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Long-term trend assessment of discharge in potential
debris flow torrent under climate change

Abstract

The debris flows threaten the safety of mountain settlements, public
facilities, and traffic roads. The accumulated debris may even cause
secondary disasters downstream. There are three debris flow conditions:
sufficient debris, abundant rainwater, and sufficient slope. However,
under different climate change scenarios, the long-term trend of the
discharges of potential debris flow torrents in the recent century,
mid-century, and end-century needs to be further evaluated by scientific
methods. This study takes a potential debris flow torrent (DF033) located
in Guidan Stream, Tainan City, as a case. Based on the latest statistical
downscaled daily rainfall data released by the Taiwan Climate Change
Projection Information and Adaption Knowledge Platform (TCCIP), the
various return periods rainfall of baseline (1986~2005), near future (2016
~2035), mid-century (2046-2065), and end-of-century (2081-2100) were
calculated. The rainfalls with different return periods were input into the
SOBEK model to calculate the long-term trend of the discharge of the
DF033.

In general, the more severe the climate scenario, the more significant
the increase in discharge, especially RCP 6.0 and RCP 8.5. RCP 4.5 will
result in a slight increase in discharge. RCP2.6 does not increase
discharge. As the closer to the end of the century, the discharge growth of
RCP 6.0 and RCP 8.5 will expand rapidly. RCP 4.5 will show a slow
increase in discharge. RCP2.6 will not lead to an increase in discharge.
On the contrary, the closer the century end, the increase will decrease.

The increase of discharge with low return periods (the higher the



occurrence frequency) will be significantly more significant than that
with high return periods (the lower the occurrence frequency). For
RCP8.5, the discharge increases with the return period of 2, 5, and 10
years are about 100%. The discharge increases with 25-, 50-, and
100-year return periods are about 80%. From the point of view of debris
flow prevention, this phenomenon must be paid particular attention to the
trigger of debris flow. This is because the higher the frequency of low
return period events, the easier it is to cause disaster damage.

This study shows that climate change induces obvious and direct
changes in the discharge from the flood peak in each return period of the
potential debris flow torrent. Therefore, if the soil and water conservation
facilities are designed according to the historical hydrological data, the
protection standard of the facilities will be lowered, and the function of
the facilities will be reduced. There are no provisions related to climate
change in soil and water conservation regulations, so climate change
adaptation should be included in the regulations in the future. Climate
change will lead to changes in the discharges of flood peaks with each
return period, which will inevitably affect the discharges of debris flow
and lead to changes in the influence areas of debris flows. Therefore, the
influence areas of potential debris flow torrents with high risk should be
evaluated under climate change, and the area should be adjusted to
protect the surrounding residents.

Keywords: climate change, debris flow, discharge, potential debris

flow torrent
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AT ATE T GCM 558 o T kR 5 2 ok st 4o (Earth
System  Grid Federation, ESGF) 2z CMIP5(Couple  Model
Intercomparison Projects Phase-5) F #! & (Stocker et al. 2013) > 4r% 6
ST o B BLBIRER TR B EE- R Fe AP EEEY AR P E
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% 6 GCM #-3¢

5T, 2 1 run | RES. [Historical[RCP2.6JRCP4.5[RCP6.0[RCP8.5
ACCESS1-0 e ri1p1|192x145 Y
ACCESS1-3 SSIROREON r1i1z1 192x145
bce-csml-1 BCC rii1p1]| 128x64 Y J
bcc-csml-1m - r1i1p1]320x160 N J J J
BNU-ESM BNU ri1p1| 128x64 v N \
CanESM2 wee 1l 1i1p1| 128x64 v y \
CCSM4 NCAR ri1p1|288x192

CESM1-BGC r1i1p1|288x192 A

CESM1-CAMS NAS BRI "

CMCC-CESM r1i1p1| 96x48
CMCC-CM CMCC ri1p1]480x240 v
CMCC-CMS r1i1p1| 192x96
CNRM-CM5 e R XY r1i1p1]256x128 A W
CSIRO-Mk3-6-0 cSIRo-QcccE [REYEEETEE v
EC-EARTH ICHEC r1i1p1|320x160
FGOALS-g2 WAERe SN r1i1p1| 128x60 v
GFDL-CM3 rlilp1| 144x90 |
GFDL-ESM2G NOAA-GFDL | [gikl-X I MEE =] Y -. !
GFDL-ESM2M rlilp1| 144x90
HadGEM2-A0 r1i1p1|192x145 i 4 A
HadGEM2-CC r1i1p1|192x145 N
HadGEM2_ES r1i1p1[192x145 N v
inmcm4 r1i1p1|180x120
IPSL-CM5A-LR rilp1| 96x96 y /
IPSL-CMS5A-MR rii1p1|144x143 v
IPSL-CM5B-LR r1i1p1| 96x96 x‘
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MIROC-ESM MIROC r1i1p1] 128x64 ! y
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MPI-ESM-LR rii1p1| 192x96 \ A N
MPI-ESM-MR rilp1] 192x96 3 +
MRI-CGCM3 r1i1p1[320x160 A
MRI-ESM1 ' r1i1p1[320x160
NorESM1-M r1i1p1] 144x96 y

