0.15(25%) 0.3(48%)∗ 0.35(32%)∗

Precipitation 0.04(5.3%) 0.22(30%)∗ 0.4(67%)∗ 0.24(33%)∗ −0.11(17%) 0.3(28%)∗

Solar radiation 0.5(72%)∗ 0.3(41%)∗ 0.1(17%) 0.26(43%)∗ 0.22(35%)∗ 0.43(40%)∗

Note: The asterisk mark means passing the 90% confidence t-test. Vegetation types: 1 Tropical rainforest, 2 Broadleaf deciduous

trees, 3 Broadleaf and needle leaf trees, 4 Needle leaf evergreen trees, 5 Needle leaf deciduous trees, 6 Broadleaf trees with ground

cover. The value in brackets is percentage of various relevance between the different elements and the same plant.

 

Fig. 10. The contemporaneous correlation distribution
between the temporal coefficient of the right field of the
500 hPa geopotential height and summer precipitation
for the first eigenvalue.

tation plays an important role in land-air interactions,
and its change alters the surface characteristics (e.g.
roughness and albedo), which greatly affects the sur-
face water and energy budget and the flux transfer be-
tween the atmosphere and biosphere. Consequently, it
causes a feedback and adjustment on the atmospheric
circulation through the meteorological conditions that
change in the boundary layer.

3.3 Correlation analysis of interannual vari-
ations

The East Asian climate from east to west is char-
acterized by a subtropical monsoon marine climate,
a temperate monsoon continental climate and a tem-
perate continental climate, respectively. The underly-
ing surface type includes plateau, grasslands, deserts,
forests and oceans. The climate-vegetation interaction
in East Asia is more complicated than that in other re-
gions and the obvious response of spatiotemporal vari-
ability of terrestrial ecosystems to the climate exits in
this region (Fu et al., 2002). To study the response
of vegetation to the climate in East Asia, correlation
analysis is implemented for the interannual variation
of NPP by vegetation types, precipitation, surface air
temperature and solar radiation. The time series is 50
years.

The NPP of different vegetation types has differ-
ent correlations with precipitation, surface air temper-

ature and solar radiation, and the contemporaneous
correlation of the same vegetation type has a differ-
ent significance (Nemani et al., 2003). Table 3 shows
the correlation coefficient between NPP and the cli-
mate (surface air temperature, precipitation and solar
radiation) in their interannual variations. The num-
ber in parenthesis is the percentage of one correla-
tion coefficient among three coefficients. The data
with the asterisk mark, pass the t-test (samples: 480,
α = 0.1, γα = 0.21). The NPP of tropical rainforests
is mainly correlated contemporaneously with the solar
radiation, and then with air temperature, and has no
significant correlation with precipitation. This demon-
strates that solar radiation is the main factor for veg-
etation growth in tropical rainforests due to the abun-
dant heat and water, and the intensity of photosyn-
thesis depends on the magnitude of radiation. A pos-
itive correlation exists between interannual variations
of NPP and of climate in broadleaf deciduous trees,
needle leaf evergreen trees and broadleaf trees with
ground cover. The correlation with solar radiation
is largest, compared with the others. The vegetation
types distributed in East China and Northeast China
are influenced by the monsoon climate. The magni-
tude of temperature, precipitation and solar radiation
can affect the intensity of photosynthesis, which leads
to the variation of biomass. The NPP of broadleaf
and needle leaf trees is mainly correlated with pre-
cipitation and has a weak correlation with the other
two climatic factors. This vegetation type distributes
itself in Northwest China and North China with the
arid or semi-arid continental climate, where the sum-
mer is hot and arid, thus the interannual variation of
NPP is mainly controlled by precipitation due to its
limit on vegetation growth. For needle leaf deciduous
trees, NPP has a positive correlation with tempera-
ture and solar radiation, and a negative correlation
with precipitation. This vegetation type is located in
the subfrigid zone of Northeast China, and the pho-
tosynthesis highly relies on the temperature and solar
radiation (Dan et al., 2007). Thus, the temperature
and radiation value determines the NPP magnitude.

Based on the correlation analysis above, it can be
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followed that there are different correlations in the in-
terannual variation between NPP, by vegetation types
and climate factors. The vegetation signal of GOALS-
AVIM is dynamically linked with the atmosphere cir-
culation. Thus, the model can capture the relationship
between NPP and the climate in the interannual varia-
tion. However, it is a preliminary result of this coupled
model and further analysis is needed in the future.

4. Conclusions

In this paper, both GOALS and GOALS-AVIM
have been used to simulate the main characteristics
of the climatological mean state, seasonal cycle of the
atmospheric circulation, the terrestrial ecosystem and
the interannual variability. The relationship between
the ecosystem and the atmospheric circulation in East
Asia is demonstrated. The main conclusions are as
follows:

(1) The coupled model shows obvious interannual
variations. For NPP and LAI, the interannual varia-
tion strengthens with the increase of the STD value.
For the surface air temperature and precipitation, the
variation at high latitudes is larger than that at low
latitudes, and the value over the ocean is larger than
that over the land. The interannual variation displays
some distinct characteristics of geographical distribu-
tion. Due to the atmosphere-vegetation two-way inter-
action, the STD in GOALS-AVIM is very close to the
observations. The substantial error and fake center of
the STD in East Asia are reduced. One exception is
that the STD in precipitation is underestimated over
equatorial Africa.

(2) Both NPP and LAI have quasi 1-2-year cycles.
Meanwhile, precipitation and the surface temperature
have 2–4-year cycles. Comparing the power spectral
feathers of the surface temperature and precipitation
between GOALS-AVIM and GOALS, we can see the
cycles consistent, both with about 2–4-year cycles, im-
plying that the cycle may be an implicit frequency in
the coupled model. The condition that spectrum den-
sity values of GOALS is less than those of GOALS-
AVIM tell us that the model coupled with AVIM en-
hances the simulative capability for interannual vari-
ability and makes the annual cycle variability more
apparent.

(3) The results from GOALS-AVIM show that the
coupled model can simulate the special spatiotemporal
relationship between NPP and the atmospheric circu-
lation. Based on the Monte Carlo test, results from
GOALS-AVIM show that there is general spatiotem-
poral agreement between NPP and the atmospheric
circulation

(4) Through the correlation analysis of NPP by

vegetation types with the terrestrial air temperature,
precipitation and solar radiation in their interannual
variation, it has been found that different vegetation
types have different correlations between NPP and
the climate. The coupled model can simulate reason-
able interannual variations of the climate, which agrees
with the observations.
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