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ARTICLE INFO ABSTRACT

Keywords: The growth of tropical rainforest in Amazon is critically vulnerable to the change in rainfall and radiation
Amazonia NDVI than in temperature, and that amount of rainfall and cloudiness in the northeast region of South American is
Atlantic SST

strongly affected by the Atlantic sea surface temperature (SST). Results from recent model experiments for
future climate projection have indicated a reduction of Amazonian greenness by a weakening of tropical
vapor circulation system related with the change in SST. Therefore, the observational investigation of the
relations between the Amazon greenness and Atlantic SST is fundamental to understand the response of
Amazonian tropical forest to climate change. In this study, the effect of Atlantic SST on the spatial and
temporal change of the Normalized Difference Vegetation Index (NDVI) in the Amazonian region is
examined by using satellite remote sensing data for the period of 1981-2001. A strong correlation between
NDVI and SST is found for certain regions in Amazon during the periods of 1980s and 1990s, respectively. In
addition, strong correlations with NDVI lagging behind SST for two months and one year, respectively, are
also identified from the interannual December-to-February (rain season) variations during 1981-2001.
Despite these findings, the mechanisms behind the identified correlation remain unclear. Further analyses
using observed precipitation and radiation data are required to understand the potential changes of
Amazonian rainforest in the context of global warming.

Climate change

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Tropical Amazon region, containing 70-80 billion metric ton
(10" ton) of carbon in plant biomass, is one of the largest plant
ecosystems on the Earth and its biomass richness plays a critical
role on the global carbon and water cycles (Cox et al., 2000). However,
plant ecosystem in the Amazonia is vulnerable to environmental
changes. Regional climate variability in this area has thus a large
impact on the global carbon and water budget through the
physiological and phonological changes of vegetation (Bonan, 2002).

The rapid global warming in atmospheric circulation pattern may
lead to unexpected climate changes (IPCC, 2007). However, the
response of vegetation processes (e.g., sustainability, decline and
resilience) under climate change in tropical forest has not yet been
fully understood (Lovejoy and Hannah, 2004; Bonan, 2002). For
example, several climate model simulations coupled with dynamic
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vegetation processes have consistently forecasted the transition from
tropical forest to savanna in Amazon under higher temperature and
more frequent drought occurrence under future climate change (Cox
et al.,, 2004; Marengo et al., 2001).

Compared to vegetations in the northern Asia, America and
Europe, tropical plant ecosystems are more sensitive to the fluctua-
tions of available soil moisture and absorbed radiation energy than
temperatures (Myneni et al., 1996; Nemani et al., 2003; Huete et al.,
2006). Soil water and radiation are closely dependent on atmospheric
conditions such as cloudiness. The cloud amount in the tropical areas
located near the ocean are significantly affected by sea surface
temperature (SST), which can modify the pattern and intensity of
atmospheric moisture transport to the land regions (Knight et al.,
2006; Good et al., 2008). Therefore, the spatio-temporal variability of
SST is one of the potential main drivers to influence the variability of
tropical vegetation (Cox et al., 2004; Li et al., 2007).

The influence of SST on vegetation greenness, as detected by
remotely sensed Normalized Difference Vegetation Index (NDVI), has
been reported previously. Myneni et al. (1996) showed that the NDVI
in the northeastern Brazil, where savanna is the dominant vegetation
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Fig. 1. Grid box numbering in the study area of Amazon and Atlantic Ocean. Land (L) has in total 87 grid boxes, while Sea (S) has in total 105 grid boxes.

type, has a negative correlation with the Eastern Tropical Pacific
(Nino-3 region; 5°N-5°S by 90°W-150°W) SST anomalies during the
warm and cool phases of ENSO (EI Nifio-Southern Oscillation) events.
Los et al. (2001) studied the co-variability between NDVI, precipita-
tion, temperature and SST during 1980s on the global scale. They
found strong ENSO signals in the northeastern Brazil in terms of the
anomalies of NDVI, precipitation and temperature.

