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Plate. Photomicrograph of one complete set of tree rings of Yamagata—grown Zelkova serrata.
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Fig. 1. Annual growth rate 0, of Yamugata—grown Zelkova serrata measured for natural growth rate.
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Fig. 2. Graph of growth rate : (a) (0,~1,0*; (b) (1,~2,7;(¢) (2,-3,).
Note : Denotation of 1,5, 24, 3y, is given in the illustration of Fig. 3. (0,~1¢J* denotes 3 years’

moving average of (0~141, (0,~1g] is 0; minus 14. {1,~2,] is 1, minus 24, and so on.
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Fig. 3. Graph of growth rate : (@) 1; (=5 years’ moving average of 0y) ;

(b) 2y (=11 years’ moving average of 1,); (€) 8y (=25 years’ moving average of 2)).
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Fig. 4. Histogram of growth rate : (@) 0,; (b) 15; (©) 24; (@) 38,
Table 1
Frequency i Relative frequency
Rank(mn |
k) o) ) | @y |G | o) | a2 | @) | o)
0 ~ 05 15 8 6 0 ‘ 0.046 | 0.025| 0.019 0
0.51 ~ 1.0 39 35 20 21 } 0.121 0.110 0. 065 0. 074
1.01  ~ 1.5 47 39 51 39 | 0. 146 0.122 0.165 0,137
1.51 ~ 2.0 49 55 58 53 0.152 0.172 0. 188 0. 186
2.01 ~ 2.5 53 56 45 64 0,164 0.176 0. 146 0,224
2.51 ~ 3.0 53 59 65 59 0,164 0.185 0. 210 0. 207
3.01 ~ 3.5 30 38 46 49 0.093 0.119 0. 149 0.172
3.51 ~ 4,0 11 13 13 0,034 0.041 0. 042
4.01 ~ 4,5 10 9 ( 5 0.031 0.028 0.016
4,51 ~ 5.0 7 6 | 0,022 0,019
5,01 ~ 5.5 5 1 ‘ 0,015 0. 003
551 ~ 6.0 4 ] 0,012
Total 323 319 ‘ 309 285 ‘ 1, 000 1. 000 1.000 1.000
Mean (mm) 2,19 2.21 2,20 2.19 [
Standard diveation (mm) 1.18 1.01 0.89 0.75 |
Variance (mm)? 1.40 1.03 0.79 0.57 (“
Coefficent of variation(%) 54 46 40 34 ‘
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Fig. 5. (a) Thick line : Summer mean temperature (0,~1:J* at Yamagata. Fine line : Growth rate (0,~14J*.
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Fig. 5. (¢) Thick line : Summer mean temperature 2; at Yamagata. Fine line : Growth rate 25 Dotted
line : Mean yield of rice 2 (unit: 1.8 £/10a) in 6 prefectures of the north—eastern section

of Japan.
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Fig. 7. (a) Thick line : Summer mean monthly precipitation (0r-1rJ* at Yamagata.
Fine line : Growth rate [0,-1,J*.
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Fig. 7. (b) Thick line : Summer mean monthly precipitation (1z—2r) at Yamagata.
Fine line : Growth rate (14-2,).
mm T I T T T L T T T T T Iﬁ T T I T T T T | T T T T I T mm OC
122.8
115 422, 4
" 04220
1% 4a1.6
100 |
P N TR SN NN TR S NN Y N S N Y TS AU N SR B N RS B N 21.4
1900 1910 1920 1930 1940 1950

Fig. 7.
Fine line : Growth rate 2.
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Fine line : Growth rate [0g-1,3*.
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Fig. 9. (b) Thick line : Sunmer mean cloud amount (1~2¢ at Yamagata.
Fine line : Growth rate (14-2¢).
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Fig. 9. (¢) Thick line : Summer mean cloud amount 2¢ at Yamagata. Fine line : Growth rate 2.
Dotted line : Summer mean monthly duration of sunshine 2, at Yamagata.
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SUMMARY

The growth rate of tree-specimen of Yamagata—
grown Zelkova serrata (Japanese : Keyaki) of 323 years
is found to be valuable as a good indicator of climatic
changes.

The characteristics of the growth rate of Zelkova
serrata are studied, and then the relations between the
growth rate and summer meteorological elements at
Yamagata, North Pacific high, sunspot number, and
the growth rate of Taipingshan—grown Formosan Cy-
press respectively are investigated.

The results of this study are as follows :

(1) About 5~year, 10-year, 20-year and 100-year
periodic variations are appeared in the growth rate of

Yamagata—grown Zelkova serrata. About 20-year and
100-year periodic variations are clearest.

