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Abstract

Since the precious landscapes along the coasts of Kinmen and Lieyu Islands are
affected by coastal geomorphological process , causing coastal cliff collapses
and change of beaches, Kinmen National Park has initiated this project to
understand the trends in medium to long-term coastal changes. The study area
experienced the direct impact of Typhoon Doksuri on July 28 and the indirect
influence of Typhoon Haikui passing from the south on September 5 during this
project. Real-Time Kinematic GNSS survey was conducted in April (late winter),
August (after Typhoon Doksuri), and October (late summer) for five important
beach areas, including the Beishan Cliff Coast in Guningtou, Beishan Seawall
Coast in Guningtou, Xintou Coast in Jinhu, Huangcuo Coast in Lieyu, and
Nanshantou Coast in Lieyu. Terrain laser scanning for the cliffs at Beishan ClLiff
Coast, Beishan Seawall Coast, Xintou Coast, and Maokong-Rock Coast in Lieyu
had been completed in May. UAV aerial photogrammetry surveys were also
completed in May for Beishan Cliff Coast, Beishan Seawall Coast, Xintou Coast,
and Maokong-Rock Coast. The collected data were used to establish digital
elevation models for multitemporal analyses. Original aerial photos from 1958
and 1:5000 map scale orthophotos from 2009 were collected to analyze coastal
line changes. To understand the distribution of sediment particle sizes in beach
areas, sediment samples were collected from seven coastal areas, and particle size
analysis were performed using sieve analysis and a laser particle size analyzer.
Two data logging weather stations were installed in Beishan Cliff Coast and
Nanshantou Coast to collect on-site meteorological data since 2023 May, serving
as a reference for assessing risk of coastal collapse.

Keywords: Kinmen coast, Sedimentation and Erosion, Real-Time Kinematic,
Terrain laser scanning, Particle size analysis, Data logging weather station
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1~ prd fe 2 -4 BlE (Real Time Kinematic, RTK)
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112 & R~ %% 4 3 EFRFSFE LA A R B REBTRF (112-113 &)

4 PI/KER 79 TR &

Forecast Times and Heights of High and Low Waters at Shuitou

GMT + 8:00
1125’:}3(@7‘[2023) 24°25'16"N 118°1721"E
TOF APR AL AMAY AHJUN
R A ‘ R e MR A e R e R S
Time Height Time Height Time Height Time Height Time Height Time Height
1 02:29 -168 160 L | 16 02:25 204 124 L 1 02:44 -160 168 L 16 03:16 -199 129 L 1 03:44 -150 178 L 16 04:43 -154 174 L