However, the relations between the NDVI of Amazon rainforest
and SST in the part of Atlantic Ocean adjacent to Amazon have rarely
been investigated in previous studies, owing to the fact that the
identification of their explicit relationships may require extensive
investigations among most of influencing factors, such as rainfall and
radiation. Firstly, Amazon rainforest, constructed by an enormous
amount of biomass and biodiversity, has a complex response to
environmental change. Indeed, a variety of major environmental
factors have been recognized to influence the Amazon rainforest.
During its rainy season, Amazon forest is not under soil moisture
stress; rather the radiation is the limiting factor for plant growth. To
the contrary, soil moisture decreases in dry season whereas radiation
increases. Amazon rainforest thus experiences different environmen-
tal stress in different seasons. Flux measurement data reported by
Saleska et al. (2003) indicated that more carbon uptake by the
Amazon forest in dry season than rain season, and the satellite remote
sensing data collected by Huete et al. (2006) reported a “greening up”
during dry season, since about half of the trees in Amazon rainforest
can rely on their deep root systems to overcome water stress in dry
season (Nepstad et al., 1994). However, long-term monitoring data for
the above-ground biomass reported by Phillips et al. (2009) revealed
that extreme drought as happened in 2005 led to the decreased
biomass in Amazonia.

Secondly, most of the previous investigations on linking Amazon
rainfall to SST have focused on the influence of ENSO (Enfield, 1996;
Knight et al., 2006; Harris et al., 2008). From the perspective of climate
modelling, the control of ENSO on the Amazon rainfall is via the
warming of Pacific Ocean SST driven by the change in wind and
ocean-atmosphere heat exchange. However, the influence of Atlantic
SST on Amazon rainfall has been found critical when ENSO is typically
weak (Zeng et al., 2008), since the tropical Atlantic Ocean plays a
critical role in determining the position of the intertropical conver-
gence zone (ITCZ) which significantly affects the rainfall in equatorial
regions (Enfield, 1996). Previous climate model studies (Knight et al.,
2006; Harris et al., 2008) have also shown that the relative warming in

the north tropical Atlantic Ocean can cause drying over the part of
Amazon region south to the equator. Although the significance of
Pacific Ocean (ENSO) on the Amazon rainfall has been well recognized
(Ronchail et al., 2002), the Atlantic Ocean can also have an influence
on Amazon rainfall. Enhanced rainfall conditions in Amazon are
associated with an increase of water vapor transport from the Atlantic
Ocean (Marengo, 1992; Rao et al., 1996), thus a close correspondence
between the NDVI in Amazon and Atlantic SST can be reasonably
expected (Zeng et al., 2008).

The heterogeneity of vegetation physiological characteristics and
the complexity of ocean-atmosphere interactions may complicate the
correlation between the Amazon NDVI and the Atlantic SST. For
example, in addition to having a deep root system to overcome soil
water stress, several field studies also reported that Amazonian forest
canopies respond to seasonal droughts by an increase in litterfall by
10-35% (Smith et al., 1998). Moreover, the sources of moisture
advection into the Amazon region, and hence the exact locations
where SST influences Amazon rainfall, are not easy to be determined
(Eagleson, 1986). It has been found (Zeng et al., 2008) that by

Table 1
The definition of 22 general land cover types from the GLC2000 project (IGBP, 1997).
Value Class names
1 Tree Cover, broadleaved, evergreen
2 Tree Cover, broadleaved, deciduous, closed
3 Tree Cover, broadleaved, deciduous, open
4 Tree Cover, needle-leaved, evergreen
5 Tree Cover, needle-leaved, deciduous
6 Tree Cover, mixed leaf type
7 Tree Cover, regularly flooded, fresh water
8 Tree Cover, regularly flooded, saline water
9 Mosaic: Tree Cover/other natural vegetation
10 Tree Cover, burnt
11 Shrub Cover, closed-open, evergreen
12 Shrub Cover, closed-open, deciduous
13 Herbaceous Cover, closed-open
14 Sparse herbaceous or sparse shrub cover
15 Regularly flooded shrub and/or herbaceous cover
16 Cultivated and managed areas
17 Mosaic: Cropland/Tree Cover/other natural vegetation
18 Mosaic: Cropland/Shrub and/or grass cover
19 Bare areas
20 Water bodies
21 Snow and ice
22 Artificial surfaces and associated areas
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Fig. 2. VCI (Vegetation Complexity Index) computed from the average closeness value
(V) of eight neighboring pixels of a certain pixel (in gray). The value of V is given in
Table 2. (n=38).

combining the influences of both tropical Pacific and Atlantic SST, 53%
of rainfall variability in Amazon can be explained, which is higher than
only one SST is considered. Despite substantial complexities involved,
Atlantic SST exerts a distinct influence on the climate of Amazon that
is comparable to its well-known Pacific SST linkage (Zeng et al., 2008).
Thus, the investigation on the feasibility of using Atlantic SST to
predict Amazonian greenness is important for the understanding of
global carbon cycle under climate change.

