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Abstract: Climate change influences agriculture production and corresponding management activities.
It is very important to understand climate variation in the vast regions of the Central Plains of China, an

important crop production base. Current knowledge of the climate changes that have occurred in the past

few hundred years in this region is primarily based on historical documents, and there is a shortage of
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evidence from natural archives. Based on a significant correlation between the width of Chinese Pine tree
rings and instrumental data obtained at Shiren Mountains (SRM), China, this study formulates a transfer
function to reconstruct the mean minimum temperature (MMinT) from the previous December to the
current June (7., p,) for the period of 1850—2011. This reconstruction explains 48.8% of the instrumental
variance during the calibration period of 1958—2011. High T,,, p, intervals occurred during 1892—1906
and 1995—2011, and low intervals occurred during 1875— 1890, 1910— 1932 and 1967— 1980. A
distinct upward trend in the 7., o, series beginning in the 1910s was apparent, and the distinct warming
happened after the 1980s (nine of the top ten years with the highest 7., »; values occurred after 1998,
indicating that 20th century warming signal was captured well by the temperature reconstruction in the
SRM region. The positive relationship between tree rings and 7., »; indicates that it will benefit plant
growth and forest coverage in the SRM region if the warming trend continued. The 7, »; reconstruction
also matched several other temperature series in China, exhibiting similar warm-cold patterns. The
distinct spatial correlation between both observed and reconstructed series and CRU TS 3.21 grid data
indicates that our results might represent 7,;, p; changes on a larger scale. The spatial correlation with sea
surface temperature (SST) indicates that observed and reconstructed 7, p,
are closely linked to the SST variability in the West Pacific, Indian and North Atlantic Oceans.

Key words: Shiren Mountains, China; Pinus tabulaeformis; tree-ring width; mean minimum

; temperatures in the SRM area

temperature; reconstruction

Climate change influences agriculture production
and corresponding management activities. Thus,
understanding the characteristics of climate variation
on a long-term background is imperative. Tree rings
are very important natural archives containing rich
climatic information. In addition to genetic factors,
tree growth is mainly affected by climatic variables,
such as temperature and precipitation. Consequently,
annual climatic information can be obtained from
tree rings. Tree-ring data have played a crucial role
in paleoclimatic research and global climate studies
because of their high resolution, precise dating, high
continuity and ease of sampling. The knowledge of
Northern Hemisphere temperature changes over the
past 2000 years was primarily obtained through tree-
ring data (Briffa et al, 2001, 2008; Esper et al, 2002;
Mann et al, 2008). Integrated temperature studies in
Asia have also been conducted (Cook et al, 2013;
PAGES 2k Consortium, 2013). Based on tree-ring
data, many temperature series have been reconstructed
for various regions of China, mainly on the Tibetan
Plateau (Gou et al, 2008; Liang et al, 2008; Liu et
al, 2009a; Zhu et al, 2011), the Loess Plateau (Liu
et al, 2009b; Cai et al, 2010, 2013; Li et al, 2013),
northeastern China (Bao et al, 2012; Chen et al, 2013;

Liu et al, 2013), and southeastern China (Duan et al,
2013; Chen et al, 2014). The significant warming that
occurred in the late 20th century was also detected
(Gou et al, 2008; Liu et al, 2009a, 2011). However,
most dendroclimatological researches in China have
focused on the Tibetan Plateau and the northern arid
to semi-arid regions. In other regions, such as the
Central Plains of China (CPC; the strict definition of
CPC is the region bounded by 31°23'~36°22'N and
110°21'~116°39'E), few tree-ring studies have been
conducted due to the difficulty in finding old trees.
The climate of CPC is very complex. Current
knowledge about the past climate of this region is
mainly known from historical documents (Ge et al,
2002; Su, 2003). Thus far, only two tree-ring studies
have been conducted in this region. The density of
tree-ring sites in this area is obviously insufficient. The
two available tree-ring studies showed different results,
even they both involved temperature reconstruction:
the December to April mean temperature was
reconstructed by Shi et al (2009), and the May to July
mean maximum temperature was reconstructed by
Tian et al (2009). Thus, it is necessary to investigate
the natural climate changes in the CPC using natural

archives, such as tree rings.
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In this study, we reconstructed the mean minimum
temperature from the previous December to the current
June (T, py) beginning from 1850 AD based on Pinus
tabulaeformis tree-ring widths from Shiren Mountains
(SRM) in the CPC. The reconstructed 7., p; series
was also used to explore the temporal and spatial
representativeness of these data on a larger scale. This
study added data from an important site, thus increasing

the spatial coverage of tree-ring data in the CPC.