09:28 75 403 H 09:08 140 468 H 09:25 106 434 H 09:34 183 511 H 09:53 149 477 H 10:39 181 509 H
15:25 105 224 L| 15:16 -140 189 L 16:35 -132 196 L 16:52 205 124 L 16:19 -197 131 L 17:08 249 79 L
21:17 58 386 H 21116 129 457 H 21:36 92 420 H 22:04 179 507 H 22:39 154 482 H 23:32 197 525 H
2 03:42 .182 146 L 17 03:39 -221 107 L 2 03:44 -172 156 L 17 04:15 202 127 L 2 04:38 -154 175 L 17 05:32 -148 181 L
1021 99 427 H 10:08 169 497 H 10:10 128 456 H 10:24 198 526 H 10:37 164 493 H 11:23 179 507 H
16:19 -134 194 L 16:17 -182 146 L 16:21 -166 162 L 16:44 237 9] L 17:04 225 103 L 17:54 255 74 L
22116 88 416 H 22:21 168 496 H 22:27 125 453 H 22:58 204 532 H 23:28 182 510 H
3 04:34 202 126 L 18 04:40 238 90 L 3 04:33 -185 143 L 18 05:07 -199 129 L 3 05:26 -155 173 L 18 00:19 202 530 H
11:02 124 452 H 10:57 196 524 H 10448 150 478 H 11:09 206 534 H 1119 177 505 H 06:16 -141 188 L
17:02 -165 163 L 17:08 223 105 L 17:02 -198 130 L 17:31 260 68 L 17:48 248 80 L 12:05 175 503 H
23:01 120 448 H 2316 203 531 H 2311 157 485 H 23:47 219 547 H 18:35 -254 74 L
a4 05:15 -220 108 L 19 05:30 -246 82 L a4 05:16 -193 135 L 19 05:52 -191 137 L a 00:14 202 531 H 19 01:02 201 529 H
11:35 145 474 H 11:40 214 542 H 11:22 168 496 H 11:50 206 534 H O 06:12 -152 176 L 06:56 -135 194 L
17:38 -194 135 L‘ 1754 256 72 L 17:40 226 102 L 18:13 272 56 L 12:00 185 513 H 12:42 169 498 H
2340 150 478 H 23:52 183 511 H 18:32 -263 65 L 19114 249 79 L
05:51 232 97 L‘ 00:03 226 554 H 05:55 -195 133 L 00:31 223 S51 H 00:59 214 542 H 01:42 195 523 H
5 12:04 164 492 H 2.0 06:14 244 85 L 5 11:56 181 510 H 20 06:33 -178 150 L 5 06:57 -146 182 L 20 07:33 -130 199 L
18:12 2219 109 L | 1219 221 549 H 18:117 247 81 L 12:27 199 528 H 12:42 188 516 H 13118 164 492 H
‘ 18:356 278 51 L 18:53 274 55 L 19:16 271 57 L 19:49 242 87 L
6 00:16 174 502 H 24 00:46 234 562 H 6 00:32 202 530 H 21 01:13 218 546 H 6 01:44 216 544 H 21 02:19 186 515 H
O 06:24 .236 92 L 06:54 -231 97 L O 06:34 -190 138 L 07:11 -163 165 L 07:42 -139 190 L 08:08 -126 202 L
12:33 177 505 H| 12:55 218 546 H 12:29 188 516 H 13:02 188 516 H 1325 186 514 H 13:52 158 48 H
1845 239 89 L| 19:14 287 4] L 18:54 -261 67 L 19:30 267 61 L 20:01 -270 58 L 20:23 233 96 L
00:51 191 519 H‘ 01:27 229 558 H 01:11 210 539 H 01:53 205 533 H 02:31 212 540 H 02:55 176 504 H
7 06:57 -232 96 L 22 07:31 212 117 L 7 07:12 -178 150 L 22 07:47 -148 180 L 7 08:28 -132 196 L 22 08:44 -124 204 L
13:01 184 512 H 13:28 206 534 H 13:03 188 516 H 13:35 174 502 H 14:10 180 509 H 14:27 150 478 H
19117 253 75 L‘ 19:51 285 43 L 19:31 .267 6l L 20:05 -255 73 L 2048 -263 65 L 20:57 222 106 L
8 01:26 199 527 szs 02:06 214 542 H 8 01:52 209 537 H 23 02:32 188 516 H 8 03:19 203 531 H 23 03:30 165 494 H
07:30 -220 108 L | 08:06 -189 139 L 07:51 -162 166 L 08:23 -135 193 L 09:17 -128 200 L 09:21 -122 206 L
13:30 186 514 H| 14:00 188 516 H 13:38 183 511 H 14:07 158 486 H 15:01 171 499 H 15:05 141 469 H
