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1

Tab.1 Overview of landslide activity reconstruction using tree rings

/m
Stefanini 2004 625 ~956 ( Quercus laevis) ( Ostrya) -
Saez et al '* 2012 1 600 ~1 680  Pinus uncinata 99
Corominas et al * 2010 980 ~2 332 ( Quercus robur) 254
Begin et al > 1987 30 ~45 ( Picea glauca) 305
Migori et al * 2010 936 ( Picea asperata) 32
Saez et al 77 2012 1740 ~1 980  Pinus uncinata 223
Fantucci et al ' 1999 500 ~ 800 ( Quercus palustris) 24
Carmara ot al 5 2003 1 050 -2 250 ( Douglas F. Lamont) Pinus thunbergiiPar— )
latore ( pinus flexilis) ( abies faxoniana)
Saez et al 7 2009 600 ~1700  Pinus uncinata -
Saez et al ' 2012 1 470 ~1 750 ( Pinus densata Mast) 403
Kashiwaya ' 1987 - ( Pinus densiflora var. ussuriensis) -
Carrara 2 2007 1 830 ~2 150 ( Douglas F. Lamont) 13
Bollati et al 2! 2012 >1 000 ( Pinus pinea 1) 45
Silhén et al 2 2012 430 ~1 140 ( Pinus nigra ssp. pallasiana) 225
Paolini et al »® 2005 400 ~2 700 (Alder C. acuminata) -
Eeckhaut et al 2 (2008) 10 ~ 150 ( European beech) 147
Corominas et al 2 1999
Roer et al ¥ 2013 2 000 ~2 550 ( Swiss willow) 20
Thomas et al ** 2001 - ( Crataegus oxyacantha L) 56 112
2. o
3. N N

1

Fig. 1 Steps of Specimen collection



34

548
8
. a.
2
Fig.2  Location of tree ring sampling ’
(A) (B)
- (€ ’
- (D)
) .
o b
. 130 mm o
] 30
3) .
( 4
) o
2 cm
15~304d
1~2d
4) . 100 ~ 600 .
8
5) .

400



5 549
COFECHA .
( 3)
S .
Miet Van Den Eeckhaut %
Koppenberg
Braam
(1987 b) : Ei = ( Rli—
RO?) /( RIi + ROi) Ei i
RI: i ( )
RO: i
1951—1954 . 1969—
3 1970 . 1980—1985 1988—1992 . Mal-
Fig.3 Basic procedures of sampling in laboratory gorzata Wistuba
3 118
5 22 o
51 100%
. . Karel Silhan
34
. 274
8 3 a o Ellen
Gers
3 1 1980—1982 . ( 4
1984—1987 1991—1993 1992 1981—1982
1993 o
Lopez — Saez Jérome '° Bois Noir :
79 ( Mountain pine) 0
151 ( GD) o
50% 5
1874—2008 5) o Lopez — Saez
8 o Jérome 7
o Aiguettes 223
( Pinus uncinata)
o o Lopez — Saez Jérome — '°
o Bois Noir 79
o 1874—1875 . 1896—
5.2 1897  .1946—1947 .1992—1993 2003—
2004 10



550 34

4 ;1963 1977 2000 7—9 N N
o o Markus Stoffel %
18
270
la
N N N 5 (
7)
o Markus Stoffel ¥
Tischgufer Tdsch ( Swiss Alps) Larix decidu—
a Pinus montana and Pinus uncinata
4 26 o
Fig.4 Cross section of shrubs with apparent accentricity 2
6 £

Fig.6 Traumatic resin ducts( TRD) bordering impact scars *

5

Fig.5 Determine the month of landslide reactivation based

on the onset of compression wood

7 39
5.3

Fig.7 Subdivisions of a treesing *

10 12 16 23 -24 27
°

33

o

35-36

6 35 37-38 ( 6) .



