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Reconstruction of paleoclimate and paleoenvironment in the Japanese islands for the past 
158,000 years based on modern analog technique of pollen composition data, total organic 

carbon and total nitrogen concentrations of lacustrine sediments 
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Abstract 
 

The aim of this study is to reveal the paleoclimate and the paleoenvironment in 
central Japan for the past 158 ka in terms of high-time resolution and quantitative 
climatic parameters. To fulfill this aim, i) the Total Organic Carbon content (TOC) 
of the lake sediments as a climate proxy was computed, ii) modern analogue 
techniques were applied to infer quantitative climate parameters such as 
temperature and precipitation from fossil pollen data, and iii) climate changes of 
orbital and millennial time-scales were analyzed based on the reconstructed climate 
parameters. 

The study was carried out at Lake Biwa, Lake Nojiri, and Takano basin in central 
Japan, where long and continuous sediment cores were recovered. These sediments 
were found to consist of clay, clayey silt and/or silt. Several sediment cores from 
Lake Biwa encompass the past 280 ka in maximum, and their TOC data could be 
compiled well as a single continuous robust profile. The pollen compositional data 
with high-time resolution can represent only the last 40 ka in Lake Biwa. The 
sediment core NJ88 from Lake Nojiri represents the last 72 ka, and its TOC profile 
at intervals of a several tens of years is remarkably similar to the d18O curve of the 
NGRIP ice core from Greenland. The pollen composition with ~80 years interval 
from NJ88 core serves as a powerful database for reconstructing quantitative 
climate parameters with high-time resolution. The sediment core TKN-2004 from 
the lacustrine deposits of Takano basin covers from 38 to 158 ka; its TOC profile 
possibly represents detailed climate changes at intervals of a few tens of years. The 
time resolution of the pollen composition data is from 600-1300 years. 

Temperature and precipitation parameters were reconstructed by applying a 
modern analogue technique to the above-mentioned pollen data. The TOC 
concentrations were normalized and temporal changes of the normalized TOC 
values were correlated across the BIW08-B, NJ88, and TNK2004 cores with the 
help of widespread marker tephra beds following a suitable matching technique. 
The compiled TOC values span over the past 180 ka with data intervals of ~ 30 to 80 
years.  

The reconstructed climate parameters and compiled TOC proxy corresponded 
well with the 18O curves of the marine sediments (LR04) and the Greenland ice 
core (NGRIP) in the orbital and millennial time scales. In particular, in the marine 
oxygen isotope stage (MIS) 5, the annual precipitation corresponded with the 
summer insolation in the high-latitude regions of Northern Hemisphere. It suggests 



 

II 
 

that strong summer insolation results in the rise in temperature gradient between 
the Asian Continent and the Pacific Ocean, which intensifies the summer monsoon, 
resulting in high precipitation around Japan. Furthermore, in MIS 5, the compiled 
TOC corresponded with the strength of winter insolation in the Northern 
Hemisphere. This observation clearly indicates that the length of the severe winter 
period controlled by winter insolation affected biological productivity in the lakes. 
In MIS 3, the temperature, the precipitation, and the compiled TOC proxy showed 
strong similarities with the δ18O curve of the NGRIP ice core, even in 
stadial-interstadial time-scales. This fact suggests that climate around the 
Japanese islands was mainly controlled by the ice volume in the Arctic Polar 
regions during these colder periods.  

The reconstructed climate profiles for central Japan for the past 158 ka showed 
the following characteristics. In MIS 6, the average annual mean temperature was 
about 2.1 C, with a temperature of 11.8 C in the coldest month, suggesting a 
very cold climate. The compiled TOC values were also low in MIS 6. Similarly, the 
paleoclimate obtained from MIS 4 and 2 were as cold as MIS 6. The precipitation 
was low during these cold periods. On the contrary, the annual mean temperatures 
inferred from MIS 5e and MIS 1, two of the warmest periods, were 5.5 and 9.0 °C on 
average, respectively. The annual temperature of MIS 5e was significantly lower 
than that of MIS 1. This fact suggests that local climate in the Far East region 
might have been cooler than the global average during MIS 5e.  