19:49 260 68 L} 20:26 274 54 L 20:09 266 63 L 20:40 -240 88 L 21:38 251 77 L 21:32 210 118 L
02:02 198 526 H| 0245 191 519 H 02:34 199 527 H 03:11 169 497 H 04:09 193 3521 H 04:.05 155 483 H
9 08:03 -203 125 L‘24 08:40 -166 162 L 9 08:31 -144 185 L 24 08:59 -123 205 L 9 10:11 129 199 L 24 10:01 -121 207 L
14:00 181 509 H 14:31 165 494 H 14:16 172 500 H 14:41 14] 469 H 16:57 160 488 H 1546 129 457 H
20:23 262 66 L‘ 21:01 256 73 L 20,51 257 72 L 21:16 -222 106 L 22:33 235 93 L 2211 -195 133 L
02:40 188 516 H 03:25 163 491 H 03:21 183 511 H 03:52 150 478 H 05:03 184 512 H 04:43 146 474 H
10 08:38 -18] 148 L‘zs 09:15 -143 185 L 10 09:16 -126 202 L 25 09:38 -[11 217 L 10 1111 2136 192 L 25 10:45 -122 206 L
14:32 171 499 H 15:02 140 468 H 14:59 |56 484 H 15119 123 451 H 17:01 150 478 H 16:34 116 445 H
20:59 256 72 L 21:38 232 9% L 21:38 242 86 L 21:56 204 125 L 23:32 218 111 L 22:54 -178 150 L
03:22 171 499 H| 04:09 134 462 H 04:14 165 494 H 04:36 132 460 H 05:59 178 506 H 05:24 138 466 H
11 09:17 -156 173 L 26 09:55 -121 208 L 11 10:09 -111 217 L 26 10:25 102 227 L 11 12:14 150 179 L 26 11:35 -125 203 L
15:08 154 482 H 15:39 113 441 H 15:52 137 466 H 16:05 104 432 H 18:111 144 472 H 17:29 105 433 H
21:40 244 84 L 2220 207 122 L 22:35 224 104 L 22:42 -85 143 L 2343 -160 169 L
04:11 148 476 H 05:00 107 435 H 05:15 151 479 H 05:26 118 446 H 00:34 200 129 L 06:10 133 461 H
12 10:02 -129 199 L 27 1044 99 229 L 12 11:15 104 224 L 27 11:20 96 232 L 12 06:58 176 504 H 27 12:31 -134 194 L
15:52 133 461 H‘ 16:256 85 413 H 17:00 121 449 H 17:02 87 415 H 13:19 170 158 L 18:33 99 427 H
22:32 .26 102 L 2312 181 147 L 2341 208 120 L 23:35 -167 161 L 19:24 145 473 H
[
05:13 124 452 H| 06:05 87 415 H 06:23 145 474 H 06:20 110 438 H 01:40 -183 145 L 00:39 -141 187 L
13 11:03 -14 224 L 26 11:51 84 244 L 13 12:31 -110 218 L 28 1225 98 230 L 13 07:57 177 505 H 28 07:02 132 460 H
16:51 108 436 H 1729 62 390 H 18222 |15 443 H 1811 77 405 H 14:23 194 135 L 13:31 -149 180 L
23:39 207 121 L 20:37 155 483 H 19:46 103 431 H
06:31 111 439 H 00:16 -162 166 L 00:54 -198 130 L 00:34 154 174 L 02:46 -171 158 L 01:44 -127 201 L
14 1228 .92 236 L ‘ 29 07:20 81 409 H 14 07:32 151 479 H 29 07:17 111 439 H 14 08:55 179 507 H 29 07:59 135 463 H
18:15 92 420 H 1317 -85 244 L 13146 -133 195 L 13:32 112 216 L 15:23 217 111 L 14:32 170 159 L
1859 53 381 H 19:45 126 454 H 19:28 80 408 H 21:42 171 499 H 21:00 120 448 H
01:01 .198 131 L 01:31 155 173 L 02:08 -196 132 L 01:38 147 181 L 0348 162 167 L 02:54 -120 209 L
15 07:54 117 445 H ‘ 30 0829 89 417 H 15 08:36 166 494 H 30 08:13 119 447 H 15 09:49 181 509 H 30 08:56 142 470 H
14:00 -105 223 L 14:35 -103 225 L 14:54 168 160 L 14:35 136 192 L 16:18 -237 91 L 16:32 -195 133 L
19:52 99 427 H 20029 65 393 H 21:00 |50 478 H 20143 97 425 H 2240 186 514 H 22:06 146 474 H
02:43 -146 182 L
31 09:05 133 461 H
15:30 -166 163 L
21145 124 452 H
T A AR P E(CAE N A ) - 1% Ry R RoR R B RSB A ETE B (DA E st (A L 2 o Fifir 25K (cm)