In this study, we evaluate the feasibility of using Atlantic SST for
understanding seasonal variability of Amazon vegetation by examin-
ing the temporal and spatial correlation between the NDVI in Amazon
and Atlantic SST. To our knowledge, similar investigations on linking
Atlantic SST to Amazonian greenness have not yet been reported in
literature. Section 2 describes the satellite remote sensing imagery
data and the methodology used in this study. Section 3 provides an
overview on the characteristics and past variations of Amazonian
NDVI and Atlantic SST before examining their relationships. The
analyzed results based on remote sensing data are presented and
discussed in Section 4, while the conclusions and future directions are
summarized in Section 5.

2. Data and methodology
2.1. Study areas

For the investigation of the NDVI in Amazon region and the SST of
Atlantic sea surface, the following rectangular boxes are selected:

369

from 76°W to 34°W and 7°N to 17°S for the Amazonia NDVI, and from
76°W to 14°W and 25°N to 41°S for the Atlantic SST (see Fig. 1). The
selected areas for NDVI and SST are then divided into 87 cells (L1-
L110 in Fig. 1) with the size of 3x 3°, and 105 cells (S1-S165 in Fig. 1)
with the size of 6 x 6°, respectively. L and S denote the land and the sea
grids, respectively.

2.2. Spatial characteristics of Amazonian vegetation types

Vegetation type can be defined as a group of plant species sharing
the same response to perturbations (e.g., climate factors and fire), and
each vegetation type has different physiological characteristics and
unique tolerance and adaptation strategies against environmental
stresses. Thus, accurate information on the dominant vegetation type
in each study grid is essential for the investigation of vegetation
greenness (NDVI) change under climate change condition. In this
study, we use a global land cover database for the year 2000 from the
GLC2000 land cover mapping project (Bartholomé and Belward,
2005), which is based on satellite remote sensing data with a 1-km
spatial resolution from the VGETATION sensor on-board SPOT 4.
Table 1 lists 22 global land cover types (including 18 vegetation types)
of the GLC2000 project.

Regional climate change can affect the structure, function and
regional distribution of plant ecosystems, and potentially result in the
alternation of vegetation types. In addition, the change in vegetation
conditions may be accompanied with distinct environmental
responses. In this study, a new index “Vegetation Complexity Index
(VCI)” is proposed based on the concept that the spatial distribution of
vegetation types in nearby locations can indicate the spatial
complexity of vegetation. VCI at a certain location is calculated as
the average of the “closeness” values in eight nearest neighboring
pixels (Fig. 2). The “closeness” value is specified as 1.0 for the exactly
same type of vegetation, 0.7 for the same life form (e.g. trees, shrubs,
etc.), 0.3 for the same phenology (e.g. deciduous, evergreen, etc.), and
0.0 for the completely different vegetation types (Table 2). A low
value of V(I indicates an unstable plant ecosystem in the succession
process when it is most vulnerable to abrupt climate change.

2.3. NDVI and SST data

The monthly 0.5-degree NDVI and 4-km SST data during the period
from December 1981 to February 2001 provided by the NOAA/NASA