Precipitation increased during the warmer periods. The annual mean 
temperatures of the intermediately warm periods, such as MIS 5c and 5a, were 
slightly high, with averages of 4.4 and 5.2 °C, respectively. The annual mean 
temperatures in MIS 5d and 5b were low, with averages of about 3.0 C. The TOC 
compiled from the MIS 5 core reveals large fluctuation in orbital time-scales. The 
annual mean temperatures in MIS 3 fluctuated in short periodicities, corresponding 
to D O events. For example, the annual mean temperature of an interstadial in 
38 39 ka was about 4.0 C, and that of a stadial in 42 43 ka was about 2.6 C. In 
particular, the warm climate inferred for Japan during GI 8 was confirmed in this 
study. From 14 ka to 12 ka, the annual temperature significantly increased from 1.3 
to 9.5 °C over a short period, and the annual precipitation also increased from 1040 
to 1380 mm in the same time. A cooler event corresponding to Younger Dryas was 
identified during this deglaciation period, however, its intensity was much weaker 
than it was in the North Atlantic regions. The paleoclimate inferred for the MIS 1 
core was much warm with an annual temperature of 9.0 °C on average. 
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 (
Jouzel et al., 1987; Dansgaard et al., 1993; Johnsen et al., 1992)  (  
Martinson et al., 1987; Lisiecki and Raymo, 2005; Tada et al., 1999) 

 

 (Wang et al., 2001, 2008)

 

40  (Horie, 1991)
 ( , 1987)  (Iwauchi and Hase, 1992) 

 
 (Total Organic Carbon: TOC)

 (Total Nitrogen: TN) 

 
(Overpeck et al., 1985; Guiot, 1990)

Nakagawa et al. 
(2002)  (

Nakagawa et al., 2005, 2006, 2008; Tarasov et al., 2011; Leipe et al., 2015). 
TOC TN 1990

 (Inouchi et al., 1996; Benthon et al., 1998; Meyers, 
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1997; 2003) TOC
 (Inouchi et al., 

1996; Yamada, 2004; Iwamoto and Inouchi, 2007; Kigoshi et al., 2014),  
(Adhikari and Kumon, 2001),  (Adhikari et al., 2002),  ( 2003; 
Kumon et al., 2012)  (Matsumoto et al., 2003) 

TOC TN  ( 2006) 
 ( 1990; Ishiwatari et al., 1994; Urabe et al., 2014) 

 

TOC TN
15.8

2 158 ka
2

3 72 ka 100
Dansdaard Oescher  (D O ) 

 (Kumon et al., 2012)
 ( 1000 ) 38 ka 158 ka

430 ka  (Tarasov et al., 2011) 250
40 ka  (Kigoshi et al., 2014) 

 
TOC

 (Kigoshi et al., 2014; Kumon et al., 2012; , 2006)
TOC

50 ka
180 ka 72 ka 38 158 ka

 ( 2010; 1990; 2007)
TOC
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22.1.  
(Overpeck et al., 

1985; Guiot, 1990; Nakagawa et al., 2002)
 (Nakagawa et al., 2002, 2006, 2008; Tarasov et al., 2011; Kigoshi et al., 2014; 

Leipe et al., 2015)

 
Nakagawa et al. (2002) 

Polygon (Nakagawa et al., 2002; http://polsystems.rits-palaeo.com/) 
1) 8

 ( ) , 2) 
3) tightness ( ) 

0.2 8
 (

Nakagawa et al., 2002; Tarasov et al., 2011)  
Nakagawa et al. (2002)  (mean annual 

temperature: Tann),  (mean temperature of warmest month: MTWA)
 (mean temperature of coldest month: MTCO)  (anuual 

precipitation: Pann) 4 9  (summer precipitation from April to September: 
Psum) 10 3  (winter precipitation from October to March: Pwin) 6

 
Nakagawa et al. (2002) 

 
(Leave one out ) Polygon Leave one out

Polygon 1  (68.2%) 2
 (95.4%)  

 
 
2.2.  

Polygon2.3.3 421
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Gotanda et al. (2002) 285
Gotanda et al. (2002) 32  

(  2-1)  

272  ( )
36  (  2-2) 36 Gotanda et al., (2002) 

32 Celtis/Aphananthe
Podocarpus

Artemisia, Chenopodiaceae, Asteraceae, Poaceae 4
 

36 Pinus
Gotanda et al. (2002) Pinus subgenus Haploxylon  

Pinus subgenus Diploxylon

Pinus subgenus Haploxylon 
 ( Kumon et al., 2012)

 
 (Cryptpmeria japonica) 

 ( 1960)
 (Tsukada, 1986) MIS 5

 ( 1993)  ( 2015) 

( 1988)
 

34  
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2.3. TOC, TN  
  TOC TN

0. g
6 ml 3% 0.5 ml

100 °C 12
0.5 ml

100 °C 2
  

20 mg Thermo Fisher 
SCIENTIFIC  Flash 2000 TOC TN

C/N  
 

TOC TN  (%)    (%) ×
( )

( )
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22.4. TOC  
TOC

1 TOC  (Compiled TOC) 
BIW 07-6, 07-5, 08-B 95-4 0 52 ka

38 72 ka 72 180 ka TOC TOC
 

(1) TOC TOC
 

(2) TOC

Match  (Lisiecki and 
Lisiecki, 2002)  