Height : The former is relative to local Annual Mean Water Level and the latter is relative to chart datum. Both are shown in centimeters.
H:i78 High tide L:ffS5 Low tide ‘?ﬁﬁ New moon O [-3Z First Quarter Moon O;ﬁﬁﬂ Full moonO [V5% Third Quarter Moon

AR HEEFAE K HEEH - - ; 3
URECRFIEES PR AR AR S
Marine Meteorology Center, CWB

B 3-9 #77FpaREA (MokERE e A D))
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T %l ° o o ° ae o ° °
o m 50 +
o ( B B
s l | A | l 0
F VT | i | P z HH VY
Zul R w0 T
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g8 date B date
@i/ New moon @134 First Quarter Moon O3] Full moon () 5% Third Quarter Moon AR FEEFERIE A

bR A &R B RAR T S
Marine Meteorology Center, CWB
1

Bl 3-10 FE4F# =PF R B (OKEEP kb b))
3~ FHLEA)

AEF 20 O 2 pl R RFEE > @ F NG 7R AR
RIS TE A SN PR LS T AR
b A5 il B T LR BRI e £ 34977 > BRR AR
WRITE 400 T N ] Bh2 (TERD]

p

4 3-4 112 # %5 A RTK ip| § 2Ll 2175 B se3t
e _ . ] RTK B R
e HEFE SRR B | (X520 /g)
112 # 4% 22 ¢ e 91 189.1
T BE AL p —
: 112 #8725 ¢ = gz 77 223.5
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112 % 4 7 24 ¢ =147 81 174.6
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P REA D T s g 25 p E 117 120.9
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R-RTK BIEFA (¢ 2T5 2 FAESE S RIEHFE - BBIE
ESRIERFRE) w5 BEM (B 3-14) 1% Arcmap 3 = F
% SLfckEdk w2 Spline p4ELE (B 3-15) A# S o« ﬁ%’*‘rﬁi

5 B 4247 (Digitial Elevation Model, DEM ) » {5 4 ¥ 3
AT % o & Ays A DEM A KK ¢ M2 0 2 ¢ r:s'ﬁ;@ﬁ'%mr&%l
3-16 = B 3-30 #1771

‘_.l
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1123&'5@*5%#“ LT B A AL LR R AL &P ET
AS SERN AL N R RE S s N
-10 #771 o R PRI jj_@;gkgg,—, Belb B AT K 7] g
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70 28p¢° BREhHERRNE
REPITIE A ez A A
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% 3-10 112 #jtg &8st 4 (Hix: =23 2

AR | T RESAL | T REMAL | EPATE Zles B | Alee JLiEf
g H a A B h AL A A A A A A
HREEZ) (19,605 m?) | (18,150 m?) | (33,475 m?) | (39,800 m?) | (21,950 m?)

112 #
47187 A403.24 AB49.74 \/10214.71 A428.44 \/7588.35

(2 R~ Rk )

112 &
87 %10 ® /698.34 /158.40 A4767.15 A98.45 A7636.13
(5 #F &b )

L3t /295.10 A691.34 | /544756 A526.90 A47.79

(a) i 53 449 7 ) b) 27k 1 &
Bl 3-52 Hh ti &P irEEs AmaE; (1122813)
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Z B 7 Sk * §k i (Light Detection and Ranging, LiDAR )>
-7 = %.’rﬁiﬁ%;‘%%‘f@wwm% BP ok gt
HIEFER 2EFFH I v B2 A5 T REL P EFD
ﬁ%ﬂﬁ#ﬁ%ﬁﬁf’mW*aﬁwfﬁﬁ,WMaéz@%%ﬁ@
iz FREH TR 3D BAR B EFEIE B F 2 S
LR #‘%ijrﬂiﬁ:?]@i B n kTR FERB R

PABZ AT AP B RFEDE R FTER JETH
ERRE A R X i
Z)EF KA

H AW B R RIEGL VZ-1000 § 45 i (7%

By ik HkTHKHHFRETEI0E LEFfHHREP X BIE
30 &3 130 & » + 3 #74* Nikon D700 #c = ¥ 2 4p 3¢ (7489 > 7
IR DPPIFRHEZ S TRPG A Y 360 R%F
e % o RIEGLVZ-1000 3 % kit 4o 3-11 #7157 » 7 R B &
RIPARBESE T R RADEF S S8 = FHERM 5T 4
3-12 #1351 o

X n;:

Il S

% 3-11 RIEGL VZ-1000 3 44 thi* i %
I SRS | 70kHz | 100kHz | 150 kHz | 300 kHz
eome | 20| 0| S0
bt ’;Zg;}o 1,400m | 1,200m | 950m | 450m
RIBE ;’;’Eg/o 700m | 600m | 500m | 350m
BrER 8 mm
# R 5mm
BB RIEE 25m
# 3-12 #f e~ PIRIERE LT R R HE L
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0.02 2 2Lie (cm) 1.7 35 7.0 15.7 26.2 34.9
' % A& (pts/ m?) | 3282 820 205 40 14 8
0.04 2 2Lie (cm) 35 7.0 14.0 31.4 52.4 69.8
' % & (pts/ m?) 820 205 51 10 3 2
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0.06 B BHIE ( >2
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(b) #7522 B
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A

