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ABSTRACT

In order to understand the error results of unmanned
aerial vehicles equipped with different satellite positioning
modules, in the first stage of this study, the shallow landslide
next to Liba Industrial Road in Donshang District, Yilan
Country was selected to conduct four times of landslide
investigation. Then, analyzed error and stability of the
orthoimage produced by the two UAV through the Particle
Image Velocity method (PIV). At the same time, the RTK
data measured on-site was compared with the orthoimage
spatial information to evaluate the possible error scale of the
orthoimage. In the second stage, the landslide at Guanghua
Agricultural Road in Fuxing District, Taoyuan City, where
has been relatively active, was conducted for modeling and
analysis through Particle Image Velocity. This was used
to determine the movement direction and variables of the
landslide as a reference for investigation.

Keywords: Unmanned Aerial Vehicle, Particle Image
Velocimetry (PIV), Precision assessment,
Topological change
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ABSTRACT

In recent years, climate change and severe rainfall
have cause large-scale landslides and disasters. In particular,
the landslides occurred in Siaolin Village during typhoon
Morakot in 2009 caused huge losses of lives and properties.
In order to realize the distribution of large-scale landslide,
the Central Geological Survey, MOEA had interpreted
2,500 potential large-scale landslides in Taiwan. This study
collected large-scale landslide grading related references,

* WIAAEH  twehen@sinotech.org.tw

~

and integrated into a large-scale landslide grading method
which was suitable for Taiwan, naming it as the Landslide
Topographic Feature Susceptibility Table. After grading 336
potential large-scale landslides in Nantou County, there were
1,29, 132 and 174 sites of grades A, B, C, and D respectively.
The sites with higher scores were concentrated on the Li-
shing Mountain Road, which showed that the scoring table
proposed in this study were applicable and could correctly
classify the grade of potential large-scale landslides.

Keywords: Large-scale landslide scoring, Landslide
Topographic Feature Susceptibility Table,
Analytic Hierarchy Process, LIDAR DEM
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ABSTRACT

Photogrammetry is a relatively straightforward and
widely applied unmanned aircraft system (UAS) mapping
technique that involves capturing two-dimensional image
data of the Earth's surface through photography. Photogram-
metry is used to construct digital elevation models, providing
a fundamental understanding of terrain. Additionally, it can
produce orthorectified images, which are highly valuable for
monitoring environmental changes in potential disaster areas
over time. These images aid in understanding the temporal
evolution of disaster-prone environments, offering critical
references for subsequent disaster management decisions.
As such, the outcomes of photogrammetry can be applied in
various aspects, including monitoring potential disaster areas,
surface displacement, elevation changes, and assessing the
volume of landslide material.

In contrast, lidar systems are slightly more complex
in their application. Lidar systems employ laser scanning
of the ground to generate high-precision three-dimensional
point cloud data. This capability allows lidar systems to
create more detailed and accurate terrain models, including
surface features, buildings, vegetation, and more. However,
lidar systems are costly, have a higher technical threshold,
and require more time and resources for data processing and
analysis post-disaster. Therefore, in practical applications,
photogrammetry and lidar systems are often used in conjunc-
tion to quickly obtain relevant analytical data.

To enhance the sharing and application efficiency of UAS
mapping results for disaster prevention, the National Science
and Technology Center for Disaster Reduction (NCDR) utilizes
the Disaster Geospatial Information Internet 3D Geographic
Information System (GIS) technology for information sharing.
This platform not only provides visualization capabilities but
also includes cloud computing functionality for rapidly generat-
ing analytical results, assisting slope disaster prevention profes-
sionals in swiftly sharing relevant information. Furthermore, the
Disaster Geospatial Information Internet provides the necessary
cartographic data required for aiding disaster prevention and
rescue decision evaluations. This enables disaster response
personnel to utilize cloud services through web browsers for
real-time decision-making and application.

In summary, the application of unmanned aerial mapping
technology in the field of slope disaster prevention holds sig-
nificant value. Both photogrammetry and lidar systems have
their respective advantages and can meet different contextual
needs. Additionally, the establishment and utilization of the
Disaster Geospatial Information Internet further enhance
the sharing and application efficiency of UAS mapping
results, providing robust support for slope disaster prevention
efforts. The future will see the continuous development of
analytical workflows suitable for different types of landslide-
prone areas, aiming to more effectively utilize UAS mapping
technology to improve slope disaster prevention work.