Table 2
The look-up table according to vegetation types in the determination of closeness value for the calculation of VCI (Fig. 2).
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 1.0 0.3 0.3 0.7 0.3 0.3 0.3 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 X X X
2 0.3 1.0 0.7 03 0.7 0.3 0.3 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 X X X
3 0.3 0.7 1.0 0.3 0.7 03 0.3 03 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 03 0.0 0.0 X X X
4 0.7 0.3 0.3 1.0 0.3 0.3 0.3 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 X X X
5 0.3 0.7 0.7 0.3 1.0 0.3 0.3 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 X X X
6 0.3 03 0.3 0.3 03 1.0 0.7 0.7 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 03 0.0 0.0 X X X
7 0.3 0.3 0.3 0.3 0.3 0.7 1.0 0.7 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 X X X
8 0.3 0.3 0.3 0.3 0.3 0.7 0.7 1.0 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 X X X
9 0.3 0.3 03 0.3 0.3 0.7 0.7 0.7 1.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 03 0.0 0.0 X X X
10 0.3 0.3 0.3 0.3 0.3 03 0.3 0.3 0.3 1.0 0.0 0.0 0.0 0.0 0.0 0.0 03 0.0 0.0 X X X
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.7 0.3 0.3 0.3 0.0 0.0 0.3 0.0 X X X
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.0 03 0.3 0.3 0.0 0.0 0.3 0.0 X X X
13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 03 0.3 1.0 0.7 0.7 0.0 0.0 0.3 0.0 X X X
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.7 1.0 0.7 0.0 0.0 0.3 0.0 X X X
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.7 0.7 1.0 0.0 0.0 0.3 0.0 X X X
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 03 0.3 0.0 X X X
17 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.3 1.0 0.3 0.0 X X X
18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.3 0.3 0.3 0.3 0.3 1.0 0.0 X X X
19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 X X X
20 X X X X X X X X X X X X X X X X X X X 1.0 X X
21 X X X X X X X X X X X X X X X X X X X X 1.0 X
22 X X X X X X X X X X X X X X X X X X X X X 1.0
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Fig. 3. The contour map of the VCI value of the study area based on the GLC2000 land cover data at 1-km resolution.

Pathfinder Advanced Very-High Resolution Radiometer (AVHRR) are
used in this study (McClain et al., 1985; Brown et al., 1985; Kilpatrick
etal, 2001). The study period (1981-2001) includes five major ENSO
events: 1982-83, 1986-88, 1991-92, 1994-1995 and 1997-98
(Trenberth, 1997; Torrence and Webster, 1999). Even though the
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seasonal reversal of surface winds is not apparent over the South
America, the wind flow in the Amazon region is generally from the
tropical Atlantic Ocean with the moisture transport markedly changed
between dry and rainy seasons. Therefore, in analyzing the relation-
ships between Amazonian NDVI and Atlantic SST, we choose the DJF-
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Fig. 4. The 1981-2001 time series of annual DJF- and JJA-averaged (a) NDVIand (b) SST of each land and sea grid box. The color bar in (a) indicates the VCI value of land grid boxes, and

the color bar in (b) indicates the latitude of all sea grid boxes.
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average (December-January-February) for rainy season and JJA-
average (June-July-August) for dry season.

3. The characteristics of Amazonian NDVI and Atlantic SST
3.1. vCl

Based on the vegetation classification map provided by GLC2000,
Fig. 3 shows averaged VCI of each grid cell over the study domain. As
seen, the Amazon River basin dominated by broadleaf evergreen
forest has relatively high VCI, whereas the savanna-dominated area in
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Northeastern Brazil (L53-54, 67-70, 81-84, and 95-96 in Fig. 3) has
relatively lower VCI than Amazon. The neighboring regions of Amazon
and Northeastern Brazil have the lowest VCI (Fig. 3). The spatial
variation of VCI in the study region indicates different characteristics
of the vegetation response to climate change. For example, the low
VCI areas consisted of various vegetation types tend to be more
vulnerable to sudden environmental change because the plant
ecosystem in the successional transition may experience a wide
range of stresses. Therefore, the information on the spatial organiza-
tion of vegetation is important to understand vegetation dynamics
(Turner et al., 2007).
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Fig. 5. The coefficient of determination (R?) between DJF-averaged Amazonian NDVI and Atlantic SST for the period of (a) the 1980s and (b) the 1990s (see the text for the definitions

of years).
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3.2. Interannual NDVI and SST variation