(2) There is better correlation between the growth
rate of Zelkova serrata and meteorological elements at
Yamagata in the longer periodic variations, such as
20-year period, than in the shorter periodic variations
such as less than 10-year period.

(3) The meteorological element which has the clo—
sest relation with the growth rate of Zelkova serrata
is the sea level atmospheric pressure difference in su—
mmer between Tokyo and Yamagata, especially in some
20-year periodic variation, the correlation between them
is remarkable and it shows negative. The effect of the
pressure difference on the growth rate is three times
of that of sum of all other meteorological elements
(temperature, precipitation, cloud amount). If G and
P signify the annual growth rate in mm and pressure
difference in 0.1 mb unit, the experimental formulae
are as follows :

G=3.54—4.68P (for 1898—1917 A. D.)

=3.96—3.97P (for 1918—1944 A. D.)
So we find that if the pressure difference increases 0.1
mb, the annual growth rate will decrease 0. 4~0, 5mm.
Using the geostrophic wind approximation, pressure
difference of 0.1 mb corresponds to the wind velocity
of 30 cm/sec, and from the positions of the two dis—
tricts, it is westerlies. Accordingly, if the wind velocity
of westerlies increases 1m/sec, the annual growth rate
will decrease about 1.5mm. So that we can estimate
the variations of westerlies for the last 300 years by

the index of the growth rate of Zelkova serrata.

(4) In the relation between the growth rate of

Zelkova serrata and the precipitation, the correlation
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is positive in the longer periodic variations, that is when
the precipitation is much, the growth rate is large. But
their correlation is reverse after about 1940.

(5) Tt'is complicated in the relation between the
growth rate and air temperature in the shorter periodic
variations. In the variations longer than 20-year period
the correlation is negative for long term, but their
correlation is reverse for the period when the growth
rate is largest, and after about 1940.

The reason why the growth is small when the tem—
perature is high is that in the climate of Yamagata,
when the temperature is high, the precipitation is small
in general, and the pressure difference between Tokyo
and Yamagata is large, while growth rate is much
affected by the pressure difference than any other
meteorological element.

The effect of the temperature and precipitation on
the growth rate reverses after about 1940. This may
be related with the global climatic changes, as during
this period the world mean temperature changes from
warming to cooling.

(6) The correlation between the cloud amount and
the growth rate is in genaral positive, but their corr—
elation is reverse after about 1940. The reason why
the growth rate is large when the cloud amount is
rich is that the precipitation and the pressure difference
affect the growth rate more than the cloud amount
does.

(7) The close relation between the growth rate of
Zelkova serrata and the variations of North Pacific
high is as follows :

(a) In about 5-year periodic variations, when the
central pressure of the Pacific high is high, its
position moves north and east, when the growth
rate increases.

(b) In about 10-year periodic variation, when
the central pressure of the Pacific high is high, the
position moves south, when the growth rate tends
to decrease.

(¢) In about 20-year periodic variations, when
the position of the center of the Pacific high moves

west, the pressure difference between Tokyo and

Yamagata is small, when the growth rate is expected

to be large.

(8) The relation between the growth rate of Ya-
magata—grown Zelkova serrata and sunspot number is
not clear in about 5-year, 10—year and 20-year periodic
variations, but in 100-year period, the correlation be—
tween them is positive and has phase difference of some
dozen years.

(9) The relation between the growth rate of Ya-
magata—grown Zelkova serrata and that of Taipingshan
grown Formosan Cypress is not clear in shorter periodic
variations such as less than 10-year period, but a clear
correlation is got in about 20-year periodic variations
exclusive of a short period. In the variations of 100~
year period the correspondence of their variations is
remarkable, but the phase is quite reverse.

REFERENCES

1. S. Hayami and M. Quti : On the Variations of the
North Pacific Subtropical High and Snow—fall in
Japan (in Japanese). Kyoto Univ. Ann. Disas.
Prev. Res. Inst. 8. (1964)

2. M. Outi : Climatic Variations in the North Pacific
Subtropical Zone and Solar Activity During the
Past Ten Centuries (I). Bull. Kyoto Gakugei
Univ. Ser. B. No. 19. (1961)

3. ¢ —— (ID. No. 20. (1962)

4,—— : On the Evidence and propagation Mechanism
of the Surface Temperature Variations in the
Period of Twenty—four Years (in Japanese). Bull.
Kyoto Gakugei Univ. Ser. B. No. 24. (1964)

5. H. Arakawa : “Kikdhendo-ron” Kishogakukdza (19
55).

6. J. M. Mitchel Jr. : Recent Secular Changes of Global
Temperature. Ann. New York. Acad. Sci vol. 95.
Art. 1 (1961).

7. R. A. Bryson & ]. A. Dutton : Some Aspects of the
Variance Spectra of Tree Rings and Varves. Ann.
New York. Acad. Sci. vol. 95. Art. 1 (1961).