Keywords: Unmanned Aircraft System (UAS), Photogrammetry,
Lidar, Geographic Information Systems (GIS)
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ABSTRACT

Taiwan frequently experiences natural disasters such as
typhoons, earthquakes, and mountainous landslides. More-
over, due to the impact of climate change, mountainous areas
face increasingly severe challenges during flood events. For
instance, in 2009, Typhoon Morakot, and in 2021, Typhoon

* i@ 3AE 4 > wbchen@ncdr.nat.gov.tw

Lupit, both caused severe damage to the Laonung River, a
tributary of the Gaoping River, leading to the destruction of
the “Minbaklu Bridge.” These events also inflicted significant
harm on numerous scenic areas. Therefore, flood disaster
warnings take precedence over other types of disasters.

In recent years, opportunities have emerged through
technological advancements, including Unmanned Aerial
Systems (UAS) and Three-Dimensional Geographic Informa-
tion Systems (3D GIS). The National Science and Technol-
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ogy Center for Disaster Reduction (NCDR) is dedicated to
disaster prevention through means such as web services and
Three-Dimensional Geographic Information Systems (3D
GIS), with the goal of developing the “Mountainous Flash
Flood Disaster Early Warning System.” The NCDR has cre-
ated an Operational Forecasting System (OFS) by integrating
atmospheric, hydrological, and hydrodynamic models. This
system provides a spatial resolution of 1.25 kilometers and
forecasts hydrodynamic river channel simulations for the
next 72 hours. The research utilizes high-density and high-
accuracy UAV DEM data to simulate rapid water level
rises and flooding resulting from intense rainfall within the
Laonung River watershed in Kaohsiung City, Taiwan. The
integration of three-dimensional spatial technology with real-
time data simulation in this study contributes to improved
decision-making accuracy and resilience.

Keywords: Flash flood, Operational forecasting system,
Numerical model , Unmanned Aerial System
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Related Landslide Susceptibility Factors Using LIiDAR Dem
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M4 - LB RERR  BRE T REEARE

ABSTRACT

A test area was selected at the catchment of the Zen-
gwen Reservoir in southwestern Taiwan. Four event landslide
inventories, which were mapped from high-resolution
satellite images before and after rain events, are selected for
study. Susceptibility factors were analyzed by using the mov-
ing window smoothing method and large kernel grid method,
with a series of kernels in different sizes for comparison. In
addition, success-rate curve method was used to evaluate the
effectiveness of each factor in interpreting landslide distribu-
tion. Highest AUC is selected as the most effective one and
the kernel size which yield that is the optimal measurement
scale of the factor.

Factors calculated from an optimal measurement scale
are selected for construction of a landslide susceptibility
model. Totally, four models are constructed. These models
are validated individually, and cross-validated each other. The
success rates and prediction rates of these optimal models
are significantly increasing as compared with the model built

* i AAEA 0 joan@gis.geo.ncu.edu.tw

from conventional 3 x 3 kernel calculated factors. Finally,
this optimal susceptibility model was used to construct a
landslide hazard model for prediction of landslide distribution
under different triggering events. This fully demonstrates the
importance and necessity of using the optimal measurement
scale to calculate topographic-related factors.

Keywords: Landslide susceptibility model, Susceptibility factor,
Optimal measurement scale
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ABSTRACT

Sediment is a crucial component of riverbeds, and the
size and distribution of sediment particles can impact the
flow dynamics and sediment transport of rivers, thereby
influencing river morphology and ecological environment.
Therefore, understanding the sediment-size distribution is of
significant importance for riverine environmental manage-
ments. Traditional methods for sediment investigation in
riverbeds require a substantial amount of time and manpower,
resulting in high costs, making it challenging to conduct
large-scale and high-frequency surveys. This study explores
the suitability of utilizing unmanned aerial vehicle (UAV)
aerial imaging technology and the BASEGRAIN software
for assessing riverbed sediment. Initially, indoor experiments

* AR 0 cdjan@ncku.edu.tw

were conducted using BASEGRAIN interpretation for gravel
particle analysis, and the results were compared with that
obtained by a manual line-sampling method, so as to deter-
mine appropriate BASEGRAIN parameters. Subsequently,
UAV aerial imaging was carried out in the field to obtain
high-resolution photographs and orthoimages of the riverbed,
and the BASEGRAIN was used to interpret sediment-size
distribution of riverbed. The research findings indicate that
appropriate parameter settings are a crucial factor in improv-
ing BASEGRAIN interpretation results. Indoor experiments,
with simpler analysis subjects and environments, yielded
better interpretation results. Field investigations showed that
due to the complexity of the riverine environment, there were
significant differences in sediment size distributions by the
BASEGRAIN interpretation and the manual line sampling,
with a relative difference within +70%.
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BB EEE 100 1% IRy &%
—feRIIAR -

