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Abstract
This research project is aimed to conduct the natural resources investigation
at the coastal areas of Kinmen. The main works are: (1) To investigate the
special geological and geomorphological landscapes in the areas of Kinmen
National Park; (2) To plan the trips with the special geological and
geomorphological landscapes for geo-tourism and ecotourism; (3) To host two
landscape conservation workshops; (4) To investigate the coastal hazard and
hazard-prone areas; (5) To monitor the coastal change by using survey
techniques; (6) To provide landscape conservation strategies and
management suggestions for the special geological and geomorphological
landscapes.
There are 13 special geological and geomorphological landscapes cataloged
in this study and the related information is well documented. Among them,
Tempu, Guningtou, Leiyu MaoKong rock and Qingqgi Nanshantou are
categorized as national level sites while the others are categorized as local
level ones. Tempu is very special to be categorized as a national level site for
the landscapes of metamorphic and igneous rocks. The landscapes of
sedimentary and igneous rocks at Qingqgi Nanshantou are also making it to be
unigue and categorized as a national level site. In the planning of geo-tourism
and ecotourism, there are four trips suggested, including one-day trip at
eastern Kinmen, one-day trip at western Kinmen, half-day trip at the northern
Leiyu and half-day trip at the southern Leiyu. There trips are arranged to
include the coastal landscapes and historical and warzone relics. The

information about the trip tips, traffic and time of staying are also suggested.

The main purposes of the three workshops with local people and related
experts are to understand the need of local people for the geo-tourism and
ecotourism, coastal protection and to communicate. The workshop-

participating experts are suggesting to development the unique trips in
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accordance with diversified cultural heritages of Kinmen and the limitation of
carrying capacity should be taken into consideration. Local should be involved
in the design of trips to demonstrate the unique Kinmen elements.

In the RTK-GPS survey, the results of 2014 to 2016 show that the four coastal
areas, including Beishan cliff of Guningtou, Beishan seawall of Guningtou,
Houuipou and Qinggi Nanshantou, are showing dynamic change between
different seasons. There are erosions in the summer periods and depositions
during winter monsoon periods and the beaches did not show obvious change
in the two-year period.

There are two terrestrial laser scanning survey conducted at Beishan cliff of
Guningtou, Beishan seawall of Guningtou, Houyupo and Qinggi Nanshantou
and Longko to Dongiidenhung coast in Auguest 2015 and May 2016. The
DEM and ortho-rectified image data were constructed from the original point
cloud obtained from terrestrial laser scanning survey. The data show that
some landslides on the slopes of Beishan cliff and Qingqi Nanshantou and the
change of volume is obtained. There are no change detected at Beishan
seawall of Guningtou, Houyupo and Longko to Dongiidenhung coast.

There are three hazards could strike the coastal area of Kinmen, including
rockfall from the cliff, flood caused by heavy rainfall and the retreat of coast
line. We sub-divided the coast of Kinmen into 43 sections to conduct the
hazard-potential analysis. The Beishan area is identified as the highest
hazard-potential region and Suitou pier, Xanyi, Huangcuo and Qingqi
Nanshantou are in the second level. The main reasons of hazard in the
coastal areas are erosion and flood during typhoon periods.

The main considerations for the management of retreating of cliffs are the
impact of coastal landscapes and the protecting of properties and lives of local
people. The method of dumped rock embankment on the lower slope of the
cliffs could be used to prevent the erosion in the case of protecting the lives of
local people. The sea-sand pumping by the vessels of mainland China could

cause impact the coast of kinmen therefore should be banned. We should
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negotiate with them to reduce the sea-sand pumping or even to stop the
operation completely. The setting of buffer zones and dumped rock
embankment could be used to protect the Kinmen coast in accordance with
the change of the coast and beaches. The coastal areas are prone to the
erosion in the future scenarios of sea-level rise under the influence of global
change. The proper protection policies and methods should be formed and

tested in advance.