4

LRI R BEE Rde % (B 3-66) 353t & p dhipl ik

|
It

& % v (Scanner’s Own Coordinate System, SOCS ) T - & j*

B2 EE
e ﬁfké Bl ELE BB peEk (4oF K RIEE P RS

RS A R IR 2 BT S Sl

A5
#3ApF and & g k3 (Project Coordinate System, PRCS) *# o

R Pl B R EARY T3 IR AR BRI SS
By o & E72 - R2 3 'L/»/‘TM'J* 5 xbT X B (Multi-

Station Adjustment ) » 3% X35 T~ g ES¥oE NG

BRIEEZ ok RS c HITERe 2 112 2HFRH2Z 4
A A BEZE R SR T L vE > A % 2 MR 4B 3-67 1 B
3-74 #7571 o

(a) VIE 65 R B 7 A 6

(b) 2544

Bl 3-66 & EHFfa B2
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B 3-67 + BEpALETES ALZ LS

Multi Station Adjustment ™
im Results | [] Switch to page Results™ automatically |Units: [ml, [dea]
Graphical summary | Tabular summary INPUT DATA
PLANE ORIENTATION [lgvoreh’epoints. v]x
[lgwore tieobjects. v] 1
[Use polydata objects. v] 1
llgnore measured scan positions. v]
PARAMETERS
Nearest point search:
Mode: [all nearest points (recommended) ']
Search radius [m]: 0.800
Max. tilt angle [deg]: 2.000
Adjustment:

Min. change of error 1 [m]: ~ 0.0100

Min. change of error 2 [m]: ~ 0.0050

Outlier threshold [1]: M 1

Calculation mode:
Update display:
ADJUSTMENT

[] Adjust range offset [m] ~ |0.000

Adjust theta offset [deg] |0.000

| Tie points: 2D mode (ignore range - EXPERIMENTAL).

00:20:23
Finished.
STATISTICS
0.0266
0 0 844758 0
RESIDUES
[ Save calculation statistics to file (*.csv)... ]
Histogram ofresidues
70 000
60 000
= 50000
=
3 40 000
© 30000
20000 ' [ Analyse l l Calculate ]
10 000
[ >> Minimize ] l Undo last I [ Undo all ]
-0.095 -0.074 -0.051 -0.028 -0.005 0.016 0.038 0.059 0.080
pisance m} [ e | [ cese |

[¥] show "Adjustment finished. ” popup after calculate

B 3-68 + BEEA LETES ART T IHR
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e

Multi Station Adjustment

(%)

[Input Reslts |

[ switch to page "Results™ automatically

B3 E (112-113 &)

Graphical summary m

PLANE ORIENTATION

0

RESIDUES

Histogram of residues

5000

4ooo|

3000

Count [1]

2000
1000

0

-0.051 -0.040 -0.029 -0.017 -0.006 0.005 0.015 0026 0.036

Distance [m]

. | [units: i, tdeg]
INPUT DATA

[1gnore tiepaints. -
[Ignore tieobjects. v] 1
[Use polydata objects. v] 1
[Ignore measured scan positions. V}

PARAMETERS

Nearest point seareh:

Mode: [aM nearest points (recommended)

Search radius [m]: 0.8
Max. tilt angle [deg]: 2.000
Adjustment:

Min. change of error 1 [m]:  0.0100
Min. change of error 2 [m]: ~ 0.0050
Outlier threshold [1]: M 1

Calculation mode:

least square fitting v

Update display:

ADJUSTMENT

[] Adjust range offset [m]  |0.000

[ Adjust theta offset [deg] |0.000

[7] Tie points: 2D mode (ignore range - EXPERIMENTAL).
00:01:03
Finished.

STATISTICS

0 : 0 - 80500 0

Save calculation statistics to file (*.csv)...

Il

[ }
[ >3 Minimize H Undo last ][ ]

o] Co= |

Show "Adjustment finished. " popup after calculate

Analyse Calculate

Undo all

B 3-70 Zlwgie Fis pREE
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B 3-71 7)ded LEgs AELE H S &

Multi Station Adjustment —
| Input ‘ Resuilts | [7] switch to page Results” automatically

| Units: [m], [deg]

Graphical summary | Tabular summary INPUT DATA

PLANE ORIENTATION [lgnoreﬁepoints. A

0 @ @ @ @ [Ignore tieobjects.