1 Materials and methods

1.1 Sampling

SRM is located in western Lushan County,
Henan Province (China) at elevations from 1300 m
to 2153 m above sea level. The mountain lies in a
transition region between the northern subtropical
climate and a warm temperate continental monsoon
climate. More than 50 years of meteorological
observations from Xixia station (33°18'N, 111°30'E,
250.3 m, 1957—2011) indicate that the average

annual precipitation is 823 mm, and most of this

Yellow River

rainfall occurs from June to August. The annual mean
temperature is approximately 14.8°C. The warmest
month is July, exhibiting temperatures from 25.3°C
to 28.1°C. The coldest month is January, exhibiting a
temperature of approximately —1.9°C. The dominant
tree species within the sampling site is Chinese Pine
(Pinus tabulaeformis Carr.). According to previous
study (Xu, 1993), the cambial cell division of Pinus
tabulaeformis begins at a mean temperature of 9.3°C
and ceases at 15.9°C. This temperature range occurs
from late April to mid-September in the SRM area.
Broad-leaf tree species in the area include Quercus
aliena var. acuteserrata and Betula albosinensis.

We selected Pinus tabulaeformis Carr. as our
study species at a site located at 33°43'N, 112°16'E
(elevation, 2010 m) (Fig.1). Two cores were taken
from each of 31 tree using 5 mm increment borers.
This group of 62 samples was named SRM. All

sampled trees had discontinuous canopies. The soil at

the sampling site was thick, brown mountain soil of
30~40 cm depth.
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Fig.1 Map of the sampling site (SRM) and nearby meteorological stations

The dark stars are the tree-ring sites used for comparison with our reconstruction in this paper. SYR: Source region
of the Yangtze River; ZA: Zhen’an; FNS: Mt. Funiushan
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1.2 Chronology development

In the laboratory, all tree-ring samples were dried,
fixed, surfaced and mounted according to standard
dendrochronological procedures. After cross-dating
and measuring ring widths with 0.01 mm precision,
all tree rings were assigned to exact calendar years.
The COFECHA program (Holmes, 1983) was used to
control the quality of the cross-dating. Each tree-ring
measurement not only includes the climatic signal,
but also the growth trend related to tree age and
stand dynamics. Thus it’s necessary to get rid of such
trend during the process of chronology development.
Traditionally, negative exponential curve or straight
line with negative slope or horizontal line was adopted
as fitted curve, the raw data of each ring width was
then divided by the corresponding year’s value of the
fitted curve to give a dimensionless index. Finally
the standard chronology (STD) was generated by
averaging all the indices through the ARSTAN
programme (Cook, 1990). However, previous studies
suggested that such method could possibly cause “trend
distortion problem”, while it could be corrected by
employing a “signal free” detrending method (Melvin
and Briffa, 2008). In this paper, we adopt the “signal-
free” method to develop the tree-ring chronology
(Fang et al, 2012). To utilize the maximum length of
the tree-ring chronology and to assure the reliability
of the reconstruction, the chronology was restricted
to the period 1892—2011 with the sub-sample signal
strength (SSS) (Wigley et al, 1984) of at least 0.80,
corresponding to 17 cores (Fig.2). The statistical

characteristics of the chronology are shown in Tab.1.
1.3 Meteorological data

In this study, we used the observed data from the
nearest Xixia station, 82 km west of sampling site.
Standard methods were used to test the homogeneity
and randomness of the observed meteorological
data (Potter, 1981; Peterson and Easterling,
1994; Easterling and Peterson, 1995), and Lushi
meteorological station (34°03'N, 111°02'E, 568.8 m,
1952 —2011) was used for reference. The results
indicated that the temperature and precipitation data

obtained from these two meteorological stations

qualified for further analysis. The distributions
of monthly mean temperature, mean minimum
temperature, mean maximum temperature and
precipitation at each station are shown in Fig.3. The
climate factor variations from these two stations match

each other well.
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Fig.2 A plot of the tree-ring chronology showing the xpressed
population signal (EPS), RBAR statistics and sample depth
RBAR: average correlation between the indices for each year over

sequential time periods.

