
Dendrochronology in Japan

　　　　　EnglishSummary

　　　This repon summarizes a research into dend rochronology and dendro-

climatology conducted principa]lyby archaeo】ogistTANAKA Migaku 田中琢

and archeo -botanist MITSUTAN! Takumi 光谷拓実at the Nara Natiraial

Cultural Properti・Research Institute.The principalinvestigators are joined

by SATO Tadanobu 佐藤忠信of Disaster Prevention Research Itisti･uteal

Kyoto University in the application of dendroc]imatology. Our five year

project ioi卜iatedin 1985 has been supported by the Gram-in-Aid for Sd-

entificReseareh program of the Japanese Ministry of Education. Prior to

the presentation of our results, we firstreview previous research inlｏthe

use of tree rings in Japan. We u^ll proceed to discuss our studies, firsI･n

dendiochronology, and then on dendroc]imatology.

　　　Studies based on tree rings in Japan originally began with the aim of

reconstructing palaeoclimate and ihe c>'cle of palaeoclimatic f]actuations.

These measurements were ca]culated on the basis ｏf the width of tree rines.

However, such researches a】ways utilized only one tree; the scho】ars did not

altempl to cross-date more than one sample. This was the case in all pre-

Wor】ｄ War n studies.

　　　The earliest examp]c of dendroclimato】ogical scholarship in Japan was

HIRANO Ressuke's平野烈介research published in 1921. He calculated the

total amount of growth of a ;ＳＫＫtlcedar based on the area of the cross-sec-

tion of the tree. He observed fluctuations in the amount of yearly growth

and determined that: “In the life of this particular Japanese cedar Iree, we

have clear evidence of a thirty-three year cycle." He identified this cycle 2s

Briickner's cycle in climatology. Such studies were continued intermittent]ｙ，

and ohter hypothetic a]periodic cyc】csof long-term climatic fliictiiationwere

proposed 110 years, 350 years. and 700 years. The most famous research

was by YAMAZAWA Kin£oro 山沢金五郎, then the director of ihe Wealher

Station at Takayama, Gifu Prefecture. 1n 1930. he published the result of

his measurements of the width of 802 rings of a Japanese cypress tree

{Chamaeり>paris obtusa Endlふand he attributed these 802 rings lo the

years between 1119 to 1920. 】n our re-examination, however, we discovered

that these rings were formed beIween 1118 and 1919.

　　　Among the pre-World War n schotars interested in dendrochronology.

architectura】histｏrian ＳＥＫ]NO Masaru関野克was an exception in ihal he

not only fo】lowed the progress in this Field in Europe and North America,

especially the achievements of A-E. Douglass who could indeed cross -date
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some floating chronologies, but a】soattempted to app】ｙＤouglass'■workto

Japanese trees.In 1943, Sekino measured the wdth of rings of structural

parts of an eighth century bailding in Japan, and same of the ring patterns

he drew stUI survive. Probab】ｙbecause or the social confusion and dtstur-

bances during and soon after・yorld War n. however, Sekino did not make

any further progress in his research｡

　　　Another epocha】study was poblished by SHI DEI Tsunahide 四手井綱

英and his collaboratorsin 1944. Their project. conducted in Akita Prefcc

ture, was methodo】ogically significant because they utilised measurements

from several hundred Japanese cedars rather than just one tree. They ｃｏｎ･

eluded thai the fluctuationin 卜he tree growth between 1928 and 1942, as

evidenced in the differentvndth of tree rings. was related to the precipita-

tioticoefficient, the growth of Japanese cedar became poor whenever the

precipitationcoefficienlwent above or be】｡ｗceriain values｡

　　　The ｍａｊｏrityof postwar tree ring studies in Japan were climato】<^i-

cal. Sdiolars became methodol。･gicallyprecise asd weFe ｎｏ】ongersatisfied

with simple comparisons between ring l>atterns and climatic fluctuations.

