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Abstract  Okhotsk High is a characteristic component of summer climate in easternmost Eurasia and develops every June above the southern Sea of Okhotsk. 
Because the reversed meridional temperature gradient between eastern Siberia and northwestern North Pacific determines intensity and location of Okhotsk High, 
its inter-annual variability is controlled by regional land-ocean-atmosphere dynamics. On the other hand, this anticyclone makes a cool and humid maritime easterly 
blow onto the east coast of northeast Japan and induces nips on rice paddies there, having caused severe famines in Japanese history. In this study, we measured 
oxygen isotopic ratios (δ18O) of tree-ring cellulose in two kinds of conifer (Thujopsis dolabrata and Cryptomeria japonica) collected in 1986 at eastern (Pacific) and 
western (Japan Sea) sides of northeast Japan, to reconstruct past changes in Okhotsk High. Because summer hydroclimate on the east coast is not only related to 
the intensity of Okhotsk High but also affected by zonal meteorological processes such as a rainy (Baiu) front, the combination of δ18O records from eastern and 
western sides may be useful to identify changes in Okhotsk High solely. The inter-annual variations in δ18O from 19th century to 1986 at two regions have distinct 
negative correlations with those of local summer relative humidity. In fact, the difference in tree-ring δ18O between eastern and western sides is negatively
correlated with inter-annual variations in the sea level pressure at the northwestern North Pacific, demonstrating a usefulness of spatial-temporal variations in tree-
ring δ18O to reconstruct a regional distribution of atmospheric pressure, such as Okhotsk High.
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Rice yield percentages in Northeast Japan during 
typical nip years due to intensified Okhotsk High

and tree-ring sample sites (● & ●)
(Data from National Agricultural Experiment Station in Northeast Japan)

Okhotsk High always
damages rice paddies
along the east coast of 
northeast Japan 
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Influence of Okhotsk H on climate in NE Japan
(from Bokura, 1995) 
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Correlation between “regional June Sea Level 
Pressure” and “June relative humidity at a 

meteorological observatory in Miyako”
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Correlation was calculated using Climate Explorer at KNMI
(Oldenborgh et al., 2009)

Because Okhotsk High always intensifies the cool and humid 
easterly blowing onto the Pacific coast of northeast Japan, 
there is a clear correlation between development of Okhotsk
High and relative humidity there (ex. Miyako-city) in June. 
Therefore, if we can reconstruct past summer relative humidity 
there from δ18O of tree-ring cellulose described below, past
changes in Okhotsk High Pressure can be estimated too.
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・Tree-ring δ18O is mainly determined by δ18O of Leaf Water in summer…

・δ18O Leaf Water can be expressed as a linear function of “δ18O of precipitation”
and “relative humidity”…<Craig-Gordon Equation>

Factors controlling δ18O of tree-ring cellulose

δ18O Leaf Water = δ18O Precipitation + (εe + εk)( 1 – h ), 

εe, εk : equilibrium, kinetic isotope effects, h : relative humidity

● ●

● Two conifer trees (Thujopsis dolabrata)  
1839-1986, 1851-1986

● Two conifer trees (Cryptomeria japonica)
1818-1986, 1821-1986

The δ18O of tree-ring cellulose were analyzed not only at Pacific side, but also 
at Japan Sea side. Because the summer hydroclimate in northeast Japan is 
not only controlled by Okhotsk High, which makes an east-west asymmetry, 
but also by a zonal rainy front, which affects both of Pacific and Japan Sea 
sides similarly, the comparison between Pacific and Japan Sea sides must 
be helpful to extract the information owing to only Okhotsk High.

Inter-annual variations in δ18O of tree-ring cellulose 
at Pacific side（I4,I6） and Japan Sea side（A4,A7）

23.00

24.00

25.00

26.00

27.00

28.00

29.00

30.00

31.00

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

A4-d18O(VSMOW)

A7-d18O(VSMOW)

I4-d18O(VSMOW)

I6-d18O(VSMOW)

d18O相関 Ａ４ Ａ７ Ｉ４ Ｉ６
Ａ４ 0.700 0.554 0.569
Ａ７ 0.442 0.402
Ｉ４ 0.743
Ｉ６

δ1
8 O

 (V
S

M
O

W
)

Year (AD)

Cor. Coeffici.

C
or

re
la

tio
n 

C
oe

ffi
ci

en
t

Correlation between inter-annual variations in the 
δ18O of tree-ring cellulose and monthly mean relative 

humidity at nearest meteorological observatories

Peculiar correlations with June & July 
relative humidity were found especially 
at Pacific side. 

<Analytical Procedures><Analytical Procedures>
1) Slicing the tree1) Slicing the tree--ring disks into thin boards of 0.7mm thickness.ring disks into thin boards of 0.7mm thickness.
2) Cutting the thin boards into yearly rings by razor blades.2) Cutting the thin boards into yearly rings by razor blades.
3) Extraction of cellulose from the tree rings.3) Extraction of cellulose from the tree rings.

33--1. Removal of lipid by organic solvents1. Removal of lipid by organic solvents
33--2. Removal of lignin by NaClO2. Removal of lignin by NaClO22 solutions.solutions.
33--3. Removal of hemi3. Removal of hemi--cellulose by Alkaline solutions.cellulose by Alkaline solutions.

4) Measurement of oxygen isotopic ratios by TCEA4) Measurement of oxygen isotopic ratios by TCEA--IRMS systemIRMS system

Correlation between “δ18O of tree-ring 
cellulose at Pacific side (average of I4 

& I6)” and “global SLP （Trenberth SLP）”
Correlation was calculated 

using Climate Explorer
(Oldenborgh et al., 2009)

Significant 
correlation
can be found
at some
limited areas
including 
position of
Okhotsk high. 

High correlations
were not only 
found at
Okhotsk High
Area, but also
shown at southern
area of Japan,
probably reflecting
a contribution
from summer 
monsoon activity. 

Correlation between “difference in δ18O 
values of tree-ring cellulose : Pacific side (ave. 
I4 & I6) minus Japan Sea side (ave. A4 & A7)”

and “global  SLP （Trenberth SLP）”
Correlation was calculated 

using Climate Explorer
(Oldenborgh et al., 2009)

Significant 
correlations
located out of 
Okhotsk High 
area have 
disappeared
by considering
tree-ring δ18O
in Japan Sea 
side besides
Pacific side. 

By combining
horizontal data
sets of tree-ring 
isotopes, regional
atmospheric
condition can be
reconstructed
even on the
ocean.  

Okhotsk High, which characterizes the summer hydroclimate in East 
Asia and has been influencing the local people’s welfare, can be 
reconstructed from spatial distributions in δ18O of tree-ring cellulose. 


