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Table 2.1. Summary of the study sites and meteorological stations. 

Sampling si te  WI 
Lati tude 

N 

Longitude 

E 

Alt i tude 

(m) 

Meteorologica l 

stat ion* 
Raw data source  

Hachimantai  2 (HMT2) 46.8 39°58'  140°48'  1080 Morioka  Takehara 2005 

Hakkoda 2 (HKD2) 53.5 40°37'  140°56'  700 Aomori  Takehara 2005 

Takayama (TKY) 54.9 36°08'  137°25'  1420 Takayama Shen 2016 

Hachimantai  1 (HMT1) 55.6 40°00'  140°48'  820 Morioka  Takehara 2005 

Nishikoma (NSK) 60.9 35°50'  137°51'  1450 Iida  Wakui 2009 

Hakkoda 1 (HKD1) 64.4 40°36'  140°57'  410 Aomori  Takehara 2005 

Ohata-Kawauchi (OKC) 64.8 41°22'  141°01'  400 Aomori  Hoshino et  a l.  2008  

Hiyama (HYM) 66.6 41°45 140°08'  250 Esashi  Shen 2013 

Masukawa (MSK)  70.7 41°10'  140°33'  260 Aomori  Hoshino et  a l.  2008 

Chichibu (CCB) 73.7 35°56'  138°48'  1200 Kofu  Wakui 2009 

Shiiba (SIB) 82.8 32°22'  131°09'  1100 Miyazaki  Wakui 2009 

Ehime (EHM) 83.3 33°41'  133°36'  1000 Matsuyama Shen 2013 

Kochi (KCH) 83.4 33°54'  132°05'  1030 Kochi  Shen 2013 

Note: “WI” is the warmth index (annual sum of the mean monthly 

temperatures above 5°C) according to Kira (1949). WI was calculated 

with a temperature lapse rate of 0.568°C/100m as an average of the four 

seasons in the Japanese Alps (Ueno et al. 2013). * Meteorological stations 

whose data are used for calculation of climatic responses.  



 

 

Table 2.2. Basic statistics of tree-ring-width chronologies.  

Sites  

Number of 

t rees (cores or 

radii ) in 

chronologies  

Mean 

number 

of  rings  

Mean 

ring width 

(mm) 

Chronology 

length Duration of analyzed 

span Start  

year  

End

year  

HMT2 13 (22)  103 1.26 1904 2004 1929 2004 

HKD2 13 (26)  79 1.62 1905 2004 1924 2004 

TKY 19 (38)  74 1.71 1932 2013 1934 2009 

HMT1 14 (27)  47 1.88 1942 2004 1944 2004 

NSK 42 (119) 65 2.19 1918 2008 1924 2004 

HKD1 9 (17)  78 2.54 1955 2004 1954 2004 

OKC 10 (40)  119 1.44 1899 1994 1924 1994 

HYM 33 (64)  58 1.78 1940 2012 1944 2009 

MSK 10 (40)  128 1.98 1922 1994 1924 1994 

CCB 16 (24)  133 1.97 1946 2006 1949 2004 

SIB 36 (76)  145 1.37 1891 2008 1924 2004 

EHM 30 (53)  87 2.08 1953 2012 1954 2009 

KCH 30 (55)  63 2.16 1934 2012 1934 2009 

 



 

 

Table 2.3. Correlations among tree-ring width chronologies of the sites.  

Note: Dark, intermediate and light gray cells indicate positive 

correlations significant at p < 0.01, p < 0.05, p < 0.10, respectively.  
 



 

 

Table. 2.4. Results of the principle component analysis of residual 

chronologies.  

Explained variance and eigenvectors for the contributing chronologies are 

given for the seven main principal components (PC).  The percentages of 

cumulative sum of seven main principal components are over 80%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC1 PC2 PC3 PC4 PC5 PC6 PC7
Variance% 24.58% 14.82% 11.77% 9.97% 8.57% 7.08% 5.71%