[Use polydata objects.

4

4

[lgnore measured scan positions. X,

PARAMETERS

Nearest point seareh:

Mode: {all nearest points (recommended) ']

Search radius [m]: 0.800

Max. tilt angle [deg]: 2.000
Adjustment: d
Min. change of error 1 [m]: ~ 0.0100 I
Min. change of error 2 [m]: ~ 0.0050 I
Outlier threshold [1]: 1

Calculation mode: least square fitting =
Update display: seldom (recommended) v

ADJUSTMENT

| Adjust range offset [m]  |0.000

[ Adjust theta offset [deq] |0.000

| Tie points: 2D mode (ignore range - EXPERIMENTAL). |
00:11:45
Finished. I
STATISTICS

0 0 358615 0
RESIDUES
[ Save calculation statistics to file (*.csv)...
Histogram of residues
30000
— 25000
E 20000 I
3
o 15000 l
10 000
[ Analyse ] [ Calculate ]
5000
0 [ >> Minimize: ] [ Undo last J [ Undo all ]
-0.114 -0.090 -0.063 -0.036 -0.008 0.016 0.041 0086 0.091
Distance [

[¥] Show "Adjustment finished. ~ popup after calculate

Bl 3-72 Zlpe LEAFRD ST LR
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B 3-73 Zlupg B pRZ RS S

Multi Station Adjustment

| Input ‘ Results ‘ [ switch to page Results™ automatically ]Uni(S' ], [deg]
: [m],

Graphical summary | Tabular summary INPUT DATA

PLANE ORIENTATION (rgnore tiepoints. -

[Ignofe tieobjects.

4

4

[Use polydata objects.

[Igno{e measured scan positions. >,

PARAMETERS

Nearest point seareh:

Mode: [all nearest points (recommended) v]
Search radius [m]: 0.8

Max. tilt angle [deg]: 2
Adjustment:

Min. change of error 1 [m]: ~ 0.01
Min. change of error 2 [m]: ~ 0.005
Outlier threshold [1]: M1

Calculation mode: least square fitting v
Update display: seldom (recommended) v

ADJUSTMENT

[ Adjust range offset [m]  |0.000
[T Adjust theta offset [deg] |0.000

[7] Tie points: 2D mode (ignore range - EXPERIMENTAL).

00:03:
Finished
STATISTICS
0.0146
0 0 95399 0

Save calculation statistics to file (*.csv)...

RESIDUES
Histogram of residues
3500
3000
g 2500
o 2000
o
1500 -
1000 L Analyse JL Calculate J
500
f [ >> Minimize H Undo last H Undo all ]
fl -0.045 -0.037 -0.028 -0.019 -0.010 0.000 0.008 0.016 0.024 0.032 0.040
f Distance [m]

[¥] Show "Adjustment finished. " popup after calculate

B 3-74 Zlex BAAEZ ST LMHR
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SR LD o8 0 R
LS S RN HE

PR L1

i

AR RS L CEY £ BN

£ (4 3-13) #

v

o
= H -';
3 I -

% %t (World Geodetic System-84, WGS84 ) »
21997 &4 B RS B A F

PRI AR

R 44 L4k z
K__'_ *%T‘:‘,ﬁ S

ASodolEE LAY 22 R <
/’(‘ j‘-‘ ° /;E/li,%}m% g\g\? )‘:Li'

T 119 R o frdlBhig 4k 2

C SIEA S J—ii&'«?ﬁgf_% .

Z 3-13 B, LETE SRR ER T PR L
v w Fedlghig g (%)
akis Ao AX AY AZ
KMNPO4 20,021 0.025 20.020
BSCLO2 0.018 0.019 20.003
S eEALE RS A | BSCLO3 20.007 20.006 0.031
BSCLO5 0.004 20.023 0.003
BSCLO6 0.006 20.014 20.011
AQ9 0.040 20.014 20.002
e 3070506 20,015 0.016 0.007
SR ey MOL 20.014 20.019 0.004
MO2 20.011 0.017 20.009
KMOL 0.062 0.005 20.058
HLOL 20.028 0.064 0.016
HL02 20.017 0.055 0.049
,, | HLO3 20.025 0.031 0.038
e s HLO4 20.009 20,011 20.004
HLO5 20.023 20.026 0.006
HLO6 20.022 20.064 20.050
HLO7 0.062 20,055 0.002
NOOL 0.034 20,017 20.095
NSTLOL 0.016 20.023 20.003
NSTLOZ 0.005 20.023 0.073
s Lo NSTLO3 0.010 20,013 0.064
NSTLO4 0.017 0.040 0.019
NSTLO5 20.016 0.036 0.001
NSTLO6 20,066 0.001 20.059