Keywords: Kinmen coast, Landscape investigation, Coastal erosion, RTK-GPS

survey ~ Terrestrial laser scanning
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SEEETBAEE - [B 6-1 - 6-2 ~ 6-3 ~ 6-4 i 6-5 [ X5 M & R B 1R 1Y
AR > BRA AT 25 ALY o BNV E R E R R ENB -

-

Multi Station Adjustment 2]
| ImutJ Results I [¥] Switch to page "Results™ automatically IUnits: ], [deg]

Graphical summary | Tabular summary | PE T VRV —
PLANE ORIENTATION [tgnore tiepoints. vt B
o ’ @ @ @ @ @ [Ignore tieobjects. v]‘l

L" < [Use polydata objects. N ] \17

; i [Ignore measured scan positions. v]

PARAMETERS
Nearest point search:
Mode: [aII nearest points (recommended) v]
Search radius [m]: 0.800
Max. tilt angle [deg]: 2.000
Adj 13

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

Calculation mode: least square fitting 3
Update display: seldom (recommend ¥

ADJUSTMENT
Adjust range offset [m]  |0.000
Adjust theta offset [deg] |0.000
Tie points: 2D mode (ignore range - EXPERIMENTAL)

|Finished.

RESIDUES
Histogram of residues M
0.0108
12 000
10 000
T 8o o ‘ (113159 o |
5 L
o
o' 6000 [ Save calculation statistics to file (*.csv)... ] —
4000
Anal Calculate
S I e | l
s ‘ » [ >>Minimze | [ undolest | [ undoal |
-0.063 -0.046 -0.029 -0.011 0.005 0.021 0.038 0.054
Distance o]

Show "Adjustment finished. " popup after calculate

6-1 SRS S % 0GP 22 (MSA )R IEFE & 73 Ay [l
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WA 6-1 RS R iR RGN H

Multi Station Adjustment =]

| 1nput | Results I [¥] switch to page "Results”™ automatically IUnits- ], [deg]

Graphical summary |Tab|.darswmwy| LNrFUL UATA T
PLANE ORIENTATION [1gnore tiepoints. zjr |
[Ignore tieobjects. v]i 1 ‘

[Use polydata objects. V]i;‘

[Ignore measured scan positions. V]

PARAMETERS

Nearest point search:

Mode: [all nearest points (recommended) v]
Search radius [m]: 0.800

Max. tilt angle [deg]: 2.000

Adjustment

s

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

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

Calculation mode: -
Lpdae iy

ADJUSTMENT

Adjust range offset [m]  |0.000 ‘
Adjust theta offset [deg] [0.000 ‘
Tie points: 2D mode (ignore range - EXPERIMENTAL)

Time running: [00:31:00 |
Current ac 'Finished. ‘
RESIDUES Bee i —
STATISTICS
Histogram of residues e -
Error ) [m): 0.0228 \
80000 - -
70000
— 80000 ‘ s
£ 50000 |708245 o N
o g ==
i 0000 | save calalation statistics to fle (%.csv)... |
30 000
20000 - ( Analyse ]| Calculate |
10 000
ok ' ! 4 _ _ [ >>Mnimze | [ undolast || undoal |
0092 -0066 -0.038 -0010 0.016 0042 0069 0.095
Distance [n]

Show “Adjustment finished. " popup after calculate

6-2  ZUiE g (L5 2 05~ 22 (MS AR IE K5 FE 57 A [l

iR 6-2  FUIER R LLITH g 5 9 1 ER A 21
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Multi Station Adjustment B
” Input [ Results | Switch to page "Results” automatically IUnits: ml, [deg]
Graphical summary | Tabular summary | INPUT DATA ~
PLANE ORIENTATION [Ignoreﬁepoints. ']1 I
6 | @ @ @ @ @ @ [Ignore tieobjects. V] 1
[Use polydata objects. v] 1
[Ignore measured scan positions. v]
PARAMETERS

Nearest point search:

Mode: [ali 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]: 1

Calculation mode: least square fitting ¥
Update display: seldom (recommend v

ADJUSTMENT
[T Aadjust range offset [m]  |0.000
[7] Adjust theta offset [deq] |0.000

[ Tie points: 2D mode (ignore range - EXPERIMENTAL)
Time g 00:27:19

m

RESIDUES Current actio Finished.