8. R. W. Fairbridge : Mean Sea Level Related to Solar
Radiation During the Last 20,000 years. Change
of Climate. Proc. Rome. Symp. UNESCO & W.
M. O, (1963).



KW : BIRDAER - KRS 107
Appendix
Annual growth rate of Yamagata—grown Zelkova serrata, measured values for natural growth
rate. unit : mm/year
Year 0 1 2 3 4 5 6 7 8 9

1950 2.80 1.70

19 40 3.75 3.20 3.80 5.75 4. 60 3.00 3.40 3.05 2,35 2,156
1 9 30 2.45 2.25 2.30 3.30 3.90 3.10 3.10 2.30 2.55 2.40
19 20 2.15 2,55 2.20 2.30 1.80 2.90 1.95 2.30 2.15 2.85
1910 2.45 3.00 4,10 3.80 3.25 2.90 2.30 1.30 1.00 1.25
1 9 00 1.10 1.50 1.80 1.80 2.20 2.35 2.65 3.20 4,00 2.45
1890 1.00 2,00 2,95 1.75 0.35 0.45 0. 60 0. 60 0.70 1.00
1 8 8 0 1.55 1.90 1.70 2.15 2.35 2.20 2.40 2. 90 2.10 0. 90
18 70 3.80 3.15 2.95 1.20 1.10 2.15 2.00 1.85 1.35 1. 40
1 8 6 0 4. 60 3.95 2.70 2.35 1.80 2.30 2.20 2.50 2.90 3.20
1 8 5 0 2.70 3.10 2.70 3.10 2,40 2,00 2.60 3.20 4,30 5, 60
1 8 40 2.60 2.90 2.50 2,80 2.60 2.40 2,30 2.45 2,35 2. 40
1 ¢ 30 4,55 4.20 4. 60 5.70 5,05 5.10 2.95 2.75 3.10 3.30
1 8 20 2.70 2. 65 2.75 2.80 2.90 2.95 1.95 2,80 3.50 3.60
1810 4,20 3.40 2. 80 2.90 2.55 2. 65 2.95 3.25 3.80 3.20
18 00 2.45 2. 80 2.15 1.95 1.65 1.05 1.45 1.65 2.50 3.55
1790 0.55 0.90 1.15 1,056 1.20 1. 40 1.20 0.90 1.20 1.95
17 80 1.05 1.30 1.90 2,60 3.20 1.80 1.40 0.65 0.55 0.55
17 70 1.55 2.00 2.70 3.30 4. 45 3.00 2.55 2,25 1.85 1.85
17 6 0 2.95 1.90 2.00 2.40 1.85 1,65 2.00 1.25 1.25 1.55
1750 2.60 1.50 3.10 2.30 2.70 2.90 3.05 2.60 3.10 3.90
17 40 4.30 2.00 2.40 3.10 3.00 3.30 3.20 3.50 2.45 2.35
17 30 4,40 2.50 1.50 1.40 2.50 2.50 3.00 2. 60 4, 40 4. 60
17 20 4,95 4,55 2.90 4,50 2.60 2.45 4,30 5.70 5.20 5.10
1710 1.90 2,00 1.15 0.95 1.30 1.40 1.50 1.50 1.25 2.85
1 7 00 0.70 0. 45 0.45 0.55 0.60 1.30 1.55 3.30 2.75 2.45
16 90 0. 60 0.50 0.35 0.45 0.50 0.50 0. 60 0. 60 0.30 0.50
1 6 8 0 1.15 0.75 1.55 1.60 1.60 0. 60 0. 60 0. 50 0.60 0.30
1 6 70 0.75 0.45 0. 60 0. 60 0. 60 0. 60 0.90 1.30 1.45 1. 40
1 6 6 0 1.05 1.70 2.70 1.70 3.00 2.40 2.10 1.95 1. 80 1.35
1 6 50 1.55 1.00 0.60 1.30 1.35 1.15 2.50 1. 40 1. 00 1.55
1 6 40 2.45 1.90 1.25 0.90 0.20 0.70 0.75 0.75 0. 80 1.55
1 6 30 0.70 3.20 1.60 25 1.35 1.35 1.50 1.15 1.65 1.85
1 6 2 0 5.30
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