(3) TOC 100
DepthAgeConverter

 (http://www.white-rabbit.jp/depthAgeConverter.html)
TOC  
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33.1.  
670 km2 235 km  

( 3-1)
48 m 104 m 6 m

99%
 ( ) 1981 2010 14.7 °C

27.1 °C 3.7 °C 1570.9 mm  (4 9
) 950 mm,  (10 3 ) 617 mm  (WI: Warm Index) 108.8 °C

 (CI: Cold Index) 6.8 °C 700 m
700 m

 (Hayashi et 
al., 2010b)  
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33.2.  
BIW 07-5, 07-6, 08-B, 95-4 4  

( 3-1, 3-2, 3-3) 3-1, 3-2  
BIW 95-4  (35° 15’ N, 136° 03’ E 67 m) 

1995 1995 3 7
BIW 95-4  (Takemura et al., 

2000) BIW 95-4
 (Kg)  (K-Ah)

 (U-Oki)  (Sakate)  (DHg)  
(DSs)  (AT)  (Takemura et al., 2000)  

BIW 07-6  55 m) 2007
2007 6  ( 2010)

BIW 07-6
0.38 16.40 m 16.41 18.42 m

 ( 2010) 5
U-Oki, DHg, DSs, AT,  (SI)  ( 2010)  

BIW 07-5  50 m) BIW 07-6
2007

4 DHg, DSs, 
AT, SI  ( 2010)  

BIW 08-B 2008 1 km
 . 53 m) 

 (87 ) 
89 m

 ( 89 m ) 
 ( 0 40.62 m) K-Ah, U-Oki, DSs, AT, SI, 

 (K-Tz),  ABCD  (Aso-ABCD), BT 29 , BT 34 36
, BT 37  (38.99 m), 3  (Aso-3)  ( 2010)  
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3.3.  

BIW 07-6, 07-5, 95-4 Kigoshi et al. (2014) 
 ( 3-4)

K-Ah U-Oki Sakate, 
DHg, DSs, AT, SI Smith et al. (2013) 

 (  3-3) BIW 07-6 14C
 (Kitagawa et al., 2010) 14C

 
BIW 08-B  ( 3-5,  3-2)

11 K-Ah U-Oki DSs AT SI K-Tz Aso-ABCD Aso-3
Aso-2, Ata-Th K-Ah U-Oki DSs AT SI K-Tz Smith et al. (2013) 

Aso-ABCD  (2007) Aso-3 Chun et al. (2004) , Aso-2, 
Ata-Th  (2004) 
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33.4.  

BIW 95-4  (Hayashi et al., 2010a) 
3-6 BIW 95-4 141

4 10 cm  ( 250 )
Abies, Pinus subgenus Haploxylon, 

Pinus subgenus Diploxylon, Larix, Tsuga, Picea Cryptomeria 
japonica, Sciadopitys, Cupressaceae-type, Salix, Pterocarya/Juglans, 
Ostrya/Carpinus, Betula, Quercus subgenus Lepidobalanus, Fagus crenata, Fagus 
japonica, Castanea/Castanopsis, Ulmus/Zelkoba, Celtis/Aphananthe, Acer, Aesculus, 
Fraxinus, Quercus sudgenus Cyclobalanopsis Alnus, Myrica

MIS 3 Cryptomeria Quercus 
subgenus Lepidobalanus MIS 2
MIS 1 Cryptomeria Quercus subgenus Lepidobalanus MIS 1

Quercus sudgenus Cyclobalanopsis  
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33.5.  
BIW 95-4

3-7 Tann, MTWA MTCO 3.0
15.5 °C ( 7.5 °C) 15.3 25.6 °C ( 16.7 °C) 8.7 5.7 °C (
4.2 °C) Pann, Psum Pwim 1320 2840 mm ( 1650 mm)
830 1840 mm ( 1070 mm) 490 1010 mm ( 580 mm) 

 
40 30 ka Tann, MTWA MTWA 4.3 12.3 °C ( 8.2 °C), 

16.7 24.4 °C ( 20.4 °C), 7.5 0.8 °C ( 3.6 °C) 
Pann Psum Pwin

1470 1930 mm ( 1610 mm), 940 1230 mm ( 1020 mm), 530 700 
mm ( 580 mm)  

30 14 ka Tann, MTWA MTWA 3.0 8.1°C ( 4.5 °C)
15.3 20.3 °C ( 16.8 °C) 8.7 3.6 °C ( 7.3 °C)

28 ka 20 ka Pann Psum Pwin
1430 1660 mm ( 1520 mm), 890 1100 mm ( 990 mm) 490 640 mm 

