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ABSTRACT: Since the 1980s, fossil pollen-based quantitative paleoclimate reconstruction (PqPR) has been
conducted on the basis of modern pollen-climate relationships, however few this work was carried out in Korea.
The PqPR requires not only the modern pollen assemblages and climate data, but also the selection of appropriate
quantitative techniques. We analyzed modern pollen assemblages of surface sediment collected along every 100
m altitude from the Mt. Jiri. We compared the spatially interpolated weather data using R package Meteoland with
results obtained by bilinear interpolation of WorldClim2.1 dataset. The results showed that WorldClim2.1 dataset
was better appropriate for the mountains in Korea. Additionally, Weighted Averaging-Partial Least Squares
(WA-PLS) for PqPR more outperform than Modern Analogue Techniques (MAT) by comparing the statistical
performance of MAT and WA-PLS. From the pollen records of the Wangdeungjae moor of Mt. Jiri, the PqPR using
by the transfer function over the last millennium was performed. The mean annual temperature (Tan,) ranged from
6.51t09.3C, and the annual precipitation (Pann) from 1,550 to 1,770 mm. The Tan decreased abruptly at AD 1150,
while the Pann increased distinctly, reflecting wet conditions during the Little Ice Age (LIA). The wet LIA is likely
to be caused by the long-term El Nifio southern oscillation (ENSO).
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Fig. 1. (a) Location map of the Korean Peninsula showing the study area. (b) Sampling site, Jungsanri valley and

Wangdeungjae moor in Mt. Jiri.
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Table 1. Modern pollen sampling coordinates, elevation and Tann, Pann by WorldClim2.1 downscaling in this study.
Ji S represents Jirisan southface. Ji S (B) indicates samples taken from bamboo forest.

No. Sample name  Latitude (°N)  Longitude (°E) Elevation (m)  Tann (C) Pann (mm)
1 Ji S 700 35°18'33.51" 127°45'6.84" 703.9 9.68 1539.54
2 Ji S 800 35°18'46.76" 127°45'14.48" 821 9.53 1550.22
3 Ji S 900 35°19'11.74" 127°45'13.87" 908.4 8.98 1596.18
4 Ji S 1000 35°19'37.58" 127°45'4.94" 1010.7 8.28 1650.21
5 JiS 1100 35°19'36.09" 127°44'51.02" 1111.1 8.03 1669.31
6 Ji S 1200 35°19'40.63" 127°44'33.22" 1205.1 7.62 1699.56
7 Ji S 1300 35°19'38.12"  127°4419.95" 1307 7.41 1713.34
8 Ji S 1400 35°19'40.84" 127°44'6.8" 1407.5 7.14 1733.15
9 Ji S 1500 35°19'46.77" 127°44'7.51" 1494 6.93 1749.21
10 JiS(B) 1600  35°19'52.98" 127°44'2.62" 1598.4 6.67 1765.51
11 Ji S 1600 35°19'53.65" 127°44'2.76" 1601.4 6.67 1765.51
12 Ji S 1700 35°20'.86" 127°43'55.46" 1697.6 6.26 1789.76
13 Ji S 1800 35°20'7.08" 127°43'51.47" 1807.5 5.99 1806.06
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Table 2. AMS "C dating and calibrated dates from Wangdeungjae moor Core (Lee, 2005).

Core depth (cm) Material §8C (%) 14C age (yr BP) *Calibrated age (yr BP)
5 Bulk sediments -24.09 modern modern
10 Bulk sediments -23.51 530440 554460
14 Bulk sediments -21.99 760+40 694+40

*Calibrated age by Clam R (Blaauw, 2010)

T ARE AT 2 dtolA AFHE AEEY
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Fig. 3. Comparison of the predictive Meteoland and WorldClim2.1 downscaling in Korea. (a) Number of differences
in mean annual temperature (Tann) and (b) in annual precipitation (Pamn), respectively.
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Plate 1. Microscopic photos of palynofacies (A-B, x100), aboreal pollen (C-O, x400) and nonaboreal pollen (P-S,
x400). A, Palynofacies (sample Jiri S 800, altitude 800 m). B, Palynofacies (sample Jiri S 1600, altitude 1600 m).
C, Picea. D, Pinus subgen. Haploxylon. E, Pinus subgen. Diploxylon. ¥, Alnus. G, Betula. H, Carpinus. 1, Fraxinus.
J, Ilex. K, Pterocarya. L, Quercus subgen. Lapidobalanus. M, Salix. N, Corylus. O, Ericaceae. P & Q, Asteraceae.

