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Distributional Change and Climate Condition of Warm-temperate

. 1
Evergreen Broad-leaved Trees in Korea
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ABSTRACT

The research was conducted to find optimal habitats of warm-temperate evergreen broad-leaved trees, and
to investigate climate factors to determine their distribution using classification tree (CT) analysis. The
warm-temperate evergreen broad-leaved trees model (EG-model) constructed by CT analysis showed that
Mean minimum temperature of the coldest month (TMC) is a major climate factor in determining distribution
of warm-temperate evergreen broad-leaved trees. The areas above the -5.95C of TMC revealed the optimal
habitats of the trees. The coldest month mean temperature (CMT) equitable to -5.95C of TMC is -1.7 C, which
is lower than -1 C of CMT of warm-temperate evergreen broad-leaved trees. Suitable habitats were defined for
warm-temperate evergreen broad-leaved trees in Korea. These habitats were classified into two areas according
to the value of TMC. One area with more than -5.95C of TMC was favorable to trees if the summer precipitation
(PRS) is above 826.5mm; the other one with less than -5.95C of TMC was favorable if PRS is above 1219mm.
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These favorable conditions of habitats were similar to those of warm-temperate evergreen broad-leaved trees
in Japan. We figured out from these results that distribution of warm-temperate evergreen broad-leaved trees

were expanded to inland areas of southern parts of Korean peninsula, and ares with the higher latitude. Finally,

the northern limits of warm-temperate evergreen broad-leaved trees might be adjusted accordingly.

KEY WORDS: CLIMATE CHANGE, CLASSIFICATION TREE ANALYSIS, THE MINIMUM
TEMPERATURE OF THE COLDEST, OPTIMAL HABITAT
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Figure 1. A trend in annual mean temperature(AMT)
of the Korean peninsula and two major
islands during 1931-2000. AMT of the
Korean peninsula was calculated from
average temperature of six regions, Incheon,
Jeonju, Mokpo, Gangneung, Daegu and
Busan.
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Figure 2. (A) Upper tree line of warm-temperate
evergreen broad-leaved trees (Uyeki, 1941);
Is. Daechung-Byeonsan-Yeongam-Is. Jukdo-Is.
Ulreung. (B) Actual distribution of warm-

temperate evergreen broad-leaved trees(1913-
2009)
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Table 1. Distributional change of warm-temperature evergreen broad-leaved trees