Tab.1 Statistical characteristics of the SRM chronology
Statistical item Chronology
Mean sensitivity 0.19
Standard deviation 0.26
Skewness —0.49
Kurtosis 0.31
First order autocorrelation 0.64
Mean correlation between all series 0.24
Mean correlation between trees 0.24
Mean correlation within a tree 0.57
Signal noise ratio 9.75
Expressed population signal (EPS) 0.91
% Variance in 1st PC 28.11%
First year where SSS>0.80 (No. of Cores) 1892 (18)

1.4 Statistical methods

We used a correlation function to explore the
relationship between the tree-ring width index and
observed meteorological data. This function was
also used to explore the relationships between our

reconstruction, alternative temperature proxies and
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large-scale temperature reconstructions.
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Fig.3 Monthly mean temperature (a), mean minimum
temperature (b), mean maximum temperature (c) and
monthly precipitation (d) at Xixia (1957—2011) and Lushi
(1952—2011) meteorological stations.

A split calibration-verification method was used
to test the stability and reliability of the regression
equation used (Fritts, 1991; Cook et al, 1999). The
calibration was independently conducted for both
the 1958 — 1987 and 1982 —2011 periods, and the
verification was performed on periods not included in
the calibration (i.e., 1988 —2011 and 1958 —1981).
The parameters used in this method were Pearson’s
correlation coefficient (r), the sign test (S), the
reduction error (RE) and the coefficient of efficiency
(CE). The RE tests whether a reconstruction provides
a better estimate of climatic variability than simply
using the mean climatology for the calibration period
(Cook and Kairiukstis, 1990; Cook et al, 1994). The
values of the RE range from negative infinity to 1.0 (a
perfect estimation). The CE is used to determine the

model skill during the verification period (rather than

the calibration period). The CE can be described as an
expression of the true 7° of a regression model when
applied to a new dataset (Cook and Kairiukstis, 1990;
Cook et al, 1994). The CE values also range from
negative infinity to 1.0 (a perfect estimation). Values
of the RE and CE that are greater than zero indicate
rigorous model skill. Higher positive values of the
RE and CE values are more favourable. Typically, CE
values are lower than RE values. However, the CE is a
more rigorous verification statistic than the RE (Cook
et al, 1999).

A spatial correlation analysis was performed
to examine the regional representativeness of the
temperature reconstruction. We used the datasets
from the Meteorological Office Hadley Centre and
Climatic Research Unit (CRU TS 3.21) (http://
climexp.knmi.nl). Other tree-ring width-based
temperature reconstructions from the source region
of the Yangtze River, Zhen’an and Mt. Funiushan
were compared with our minimum temperature
reconstruction. A spectral analysis was performed
using a multi-taper method, which is especially
powerful for short time series (Mann and Lees, 1996;
Rigozo et al, 2002).

2 Results

2.1 Correlations between ring width and climatic data

Canonical dendroclimatology assumes that
the climate in year /—1 affects the ring width in the
following year ¢ (Fritts, 1976). Thus, the climatic
variables were obtained from the previous September
to the current September for this study.

We calculated the Pearson correlation between
the ring-width index and the meteorological data to
assess the response of tree growth to climatic factors
prior to and during the current growing season. The
results suggested that tree-ring width and precipitation
were not significantly correlated. The sampling site is
located in a monsoon area at high elevation; thus, the
available precipitation is sufficient for tree growth.
The ring-width index was positively correlated with
almost all the monthly temperature data from previous
September to the current September, except for the

previous October (Fig.4). By month combination, the
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highest correlation was found between the ring-width
index and the seasonal mean minimum temperature

of previous December to current June (7, p)),

0.8

with »=0.699 (p<0.001, N=54). Clearly, a linear
relationship existed between T, p; and tree-ring
width (Fig.5).
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Fig.4 Correlations between the ring-width index and monthly meteorological data from Xixia station during 1957—2011
D—1: previous December to current June
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Fig.5 Scatterplot of the tree-ring width index and the averaged
MMinT from previous December to current June (1958 —2011)

2.2 Transfer function and verification

Based on the correlation between the tree-ring
width index and the observed T, p, of Xixia station,
a simple linear regression model was created to
reconstruct 7., p; of SRM:

Tin oy = 1.21 W,+5.758 (1)
(N=54; r=0.699; R’=48.8%; R’,;=47.9%; F=49.641;
p<0.0001; D/W=1.695)

Where W, is the associated tree-ring width
index in the year 7. During the calibration period of
1958— 2011, the predictor variable accounted for
47.9% of the variance, after adjustment for the loss

of degrees of freedom in the 7,,, p; temperature data.

