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[ Abstract ] In recent years, the extreme precipitation has occurred frequently and caused a lot
landslide disasters in Taiwan. Taiwan as a high population density and geological vulnerability,
therefore easily to cause large-scale of disaster. It is required to develop methodologies for
analyzing the potential risk to evaluate the possible location with landslide disasters. In this case
will include the followings: (1) Establish landslide prediction model; (2) Numerical simulation
and verification of residual sediment; (3) Evaluation the Risk of Secondary Geoharzards in
National Forest’s protection targets.To investigate the landslide prediction, we choose slope,
aspect, curvature, topographic index, the distance to fault, geologic conditions and rainfall to
establish landslide prediction model. In addition, we use extremely highly rainfall event- the
new landslides caused by Typhoon Morakot is based on the pattern to apply our model, newly
increased landslide sites in the year 2008~2014 will configure our model validation. Besides
that, we also use the 100-years recurrence circumstance to analyze geoharzards risk of protected
objects and mapping these features to predict the hotspots of geoharzards in the near future. For
example, Qishan River and Laonong River watershed ware chosen as the research areas. The
slope basin we divided into 13,630 slope units, the result is 3,410 unit are low potential, 6,453
unit are medium potential, and 3,767 are high potential. In this study, we expected the model
can be estimated areas with high potential for landslide occurrence. Lastly, we also hope provide
benefit policy for disaster reduction and emergency preparedness, to achieving the sustainable

development goals.

[ Key words ] Residual Sediment, Regression Model, Disaster Occurring Potential, National

Forest
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Tablel Statistics of significant landslide susceptibility factors

B &3 [E FHE

WE 0] 0~83.0 19.5
e RER % [-] 1~1 0.07
TR [m-1] -19.3~37.2 0.07
I FEER [-] 0~18.9 6.6
B BEET /B FE B [km) 0~ 124.6 9.0
5K 24 /NS [mm] 151 ~ 1,245 412

8B (ERIEE ) - -

=2 |IFBREFREEEDER (BEER)

Table2 Analysis of significant landslides susceptibility factors (numerical variables)

b= FEE P-value
HEFE 0] 0.054 <0.01
W TE, [-] 0.510 <0.01
P HhE [m-1] -0.145 <0.01
MRS (-] 0.209 <0.01
FEREET R PR [km) 0.010 <0.01
BOK 24 /NEFPR & [mm)] 0.00375 <0.01

L 24.473 -

5
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Table3 Logistic regression coefficient of geological factors (categorical variable)

HhfE 27 FHE HhfE 2 78 HE
IS 16.071 KiglLBZ 18.545
SRR 17.942 =yt =t 17.622

tRKES 18.838 BEAOIRE 18.844
=)= 20.209 L 18.875

EEARE -1.046 EEHEE 18.571
TR -~ (EIRE 18.879 =Hb TS 16.297
IHIE R 18.456 FEESHIN = 17.136
MNEBLETE 18.966 BElLss -1.545
+N\EXE 19.594 )= 18.103

2812 19.436 hgllfE 15.604

= IpkE¥ 18.766 BFH0EE 18.470
+N\BLE 18.490 ZE 19.484
Iy == 19.102 P = 0.000

ZRWE 18.984 EMANE 18.948

KEORE 19.341

i HPEEAICE KRR ERRSEARD  SCERAMZRAHE -

=4 BREERRITURINE

Table4 Accuracy rate of model rating predictation results

TERIE  JEARISHL ERIGHD JERFIH M BRI ENFDBUES
e (%) (%) BIhE (%)  BIhE (%) (%)
JERR IS 76.4 23.6
76.4 84.4 80.4
HRIRHh 15.6 84.4

7 5 EEREEHE R TR IR

Table5 Accuracy rate of model verificatin results

FERME JEEEBH  ARIBtt JRAEIBHL ERISHMt  BIERCLE

TE pmE %) ) WHE %) RHE®%) (%)
515 84.9 15.1

I 84.9 58.8 718
BRI 412 58.8
T 82.1 17.9

2013 3?@ R 82.1 67.8 75.0
I 322 67.8
T 81.9 18.1

2014 3'1% R 81.9 77.8 79.7
RIS 222 77.8
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SIMPLIFIED SEDIMENT BUDGET FOR MAJOR
RESERVOIR WATERSHEDS IN TAIWAN

Ming-Fa Tsai' Jiing-Tsang Huang' Hsing-Chuan Ho’" Bor-Shiun Lin’

[ Abstract ] This study developed a simplified sediment budget analysis based on sediment
production, sediment control and sediment delivery combined with the hydrological
environmental factors for a reservoir watershed scale. The analyzed results showed that the
amount of sediment transport has remained in rational levels in Baihe, Mudan, Mingde, Wushi
and Deji reservoir watersheds. It also proved that the sediment control measures have developed
high remediation efficiency when subjected to the typhoons. These observations can serve as the
basis information for effectively managing reservoir watersheds, planning of disaster prevention

works and reducing risk of rapid sedimentation in reservoirs during the flood season.

[ Key words ] Sediment budget, Sediment transport, Reservoir watershed.
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PRELIMINARY STUDY OF EXTREMELY HEAVY
RAINFALL AT TA-LUN MOUNTAINS

Shun-ping Tsao'" Chia-Yu Lin®

[ Abstract ] Huafan University is located at Ta-Lun mountains which is in the hilly region of
northeastern Taiwan. In this study the rainfall data from 2004 to 2016 of the Huafan weather
station are analyzed. By using the definition of the Extremely Heavy Rainfall from Central
Weather Bureau and the definition of rainfall events, we collocted 34 extremely heavy rainfall
events, which were mostly occurred from May to October except one rainfall event was
occurred in December. These 34 rainfall events include 4 Meiyu events, 1 northeast monsoon, 2
southwest monsoon accompanied with fronts,and the remaining 27 events were all classified as
typhoons or accompanied with other weather conditions.T According to Center Weather Bureau,
these 27 typhoon are classified into ten typhoon tracks. There were 17 typhoon rainfall events
which belong to typhoon track 1, 2, and 3 and hence, it indicted that the probability of heavy
rainfall affected by track 1, 2, and 3 is about 60~80 percent.

[ Key words ] Extremely heavy rainfall, Meiyu front, Northeast monsoon, Southwest monsoon,

Typhoon
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THE RESEARCH OF THE MONITORING, SIMULATION
AND FORECAST ANALYSIS OF SOIL LOSS FOR
SHIHMEN RESERVOIR WATERSHED

S.H.Lin" G.L.Fu® M.F. Cai’ C.W. Lin* Y.D. Cai’ H.P. Lian®

[ Abstract ] This project planning not only uses the high accuracy three-dimensional map for
the first time to interpret the distribution of the latent location of the source of sand, so that the
main sources of soil and sand can be grasped and effectively managed, effectively restraining
and reducing the amount of sand into the reservoir. At the same time, CCHE1D, the formula of
soil and sand production under different rainfall conditions is established, and the forecasting

model of the imported sand is derived, which can be expressed quantitatively. This is an
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important progress in the prediction of soil and sand production.

In addition, the project uses the soil sediment accumulation measurement data
of the reservoirs in the past years. When the total soil and sand produced by the unit
rainfall in the catchment area is taken as an index, it is found that, with the introduction
of conservation measures, The trend of decline shows that various conservation
measures have played a function of soil and water conservation, can withstand greater
rainfall kinetic energy and produce less soil sand.