. (La) (La) Period of
No. Korean name Species name 1941 2009  collection
1 ZxE Piper kadzura (Choiy) Ohwi 33°08° 339257 1978-2007
2 EHx Chloranthus glaber (Thunb.} Nakai 33°08° 33°297 1991-2005
3 AAYE Myrica rubra Siebold & Zucc. 33°08°  33°21° 1991
4 HeA}E Symplocos prunifolia Siebold & Zucc. 33°08° 33°27° 2008
5 TRAUER Quercus myrsinaefolia Blume 33°08"° 34°58° 1956-2007
6  ATIAURE Quercus salicina Blume 33°08° 34°58°  1913-2007
7 kAR Quercus gilva Blume 33°08° 34°04° 1991-2008
§ =UR Cinnamomum camphora (L.) Siebold 33°08" 34°32° 1924-2008
9 Agoj Neolitsea aciculata (Blume) Koidz. 33°08°  34°42°  1984-2009
10 Z2E2VUL Distylium racemosum Siebold & Zucc. 33°08° 34°47 1991-2008
11 257) Rubus buergeri Miq. 33°08° 34°517 1984-2009
12 &ZAZYR Daphniphyllum teijsmannii Kurz ex Teijsm. & Binn. 33°08° 34°04° 1972-2009
13 g2 FElaeocarpus sylvestris v. elliptcus (Thunb.) H. Hara 33°08° 34°217  1991-2009
14 ZIHsR Ternstroemia gymnanthera (Wight & Am.) Sprague 33°08°  34°30°  1935-2009
15 ARgApLLR Xylosma congestum (Lour.) Merr. 33°08°  34°09°  1955-2009
16 WA gt Daphne kiusiana Miq. 33°08"  34°42°  2001-2005
17 e ELR Elaeagnus maritima Koidz. 33°08"  34°48° 1967-2008
18 wieka Ardisia crenata Sims 33°08"  34°39° 1958-2008
19 Ats4 Ardisia pusilla A. DC. 33°08"° 34°17 1971-2009
20 IR Ligustrum lucidum W. T. Aiton 33°08° 34°47°  1991-2006
21 AR Damnacanthus indicus C. F. Gaertn. 33°08° 34°41°  1979-2009
22 H|ZE7|UR Cleyara japonica Thunb. 33°08" 35°03° 1969-2003
23 ofupi Viburnum odoratissimum v. awabuki (K.Koch) Zabel ex Rimpler 33°08" 35°27°  1935-2009
24 SRR Elaeagnus submacrophylla Servett. 33°08" 36°07°  1949-2008
25 E7MAIUER Quercus glauca Thunb. 33°08° 36°1%8° 1978-2009
26 W Ficus oxyphylla Miq. ex Zoll. 33°08° 36°07 1919-2008
27 JEgzxE Marsdenia tomentosa C. Morren & Decne. 33°08" 37°107 1969-2008
28 7tupf &L Litsea japonica (Thunb.) Juss. 34°10°  35°00° 1953-2008
29 SEAAYH R Eurya emarginata (Thunb.) Makino 34°10°  34°437 1962-2009
30 g3 Gardneria insularis Nakai 34°20°  34°32°  1922-2003
31 Al Machilus japonica Siebold & Zucc. 34°28° 34°47° 1953-2009
32 Re4n Hlicium anisatum L. 34°30°  34°47° 1955-2008
33 SHMGR Actinodaphne lancifolia (Siebold & Zucc.) Meisn. 34°50"  34°50° 1953-2007
34 Lol Fatsia japonica (Thunb.) Decne. & Planch. 34°50°  34°56° 1999-2006
35 AYUE Cinnamomum japonicum Siebold 34°50°  34°59°  1955-2009
36 RALE Vaccinium bracteatum Thunb. 35°02° 35°26° 1918-2008
37 IR Ligustrum japonicum v. japonicum Thunb. 35°02° 35°37° 1978-2008
38 thHER Rhaphiolepis indica v. umbellata (Thunb.) Ohashi,J. 35°157 35°09°  1951-2008
39 AAuR Neolitsea sericea (Blume) Koidz. 35°12°  37°03° 1932-2009
40 FAHUE Daphniphyllum macropodum Miq. 35°37°  36°28°  1935-2008
41 ZEURAE Hex cornuta Lindl. ex Paxton 35°37° 36°15°  1955-2006
42 Az Zanthoxylum planispinum Siebold & Zuce. 35°37°  37°05° 1971-2009
43 oozt Kadsura japonica (L.) Dunal 35°51° 36°07°  1921-2008
44 4n Ficus thunbergii Maxim. 36°10°  35°01° 1954-1972
45 g Dendropanax trifidus (Thunb.) Makino ex H.Hara 36°10°  35°377 1914-2009
46 SRR Castanopsis cuspidata (Thunb.) Schottky 36°10°  36°13° 1971-2009
47 HE Stauntonia hexaphylla (Thunb.) Decne. 36°10° 36°13° 1921-2009
48 =UE Pittosporum tobira (Thunb.) W. T. Aiton 36°10°  36°13°  1950-2008
49 AU Ilex integra Thunb. 36°10° 36°13°  1916-2009
50 Apaduups Eurva japonica Thunb. 36°10° 36°24°  1935-2009
51 EEjRhgr Elaeagnus glabra Thunb. 36°10°  36°10° 1919-2009
52 A% Ardisia japonica {Thunb.) Blume 36°10°  36°07° 1935-2009
53 BUAGR Quercus acuta Thunb, 36°10°  37°04° 1915-2009
54 FdhjR Machilus thunbergii Siebold & Zucc, 36°10° 37°03° 1936-2009
55 HEjdhtg Elaeagnus macrophilya Thunb. 36°10°  37°56° 1928-2009
56 &9 Hedera rhombea (Miq.) Bean 36°10°  37°017  1953-2009
57 AR Aucuba japonica Thunb. 37°50°  35°37 1928-2009
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Figure 3. Spatial distribution of four climate factors in average for 30 years (1961-1990) derived from
Worldclim-Global climate data. (A) WI: Warmth index. (B) TMC: Mean minimum temperature of
the coldest month. (C) PRS: Summer precipitation. (C) PRW: Winter precipitation.
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Figure 4. Diagram of classification tree (CT) model
for warm-temperate evergreen broad-leaved
trees based on the four climatic variables.
Climatic conditions, occurrence probabilities
of warm-temperate evergreen broad-leaved
trees are shown at all nodes. If the
condition shown on the top of a branch is
met, follow the left branch; otherwise
follow the right branch, resulting in 5
terminal nodes (TN). The length of the
vertical lines below each true-false split
corresponds to the change in the magnitude
of deviance between parent and children
nodes. TMC (the minimum temperature of
the coldest month) and PRS (summer
precipitation) were used, but other climatic
variables were not used in the model.
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Figure 5. ROC(Receiver operating characteristic) curve
of classification tree model (EG-model) was
generated by plotting the sensitivity(true
positive) along the Y-axis and 1-specificity
(false positive rate) on the X-axis. The area
under the ROC curve(AUC) showed excellent
accuracy(0.98) in ROC analysis for EG-model.
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Figure 6. Predicted probability distributions of warm-
temperate evergreen broad-leaved trees based
on the EG-model under the current climate
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Figure 7. Correlation between TMC(the minimum
temperature of the coldest month) and
CMT(the coldest month mean temperature);
y=0.815x+3.384 (1>=0.99).
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