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ABSTRACT

Park W-K. Seo J- W, Kim Y & Oh J-H 2001. July-August temperature of central Korea since 1700 AD
: Reconstruction from tree rings of Korean pine (Pinus koraiensis). Palaeobotanisl 50( I): 107-111.

July-August mean temperatures of 1657-1998 AD were reconstructed using two local chronologies of
Korean pine (Pinus koraiel/sis) growing in subalpine regions (1500-1600 m) of Sorak Mountain in the
central Korean peninsula. Calibration function for the instrumental period (1909-1949 AD) was obtained by
using linear regression with the lagged chronology at t-I. The calibration was verified by independent data
of 1953-1995 AD. The reconstruction indicates that the 1700-1730 and 1830-1850 periods were coolest in
last 340 years. The warming trend was not found in summer temperature during the 20th century.

Key-words-Global warming, Dendroclimatology, Korean pine, Subalpine trees.
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METHODS

Four site chronologies of Korean pine were made from
the Sorak Mountain range, which is located in the east coast
area of Central Korea (Fig. 1). Two sites (He & aS) are on
the slopes of Taecheongbong, the highest peak of Mt. Sorak
and others (HU & HD) on the valley of Hangaerung. The
former sites (l500-1600 m) are located at higher elevation
than the latter ones (1300-1400 m). Each chronology was made
from more than 10 trees. A total of 10 I trees were sampled
for the present study from dominant ones in each forest site
(Fig. 2).

Paired increment cores were taken at breast height using
an increment borer from each tree except in a few cases where
another side was not approachable due to steep slope. The
tree-ring sequences of the mounted and surfaced core samples
were crossdated using the graphic method (Schweingruber,
1988). Ring widths were measured to nearest 0·01 mm using
a Velmex measuring system. The ring-width plots of each
core (log scale) were produced from the ring-width
measurements using program TSAP. These plots were used
for visual comparison on a light table to date the sample cores
within and between the trees. Double-check of dating and
measurement accuracies was performed by correlating
overlapping SO-years segments of all measured series by using

Some species reported growing for several centuries in Korea
(Kong & Watts, 1993) provide unique opportuni ties to develop
long tree-ring chronologies for climatic reconstructions for
this region. Though the area IS very important from a climatic
view point, only a few high·resolution records ofpalaeoclimme
are available for the Korean region (Park & Yadav, 1998).

The climate of the Korean peninsula within the domain
of monsoon system is directly influenced by host of
teleconnections with various climatic phenomena operating
far remote from the area (Lau, 1992; Dodson & Liu, 1995).
Long term high-resolution proxy climate data from such an
area where various land-ocean-atmospheric processes interact
are very important for assessing the natural variability of
Earth's climate system especially in relation to the position
of Siberian High. Tibetan High, the Asian monsoon and the
western Pacific Warm Pool near Indonesia and New Guinea
(Dodson & Liu, 1995).

In the present study, mean July-August temperatures are
reconstructed back to the mid 17 th century using tree-ring
chronologies of Korean pine (Pinus koraiensis S et Z.)
growing in SUbalpine regions (l500-1600 m) of Sorak
Mountain in the central Korean peninsula. Korean pine (Pillus
koraiensis, 5-needle pine) is among the only few trees that
live for several hundred years (Kong & WaIlS. 1993). The
objectives of this study are to examine long-term summer
temperature variation in central Korea and to compare the 20th
century one with that of pre-industry period.
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Fig. I-Location of study site.
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GREATER understanding of the global changes,
particularly recent climate change, so called 'global
warming', due to anthropogenic impacts, has become

an increasingly important goal of scientific endeavor in the
world which is faced with growing population and increasing
pressure on energy, water and ecological values. However,
the basic problem is that we do not know enough about the
climate and its variations in the past, which is key to study the
present and future climate. The records of actual instrumental
observations of meteorological stations are too short to

examine the climate variations in long term. Fortunately.
information about climate prior to the beginning of
instrumental observation can be obtained from proxy data such
as pollen, sediment. ice cores and tree rings. Among proxies,
tree rings provide the data with the highest resolution, at least,
in yearly and even in seasonal scales (Fritts, 1976; Hughes el

al., 1982; Schweingruber. 1988; Cook & Kairiukstis, 1990).
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RESULTS AND DISCUSSION