( 530 mm)  
12 2 ka Tann, MTWA MTWA 8.9 15.5 °C ( 12.3 °C)

21.3 25.6 °C ( 23.7 °C) 2.8 5.8 °C ( 1.2 °C) 13 ka
 (12 7 ka) 

Pann Psum Pwin 1320 2850 mm ( 1950 mm)
830 1840 mm ( 1280 mm), 490 1010 mm ( 670 mm)  
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21 
 

33.6. TOC TN C/N  
3.6.1. BIW 07-6, 07-5, 95-4 5.2  

BIW 07-5 TOC TN , BIW 95-4 TOC  ( , 
2011MS; Yamada, 2004) BIW 07-6 1600 1cm

29 BIW 07-5, 07-6 BIW 08-B
TOC TN C/N  ( 3-8, 3-9) BIW 07-6

 ( 3-8)  
TOC, TN C/N 0.4 2.1% 0.06 0.19%, 3.3 10

C/N 6 , 
 

52 40 ka TOC TN 0.6 1.0% 0.07 0.16% 47 ka, 45 ka, 
40 ka TOC C/N 6 8, 9

 
40 30 ka TOC 0.6 1.2% TN 0.07
0.15% C/N 7 9 30
29 ka TOC TN 0.4% 0.07% C/N 3 5

 
29 15 ka TOC TN 0.6 1.0% 0.13 0.16% 26 ka 20 ka

TOC C/N 7 8  
15 13 ka TOC TN C/N 0.6 2.0%, 0.08 0.18%,  

6 10 13 ka BIW 07-6
 

13 ka TOC TN 0.6 2.1% 0.05 0.2% 11.5 ka, 10 ka
9 ka C/N 9   
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33.6.2. BIW 08-B 18  
BIW 08-B 3-9 BIW 08-B 2800

1 4 cm 40 100 TOC
TN C/N 0.4 1.8% 0.05 0.21% 4 11

180 ka  ( 3-9)   
180 130 ka TOC TN C/N 0.75 0.93% 0.14 0.18% 4.5 5.4

TOC 175 ka, 151 ka, 140 ka
 

130 122 ka TOC 0.7 1.1% 128 ka
1.1% TN 0.1 0.18%

C/N 4.6 6.3 130 ka  
122 102 ka TOC TN 0.7 1.3% 0.08 0.18% 120 ka

C/N 4.8 8.4 122 ka
120 110 ka  

102 90 ka 0.7 1.0% TN 0.08 0.14%
C/N 6.5 10 91 ka 10

 
90 75 ka TOC TN 0.8 0.9% 0.08 0.18%

TN 76 ka C/N 90 75 ka 4.8 11
76 ka 11  

75 62 ka TOC TN 0.7 1.2%
TN 0.1 0.13%

C/N 5 9.6 72 ka
 

62 53 ka TOC 0.6 0.8% 60 ka 57 ka TN
0.07 0.12% 56 ka C/N 6 7

 
53 14 ka TOC TN C/N 0.4 1.2% 0.08 0.14% 5.7 10 TOC

35 ka 30 ka
 

14 ka TOC TN 12 0 ka TOC
TN C/N 0.8 1.8% 0.1 0.21% 7.1 11.2  
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4  
 ( 2) 
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44.1.  
 ( 4-1)

4.6 km2 20.8 m ( 38 m) 
3 km 1981

2010 9.1 °C, 22.1 °C 3.2 °C
1268 mm,  (4 9 ) 708 mm,  (10 3 ) 560 mm, 

74.2 °C 25.7 °C
 ( 1985)

 (Tsukada, 1966).  
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44.2.  
NJ88 1988 28.9 m 44.16 m

 ( , 1990) NJ88 3398 cm
3398 cm

 ( 4-2). 
3398 cm

My-Ot, My-A, K-Ah, AT, Jouichi-pinku, BW1466, Akasuko, Aohige, Breccia Zone (B.Z.), 
DKP  
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44.3.  
NJ88 4-3 K-Ah, AT, 

Akasuko 14C  (10.39 ka) TOC
 (GI: Greenland Intersadial-17, 19) 

 (  4-1) K-Ah AT Smith et al. (2013) 
7.23 ka, 30.01 ka NJ88

3 ka 72 ka  

 



29 
 

 
  
 
 
 
 
4.4.  