5 : 551

;15 164
o 1931—2008
o 13 1931,
1936+ 1946+ 1953, 1956+ 1967. 1972, 1974, 1975,
1981.1989.1990 2000

6

( growth disturbance
GD) ( N )
GD
GD
Bulter ~ Malanson *'
Ii( 1)
L=(3(R)/5(A))* 100 (1)
R ¢ GD ;
g A t o
29
Fig.8  Micro-sections of Swiss willow roots from an active ( left) (
and inactive rockglacier ( right) ; black arrows indicate vessels % )
t I
5.4 o
GD o
10
o Isa— 2 It >5%
belle Gértner — Roer 2% <t <5% GD >5
Moran ., 30
~50 It 5% GD=
2; >200 It
( 8) 2.5% GD=5
45
7
o 7.1
o Saez “ o
Manival 156

312
357 169 o



552

34

7.2

1. o
2. o
3. o
4. o
( References)
Van Westen C J Van Asch T W J Soeters R. Landslide hazard and

risk zonation-why is it still so difficul® ]

Geology and the Environment 2006 65(2) :

. Bulletin of Engineering
167 — 184

Wu Shuren Shi Jusong Wang Tao. Theory and method of landslide
J . Beijing: Science Press 2012:8 —19

J.

risk assessment

2012:8 - 19
Cui Peng. Debris flow and landslide of the upper reaches of the Yan—

11

12

16

17

gize river and the southwestern rivers and its disaster reduction J .
Soil and Water Conservation in China 2008 12: 31 —34
J .
2008 12: 31 -34
Liu Xilin Yu Chengjun Shang Zhihai. Risk mapping and spatial
pattern of debris flow and landslide hazards in China J . Journal of

Basic Science and Engineering 2011 19(5): 721 -731

. 2011 19(5): 721 -731
Stoffel M Bollschweiler M. Tree—ring analysis in natural hazards re—
search—an overview J .
ences 2008: 187 -202
Stoffel M Bollschweiler M. Tree Rings and Natural Hazards: A State
—of —the —Art M . Springer 2010: 81 —121

Natural Hazards and Earth System Sci-

Hong Ting Bai Shibiao Wang Jian. A review on study of landslide
activities using dendrogeomorphological methods J . Geological Re—
view 2014 60(4) :755 =763
I 2014 60(4) : 755 -763
Hong Ting Bai Shibiao Wang Jian. Reconstruct the activity years of
Jiufangshan landslide by means of tree—rings J . Mountain Re—
search 2012 30( 1) : 57 - 64
I 2012 30( 1) :57 -64

Hong Ting Bai Shibiao Wang Jian. Reconstruction of landslide ac—
tivity by tree-ring analysis —a case study for Jiufangshan landslide
Gansu G //European Geosciences Union General Assembly 2012
Vienna Austria 2012:22 -27

Hong Ting Bai Shibiao Wang Jian. Reconstruction of the landslide

temporal distribution patterns based on tree rings G //. First In—

ternational Symposium: New Techniques for Geohazards Research

and Management in commemoration of the Zhouqu 2010 Debris

Flow Disaster Gansu Province China 2012:10 —15

Wu Xiangding. Tree rings and climate change M . Beijing: Chi-
na Meteorological 1990: 1 -356

M . : 1990: 1 -356
Bégin C Filion L. Age of landslides along the Grande Riviere de la
Baleine estuary eastern coast of Hudson Bay Québec ( Canada)

J . Boreas 1988 17: 289 -299
Migon P Panek T Malik I et al. Complex landslide terrain in the
Kamienne Mountains Middle Sudetes SW Poland J .
phology 2010 124: 200 -214

Geomor—

Fantucci R Sorriso — Valvo M. Dendrogeomorphological analysis of
a slope near Lagi Calabria ( ltaly) J .
30: 165 -174

Carrara P E O’ Neill ] M. Tree—ring dated landslide movements and

Geomorphology 1999

their relationship to seismic events in southwestern Montana USA
J . Quaternary Research 2003: 59( 1) :25 -35