ARW5e T H B Ry 1 AL B AERR & E AT 65 m

x 65 m ZIESTIEHIE » e iR 0.5 AR

ZPRERMEIEE - SRR HE T IR A RERL AR B Ry 16,900 FH

1E 65 m x 65 m Z 1F J7 JF 3 25 i [&] 1 — 2 &1 43 25 1l

13 m x 13 m ZEREHEE - B AR S A 2 - Ak

I 2 B R AR B By 676 HH - BRIy 1 AR B/ ER R

PR - SRS BUNE 169 F8 0 BT A Wolman ™ 2

H B RE IUEE 100 55 -

1 #FdE

2 FRRBAEZBIGAEZAE AT
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" 1 FIY3 Y0 s il o Y 110 102 10 R 55 62 2 2 B A 5 H b

21 BRI (0.5 AR 1 AR) 4> 35
B2 REFERE R R (D, ~ Dy, ~ Dy, ~ D,,) Lb#E - Fr
HEUR 25 E A AR E 2 100 EER 2 EBUE - Hb o1
AR EAREHMEETE 10% LA » 7 R EEEEHEN R
10% ~ 15% Z [t » (EF 2 EFRZEEEEN TR 15% ~
20% Z [ o $FE P BRI 2 LEs o AT ml 4 - k8
Wolman ¥ 382 1 A RERERREE » DURZEA 100 FHER
BB H FERZ R e UG HL B AR M L B R -

AW 5T HE — 20 R BB RL R AR T B R R RS i 1k 81
¥ 25 pREREMEAS 438 - P2 4R 8L (Coefficient of
uniformity ) EFATF :

D60
C, =D (1)
10

B C, I 1 ~ 4 R Ry L3 (Uniform soil) 5 C,
I 5 ~ 8 IR Rsflelicdr .z 3% (Graded soil) 5 C, KIAE
SERN 9 Fuiliid BiY . +3 (Well-graded soil ) © fERERE
RIS FF M JEAS R AR 2 o » Hi 12 @Enig 2+
HEHEHI: A1~ A3 Bl *B4~C2-C3C4~C5~D4>
D5~ E3 ~ E5 ~; 13 W@ @R ARECHEEH] : A2~ A4~ A5~
B2 B3 B5-Cl DI D2 D3 El ~E2"E4-

& 1 WARRAR M SEZ TR R G 412 B &R R b i

EASE VAV ik ZEHEER

K FEE P A R = P A B 2 25 e 32 B e AT
77 &% B Microdrones MD4-1000 ( Z11f& 3) » #5 8k SONY
QX1 APSC FF#leFrifEt » 5% 3 Ty MD4-1000 Fef T ek H
FEARER - EATREEMLFOHIE (80 m x 80 m) Kyl 1
ZARLERERRE AL -

252 (point cloud) Fy¥fe R & LLERYE X
$% o FHEEE S X Y ~ Z R - Bty R B A
o~ REFE AN - BE -G R B R E R ELE
(airborne LiDAR ) & filirf it b 3% & AHRE 28 45 i KI5
PRI - R E R B R EBRMEH - HS5 R
NHRE R0 fe » SR B R A5 B R A BRI VTR -
i AT UK ENVCEC G 2 B0 22N S - (M T 2 R B,
E o RS — LA E VYT A E PR (8 FF ~ 11 FF »
141~ 17 1) s BB & 25 AR~ 50 2R~ 100 &
U 200 28 RPUAE o PUFE SR & i S 2 i SR
4N 4 fs - s GE AT (Ground Sample Distance,
GSD) 435l s 0.68 2243 (8 FF )~ 0.63 2243 (11 BF )~
0.62 2857 (14 FF) B2 0.68 2453 (17HF) « [ 5 Rk PafE
Kz ZAEBE AR - HimEiE s AR B E R

R 2 ATHEREHESAER

iiz Dg (mm) Dy, (mm) Dy, (mm) Dy, (mm) 7%1;'2 (fni:) (ﬁfﬁ) (1’2;1(;) (nDnlr(:) C, |»¥abH
; RE RE ES ES Al 49 37 22 10 4.96 | Uniform
HE 0.5m|1.0m ©0) 0.5m|1.0m 0 0.5m|1.0m (%) 0.5m|1.0m (%) A2 73 51 2% 2 635 Graded