R, Artemisia. S, Poaceae.
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Table 3. Model performance statistics as assessed by leave-one-out cross-validation for the first five components
of WA-PLS and MAT pollen-climate transfer functions in Mt. Jiri. The selected models are shown in bold.

Tann Pann
Model RMSE (C) r Max. bias (C) RMSE (mm) r Max. bias (mm)
MAT 0.63 0.773 0.92 45.76 0.777 71.43
WA-PLS compl 0.41 0.873 0.58 31.07 0.866 42.89
WA-PLS comp2 0.22 0.964 0.26 16.44 0.963 17.76
WA-PLS comp3 0.14 0.985 0.22 10.43 0.985 4.77
WA-PLS comp4 0.05 0.997 0.08 3.94 0.998 5.56
WA-PLS comp5 0.02 0.999 0.05 1.11 0.999 1.78
a) 39°N
38°N —
37°N —
36°N —
* <03
* 0.3~06
35°N — * 0.6~0.9
0.9~1.2
* 1.2-1.5
34°N — 1.5~2.0
2.0~3.0
* 3.0~5.0
33°N — ® 50<
125°E126°E127°E 128°E 129°E 130°E131°E 125°E126°E127°E 128°E129°E 130°E 131°E
b) 3e°N
38°N —
37°N —
36°N —
s <10
35°N — ) : ;gtigﬂ
100~150
L + 150~200
34°N — 200~300
300~400
= 400~1000
33°N — = 1000<

I T T T T T 1
125°E126°E127°E 128°E129°E 130°E131°E

125°E126°E127°E 128°E129°E 130°E131°E

Fig. 4. Comparison of difference in spatial distributions between the climate value estimated by Meteoland/
WorldClim2.1 downscaling and observed AWS. (a) Difference (‘C) of Tum between Meteoland (left)/ WorldClim2.1
(right) and AWS. (b) Difference (mm) of P.y between Meteoland (left)/WorldClim2. 1 (right) and AWS. Black circle

is high elevation mountainous region.
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Fig. 5. Scatter plot of (a) Observed Tam (C) vs. MAT
estimated Tan (C) and residuals (C), (b) Observed Tam
(‘C) vs. WA-PLS estimated Tam (C) and residuals (C).
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42 HEHH MEss Ma Iy Him
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Aoz I ol F 7¥e] WEstaL Q=
7W3 2R3 S0 WhE Aoz Btk MAT=
Az OE eSS0 449 3 +8S vE
W ZF A nh A oshs 71387 0] thark= 7t
= 7IHke g girh FAShE ASlA 71F ¥
o 7wt Fsto] AR SHAsHE 3ol 28
st IA 7|38 223K Overpeck et al., 1985;
Guiot, 1990). MAT+= @4 2] AL AL vle
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S ARgo] AlgtY ol (Zheng et al., 2014), W2
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(Nakagawa et al., 2002; Birks and Seppd, 2004;
Zheng et al., 2014).
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Table 4. Paleohydroclimate records in fig. 8. Site numbers are ordered from east to west for each wetness (modified
from Cheng et al., 2015; Park et al., 2017).

iléé Site name (Ig?\;) L(SE*;% Proxies used Wetness Reference

1 Wangdeungjae Moor 35.39 127.79 Pollen Wet This study

2 Mulyoungari Swamp 3337 126.68 Pé’llglgj’c‘ﬁt%‘;“ Wet Park ef al., 2017

3 Kaiike Lake 30.85 129.87 Sediment 6D Wet van Soelen et al., 2016
4 %‘r’(‘)‘ltfgiim Okinawa 54 80 122.49 Diatom Wet Li,D.L. et al., 2011
5 Dalu Lake 24.75 121.70 Pollen, Diatom, Grain size Wet Wang et al., 2014
6 Tsifong Lake 2450 121.60 Mlzggfi‘;’ Si]:i}) fizg{ty Wet Wang et al., 2013
7  Hainan Island 19.30 110.67  Coral §"°C and §"0 Wet Deng et al., 2016
8 E;kg;‘angyan Maar 51 15 11028 TOC, Biogenic silica, TN Wet Chu et al., 2002