Saez J L Corona C Stoffel M et al. Dendrogeomorphic reconstruc—
tion of past landslide reactivation with seasonal precision: the Bois
Noir landslide southeast French Alps J . Landslides 2012 9:

189 -203

Saez J L. Astrade L. Corona C et al. The forest: an efficent spatio—
G //Astrade L. et

temporal bioindicator of landslide activities



553

20

21

22

23

24

25

26

27

28

29

30

31

al. (Eds.) Panorama de la dendrochronologie en France Editions
Edytem Chambéry 2009:8 —10
Saez J L Corona C Stoffel M et al. Probability maps of landslide
reactivation derived from tree—ring records: Pra Bellon landslide
southern French Alps J . Geomorphology 2012 138: 189 —202
Kashiwaya K Okimura T Kawatani T. Critical precipitation condi—
tions for landslide and tree ring responses in the Rokko Mountains
Kobe Japan G //The Influence of Climate Change and Climatic
Variability on the Hydrologie Regime and Water Resources 1987:
191 -197
Carrara P E. Movement of a large landslide block dated by treering
analysis Tower Falls Area Yellowstone National Park Wyoming
G //Integrated Geoscience Studies in the Greater Yellowsone Ar—
ea. U. S. Geological Survey 2007: 43 -51
Bollati I Della Seta M Pelfini M et al. Dendrochronological and
geomorphological investigations to assess water erosion and mass
wasting processes in the Appenniness of Southern Tuscany ( Italy)
J . Catena 2012 90: 1-17
Silhan K Panek T Hradecky J. Tree<ring analysis in the recon—
struction of slope instabilities associated with earthquake and pre—
cipitation ( the Crimean Mountaions Ukraind J . Geomorpholo—
gy 2012:173 —174 174 - 184
Stefanini M C. Spatiotemporal analysis of a complex landslide in
the Northern Apennines ( Italy)
J . Geomorphology 2004 63(3 -4):

by means of dendrochronology

191 -202

Corominas J Moya J. Contribution of dendrochronology to the de—

termination of magnitudefrequency relationships for landslides
J . Geomorphology 2010 124 : 137 - 149

Paolini L. Villalba R Grau H R. Precipitation variability and land—

slide occurrence in a subtropical mountain ecosystem of NW Argen—

tina J . Dendrochronologia 2005 22: 175 —180

Eeckhaut V.D M Muys B Van Loy K et al. Evidence for repeated

reactivation of old landslides under forest J . Earth Surface

Processes and Landforms 2009 34(3): 352 -365

Saez J L Corona C Stoffel M et al. Hige—resolution fingerprints of

past landsliding and spatially explicit probabilistic assessment of

future reactivations: Agiuettes landslide Southern French Alps
J . Tectonophysics 2013 602(5) : 355 -369

Corominas ] Moya J. Reconstructing recent landslide activity in re—

lation to rainfall in the Llobregat River basin Eastern Pyrenees

Spain ] . Geomorphology 1999 30: 79 -93

Isabelle G R Heinrich I Gartner H. Wood anatomical analysis of

Swiss willow ( Salix helvetica) shrubs growing on creeping moun—

. Dendrochronologia 2013 31(2) :97 - 104

Ellen G Florin N Gartner H et al. Application of shrubs for den—

Geomorphology 2001 125: 163

tain permafrost J

drogeomorphological analysis J .
-175
Stokes M A Smiley T L. An introduction to Tree — Ring Dating