[ Key words ] high - precision three - dimensional map , numerical simulation , reservoir entry

sand prediction model
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18 B 4% — arewg™! 546 10 4 50 4F 100 4F
B RERTE (mm) 476.8 593.7 803.8 874.6
TWAEE Ov(E m) 3.688 4.448 5.813 6.273
ANELHE (B m) 1.713 2.066 2.700 2914
KERER (B m) 1.002 1.208 1.579 1.704
158 45— TIgs’ 56 10 £ 50 4F 100 48
BI5EEREWNE (mm) 462.2 567.4 766.3 839.0
TWAEE Ov(E m) 4.608 6.080 8.865 9.883
ANETWE (B m) 2.715 3.582 5.223 5.823
KEREE (B md) 1.587 2.094 3.054 3.405
HE 2B —maEs’ 56 10 4 50 4F 100 4F
BIEBFERTE (mm) 427.6 533.5 766.2 864.3
TWAEES OV(E m) 1.379 1.591 2.056 2.252
ANETWE (B m) 0.813 0.937 1.211 1.327
KEREE (8 md) 0.475 0.548 0.708 0.776
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Table 3 The current and prediction situation of Sediment Projections - Lun Zi water-

sheds
1BE SIRHAED

AR EAR CGIOAE) TWRKIEER S5 104F 504
A EAE CGIOAE) THRAkE (Em)(FR) 3434 4299  5.853

A, AR CGERR) THRAE (BEm)(FEE) 2321 3.076  3.959
A=AFA, TRBEZSE CGEUE) TWRAE(Em) 1113 1223 1.894
AR THAEIER 5 104 504
B, TWAEESE (B m)(RR) 3.688 4448 5813

B, TWEES (B m')(BR) 2676 3336  4.091
B;=B,-B, TREELWAEES Oy (& m’) 1.012  1.112  1.722
AR ANELTHEIEHE S 10F S04
G AELHE (B m)(BER) 1.713  2.066  2.700

G, AETWE (B m))(FER) 1243 1.550  1.900
C,=C,-C, TREBEAELTWE (B m) 0.470  0.516  0.800
AR KEREEIEER 5 10 504
D, KERES (B m)(JRR) 1.002  1.208  1.579

D, KERES (B m)(T8EX) 0.727 0906  1.111
D,=D,-D, TRBEKENES (8 m’) 0275 0302  0.468

® 4 BEZE KRB LAETRE 2 TR MR
Table 4 The Efficiency Analysis of Check Dam Lun Zi watersheds

TiEtTmEREE

BRAATREL

ERGE @mem- R2sm  SHF 0F S0F TN BREE
T2EH (Price) : 4,567,500 7T (JT /m’)
X, Y. Z,  E=10X,+5Y,+Z, P/E
BATAETWRES (B m’) | 1.113 | 1.223 | 1.894 19.1 24
BETHWEES (B m) 1.012 | 1.112 | 1.722 17.4 26
BEAELTHE (B m) 0.470 | 0.516 | 0.800 8.1 57
BARKERER (B m) 0.275 | 0.302 | 0.468 4.7 97

2. DGR SEREK EHE G ARG R ik - T 2% /K B TR A (R ERTm
) RS A FEG A (1,022mm) FIRERT > FHJREZE A4 i BEAT R RE o2
KRR R CLREE T 42.8%(2.78 — 1.59) » KRG 10 F2K L IRFF RBAHER G
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[ PR ] BAMCERL ~ FIETEES - NLETRERE -

USING MUTIRESOURCE GEOSPATIAL INFORMATION
TO DERIVE LANDSLIDE SUSCEPTIBILITY MAP OF
SHUILI WATERSHED

Han-Ching Hsieh'*

[ Abstract ] This study selected the Shuili watershed as experimental area. The following
approaches were reached: (1) Integrated multiple scale and temporal Formosa Satellite 11
remote-sensed images and geographic thematic layers to build the geographic information
spatial data base for landslide change analysis and locating hot spots of landslides during
2004 to 2015. (2) Applied imagine segmentation technique and geospatial analysis methods to

extract landslide areas from 2004 t02015 to understand the dynamic change of landslide area.

' THRREZEEMERRSMCLAMTE  BIES - BT ELF : mickey@tfri.gov.tw
Senior Scientist, Division of Forest Management, Taiwan Forestry Research Institute, Council of
Agriculture,Executive Yuan. Corresponding Author. E-mail: mickey@tfri.gov.tw
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(3) Derived the landslide susceptibility map with Instability Index statistical method for the
Shuili watershed. The landslide susceptibility map classified into 5 grades will be favorable for
the village natural disaster warning and providing the thematic layer for land use planning and

socio-economic resilience evaluation.

[ Key words ] open data - landslide susceptibility - instability index method.
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Fig.1 Pansharpen fusion image of Pléiades satellite with spatial resolution of 50 cm at Shuili watershed

with 8,362 hectares in Nantou County. Showing one 3D perspective view of the watershed with 5 m
spatial resolution digital terrain model (DTM). Red polygons in the picture presented distribution of
landslide and soil bared areas extracted by image segmentation procedure in this study, which area
more than 0.04 hectare and average slope more than 15 degrees.
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A QUANTITATIVE APPROACH FOR CLASSIFYING
GOVERNANCE UNIT OF WATERSHED MANAGEMENT
AND FLOOD MITIGATION BASED ON A LONG-TERM
LANDSLIDE INVENTORY

Cheng-Chien Liu*" Ming-Hsun Ko' Huei-Lin Wen' Kuei-Lin Fu’ Shu-Ting Chang’

[ Abstract] Extreme weather makes it difficult to estimate the intensity of typhoon rainfalls,
which results in aggravating landslide potential and hazards in forested watersheds. To increase
the efficiency of operations and management, it is needed to monitor landslide evolvement
continuously, assess quantitatively the classification of landslides, as well as, establish landslide
management plans. In this paper, landslide data sheets over 12 years defined by Soil and Water
Conservation Bureau and Forestry Bureau are used. In order to accomplish the goal, the first
step is to classify the watersheds by the optimum size. The second step is to determine unstable
coefficients based on landslide areas over years and their standard deviation. The last step is to
distinguish landslides into five types by using natural breaks classification: stable zone, high
stability zone, low stability zone, severe landslide zone, and large-scale landslide zone. Take the
Qingquan watershed in Wufeng Township, Hsinchu County for example, large-scale landslides
occurred in four potential debris flow torrents when Typhoon Aere hit Taiwan in 2004. The
Qingquan watershed is classified as 22 optimum watersheds after being processed by hydrologic
analysis. The result from overlaying landslide data sheet of these 22 optimum watersheds from
2005 to 2016 shows major landslides occurred mostly during typhoon Aere. After typhoon
Aere, vegetation recovery in the landslide zones was getting better, despite landslides occurred
sporadically. Only in 2008, landslides occurred near Tuchang bulao caused severe damage. Two
large-scale landslide zones, where the average rate of landslide occurrence is higher than 10%,
are Debris-flow source areas. Several large-scale landslides occurred by two sides of Shangping
Creek flowing through Tuchang bulao, Qingquan bulao, and Minduyou bulao, which are defined
as low stability zone and severe landslide. Unstable coefficients determined by the long-term
landslide data sheet of each watershed can serve as a tool to quantify the classification measures

of mountain management and flood control of management units.