The Durbin-Watson statistic (D/W), which is used to
detect the presence of autocorrelation in the residuals
from a regression analysis, was 1.695. This value
indicates that autocorrelation did not occur among
our residuals (when N=54, autocorrelation did not
occur with the D/W values of 1.57~2.43) (Durbin and
Watson, 1950). The reconstructed and observed values
of Ty py during 1958 —2011 are compared in Fig.6a,
indicating that the reconstructed 7., p; tracked the
observations very well.

The results of the split calibration-verification
method (Tab.2) indicated that the correlation
coefficient and product means between the actual and
reconstructed 7., p; in all calibration and verification
periods were significant at the 0.01 level. The results
of the sign test were statistically significant in all
calibration and verification periods (p<0.05). The
RE and CE values in both verification periods were
positive, indicating that the regression model had
good predictive performance and was efficient in
reconstructing 7, p; for the SRM region.

However, the leave-one-out test results suggested
that 2007 was an outlier from the model. If we
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omit this year, the explained variance of the 7, p,
temperature is increased to 58.1%. The observed data
indicated that an extremely cold event occurred during
April 3—4, 2007, with a minimum temperature of
—3.1°C (the mean minimum temperature in April
of 2007 was 7.4°C ). Clearly, the extremely low
temperatures prevailing during April 3 —4, 2007
affected tree growth. Although 2007 was an unusual

9.0

year, we did not remove it from model (1) because
we cannot discount the possibility that similar events
have occurred in the past. It is worth noting that two
series remained significantly correlated (»=0.57,
»<0.0001) after applying linear detrending to both the
observation and the reconstruction, indicating that the
reconstruction also captured the real climatic signal at
high frequency.
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Fig.6 Comparisons between the observed (thin line) and reconstructed (thick line) 7, p; (1958 —2011)
data of the original series (a) and the five-year moving average series (b)

Tab.2 Statistics for a split calibration-verification procedure

Calibration

Verification

Period r R’ ST t

Period

r R’ RE CE ST ¢

1958—1987 0.72  0.51 20 4.78
1982—2011 057 032  23**  5.67
1958—2011 0.699 0.488 45**  6.81

1988—2011 0.54 029 056  0.17 17 4.90
1958—1981 0.79 0.62 0.76  0.53 17 4.70

** gignificant at the 0.01 level (2-tailed).

After applying a five-year moving average to
the reconstructed and observed values (Fig.6b), the
correlation coefficient increased (r= 0.965, p<0.01
and R*=93.1%). After reducing the number of degrees
of freedom, the effective number of degrees of
freedom was 10.8, and 7, ,(10)=0.823. This finding
demonstrates that the reconstruction provides more
reliable estimates of natural variability on decadal

time scales.
2.3 T, ps reconstruction since 1850 at SRM region

Overall, all test results sufficiently demonstrated

the validity of our regression model (1). Therefore,
we used the full instrumental period 7, p;, spanning
54 years, to develop the final reconstruction. Based
on the regression model (1), the values of T, p, for
1850—2011 at SRM region were reconstructed and
are presented in Fig.7. The smoothed line represents
11-year moving average data, and the horizontal line
represents the mean for 1892 —2011, with a value of
7.06°C and a standard deviation (0) + 0.34°C .

2.4 Spatial correlation and periodicities

The spatial correlation between our T, p,
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reconstruction and the CRU TS 3.21 MMinT
datasets for the period 1958 —2009 is shown in
Fig.8. Fig.8a illustrates the spatial correlation

between the observed T7,,;, p, from the Xixia station

and the CRU TS 3.21 T,,, , datasets (1958 —2009).
Fig.8b illustrates the correlation between the

reconstructed T, p; of SRM region and the 7, p,
of CRU TS 3.21.
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Fig.7 Reconstructed mean minimum temperature from previous December to current June during 1850—2011 in the SRM region
The mean was 7.06°C from 1892 to 2011, and the standard deviation (¢) was =+ 0.34°C. The bold line denotes the 11-year moving average
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Fig.8 Spatial correlations between in the SRM region and CRU TS 3.21: (a) observation; (b) reconstruction

The periodicity test revealed remarkable 7., p;
temperature reconstruction quasi-cycles of 26, 3~7
years at the 99% confidence level for the last 162
years (Fig.9).