Al | 26 | 26 |-1.56| 52 53 0.93| 171 | 147 |-14.27| 231 | 194 |-16.27| | A3 76 60 38 19 4.09 | Uniform
A2 | 30 | 29 |-3.85| 67 65 | -3.68| 241 | 216 |-1047| 314 | 289 | -7.99| | A4 89 73 43 15 5.96 | Graded

A3 | 39 | 39 055 74 76 3.51| 298 | 325 8.86| 373 | 419 | 12.13| | AS 72 53 32 12 6.28 | Graded

A4 | 38 | 36 |-4.09 86 82 | —4.58| 249 | 244 | -1.90| 307 | 303 | -1.32| | Bl 96 79 51 24 4.04 | Uniform
A5 | 32 | 35 8.87| 69 74 7.02| 217 | 237 9.09| 272 | 306 | 1227 | B2 89 72 42 15 5.82 | Graded

Bl | 47 | 47 045 98 89 | —9.63| 242 | 238 | —1.61| 293 | 285 | -2.46| | B3 82 67 37 15 5.66 | Graded

B2 | 38 | 36 |-5.69| 86 85 | —-1.11| 308 | 324 5.31| 401 | 443 | 1047 | B4 86 71 42 19 4.61 | Uniform
B3 | 36 | 35 |-2.11| 80 80 | -0.11| 301 | 307 2.16| 383 | 415 844| | BS 90 75 50 15 5.88 | Graded

B4 | 40 | 40 1.18] 84 78 | -8.12| 245 | 240 | -2.09| 317 | 313 | -1.21 Cl 142 108 71 24 5.97 | Graded

B5 | 39 | 38 |-3.71| 89 87 | -2.61| 224 | 229 1.80| 283 | 290 234| | C2 108 85 53 23 4.64 | Uniform
Cl | 54 | 56 2.74| 153 | 157 | 2.10| 378 | 395 4.44| 461 | 463 042 | C3 127 101 67 29 4.43 | Uniform
C2 | 47 | 47 |-049| 113 | 104 | -8.25| 320 | 327 2.36| 405 | 408 097 | C4 127 98 70 36 3.55| Uniform
C3 | 57 | 62 8.39| 143 | 151 | 5.86| 356 | 359 1.06| 438 | 442 0.83 C5 123 101 68 34 3.65 | Uniform
C4 | 66 | 64 |-2.03| 139 | 130 | —6.46| 333 | 334 0.32] 398 | 408 2.32| | D1 103 82 47 18 5.77 | Graded

C5 1] 63 | 64 0.65| 142 | 136 | —4.35| 325 | 312 | —4.19] 400 | 379 | -5.11| | D2 110 88 55 19 5.71 | Graded

D1 | 41 41 | -0.68| 105 | 105 | 0.27| 300 | 305 1.47| 353 | 359 1.64| | D3 89 77 44 17 5.19| Graded

D2 | 44 | 44 |-024] 122 | 124 | 1.18] 293 | 299 1.96| 347 | 353 1.77] | D4 83 71 44 18 4.58 | Uniform
D3 | 40 | 39 |-131| 92 86 | —6.41| 253 | 252 | —0.14| 340 | 334 | -1.71| | D5 80 67 44 20 3.98 | Uniform
D4 | 43 | 42 |-1.13] 84 83 | —2.13| 223 | 215 | -3.41| 274 | 272 | -0.65| | El 58 39 16 8 7.68 | Graded

D5 | 43 | 42 |-290| 80 81 1.08| 204 | 200 | —2.08| 247 | 241 | —2.47| | E2 48 32 14 8 5.95| Graded

El | 20 | 20 | -0.58| 55 53 | -3.88] 188 | 165 |—12.55| 243 | 224 | -7.78| | E3 45 37 22 11 4.17 | Uniform
E2 | 20 | 20 1.48| 46 | 48 465 207 | 196 | -5.41| 273 | 253 | -740| | E4 70 56 32 13 5.42| Graded

E3 | 27 | 29 7.06| 52 50 | -3.43| 158 | 168 6.35 232 | 254 9.37| | ES 70 57 36 17 4.16 | Uniform
E4 | 33 | 34 3.28| 71 72 1.52| 177 | 187 5441 226 | 230 2.08

ES | 37 | 37 |-024| 72 72 | -040| 172 | 175 1.79] 229 | 236 3.24
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FE R B AR o FRAT R AR A S e B E AN B TR R B R AR R