Nonetheless, meticu】ousdata-gathering such as characterized Shid^'s work

was not yet common｡

　　　Two studies conducted during thai period were worthy of note. One

was TAKAHASHI Hiroaki 's 高橋宏明siudy. Following Shidd's example.

Takahashi eｘp】oredthe relationship between tree growth and climatic fac-

tors, espedaOy precipitationcoefficient.He showed the correlation among

the average width of rings of severa】treesai one specificsite and the aver-

age width taken at differentsj電:es.The fact that trees of different£^es and

at differentlocalitiesshowed the same growth pattern indicated the conoec-

tion with a common environmental factor――c】imate.This was (he starting

point of his research, Unfortunately, no scholars continued this line of re-

search and thinking｡

　　　Another interestingstudy was conducted by NISHIOKA Hideo 西岡秀

雄, who set out to date an architecturalstructure nsing dendrochrono】ogy.

He measured the width of approximately 250 rii^s of the central pil】arof

the pagoda at Horyn-ji 法隆寺, Nara Prefecture,the o】destsurviving wocKlen

structure in the world. He th^ compared the [oeasuretnents with a ring

patlern taken from ａ part of a differentstructure builtin the 730 s also at

Horyu-ji and concludaj that the tree used in making the Horyu･ji p^oda

pillar was cut down before 607. Nishioka's work was significantbecause it

１

The ratio between amount of annual precipitationand annual average temper･

aiure

186



was the first use of tree- rings for the purpose of dating. Nonethdess, both

tree samples from which be took ring patterns lacked the outer most part

of the bark. which would have given precise dates of trees cut down. Con-

sequently, Nisliioka's work has been regarded by later scholars as hasty and

imprecise and has been duly ignored.

　　　Part of Japanese negative altitude toward dendroc h ronology came

from scholars' be】ief in the impossibility of its application to Japanese trees.

They believed without any testing that the climate and topographｔtp:／/www．rｅ.so

different.from.Arizona.where.Douglass.deve】oped.dend roclironology

tkat.what.was.possible.in.Arizona.would.not.be.possible.in.Japan.

.　　What tempted us 10 pursue dendrochronol ogy at the Nara Nationa]

Cultura】Properties Research Institute was that we had excavated mtmerous

wooden artifacts at archaeological sites. i￥e had also conducted ethnographi-

calyhistorical field research into a number of ancient temples. shrines, and

other old wｏoiden struciures. Our know】ledge about European and American

achievements in this fidd also stimulated our research.

　　　In 1970, one of our ｃｏｌ】cagues started to measure tree ring width.

After be proicessed some samples. he reached the conclusion that it wonld be

very difficult to apply dendrochronological methods to Japanese cypresses.

Since most bnildings in Japan were traditionally made from cypresses, the

project was halted.

　　　In 1979 we started a preliniinaTy research and found the app】ication

of dead roch r onology aad dendroci i m atology to Japanese trees possible. In

1985, our major studies in tliese two fie】ds began. and we confirined the

possibility of the application of de nd rochrono logy to archaeo】ogy, history,

architectural history. and art history. We also made considerab】ｅ progress

in dend roci imatology. At the same time of our research. other dendrochrono-

logical studies ＼¥ere published. Our studiｏcould be distinguished by the

fact of having establislied a significant】y long-term ring pattern.

　　　The method for cross-corre】aliｏn of tree-ring patterns that we used

was basically same as that of Europe. In order to standardize the varying

tree ring width, we used the five running mean method. To determine si a-

tistical signiHcance, we used Student's “z'1 test. With sixty or more degrees

of freedom. we compared the obtained x value with the 0.1 per cent signifi-

cance leve】of x，which was 3.5. Corre】ations of ring patterns which grew

over the same span of years norma】ly produced x ｖａ】liesgreater than x ＝3.5.