[ Key words ] forest watershed, landslide susceptibility, landslide inventory, watershed

management and flood mitigation, unstable index, quantitative classification
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Fig.1 Introduction to Expert Landslide and Shaded Area Delineation System and user interface.(a)True-
color FORMOSAT-2 image; (b)In red frame, proposed image enhancement algorithms, maintaining
same resolution as (a); (c)Standard false color composite processing of a digital terrain model could
be transposed, rotated and scaled; (d) Histogram of the panchromatic image; (¢) Histogram
of NDVI; (f) Greenness histograms. The red line is defined by a local threshold determined by
the system. The green line (non-vegetation area) and white line (shaded area) also are defined in
the same method. Image interpreters would hit the red line, and export the blue line (shaded area)
and the yellow line (landslide area) based on some data, such as the interpretation policy, expert
experience, early stage images, 3D false color image of Taiwan, images from Taiwan Image Service
and Supplier System.
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Fig.2 Applied of satellite images shoot by FORMOSAT-2 from 2005 to 2016, and landslide data sheets of
years. Vector tiles approved by Forestry Bureau are shared to the system built by SWCB.
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Fig.3 The procedure of classifying watershed management units based on the optimum watershed size
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Fig.4 Locations of landslides over years of 22 optimum watersheds of the Qingquan watershed in Wufeng
Township, Hsinchu County.
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Table3 Landslide hazard areas of years and the unstable coefficients of 22 optimum water-
sheds of the Qingquan watershed in Wufeng Township, Hsinchu County.

-~ ;E%J;;E FEFRRIBER (/ALR) —_ Z;g;gﬁ
5 04 95 96 97 98 99 100 101 102 103 104 105 At
20894 11.23 037 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.01110 4
21735 32494 936 581 998 636 3.81 4.11 475 146 2.56 4.05 2.71 1.800.00843 4
21897 372.25 18.69 11.93 14.92 11.09 11.71 11.19 10.75 7.65 7.41 1033 9.08 3.930.01003 4
22062 108.72 1.13 1.11 1.52 1.04 251 1.14 095 0.00 0.0 130 0.54 0.700.00620 4
22253 298.04 16.24 10.24 29.37 29.58 15.86 15.17 21.38 14.67 12.43 16.27 19.87 13.98 0.02062 5
20610 150.57 0.53 0.42 028 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.16 0.000.00128 2
20759 1129 0.18 0.00 029 033 0.00 0.00 021 0.0 0.14 0.00 0.00 0.000.01130 5
20928 163.21 0.47 0.10 0.00 0.00 0.19 0.00 0.00 0.70 0.71 036 0.36 0.380.00162 3
21045 89.31 032 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.000.00126 2
21084 10623 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00029 1
21100 15590 1.84 1.10 1.42 0.00 0.00 039 0.00 0.10 020 0.00 0.00 0.000.00420 3
21191 270.83 1.16 023 0.50 0.00 0.51 0.18 0.70 047 029 127 1.09 0.830.00153 2
21414 14541 246 0.00 1.47 0.54 0.00 0.27 0.00 0.00 0.10 0.42 0.70 0.000.00520 3
21704 277.64 0.83 0.00 0.32 0.36 0.21 0.00 0.00 0.20 0.00 0.11 0.00 0.000.00089 2
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Fig.5 Landslide hazard areas of years of optimum watershed, No0.22253, of the Qingquan watershed in
Wufeng Township, Hsinchu County, and its satellite images in 2005, 2010 and 2015. The unstable
coefficient is 5, and classified as large-scale landslide zone.
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Fig.6 Landslide hazard areas of years of optimum watershed, No. 21735, of the Qingquan watershed in
Wufeng Township, Hsinchu County, and its satellite images in 2005, 2010 and 2015. The unstable
coefficient is 4, and classified as severe landslide zone.
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Fig.7 Landslide hazard areas of years of optimum watershed, No. 20713, of the Qingquan watershed in
Wufeng Township, Hsinchu County, and its satellite images in 2005, 2010 and 2015. The unstable
coefficient is 4, and classified as stable zone.
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Fig.8 The outcome of applying the classification qualified measures of mountain management and flood
control of management units to watersheds of the Qingquan watershed in Wufeng Township,
Hsinchu County.
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[ Abstract ] The drinking water protection area is under the protection of the Water Supply
Act and any practices damaging water quantity or quality are limited or banned. In order to
compensate the limited right of people living in these area, the drinking water users have to
pay a fee for conservation and compensation purpose. Environmental trust is strengthening the
force of local professional groups on sustainable environment protection. This study is aimed
to analyze environmental trust strategy and to assess its feasibility on implementing drinking
water protection area. Suggestions for legislation, institution, and finance modification are
made. Special conditions should be designed for client, trustee, supervisor, and manager to
ensure the budge use. Trust practices are also focus on providing direct benefits for source water
conservation. Source water protection environmental trust emphasizes the cooperation between
public and private organizations, which is public government provide financial assistance
and private groups execute trust tasks. Three alternatives are suggested in the study as a new

conservation measure for drinking water protection areas.

[ Key words ] Environmental trust, Drinking water protection area, Source water conservation.
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Fig.2 (A) Annual income analysis and (B) annual outcome analysis of National Trust in 2014.

98



FEIHE BN P MEEF BRER, RIS SR -BROKEXEREREIENRRERBETZU TN

2. HARESARM — AN b bo D35 & L
HAR RAEFERAGH 1964 £ - T RETHEBIFGER L "I EREASRE R EL

wiFg - REEERE s i 258 50 54 - (HHAHBHL R RE
AR EIRBEEREIA - (HAA %Y H A2 B 25 B A5 FEE e B i B H @ - BR5%

B HARBRE R 2004 FEREEA TR EA A HARBIR{E5E (National trust) &t
i T BIRERETH . (BRREEAREER > 2004) - fRE R ERSAN A AR K
fERE © MY 2008 FEAZZTHERITE - Rtk B vk A B2 2 A [ ok AR A5 P 38
L R TBUR ~ {3 ~ B R N S SR AT A TS IR A 5 -
BB SRR BB ALK -

BEF (&40 @ b bo) REIEARIERERL 1988 £.2/Fq - EARESHE
TERIRRMR DU TSR R B R L e s B e - BRI AR T o - B L Ee B RIS o
HUER - BT LRSS M TR N - B ey B AR s (B SR B -
FoORa% & HEREE - BESRECI S B Ey 1IE U 1990 FEERAT - 579 RO DUIRFK T 20 iR
REREFRYR - AFIHTE S — LS T 1t » 7€ 1990 FEES LIRS 31 B3 ([l
3) o REFEMUNE G - EECE I Dl iR R TR - 1Rl & BFTic L
e L - SOMNUE T A i E RS E AR R n - 140 - KR - AR T
HPR - HESE - IRBHALSEE NRES A& 2014 R AR - BESAE
M EE S Rt BIRAS ~ &8~ FHENGES ~ e~ —aBal > HA i AZKR
R HRSEIAE 52% - WS RESN P mnIET ~ BRERE FHIOASE - S ISR R — iR
K 27% ° HESAE RS I Ty R ~ E B R At SO - H HA ST & T HE
AR ~ BRI o SRR RGN E MR i i TR A 2 JE A (ATfE]
4) -