Cumulative explained
 variance %
Eigenvectors

MSK 0.7503 0.1242 0.0969 -0.3243 0.3221 0.1056 -0.0709

OHT 0.7195 -0.0278 0.1705 -0.3865 0.3070 0.0166 -0.3911

HMT1 0.6854 -0.4248 -0.0050 0.2720 -0.2368 -0.1569 0.0848

CCB 0.5729 0.2038 0.2260 0.2911 0.0469 0.5246 0.2233

HYM 0.5580 -0.1811 0.0440 0.5825 0.0223 0.1073 -0.2330

HKD1 0.5320 -0.0929 0.3121 -0.4875 -0.3495 0.0120 -0.1637

TKY 0.5000 0.3151 -0.5155 -0.1603 -0.0543 -0.3901 0.3176

NSK 0.4256 0.5029 0.0615 0.0064 -0.6039 -0.0889 0.1949

HKD2 0.3792 -0.5812 -0.0276 0.2478 0.0776 -0.4746 0.2802

HMT2 0.3007 -0.1699 -0.6674 -0.0294 0.3753 0.1701 0.0377

EHM 0.1886 0.5696 0.2162 0.4574 0.1445 -0.1154 -0.1902

SIB 0.1334 0.5701 -0.6336 0.0849 -0.0938 0.0627 0.3755

KCH -0.0604 0.5273 0.4203 0.0441 0.4377 -0.4076 -0.2230

76.79% 82.50%24.58% 39.40% 51.16% 61.13% 69.71%



 

 

 

Fig. 2.1. Map showing the study sites for Japanese beech tree rings.  

Note: The broken line shows the boundary between two ecotypes of 

Japanese beech, namely the Japan Sea type and the Pacific type (Fujida 

1987; Fukusima et al. 1995).   



 

 

Fig. 2.2. The residual tree-ring width chronologies.  

Note: Shaded areas show the number of trees in chronologies; thick black 

lines indicate mean correlation between trees (Rbar) and thick gray lines 

indicate EPS for the residual chronologies (central value of 41-year 

running windows). Thin gray horizontal lines at EPS = 0.85 show the 

reliability threshold presented by Wigley et al. (1984).



 

 

 

Fig. 2.3. Results of the principal component analysis on the chronologies 

calculated for the period 1955-1994.



 

 

Fig. 2.4. 41-year window running correlations between the residual chronology 

and monthly mean temperatures at 5-year intervals.  

Note: 1955-1994 is the common duration for all sites. Correlations for the 

maximum period, which cover both chronology and meteorological data for each 

site, are shown at the bottom of each panel. The gray bars indicate correlations 

significant at p < 0.05 in correlation analyses. The stars indicate correlations in 

response function analyses are significant at p < 0.05 (see Figs. 2.7 and 2.8). 
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Fig. 2.5. 41-year window running correlations between the residual chronology 

and monthly precipitation at 5-year intervals.  

Note: 1955-1994 is the common duration for all sites. Correlations for the 

maximum period, which cover both chronology and meteorological data for each 

site, are shown at the bottom of each panel. The gray bars indicate correlations 

significant at p < 0.05 in correlation analyses. The stars indicate correlations in 

response function analyses are significant at p < 0.05 (see Figs. 2.7 and 2.8). 
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Fig. 2.6. 41-year window running correlations between the residual chronology 

and monthly sunshine duration at 5-year intervals.  

Note: 1955-1994 is the common duration for all sites. Correlations for the 

maximum period are shown at the bottom of each panel. The gray bars indicate 

correlations significant at p < 0.05 in correlation analyses.  
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Fig. 2.7. 41-year window running correlations by response function between the 

residual chronologies and monthly mean temperatures and precipitation of May to 

December of the previous year of growth.  

Note: 1955-1994 is the common duration for all sites. Corre lations for the 

maximum period are shown at the bottom of each panel. The gray bars indicate 

correlations significant at p < 0.05 in response function analyses.   
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Fig. 2.8. 41-year window running correlations by response function between the 

residual chronologies and monthly mean temperatures and precipitation of March 

to October of the current year of growth.  

Note: 1955-1994 is the common duration for all sites. Correlations for the 

maximum period are shown at the bottom of each panel. The gray bars indicate 

correlations significant at p < 0.05 in response function analyses.  
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Fig. 3.1 Map showing the study site.



 

 

 
Fig. 3.2 The transverse images show stages of wood formation phenology. a ) No 
new thin cell walls (NCW) are visible, indicating that the cambium is in a dormant 
stage (B. ermanii on April 27). b) NCW formed in cambial cells (arrow), 
indicating the beginning of cambial cell division (B. ermanii on May 11). The 
proportional radial cumulative growth for each wounding date was calculated by 
the wounding position (Rwi) on complete one ring width (RW). c) A wound tissue 
formed in B. ermanii wounded on July 9, 2014, and collected on November 17, 
2014. The broken line shows the assumed site of cambium at the date of wounding. 
The thick arrow indicates the position of the cutter -knife wound. c1) Magnified 
image of the rectangle in c). Increase of radial cell files (triangles) is used as the 
mark of cambium at wounding (Kuroda 1986). d) A Q. crispula sample wounded 
on September 10, 2015, and collected on October 15, 2015. Additional xylem 
(AX) (Seo et al. 2006) was laid down onto the completed tree ring due to the 
wound. e) A B. ermanii sample wounded on August 27, 2015, and collected on 
October 15, 2015. There is only a crack at the wound site, indicating the cessation 
of cambium division. 