Our experience showed that samples in a pair which ｙie】ded a f value

greater than 3.5 did not necessari】ｙ cross -correlate, We always double -

checked with the resii】tsof visual matching of pattern graphs with reference

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　18?



to key signature patterns. The statistica】calculations were simply ａ means

o£ cross-correlating ring patterns｡

　　　The materials were taken from living foresl trees. old structures, and

wooden artifacts discovered at sites. The kinds of trees used in our studies

included: a ・･｡･o&i cypress Ｃｉａ・aecypart‘j aみx･sa Endl., a samara cypress

Ｃゐatnaecyparis fx･isifera &idl. , an as･naro arborvitae ７ゐり･呻sl･５dolabrata

Sieb. et Zuoc ., a hiba atborvitae ｒ恥丿'op^s dolaifrata Sieb. et Zucc. var.

Hoadai Makino, ａ知r必<e arborvitae Thuja Sぽ'undisJai Carr･，a tsuga hemlock

Tｓｕｇａｓieboldill･ Carr., a siigi cedａｔ Ｃｙｂtｏｍｅｒiaja知・･ca D. Don, and a

koyamafa pine Sdａｄｏｂｈｙｓｗ咄･icillata Sieb . et Zucc . all of which were

coniferous trees. as well as some deciduous trees, such as ａ tmz･･ara oak

Quercus m㎝･.golica Fischer ex Ｔ. var. grosseserrata (BI.) Rchd. et was. and

a bima beechtｔp：/／www．ta.BI.｡

　　　The first step of our dendrochronol ogical studies was to confirm the

applicability of dendrｏchroao】ogy lｏJapanese trees and to determiae ｏap-

propriate species for our studies. For the first purpose, we selected ａ

Japanese cypress because it was native to Japan, and natuFa】Forest of ihis

tree was distributed from the south≫'n half of the Honshu island to south-

ern Kyushu. Cypresses had also been most widely used for Japanese archi-

lecture, and were often discovered at archaeological sites. Utilizing modern

Japanese cypress trees. we recogniｏd the following feat ores important for

our studies: 1) Ting patterns taken radially from the same tree tended to

highly correlate with each other; 2) rings farmed durioe trees' early life

tended to show features unique to indmdual trees, this leading to the intel-

ligence that for dend rochroDological studies we should aｖｏid rings near the

center of a tree ； 3) rings near or at the base of ａ tree often showed

anomalies because of ihe expansion of the rool; 4) given ａ certaiD region,

rinus of different trees showed very high correlations to one Etnotlier. i￥ｅ

ｃｏｕ】Ideven cross-correlate samples taken from trees approximately 400 kik･

meters apart｡

　　　For the second goal. we ｌｅs卜ed a kbyaｏaki pine. ａ sawara cypress. an

asunaro arborvitae, ａ ・‘･baarborvitae. ａ kurobe arborvitae, a tsuga hemlock.

ａ SKgl cedar, a m,･z･･･ara oak, related spedｏof which were widely used in

European dendrochronoiogical studies. and ａ ６－昂a beech which was the most

representative deciduous trees ID Japan. Among these. ■we found the first

seven species suitable for our studies. It is ironic that the last two species

were not found to be applicable｡

　　　Tlie next step was to build an index master chronology. which vras

the foundation of any dendrochrono】ogical studies. Our index master

chronology of Xunold cypress trees spanned from 317, B.C. to 1984. 1t was
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derived from: Standard Chronology A(1695-19B3) taken from a modern tree;

Standard Chronology Ｂ (1027-1755) taken from a structural part of a six-

teenth century bui】ding at Todai-ji 東大寺, Nara; Standard Chronology Ｃ

(751 - 1591) derived from artifacts discovered in the Kiyosu 清洲Cast】e

Town site(fifteenth and sixt^nth centuries),Aichi; Standard Chrono】ogy Ｄ

(512-1322) derived from artifacts descovered at the Toba ，島羽Detached

Palace【ｅ】leventhand twelfth centuries) site,Kyoto and those at the Kusado

Sengen-cho草戸千軒町{Medieval Age) site,Hiroshima; Standard Chronology

E (37,B.C.-A.D.838) derived from artifactsdiscovered in the Heijo平城

Capital (710-784) site, Nara; and Standard Chrono】ogy Ｆ C317,B.C.-A.D.