3 % EA &AL Microdrones MD4-1000 #h 3,

% 3 Microdrones MD4-1000 #& A #4732 & A E#

1.03m (HAMEmEE) RMAERE:

#F RAF 1,750 mm * #% 4 & 4€ : 700 mm
R RHFRK 1,200g (2,000 g)
#“rad 2,650 g
RAEKEE [5550g (6,500 ¢)
#25~30 mdE (ERIF =75 ph
AT B ] 800 g HEH I E IF > 42 4% » 2,000 g

AEFRERF 1 >20 54%)

RARKARE |12 m/s

ANt E  |7.0m/s
IR IR 12 m/s
TR i# 4,000 m A k.
& B A 5,000 m
RBL R E —30°C~55°C
MERITHA [>1,000m
R 12‘57}4%.2&IP3 PTER@ (24 N EER
% 50.0~99.9 %7&) T""T##ﬁ%%‘rﬁ*ﬂ“éi‘r
é 5
FetT-E @ > 5,000 m

k59,076,515 B - BRES RS A R 2,148 B -
B R KR -

FAIRREBRERGHIRE
AR FOR F B f7 R EE AR ER 3 A 1Y David Graham »

Ian Reid J7 Stephen Rice 3£ [F] i #% .2 Digital Gravelometer
B AET T RER G R 52 B FII R » Digital Gravelometer A
B Gerh o PUE T READIREY) - 2] Digital
Gravelometer » ] DU TS B {5 i {00 253 i 3 2 3 2 B flir
LAY RE 7€ 43 15 & HL ) © Digital Gravelometer X 8 52 4 iz
B R Friig antE 6 firm 1 BB 2 5 M2 80k
HRE I8 (Median filter) P K/ME m (FHE{E m =3
pixels) » JEETE#E#2 (Bottom-hat) IR K/ME s (TH
AH s =15 pixels) ~ #25 —ICAbLFIREE T1 (FHERAE T1 =

35%) ~ AR TP T2 (THERME T2 = 1%) ~ 737Kk5d
B/INREFEE w (TEREw=1) -

AEEREEIFERIE

R GG B A TRE SR MR S BT T 75 SR B 22 o
FHE Coutlier values) FefE AR #ilE] 2 BREZIEER » [& 7 Sel&E
8 53 ) ey ) A A ot B 5 VA TR A1 B AR 53 A+ [ R e A
BB HE A I BB A S A R B —
LTRSS A AT R E ST I LAUERR - BERHE Al a
SERER S B E = A A E N DAERR - B
AR BEEE R - ISR AR B4R R (Greeness)
VER 120 G A 7 AR W i AR - AREEFE B CART L
MBI CER DGR - AHEAFAIT -

G+R
Greeness = ——
G-R )

Horf R B RGBS BIKE » G R MOt B2
{E « SERCHIZAE A 7 3 B I PR AR ﬁﬁﬁukliﬁ&
FOTERRZ L B S B -

(8 1) (11 8)

(14 8) (178)

B 4 AR ES SR AE R RE

(8 8) (11 8)

(17 #%)

(14 8%)
5 e ARG Z BT EERR
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" 8 Y 0 5 il D L IR T 25 82 G eV ik o

RAE B R
v

Digital Gravelometer

v
R B
(Median Filter)
v
335
(Bottom-hat transform)
v
— b A B R AL
(Double Threshod)
|
v v
= AP AR — AP %A
T1(%) T2 (%)
| |

v
Feature AND

50 4 A 3
(Watershed)

v
R AN H R

v

A oA
EE R

6 Digital Gravelometer %1% & 32 742

BN ZRE R - AR EE T E— R E &
WA B EEE R o, H IR E R T
RTINS N B R 2 SRR 2 » iR
EAE 9 PR o SR E BREE S AR IR RIS - A7
TR PTRE S T 4k 22 2T AR RE /5 0 S ] PRAE B F
T KA AR AE AR 22 0 BT SR v 7 5 B St Bk 1 34
%8 (detrend) » 43 M7 JiEARIE BE R EE TR 98BS
B8 AR/IME L IEEE (kernel) T AR A MY /N — 3
I fEHES P (least-squares best-fitting plane ) Z [E]HY
ERE A RS » S EaltE 10 Fs - ARG EIER
SE S [ N RS B R B R A i o
£ — A DL ToPCAT (Topographic Point Cloud Analysis
Toolkit ) ZHER 4 FEFAERILL @ Dy~ Dy, > Dy, > Dy, ©