We developed four sites chronologies (216-342 xears) of
Korean pine from Sorak Mountain in central Korea (Figs. 3 &
4). The plots of chronologies (Fig. 3) illustrate that the
fluctuation patterns agree well with each other. Low growth
periods in 1840s and 1900s are apparent. The pointer years,
such as 1906, 1917 and 1959, are well matched (Fig. 3).
Correlations among the chronologies obtained at similar
elevation were high (0,706 between HC & as, 0·812 between
HU & HD for the 1900-1990 period), however, low among
different elevation ones (0' 354 between HC & HD. 0·183
between as & HD). The mean correlation among site
chronologies was 0·499. Chronology statistics and the results
of cross-correlation analysis are given in Fig. 4. Mean
sensitivities are 0·144-0'168. These data indicate moderate
interannual variation of the tree-ring series. The correlation
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program COFECHA (Holmes, 1983). This helps in identi fying
segments of a core or group of cores where dating or
measurement errors might occur. Thirteen trees could not be
crossdated and were not included in further analysis.

Ring-width series were detrended to make tree ring
indices using program ARSTAN (Cook, 1985). The detrending
methods were chosen to remove age and stand dynamics
related growth trends while preserving the maximum common
signal with century scale. In most of the cases the cubic spline
with 50% variance reduction function at 200 years was found
suitable. Site chronologies were obtained by taking robust
mean of all index series for each site.

Basic statistical qualities of each site chronology were
obtained. Cross-correlation analysis (Briffa & Jones 1990)
was conducted to examine the degree to which individual
index series agreed with each other; the mean of all correlation
among different cores, between-tree correlations, within-tree
correlations, Expressed Population Signal (EPS) and the ratio
of signal to noise (SNR) were obtained (Fig. 4).

The climate data used for calibration and veri fication are
regional monthly temperatures, the average of 8 station data
series obtained from Central Meteorological Service, Korea,
1990. To define an optimum season for reconstruction, we
carried out the analysis of correlation between ring indices
and monthly temperatures. These indicated generally positive
correlations during late growing season and previous dormant
season with the tree growth. Based on the correlation profiles,
July-August mean temperatures were selected for
reconstruction. The calibration and verification periods were
chosen as 1909-1949 and 1953-1995, respectively. Multiple
linear regression was used for calibration. Lagged predictors
were tested for the regression. The lagging process used the
ring-width indices for years t-2, t-I, t, t+1, t+2 (where the
year of growth is year t) to determine if climatic variations in
one year can influence growth in subsequent years due to
biological persistence (Fritts, 1976). Various statistical
comparisons were used for the verification. These are the
correlation coefficients, R"; sign test. and reduction of error
(Fritts 1976).
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Site J.D. HC OS HU HD

Number of trees (cores) analyzed 43(86) 11(20) 13(26) 21(43)
Period (years) 1657-1998 1762-1998 1783-1998 1737-1998

(342) (237) (216) (263)
Mean sensitivity 0'146 0'153 0'144 o 168
Correlation (91 years: 1900-1990)

Among all radii 0'239 0'216 0'343 0'282
Between trees 0'233 0'206 0'330 0·276
Within trees 0542 0'411 0·609 0·668

Signal-to-Noise Ratio 1195 2·59 5'41 6'21
Expressed population signal (EPS) 0·92 0'72 0·84 0·86

Fig 4-Summary stntistics of four sites chronologies.

between trees (0'206-0' 330) and the signal-to-noise ratio (2,59
11'95), which provide measures of the strength of common
signal in the samples, are rather low. The EPS of three
chronologies are higher than the EPS limit (0'85) of acceptable
statistical quality suggested by Wigley et al. (1984). It implies
that the chronologies developed in this study possess common
signals.

