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Abstract

The objective of this study is to develop the information to be
provided for natural regeneration by investigating the relationship
between Micro-Landform and vegetation in hilly area of
Higashi-matsuyama City in Saitama Pref. The Micro-Landform was
classified based on the conversion line of the slope angle derived from
DEM (digital elevation model) generated from LIDAR (Laser Imaging
Detection And Ranging). Furthermore, we summarized the classification
situation of each Micro-Landform by every tree measurement. Finally,
the relationship between vegetation and Micro-Landform in the study
area was detected by analyzing the relationship between the summarized
situation of Micro-Landform and the woody life type corresponding to
the Micro-Landform classification using TWINSPAN.

(1) In chapter one, the background, orientation, objection, previous
studies and characteristics of this research were described. This
research is designed to obtain the direction of the subject of natural
regeneration.

(2) In chapter two, the characteristics of the study area and the data
used in this study were described. We summarized the topographic
conditions and vegetation conditions of the study area and performed
field survey for the area that not undergoing vegetation management in
Iwadono Forest Park. The LIDAR data and radio control helicopter
aerial photography that used as research data were also demonstrated.

(3) In chapter three, the accuracy assessment of LIDAR data was
performed. In order to derive the DEM data from LIDAR data, the laser
pulse data was filtered, and the laser pulse that regarded as ground
surface was then extracted to interpolate. Based on the filtering
algorithm proposed by Kraus, while taking the individual features of
target data into consideration, we used the Quad-Tree method to utilize
the final hierarchical data model that generated by dividing the satisfied
grid into quarters repeatedly. The error between the measured elevation

data and filtering results was calculated, which has a good agreement



with accuracy assessed area.

(4) In chapter four, we investigated the possibility of applying the
radio control helicopter aerial photography for analyzing vegetation and
terrain as well as assessed the accuracy. We examined the relationship
between the degree of the sky opening of the forest and the spatial
distribution of the laser pulse LIDAR data for both the area under
Weeding work and the area that not under Weeding work as a
corresponding to vegetation management activities. The degree of sky
opening of the forest was calculated by using the classification result of
forest crown and between the crown from aerial photographs of radio
control helicopter. The result shows that, in the managed area, much
more last pulse are reflected from the space between crowns, which has
a low average error by comparing with field measured data. However,
there was a contrary result in the area without management. Based on
the distance between the laser pulse and ground surface, we create a
distribution map of tree height. Then by investigating spatial
distribution of the laser pulse and its permeability, the vertical
distribution of the forest was obtained.

(5) In chapter five, the Micro-Landform classification was
performed based on topographical survey, field observation, and
geological and soil survey. Field observation is to observe the position
of particular converted point and the shape of plane at a slope as well as
the condition of collapsed terrain. Topographical survey is to capture
the conversion point at a slope by using the reference points that used to
validate the accuracy of the LIDAR data filtering by the tool of TS. Soil
survey is to investigate the change of Micro-Landform at a slope due to
different soil layers, because the water erosion could cause thickness of
accumulated sediment often change. According to the result, the local
Micro-Landform could be classified as Lower sideslope, Crestslope,
Upper sideslope, Headhollow and lower sideslope.

(6) In chapter six, The Micro-Landform was classified by using
conversion line of the inclination angle from DEM generated from
LIDAR data. This result was compared with the Micro-Landform
classified by the field measurement data, and the result indicated that
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two classification data were consistent with high accuracy.

(7) In chapter seven, the life type of the trees in hilly area was
investigated by summarizing the situation of the Micro-Landform
classification after measurement of every tree in the study area. Finally,
the relationship between vegetation type and Micro-Landform in the
study area was revealed by analyzing the relationship between the
Micro-Landform classified in this study and woody life type
corresponds to the Micro-Landform classification using TWINSPAN.

(8) In chapter eight, summary of the main results.
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A E L TRALNREIE, 7~y a S5, Y=+ Inxe
H AR TH Y, WO T e KMo BEHO B, AFX
MRELTWS, 0o b, MMk Eiiix, fialhmicky THRO®
Bl ELT, EHHMAREERRINAN TV HIHEANICMNET S (K 2—5
—a),

(HROZF] X, KRLUTHOEER, MU EOomEICNET 2480
T, 1986 4 (HEF1 61 4F) I[CE AR DLW NI XV Bkl Hi 2% 32ha
rEWEY, BHLTWS, BE, TTROKF] OMAEEHRIZONTIE,
B EREZFICEFRLTBY, [TROK] TITbh TV D AR
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o, MRS T, B F (2007) (XY, EAREZIT > TW
5, ZOfRICEDE, M i T, EHMMICTEMYVIEEZITDR,
BARBEREZLEAEBE A TR WRETHY, RO EH 234 15m LA
FomARBEZNUTOEBRANLEREINT-AAEE TH D L@E S
NTW5, N M, EHM2TENYEHEITORL TR D,
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Bl SN-HEHREEELFE> TWVWD,

(b) N Hi ik
X 2—5  BF 8k G I8 o AR R B
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£ 3% LIDART—S20ZERImRHMEEHEERIL

3.1 BEEDHRE

Mlze ¥ 5 o v — % — 5+ ] (LIDAR: Light Detection andRanging)
X, EE»L L —V—FBERE L, iRHEOHEHLEENET L
DT, MEHONE L LK% GPS & IMU (IEMEF R EEE) < F R
ETH LXK, BREOCHET — 2208 T2 5ETH5(K3—-1),
KL —HF—l2i3dmMiczlzand 77 A 23L& (First Pulse)
EBICZfEIND T A R A (Last Pulse) " Y, M TITZD
2OoOMNMEEMmAERL, FHROEEHELZ R R TES (K 3—-2),