99



2017 FHMEENKEBICETHFTIE © 93-112

JEEHAMGETHE (BAHRER - ARFEEAN N ODDSE S EES)
Figure 3 The environmental trust locations of Totoro Forest (source: AZEEIFIEA N F O D33 & EES)

REFHHUID AL By bR 1 MERE S B Lt AL AR ~ Bt SE - DUERF 2 BRI L
MRS S B - (RIS 78 TR " AR BES ARSI/ NR (b b O oD
%%’6@753 LB o - BEHEEENH - EHENSIES - EITMAREEIE

SERIE TIREE S A L TRELLIME NE RS - FriR(E PRO Lt - g
fﬁiﬁ%& BIHENN AP o RESNHUD R S a i k1 L e PR e S TEA S B A I 5
77 B B L A BRI A 15 SR BTN B ~ ENRRIE S - RS AR MR A B A A
REF RS BN T 1 -

100



FEIER SERAR 2P ¥ BRIER BRIETS IR BANOKEKEREBEIENRRERRISTZIITHIIT

H AN, #RE W,

12.97%
T 8,.621%

—RRAF K,
26.89%

WA, 0.14% |

(A)

TEE, 9.19%

84.76%

(B)

4 (A) BABEHARM 2014 FELBWARIR > (B) HABESHARM 2014 FEKETH

Fig.4 (A) Annual income analysis and (B) annual outcome analysis of Japanese Totoro Forest in 2014.
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Fig.5 (A) Annual income analysis and (B) annual outcome analysis of Natural Valley case in Taiwan in
2014.
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Fig.6 Suggested operational mechanism of source water protection environmental trust.
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Table 2 Suggested practical methods of source water protection environmental trust
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Fig.8 Alternative 1: basic mechnism
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Fig.9 Alternative 2: reward/subsidy mechnism
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DELINEATION OF SECONDARY DISASTER POTENTIAL
CAUSED BY WATERSHED LANDSLIDES USING
VEGETATION INDEX

Chao-Yuan Lin"" Hung-Yu Chen' Fu-Jun Tu'

[ Abstract] The collapses with large scale volume which caused lots of depositions could
become the potential source of secondary disaster and affect the protected targets in the
watersheds. Areas of collapse and deposition were traditionally extracted from the digital
elevation model (DEM) of per- and post- disaster. However, it is hard to create the post-disaster
DEM because of expenditure consideration. Therefore, watershed landsides were instead
extracted from satellite images. The method of landslide delineation using vegetation index
is still disable to distinguish the deposition areas from the landslides. This study introduced
vegetation recovery rate as index to effectively delineate the areas of collapse and/or deposition

for watershed landslides. The large-scale landslide at Xiaolin village and Chiufengershan, were

' BRI ARELAEK T RIFER o * BAEE o BT I : cylin@water.nchu.edu.tw
Department of Soil and Water Conservation, National Chung Hsing University. *Corresponding Author. E-mail:
cylin@water.nchu.edu.tw
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selected as study areas. Based on the hypothesis of “at the initial phase of plant succession in
a landslide area, the vegetation recovery rates should show significant difference at the sites of
collapse and deposition” , the vegetation recovery rate derived from several phases of post-
disaster satellite images coupled with K-means cluster analysis are employed to delineate the
deposition areas of the slope failures. Results show that the collapse and deposition areas can
be effectively delineated for about one year after the slope failure. The delineation is verified
using DEM, and the overall accuracy is 61.5%, 69.8% at Xiaolin village and Chiufengershan

respectively.

[ Key words ] Landslide extraction, Vegetation recovery rate, Secondary disaster
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Fig.7 Spatial-temporal distribution of good and/or poor vegetation recovery at Chiufengershan landslide
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Fig.8 Time series of good and/or poor vegetation recovery at Chiufengershan landslide
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Fig.9 Spatial-temporal distribution of good and/or poor vegetation recovery at Xiaolin -village landslide
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Fig.10 Time series of good and/or poor vegetation recovery at Xiaolin-village landslide
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Figure 11 Delineation threshold of good recovery for Chiufengershan landslide

123



2017 FHMEENKE SIS ¢ 113-129

20 / 3..0 Beoierer Lo/

.
oooo
.

/ v 2 .. .
100 £ ¥ " -0_'_"0-
' o Yool *
-0 o EEASE

o/ mas) . o

&
8 8§ 8 8

(=]
e

400 800 800 1000 1200 1400

0 200
PR PS
12 /AR BRI S B BT [ 812 PI:

Figure 12 Delineation threshold of good recovery for Xiaolin-village landslide

13 Auip L B iRy E % S R & 14 /A B IS th)E 5% S a8l 0
Fig.13 Delineation of collapse and deposition Fig.14 Delineation of collapse and deposition sites
sites at Chiufengershan landslide at Xiaolin-village landslide

(3) #l oy A el

A BESREE RO

FH DEM #kiZiRs 921 KRS Fhitk.« DEM Mkl {S2lmte 21 - = E
R IEROR K F %R - R in - B R Aade taHERG Ry & A7 - e 15 a] A Gy
Ao e B Ry IERY RS - SRR A By n) MHERGAE N80k - s pmis
feft  BRHEREZREGE 110m 5 ZER/EFRKFRL - SERE - AlkHEL
TR - FE 15 WA HIERL ORI B2 E R B - RoREBH +
A N - EHREE - (S ERERE - BRIV REGE 9lm -

e 2= {EFH DEM ARG S0 roie B\ K ik < DEM MRS 2] - Z2(H

124



MR » BRETF » REs—MEEEREIEE KBS TN —RUEEBHE MR

R IERoR K F w1 - =R gin - BV A ey &Lz - iR 16 Rl E17eE 78
ITTE B AL 3 R 22 (B R IR, - SoRARE BB m) NIEvaAE N anE
FEHERE - SRS IR ERTT » RHEREREDE 90m ; EERAEFRKF B - SR
& - BURs AR T a3 Al <& Ar - iE 16 A& AR a0 R E &y
s - FORA R ERE AT N IEE R - SEEREE - S EERE - SRR
JEE 91m -

- Max:110m
- Min:-91m

|| Max:90m
— Min:-86m

s B IleEEE 16 \WRERZEE

Fig.15 Elevation difference calculated Fig.16 Elevation difference calculated from DEMs
from DEMs (pre/post- landslide) of (pre/post- landslide) of Xiaolin-village.
Chiufengershan.