We obtained mean chronology by taking arithmetic
average of two index chronologies obtained at higher elevation
sites (HC & OS) to maximize climatic signal. From cOtTelation
between climate variables and chronology, July-August mean
temperature were chosen for calibration. Five lagged
chronologies of t-2, t-l, t, t+ 1, t+2 years were tried first for
the predictors in the stepwise regression, but only one predictor
(chronology at t-1) was finally entered into the regression.
The lagged predictor results from high autoregression in the
chronology. We did not prewhiten the chronology in order to
preserve low-frequency variation as much as possible. Final
calibration equation for the reconstructions was as follows.

TJ.A = 21·814 + 2·980 ALL'.1

Calibration Verifica tion

Period R2 Period I' RE Sign PMt
Test

1909- 0'23" I
1953- 0299

.
0'05 27114" 0'267

1949 1995

*R' is the square of the correlation coefficient calculated between
actual and estimated data; r is the actual/estimated correlation over
the verification period; RE is the reduction of error; Sign-test is the
sign of paired observed and estimated departures from the mean on
the basis of the number of agreements/disagreements; PMt is the t
value d~rived using the product mean test (FrillS, 1976).. p<0'05,
.. p<O·OI.

Fig. 5-Calibration and verification stntistics computed for tree-ring and
the mean temperature of July to August for two sub-periods. The
sub-periods 1909-1949 and 1953-1995 were used for calibration
and veriflCation, respectively.

where T
J
.
A

is the mean July-August temperatures; ALL'_1
IS the ring-width index data at year t-l for the mean
chronology of Mt. Sorak Korean pine.

The calibration and verification statistics are
summarized in Fig. 5. Despite the relatively low quality of
the calibration (R2 = 0'23), all verification tests were
significant. The RE (reduction of error), considered as the
most rigorous test (Fritts el al., 1990), was larger than zero,
which is roughly equivalent to a 95 confidence level for n=20.
The verification results indicated the reliability of the
reconstruction.

The complete reconstruction is plotted in Fig. 6. Though
the reconstruction was made since 1657 AD, the plot was
truncated at 1700 AD prior to which sample depth is low. The
reconstructed summer temperature (Fig. 1) shows that
alternating periods of generally cool and generally warm
conditions are typical in summer in central Korea. It indicates
also that the 1700-1730 and 1830-1850 were coolest in the
last 300 years.

The ancient rain-gauge data in Seoul (1770-1910 AD)
records the period 1830-1840 as the wettest period during
the last two centuries (Wada, 1917). Highest annual
precipitations in the ancient and modern records in Seoul
were found in 1839 (3220 mm), 1879 (3148 mm), 1821 (3186
mm) and 1832 (2744 mm). The heavy rains in July brought
major floods in 1821 (1410 mm) and in 1832 (1426 mm).
which were even much higher than annual mean precipitation
(about 1300 mm) (Wada. 1917). In Japan. also very heavy
rainfalls brought floods in 1830s (Mikami. 1992). Late 1830s
was found one of coolest and wettest summer periods in
Northeastern and Central Japan in a study based on the daily
weather records in old diaries (Kim, 1992; Mikami, 1992).
The present reconstruction indicates that 1840. 1841 and j 842
were the coolest years in the central Korea in the last 300
years. Previous dendroclimatic study also indicated that the
years of 1841 and 1842 were coolest years in the same region.
We conclude that the 1830-40s cool anomaly is not local but
regional aspect, at least in east central Korea.
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Fig 6-Reconslructed july-August mean temperature variation. (Y-axis: x 10 celsius degree, bold line is SO-year spline filter)

The warm trend in summer temperature was not found in
the last 20th century. In a dendroclimatic study. the warm trend
found in the 20th century was less pronounced than the cool
periods in the previous centuries. Both studies confirm that
the summer-temperature warming trend in central Korea during
the 20th century is not obvious.
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