'y
.................. >
Lo
RETRETO (GPSOE)
FEHEETO_F Z7ARIULA
------------------ o
§ FEEFEFRTO_L SARSILA
.................. >
T4 nlsi) EROEE
3—1 LIDAR G#HI > 27 A 0K
90
A A First Pulse
85 1 st oot SO o
A }: Lz e o £ 8, -‘:L'--‘,;y, Last Pulse
Bg.0 B 0 n H‘h
m 0T L 5 u R GEE®
75 T = AT
~~ - e
= lo @ c 00O o
~ 70 N o’ =] & t'h!v o
65 :
60 -

0 20 40 60 HEHEE (m)

3—2 LIDAR 7 — % @ Wi ifi ¥
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COoMEICKY, ESomESEMEOR I EXATE S, Y KH
NIV ANBAERK T 5D H O DSM (Digital Surface Model : #f & ¥ @ % &
Ay v a T —=Z)ET, MR TIEBESOSESME BE%KT 5, DEM
(Digital Elevation Model : HiA( @ D X v > =7 — %) &, KA H
gL THREICELEEERKS ANV AZEHL, S HICANLEEY
REORELBEEMA TERENTEHEET VEERT L2 N TE D,
&V, LIDAR 7 — Z X &R ARGHH o HOIE H &6, HWIE o Bk s8ic % <l
MEns koo ic,

LIDAR 7 —# Z H W= AL, B0 = RooiE, #AMNE
S, BEREHARMNTCHEKRBEEDO T A - ZMERARETH D L
s h s (A5, 2001 ; MEES, 2004), LIDAR 7 — % % H
WT, IAO®mIEZHET S (HN S, 2000, 225 2006, Takahashi et
al.2005), HIEEOHEE (5, 2008), M - RKEFEOHEE kb,
2002), AL A~ AL FHE T 5 (Mariano Garcia et al.2010, R.
Nelson et al.2012) 7t EMENfToiTW5b, £ @ LIDAR T — ¥ O
FEIZ DWW TIiE, EREIE2 (2004) X LIDAR 7 —# 12 X %5 DEM @ & &
HAERENP Im U FTHD I LaMR L, RO GHHE THLE MR
T RTHEERGWZI EZHLNIILE, LALARDNL, Hikd
TIX LIDAR O N VAR HEICBEZEL TWDHDI 0 E I ™I LV, LIDAR ®
BENED-> T LHEEIND,

M EOFH MR EZMAT 527291215 LIDAR O E % Rt 5 &
R H D, Mt T LIDAR O 8 E (X LIDAR X0 2 O # £ [l ~ O % i
ke RESRBERRDD EELLND (CFF, 2012, 2013), AETIZ
B &2 L V57 DEM » & LIDAR 7SV 2 @ R B O %) %ﬁl%wﬁ}zb
LIDAR O E S MR EEZH O NIC L, Z20RMEEZ, YV ar~U % H
WT, BZEENRRL o0& K T LIDARO G @M & ik L7z, F
7z, LIDAR 7 — % LBIMH & T — 2 L OFREZFHHE L, TORKEZ KR
L, L@ L L —F—"AL2O0EHOELZEEE L, BEonsmXz
ER L, BHIC K » THEZR 5 HAMEE S A AP ~, LIDAR 7 — & D % [#]
DA HETE SN D HmAMRMEE ORI 2R L,
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3.2.1LIDAR ¥ — %

HAEME» SRS LIDAR—? ZEERLE, 207 — XX
TR FHEEEA (K 3—-3) ICHEHINMEL —F —ZXF ¥ F
Laica/ALS50 I # 44 (X 8—4) & H T 2006 4 12 A 25 HIZE M &
Nz, st ESN7ZFHMBEEOFRE X1 A/4m2 L ETH Y, FHAMLEE %2 £
3—11Zx7,

#* 3— 1§t ML AR

H H A AR
ot 5 ) & % 4.0m2 12— 5
SE B & R #1.0m2 12— &

R =2 — A T v TR

AP = — A ]

WEZTZ7 v b7 4 — A

65, 000Hz
+18 &
45Hz
0.3mrad (% Hi & & 1200m Fi# T 40cm
)
) 1200m (M EHE OMMIZ L D)
252km/h
40%
180m
B E#R B AJ) 404 ¥ A ¥ > (JAB25T)
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3—3 G EE (& A 404Titan)

Industry’s
highest
performance
scanner

All controls
via touchscn

smallest, lightest
electronics in cass

3—4 FHHAIFZE (Laica/ALS50)
(EE:Vv—HY—RFxF, ETFTabue—7, AF:
EBIR - T — XN EREEE)
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3227 aAUANYIT&BEHREE

ARKFETIE, A A=V Itz Yar~Y MD—200
AL T, 20114 8 A 3 HICHMERI ik R B E 2Ky L (K
3—5) ., TOT VAU~V IFTEI200gDI AT EHEDL I ENTE,

Ny T U — A 205, ERBEREZI1IKn THY, KLV — M2 b
LGOIl I ATIERLCa sy br— VT BHZLERTEDL, 72V
TNVEALTTFMEDHNATOBRBE D AZHLEOREE (GPSIZX D)
ATz LRNOLEEZI{RDIENTE D,

¥ 3—5 AMETHHLEIT VY
THREEZRE T HICE, WRALBEES L7 Va Y Z2RITILK
3S—6DHMEMBICBTLIETEEEZHEYE Lz, TOHOBMWEMHEITHR S
—20EY ThdH, REMSIITH 100m, M ESMREILZ25cm <5V,
=N =F v TF60%, Y1 K7 v 71X30% THsd, [ACHMAT2HK
DEHZHRE L, FFICGPS DX A L, (fi@EE®, FIMAKRENT X —
ek L (£ 3-3) .
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THEHEZ R LICALE