Histogram of residues STATISTICS
Error (StdDev) [m] 0.0165

50 000

40 000

o o 808964 o} -
30000 !

Count [1]

[ anayse J[ coiae |

20000

10 000

[ >>Mnimze | [ undolast || undoal |

-0.059 -0.043 -0.026 -0.009 0.006 0022 0038 0.053
Distance

Show "Adjustment finished. " popup after calculate

& 6-3 T B AL LB EE 2% ik P 22 (MS AR IEAS 70 A

fdF 6-3 HEEILLEESFRERETE
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2 F
Multi Station Adjustment [=]
Input | Results Switch to page "Results™ automatically ]Units: ], [deg]
Graphical summary IW}V - iNrUL UATA N
PLANE ORIENTATION [IQHOTEﬁeDOimS- "]1 —
[Ignore tieobjects. v] 1
[Use polydata objects. v] 1
[Ignore measured scan positions. V]
PARAMETERS
Nearest point search:
Mode: [aII nearest points (recommended) ']
Search radius [m]: 08
Max. tilt angle [deg]: 5
Adjustment:-

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

Calculation mode: least square fitting ¥ | |~
Update display: seldom (recommend ¥

ADJUSTMENT

[7] Adjust range offset [m]  |0.000
[7] adjust theta offset [deg] |0.000
[7] Tie points: 2D mode (ignore range - EXPERIMENTAL)

00:00:45
Finished.
RESIDUES
STATISTICS
Histogram of residues
C 0.0071
3000
i o 500 z eobjects C
% 2000 0 0 55800 0
3 )
o
o 1500 [ Save calculation statistics to file (*.csv)... ] —
1000 )
[ Analyse ] [ Calculate ]
500
0 [ >> Minimize ] [ Undo last ] [ Undo all ]
-0.032 -0.024 -0.015 -0.006 0.003 0.011 0.019 0.028
Distance ]

Show “"Adjustment finished. " popup after calculate

1

6-4 T EIHILUIENR 20k P 22 (MS A TR FE 73 4 [E]

igfH 6-4 HEHEILUNEREFRmEREE
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Multi Station Adjustment =]
| Input | Results Switch to page "Results™ automatically IUnits- [m], [deg]
Graphical summary | Tabular summary INrU vALA , =
PLANE ORIENTATION [Ignoreﬁepoints. V]l —
[Ignore tieobjects. V] 1
[Use polydata objects. v] 1
[Ignore measured scan positions. V]
PARAMETERS
Nearest point search:
Mode: [aII 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]: 1
Calculation mode: least square fitting v 3
Update display: seldom (recommend ¥
ADJUSTMENT
[7] Adjust range offset [m]  |0.000
[7] adjust theta offset [deq] |0.000
[~ Tie points: 2D mode (ignore range - EXPERIMENTAL)
T 00:09:32
Finished.
RESIDUES
STATISTICS
Histogram ofresidues Rk
E StdDev) [ 0.0185
35000 v TR 4 =
T 25000 0 0 304673 0
3 20000 =
o [ Save calculation statistics to file (*.csv)... ] o
15 000
10000 [ Analyse J [ Calculate J
5000
0 [ >> Minimize l [ Undo last ] [ Undo all ]
-0.095 -0.070 -0.043 -0016 0009 0.034 0059 0.084
pistance [ Close
Show "Adjustment finished. " popup after calculate

[E 6-5 W I—H — BRI R 2% uh 2= (MSA)RLIEAE & 77 7 [E

fdF 6-5 mWell—I—BhALE Fm i IR R s 1%
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