L kR TCCIP » 2019
=& Aflins
— -H;,%_
% ¥ ) 45 (Spacal Interpolate) @ #- GCM 58 AL 41 # s p 46
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A kR TCCIP » 2019
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A 3 ¢ (BC, bias correction) : 3 % ¥ P T A2 i EIEL > iE
PHRBLPIER TR - B g PRpamiEE 156 % &3
31 p x> 2345 &> £ ¥ U B1F 1395 % 1T 5 k(4o B 12 #757) -
B 055 % A1 5 (empirical cumulative density functions, ECDF) & #ic
A R RS B FR 2 S o @ R R R 2 BRI R St
AR £ 0 B3t 2 ECDF A & BLRIAR R » 103 1 050 3o
2_ i % 8 (Gobiet et al., 2015; Maurer, 2007; Wood et al., 2004; Wood et
al., 2002) » 4@ 14 #57 o
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# s A (GCM) 0 # @ o

TAFRREY TG GCM iy B
0% 3% GCM #cdj § chfe b > &
PRBEFAIp PR E -

PCA)2 % # & 47 (cluster analysis) #- ¥ &

- X ERIE =L S &

o (Lin and Tung,
FFELs T L
3 = 4 4 #7 (Principal component analysis,
F RexbFla
Z (weighted average ranking, WAR) = ;* &2 3 15

SRR AR A

#- CMIP5(Coupled Model
Intercomparison Project Phase 5)#c 43 & 2. GCM |+ic & (7 £
"QJ%ZS@

o g‘i/; ,{ﬂ

N N Y 2 = 2 - A= 2 = 2 - > ’ 2
ferbo 5 10 B g ixd - B B g Rt 2 ki GCM #idy & (4
F 7917 ) 2% 3 % f>" South mountain % i % » # % % - 9 GCM
% HadGEM2-AO » 775 #45 * J GCM i& {7 16 4= § o
2 7T ot FidEHR2LVI L5 £2 GCM
Rank Rank 1 Rank 2 Rank 3 Rank 4 Rank §
Name
North HadGEM2-A0 NorESMI-ME  CSIRO-Mk3-6-0 CCSM4 bee-csml.1m
Northeast MRI-CGCM3 bee-csml.1 CESM1-CAMS  HadGEM2-AQ NorESM1-ME
East CESMI-CAMS GISS-E2-R CCSM4 bee-csml. 1 CSIRO-Mk3-6-0
Southwest HadGEM2-A0O MIROCS bee-csml.lm CCSM4 CESMI-CAMS
South MIROCS GISS-E2-R CCSM4 CSIRO-Mk3-6-0 HadGEM2-A0O
North mountain bee-csml .1 CESMI1-CAMS NorESM1-ME HadGEM2-A0O MRI-CGCM3
Central MIROCS CCSM4 HadGEM2-A0O  CESMI-CAMS MRI-CGCM3
South mountain | HadGEM2-AO  CESMI-CAMS MIROCS MRI-CGCM3 CCSM4
West island HadGEM2-A0 MIROCS CESMI1-CAMS bee-csml.lm CCSM4
East island GISS-E2-R CSIRO-Mk3-6-0 CESMI-CAMS CCSM4 bee-csml.lm
Taiwan HadGEM2-AO0  CESMI-CAMS CCSM4 MIROCS GISS-E2-R

Ff kR Lin and Tung (2017)
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Do 1 44 5 % A 45 038350 (5 B AR 5 2 Bt L3
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FALSITRLE R EAZRERFREPFET M o % 30
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Bl.;x (Horner = 3%)z% 2+
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WM E P Ao - BT A
R
a
(t+ b)°
g
| R PR L) PR 2 T30 A R (2R )
SEETI0S
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He a~b-c®#dr 106 & SAIKI| &5 # 2

B =B & 95 B -2E BF Horner 2
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FERET 2 LR R R AR