9 Longgan Lake 29.96 116.13 Pollen Wet Tong et al., 1997
10 Tengernur Lake 40.47 110.67 Grain size, Pollen Wet Zhao et al., 2011
1 Badain o Desrt 3955 10237 CHleTde conenmtions gy Gt 20
12 Daihai Lake 40.55 112.66 Pollen Moderate Xuetal.,2010b
13 Ximencuo Lake 33.38 101.11 TOC and TN Moderate Puetal., 2013

14 San-No-Megata Lake 39.93 139.70 6" Corg Dry Yamada et al., 2010
15 Xiaolongwan Lake  42.30 126.35 Sediment §"°C Dry Chu et al., 2009
16 Shihua Cave 39.83 115.67 Speleothem 6" 0 & 6"°C Dry Hou et al., 2003
17 Gouchi Lake 37.75 107.52 Pollen Dry Meng et al., 2009
18 Foyechi Pond 33.95 107.73 Pollen Dry Tong et al., 1996
19 Wanxiang Cave 33.32 105.00 Speleothem 60 Dry Zhang et al., 2008
20 Huangye Cave 33.58 105.12 Speleothem §'°0 Dry Tan et al., 2011
21 Heshang Cave 30.45 110.42 Speleothem 6'°0 Dry Hu et al., 2008
22 ggggé[rzljﬁl‘g?g;:;d 32.36 117.84  Historical documents Moderate-Wet Man, 2009

23 Southern China 27.50 117.00  Historical documents Moderate-Wet  Zheng ef al., 2006
24 Dongge Cave 25.28 108.08 Speleothem 6'°0 Moderate-Wet ~ Wang et al., 2005
25 Dajiuhu Peatland 31.48 110.06 Pollen Moderate-Wet He et al., 2003
26 Jiuxian Cave 33.57 109.10 Speleothem §"%0 Moderate-Wet Caietal., 2010
27 Foye Cave 33.67 109.08 Speleothem 6°C Moderate-Wet  Paulsen et al., 2003
28 Korea 38.32 127.00 History Moderate-Dry  Kim and Choi, 1987
29 North China 36.40 115.12  Historical documents Moderate-Dry Man, 2009

30 Gonghai Lake 38.90 112.23 Magnetical parameters Moderate-Dry Liuetal, 2011
31 Tianchi Lake 35.26 106.31 Sediment redness Moderate-Dry Zhou et al., 2010
32 Furong Cave 29.23 107.90 Speleothem §'°0 Moderate-Dry  Li, H.-C. et al., 2011
33 Zhijin Cave 26.66 105.68 Speleothem 60 Moderate-Dry ~ Kuo et al., 2011
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WA-PLSE B3 egieoln] olgo] Lhe o]
T2 X)&F 0 2 4|31 Qlthter Braak and Juggins,
1993; Birks, 1998). WA-PLS&= Z+ 3 B3R +1o] 7]
T W 5 54 gholA HA Y A Hol §4
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Siet 87 WS AU Qe S Baao) 4
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A= e oz ou 717k thopst o) 4
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2 dAtolA WA-PLS7F MATS} H| a2 of
ST e HAETHRE 3). o= oA EE AA
@ PSR gojele] RE0 2 MAT/ $53 @
AL F4 dlolElg} 715 HlolHE EHE 4 ¢l
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43 XElM YSTE "EE 17|$ 2
B 10009 Fobe] 17 BAL Be A7
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Yan et al., 2011; Cheng et al., 2015; Oppo et al,,
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2 Uehtes A 47491 @Ak tala s of
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BB o §3to] 17158 BUst & A7e] A
o w2, of 115095 43| 7]2o] it
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B Aaro] An)7]el A= gtk (Park, 2011).
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SHaTE ol gRtd oz Al Fotxor YE2
A7) 732 Z4ax(Xiao et al., 2008; Chu ef al., 2009)
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£ ol&d8l A3 A} FotAlol W 2 sfiet
N A& 17| B¢t F7F 5 7HCheng et al., 2015;
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= ZA(F7H3HKug et al., 2010). T3 FA]7]
o] EAEH G =7t AF5(3Pd) sk AEiBE S A
Aol FIAIAYRHAIASRH O 7177 A= HE
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