NJ88
 ( 2003; Kumon et al., 2012) NJ88 4-4

887 2 6 cm  ( 60
130 ) Kumon et al. (2012) 

Abies, Pinus subgenus Haploxylon, Pinus subgenus Diploxylon, Larix, Tsuga, Picea
Cryptomeria japonica, Sciadopitys, Cupressaceae-type, 

Pterocarya/Juglans, Betula, Carpinus, Quercus subgenus Lepidobalanus, Fagus, 
Ulmus/Zelkoba, Alnus, Myrica

Cyperacae
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44.5.  
NJ88

4-5 Tann, MTWA MTCO 0.1 10.3 °C 
( 3.7 °C) 14.2 22.9 °C ( 16.7 °C) 15.5 1.5 °C ( 9.4 °C) 
Pann, Psum Pwim 870 1700 mm ( 1208 mm) 520 1110 mm (

740 mm) 340 830 mm ( 465 mm) 
MIS 1 4  (Martinson et al., 1987; Lisiecki 

and Raymo, 2005)  
72 57 ka Tann MTWA MTCO 1.9 °C 15.4 °C 12.1 °C

Pann, Psum Pwin 1040 mm, 640 
mm, 410 mm  

57 30 ka Tann, MTWA
MTCO 0.5 8.8 °C, 14.6 21.6 °C 15.5 3.3 °C

Pann, Psum Pwin 905 1690 mm, 550
1110 mm, 350 790 mm

57 45 ka Pwin  
30 14 ka Tann MTWA MTCO 1.8 °C, 15.3 °C, 12.2 °C

Pann, Psum Pwin 1040 mm, 640 mm, 400 mm
19 ka

4 °C 350 mm 16 12 ka
Tann 8.2 °C MTWA 7.9 °C MTCO 11 °C

 
12 3 ka Tann MTWA MTCO 3.2 10.3 °C ( 9.0 °C) 16.2

22.9 °C ( 21.8 °C), 9.3 1.5 °C ( 3.1 °C)
Pann, Psum Pwin 1380 

mm, 800 mm, 580 mm  
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44.6. TOC TN C/N  
NJ88 TOC TN  ( , 

2003; 2009) NJ88 1,482 TOC TN C/N
4-6 TOC, TN 7.2

29 ka 43 ka 1995 NJ95
NJ88 29 43 ka

NJ88 TOC TN 2 6 cm 40 120
( 48 )  

72 60 ka TOC, TN 0.7 2.7% 0.08 0.32%
C/N 7 13 TOC 70 ka 63 ka 60 ka

 
60 50 ka TOC 1.0 3.5%, TN 0.16 0.4%, C/N 6 12  
50 29 ka TOC TN TOC TN 0.75

4.6%, 0.16 0.51% C/N 6.5 16.5  
29 14 ka TOC TN 2% 0.3% C/N

6 12  
14 12 ka TOC TN 2.4 6.0% 0.26 0.63%

C/N 10  
12 0 ka TOC TN 2 8% 0.2 0.8%

C/N 6 13  
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5  
 ( 3) 
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55.1.  
 ( 5-1)

3 km  ( 509 m) 1981
2010 10.9 °C 24 °C
1.4 °C 1120 mm, 725 mm, 395 mm

88.8 °C , 19.9 °C 85 °C
10 °C

730 m
 (1985) 
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55.2.  
TKN-2004 2004

54.4 m 2.31 m
2.31 30 m

30 m TKN-2004
 ( 5-2). BW1466, Tt-E, Aso-4, K-Tz, Aso-ABCD, 

Ata, Aso-3, Aso-2  
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55.3.  
TKN-2004 5-3 TKN-2004

 (  5-1) BW1466, Aso-4, Aso-3, Aso-2
BW1466  (2007),  Aso-4, 

Aso-3 Chun et al. (2004) , Aso-2  (2004) 
TKN-2004 38 ka 158 ka  
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55.4.  
TKN-2004  ( 2015) TKN-2004

5-4 TKN-2004 190
2.4 24.4 m 15 cm, 24.4 53.88 m

50 cm  ( 520 1250 )

Abies, Pinus subgenus Haploxylon, Pinus subgenus Diploxylon, Tsuga, 
Picea Cryptomeria japonica, Sciadopitys, Cupressaceae-type, 
Pterocarya/Juglans, Betula, Carpinus, Quercus subgenus Lepidobalanus, Fagus, 
Ulmus/Zelkoba Alnus, Myrica

1%
1% 40%  
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55.5.  
TKN-2004 189

5-5 LR04 MIS  
(MIS 3–6)  (Lisiecki and Raymo, 2005) Tann 0.6 8.4 °C (

3.7 °C), MTWA 14.5 20.5 °C ( 16.8 °C) MTCO 15.3 3.3 °C (
9.5 °C) Pann, Psum Pwin 850 1710 mm ( 1220 mm), 
510 1140 mm ( 760 mm), 340 900 mm ( 460 mm)  

158 135 ka Tann, MTWA MTCO 2.1 °C 15.5 °C 11.8 °C
Pann, Psum Pwin 1030 mm, 

650 mm, 380 mm  
135 117 ka Tann 3.5 7.8 °C ( 5.3 °C) MTWA 16.1 20.1 °C ( 18.2 °C)