£ 3—27Var~Y oREEHEE

HH TR H H Ak
B H 5 R 5882.35 MmO EHEH (m) 76.47
AT OB AR 1.7 e 75 e > S EEEE (m) 101.76
AT & E (m) 100 ik % m A (nf) 7782.0
bR (cm) 2.52 2T VAABEE (o) 2178.9
== Ty 60% A B E AL E (em) 2.52
YA RT v 30% P& (cm) 8.26
R R E (m) 30.58 BiJ7 1 (em) 1.30
a— AfEE (m) 71.23 fit 75 M (cm) 1.73
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KBI-BENEEEZREL NT A —XH

D GIPS Timecode Latitude Longitude GPS-A Height Roll  Pitch  “aw Cam.
Time sero
1 22333 a02.22 36000828 1383612 a004 13681 -144 83 -1 88
2 92808 5836928 3600069 1353555 2006 1357 6§ -05 -33 23.4
K] 22812 287964 3600065  135.3505 2003 1374 6.1 27 -3z 207
4 5:20.42 677723 8600075 1353595 2603 894 48 16 -43 218
a 2:29:46 G21.461 3600078 1393598 2609 100 g9 28 -45 19.8
g 23008 J04724 3600138 139.3508 2397 893 8 -33 -39 27
7 23012 J07.83 9600138 13935908 2609 100 29 2.2 -49 18
2 23033 T22212 3600137 1393508 239 887 101 15 bt 243
2] 5:30:36 731721 5600185 1393508 2601 895 27 54 -29 18
10 23136 791964 3600201 139.3611 26086 892 2046 a7 27 223
11 53141 7HE.715 3600202 1353611 2577 875 g 14 -18 218
12 23228 843212 360016 1359.361 2388 8a.2 10 38 -28 189
13 3231 246957 5600159 139,361 2382 8749 53 1.8 -35 207
14 5:32 53 865 447 3600127 1353611 2507 b54 29 64 -39 16.2
15 9:3257 872051 3600126 1353611 239 883 102 2 =27 207
16 53323 898715 3600107 1383612 2575 878 7.4 58 -24 171
17 23327 902218 3600107 139.3613 238 87.9 78 3.2 -17 19.8
18 Sa408 943225 3600108 1303616 2398 bs2 23 -1 a4 261
19 ad412 0470966 3600108  135.3616 2621 100 4 28 25 189
20 a:34 20 964966 3600131 1353616 2393 B84 22 1 1.4 2245
21 53433 9682068 3600131 1383616 2503 be g 78 1.6 1.4 218

¥ SUEEEEP NS O S
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LIDAR T — 2 O EEZRIAET D -0, FEKRICB TS h—4% V2T
—Ya Yy (LLFTS &35, =2 ] NST—305Cr, 3—17) =fEH L,
BN ELZIToT, WETH2ICE, WARALICEREL TV EFE =M 8 (K
3—8, K 3—9) D hT N —APEEITV, T E IR LR E
L7 (K3—10), Z 2 Ci, Vi E A EESR JGD2000 5 9 R &2 H L
o TSZHWCTHIET 286, BB AR ETHEREREBHESD D 0T
EFmMPBETHDL, DFED, BL/MNERFRZFF> TWVWD 2O 8RN
VETHDL, A, BERERHOREESIER -"ASZFAHL, BHA
ZEREESDLOLHN I0m OB TREBL, UT VI LFTXYT 4 V7
GPS (Real Time Kinematic GPS) #HWTHl& L 7=, RTK GPS %
Trimble 5700 #fEH L 7~, RTK GPS M EDOWKE 2O 571-0, [
FRESTOWE LT, TOWEIT 20094 7H 10 AicHB W T, =
SO M (EFEERLBHRE) TAEE LW GPSZEL (KM 3—11),
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ZTOT— X ECHEESAESR (B X VMELR, BFEEYE
RToO RTK &R RICLD &, XYZ FMORETZENLZE 0.189m,
0.14m, 0.7183m Z o 7=, M TR OBENKRET WD, FE Lk EA
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WE L7z (K 3—12), F 78— A& M R Qo B & BF 98 5 5 H bk JE
WIZHRE L EEROEBIEEZR 3—3 L 3—4 12T,

WFZExt QMR E D ISR E L2 EES2S TS 2T T ¥ A THES
W& x24T o7 (M 3—10, # 600 &), LIDARGHHI > X7 A D m & J7 1
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3—11 RTK GPS #il & (&£

A Trimble Total Gontrol - [251]
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<R 30
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+ P p2-000720 <--> 3011
X TR
b=l ZF =52
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g ®=® R O ||GPS M - E B eE Fa

b HA
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[0 ERRET
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2774 M T Tt Bl B S AT A, GRSEl ), OEE 71 ) e T OF
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B 2
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fDrQ]Ef BlISTETEFEATLE
DELHIT ~5!I31Iﬂﬁ?7\9:t'JJ{E\EL ETT
D2HED 1 SNR 13 U SR YAVEUEL VBT
1% %%E'Jﬁxfa&k@é&]i@ L2 SNR |3 L2 SNR 722 LB VBT
mbx Ln-5691 3205 Jﬂ 5 452:34 6627 + 1.1 —306.5736 —1.3 rms 166 — L - 26 — 65 min
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X 83—13 A — F L/ (NIKON AS—2) & KU &
F 3—3 b7 N — RS D R

ID X

1 —42428.175 117.539 175.520
2 —42411.788 124.052 177.050
3 —42435.866 115.355 177.050
4 —42470.761 139.432 168.414
5 —42517.578 181.890 160.923
8 —42496.731 159.490 163.672
9 —42446.106 89.309 170.322
10 —42434.727 56.337 172.702
11 —42420.934 83.989 175.542
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F 3 — 4 HL M T AL E S O R