Fig. 4 shows the interannual variability of DJF- and JJA-averaged
NDVI and SST at each grid cell from 1981 to 2001. As seen, the regions
with relatively high VCI (dominated by tropical forest) also have
higher NDVI compared to the low VCI regions (mixed savanna). The
amplitude of seasonal variations of DJF- and JJA-averaged NDVI
(NDVIpr and NDVIj;a) in low VCI regions is larger than that in high VCI
regions. Moreover, the interannual NDVI fluctuation in high VCI
regions is rather small during 1991-1994. In general, NDVIjj5 is larger
(smaller) than NDVIp in high (low) VCI regions, because Amazonian
tropical trees are strongly controlled by the variation of radiation in
dry (JJA) and rainy (DJF) seasons (Huete et al., 2006). In 1989, NDVIjja
has the largest difference during the 1981-2001 period between high

and low V(I regions. Remarkable NDVI changes during 1980s are the
large NDVIpyr in 1984-1985 and NDVIj, in 1984 for higher VCI
regions, and NDVIpr in 1982-1983 has the lowest value among high
V(I regions. During 1990s, NDVIjj4 in 1997 in high VCI regions has the
largest value, whereas NDVIjj, in 2000 has the lowest value for most of
the study areas.

As the region of interest for SST moves from north to south, the
more interannual SST variations are found. Moreover, the SST
variations of the regions north or south to the equator have different
characteristics. The SST north to the equator is warmer than that
south to equator, and SSTpy in the regions north (south) to the
equator is smaller (larger) than SSTjja. The interannual variability of
SSTpyr and SSTyja during the study period (1981-2001) appears to be
relatively small compared to the interannual variability of NDVL
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Fig. 6. Same as Fig. 5, but for JJA-averaged Amazonian NDVI and Atlantic SST.
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4. The relationship between Amazonian NDVI and Atlantic SST

The matrix of the coefficient of determination (R?) between NDVI
and SST for all the grid pairs over the study domain is plotted in Figs. 5
and 6, for the period of 1981-1990 and 1991-2001 (hereafter as
1980s and 1990s), respectively. As observed, strong correlation can be
found between certain land and sea grid cells for both study periods.
Meanwhile, the spatial distribution patterns of relatively high
correlation are different for the four cases examined (DJF and JJA in
1980s and 1990s). For the DJF in 1980s, the western areas of both the
equatorial Atlantic sea surface and South Atlantic are the two regions
where significant correlation is found between SSTpjr and NDVIpye. For
the DJF in 1990s, the majority of the study areas in Amazon show high
correlations with the SST of the entire Atlantic Ocean (except for the
part south of 10°S). On the other hand, for the JJA in 1980s, the pattern
of correlation is similar to the distribution of DJF in 1990s (Fig. 6a).
However, the south part of the entire study area of land has relatively
stronger (weaker) correlation with the Atlantic SST of around 20°S

(@)
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(20°N). Moreover, the correlation coefficient for JJA in 1990s is
generally the lowest among the four cases examined.

Figs. 7 and 8 present the highest correlation coefficient (R?)
between NDVI and SST. As can be observed, the spatial pattern of the
highest correlation differs in all the four cases examined. High
interannual correlations of NDVIpr and SSTpjr in rainy season are
distributed over the western part of the study area in 1980s (Fig. 7a),
and it slightly shifts to east where it is the transitional region with
high VCI between tropical forest and savanna. The highest correlation
between NDVIj4 and SSTya shows extremely different situations in
1980s and 1990s (Fig. 7). For 1980s, high correlation was observed
over most of land regions, while consistently low correlation was
found for 1990s (Fig. 8). The different spatial distribution shown in
Figs. 7 and 8 was possibly caused by different vegetated conditions
under varying rainfall and atmospheric circulation conditions.

Notice that the spatial distribution of the highest correlation for
DJF (JJA) in 1980s and 1990s mostly does not overlap. For a certain cell
with a high correlation in 1980s, it is often accompanied with a low
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Fig. 7. Colored boxes in Amazon region represent the highest coefficient of determination (R?) between DJF-averaged Amazonian NDVI and Atlantic SST. The numbering on each land
grid box indicates the numbering of the sea grid box with the highest correlation: (a) for the 1980s and (b) for the 1990s.
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Fig. 8. Same as Fig. 7, but for JJA-averaged Amazonian NDVI and Atlantic SST.