17 A3 I8 & MR 18 /\HAAY B3 SRS [
Fig.17 Sites of collapse and deposition at Fig.18 Sites of collapse and deposition at Xiaolin-
Chiufengershan landslide village landslide

125



2017 FHMEENKE SIS ¢ 113-129

B. FEHEREREAG

P ATt R PR B i 2 AR DA — S @A 400 > Jufi 111X 2000/08/10 2
VRR BI85 (6 13 BB 14) ECSF BT DEM SIS (8 17 R 18) TR
FERFAY - FIFR 1 RIS AIHERE BRI 1y 73.7% » TBE ATy 67.4% - HERERSHE &
3 69.8% e

IR & —AEEEASHALL 2010/08/01 2 VRR 143 W% 5y HE A W ke S HG S BB
DEM 1 73 BASET TREHERE R A - FIZR 2 MG A DERE AR TR Ry 64.59% - 1
ARy 59.70% » FEBMAETEILE 61.5% -

& 1 B ZILAR B E ST

Table 1 Accurracy assessment of Chiufengershan landslide
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Fig.21 VRR delineation at the collapse area Fig.22 VRR delineation at the collapse area
extracted from DEM (Chiufengershan) extracted from DEM (Xiaolin-village)
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FORMATION OF SCOUR HOLE AT DOWNSTREAM
AREA OF LARGE-SCALED CHECK DAM

Hung-Pin Huang'"

[ Abstract ] When designing the traversed construction as check dam resulting in height
difference on riverbed, associated with transferring from potential energy to kinetic energy,
jet flow impacts downstream riverbed to form scour hole unless hard rock. The dimension
and scale of scour hole depends on factors of topography, geology and artificial construction.
In accordance with field investigation, the formation of scour hole might be the reasons of
higher foundation elevation of check dam, water cushion and apron constructions, insufficient
resistance of energy dissipation block to jet flow, insufficient thickness of apron, overlapping
height of subsidiary dam without consideration on riverbed slope, designing of apron without

consideration of piping problem.

[ Key words ] Check dam, scour hole, water cushion, apron, subsidiary dam, energy dissipators.
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Pic.5 Scour and deposition process of check dam (1)
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Pic.6 Scour and deposition process of check dam (2)
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STUDY ON THE POTENTIAL COLLAPSE AND
GEOLOGICAL CHARACTERISTICS AT THE
LIENHUACHIH GEOLOGICAL SENSITIVE AREA

Chun-Wei Tseng' Feng-Jen Wang”

[ Abstract ] According to the survey data of the Central Geological Survey, there is a geological
sensitive area near the Lienhuachih area and they designated this area as potential landslides
area. The main purpose of the geological sensitive area announcement is to mitigate the damage
caused by any possible collapse. The impacts of extreme weather increased significantly in
recent years, and therefore the probability of the occurrence of landslide in the geo-sensitive
areas is also increased, its follow-up influences and treatment strategies are worthy of further
exploration. Based on the relevant environmental geological data and literature, this study
explores the geological conditions and potential of the geologic sensitive area of landslide
in Lienhuachih area. In this study, geological drilling data(5 holes) and related mechanics
tests were used to obtain the core for lithologic interpretation and analysis. At the same time,
Using soil test and rock test to obtain the mechanical properties of the formation. And after
the completion of drilling to install the tilt pipe, the actual potential of slope activity observed.
The results show that the geologic sensitive area of landslide in Lienhuachih area is mainly
characterized by topsoil and sediments, and the outcrops of the strata are rare, and the lithology
is mainly composed of quartz sandstone and siltstone. The inclination angle is steep (56° ~ 72°),
joint development, and local. The results of the observation of the tilt pipe during the period
of six months (during the flood season) show that the observed displacement is within a few
millimeters (mm), and there is no observed trend direction, there is no signs of sliding. The
slope should be stable without change. BH-1 pore area with a thickness of about 17 ~ 20 meters
of the collapse layer, the cement is poor, although the current observation is still Is stable, but it

is recommended that the area is still in potential of the region of the deeper sliding.

[ Key words ] Geological sensitive area, Failure mechanism.
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4R EE (E4E google 48,2000 4 )
Fig.4 Image of the study area

x| EFENEKERERF
Tablel Meteorological Factors in the Lienhuachih watersheds.

Avg. Avg. Avg. Avg.
Rainfall Daily Temp.  Relative Humidity ET.

(mm) (C) (o) (mm)
Jan. 47.7 14.8 85.8 55.7
Feb. 86.1 16.1 87.1 56.7
Mar. 103.6 18.3 87.0 75.5
Apr. 138.2 21.1 87.2 83.5
May 3224 23.2 88.4 84.5
Jun. 510.3 24.4 88.4 86.5
Jul. 373.1 25.2 86.3 108.2
Aug. 404.2 24.8 88.0 97.2
Sept. 196.0 24.1 88.0 89.9
Oct. 45.8 22.4 86.8 83.4
Now. 24.4 19.5 86.5 65.6
Dec. 33.3 16.1 85.4 52.4
Avg. 20.8 87.1
Total 2285.0 939.1

(EEZFESE > 2008)
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Fig.5 Locations of drilling holes
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Fig.6 Geological map
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[ Abstract] Since the mapping and repeal act of designated specific zone for soil and water
conservation prevention had promulgated on March 25, 1996, government had been completed
the investigation and proposition of reservoir watershed, debris flow and landslide areas
continuously in 74 zones. According to the chapter 3 in soil and water conservation law, the
designated specific zone for soil and water conservation prevention mapping projects restricts
the rights of excessive landuse, it causes lots of inextricable problem in promoting the policy.
Besides, the designated specific zones for soil and water conservation prevention are one of
a few statutory areas with the concept of nature disaster risk management in Taiwan. The
executive offices or locals usually can’ t recognize the essential policy, which consequently
increases the difficulty in its implementation. This research also illustrated the new strategies
and proposed future directions of this policy. The measures of restriction often cause the
inhabitants of the area to against and disobey. By the way, government had to afford the extra
cost of execution to eliminate the inhabitants’ resistance. Unfortunately, the result is always
more and more fighting from residents and makes the government stops the related measures. If
there are some disasters happening in this period, government eventually must pay more money
and other related social costs to remedy the destruction from disasters. That is what we talking
about the externality theory in the economics. The essay adopts the externality theory in the
economics to discuss it and according to the method of solving externality problem to establish
related indemnifying benefit measures. To see the government whether reduces the costs of

defining the boundary of a hazard potency of debris flow.

[ Key words ] Soil and water conservation law, Specific zone for soil and water conservation

prevention, Externality, Indemnifying benefit.
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Fig.1 Geographic location of No.32 specific zone for soil and water conservation prevention in Taitung.
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Fig.2 Geographic location of No.5 specific zone for soil and water conservation prevention in Taitung.
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Fig.3 Geographic location of No.90 specific zone for soil and water conservation prevention in Taitung.
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Tab.1 Data of mappmg and declaration on specific zone for soil and water conserva-
tion prevention in this research.

TEEMASIRET

. TR . EH < I N AEEH
27 ity EER DR Eesw/smzam RN e
o 1973 ELERHAE T o pn
SRPAMER smes  tEn o HTHZER mam NIZER %%ﬁg;gg*%
X ﬂ%ﬁg”'“ YE sk EEE% DF1250 : SENFBNE FER % - ﬁgjif‘ o 001856305 ;;)
) T k%h&ﬁﬁ RR7RERAA "
=R BE K E ggsfgﬁﬁﬁ?;; Tl = 1R A 2001.10.16
v 4 325 {)\L’ Y f_ﬁi - 5 \;,- - . . -
B0 ERRRE AR R 12404 %%vanﬁ@%%zﬁ§%¢§§§<ﬁﬂw%%%
K REE & 5 DR BERE S8 BER 991856305 38
EHRDEREE -
ERBETH gow  apn BERELAnE DOREARET 2011016
? -90 j:EDItL,%E ME;J/?$T_T ?,@é/ﬂDLFOZ9 1,25472 Zflilgﬁ ’ %‘j‘lﬁmiﬁﬂ ;EK% . *’/}é\;ﬁ% ( }E_F‘; 7J< 1% ? %

KERFFER

MATLUEE Z RF -

-

901856305 3% )

K2 AR ARE I REER EEE

Tab.2 The staging partition budget of control works planning in this research.