1D Y
1 —42584.767 186.789 118.995
2 —42548.723 198.405 118.826
3 —42594.861 190.732 118.377
4 —42597.491 211.165 113.907
5 —42658.311 222.705 106.963
6 —42672.425 219.441 115.108
7 —42694.168 190.501 125.693
8 —42680.583 172.579 122.235
9 —42658.379 150.712 121.278
10 —42635.436 142.714 120.901
11 —42607.066 150.934 121.202
12 —42593.821 176.480 120.478
13 —42588.603 237.559 102.169
14 —42601.160 252.087 95.179
15 —42585.412 263.704 90.885
16 —42612.521 248.569 94.768
17 —42611.655 272.679 91.448
18 —42616.081 235.505 98.999
19 —42634.274 245.407 96.433
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LREENELS, KBEMICEVWLOTHD (K 3—-110HRK),

F72 LIDAR # — % oZwmMrsHma+ 25720, MRV X (NIKON
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M 83—16 S RKEHE (E)DbH A 1, H&A 2, H A 3)

B3LIDAR T— A2 DERAMRMHLEBEZHRTFE

3.3.1LIDAR T — 2 O ZERM K M iF 4
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332EHEEICLIBTE EHTEMEDAEN
FVAar~NV IV RE LEZEPTERIMEEFREZF > TRV

D, "M ELTLOILEND D, KL TIIEFTECHZTETE S E
¥ % GCP (Ground Control Point) & L, %M EL 7=, o E¥ix
MAILEBEEREFOMWOMA EFER, BREO 7 20 EEFH L,
SN TS THELE (K 3—-17), WEHREREZR 3S—FICERLT
W5, GCPZZ=HEENLHFHEL, MELKHN 17 EAL (K 5em) £ T
Ao, A 708 IT, EEOR LA GPS T —4% & HALA % HH
LEEZFEIEIYE, UM EmEHFEL, fSitov s erizabyi,
MM ELEEFRTEOHEEMEOMMEZ RS, 2MEISEL, s f
R E s E Lz, ML, RGBEHGTED G Y ROMEMEOE X b
77 hEEKRL, RKREEHWTRDEZ (K 3—18),

%

S b, ) Fl ’

— i
',‘o 5 10 20m 5:\ / Ll
| B {1

1

3—17 GCP Hl & #h m [X
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# 3—5 GCP O JEfE

Id Y X
1 153.013 —42676.388
2 151.129 —42675.169
3 149.245 —42673.876
4 147.435 —42672.768
5 148.662 —42681.449
6 145.928 —42682.742
7 202.473 —42530.105
8 199.305 —42537.472
9 197.348 —42541.601
10 196.280 —42573.276
11 196.351 —42575.198
200000+ o 5
;°200000~
1500001
D
¥ 100000+
50000+
() : : . .
—50.1 12.6 76.3 140. 203.8
W JEE i

K 3—18 MEMEOE A KT T A

3.3.3 LIDAR T — 2 O & & 4 D #& &

ABFIETIE, 3.3.2ICBWVWTHEEHMEMELZZEHLEAERZH W, M
ik e N IcBITFA2L —F—0 XL 2A0FBMES BRI L 7=, B &R
METDHL—HF =NV RTHEICEELTCND EEZLNDDOT, #HE
MALKRFLTWAL—HF— RNV Z2D0EE%2EE LT, A2 CTHEML
72 LIDAR ® ¥ — A g I 40cm THH72D, L—HF =X)L ADKA
FF =% X0 20ecm DNy 77 —ZAEK L, BEB»ORH LTV
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EON B LI, MRBINTEELZHENO D120, AMIRICIV KR L
FERGENPLOHEELZFREL, ZR5EMNLFHAEIATLHEDOE S &
e L7z,

3.3.4 LIDAR T— 2 D E®RE

AWFFE T, WRILEHEESEO TSICLr2MEFHEST — %28 HL T
LIDAR#H M v AT LA D= %2 MFIE L7, LIDAR T — % ® 7 X h /3L &
MELSHBEREZBL TV NZRARND72DIC, TSICL 2B MFAET —
Z b ER L7 DEM (f# 1m) Lt L7z, Z® DEM X, TS | &
5VﬁA®?—ﬁW%NN%$ﬁL EHiIcTAHX—5—% (DEM)
CEBLZLbDOTHD, ZHEETHHELLBER ™S KE LT b8
NWAT =X ZODEM D ESEZFREL, HEENRZRS MH#ilke N
i T LIDAR & — X O RS E L F w2 Hat L 7=,

3.4LIDAR T— 42 DZERMAaMRHMUELEEN

3.4 1LIDAR T — 42 O ZRHoa ik

M Hi 4 > LIDAR 5 — % D %) ﬁl(ls—w)m,x%f2WmuL
DML EBEMIEm OV TWVWRVWHTICA->TLE TS, 7T 7
E# @ﬁﬁéh1w5%%®ME%ﬁék T A RN AN MR FE
ThErVonTWr2boL, BETIEEF--TLETWVDEIHEDED 2D
ZhbrnTWnWsd, KA, AFo0FHIN TR WEHEKTIX, BT
EFoTWDET AR AVREF D70, MFTE THE»TICHE & R
HOMIZETRENTWVWETARMILANEL AbN 5,

Wiz, N #iik o LIDAR 57— % O fi ¥ (K 3—20) 7228, M kb
NHilsko 77 70RO ERLTELHIIC, T A BRI ARHM
FHEBBEOMIZCZLS EFFRENTWS, ZOMERmLSEENLTZ T X F Y
NAFIFEAEPNMERmNPD SMEEE TOEBICINE->TWVWDE I L
bnbd, ¥, 77 —A MNP RICHEHLTYH, NHEIZH T M #iigko
FONETFTOELOERREVWEI>ICEDN S,
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L7z,

THSMA I EHEAADNNICO BN BEVRE LY, BB &
LN EEOMBEERIVERBICE > THERIALTWS, IR EE %
BMET2EBBEOEVBEZHE SBAZK A EKR S, BEIX
L EL T 5D,