correlation in 1990s. Two land grid cells (L63 for DJF and L53 for JJA)
were selected to examine their highest correlations with Atlantic SST
(Fig. 9). As shown in Fig. 9, the correlation between L63 and S128 for
the DJF in 1980s is negative. However, most of the data points are
clustered around 25 °C (SST) and 0.68 (NDVI), indicating the generally
small interannual variability of both NDVI and SST, but with two
distinct outliners corresponding to 1984-85 and 1982-83, respec-
tively. In this case, linear regression line primarily reflects the sudden
change in the interannual variation of both SST and NDVI due to
strong external forcing. For the rest of Fig. 9, fairly good positive
correlation between NDVI and SST can be observed. Indeed, Myneni
et al. (2007) have shown the positive correlation between leaf area
index (LAI) and solar radiation for several regions in the Amazon.
Generally, the relationship between NDVI and climatic factors
(e.g., rainfall) is usually studied by examining the correlation between
them (e.g., Camberlin et al., 2007), as shown in Figs. 5 and 6 of this
study. In addition, the correlation with certain time lags also has to be
taken into account because of the delayed responses to environmental

forcing (e.g., soil moisture) and physiological tolerance of vegetation
(Nicholson et al., 1990; Oesterheld et al., 2001; Martiny et al., 2005).
In Figs. 10 and 11, the correlations between monthly NDVI and SST
with a two-month and one-year lag, respectively, are considered. As
seen, the correlation with a two-month lag between NDVIpr and
SSTonp (i.e. the average SST from October to December) is high,
particularly between the eastern part of land regions and the
equatorial Atlantic Ocean (Fig. 10a). The correlation coefficient with
one-year lag (between SSTpj of previous year and NDVIpg of current
year), as shown in Fig. 11a, is stronger than the zero-lag correlation
during the same period (Fig. 5a). However, while the correlation with
time lag is evident in rainy season DJF (Figs. 10a and 11a), it is
generally weak in dry season JJA (Figs. 10b and 11b).

5. Conclusions

Climate model projections for the future climate and vegetation
condition usually contain a significant amount of uncertainties due to
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Fig. 9. Plot of Atlantic SST versus Amazonia NDVI as well as their linear regression in four selected land-sea grid pairs.

complex regional variability in the integrated atmosphere-biosphere
system (IPCC, 2007). Accordingly, better understanding of the
variations of climate and vegetation in Amazon by using the data
from in-situ observations or satellite remote sensing should lead to an
improved projection of the impacts of future climate change on the
Amazon vegetation.

In this study, the effect of Atlantic SST on the spatial and temporal
change of the Normalized Difference Vegetation Index (NDVI) in the
Amazonian region is examined by using satellite remote sensing data
for the period of 1981-2001. We found that (1) a strong correlation
exists between NDVI and SST in certain regions of Amazon and the
Atlantic Ocean, as shown respectively for two analyzed periods
(1980s and 1990s); (2) the correlations between Amazon NDVI and
Atlantic SST with a two-month or one-year lag (i.e., NDVI lags behind
SST) are both strong in the DJF (rainy season) interannual variations.
Despite these findings, the mechanisms behind the identified
correlations remained unclear primarily because of the following
complexities involved in the ocean-atmosphere-biosphere system.
First, the past vegetation condition is a critical starting point for
potential vegetation change (Myneni et al., 1996; Batista et al., 1997),
which could result in different vegetation response to an identical set
of environmental changes. Second, Amazonian aerosol particles
released by fires are important as a climate regulator because it can
inhibit the formation of clouds, thus reducing rainfall with water
vapor transported from the Atlantic Ocean (Koren et al., 2004). Third,
the variation of local land surface temperature induced by vegetated
and land cover change will drive large-scale atmospheric moisture
transport because the increased gradient of land-ocean temperature
can lead to a seasonal change of atmospheric circulation patterns
(Wang and Fu, 2007).

Indentifying the characteristics of NDVI variability to climatic
conditions in the Amazon region may provide important clues
toward the understanding of vegetation variability, terrestrial carbon
cycle, and eco-hydrological processes (Skole and Tucker, 1993;
Roberts et al., 2003). Therefore, our investigation of the linkage
between Amazon NDVI and Atlantic SST can help interpret and
validate climate model simulations, particularly for the processes
associated with the physiological effects of terrestrial ecosystems in

the global water and carbon cycles (Cao and Woodward, 1998; Betts
et al, 2007). In addition, the expectation of how Amazonian
ecosystem will respond to future climate change is important for
climate model simulations. Therefore, more similar analyses as
demonstrated in this study by using observed data and modelling
experiments across a wide range of spatial and time scale are
necessary to predict the fate of Amazonian rainforest under the
future global warming.
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