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Fig. 1. 1959-2014 £ (a) IATHE T I, (b) AT N LA 1k (1-5 4F7E) o T pliig,

(c) 1959-2014 4D RATHN T8k TIAT

Time series of (a) annual actual loss area by drought damage at private forests, (b) drought
damage ratio of age class 1 (1-5 years old) of private planted forests, and (c) annual
afforestation area at private forests from April 1959 to March 2015.

(b) DFEMHEHRD S B, 1961-1978 FI5 K T 1982 I KIIMZ E T 1 IR mikE 7~
L S ERFEATEMIRTRLUIZEDTRH L, OT/RUE, Asifid 1978 FELUR
D@DIMNK T B [IFEHR (p=0.73) 2. MFHIEOZ FL T — RITH T % [ IEHT
(p=0.57) 727",

In (b), open circles from 1961 to 1978 and 1982 show the ratios of the annual total actual loss
area of age class 1 of both planted and natural private forests, as the substitution of that of only
planted private forests, to the 5-year total afforestation area from 4 years before to that year. Thin
and thick broken lines show the linear regression line for the whole data including both open and
closed circles and only the data shown with closed open circles since 1978, respectively. In (c),
the period of annual sum is from April in that year to March in the next year.
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THEBELTE., #WEFRICKX> THEHICIESDENRDH S
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(a) Total actual loss area of drought damage at private forests, (b) mean drought damage
ratio of age class 1 (1-5 years old) of private planted forests, and (c) total afforestation area
of each tree species at private forests by prefecture.

(a) BLTF (b) 13 1982 &R < 1978-2014 4, () X 1978-2014 £ DT — X FHED L HL,
(b) T 2009 FEDUIEIRD T —21F 100% Z B L T 272Dt EN SR, (b) DFRIE
RRUSHE R 22 2R g 7272 Uy 1B, U, Jeild it Ofipl 2 B X 2 728, FHfE
+EHER A OEZ KR Uz, RG22 E O ER 2R T,

(a) and (b) were based on the data from 1978 to 2014 except 1982. (c) was based on the data
from April 1978 to March 2015. In (b), the ratio of Yamagata prefecture in 2009 was also
excluded because the ratio exceeded 100%. Vertical bars in (b) show standard variation (SD).
For Yamanashi, Kyoto and Hyogo, because the mean+SD exceed the range of vertical axis, their
values are written down. Horizontal line in (b) shows the mean ratio for the whole of Japan.
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BT ERT L THRELTWVS (Figd), T OIS
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D LT 2 &, 1994 4 1E RIS 6-8 H DREIK
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Fig. 3. AT N THE 1 ik D ASERTEVIRIRERI O (a) BaHTFHIHIMAIE (b) T EHEPE R
(a) Total actual loss area and (b) the mean damage ratio by drought at age class 1 (1-5
years old) of private planted forests by tree species and prefecture from 1978 to 2014
except 1982
T —ZHHIE 1982 FF2FR < 1978-2014 4F, 7272 L. (b) “PHIHEHRIE 100% %2 i L
T2 IR A 2009 £F & ORI 2 OAEF RS 1985 £EIEBRIL L TR Tz Bl T~ O Al
t/FXODRAFOHD, @FAFXD b/ FOFH, #ERERNEREITEHWEERTIRZ
R (Vv al ) YRFSHIBNRGE, p<0.05)
In (b), the ratio of Cryptomeria japonica at Yamagata in 2009 and conifer trees other than C.
Jjaponica and Chamaecyparis obtusa at Osaka in 1985 were excluded from the calculation
of mean ratio because their values exceeded 100%. Filled triangles and the filled circles
below the horizontal axis show the prefectures in which the damage ratio of C. japonica is
significantly larger than that of C. obtusa and the damage ratio of C. obtusa is significantly
larger than that of C. japonica, respectively (Wilcoxon signed rank test, p<0.05).
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Actual loss area of drought damage of private forests (6 age classes of planted forests
and all age classes of natural forests) by prefecture in 1994.
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Temporal and regional variations of drought damage at private
planted forests in Japan based on 36-year record of statistical data

Natsuko YOSHIFUJI"*, Satoru SUZUKI " and Koji TAMAI"

Abstract

Quantification of climatic damage to forests and its differences among regions and species is essential for forestry
and forest conservation. Drought risk of forests is one of the critical subject in recent years under the global warming.
Temporal, regional, and among-species variations in drought damage at private forests in Japan were investigated
based on statistical data from 1959 to 2014, especially concentrating on recent 36 years for which original detail
data were available. 1- to 5-years-old stands of private planted forests (PPF1-5) account for 95.3% of actual loss
area, which was calculated as the damaged area multiplied by the ratio of the number of damaged trees to that of
planted trees, caused by drought damage at whole private forests. The mean annual ratio of actual loss area caused
by drought damage to total forested area (r, .,) of PPF1-5 over Japan was 0.26% and showed large inter-annual
fluctuation without significant temporal trend. In variation among prefectures, the mean annual r, ., at PPF1-5 were
relatively large in Hokuriku, Koushin, Kinki, and Chugoku regions (the south western part of the main island of
Japan) and Kagawa prefecture, and were small in Tohoku, Kanto, and Tokai regions (the north eastern part of the
main island of Japan) and Hokkaido and Kyushu islands. Annual 1, ., of Chamaecyparis obtusa at PPF1-5 was larger
and smaller than those of Cryptomeria japonica in 17 and 2 prefectures, respectively. Considerable amount of actual
loss area was reported at mature stands in Kyushu in 1994, in which rainfall was quite small than usual from summer
to early autumn. As the drought damage at mature stands, which should cause greater economic loss and ecological
disturbance, occurred infrequently, comprehensive and long-term monitoring of forest damage needs to be continued
to evaluate the trend of drought damage at mature stands.

Key words: drought damage, private forests, statistical data, rate of damage, temporal variation, spatial variation, age
class
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