E s EERIE X, HEAANKN2008 B, F, EM O A EE R
M, VRO EMARBERTIC TS E, KRGS E <, B A
N20°< H W ERBAREATH -7, HHEIZMOBMBIZHEITOR
IR, AAE#HMEA T LN AFHEB TRICHN> TT o TWD,
THIIAEBBBICEHBAMEOBBICEFE 2L E2 b 58N R
BNDZEEABABD THWN ED, BEHICH-> TLEEHLE O
BE#hndbosEHEIN, BEERFNNEEZXLND,
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REWBHBTRYENT WS, 220 81T, EHFo LmaiEsmic
LERXRTHEOEEEN LW EBRFFHET, TRLENEEIOcm, 57cm=E
TBEZIToTEN VNV NEORER, ZOoRMEERE T Ao
2o ABITHBEHMELS, tBAEEICHIHEL, o0& b s
MR EDOHOEEINTNWDLIEELEXTE N T2,

AEHMHIL, REMAEO FICME L, FEHAERmE S22 TV 5,
IIT, HRANR0CEBEZAIAMNELALIL, KORENF LN
ENbhol, ZTZHEEZ, BEMELED, HERBMNELS, AEIZX
10cmAjii, BCHEIZITHE R AL D,

T AR X, FHMEAS0°L EEEFICEE T, oo
FTHHRNNNS D, KBICH- T, B aiERm, SEM L o5
RMTHHIEMEBELEBRE DAL TS, EARETORKMEZARES
I/ XD OBEELEBEERLLALN, TOBEKEZE D
FOWWLTERMEBABRD DAL TS, TRAERKMESNTH 508 Tt
FVEBEZBZMBIELTLS D220 T D EEED LIS O>ND,
IOZENLZOMT AR IFELSBICHTWEELLTHESD
DERBR O, BHIE, TAENAERETem, 17cmi LB EE, CkE
MHHBL, EHIEBEERALATIHFICENEEBTCHLIZ LN E XL
o, FHEMNS0LL EERBRTHL L, HIRMEZRICH O T
R FEE, KMo THAERmO LI W TBEN < L8Nk
HICHEWZ ERENDL, ALEERBMETHDL I LN o7,
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¥ 6% LIDART—XIC&bMtRniE

6.1 EE DR

MEOFELZHMEICHEET 2L IMEZORBET — ¥ & L CTEHEHE
Thod, UMTHOHMER PN EEZLREFERIT TCh o 72n, BEHKFSO =
Va—ZHEMOREEIZELY, DEM 2 LMEmOHME 2T ¥ % Lk
LTREL, 7= 22O FENEZLI o T&7, DEM I5EWE L
VE—bBEUVV U TERNICEVIERTE DO, BHBICADICS WRE
HESLHETCERVWSToMEA4EET L2 L8 TE 5, £/, DEM
ZFMMA L CHIEORREL EMICEBLT 2 &M, HMAMAOFE, B
MoOFHE, BEEROXRE, MNHEOHRE, i XvoB#H&E, RHER
REMENRTA—FOFENTELH7-H, DEM 5 H L THIE O 45
EATO LM TEMERTH D, HE~B+mBEOMBGEED DEM H#i
AR A S TE =N (% E, 1999) , NEROMIBZIERERT D720
2, LM MGBEO DEM koo TWnbd, 2% 0, [HLHAE
Be s 5%, 2FE O 10mfi# g o DEM & — 5 o #idk TiX 5m ® DEM 2
BETREI LTI D, FMRMMELZERE T 22012, S 6I2HE#
%WEDO DEMAXLETH 5,

DEM (ZHLH Il &1 L 0 fEk T& 24, IR DEM % {Epk 3 % I 1L R
MTchbred, VE—FEy YU 7 HEEADTHDI, FEHBEIC
HHE AR IO W TIEE, MAFIE S (2002) 2L VFELLLEx2—3INT
Wb, FHHEBEZIFRCEPTEELEGEOMERETEAMEN I, KKk
W T, BMEDELEZIAERTVWDLIED, BERELDLIZIERD D,
LIDAR ¥ — X ko T S N7=T7 — %5 LIDAR DEM % 1Epk 3 %
ZENTE, TN EHWTEHERTOMEF LE X > >H 5 (McKean
and Roering, 2004 ; Sato and Sekiguchi, 2005 ; Glenn et al, 2006) ,
LIDAR =4 3 V=V — XL 2OKF L v EMEREL TV D 72
ODHFEMPTTHEHEEL DY, bLOFEHELV B IHITKHERGW D &
MWBE I D,

LIDAR ¥ —# Z B FHIZIGH 3 2 72O O B % &t L 72 BF 58 & 4
& LT, tE#IFs (2004) X LIDAR 5 — X2 X% DEM Of#%EMR 1 m
UTTHY , WEROT —Z LHRXRTHERGWNE W) EE2H LI LT,
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ZOT — X EMMEMHTIZIEH Lt 6] & L T Schieidl et a/(2008),
A2 (2009), fBIEA (2009), #HE (2010) ZHB O L &E %
FEAM L 72, TECRBIHBIA A RE CTH S, MAEICE DL TV D WA
FZERFEELCHIZE LV I FEZIT o T (# 2 1X, Chigira et al,
2004), ZOFHELCEATHWEE THEMZME TSI LB TRIN
72 (3 mix» 2007, Chigira et al, 2009 ; Schuzl, 2007), £7-, Booth
et al(2004) | TH#1J~ v 2 &AL L, Mckean and Roreing (2004),
Glenn et al (2006), % H1Z 2> (2008) OHFFLIC L D H 3 < D Hi % F B)
EoOBRNOEEMLL TS,

ARKE T, & 4 ECT/ERK L7 LIDARDEM # v T, Mk (X 2—
D B L2WMEsBHFEOREL®mET LS E2AME L, 2
® LIDARDEM I AR 7 4 &V v 7 FIEIODEKR I, BT &T
—FICEVRBEREZIT- TS, REOMME OMFTICHE W TIX, H
B (1974) ORX G HEANZZF L, BBm OB HIEIC X0 EAE#BRZ
WML, Zhxdb iMoo EHEIT o2 ((FF&F, 2010),