258) derived from artifactsdiscovered at the Yaym (fourth century. B.C. to

A.D. third century) and Kofun (fourth to sixth centuries) sites｡

　　　We also built chrono】｡igiesderived from sa^ cedar trees,but none of

them overlapped with one another. They were: Standard Chrono】ogy Ａ（17

79-1986) taken from ａ modern tree； Standard Chrono】ogy B (405 -1285)

taken from artifactsdiscovered at sitesin the Tohoku Kstrici and cross-

correlated with the Index Master Chronology of cypress； and Standard

Chrono】ogy Ｃ (420,B-C.-A.D.365) derived from artifactsdiscovered at sites

in the Tokai region (the PacificCoast of the Chubu Distrkl) and cross-cor-

related with the Standard Chrano】logyF of cypress｡

　　　In addition, we built two Chrono】ogiesutilizingkoyaｏaJd pine trees.

A 556 year ring pattern derived from artifactsdiscovered in the Heijo Capi-

la】cross-corre】atedwath the Standard Chronology Ｅｏf cypress and spanned

from A.D.186 卜o 741. 1n the same way. an artifactdiscovered at the Shijo

Kofun四条古墳burial sitein Nara gave riseto a chronology between 286and 695.

　　　We then applied these chrｏnolosjesto artifacts，early architecture,

and crafts in an attempt to date them. Here are some examples: the Shijo

Kofun, Nara, the Seta no Kara Hashi 瀬田唐Ig Bridge sitein Shiga Prefec-

ture, the Miyamachi 宮町site, Shiga Prefecture,and the Hotta no Saku払

田≫(Hotta Fort) sitein the "presentIwate Prefecture.

　　　A1 the Shijo Kof un, 448 was the latest dendrochronological date ob-

tained from numerous artifactsmade of koyamaki pine, which had presum-

ab】ｙbeen used for mortuary rituals,and were discovered ID the moat sur-

rDunding the Kofun. In other ｗords, the Kofun was built sometime after

448. Since the absolute dating of kofiin or buria】mounds bailt between the

late third and sixth centuries had always been debated. we believe that den-

drochronology would be a usefu】method by which to determine absolnte dates.

　　　We app】leddend rochronology to try to estimate when a bridge was

built for the firsttime over tlieSeta River. Archaeologists excavated struc-
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tures of a bridge near the present Seta no Kara Hash! Bridge 3.５meters

ｋ】OW the bottom of the River. We utilizedsぞiverailong pieces of timber

and lumber of 20 竃o50 cenIimeters in diameter or in length- We confirmed

that the bridge was constructed after 607, and consider it probable that this

was the strategic bridge the controlｏver which was an important aspect of

a civilwar in 672

　　　A ring paliern taken from the lower portion of a wooden pillardis-

covered at Ihe Miyamachi site cross-matched with Ihe Standard Chronology

E of cypress. and we could confirm that the tree for the pillar was cut

dnwn betH'een742 and the beginning of 744. This made it very highly like-

ly that the site was ａ part of the Shigaraki ^香楽Ｐａ】ace which was occu-

pied from the eighth monlh of 742 (on the lunar calender) and the fifth

month of ?45

　　　1n the same way, we coutd determine that 卜he construction of the

Hotta no Saku払田植was begun between 801 and 802. There was a cross-

matching of rin≪patterns yielded from 1(^S of cedar（ａ square of approxi-

mately 30 centimeters in length) which surrounded the site and the Stan-

dard Chronology B of cypress. This refuted卜he hypothesis that the sitewas

the historicallyknown Okachi 雄勝Ｃａ９･iebuiltin 759.

