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DESIGN HYETOGRAPH ESTIMATION IN
MOUNTAINOUS AREAS OF WESTERN TAIWAN

Hui-sheng Lu*  Chieh-lung Lin?

[ Abstract) Hyetograph is important in estimating stormflow hydrographs of upstream
watersheds. It is difficult to estimate stormflow hydrographs with hydrologic simulation
models for upstream watersheds of Taiwan due to lack of input information of
hyetograph. In this paper, theoretical analyses on estimating equations of design
hyetograph and storm rainfall, verification and application of these type equations using
recording rainfall data in western mountainous areas of Taiwan were carried out. The

results showed that time to rainfall peak from calculated by theoretical equations are
LELK 5 @b BB T BT R PR TR R
Senior Scientist & Head, Division of Watershed Management, Taiwan Forestry Research Institute, Council of
Agriculture (Corresponding Author), E-mail:lusteve@tfri.gov.tw
2EHT [ A BRTR BRI IR
Assistant Scientist, Division of Watershed Management, Taiwan Forestry Research Institute, Council of
Agriculture
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equal to those from design hyetographs. Based on verification results, coefficients and
constants of estimating equations of design hyetograph from solved by regression
analyses of statistical method showed reasonable and good agreement. Therefore, it is
very convenient to estimate design hyetographs of different recurrence years and
durations with only rainfall amount and empirical equation of design hyetograph.

[ Key words]) Design hyetograph, Storm rainfall, Recurrence year.
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Tablel. Design storm rainfall estimated equations at the Fushan,
Lienhuachih, Piluchi, and Shanping area of western Taiwan
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Table 2. Design hyetograph estimated equations of dlfferent durations at the Fushan,

Lienhuachih, Piluchi, and Shanping area of Taiwan
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12 19 1,=3598e°®! t<4 099 4

20 1, =36.606e" " t>4 096 9

24 21 1, =1.038% °' t<12 098 12

22 1, =155.25e04®2 ¢t t>12 097 13

48 23 1, =0.0489e *#% 't <28 098 28

24 1, =1194.2e° t>28 098 21
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12 29 I, = 0.5762 ™' ,t<5 099 5

30 1, =159.75e0% t t>5 098 8
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Table 3. The time to rainfall peak calculated by coefficients and constants of design
hyetograph estimated equations from different durations at the Fushan,
Lienhuachih, Piluchi, and Shanping area of western Taiwan

B R MERHG MR N MR S0 PRI

oo ko(h™) k(™) R R
(h) FifIt)_Rl(h)
=l 6 9.02 111.76 0.39 -0.449 3 3
12 3.598 36.606 0.38 -0.1999 4 4
24 1.0389 155.25 0.199 -0.2182 12 12
48 0.0489 1194.2 0.18682 -0.174 28 28
72 0.0097 6637.0 0.1691 -0.1668 40 40
EE P 6 4.3361 273.97 0.722 -0.66
12 0.5762 159.75 0.758 -0.367 5 5
24 0.154 10038 0.318 -0.421 15 15
72 0.002207 71460 0.2184 -0.225 39 39
PUgss 6 6.247 179.83 0.38 -0.46
12 3.829 288.2 0.175 -0.365 8 8
24 1.226 70.4 0.1935 -0.1747 11 11
48 0.119 429.8 0.1627 -0.153 26 26
72 0.037 1650.5 0.1473 -0.15 36 36
t%:’" 6 3.177 400.24 0.61 -0.609
12 2.226 262.48 0.379 -0.416 6 6
24 0.84035 34285 0.1468 -0.443 18 18
72 0.02458 134650000 0.1047 -0.303 55 55
In(c, /c,)

+ TR, == =n 8o

(V)T BRI i = 0 e
R PR B USR] T A O B R H@J%%F@U
AR N BT R ﬁpygu}'f (e e T [l % ﬂfi O L T 5
L - ﬁ#jmﬁi [ B P ARED SR R PR BT HW%
SRR EEE RS L"’ﬁﬁ“w%& TLHoHE - FVRNE L VE
P BT EHER ()T = 76 02 102 R2 = 096, n =32 F(AIP] HL T i
o iy FRE R () > € EBIREY ;ﬁ‘ﬁ(h) EUSl B 6~72 o] [
HEE fRAEET 100 & ATk 5 24 0 o Y B AL H R 30 (L4) YA
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ik 2 =4 (31) Eﬁi PGk 24 -] R RRCRTRERT PRI J

7Y 1-15 | [ R PR Y B s s () Mk 2 D (32) S TR
24 | [0 I EARRE IR P RIS o RIFTDY 16-24 1 [ PRI Y B
TREGT RS (% ) 0 AN I 4 qufﬂB FII S S YL 100 & FfisF 24 7] Eﬂ'j[ﬁx