MTCO 12.5 3.3 °C ( 7.0 °C) Pann, Psum Pwin
970 1710 mm 600 1140 mm 370 900 mm

135 ka 135 ka
130 ka Pwin

 
117 99 ka Tann, MTWA MTCO 2.9 °C, 16.0 °C 10.3 °C

Pann, Psum Pwin 1220 mm, 760 mm, 470 mm
 

99 75 ka Tann, MTWA MTCO 4.1 °C 16.9 °C 8.4 °C
Pann, Psum Pwin 1290 mm, 800 mm, 490 mm

93 ka 77 ka 89 81 ka
Pwin 360 790 mm  

75 60 ka Tann, MTWA MTCO 2.0 °C 15.6 °C, 12.3 °C
Pann, Psum Pwin 1010 mm, 630 mm, 380 mm  

60 38 ka Tann, MTWA MTCO 0.6 6.8 °C (2.4 °C), 15.0 19.9 °C 
( 16.0 °C), 15.2 5.5 °C ( 11.6 °C) 60 35 ka

Pann, Psum Pwin 1080 mm, 690 mm, 400 mm
75 60 ka  
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55.6. TOC TN C/N  
TKN-2004 TOC TN  (

2009; 2006; Tawara et al., 2007) TKN-2004 TOC
TN C/N 5-7 TOC TN 4,768 1 cm

TKN-2004 TOC TN 38 158 ka
28 5-6  

158 132 ka: TOC TN 0.7 2.5% 0.1 2.5%
C/N 7 13  

132 112 ka: TOC TN C/N 2.5 8% 0.25 0.57%,  7
16 TOC 126 ka

5%  
112 108 ka: TOC, TN C/N 2.0 7.0%, 0.25 0.53%, 7.8

15.3 TOC 110 ka 108 90 ka TOC
TN C/N 2.0 7.0% ( 4.0%) 0.12 0.50% ( 0.35%) 8.6 17.6 
( 12.3)  

90 86 ka: TOC TN C/N 1.5 5.0% 0.15 0.45%
7.0 12.2 60 48 ka TOC TN C/N
2.0 6.5% 0.15 0.40% 7 16  

48 38 ka: TOC TN 2.0 4.0% ( 7%) 0.04 0.42% (
0.24%) C/N 5.0 14.0 ( 10.1)  
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66.1. TOC  
TOC

TOC
C/N

C/N 15 30 C/N 6 15
 ( , 1982; Sampei and Matsumoto, 2001) C/N 5

10 TOC C/N
15  (2009MS) 

C/N 6 C/N 20
C/N 15

TOC  
 
6.2   
6.2.1. BIW 5 Compiled TOC  

BIW 95-4, 07-6, 07-5 08-B TOC
5.2  ( 6-1)

2.4 TOC
BIW 07-6 Match

 (Lisiecki and Lisiecki, 2002) 
Compiled TOC  ( 6-1)  

Compiled TOC 52 40 ka 40
30 ka Compiled TOC

37 ka 29 15 ka Compiled TOC 23 ka
15 ka 15 13 ka Compiled TOC
13 ka 11.5 ka, 10 ka, 9 ka

 
TOC 5.2 TOC

TOC

BIW 08-B TOC
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66.2.2. TOC (Compiled TOC)  
6.2.1. TOC

TOC
18  

 (2007)  
(1990) 

BW1466 DKP 2 2.4
TOC

 (URL: 
http://www.lbm.go.jp/emuseum/zukan/tephra/takashima/takashimatop.html)  

K-Ah AT 2 K-Tz, 
Aso-ABCD, Aso-3, Aso-2 4

Match  
( 6-2)   

TOC Compiled TOC 6-3
 

180 132 ka 130 ka
80 ka 70 60 ka

60 30 ka
30 14 ka 14 3 ka

 
TOC ( TN)  (2005) 

 (2005) 1981 2003
TOC TN

a  (12 2 ) TOC
TOC

TOC

Compiled TOC  
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66.2.3. Compiled TOC  
Compiled TOC

LR04  (Lisiecki and Raymo, 2005)  ( 6-4)
MIS Compiled TOC

 
MIS 6 4 2 Compiled TOC

MIS 5/6 Compiled TOC
 

MIS 5 Compiled TOC
MIS 5e, 5c, 5a Compiled TOC

MIS 5d, 5b MIS 5
Compiled TOC MIS 5e, 5a, 5c LR04

MIS 5e, 5c, 5a LR04
Compiled TOC LR04

 
MIS 3 Compiled TOC MIS 2

MIS 5 LR04
Compiled TOC 45 

ka 30 ka Compiled TOC 56
40 ka 38 ka 30 ka

 
MIS 1 Compiled TOC LR04

MIS 2/1 Compiled TOC MIS 
5/6  

Compiled TOC LR04 MIS 
6 1

 
Compiled TOC LR04

LR04
MIS 1 MIS 5e MIS 1

6.3
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66.3.  