3 Discussions

The positive correlation between tree-ring
width and minimum temperature can be explained
as follows: During the winter, increased minimum
temperatures protect the roots and cambial
cells from frost damage (Pederson et al, 2004).
During spring and early summer, in areas at high
clevation, the minimum temperature is a critical

factor affecting cambial activity (Deslauriers et al,

2003), and higher minimum temperatures during
the growing season would produce wider rings
(Brduning, 2006; Gurskaya and Shiyatov, 2006;
Liang et al, 2008).

In the T,,, p; reconstruction, the 11 year moving
average curve exhibited a gradual increasing trend
with a slope of 0.206°C/decade from 1911 to 2011.
This result was consistent with reports from the
Intergovernmental Panel on Climate Change (IPCC,
2007), which found that 20th century global warming
began circa 1910. The increase was more obvious from
1951 to 2011 with a slope of 0.253°C/decade. This

increasing rate was quite similar to that of Nanwutai
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(300 km west of SRM, 0.276°C/decade) (Liu et al,
2014). In this study, we defined a “high T, p, year” as
values >7.40°C (mean + 1o) and a “low T,,;, 1, year”as
<6.72 °C (mean — lo). 14 and 16 temperature values
were above and below these thresholds, respectively,
accounting for 11.7% and 13.3% of the entire series
(1892—2011), respectively. The ten highest and ten
lowest T, p; values since 1892 are listed in Tab.3.
Nine of the years exhibiting the highest 7, ; were
after 1998.
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Fig.9 Spectral density of the T, p; reconstruction in the SRM

region
The bold line represents the 95% confidence level

Tab.3 The ten highest and ten lowest 7,;, p; years in the

reconstruction
Rank Year Warm (°C ) Year Cold (C)
1 2009 7.57 1918 6.29
2 1999 7.57 1969 6.47
3 1998 7.59 1925 6.50
4 2005 7.60 1926 6.51
5 2002 7.63 1913 6.54
6 1959 7.74 1912 6.55
7 2004 7.78 1948 6.55
8 2003 7.87 1968 6.56
9 2006 8.12 1924 6.59
10 2011 8.34 1970 6.60

At the decadal scale, three cold periods were
apparent during 1875— 1890, 1910— 1932 and
1967 —1980, with T,,, p; values lower than the 120
year mean from 1892 to 2011 (Fig.7). However, the
cold interval of 1875— 1890 should be viewed with

caution because the number of sample replications

in the earliest part of the record was small. Two
distinct warm intervals exhibiting T, p, values
higher than the 120 year mean occurred during the
periods 1892— 1906 and 1995—2011. Warming
during the 20th century was well represented in the
T,

m

i py temperature reconstruction at SRM region.
These results indicate that the mean minimum
temperature increase in the CPC was synchronized
with the rise in global temperature and that the
CPC is sensitive to global climate change. Previous
studies revealed that recent warming trends in China
occurred not only in winter (Chen et al, 2012; Shi
et al, 2013), but also in summer (i.e., May to July)
(Liu et al, 2014). Thus, it is logical that the values
of T, py for the CPC tended to increase because this
parameter represents both winter and early summer
(June). We observed that the ring widths were much
larger in the recent decade than previous years. It
means that the high 7., ; benefits plant growth not
only for tree rings, but may also to local crops and
forest coverage.

The T,;, p; reconstruction at SRM can be
compared with several other temperature series from
other regions of China, such as the March—April
mean temperature in Zhen’an in the south-central
Qinling Mountains (Liu et al, 2001), the previous
December to current April mean temperature at Mt.
Funiushan (Shi et al, 2009) and the June — August
minimum temperature at the source region of the
Yangtze River (Liang et al, 2008) (Fig.10 a, b, c¢). All
these series exhibit synchronized variations and similar
warm-cold intervals, indicating that the temperature
variations at SRM were consistent over a significantly
large spatial scale. Although these comparison regions
are far from the sampling site (Fig.1), they exhibited
highly synchronous warming trends since the late 20th
century. Another notable feature was that all curves
exhibited significantly low temperatures circa 1870s.
The T, p; reconstruction and Asian summer minimum
temperatures were also compared (Cook et al, 2013)
(Fig.10d), and the two curves also exhibit similar
variation patterns.

