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Trends for Research and Technology Development of

Soil and Water Conservation

Abstract

Extreme climate change, specific terrain and geological conditions
induce the unexpected compound sediment disasters and large-scale
landslides in Taiwan. Soil and Water Conservation Bureau (SWCB) is
responsible for debris flow disaster prevention and is going to invest a
quite amount labors and budgets to conduct the disaster prevention work
and research for large-scale landslides within four years, expecting to use
the successful experience of debris flow disaster prevention as a basis to
decrease the harm of compound sediment disasters and large-scale
landslide. Also, by reviewing the organization's interval and checking the
business conducting steps that maintaining different departments’
coordination and competitiveness as the principle, inventory of our own
resources and the advantage or disadvantage can gradually be done,
establishing the exclusive "transformation strategy"” and "soil and water
conservation technology development blueprint." Therefore, by collecting
and referring the domestic and foreign relevant technologies, regulations,
policies, other literature researches, and taking neighboring countries’
strategy of climate change, intellectual technology and other global trends,
the national strategy of sediment disaster prevent ability is developed..

This report contains a total of 145 research reports and national
disaster prevention strategies for 10 relevant research units in countries
such as the U. S., Japan, Hong Kong, Taiwan, China and Europe, etc.
Study the literature contains 55 of laws and regulations, 47 of research
trends and results, 19 applications of science and technology,
investigation report 6 articles , other and network information class 18.
The report focuses on the development of relevant fields and its
supporting laws and regulations, as the probable future soil and water
conservation technology and reference of the index. The content of the
report concludes the engineering, basic research, disaster prevention,
regulation laws and the new type, interdisciplinary application technology,
including the virtual and real scene integration, and the use of data
linking the industry. Cross-field, cross-country cooperation and sharing



mode are the future trend of industrial production. Then the soil and
water conservation industry and technology should follow the trend of
science and technology, and prepare the corresponding laws and
regulations, personnel training and information integration platform, etc.
It is hoped that the contents of the report will provide reference for
relevant policy-making and lay the foundation for soil and water
conservation.

Keywords: Soil and water conservation technology development
blueprint, Interdisciplinary application technology, Application of
new type technology, Strategy and system of disaster reduction and
prevention.
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BRARBEBEBEORE(ANR) Hy BBEHR ARG R EHZE(AR)
G, RSB T @ E(E) @, RAFG LIRS BEE(E) 0, BT
Y B () -

® L@k EHEE ERAFURE > LHBRKERE AR WA ABK
EYEGEATHHBI THARAMASERTIE BB %
o[ 17 B o

-HE AL
a2 N\
'\i; h1 : Wokid

h2 : RENROER
h3 : Rk

B 17 XAFLHBEKEZEBZHMAE

O ENNELE REGXER FREEAHBIVERER  —HKU
AR EFHEERFTEREITF BBREIZHABLT  BHHFX
RIERE ~ R BRBRE P XTI AKR) s REFREBRTZTRS
REBIFH S KRR FEIR -
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Z 2R AEERS

(-) P ARGFIE LT ERN
pA%p 1984 & ?PFMJ;\ Brd R L gkt BT B
g I A2l & £ 4 HR(Short-term rainfall index) 2 £ # & fé.
ip ¥ (Long-term rainfall index) i3k 2 #) X ¥ & & chfp it &
(Critical Line, CL) » 79 Afei T A X 2% >+t > 5 5
Ve o Aol 3.2.24 0 Weh R B 0 1 E) ,\j‘fﬁ‘ s w ph e
Rl LT EE S e 2 LR R4t LR RIL A5 - i
g2 v W s (Snake ling) » 4ot & A e 47 :iF 2 W:t&iaﬁq”gﬂ% HPE
T 4 gy L B (Osanai et al,2010) - p A frE ®H 2 LY A
TaAp ey B 2 F % 4o4 3.2.8 (Osanai et al,2010) - d @ s
RTRA R VR M dg ¥ o gt R L"J:me" y 1A
13 NATIRARDEE R AT IR > A MA G R AL B
FIER e B 2 A 1 FIRTRR s 34 L paiR i
P ﬂ‘:‘ﬁ:?—j—ﬂ 2005 &A= T B 43I0 e (Gl4o i 52 5 B E )R
o s e 2R K S ok 12 (Radial Basis Function Network, RBFN) =
SN, ¥R AF R p 1988 #4z e ¥ w A chbkm RN F
Z f2 47 & & F # (Radar Automated Meteorological Data
Acquisition System analytical rainfall, RAMeDAS analytical
rainfall)(P = # & ¢ & lkm)ig 2 1] - £2 60 A4} i &
% 4t§ﬂﬂ#ﬂ§£mﬁ~¢‘%})‘ B MREA S RERAE EBIR D TR
o ho@ 3225 d PN EF A TP LHTAR TEE
BTN TRl SUenifgl o grp 2008 #E42 > poA 2 B B AREE R
e rH LA RI AT ENRRSA T g H 2
7y ¢ ¥ 5% (Osanai et al,2010) -