　　　Our study of dendr｡■chronologymade considerable contributions to ar-

chitectura】historyand art history as well. Examples of dendrochronol<^ical

applicationsincluded Horyu-ji, ａ Nara Period horse painting.ａ Kamakura

Period guardian figure at Todai-ji 東大寺, Buddha figures in Yamaguchi

Prefecture,Ha'^ushiwake St宇志別Shrine in Aki･ａ Prefecture, Wakamiya

Hachiman若宮八f§ Shrine in Nagano Prefec･ure and a Medieval wooden

bent-box in Kyoto:

　　　We applied dendroch ronology to date the western complex of the

Horyu-ji, There had been two major hｙｐｏthesesconcerning the dating of

Horjm-ji:a) the temple was built around 610 during the reign of Empjess

Suiko推古; and b) the temple was burnt down around 670 and rebuilt at

the end of the seveinh or the beginning of the eighth century. The number

of rings of the central pillarof the pagoda in the western complex was 351,

correspondin£ to the years 241 to 591. The pillar had been extensively mod･

ified from the original tree tmnk by largely removing the exterior portion

and the central poFtion; it would be unlikely that only the outermost Iwenty

rings were removed for this modification. We found it very unlikely that

the pagoda was buitt during the reign of Empress Suiko around 610｡

　　　Next, we were ab】ｅto give a more specificdate to a small paint･

ing.　In 198S we discｏveredin a garbage pit in the Heijo Capital a paint-
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ing of a horse done on a cypress board of 27 by 19.5 centimeters and 0.7

centimeters in thickness. Since this board still kept the most exterior por･

tion of the original Iree, we could date the outer most ring lo the year

728. We could also date the pit to 737 by ａ wooden tablet with a dated

inscription. The horse was probably painted between 728 and 737. This

dating was felicitous because the horse was one of the few surviving exam･

pies of the eighth century paintings in Japan.

　　　Next, our ability to achieve this degree of specificity in dating, we

could confirm a historical record.　In 1181, one year after Todai-ji was

burnt down in a civil war, priest Chogen 重源and his collaborators began

to reconstruct the temple. Two gigantic guardian figures (4.5 meters in

height), housed in the south gate of the temple, were built between the

seventh month and eleventh month of !203 (on the lunar calendar). In

1989, there was an overhaul of one of the figures, so we took the opportu･

nity to apply dendrochronological dating to the pans of the figure which

still retained bark. Original trees utilized for this statue were cut down in

the winter of 1196, 1199, and 1201 0r during the following spring of those

years.　Further, we discovered that one of the ring patterns taken from

Ihe statue was almost identical to that of a Buddha figure in the present

Yamaguchi Prefecture approximately 400 kilometers apart. Since it

was historically known that Cho gen brought timber for structural parts of

the temple, it was quite likely that wood for the gu町dian figures also

came from Yamaguchi.

　　　In other cases, finally, dendrochronological dates could contradict

dates determined according to stylistic evolution. In and the vicinity of the

Tokuchi徳地Town, Yamaguchi Prefecture, ihere were many Buddha fig･

ures in various temples, which were stylistically dated to the late twelfth

century.　We applied dendrochronology to fifteen of them and discovered

that the most recent rings of trees used in six of the figures were formed

in the 1190s. Since the exterior portion, and in some cases the central

portion of trees, had largely been removed, the trees must have been cut

down in the 画･rx印ηth century. The earlier dating should be reconsidered.

　　　Structural parts of the Kagura-den 神楽m (Hall of Ritual Music and

Dance) at the Ha'ushiwake Shrine yielded dendrochronological dates of

1177 and 1195 by cross･matching with the Standard Chronology Ｂ of cedar.