- o BEEE  AicH
25 TREE TEASR S s s
1. BiS e SWTTIEA fER 5IHR 1,000
2. E%/%E/D ﬁé@ N %I N EEF_L‘EI %E, N EPEE 73500
ERGAMELE 32 + — -
E;ﬁﬁiﬂ<i{%ﬁl£ﬂ 3. Eﬁg7ki{%ﬁ }%ﬁ%ﬂi N TiFﬂ@ﬁZ%i fulﬁﬁ 1,290 13,805
4 EMUKERE  LEEHPK  RitiEs 55« 1,000
5. Hfh ENENRPEE 52~ FEf 3,015
N L Il I I
RNALERR -5 LB — 69.047.7
BEKTREE 2. BISHERIE FBRISEL B8 83977 047,
3EBHUKERE B RRESR £ 5,000
BB -90 + 74 1. KR ERRPEKREE 525 5,474 Lesd
SRR L RITE 2 BHKHRIE kRIS E A i 6,180 ’

FRAOR | AREHIK LR B WD BB
& 3 AR EKERFRK RS EERIEEE

Tab.3 The control works planning budget of specific zone for soil and water conserva-
tion prevention in this research.

RETAR ©

£ Bk R B TR 3 i
REK LRI EE A 2 64 882
ESRGARMEME 32 1A (19792002 £ ) : 105,678
T KRS K LRE TR < 40.796 ’
(2003-2014 4F ) ’
REIKTRIFFTEEN 4 6,475
RINERZFER-5 AR (1995-1998 4F ) i 41.230
HEKHREE RHKLRFtEERR 9 34755 ’
(2003-2013 £F) ’
TR 00 Loy TOKERISH AR 0 0 .
RREALRISE EHA LIRS BE 0 0
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x4 R-32 TRREERCERBIRAETE
Tab.4 Cost accounting of disaster relief on No.32 specific zone for soil and water con-
servation prevention in Taitung.

ESCHESET N Ehe (FEr/ AN) BEIAR (Eio)
FET 3 20 60
PN 4 20 80
e 16 10 160
LB 37 2 74
RENAERAR (EIT) 374

&S5 R-32 TAREERXEEENITRAGE
Tab.5 Cost accounting of post-disaster reconstruction on No.32 specific zone for soil
and water conservation prevention in Taitung.

% 8 K& (BT) BEREKIR
BeTiE 4,079.6 FrK@Rg I bet E s
BERRIIKEIREFREER 80
RAITRE 4,159.6

R EaltER 4 B2 5 ATt L B A B AR B AR - BTy BURF LA
HIELA C1 > By 45,336,000 T ©
2. SEEEEHGTAL ASE R AT

HBhER o BRI T H AT E LR S AR | SRNRUERT R - Aan(H
EA > NBGETR - ERGRRHEA G FRE C ARG - Fri#fe 2 skas B2
F5 101,000,000 7¢ (213K 6) -
% 6 B 32 LR BRI

Tab.6 Effectiveness of disaster evacuation on No.32 specific zone for soil and water
conservation prevention in Taitung

15H FIES AE 2% (BL/AN) = (8jT)
i ST 3 20 60
g et 4 20 80
Eipa)
F=iE 16 10 160
EmEE 7 1,400 9,300
RS 10,100

HER 7 3H AR A - 35 BUR R SR R EE R R - FE AT M ROAR C2 Ty
42,936,000 JT °
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Tab.7 Cost accounting of disaster evacuation on No.32 specific zone for soil and water
conservation prevention in Taitung.

eI ESES AEH 2% (Bx/ AN)  BAEX (Ejt)
PYEE] R AR — — 60
K&
KIBREZE — — 4,159.6
HE YA 4.293.6

3. Ml i Rl BE o A2 S0 AT
R BUN T IR TR T 0o ) 5k T ERE ) IS AR R et T
KA LM WS 5D E R R 1 - WA B s B - DR A
2 BITRCR - FRETRGA > BUF S RO HIRE - FraeEfs L
7% B3 £ 143,336,000 G (413K 8) -

& 8 B -32 TR E R SR 2 xm
Tab.8 Effectiveness of land reserve on No.32 specific zone for soil and water conser-
vation prevention in Taitung.

IHE HR A 2 (BxL/A) & (Bi)
T 3 20 60
B S 4 20 80
A HiE 16 10 160
T8 37 2 74
KEER — — 4159.6
£mEE 7 1,400 9,800
PSS Ein 14,333.6

Sl ot e ) 2 A RRA R T S i {E PR 22 P i e o - Bt B9 - S0k
st e fE IRt EY) - 25K FERIKE LR R e KF ST
i 11 [ peb e 4 RIS - MEREOcmfE iy P8 AR P B e A
s ERURGEY) - BRI B E < S ER Rt BV EE - BEREREZ R
— SRR 0 PR 60 B (RUKs 198 AR - Rehi bt B Google
earth [ IfiF RSN - A IEEISRAT 2 RS B EEEY) - KL DEA TR
AT DLEIET N ﬂﬁ&ﬁk%iﬁﬁaﬂ% » EEEEEFTEERT 2.1% > i
YT 40 L LR HE

EPIEE = PR X [1- (TR X Rifk)
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111 e (5 8 2 SRR U S s o5 T R e 2 e5 8 - - i
IR SR i st I RE T OR - FOREE TS RANER 9 A
*9 W32 TARGEERTMEETE

Tab.9 Cost evaluation of land on No.32 specific zone for soil and water conservation
prevention in Taitung.

AREHE T el e s
B B o R
THEE (FAAR) 13046 281  {KIR 15 FR2EFEYHSEEE
AEHE (7T FHAR) 72 64  IRIEEEEEITI R A S HE
NERE (T/FRAR) 500 530 KIREERFEBFMBEAERE
HKE (JT) 7,175,300

G R LY EE - f1an— S EE - BV A REBEE R 12,700
TG RS AEITERR T 2.1% » GHERERISAIBUR S E VIS i e e Ry
9,871,928 & (413X 10) -

10 R -32 AR ER EMEEEE
Tab.10 Cost evaluation of buildings on land on No.32 specific zone for soil and water
conservation prevention in Taitung.

E B BiE WmERLtE KR ERRR
BEERE (FAAR) 2795.8 189 411 ERMHEFE
i FREMER (JT/FARAR) 12700 18850 9950  fRiE=r BT E
rEx 2.1% 1.5% 18% RfEsTERE
B 40 30 & 20
e (I1) 5,681,066 1,573,614 2,617,248
HRKE (JT) 9,871,928

- B B B SRS, - BURFRT LB RIS - i
U R BRI 2 » J68 17,047,228 7€ -
4. SRR SR AT T

B2 BINRRA Bt S - AT R 2 A AR - 152
HESHIBR A2 (1 » BURIBRRSI1E - RIF =R IAIGIE 2 BURA - 18
IR RAPHORE » FIAI 11 -

170



PO FE ER TERBEK TR E 28I EmENSIRT

& 11 ] -32 T ARGERATRGIE Z/FGETE
Tab.11 Net benefits evaluation of different policy on No.32 specific zone for soil and
water conservation prevention in Taitung.