<
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o occurrence rainfall

® npon-occurrence rainfall

Area of high probability
OF of disaster occurrence

o} "
SC?S{
S

short-term rainfall index

Area of low probability
of disaster occurrence

long-term rainfall index

W 3224 p &3 73 EXH5 7 X B(Osanai et al., 2010)

% 328 prfprepr PR EHBTFRFR
(Osanai et al., 2010)

Year Short-term rainfall index Long-term rainfall index Method of boundary fitting
1984 60-min cumulative rainfall AP (half time: 24 h) By eye

1984 Effective rainfall AP (half time: 24 h) By eye

1993 AP (half time: 1.5 h) AP (half time: 72 h) By eye

2005 60-min cumulative rainfall Soil-water index Radial Basis Function Network

After Terada and Nakaya 2001, with the addition of the method of 2005 by the authors. AP is defined as P = Za,-R,', where Pis AP, & — 0.5/ is decay coefficient before
ith hour, R; is hourly reinfall before ith hour, and T is a relaxation time (time to halve) (h)

AP antecedent precipitation
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80
70 ? + Non Occurrence Rainfall
RBFN <
output oy 60 pacs
o ol ©
value = e
10 & : 50| S
0.8 40
0.6 :
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0.2 % & 50 30
0.0 a0 O
% 100 Voo &
150 S 10
Soit.,, 2 10 &
a[<5‘r,',,<7 250 70 QS' (1] & 64424
300 ° & - =
(mm) o 0 50 100 150 200 250 300

W 3.2.25 /&= A& A& 3B (Radial Basis Function Network, RBFN)
K TR A

panp Aihd g B Gd R Rk 2 e 2
FRoRRFF FEFERRE LN AT EIERA K2
PrFis o bt o SUMAZAR TR RpF %%#F4MKTK MR o
FHF NI 3226(E 2 A EIR T RAEIFINF f AT RN
2005) » ’%#*’Hk B REFNE R TR P AT o O F A& A
S F LA pqﬁ“ﬁ,@]”;} Z7RE Tt o e RERAEA KL T 3
JERAT SR RERREF AT A 2 UG E BAR
oo gl ek *KLEFTTﬁmF/}‘fE PRk 2 BN R
%4 Bkm RGN EFREF FIIHLTEAGRRELR ) UK E
BT TR EEAR AR 2 - AR RS o Ao 3.2.27
(Osanai et al,2010) -

(C)ERMFAI R LT ER L2
d 2 ERFEL LD ? ;EJJ%;; Bt & N Rk g o
Ry eFI R BRG] 2 p e g ek BV

ﬁ’J‘P'JZ:F‘Tb’L'r@‘-,%,ﬁFgéﬂfrfg A Am ko FM o ERI L LA
Bl sl b 0 B k. 1;47; Baum RL and Godt JW (2010)
?gi@mﬁkmﬂm4fm?g oA o] 3.2.28 0 & &
F MR 2 1 GEe £ 3290 H ¢ 2002 £ Seattle B -
NWS ~ USGS & iFz 2 end pj L F & Josh» 3¢ * 17 L p #

£ #b(LiopEd 2-6km) 2 T E " A TR 4R (QPF)&& 2 i 3 Af & i
oo TiE - B E IV ORR S RN B B 2EEG » 4e B 3.2.29 o
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B B o 4 1t (https://landslides.usgs.qgov/monitoring/seattle/) - & %
Sgrw £ EAHSGUELFF P4 ¢ 2 Cumulative Precipitation
Threshold( =» 3 = % = 4-18 = % f# & & ) - Rainfall
Intensity/Duration Threshold ~ Antecedent Wetness Index(#7) -
Forecast Relative to Threshold(#73% )(& & NWS *% -K g 3% {5 730 w0
32 w418 A fHa &) P m EL X 5 Low 5 INull, outlook,
watch, warning » % Z2f% > ¥ F# % ﬁ’i*,éf (AF)iEEP R 7 48
Rz P /E?iﬁ’lf%ﬁéiﬁﬁ‘\ » e 3.2.10 o