The comparisons mentioned above (Fig.10 a, b,
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c) are valid because T,,, p; Was significantly correlated
with the temperature during other seasons in the Xixia
meteorological records. Correlation analysis indicated
that the T, p; was significantly correlated (1) with
the mean temperature from March to April (N=>54,
r=0.70, p<0.01), (2) with the mean temperature from
the previous December to the current April (N=53,
r=0.83, p<0.001) and (3) with the mean minimum
temperature from June to August (N=54, r=0.31,
p<0.05). These calculations indicate that T, », was
consistent with other temperature variables in different
seasons. Thus, the T, p; reconstruction in this study
can be compared with the temperature series used in
Fig.10.
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Fig.10  Comparisons of the T, p; reconstruction at SRM with
an alternate temperature series reconstructed using tree-ring
widths (a~c): (a) March—April mean temperature in Zhen’an,
South-Central Qinling Mountains (Liu et al, 2001); (b) Previous
December to current April mean temperature at Mt. Funiushan
(Shi et al, 2009); (c) June— August minimum temperature at
the source region of the Yangtze River (Liang et al, 2008);
(d) June—August minimum temperature in Asia (Cook et al, 2013)
All lines denoted the ten-year low-pass data.

The close spatial relationship that our original
T\n py reconstruction exhibited as described above
could be demonstrated using CRU TS 3.21 MMinT
datasets to calculate the correlation for the period
1958 —2009. The instrumental and reconstructed
data (Fig.8 a, b) exhibited very similar patterns,
indicating that our temperature reconstruction
represented reliable climate variations on a large
scale. The reconstruction exhibited a significant
positive correlation with most part of China. Together,
these findings indicated that our T, , reconstruction
captured real climatic signals and was well spatially
representative.

The spatial calculation also indicated that
observed and reconstructed 7,,, p; at SRM region
were significantly correlated with the mean
December— June SSTs of the western Pacific, Indian
and North Atlantic Oceans. We also found that there
was a weak correlation between T, p; and El Nifio
variabilities (Fig.11).

Many previous studies revealed that ENSO
events affect atmospheric circulation in medium-
high latitudes through Hadley meridional circulation;
consequently ENSO events affect winter temperatures
in China (Han et al, 2014). The temperature from
winter to spring is usually higher than normal in most
parts of China during El Nifio phases, when the sea
surface temperature is high in the eastern equatorial
Pacific. Conversely, during La Nifia phases, the
temperature is low in the eastern equatorial Pacific, and
so is the temperature during the winter-spring season
in China (Zhao et al, 2000; Xu et al, 2007). According
to the result of spectral analysis, the 3~7 a periodicities
resembled the ENSO cycle (Torrence and Webster,
1999), again indicating that the T, p, variation in the
SRM region was possibly affected by ENSO. The 26 a
cycle probably corresponds to sunspot activity (Han
and Han, 2002). However, we do not found significant
correlation between the reconstructed T, p; and
sunspot number series (http://www.ngdc.noaa.gov/),
it’s hard to say that solar activity certainly influence

the temperature variation in SRM region.
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4 Conclusions

Using Pinus tabulaeformis tree-ring widths, the
mean minimum temperature of the previous December
to the current June has been reconstructed for the SRM
area in the CPC since 1850 AD. The reconstruction
explained 48.8% of the instrumental variance during
the calibration period (47.9%, when adjusted for the
loss of degrees of freedom). Warming during the
20th century was well represented in the SRM 7., 1,
reconstruction. 7, p; exhibited a gradually increasing

trend since the 1910s (and a distinct increasing trend

Spatial correlations between the T, p; and the December—June SSTs from 1958—2011
(a) Observed T, py and (b) reconstructed 7, p;

after the end of 1980s), which is consistent with the
IPCC report that modern global warming began in the
1910s. Therefore, the temperature increase in the CPC
was synchronized with changes in global temperature.
It is also apparent that the CPC is sensitive to changes
in global temperature. Over the entire time series, nine
years with the highest values of T, ,; occurred after
1998. The spatial correlations showed that the values
of T, py at SRM reflected climate change on a larger
spatial scale. The values of T,,, p; at Mt. SRM were

mainly influenced by the mean December — June
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SSTs of the western Pacific, Indian and North Atlantic
Oceans. ENSO activity may play a rule as well.
Finally, we realized the high T, , is benefit for plant
growth not only for tree rings, but may also to local

crops and forest coverage.
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