Since both of the structural parts kept the bark, the original trees were

cut down around that lime in the twelfth century. According to stylistic

criteria, the Kagura-den had been estimated to date from the fifteenth cen-

lury.　When these Shrine structures are overhauled sometime in the future,

we should more thoroughly investigate the dates of the structures by apply｡
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ing dendrochronology｡

　　　Similarly, major pillars of the Hon －den 本殿(Main Hall) at the

Wakamiya Hachiman Shrine were dendrochronologically dated to be after

1614, the structure was stylistically considered to be of the Momoyama

Period (1582-1600)｡

　　　Further, this method was effective in detecting forgeries. A certain

temple in Kyoto Prefecture owned a wooden bent-box of cypress （a cylindri･

cal container) which had the inscription dated to 1233 0n the bottom. We

discovered, however, that the most recent】y formed tree-ring was dated to

1576. The container was ａ forgery ！

　　　In addiiiｏn to architectural strnctures, an objects, and artifacts.

dend rochronol ogy is effective in dating natural disasters. A standing hi･･｡１’

cypress of 1.4 meters in diameter with the bark completely preserved was

discovered underground in the Susono 裾野Ci･ｙ a1 the foot of Ml. Fuji 富

士. Taking the topography of the vicinity into consideration, it was proba-

b】e that 】ava issuing from an eruption of Mt. Fuji dammed up ａ river.

thereby submerging the whole forest and killing the trees. If this was in-

deed the case, we cｏuld estimate 言he dateｏｆ an eruption of Mt. Fuji.

By cross一皿:atchin£with the Standard Chronal｡･gy E of cypress, we could

dale the standing Iree to A.D.833｡

　　　Similar discoveries of buried forests which might indiate natura】di-

sasters were reported from ａ】】over Japan. In the Mamurogawa 真室川

Town, Yamagaia Prefecdire, some twenty cedar trees were similarly dis-

covered six meters below the ground. By cross-matching with the Standard

Chronology Ｂ of cedar, we confirmed that the most recent ring was

formed in A. 0.850. In other words, a natural disaster which buried a

forest hit this area between the winter of 850 and spring of 851｡

　　　1n Futatsu' i ニツ# Town, Akita Prefecture where the people be･

lieved in a tale that several thousand l｡.*≪' of wild cedars were buTied

by ａ landslide during the Tokugawa Period (1600-1868), numerous large

trunks of cedars and Japanese oaks of approximately 1.５ meters in diameter

were discovered l few meters be】ow the ground. We dated 754 rings of ａ

cedar tree by cross･matching with the Standard Chronology Ａ of cedar and

discovered that the most exterior ring was formed in A . D . 95& The

forest was buried in the middle of the tenth century, much earlier than

the people be】ieved.

2 a unit of volume used widely in Japan before the Meiji Restoration of 1898;

　　in the ease of trees、one koku equaled to 0.278 cubic meters.
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　　　】n the southern pan of Akita Prefecture, there was an area where a

large forest was buried more than ten rneters below ihe ground, Most of

the trees were cedar and some exceeded four melers in diameter. Taking in-

10 consideration the soil of the area and the way in which the trees had

lal】en,we hypothesized that an enormotis mud flow resulted from an erup-

tion of Ml. Chokai 鳥海some leu kilometers southeast of the forest.Radio-

carbon dates showed that the disaster happened abound 2600 B.P. We ap-

ｐ]ieddendrochronology to eighl somples taken from the buried foresi,six of

which were with barlcs completely preserved. The most recenl rings were

formed al the some time; il was like]ｙthat one eruption caused this com-

pkie destruciion.The fact that the most recent rings contained fｕ】lymature

cel]sindicated ihal the eruplioQ occurred sometime between the winter of a

certain year and the spring of the foUowing year. We derived a ring pat-

tern which spanned 848 j-ears.but it remained as a floatingchronology; it

was too o]d to be cross-matched with any standard chrono】ogies.Once we

extend our Index Master Chronol<^y to 2600 B.P., we could confirm the

precise date of this disaster.