TR R ER A
R FIRERLR

B 11 Rk R RS gt AT FURBRI AR 53T LG -
LU 25 45 RUOR B+ J5e/ N FIRBRI (K KA Ry 3 2857
KO R B RNTEE (0.81 28%)) 3.7 % 5 i 50 AR
R+ BN HIRBRI ORI Ry 8 2353 HIME R AR AT

B 7 ARSI EF @A

8 FRAEREZ BT MRS

9 BT EZ AT EE
AHRR : Rychkov et al. ™

(162 2843 ) 2 5% 5 RS 100 A REF » e/ Na]#)
FERIIS KKy 15 1Ny KET R (GRS (2.92 2AN%))
Z 51655 HimE 200 A RIS - B/ N HIEER R KK B 28
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R BARL GBI HRA BTN ETREE B2 FIETR

:&Q_‘?_"_en dered Point Cloud,

ToPCAT
Topographic Point Cloud

Analysis Toolkit

STAGE 1
Sortlaser scan
points into
regular grid

\—: : :"-‘\_é.".'_ ‘:‘;

Vim e
L o Pt
‘Selected Point Cloud. SquareDomains.
‘.’Y"‘"“. . SRR e R L

STAGE 2
Sort points in each cell
and calculate
elevation statistics

—

STAGE 3

<] Fitlocal tessellation |-,
across cardinal

S [ S v

— neighbours and e .-
-+ ] detrend points relative |30
» | tothissetof planes. [~

Derive detrended

ion statistics

}‘." g .
OUTPUT 1

e

(a) Centroid &

- Minimum(z)

= Maximum(z)

- Kurtosis(z]

- Skewness(z)

- Sud. Deviation(z)

- Detrended Maximum(z) = nObs.

OUTPUT 2 () centroid o

Dotrended Minimum(z)
- Detrended Kurtosis(z) (b) Precise location :

- Detrended Skewmess(z) - Minimum (2] »
- Detrended 5td. Deviation|z) - Maximum (2} «

X J
Files written out
10 &R 3T 3 R AR SR B2 7 AR
AHHARR  Brasington ef al.

Doy RING Rt BN (5.53 241) 5.1 5 < #78
bl FEAH g i (25 m~200m) P 0 FIHE
Gt i/ NRERIR KB R GRS 2 3 ~ 5 45 -

B ARE S BRLAR o MT i FIRE TR 1k B FH R 52
BN [F e 2 B G AT RE s 21 - iy L BRISDE
TR 2 A RE R AR R B ) 2 e T B FH B2
AN R BB B < BASRE IR - [RIIE - A2
LTV A E HIOC IR AR (8 IR ~ 11 1RF ~ 14 155 ~ 17
Rf) & UAV S G R MR IR AT - SR 52
BHIEE S AR 108 £ EEARE BR 120 29 SR RL
£ (Uniform fine soil) ffEZ2 8 : m =5 pixels > s =
15 pixels * T1 =35% > T2 = 1% > w = 1 ; ¥ HIFERIEE

(Uniform coarse soil ) FxfEZ2¥(f : m =9 pixels * s =8
pixels * T1 =35% * T2 =2% > w =3 ; Al 4F (Graded
soil ) FA NI B FE 2 ¥ ks : m = 9 pixels * s = 8 pixels *
T1=35%°T2=2%">w=3; KA B iF (Well-graded
soil ) FHRIERFEZER © m =9 pixels * s = 8 pixels * T1 =

#7200 m
11 R B &E SR 442 IR R R i

35% * T2 = 2% * w = 3 » 4 {lf| R ML BE P BRI S
RERIRESL - LM 3 BEEEA R nT LA A Rl — R i R 2 8 -
7% 3 T N RDEIR I 52 FI RS S BB A SR o e 3
AT Horh oK s ANERL IR R A AT A R 128
R/ NERLZ D, JTTHT » BR7EERIE Rl R IAIECREL
G D RISERIEATA 1 ~ 4 257 KIISTER/ D
AJFIREERAEF T - BARM S » FIURER A RFERS R
PRSI R - AE BT 8 REGIREE - D, BEEIE R
51.16% » Dy, #R7=NME By 28.56% * Dy, ik 7= FH{EH By
17.63% * Dy, iR 7= HH By 10.51% 5 SLA-EIR 11 FF -
D, iR NIIE Ry 44.41% » Dy, iR 3IE Ry 24.02% »
Dy, iRFSIIME y 12.47% » D, iR 7 FH1E R 6.08% 5
T 14 FEEIERY » D, SR SEIE Ry 44.75% * Dy, a7
IGE By 27.64% * Dy, 372 EIFE By 11.03% » Dy, 57
SEIIE Ry 9.49% 5 HEITEEHR 17 K2 OGIRRE » D, iR
EME R 61.91% » Dy, iR7ZZEE Ky 30.76% * Dy, iR72F
EME Ry 14.04% » Dy iR72 2B Ry 15.29% -
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" 1 FIY3 Y0 s il o Y 110 102 10 R 55 62 2 2 B A 5 H b