6.2LIDAR T — AR IC K AWM nE A%

6.2 1 FHBREAZICLE DM LB

A (HA 1974) OREBHME S FIELZSZ L, BLHBHNIIC XD M
WO FHEEEE LD (£6—1), EEmEEHBEA, KEOAMEZ M
ORI EELE Lz, 22T, EaoBEITE 5 = MM S ERHR
rsZ LD, HAAOHEIL, UToXITEVEELL,

s = tan™' j

dz \* dz \*
m] + ~—] (1)
dx dy

dz 1

;= ﬁdx](zi—l.j+l" Zi—1;-1)+ (Zij+1— Zij 1)+ (Zi+rj 11— Zi +1j-1) |
dz 1

—=—\NZivrj1—= Zi-vi-0)+ Ziv1j— Zi, )+ Zivrje1-Zi—1;+1)}
dy 6d,

X (1) T, SIF@E#A, Z; T DEM oEFEE 7 B (i1T jA1) OFE
m, de, dyldx, yHAMODOAy 2l (CKHFZETE 1m) TH D, JAH
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£ 6—17 VU v KM KA

1 th Fg B 5 1B &} £ K
THE A m (Cs) = 110m [0°, 10°) 72 L
EH s BER i (Us) = 110m [10°, 20°) |72 L
AUHMH (Hh) [100~110m) [20°, 30°) |72 L
T e (Ls) <100m [30°, 90°) |72 L
EHE AR (Fs) =<110m [30°, 90°) | & %
Kig  (C) =110m = 20° ok

A M E TlX, 2mXx2m, 4mX4m, 6mXxX6m, SmXx8m D 7 U v K& {E
L, TOF oM AOEEREEEZEHFLE (W6—1), 77U v FH
AAZXAN6mOERAEHNCTEE—1DOFKMEICEIY 7Y v NiET 24T - T2,

Small grid unit of DEM

_______ AN
N 112 - |l-1 n
Big grid unit o
for local ~
1*n .
topographic
statistic
-1
V 1
<— |} —> ?

6—1 7V v FEITA A=

622 ERDMBHAICEDWMMASE

O R o fERTHI B (K 6—2) Ob &I2, F& & BRA z b LK
mAER L, ZOREBNRITKEEZ T 0E LAENDLRRE THRIR
WCPERRL TW D, KREITZAKXHIT L OB LE, ZoWmEK»&HEEKX
A (Ri) DA A O KE L K/NMMEDOEEZMBEHABEZE (MSD) &L,
R AR ZH Lz, R (2) 25,
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MSD, = Max(S,, ) — Min(Sy, ) (2)

22T, MSD iEIXMH R OMA A BE) L, Sy BAE, Max(Sy) iz
W Ri D e RBUR A, MIin(Sp) X 28] R D fe /MR A TH 5,

M e—2 -t WmKEOXB ROERIIHEZ > TIE, KMEI LI
3~6m iZ&xE L7 (IiE 1m),

I e N
i Y T N R N N M
~ 1 ifi 12

R, (L=1Xn)
6—2 Wrim X EEEA A B E) EOERGIE

Wrim o RBHOEHICHE > THEANBICED IS EEBR R L
L, 2fmN AEEMICE MMc2 a2 EREA @ L, MU
TERXEEOBREASLESLALTRE HEEEMR N ITEZREIEKRT 5,
R L&A L ESREZRERMBE L, MM XS %217 > 7~ (Habura,
2010, X 6—3),
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Terrain Analysis
DEM l Hydrological Analysis
/ Section lines H Hydrographic map ﬁ—
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Intersection curve generation .
> o °g 47/ Map of Slope /h—
of various terrain elements

/ Curve of Height f/ Curve of Slope //Curw: of MSD/

Y
Detection of topographic
changing points

v

Generation of
convex slope break lines and concave slope break lines

Identification & Classification of
micro-scale landform units

X 6—3 WHEHE 72—

6.3LIDAR T — 4R IIC &K b MthniEHEE

6.3.1 FHEMRRAZICL DML EHR

6.2.1 OFMFERBFIECLOIMMESBICEI D B LEMHEK %
6—4 277, ZOK»L, AEHICE T 2B IEIRE LIV,
HE A m (Crestslope : Cs), LA EBERIME (Upper sideslope : Us),
AEEMH (Head hollow: Hh), T A EE#l i ( Lower sideslope: Ls),
K (Channelway) & HIWrL7= (K 6—4),

632 WMERMBINIZCL AWM NHEER

Wrim ik W TE RSN MSD Ofi R4 X 6—5 1273, MSD @
RN 102 B 2% P 2 B ZH LMt Uiz, 45808 & # R 2 KE
MBI E L, TWRESRT, BREBRBREERLZ, Z OBEF LR
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AR LML SE L, TO/MREXK 6—6 2737, FH&H
WommmEiism EwELy, ESAm (Crestslope : Cs), L&A BE &L
i (Upper sideslope : Us), T#HEERE ( Lower sideslope : Ls)
KA (Head sideslope : Hs), A EA[M# (Head hollow : Hh), /K
(Channelway), B #lm (Footslope: Fs) XN T& 7,
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6—6 DHLIE 55 F X

6.4ERLEFETLED

6AL1IEHREFEDER
SUEMRBFIETIE, E&H 727 (100m Z &K, 110m HE&EMK) L0,
M TE O HALDS & 5 R4 2 AR L LT < <, K i 70 55 78R & Bl
FTEHZENTERhol, VI BALHEMOMEMGTIZ ) 4 ANREL, %
W OHWAEHEL W=D, 2m, 4m, 6m, Sm D7 U v R WIZHE L
AR, 6m O & T FHMP FIC X2 LT WERICR 72, Lo
L, ZOZODFKMELY , FEMARMMEOR ST 5 R TEhhol,