2 1l & w28kt

LRI E(#) a b c

2 1061.807 17.597 0.624
5 999.848 18.867 0.554
10 828.426 11.049 0.490
25 634.817 0.310 0.409
50 707.491 0.000 0.397
100 821.215 0.000 0.392

ORI B R b L S
T A R E R F R R E PN LS E o AP R

FRKD RFR Y SEE(HA SCS-CN) o p 5ok 258 ¢ % & 4f
A BnpER 2 H A o R dp4 g SCS Curve Number 23+ ¥

AT L
(P —0.25)?
_ 11
€ P +0.85 (1)
1000
S=254(——-10 12
( CN ) (12)
Ho

Pe: %7 »c' = & (mm)
A A& A 2 (mm)

S: Bok®ExEFLE (mm)

CN: curve number » &3+ % %% 109 & ‘gan-k 1% T Ak 3 41
FATE P | (EARTRTIE kPl RBIRE or, 2020)2 B2 41 AT &
CN W REHREMHCE 13~% 17 #77) o

#&ut p I (Lag time) 4% * SCS Lag Equation:

(S + 25.4)07

13
4238 - HOS (13)

— 708
Tiag =L
H

Tiag: &2t PR (hr)
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L: &< na & B (M)

H: k% Timg r (W)

St Bk ®b s FkE (Mm)

CN: curve number

+ Bk ® v * SCS Dimensionless Unit Hydrograph Model 3+

) 2} ;\4 .{1‘_—»’1\‘

Joy

ng = 0-6Tc (14)
T,

T, = ?’” + Tag (15)
0.208AP,

QP = Tp (16)

He

Tiag: % % FEue g (hr)

Te: &R (hr)

To: B DEREFF (hr)

Te H %% & 4 pF

Qp: #*E /& (cms)

Ar EokE o F (km?)

Pe: 7 #x*8 % € (mm)

Rt L2787 3 EkFafss 535328 5 &)
004 L= 28 » AL REF 5 4625 2% » ] 5 143 22 »
T BEE: 37% 0 ¥ 5 28% CNEds* 5 77 5] 5 36
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2 123 8-k % 2%

ID Ar B-k®wao Mt Lo &<k E | H E-kw T CN curve
(km?) B (m) HE (%) number
1 1.94 2455 17.51 65
2 2.26 3010 32.79 45
3 3.50 4625 20.84 65
4 1.12 1655 16.41 52
5 1.19 2752 6.90 61
6 0.82 1768 10.40 52
7 0.71 690 32.33 56
8 0.16 595 11.01 66
9 0.10 624 19.79 70
10 0.84 374 35.39 66
11 0.64 1330 32.33 57
12 1.85 2645 2.84 43
13 0.57 143 14.77 59
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AR AR F RGBT S
2 21 2R ERPIERIRFE T2 FininE RN
TR RCP p-% ) TAR | M | 2x¢ Hp | 2eix | HF
(cms) (cms) (%) (cms) (%) (cms) (%0)

2 2.6 129 166 28.7 205 58.4 191 47.8

2 4.5 129 161 24.4 144 11.2 181 40.1
2 6.0 129 165 28.1 209 62.1 269 108.0

2 8.5 129 191 47.5 200 54.7 266 105.8

5 2.6 147 178 20.8 189 28.8 183 24.5

5 4.5 147 153 4.0 176 19.8 189 28.8
5 6.0 147 174 18.1 214 45.3 223 514

5 8.5 147 188 27.5 205 39.6 284 92.9

10 2.6 166 191 15.2 195 17.2 190 14.3
10 4.5 166 161 -3.2 200 20.6 202 21.5
10 6.0 166 191 15.2 232 39.8 253 52.2
10 8.5 166 196 17.7 227 36.8 313 88.4
25 2.6 192 214 11.0 206 4.0 202 2.0
25 4.5 192 172 -10.0 227 31.0 215 -5.0
25 6.0 192 220 14.2 262 36.3 301 56.8
25 8.5 192 208 8.4 264 37.6 355 84.7
50 2.6 220 240 8.8 240 1.8 220 -0.1
50 4.5 220 196 -10.8 264 19.9 241 9.5
50 6.0 220 252 14.4 296 344 351 59.6
50 8.5 220 226 2.9 306 39.0 397 80.3
100 2.6 248 265 6.8 242 -2.4 238 -4.3
100 4.5 248 218 -12.2 296 19.3 262 5.7
100 6.0 248 286 15.3 330 33.1 402 62.0
100 8.5 248 244 -1.5 349 40.6 438 76.6
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