(
RBLFRoi s Fr 2P ISP A4
gy e B L 8- B 6 B P05 B deR] 3-75 47T
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(a) = g2

(c) » #8:-2

B 375 kidm2im (2Zs LEs AL b))
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1 Sk FTRSE NN
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.l'ﬂ

kEF f#?*”*%%ﬁifj%fﬂ’%%?éﬁgiyﬁﬁ3~
%%ﬁ?*%ﬁ%i’%%3l4 S el R ARL TR o u

ZHEE* L C2C A 5 z{a&m Multiscale Model to Model
Cloud Comparison (M3C2) & & (% &|4rB 3-76) & 7% # %
SR A

T

_;_

S FF E
ot B SN Al B S S
DEM of Difference hapllng | “,d% PEM % 'f i‘,ﬂi( rj S "
o DEM L o | S L)
FrBAERELE -
A %l = 3 mesh 7] 2 B 2
MWL BT T AR %’ﬁ@%'ﬁﬁﬁ%°ﬂ
L S Homesh fiA] » Foupt 5 S H oW B R ERE R
Cloud to Mesh Distance | ¥ # 3] R+ B S H B2 F | # 4 o 7 it EXERF T
(C2M) B KAl 2 SR | 77 B2 4 mesh 4]
LR RARR o A o SR R A I N0
xﬁ; o
i A S I s
Cloud sfﬂ? PRI TR iég;f 5 ﬁéj?\ i
oudto ooy TN | AL M N
B2mE FA .

Significant Measured change -
change | : 2009-2011

(log scale)

e *aA, k

: basal cliff erosion
: rockfall
Non-significant = change alluvial bank erosion

smaller than local LODgss bed aggradation
. 3 : stable parts

gully deposits
rockfall deposits

B Significant change

Bl 3-76 M3C2 e* > % B %6
AL kR ¢ https://www.cloudcompare.org/doc/wiki/images/f/f5/M3C2_illustration.jpg

2~ A E3G
1245 Emery 22 Kuhn *t 1982 & % 1) ehd j5 7% #2352 s4EL

-66-



112 # g 2 %L 3 EPFPRFOFE LS e F e 9B TR E (112-113 &)

(Matrix of active sea-cliff profiles) » & P& & #14+ - £ (Subaerial,
SA)E4 iT% 35 & % 5 Ko T (Marine, M) &4 1% 35 B $/5 E 35
TS (B 3-77)c & fl* 6 5= a7 sy B2m 236 F
o T T B R T S E R TR M Y
(1) =5 Bz kg (B 3-77(B))

A~daier 2 (B 3-77()2 (b)) =& Flo ik & &

s AW /_%L &5

Brrra ri3a @ (B 3-77(d) ) figas g o
()™ > 7 “FzsnEk (B 3-77(C))

A~jasit? < (%} 3-77@) (b)) : A5 T2 R hA 3

W 1S e gil Hoo

(A) (B) (OF

homogeneous  resisiant al top resistant at bottom

(a)
M >>.SA
(b)
M>SA
AN
(c)
M=SA
N
(d)
M < SA
N

Bl 3-77 # fi% 226 2440 (Emery & Kuhn, 1982)
3+ M3C2 7%+
(1) 'F Eon AR
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e
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R
:e
jull
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fis
A%
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v é‘,
R

B 2Zanit i Rl RABEZ T AFT ¥ 4 mit i p
AR R TR SRR L (outller)%i—’séémﬁ'”“o
FRiE R S MR ERAH ST HR (R T )ERE

FBRED PR P PESAT G ERTEEE R e E

Cr3iizn @ ' NEELHIEF BB AURTFR I d 28
TEFMTy BIREN-BLo P EELAG L2
¥ (B 3-78aStepl) - & HEZ P R FA KL F = B~
BLiriE o B i (7R E