(3 BRIBIEEEEZHRER (%) SRR

HIREE| Dy Ds Dy Dy
BB (mm) (mm) (mm) (mm)
8 B¥ 51.16 28.56 17.63 10.51
11 B 44 41 24.02 12.47 6.08
14 B 44.75 27.64 11.03 9.49
17 B 61.91 30.76 14.04 15.29

BB 4 FEOEPE DI BRI (11 R &
14 1) EBIMHESRER IR » D, iR VE D
51.16% (8 HF ) K 61.91% (17K ) Kk 44.41% (11
WF) R 44.75% (14 1R ) 3 Dy, 3% 72 S ¥ {H HH 28.56%
(8 ) K 30.76% (17 W) [ Ky 24.02% (11 Ff ) K
27.64% (14 I ) ; Dy, iR7Z=SFIEE 17.63% (8 1) K
14.04% (17 ) B Jy 12.47% (11 05 ) K 11.03% (14
BF) 5 Dy, iR SPH(EEE 10.51% (8 HF) B 15.29% (17
) [y 6.08% (11 1) k2 9.49% (14 1§ ) o IEAFHil
% (1R 14 10F) HIREREST ERHOEIE - 8 I (8L
Hi) & 178 (85 H¥%) ARRIRHOEN - BtatiR
F - B ES 2 e R AR K N A S F
JE T e 5 B B AR A - TR BT/ NFE R
il W Bw s LA AR 2 -

BRERE D TRRR

7 4 By R EDEIRZ BEE R ATt R BB FAS SR
IR RN - BB AIBER ML - AR
SO EEE AT ORI A B 2 SRR B SR S MT ik
RN B A IR AT - BRI S - FIREREE
RIARRBERL AR RF B N - 8 B4 8 IR -
D, iR Y By 46.50% » Dy, i SPHME By 21.76% »
Dy, IRFEYIEE 16.13% * Dy, iRz 3EF 11.77%
IR 11 I 0 D BRAEEIE Ry 22.09% * Dy, iR72F
EME R 17.84% » Dy, iR7ZVEME Ry 13.85% » Dy k72
AR 13.15% 5 T 14 BOGIRRS - D, iR VIIE R
27.06% * Dy, iR 72 -YIME Ry 16.87% * Dy, iR 722 F3IME By
14.92% *» Dy, iR 7= EMH By 15.18% 5 BT MR 17 FFZ
HIRIS » D, BRZ B Ry 51.93% » Dy, k72 FI{E By

R4 BERERTELEZREE (%) 2H AR

FHIRRAE Dis Ds Dy, Dy
KB (mm) (mm) (mm) (mm)
8 ¥ 46.50 21.76 16.13 11.77
11 #F 22.09 17.84 13.85 13.15
14 w¥ 27.06 16.87 14.92 15.18
17 B 51.93 24.72 16.95 15.42

24.72% * Dy, iRZE-YIE Ry 16.95% » Dy, iRk 722 F¥IE By
15.42% ° BERGAER » 4 FOGIR DA IR PR (11 B
B 14 ) EHEERERFIRER - D, R VEE
FH 46.50% (8 If) K 51.93% (17 K§) Bk 22.09% (11
) B 27.06% (14 Kf ) 5 Dy, 32 7 S ¥ {H B 21.76%
(81F ) ke 24.72% (17 1F ) KKy 17.84% (11 1§ ) K
16.87% (14 [f ) 5 Dy, 37 N3I{EHE 16.13% (8 ) K&
16.95% (17 FF ) [k 13.85% (11 HF ) K 14.92% (14
BE) 5 Dy, iRZSEEE 11.77% (8 ) B 15.42% (17
) BERy 13.15% (11 0F) B 15.18% (14 F§) »
12 By 25 fEFAAERR & 4 ISR (D)~ Dy,