 

 

 

 

Fig. 3.3 Leaf phenological stages. a) Winter buds were observed in B. ermanii on 

April 27, 2015. b) leaf expansion and appearance of small leaves were observed in 

B. ermanii on May 11, 2015. 

  

a 
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Fig. 3.4 The wood formation phenology. Cumulative proportional growth of 

xylem is measured by the wounding method.  

Beginning of cell division (white arrow) was confirmed in the intact tissue 

samples from three trees in the early stage of xylem formation. The end of radial 

growth (black arrow) was confirmed at the particular trees by the wounding 

method (for details see Fig. 3.2). Leaf-expansion (black triangle) was visually 

observed in all the trees. B. e. indicates B. ermanii, F. c. indicates F. crenata, and 

Q. c. indicates Q. crispula. 
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Table 4.1 Basic statistics for the residual chronologies of tree -ring width. 

 
* Calculated for the common period (1961–2013) that corresponded with analysis 

on climate responses. 

 

Mean DBH
(range)
(cm)

21
(15.5–32.0)

28.2
(14.8–47.3)

26.5
(19.0–37.7)

Standard
deviation*

0.20

Number of
trees (cores) in

chronologies

Period of
chronology

Analyzed period of
climate response

Mean
sensitivity*

Betula ermanii 27 (46) 1957–2013 1961–2013 0.32

0.16

Mean correlation
between trees*

Quercus crispula 26 (47) 1933–2013 1961–2013 0.34 0.13

0.20

Fagus crenata 19 (38) 1909–2013 1961–2013 0.40 0.12 0.19



 

 

 

Fig. 4.1 The residual tree-ring width chronologies. 

Shaded areas show the number of trees in chronologies; thick dotted lines indicate 

EPS for the residual chronologies (the central value of the 31-year running 

windows). Thin dotted horizontal lines at EPS = 0.85 represent the reliability 

threshold presented by Wigley et al. (1984). 

  



 

 

Fig. 4.2 The climate responses of B. ermanii tree ring width.  

The correlations between the residual chronology and 31 -day moving average of 

maximum temperature, mean temperature, minimum temperature, precipitation 

and sunshine duration at 1-day intervals. Each value indicates the central day of 

the 31-day interval. The dotted lines represent the level of statistical significance 

(p = 0.05). 

  



 

 

Fig. 4.3 The climate responses of F. crenata tree ring width. 

The correlations between the residual chronology and 31 -day moving average of 

maximum temperature, mean temperature, minimum temperature, precipitation 

and sunshine duration at 1-day intervals. Each value indicates the central day of 

the 31-day interval. The dotted lines represent the level of statistical significance 

(p = 0.05). 

  



 

 

Fig. 4.4 The climate responses of Q. crispula tree ring width.  

The correlations between the residual chronology and 31 -day moving average of 

maximum temperature, mean temperature, minimum temperature, precipitation 

and sunshine duration at one-day intervals. Each value indicates the central day of 

the 31-day interval. The dotted lines represent the level of statistical significance 

(p = 0.05). 

  



 

 

Fig. 4.5 The seasonal changes in the phenology of both leaves and xylem, and in 

the climate responses and moisture conditions at the study site in central Japan. 

The wood formation data were from observations of the 2014 –2015 growing 

season (see Fig. 3.3). The climate response indicated the period of significant 

correlation between residual chronology and moving average climate variables 

(see Figs. 4.2–4). The timing of the start of leaf expansion (SLE) and end of 

leaf-fall (ELF) during 2004–2011 are from Nagai et al. (2013). Leaf phenology 

photos were taken at the TKY site at midday of each month over 2014 –2015 and 

provided by the Phenological Eyes Network (http://www.pheno-eye.org). The 

average monthly soil water content and precipitation were from local data at the 

Takayama field station of the River Basin Research Center, Gifu University 

(http://www.green.gifu-u.ac.jp/takayama/).  
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