D jEdzt s 12w 30 2R R A H 8 F
F%%&ﬁf&i,ém%i’i?iﬁi Fe3t B BOARITELEEYE P
T2 L A&7 il Rkeaus® (B 378bStep2) bty
PR BB ““#H"%mﬁ?ﬁ%f’ﬂ”ﬁ—i B &
F OO L BEZ 4 A g A nds i (B 3-78Db)

:ﬁﬁ

a |Pn'ncr'ple of the Muitiscale Model to Model Cloud Comparison Msc:e] b | M3C2 on complex topography

Step 1 : Calculation of normal N Step 2 : Average distance between thetwo % Normal at scale D, affected by roughness Dy
ata scale D around the core point i. clouds measured at a scale d along N \ Normal at scale Dy ot affected by roughness D:

: : ofd) ooy

SN\ Ko 20| j b CRLIED A « |E4(d) 4
f B o
" Lot o) } s, P 2 Missing data =
\_\ I}X || no distance calculation
Average positions Lop2l, ]

g | PE Ty
O,(d)  Overestimation of distance due to
narmal misarientation at scale D1

of the point clouds
Bl 3-78 M3C2 ;x5 ;2% P (Lagueetal 2013)
() B LUTES A
TEREALETAS A 105 3 112 & @ 2 B iR icRE
3-79 #F » H P R EIAFAATEE A0 AR (FITES
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o) FVIET S BARBRE a2 RIBEE (BY FES
TR )BT E 5-22(98 & 3 112 & B frd BLijas RS EA5)
R BEFE AN EEFM LR EERREE AR ER
A5 (B 3-38) X0 e Blio s o

-69-



112 # B+ %472 3 EFRFSFE LA A R B REBTRF (112-113 &)

A& ( BIERITEETH )
THETEE 56.787 UK AR
THREE 33.316 IH AR
BETEEE 23471 5 AR

BE (BEPERIRMMIFEE )
TTESE 27.875 U5 AR
TWREE 78.661 MH AR
BEtREE 50.786 I H AR

CE ( Reafiliz)
THEE 10533 UAAR
THRERE 419.477 IH AR
AFHEERE 409.937 I H AR

[ 31
RiEsER
0 125 25 50 75 100

O T e < -~-‘~( P— -]

[

Bl 3-80 + ®EEALETES AR L ITHAIAR S TR =8
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(a) 105 & kif g2 (b) 112 & kg2

Bl 3-81 + ®FEAl LETAESEAFRSE

2 3-15 T REALEES A A REH BOEP
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+ B ER A LT A ST e Bl 1546
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Measuring range
Measuring principle
Lasers

Laser power
Detection system

Data

Data format

Data integrity

Measuring time

Power requirements

Power consumption

Environmental conditions

Physical specifications

Dimensions (W x H x D)
Weight
Eductor air supply

Vacuum

002um-28 mm

Laser diffraction

3x Red 780 nm

3 mW nominal

Two fixed photo-electric detectors with logarithmically spaced
segments placed at correct angles for optimal scattered light
detection from 0.02 to 165 degrees using 151 detector
segments

Volume, number and area distributions as well as percentile
and other summary data

Stored in ODBC format in encrypted Microsoft Access
Databases to ensure compatibility with external statistical
software applications.

Data integrity may be ensured using FDA 21 CFR Part 11
compliant security features including password protection,
electronic signatures and assignable permissions

~10 to 30 seconds

AC input: 90 - 132 VAC, 47 - 63 Hz, single phase

200 to 265 VAC, 47 - 63 Hz, single phase

25 W nominal, 50 W max. (depending on options installed)
Temperature: 5° to 40° Celsius (50° to 95° Fahrenheit)
Humidity: 20% RH, non- condensing maximum

Storage temperature: -10° to 50° Celsius (14° to 122°
Fahrenheit) (dry only)

Pollution: Degree 2

Case Material: Steel and impact resistant plastic

Exterior surfaces are finished with corrosion resistant paint or
plating

~ 560 x 360 x 460 mm (22 x 14 x18 in)

~27 kg (60 Ibs )

100 psi (689 kPa) maximum pressure

5 CFM (8,5 m3/h) at 50 psi (345 kPa) minimum flow rate
Free of dry contaminants, moisture and oil

Vacuum must exceed 50 CFM
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