BATHIE = 28 (JT) FRE (JT)

NG Eiii 9’06(7)’200 -9,067,200
N TEHA A 3,409,446

T ithfEE —— 28,667,200 25,257,754

FH bl b AR 7k LR FF AR T R AT G - =R rh FE A e K
W R AR Z IR - H R SRR - e/ N Lt RIS - P ETH
SO R oy - B EERIHI B R LRSI - HR LRGSR - B R Tl
1B ZTHIE

(D RIS F R -5 T AR EK T ARFF

L BRI Z AR T

AN TSR R R B R G S K ATREMEE P LL 9 it AR Rih B L
154 GBI 36 A - RIS A A ISR K B R LR BT R0
Fo 1 B2 N~ RlE2 A~ HEG O AN~ L8 22 A i EAVIRTL - i H K
FRKER R 100% - LU BURRVREIEA - 4K T 20 K E R RoE
FER AR | BUE K E R SR HE A RS RANER 12 1SNBUR SRR A
1 3,740,000 JC - KRBT TR ML RRGRAIER 13 -

&* 128 -05 T AR EREEREINASTE
Tab.12 Cost accounting of disaster relief on No.5 specific zone for soil and water con-
servation prevention in Taitung.

TR A& WMehE (Bi/A)  RBIERA (B7T)
- 2 20 40
St 2 20 40
e 9 10 20
7 2 2 44
WEERA (BIT) 214
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& 13K -05 TRFISEREBERNITHRAMGE
Tab.13 Cost accounting of post-disaster reconstruction on No.5 specific zone for soil
and water conservation prevention in Taitung.

% 1 &K& (&) ERRIR
BaTRE 3,475.5 KRBT ERE =R
BENEHKLIREFRE 20
ZH
BT E 3,555.5

bt i S BB AN B SR B A AT DA - 15 BIBURF T R
7% C1 5 37,695,000 JC °

2. BT  RAS R AT

HBhER o BRI T AT ER R S AR | SN RUERT R - A (E
EA O ABGTR - ERGRRHEABG IR CABURINGET S - Fri#fe 2 ket B2
F 57,700,000 JC (43R 14 H1 15) -

< 14 B -05 0745 TE B Al £ ) E e
Tab.14 Effectiveness of disaster evacuation on No.5 specific zone for soil and water
conservation prevention in Taitung.

1BH R N 8 (BxL/A) a (8BL)
\ ST 2 20 40
géij; it 2 20 40
55 9 10 90
A EE 4 1,400 5,600
AR 5,770

& ISR -05 AR ERAGHETIERASTE
Tab.15 Cost accounting of disaster evacuation on No.32 specific zone for soil and wa-
ter conservation prevention in Taitung.

IHE ESE AEL <8 (Bt/AN) AR (Bx)

KAy BREUEEE — — 60

< LZBRED 22 2 44

A KEEE — — 3,555.5
AR 3,659.5

H ERET AR 5 BUF SR AR HERHI L - Fo (2 EoR C2 3Lk
36,595,000 JT. °
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3. Mk i Rl BE o A2 S0 AT

R B TR E IS R ARACR R BGEI TR B 2 it > DU & - JEEN
EAUSRES B RE - DIsE M b it A LI TR - BBRGT RSN - B E L
HuGEOREITHIE - FTREIEIS RS B3 Ky 93,695,000 7T (415 16) -

< 16 &R -05 T RFHSTE R L A e E 2 2
Tab.16 Effectiveness of land reserve on No.5 specific zone for soil and water conserva-
tion prevention in Taitung.

BB EAE AEL 28 (BxL/A) & (8n)

T 2 20 40
KBh EaNif 2 20 40
=i Ef 9 10 90
e 22 2 44

KEEE — — 3,555.5

A apfEE 4 1,400 5,600

R 9,369.5

5 1 RE T A A R B B i PR s P ATz 3 - SO il -t
KRB R EY) - 258 R K FRER IR AR R - e KE S Mz 6
il B 82 3 TRV SETE - TR R UGB P - PR IE P 8 T e Aol
) GRS & b (E RS ot BV fBE - SRR R 2 Ry — e 1
ighr R o AT 20-40 5 (F9Fy 66-132 V3R - RehifbatH
J51s Google earth [ i HAESEYIA - N BLEISCATR > R BE DY) - AL
DEAITERHE > DIt BT BRI ERE - SR TERR
2.1% » WIHRAEEEYETE 40 F£LL BB R - (AR [FERT)

117 St PR 22 RRBUR R i 2 o T R E e 2 5 i - A Al
IRKIR ARV e P e S IMARG TR - HORHRGIRANER 17 fis -

-

* 17T R -05 TR ER I HEETE
Tab.17 Cost evaluation of land on No.5 specific zone for soil and water conservation
prevention in Taitung.

IH B ARIEEE L ERHKIR
THEE (FAAR) 37,241 294 2,397 27,839 {KIR 9 FR2(FFEYMISTEE
NEME (TT/FHRAR) 46 34 28 13 (KEERFBUTHBEASME
AERE(TT/FRAR) 335 230 200 85 EBEERSFRBUTMBEAEIRE
I E (TT) 2,930,728
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G R LY 2 EE - f1an— SRR - BV A REBEE R 12,700
TG BEEAEITEERE 2.1% o GHERERIGAIBUR S E VIS e Ry
9,871,928 ¢ (41F 18) -

&* 18 R -05 TR ERM EMEERE
Tab.18 Cost evaluation of buildings on land on No.5 specific zone for soil and water
conservation prevention in Taitung.

2 B & BERIR
FEEEE (FHAR) 1065.19  ERMAEME
H FREEYIER (T EHAR) 12700  HREIHEFHBEMTETERE
FrEX 2.1%
EiR 40
KB (T) 2,164,466

A8 T B AT SR Bt (B (ERT ARG R - BURFB T TR R SRy » P22
i W RERRA Ry Wi T - H 8y 5,095,194 5C -

4. ZREA AT 38t AT
BB BT (ARG EZE - o DUORIS = A [A] B2 < R\ i B PR i
AR~ TGS BaFssan (e - F40E% 19 Fok -

& 19 B -05 T RS ERAEHEFNRTE
Tab.19 Net benefits evaluation of different policy on No.5 specific zone for soil and
water conservation prevention in Taitung.

BHATHIE IEH % (JT) SBMER (TT)

NHE E?};gz 7’539’003 -7,539,000

GREEEE ;zigij_i 11;113:338 4,221,000
prp

i Eﬁgiﬁ 1;:3;3:333 16,764,614

FH_ESLEE R -5 S Ak BIRFFERT R AT - AR AR R A
R B > By NGO Ry TR o 553828 KT - i fie i B Ho At
WA T o TR AN 2 (B o TR » 2 B IRIE J S 7 W P st s P Bl
EEMM - S HERATEEBARAY - B AETHIIRGSR - A EERIHIE Ryt
s fEEHIRE - o Ry N E B -
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(11D ZESEAEBRIEAT 3R -90 A e K L AREFIE

1B AR T

IREPRE AR - AR EK DRFF AR A T UK ER - R M
YR E EEEER o AL S BRI A S 2 B A s TR
sE B - RIEAERKBIAZ S 0 N (B Mg A JEESIEE) - i
FZEBIEETREI A - MRET RS RBUR SRIRBIRA - M2 RKE% WG a0
W W R BT KR A TR SRANSR 20 J2 21 FFoR » i ATEH S Bk
AREL SR AR REAS T DU - 15 BB L ET R EAS C1 Ry 12,454,000 JC
7 20 ] 90 + RS ER K EREMAGTE

Tab.20 Cost accounting of disaster relief on No.90 specific zone for soil and water con-
servation prevention in Taitung.