32

33

34

35

36

37

38

39

40

41

42

43

44

M . Chicago: The University of Chicago Press 1968.
Wistuba M Malik T Gartner H et al. Application of eccentric
growth of trees as a tool for landslide analyses: the example of Pi—
cea abies Karst in the Carpathian and Sudeten Mountains( Central
Europg ] . Catena 2013 111(2013) :41 =55
Silhén K Panek T Tursky O et al. Spatio-temporal patterns of re—
current slope instabilities affecting undercut slopes in flysch: a
dendrogeomorphic approach using broadHeaved trees J . Geomor—
phology 2014 213:240 -254
Schweingruber F H. Tree rings and environment M . Dendroecol—
ogy Paul Haupt Bern Stuttgart Wien 1996: 609
Sachs T. Pattern formation in plant tissue M . Cambridge: Cam—
bridge University Press 1991:1 —246
Brown P M. Oldlist: a database of maximum tree ages G //Dean
J S Meko DM Swetnam T W. Eds J . Tree Rings Environment
and Humanity. Radiocarbon 1996 Department of Geosciences The
University of Arizona Tucson 1996:727 -731
Stoffel M. Dating past geomorphic processes with tangential rows of
traumatic resin ducts J . Dendrochronologia 2008 26( 1) : 53 -
60
Stoffel M Lievre I Monbaron et al. Seasonal timing of rockfall ac—
tivity on a forested slope at Taschgufer ( Valais Swiss Alps) - a
dendrochronological approach J . Geomorphology 2005 49( 1) :
89 - 106
Saez J L Corona C Stoffel M et al. DebrisHlow activity in aban—
doned channels of the Manival torrentreconstructed with LIDAR and
treering data J . Natural Hazards and Earth System Sciences
2011 11:1247 —1257
Butler D R Malanson G M Oelfke J G. Tree—ing analysis and nat—
ural hazard chronologies: minimum sample sizes and index values
J . Prof. Geogr 1987 39: 41 -47
Dubé S Filion L. Hétu B. Tree—ring reconstruction of high-magni—
tude snow av-alanches in the Northern Gaspé Peninsula Québec
Canada J . Arctic Antarctic and Alpine Research 2004 36:555
-564
Corona C Rovéra G Saez J L et al. Spatio-temporal re-construc—
tion of snow avalanche activity using tree rings: Pierres Jean Jeanne
ava-danche talus Massif de 10isans France J . Catena 2010 83:
107 - 118
Corona C Saez J L. Stoffel M et al. How much of the realavalanche
activity can be captured with tree rings? An evaluation of classic
dendrogeomorphic approaches and comparison with historical ar—
chives J . Cold Regions Science and Technology 2012:74 -75
31 -42
Corona C Saez ] L Stoffel M . Defining optimal sample size sam—
pling design and thresholds for dendrogeomorphic landslide recon—

structions J . Quaternary Geochronology 2014 22:72 -84



554 34

Basic Procedures of Using Tree Rings to Reconstruct the Ttime

of Landslide Reactivation

DING Miao' BAI Shibiao' WANG Jian' SHANG Zhiyuan' ZHAO Yesi' ZHAO Qiaoling’

(1. Jiangsu Collaborative Innovation Center of the development and use of geographic information resources Jiangsu Key Laboratory
of Environmental Change and Ecological Construction Key Laboratory of Virtual Geographical
Environment ( Ministry of Education) Nanjing Normal University Nanjing 210023 China;
2. Sanya Marine and fishery monitoring center Sanya 572000 China)

Abstract: The knowledge of the frequencies of past landslide occurrence are important elements for the assessment
of natural hazards. Many studies have shown that tree ring is a reliable approach to obtain the information of past
landslides with its such characteristics like accurate dating high resolution and long time span. In order to improve
the reliability and accuracy of the time of landslide reactivation Firstly The paper elaborate the methods of field
sampling including the choice of landslide area and reference region the choice of tree species the choice of the
way of specimen collection. Secondly laboratory processing and analysis of tree rings were elaborated in this paper.
The selection of analyzed indicators should be depended on the different form which tree rings response to land—
slides including tree ring width compression wood caused by trees tilt callus tissue and traumatic resin duct caused
by injuring and the size of vessels. Among these indicators callus tissue and traumatic resin duct may be the best
way to acquire the most accurate time of landslide reactivation. Finally summary and prospects about the time and

frequency reconstruction of landslide reactivation were stated.

Key words: tree rings; landslide; hazard; sampling methods; sampling analysis