6.42BMBEBCIIMBBIERRLEDOLER

W AT I L VR EBRAZRH LB REERRZE R L L
Xy LIefg LBl &8I K2 MBE oz o727 (K 6—-17),
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FLIA et BAS DEM
C WEETS e WA BEN

——+ BRIETS oo BIER DEM
= HFANTS — tuHAEIE

6—7 HLHLM B C KD HHIE & W X AREAT IC XD O o g

M 6—712k D&, FUMMBHASR (aalBrm, X 6—8) TIiX, Bl
BT A5 7o R 28 MR R & T T R AT T A5 7o R 28 MR o0 SF T BE VY 0.6~
1.5m, LIDARDEM OB E L LR E WK RIS o 7o, BIRNZ # A7
DONLEEBRIFETWD Z & L0, WK kXM m s EICEs
& HEr s b,
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6.4.3LIDARDEM [T &k 5B REF L HBER & D LB

1/2000 O MK 5 fERK L 72 DEM (Z X 5% &6, BEERK & B
f X & LIDARDEM & tb#g L7 (%6—-2),% 6—212 X %5 & LIDAR DEM
MOEHE IR A, BERKK AR EHE R 1/2000 O #F X X
D, HEMALMEEZHRARNLDL Z N DN D,

6.4.4F L

A#ETIL, % 4% CERR L7 LIDAR DEM % fl W C B #2881 5 %
MIESET D HFEERF L, TORBREZ2HAMBPECLI DI DEINTHK
WL L, 121 L TW5DZ &5, LIDAR 7 — & (L 5% #l 72 % th
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DEM » L MBS E T 2ICEIADNTHDLZ EE2HLMT L, /ERIT
B &L B EHGIE MM 2 HO ER FETH -2, KIFRD
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ETE WM EEEORFZRER

T1BREOHR

BIE, BECKDODNEBERZEBMICIYRET Z L2280 CTARE
et asbET LA EEINE LB RBAEFEE, %m%%&&’
REINIERE AT HHSORBTEELRBREE o T WD (B
4 2003), Lndb, TOhkoEBEZEZETHELEZLWVWLO 2, H
fFhEA (AR E) 22T 50 0BAEMAICTRY RLEZIES A0
Ol EEN NS, LEORMBEZMET HI21F I & BREER
ODEBRZEZEEMOICHEML, tTHOLORT U Y LV EREER L OMBK
DRI ZRFELY, EEPBVERZREL, BRBEFEXEOLY H %
RETOHDLENDLIODOEZEXDND, £ 2 TARUI TITMHEAE & MKHIE
ODEBERN, tHoOboORT vy L LB EREESLE L L
TRAEEOMBREFMT L XY, BEABRVERLMESL, BEEN
BHWERLFHETOLEINHD LB ZOND,

WEETELL OMA L MM o BEAFMICE T 2 BEEOERITD
o (CRAFRIED 2002; dE)11IE > 2004 ; 3% HI1E 2> 2005; )11 16 1F 2> 2006),

(C T S & R HUE SRS S D AR o B R AR & B BRI 0 A &
AR REF NS o, M UMBHESRMAEICHT 2D ITE U AR
BEMEERERHMEZEL, ThAPXMEYWOETRH LI LEZS 2 OND, £
BT ONREEZEHMWICEL XD THDL ES L, YDk
HEORHEELASEE, EXAMORELOEWVWEAICDE 2 MHAELE
Hobilizo VESnNTbDThHDHI, EEMITERESMGZ KB L
TWbEeE2bn2% (HHE 1947), KM% Tk, M HIKICK T 56 6
ECER SN MM S EX & MAEOBEBRTEME T 2 I XY 4TS %
FAT 2Lz (CFF&F, 2012),

T2 EEAE DEFREEM A E

721 HERE
FEH P OMAELZIIEBET H7-DIC 20105 H 1THICHARE X 1T -
T MEAEREFFEERLO N FHRBEICa2 KT — F(30mx60m) #i% & L C,
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TEH 7 B K B & C 4 MR HRL T kUSRI A AT\, BRR L B
I, (L& WE L7 (K 7—1). #A O LIDAR 7 — % O
BAES CRE L7 A2 AL, TS 2 FM L MR L,

K

T22HEEZTREONE

AFER I ONATRELZEANIZELZTLLOE WS, YO A%
AR & AR RE, MERRMEOREE L DR WEFICbE 5 M AEE
AOobEIZ2 WV EERTEbDOTHLIED, EERITRESRMEZ KL
TWa&EE2HN5,

HFEOATEM O EITEARNICKE (= L& K 2009 ; KA, 2000 ;
MfEL, 1987) 6 &1 L CTRARMA CTBIM k72 B F a2 BLT o g
BIZOoOWTHAL, BIAROABHRELE, EBEOEEHIIUTOL
B LD,