] A MBS (B7T/AN)  RERA (B5t)
T 0 0 0
St 0 0 0
Hig 0 0 0
LB 0 0 0
MBERA (BT ) 0

21 R -90 T AR ERKEBREERHITAAEE
Tab.21 Cost accounting of post-disaster reconstruction on No.90 specific zone for soil
and water conservation prevention in Taitung.

% 3 K& (BiL) ERRIR
FEARIBKTRFREER 80
REKEREREER 1,165.4 RIKERFEIEREE
RAITRE 1,245.4

2. BT AL AR AT

HBhER o BRI T AT E R S AR | SRNRUERT R - Aa(H
EA I ABGETR - ERGRRHEA G FRE CABURINGET S - Fri#e 2 ks B2
Ry 0JC (Anz228423) -
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< 22 B -90 A TE (B AR i R A
Tab.21 Effectiveness of disaster evacuation on No.90 specific zone for soil and water
conservation prevention in Taitung.

HH ¥R AZ SR (Bix/A) Wm (Bt)
. T 0 0 0
fé?; e 0 0 0
: EL 0 0 0
A mEE 0 0 0
B 0

& 23 R 90 T AR ERFAGHHTIERSETE
Tab.23 Cost accounting of disaster evacuation on No.90 specific zone for soil and water
conservation prevention in Taitung.

1BH HR AE % (BL/ AN) KA (BL)

KA DRAUCE 2 — — 0

"y BB 0 0 0

Kk KEERE — — 1,245.4
R 1,245.4

H2 23 FHEAGAT 35 BUR BRI GG HETHIEL - F5 (4 MR C2 3Lk
12,454,000 T ©

3. Ml i 7l B o AN 2 S0 AT

R B TR SC IS R AR AR R BGE TR T 2 3t - DUREEER R 1 - EA
BRI RE S R - DISE R it AR LI TR - (B AR 7K L AR I A
BRI WKL REDIT L amE 2 L - HRETRISHA - BUFEE
PR MR GRROTIRE - FTRERETS ZAAKAS B3 Ty 12,454,000 7T (4115 24) -

7 24 B -90 T ERANSTE R T RE Bl E 2 3l
Tab.24 Effectiveness of land reserve on No.90 specific zone for soil and water conserva-
tion prevention in Taitung.

1HH HR AEL 8 (BX/A) &ak (Bix)

A 0 0 0
BN St 0 0 0
=i 55 0 0 0
LB 0 0 0

KEER — — 1,245.4
4 anElE 0 0 0

e 1,245.4

St e ) 2 A RRA R U S i {E PR 2 P A & 3 S0 il £t
FAREEE Y - FH D52 - RIGIRRE e 7K R s A FA A+
H{ERWEE - HERENEEAKA - DUERRBUT &S B EF TSR - Bl
15,071.5 j© (4n5& 25) -
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25 R -0 T RS ER I HEEE
Tab.25 Cost evaluation of land on No0.90 specific zone for soil and water conservation
prevention in Taitung.

IHE THIERE BERRIR
THIERE 350.5 IR K R E E AT A T EE
NEE (TT/FHBAR) 8 KIBEERBFBUTHBURE A SHE
NERE (T/FEHAR) 43 KIBEERFRBITHBEASRE
HKE (TT) 15,071.5

PGSR BV BE - AR E /K ORI S O P - ot PR
EPIE IS 00T (415 26) -
& 26 R -90 AR ERM EMEEETE

Tab.26 Cost evaluation of buildings on land on No.90 specific zone for soil and water
conservation prevention in Taitung.

H A e EROR
REAE (FTHAR) 0 B EEATE
it EREEMER (7T FHAR) 0
= 0
BH 0

Eiet () 0

5 F B T S IR ST - BURFATT - MO - PR
(R ARA R L A 68 150715 T -
4. SRR TR RS

BRI AR » AL » ATLRA = R I T e T
4~ TR BOP AR » FIATR 27 iR -
% 27 % 90 T ERBTE T AL 2P E

Tab.27 Net benefits evaluation of different policy on No.90 specific zone for soil and
water conservation prevention in Taitung.

HATHIE E B %8 (JT) B (TT)

NG Eiii 2’49(0)’800 -2,490,800

B FSUEE 3 Eiig 2’493’800 -2,490,800
BHAEX ,

-+l ;Eiﬁ , :9%?00 2,487,786

177



2017 FHMEENEICETHETE © 159-182

FH_E Bk IEA R -90 Haiif ek EIARFFE REE TR B H - FHIRA R K
R A TE B SRRGRESERI BE » e/ N Ry IR EE o FRS AR B 7k L IR I
BRREY - B4 L OTKE 28 it - (h8DE - B - £
TRy - LR R - RIS AL i S 0.02% -

av) krEradam

EERIMACSUE I AT A TR L 558t T AR B [ 15 e 4 2SR - BURAS
R R < SR AU AP PR B -32 LA iR E /K L R FF AT R B fE
i LB R R HE R TSRS - HERIVKLREEIEERERE FEE
SO > ARG th At Ry = o T ER A SR RSGRE S ol s (R R R BE R - LT
SRR AR MEGBIE R EE S - HA S S 258t =i e
AEEEEI R AR S -

AR ER AR B -32 - R K L RS
m RIS S S B EE-05 - e K LR
m ZEFHBRIRR ER-90 E AR R E K LR E
30,000
25,000
20,000
B 15,000
2=
3§ 10,000
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5,000 - TibfEfREHIE
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4 ERF BT AR ERK IR R EBHEHRLR
Fig.4 Comported three management policies on specific zone for soil and water conservation prevention
in Taitung.
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[ Abstract ] The purpose of the present study are establishing relationship between rainfall
intensity and rainfall erosivity based on monthly, seasonal and annual precipitation data.
Temporal and spatial variations of rainfall and rainfall erosivity are investigated using a dataset
monitored by using 10-min rainfall data of 95 precipitation stations of the period between 2002
and 2015 in southern Taiwan. Temporal variation of rainfall erosivity shows that the average
monthly, seasonal, annual rainfall and rainfall erosivity increase yearly. The spatial analysis
shows average annual rainfall erosivity increases from plain to mountain region, and from
southwest to northeast. The results of this study can serve as a helpful reference for relevant

institutes and departments.

[ Key words ] Rainfall erosivity, USLE, Temporal variation, Spatial variation.
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Fig.1 Geographic locations of 95 rainfall stations in southern Taiwan
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Tablel Relationship between monthly average rainfall and rainfall erosivity
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Table2 Relationship between seasonal average rainfall and rainfall erosivity
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Fig.4 Variation trend of the Seasonal average rainfall and rainfall erosivity between 1993 and 2015
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Table3 Relationship between annual average rainfall and rainfall erosivity
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