OORIMEBERIERE XS ERAAELOAORBDOFOS
AAR AABERRE RERE
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EA N N R eR =2 oy S EREL

e PRETEE - Microsoft Internet Explorer
OO NRG Fer 7 M BRE® BTV T

Tl ABEWRE v
PYRIEESE: | s |woamxam | (2008 » {07 & 518 wig (22 vy 30 v 5[RT

0 Ewesnn20i5120 | B3 Bey A

~

Ao/ FERTON

FTLTLS LAl
CLPIE. RS, 282
ANEHIC EATEIC LS 60

a ® iAok

I:l Level 1: The amount of rainfall may exceed the amount of expected te cause debris-flow and slope-tailure
disasters within 3 hours. It advisable to inform residents.

D Level 2: The amount of rainfall may exceed the amount of expected to cause debris-tlow and slope-tailure
disasters within 2 hours. It is advisable to tell residents to move to a designated safe place.

Level 3: The amount of rainfall may exceed the amount of expected 1o cause debris-llow and slope-ailure
. disasters within 1 hours. It is advisable Lo confirm that residents in dangerous areas have moved 10 a

designated safe place.

. Level 4: The amount of rainfall may exceed the amount of expected to cause cebris-flow and slope-failure
disasters. Conditions are expected 1o be very dangercus.

W 3227 PAIFMXFESFFZERIA - ARFIZLERER
2 B3 2 B% 1% 5 (Osanaiet al, 2010)
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[140° W 130° W 120° W 110° W 100° W 90° W 80° W 70° W
50° N
“, Washington
Explanation 3 i SW p’
SFC Rainfall intensity-duration
threshold (see Fig. 2) Oregon
[] State that issues {
landslide outlooks . N B )
[ Areaformerly served by | juoooo e g
a warning system 9"',".""'? S 40° N
Bl Area presently served by ] Utah
a warning system GBEG e
Area served by a LHC.
prototype warning Qo
system :
[] States included in USGS Atlantic Ocean
Hurricane landslide .
warnings Pacific
Ocean
. 30°N
> \ o
KH, NH { Gulf of Mexico : 20°N
Oahu } Puerto Rico PR
20°N 7
70°W
160° W Hawaii

Fig. 1 Map showing where landslide—precipitation relationships exist and where
some form of landslide alerting is provided in the USA and its territories.
Abbreviations for areas with rainfall thresholds, SW Seattle, WA, CRO Coast Range,
OR, MRO Mettman Ridge, OR, SFC San Francisco Bay Area, CA, LHC La Honda, San
Mateo County, CA, BSC southern California burned areas, SMC Santa Monica

W 3.2.28 £ AR

AP thl By L3 E R

Mountains, southern California, KH Kaluanui area, Oahu, HI, NH Nuuanu area,
Oahu, HI, AC Rocky Mountain alpine areas, CO, CCC Chalk Cliffs, Chafee County, CO,
BAC Colorado burned areas (Coal Seam Fire and Missionary Ridge Fire), BRV Blue
Ridge Mountains, VA, PR Puerto Rico

AL W

(Baum RL and Godt JW - 2010)

% 329 FRAAPBNIH LT ES F RV RE

Table 1 Warning systems for debris flows and (or) shallow landslides in the USA

Localities San Francisco Bay Area Southem California Appalachians Western Oregon Seattle, WA
bumed areas
Operators USGS, NOAA NOAA, USGS USGS ODF (until 2007), USGS, NWS, City of
0DOT, DOGAMI, Seattle
NWS (since 2007)
Status Operated under formal Prototype, operated under Activated when major ~ Operates under an Prototype, operates under

agreements from 1985 formal agreement
through 1995 since 2005

unfunded mandate
since 1997

informal agreements
since 2002

hurricanes threaten
the area, since 2004

Warning methods NWS special weather ~ NWS flash flood watches
statements, flash and warnings
flood warnings

USGS press release DOGAMI press release,

NWS flash flood watches

NWS special weather
statements since 2006

Broadcast media  Radio, television AWIPS, CAP, DMIS, Internet,

Internet, CAP, DMIS Internet, radio, television Internet, radio, television,

NOAA weather CAP, DMIS
radio, television
Rainfall thresholds SBC BSC BRV CRO W
(Fig. 2)
Antecedent Yes No No Yes Yes
precipitation
(Fig. 3)
Snowmelt No No No Occasionally Occasionally
Wildfires No Yes No No No
Map sale None 1:100,000 1:7,500,000 1:24,000 1: 24,000
Map reference  None Cannon et al. 2007 Radbruch-Hall et al. 1982 Hoffmeister et al. 2002  Harp et al. 2008
Geotechnical Groundwater levels None None None Sail moisture, pore pressure
monitoring
Verification USGS USGS, NWS volunteers USGS DOGAMI City of Seattle, USGS
Primary references Keefer et al. 1987; USGS 2005 Wieczorek et al. 2000;  DOGAMI 2005; Chleborad et al. 2008;
Wilson 1997 Baum 2007 Wiley 2000 Godt et al. 2006