EDOEFIESS « Hik, Hik
- B OR  mAR, KA, HEAK, FEA, BA

ZR B R,

WA o R, B TR, E#, B, KK

R B, BR, KRR, 2508, BR, KA, <R, EE

RO : KR, RHRA, & FRAE

HqE AT RS, PRI, AR

KA AL, R AL, R

oy o g B, e R

MR 2 X 0 AR, hRA, BA R

AR O K & ¢ fkAA, R, R R R
c REBOSZ S EAR, BAER, R
Med cafi, bRy, ¢l
cHEWMEOR B 10mBL L, #EA 5~10m, KK 5m K, HA
CRAR LA/ VN
- BT AT
H# : B CHETZ2RET O
o EHICEDET
A B L DA RO LI RbOLEDR. BLBICE > TRICHE
50, LD THMAR . BEANRICOL TH -2 KRS D
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SR 2L0EUENGRDIREET, LDEOEIETORFITHEIZH
F25b 0
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IhThd
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ZOR RERPHEBEZEAGEL T L2 bD. 20 - BN
NIZET 2
BE RELEEERZRFOREE
ZHRR P REICKSPELL, REELITHKEIZRD2bD. T XTH
RTH D
BR NBRRRILEZVWAEE () 2R5b0
WHE  NREPAEZ bRV E D
BR - MHERITFERBICAENLT, BEEONMICHB L T2, KR T
CUENLIHEFEMOREZLITIHEN R D
CHRRDOIBRE  RRDOIFET LI - T, KER, FHEM, =
THRAIZKSL, REAOKS, AFREEMAGDE TREER L L
BESM BEOSAORIICEL > THRREASADREREICHED L O %
ERM, OSORCICASLOZHEA, DEPICkSE O X ERR L
L7z
KA MRS MDIEN DR RENEDOE S, NS WNbO%E
LR, fTEObLOEFREL L
I RRDOSBEEIZOWNWTEZ WS D& LI, Dt O & Bk
B, hEObLOEFPREAE L LT
RO ZE CMBROZIDOREIZL ST
L7
CHIAR O K S HIR O K E THEHELE 0.3mm LI T & A,
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"TMEOZI WL LDLLZWVWHOEEAR Dl O & B AR
FEOZ A FMA, EbO ThRuhrrHOLDREERD L D% 5
<HTARAME L

CHEE  ERAMELS, IRASCLENDLOE al, ERAKL, M
WA ZELDOTEHWHEOEZ DA, FRPELS, HIRPEVWLE DL c B &
L7z

7.2.3 W Rz & HEE DB R AR AT

(7 A - N R T Nl = S " @ L A VA BTN R I - O o R G R i
MEaROLNCTHIERMETHL, 2O, BEICH SF CAEFER
AR RE 7 TR T HHNEND DH, KW TiX, TWINSPAN
(two— way indicator species analysis, —JCHHESH) % H W THH
AL DRSO ATER S MM o BRI 21T o 2,
TWINSPAN @ FORTRAN 7 v 7 7 A2 Hill (1979) (X~ THZ BN
TW%, TWINSPAN (3B - EWEEOREMEK O S Hricflibi,
77 AL =B EeORENOHEL TUZbOZIAIZ T V—TIZ L
T O LR3I, 2KE2HBVRLSF LTI LT E2FEVHT LV
FlE%E & %, &% 5 L 5ET 572012 TWINSPAN TliE, Fol{bF
D —o>ThoXEXHEEZFAL TS, FHlfbicL, 77— 42K
DM AZ b > Lb I KOTHMMHE (B @) 2k, yo71re o0
it~z bET, ToHRRT2H5T52LT, YT NE2ODT N —
T T D, LW ORERDFIRICR D,

PLFIC TWINSPAN iI2B 1) 28R FIEZ BRI T .

D722 CTEELHEHIALZEOT N F o2 (MBI E, MEH, %
E, BHE, REELRLETRIND) 20O ORRKRICTH T DD
“pseudospecies cut level”Z & E T 5, fl 21X, AEKENHIE L -
O EHIZE > THEELEIATWESSG, TOMEAEKIZE > TV 200
BE #1253 17 5, McCune& Meffod @ #] # 3% @& TI1L, cut levels (X 0, 2,
5, 10, 20 R EINTWVD, ZOHAE, 0, 028z T 2RI, 2L
5 A, 5 L0 E 10 K, 10 2L E 20 K, 20 L E, © 6 20BN
BEEnhb, QL FOHETIX, Z D“pseudospecies cut level” s & %k %
Ff>. pseudospecies (DWW T, ZZTatH+5%, Zhix, 7T XX
ANENFE DRV L XTI DT, 1 DOMMITX LT
AL & @ AL D pseudospecies X E L 72 ET, 7 XX 2D D70
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fi TIXAKAZ © pseudospecies LB L7 Z L2 L 0WA, TN H

% \\WFECIE &AL D pseudospecies T CHBELZZ LT 5, W)
VAT ATHDH, 2TI9THILIZE-T, THLZ—RLIDEOT—FI
KoT, BOT N T 22bbBRERBTEDHI8IRD, T 74
FDOBE,1ODOFEITE KT 5D pseudospecies iC k> TRk &h %,
Bl 2L, BEOBMEMRRET, ¥2Pa2uUuhTH 25 AREEEINTY T
NBBDHETDH, ZOH U TATE, YWavruho 11— P2 h7 5
F TOFT T D pseudospecies DHI L= 222, 74N 4K
HBE LY 7 ATix, 74P 1, 74 20 250 pseudospecies 73
HB L7 Z 220N, 74Y 3—7 4T 5 d 350 pseudospecies (Z
OWTIEHB Lo/ LTk D,

QOQREF¥EEEHT S, HEl1orr 7rrarrdHnwTh v 7
EFILT S, RTOF L FADRAaTOEHEHEL, HroHf 7
MIZHOWNWT, BTN RAaTREEH LY RNk TH 7 rae 2
Sl RN

@OQELLPOY TNV N —TITHEBWICHEL T 58 (IF#ICIE
pseudospecies, LL T [A#E) % “differential species” & FrL, Z @O HBLD
MK SDE T ronE 200 EHT, HE LN differential
species To 5 715 7 1L, Preference score (2 L VW ¥|Wrxin 5., Z 1Lix
MR, 2 007 V=70 ZNICMBEIHER L2 BT L —
TTEICHBEEE (HEHKR 71— EdEnd% v 7 rof) it
EL,7/1/»—7Fﬁﬁ“(“tﬁﬁfiﬁ}ﬁélEﬂfiﬁf’fﬁ%ﬁ%éﬁ\ TTHDOTH D,
—HOIZN=TICBILHABMENMGT O 7 V=TI EBT SHE D 34
PL E®FECix, Preference score O it xf fE D (R, EbL
DIN—=TIZELSHBT2E2NICE2TEDLD), 2, o7 r—71C
BUIHABEESM MM O 7 Vv — 7B T 28E O 2 £ L o)
differential species & 72 5. Differential species 7Zif &# x5 & L T
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