　　　In addition lo the den drochronolQgical advances discussed above, we

progressed in the applicationｏf dcndroclimatolt^y . The ring pattern we

used was derived from thirty samples of living cypress treesin Nagano Pre

fecture and the Standard Chronol<^y Ｂ which was presumablv based on

timber produced in the same prefecture.We also collected the data concern-

ing the number of rainy days from April lｏSeptember in each year for the

past 170 years from a local weather station and from diaries kept by local

peop］ebefore the weather station started. We filledmissing data (years for

whicli we did not have recordsｏf rainy days) by a one-dimensional autore-

gressive process. We discovered that our reconstructed 170 year-long data of

rainy days per annum close］ycorrｏipondedto the current precipitatiｏｎdata

in Nagano Prefecture.We concluded that the number ｏf rainy days was ap-

propriate for climatic data。

　　　In order to determiDe the most i�luential clLraalicfactor in tree

growth, we tried correlatingthe number of rainy days and average tempera-

ture to tree ring wid卜h. Tree grew fastestwhen there were many rainy days

temperature did not rise｡

　　　砥ye then compared the power spectra of treering width and of the per

annum rainy days. We discovered cycles of approximately six years. eight

3 Throughout this section、by "per annum rainy days”-we mean the tola] num-

　　ber of rainy days from AprLI to September. Such data sets were chosen as the

　　climalicdata because iree rings grow most from spring to fall.
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years, and twenty-three years to be ｃｏｍ・lOnto both sets of data. This indi･

cated to us ａ very ｇood cｏrrelationbetween the tree ring width and per

annum rainy days｡

　　　Owing to this correlation, we prtqwsed a s^tem in which climatk

data represented by per annum rainy days were input and tree ring width

data were output. by the process of an autoregressive moving average func-

ti(m. In order to identify per annum rainy days from Ihe tTce ring width

data, we developed ａ correlation function. The most effective Function for

this purpose was a process with three autore£ressiveand two moving av-

erage coefficients.Using the identified parameters of this process,we recon･

stnicted the per annum rainy day for eighty years beginning in 1760. We

derived the relatioD^ip between the tree ring width data and per annum

rainy days from 1009 10 1984, assuming the linear system we had used pre-

vious】ｙbetween the two faclors. We standardized the prbnary tree ring

width data for ihese 976 years by the spline function. We used the Kalman

Rltering algorithm, including the U-D ｏibservatiｏnupdated theorem, to iden-

tifｙ卜hesystem parameters. In the process of parameter identification.every

parameter gradua】lyconverged to a certain vａ]uｅ｡

　　　By utilixingthese system parameters, we calculatedl≫erannum rainy

days for the 170 years for which we originally had good weather records.

Our calculation■wasin basic agreement with the actual data. In the same

way, we could reconstruct the per annum rainy days for approximately 800

years before 1813. These resultsofｏur rｏlearchshowed that the application

of dendrodimatology was possiblein Japan.

　　　Another major contribution of OUT research was the applicability of

dend roch rono logy and dencEroclimatology to Palaeolithic samples . Ａ１ the

Tomizawa冨沢site, Sendai City. Miyagi Prefecture, excavators discovered

features three meters below the ground, which suggested that the inhab･

itants had been m anu facturtng stone ｌｏｏ】sat ａ camp fire. We could bnild a

ring pattern spanning 323 years. derived from cross・corre】ation of three

samples of ge・・s Larix (a kind of larch). Since the site was dated by car-

boD 14 10 have bｏn more than 20,000 years old ， we coald not den-

drochroiiolo£ically determine the date of the site . as our Index Master

Cbronoloigy did not extend beyond 317,B.C. Nonetheless, this resu】lsliowed

the potential application of tree ring studies to the Palaeolithic Period.

　　　In summary, our ten year project(including the preliminary research

started in 1979) has shown that the application of dendrochronol<^y and

dmdrocHmatolc^y to Japanese treesis possible. Our Index Master Chronolo･
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gy of cypress extends back to 317,B.C. The Master Chronology of cedar of

the Tohoku District extends lo A.D.405, and that of cedar of the Pacific

Coast of the Chubu Districtto 420,B.C. We have certainlyprogressed to the

stage of application to other disciplinessuch as archaeology, architectural

history,art history and the history of natural disastersin Japan.
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