 (MIS 5e MIS 1)  (MIS 
2, 6) MIS 3

Tarasov et al. (2011) 
Kigoshi et al. (2014) Nakagawa et al. (2006) 

 
 
6.3.1.  (MIS 2, 6)  (MIS 1, 5e)  

29 16 ka 60 70 ka 135 158 ka
 ( 6-4, 6-5) 16 29 ka
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 (LGM Last Glacial Maximum: MIS 2) , 135 158 ka
penultimate glacial period (MIS 6) MIS 2 Tann, MTWA

MTCO 1.8 °C, 15.2 °C 12.2 °C  
(Tann) 9.1 °C 654 m 720 m

0.65 °C/100 m  
 (Tarasov et al., 2011; Kigoshi et al., 2014) 

Tann, MTCO 3.8 °C, 9.4 °C
5.6 °C

6.8 °C MIS 2 Tann 2 °C 2.8 °C
 ( ) 

 
MIS 2 1  (15 14 ka)  ( 6-5)

GRIP NGRIP 18O
 (Dansgaard et al., 1993; North Greenland Ice Core Project members, 2004) 

Compiled TOC  ( 6-4)
Tann MTCO 8 °C ( 6-5) 11 °C

10.6 °C ( 6-5) 11.6 °C
 (Tarasov et al., 2011)

MIS 1
 

MIS 1 Tann 9.0 °C  
(9.1 °C) 1 2 °C  ( 6-5)

 (Alley et al., 1993)  (12 ka) 
Tann MTCO 1 2 °C Nakagawa et al. (2006) 

MTWA Psum MTCO Pwin
MTCO Pwin

MTCO Pwin

 (Takahara et al., 
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2009)
 

MIS 6 5e  ( ) MIS 2 1
 (  ( 6-5) MIS 6

MIS 2  ( 6-4) Tann 2.1 °C 133 ka
6 7 °C  ( 6-5) MIS 5e Tann 5.5 °C

MIS 1 Tann ( 9.0 °C) 
18O MIS 5e MIS 

1  ( 6-5)
MIS 5e 3 5 °C 5 8 °C  (Jouzel et al., 
2007; CAPE Last Interglacial Project Members, 2006; NEEM community members, 
2013) Overpeck et al. (2006)  (MIS 5e) 

MIS 1 MIS 5e
 (Nakagawa et al., 2008; 

Tarasov et al., 2011)  (Tarasov et al., 2011)  
(117 128 ka) Tann 11.6 °C 3 °C

MIS 1 MIS 5e
Tarasov et al. (2011)  

(Gotanda et al., 2002; 2006) 
MIS 1  (WAMX: warm mixed forest) MIS 
5e  (TEDE)  

MIS 1 MIS 5e
Yamamoto et al. (2013) 

MIS 5e
Hayashi et al. (2010b) MIS 6 MIS 5e

 ( 5-5)
MIS 5e  
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66.3.2. Dansggard-Oeschgar  

NJ88 TOC MIS 
3  ( 6-6) D O

 (2010) 
 ( )

Takahara et 
al. (2009) D O

18O  (Wang et al., 
2001) D O D O

 
MIS 3
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 ( 6-6) GI 8 (Greenland Interglacial-8: 46.6 47.9 ka) Tann 4.0 °C
Pann 1210 mm

H4 (Heinrich event 4: 45.2 46.6 ka) Tann 2.6 °C Pann 1170 mm
MIS 3 Tann 2 7 °C

 
BIW 95-4 MIS 3 D O NJ88

 ( 6-6) GI 5 8
Tann 2 7 °C 5 7 °C

GI 8
Tann 8.8 °C 11.7 °C

Takahara et al. (2009) 
GI 8

TOC GI 8
GI 8

 
GS 9 Tann 2.6 °C GS 8 Tann 2.6 °C

GS 9 Tann 4.9 °C GS 8 Tann 3.0 °C GS 9
Tann 40 ka GS 8

TOC  ( 3-8) 30 ka
TOC AT

AT 20 30 cm
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66.4.  
6.4.1. Compiled TOC  

Compiled TOC 30
6 12  (Berger and Loutre, 1991)  ( 6-7)  

160 140 ka 150 ka
Compiled TOC  

140 70 ka
127 ka, 105 ka, 84 ka

Compiled TOC
95 ka

Compiled TOC Compiled TOC
 

70 15 ka Compiled TOC
15 ka

 
MIS 5 1 MIS 4 2

Hulu, Sanbao
18O  (Wang et al., 2001, 2008) Wang et al. 