Dy, ~ Dyy) 5218 FIRE 3 M7 Bl 5 162 BE 55 43 M7 R AT 4 T
YRR B IR I (E L - [ R AR TR/ VR AR
(Dyg > Dyy) 53 HTERJTTH - s GBhEE o A B R 52
GFIRESAT » H/INEERL D, 55 R BHER - DL 11 RERIR Ry
Bl » 5B EEE ST 2 B AR S S (22.09% ) KIfE
R B F TR (44.41%) Z—F 5 AR
(Dy, ~ Dyy) JiTHI » 2 BERZESIHT (13.85% ~ 13.15% )

EAEZ AR AR AT IR (12.47% ~ 6.08% ) FIMSHIHTZ
BRGEFIE - BN EDEIRE TSR 2 812
e A TS SEIRE B E T R BB
SR FIRE AT - B B P R R AR K/ NI 52 B
R INRIAR D, 58 i R EUER AL 2 1
SOEIR » SBT3 S AT RE AT 28.3%

S B 3T i BRSSP A R AT Ol 57.5% » B
Dy, ~ Dy, ~ Dy FFHREERITR » i it B HI R 43 17 B Bh
F P AT W A 2 S e 2 BN DI s 2 -

fEamEEEE
ARBFFE I v I i 7 Lt 2 EE B K — A 14 600
N RUBR o ZE IR R se iR SR AR R (0.5 AR 1.0
AR ZEREREBGE TAF - PHEEERE 65 m x
65 m ZIEJTZHIE » dHE—FE5 25 13 mx 13 m &
BRI » R g B A8 FIE e B SRR FI R 2 i B
B o AR AL A R ST S G R @ RO HL
DI 25 22 ROB Bl » e/ INAT FIIRERL AR KA Ry 3 1853
FIWS Ry s G R AT B (0.81 843 ) 2 3.76% e KfiiE
200 AR » g/ INaFIRERIAS AAT By 28 1847 » AU Foie
GRS (5.53 2843 ) & 5.1 4% o AEARGHE I e i E
(25m~200m) I » FIFHEE5 T e NTBERIIS KB
Rt BRI 3 ~ 5 15 - B IREAr Bl B =
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100
S0
30
70

g 0
g -_\.’// D,
&= &
Rl 1
40
# 30
20
10
0
885 118§ 148% 178%
B 13)
=B HE TR
100
90
80
d
Fod DiU
‘Z'T' 50
w4y 40
# 30 _—— et
20 '——-—-—-__._,______,_-———'-"""
10
0
8u§ 1185 140§ 1785
a1
MR FFE =T
100
%0
80
g 50 Dy,
o
s 40
% 3
20 — e
10 = —
0
885 118§ 148% 1785
B 1)
=B HE ——ub T
100
90
80
€ o
o
& D.
a5 L
5 40
# 30
20
10 .—<:§:7_
0
8% 118% 148% 178%
B 1]

=GR FF —e— B TR
12 BHRAFESIT DRI E ST 4 LR RE
L

ST RRERAE 4 BB T R I E R - AR/
KL (D~ Dyy) TR ITIH » sEABRESE AT IR
S FIREAT - H/INBERL D, BRI » DL 11 BT y
B R SE AT BRI E R R B R
Bz —F 5 AR (D, ~ Dyy) J7TH » 5E45RE
ST B B FIRR AT R o B R 22 P B R B R
AT o ANFEDGIRE BE TR < S BB B e
XTI A -7 2 e3R8 SRSV NANTTE P RE S )N )Y A
& D, BRI EMRRAIE ZIERDEE - %
G FIRE BT 2 BR A E v UGEH 28.3% » R EEE S

Wt 38 S HME A Al REE5E 57.5% © R Dy, » Dy, ~ Dy,
RN i IR AT BB R S AT W R
B FDEIRZ #2200 NI -

AW TR AR RS B R G R N BA r B 8+
D53 Z LG PR » ] ER FH e AR 40 2 B s 1 BE = 2K
ST ERIG RIS » 1 R A SR R ] IR R AR 1
T AR 20 AR ~ 25 ASRZHiFIEE - fians
MR R R (F Al IEH HIR » ml {525t
RIS FIRER -

SE

AHWFFE Ry 108 J 109 4F & B A 38 g Jok + R 755
BT WESEETE (G EHRI% © 108 LR -10.1- £/ -01-06-
001(42) 5 109 fRZE -11.1- f& -01-06-001(28) ) Z F 43 5k
o RS RN R KK LR RS B R AR 5E 1S
DUNEFIFERL -

ZER

1. REFEES AR KB EEEERT (2006) @ T I PRE R A 7k g
W5 s

2. REFEEAF A I FAEERT (2009) » T3 858 n B RE
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