CAP Common Alerting Protocol, DMIS Disaster Management Information System, DOGAM/ Oregon Department of Geology and Mineral Industries, NOAA Mational Oceanic and
Atmospheric Administration, NWS National Weather Service, ODF Oregon Department of Forestry, ODOT Oregon Department of Transportation, USGS US Geological Survey
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ZUSGS

science for a changing world

Landslide Hazards Program

Monitoring Real-time Data Sensors

California National Weather Service:

Forecast Relative to Cumulative Precipitation Threshold Rainfall Intensity/Duration Threshold Rainfall Intensity-Duration index Antecedent Wetness Index (AWI)

Bluff location:

Rainfall Rainfall Relative to Threshold Soil Water Content Soil Suction Water Levels Battery

ion National Weather Service Rain Gauge Locations Near Seattle
olorado

chalk cliffs, CO

North Carolina

Washington

Seattle Area, WA

W 3.2.292002 # Seattle 3 ~NWS~USGS & i¥s2 > ehd g X F

4,
Pt

% 3210 SR EMA K UBFE N2 EXNL 52 A pRivd

Table 3 Levels and criteria for early warning of landslides in Seattle, WA, USA (modified from Chleborad et al. 2008)

Hazard or Action Interpretation

warning

level

Null None Landslides very unlikely, isolated slides Not applicable Not applicable CT, QPF; daily or hourly

may occur even during dry weather rainfall data

Qutlook  Monitor soil and weather (T exceeded or forecast amounts of — 24-48 When CT no longer CT, QPF; daily or hourly
conditions and forecasts, rainfall and estimated snowmelt exceeded, not raining  rainfall data
activate ID, notify local expected to exceed thresholds; and no forecast
officials and general public  landslides might occur precipitation for 24 h

Watch Continue monitoring soil and The probability of landslides has 1-12 After forecast for heavy (T, field instrumentation or
weather conditions and increased significantly because the CT rainfall cancelled or AWI; daily or hourly rainfall
forecasts relative to ID, has been exceeded and the ground 24 h after end of data, ID
notify local officials and is wet enough to produce landslides heavy rainfall
general public with additional (forecast or ongoing)

heavy rainfall; isolated landslides may
occur even without additional rainfall

Warning  Continue monitoring soil and 1D and AWI (or observed soil wetness) 1-3 24 h after end of (T, field instrumentation or
weather conditions and exceeded; CT probably exceeded ID-exceeding rainfall AW, ID; hourly rainfall
forecasts relative to ID, (see Fig. 6 for known exception), data
notify local officials and widespread, shallow landslides are
general public occurring or have a very high

probability of occurring

QPF quantitative precipitation forecast, T cumulative rainfall threshold, /D rainfall intensity—duration threshold, AW/ antecedent water index
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(2) ARBRE D Fin i &L L
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(Wieczorek and Glade » 2005)

Continent

Country, location

Type(s) of threshold criteria

Reference(s)

North America

South America

Europe

Asia

Australia

Canada, North Shore Mountains of
Vancouver, British Columbia

USA., San Francisco Bay region,
California

USA, Santa Monica Mountains,
southern California

USA, Blue Ridge Mountains, central
Virginia

USA. Puerto Rico

USA, Rocky Mountains, Colorado

USA, Seattle, Washington

USA, Honolulu District, Oahu, Hawaii

Colombia, Manizales
Brazil, Rio de Janeiro

Germany, Rheinhessen
Germany, Bonn Area
Iceland

Italy, Piedmont region

Italy, Tiber River basin

Italy, Moscardo Torrent, Italian Alps

Italy, Cancia area, Dolomites
Italy, Cordevola River basin, Dolomites

Italy, Valtellina area, northern Italy

Italy, Calabria
Norway

Portugal, north of Lisbon

Poland, Carpathians
Scotland

Spain, Llobregat River, Eastern Pyreneces

China, Hong Kong

India and Bhutan, Himalayas
Japan, Higashi-Hiroshima
Japan, Ibi River, Gifu Prefecture
Korea