(2001, 2008) 22 7 18O
7  

 (2009)  
(2009) 
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66.4.2.  
Compiled TOC

15.8

 (Beger and Loutre, 1991) 
LR04 (Lisiecki and Raymo, 2005), 

 (NGRIP menmbers, 2004)
(Wang et al., 2008; Dykoski et al., 

2005)  ( 6-8)  
MIS 5

Compiled TOC LR04

Compiled TOC

2005  
MIS 3 Compiled TOC

 (Wang et al., 2001, 2008) 
MIS 5 Compiled TOC

Nakagawa et al. (2008) 

 
MIS 1 Compiled TOC Dongge

 (Dykoski et al., 2005) 0.9 ka
 ( 6-9) 0.9 ka Dongge

Compiled TOC 12 ka 0.8 ka
10 ka

MIS 1
 

Nakagawa et al. 
(2008),  (2009) 

 (0.024 ) 

 (0.024 ) 
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MIS 5  ( ) 

MIS 
3  ( )  ( ) 

MIS 1 MIS 5
Compiled TOC 10 ka

Compiled TOC
 

TOC

K-Tz, Aso-ABCD, Aso-3 Aso-2
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



62 
 



63 
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66.5. Compiled TOC
15.8  

36.7° 700 m
158 ka  (MIS) 

 (  6-1) 3 72 ka 72 158 ka
TKN-2004

NJ88 TOC
 

MIS 6 (158 135 ka) Tann, MTWA MTCO 2.1 °C,  
15.5 °C, 11.8 °C Pann 1030 mm Picea, 
Abies, Pinus subgenus Haploxylon

TOC
MIS 6 LGM  

MIS 5e (135 117 ka) Tann 5.5 °C MTWA 18.6 °C MTCO 6.7 °C
Pann 1540 mm Pwin

Fugus Quercus 
subgenus Lepidobalanus TOC

MIS 5e MIS 5e
 (Tarasov et al., 2011)  

MIS 5d 5a (117 72 ka) 
 (MIS 5d 5b) Tann Pann 2.8 °C, 

3.2 °C, 1228 mm, 1120 mm
 (MIS 

5c 5a) Tann Pann 4.4 °C 5.1 °C 1210 mm
1430 mm TOC

 
MIS 4 (71 57 ka) Tann, MTWA MTCO 1.9 °C 15.4 °C 12.1 °C

Pann 1040 mm MIS 6
Pinus subgenus 

Haploxylon, Abies, Picea
 

MIS 3 (57 29 ka) 45 ka
30 ka D O

Tann 2.6 °C
4.0 °C GI 14 12 8 Tann
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3.4 °C, 3.5 °C, 4.0 °C GS 9 (H4)
GS 5 (H3) Tann 2.6 °C MIS 2

TOC  
( 6-8)

 
MIS 2 (29 14 ka) LGM Tann, 

MTWA, MTCO Pann 1.8 °C 15.3 °C 12.2 °C 1040 mm
MIS 6 4

 ( 4-4)  
MIS 2 1  (14 11 ka) Tann 1.3 °C 9.5 °C

 ( 4-5)
TOC

 ( 6-8) 12 ka Tann, MTWA MTCO Pann

 
MIS 1 Tann, MTWA, MTCO Pann 9.0 °C 21.8 °C 3.1 °C 1380 mm

158 ka 12 ka Tann 9.0 °C
 (1981 2010 ) MIS 1 Tann

2 °C 90%
MIS 1
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7  
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77.1.  
 (Nakagawa et 

al., 2002) 
Nakagawa et al., (2002, 2005, 2006, 2008),  

(2002, 2009) Tarasov et al. (2011), Leipe et al., (2015), Kigoshi et al., (2014) 

 

 
 
7.2. TOC  

TOC TOC

TOC

TOC
TOC

 
 
7.3. 15.8  

36.7° 700 m 158 ka  
 (MIS 2, 4, 6) 

2.0 °C 1000 mm  
(MIS 5e, 1) Tann Pann 5.5 °C 9.0 °C 1540 mm 1380 mm

MIS 5e MIS 1
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MIS 5e  
MIS 5c  5a Tann 4.4 °C 5.2 °C MIS 5

MIS 5d 5b Tann MIS 5 3.0 °C  
MIS 3 D O

GI Tann 4.0 °C GS 2.6 °C  

MIS 5e

 
 
77.4.  

 
(Nakagawa et al., 2002) 158 ka

158 ka
D O

TOC
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2

Match

 

BIW 95-4 TOC
BIW
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