Malaysia, Kuala Lumpur, Karak
Nepal

Taiwan, Nan-Tou County

Australia, Illawarra area of New South
Wales
New Zealand

Antecedent rainfall, rainfall
intensity—duration, stream discharge

Antecedent rainfall, rainfall
intensity—duration

Antecedent rainfall, rainfall intensity

Rainfall intensity-duration
Rainfall intensity—duration

Air temperature related to rate of
snowmelt

Air temperature related to rate of
snowmelt, antecedent rainfall, rainfall
storm total

Rainfall intensity—duration

Daily rainfall total
Hourly rainfall

Cumulative rainfall in specific time
interval

Prolonged rainfall, groundwater, no
thresholds have been derived

Cumulative rainfall in specific time
interval

Cumulative rainfall in specific time
interval

Stream discharge

Total storm rainfall, maximum 1-hr
rainfall intensity

Rainfall intensity-duration

Antecedent rainfall, cumulative rainfall
in specific time interval

Rainfall intensity-duration

Daily cumulative rainfall

Cumulative rainfall in specific time
interval

Antecedent rainfall, rainfall
intensity-duration

Rainfall intensity

Antecedent rainfall, daily rainfall total

Daily rainfall total

Rainfall intensity

Daily rainfall total, total storm rainfall

Antecedent rainfall, hourly rainfall

Stream discharge

Antecedent rainfall, rainfall
intensity-duration

Rainfall intensity, antecedent
preciptiation

Rainfall intensity, hourly, daily,
monthly, and annual rainfall totals

Antecedent rainfall

Antecedent rainfall, daily rainfall total

Antecedent rainfall, rainfall intensity,
rainfall storm total
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Jakob and Weatherly (2003)
Cannon and Ellen (1985)
Campbell (1975)

Wieczorek et al. (2000)

Jibson (1989), Larsen and Simon
(1993)
Chleborad et al. (1997)

Chleborad (2000, 2003)

Wilson et al. (1992)

Terlien (1997, 1998)
Ortigao et al. (2003)

Dikau and Jiger (1995), Glade
et al. (2001)
Hardenbicker and Grunert (2001)

Saemundsson et al. (2003)
Govi et al. (1985)

Reichenbach et al. (1998)

Marchi et al. (2002)

Bacchini and Zannoni (2003)
Pasuto and Silvano (1998)

Polloni et al. (1992), Crosta (1998),

Crosta and Frattini (2000)
Petrucci and Polemio (2000, 2002)
Sandersen (1997)

Zézere et al. (1999), Zézere and
Rodrigues (2002)

Starkel (1996)

Ballantyne (2002)

Corominas and Moya (1999)

Brand et al. (1984), Brand (1989),
Premchitt et al. (1994), Chan
et al. (2003), Pun et al. (2003)

Starkel and Sarkar (2002)

Kaibori et al. (2003)

Onda et al. (2003)

Kim et al. (1992)

Lloyd et al. (2003)
Gerrard and Gardner (2000)

Fan et al. (2003)
Chowdhurry and Flentje (2002)

Crozier and Eyles (1980), Crozier
(1989, 1997), Glade (2000b)
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The hazard zones:

In red hazard zones the threat is so high that
a permanent settlement is not possible or only
possible with a disproportionately high expen-
diture. The construction of new buildings is not
recommended.

In the permanent use for
settlement and transport purposes is impaired.
Building in these areas is only possible on condi-
tion that all requirements are complied with.

Blue reservation areas are areas, which are to be
kept free for future technical (e.g. construction
of a sedimentation basin) or biological control
measures (e.g. afforestations)

The brown reference areas indicate other hazards
than those evoked by torrents and avalanches
(e.g. stone fall and slide areas).

~ Those areas (e.g. natural diversion dams, flood-
L& *_ retarding areas in the form of terrain synclines,
= 2o etc.) areidentified as violet reference areas, who-
‘% se present state has to be preserved in order to
ensure the protective function also in the future.

W 3332 B fl24 A% A %H T L H (WLV,2007)
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41°s
Geometric accuracy
42°s Absolute error (m]
; i 0.601-0.034
0,035 - 0.067
0068 -0.900
43S D s 0.101.0.132

0.133-0.9%65

0166 - 0198

145°E 146°E 147°E 148°E
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(3)R & 1& 1 ;% (Induced Polarization Method)
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T* R (Ground Penetrating Method)
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(7)1 & 47 = 2 (Elastic Waves Tomography

Method)
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(8) % m & & B2 (Seismic Surface-wave Method)
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(9)F &+ & ipl:* (Seismic Reflection Method)
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