ﬁ%ﬁ V% A EN 1014mm eI %%pﬁ%&?iAﬁﬁglJ%&ﬁT\?ﬂﬁﬁﬁb 3 el B
% )> ﬂﬂpﬁﬂ%éﬁ“wﬁﬁdﬂoﬁiﬁ$324 f%ﬁﬁ (B R (mm) o)
il » P YA 4 T3 T T AR SR SRR B R T 2
I ;ﬁﬁﬁf&ﬁp | B i ]E[jf{\ Microsoft excel iUt ETARY 1 f?ir.jﬁj?iﬁfﬁ%ﬁ?“%ﬂ
Rt

F 4. BE PPPIE 100 F 24 'J~EﬁBﬁy?:ﬁfﬁﬁ%%ﬁjgj;ﬂrﬁ;&&a:%]@[?:]ﬁi 75 [l

Table 4. Ratio and rainfall of design hyetograph in 24-hour duration

and 100 recurrence years at the Lienhuachi area of Taiwan

[ [ (hr) [t PR (%) [ & (mm)

1 0.21 2.1
2 0. 29 2.9
3 0. 40 4.1
4 0.55 5.6
5 0.76 7.7
6 1.04 10.5
7 1.43 14.5
8 1.96 19.9
9 2.69 27. 3
10 3.70 37.6
11 5.09 51.6
12 7.00 70.9
13 9.61 97.5
14 13. 21 134.0
15 18. 16 184.1
16 11. 92 120.9
17 7.82 79. 3
18 5.14 52.1
19 3. 37 34.2
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Fig. 3. Ratio ( | ) and rainfall ( ---) of design hyetograph in 24-hour duration and
100 recurrence years at the Lienhuachi area of Taiwan
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FHERAE TR (AET) o 2 SR [ E W?‘%@ifﬂwﬂﬂﬁgﬁ v ETRR R
T |?~E:§ﬁ [f[ EEREYES |’*7 *  Penman-Monteith ~ Thornthwaite -
Hargreaves ~ Hamon -~ Priestley-Taylor == 78 1k [FTIETWF "%éﬁﬁ'rﬁi (PET) > [’F‘I
FAGNET AET B4t » }%ﬁ]‘ lﬁ[ﬁ”‘ﬂ? E%ﬁl % -

AR pian N o B H ﬁ’ 2 DS 7k 1996 F~2007 & (RFEEEERR T oqE
2004 = ) IV AET /i % 1090.7 mm~1529.6 mm > ik 5 5 41%’!_3/@%5@_"7‘\%5@&, o ,J
D3 AET ([ EIFORZ - a5 SRIFS AET e PET » sz SIRLIAF!
’ e T PET [l ] Hargreaves - Priestley-Taylor 377 L o i BT
T AET » ;-H 11 & AU FF Elad il v 55 AET £ 1268.8 mm » Hargreaves
0 [ﬁ[ p\J PET &7 1309.1 mm » fHIS5}5255 1% 3.2% ; Priestley-Taylor #3% (332 U
o [;Elt 150 - % 0.64) IP‘,ET'EF%JE 1213.7 mm > fHISEE EL - 4.3% ; F{?J’E'J,’J/
Thornthwaite f;7# PET [F‘[ﬁ?\ﬁ?% £ 1011.8 mm > FESEFEEEE EG - 20.3% o
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A COMPARISION OF POTENTIAL
EVAPOTRANSPIRATION AND ACTUAL
EVAPOTRANSPIRATION IN LIENHUACHIH
WATERSHED

Shao-lun Luo' Ming-chieh Chen® Jeen-lian Hwong®

[ Abstract ] Estimated evapotranspiration is key terms of understanding the

characteristics of hydrologic budget of forest watershed. In this research, rainfall and

L T AU At
Graduate student, School of Forestry and Resource Conservation, National Taiwan University.
LB BRI E D o R
Professor, School of Forestry and Resource Conservation, National Taiwan University.
Corresponding author. E-mail: jackchen@ntu.edu.tw

3HET MR ERTEEE WP o2 |

Chief, Lienhuachih Research Center, Taiwan Forestry Research Institute, Council of Agriculture.

-15 -


mailto:jackchen@ntu.edu.tw

B~ WP, ~ Pl PR MBS A R A Lo

discharge data of Lienhuachih experimental watershed No.2 (LHC2) from 1996 to
2007 were collected that to calculate actual evapotranspiration (AET) by water
balance method. Besides, meteorological factors involving solar radiation, air
temperature, daylight hours, relative humidity, etc. of Lienhuachih weather station
were also collected. According to different estimated conditions, meteorological
factors were separately taken into five methods of Penman-Monteith, Thornthwaite,
Hargreaves, Hamon and Priestley-Taylor to estimate potential evapotranspiration
(PET). Compare the results of AET and PET that to investigate the suitability of
estimated methods.

From the calculated results, picking out the incorrect data of 2004, annual AET
range of LHC2 from 1996 to 2007 is 1090.7 mm to 1529.6 mm that is higher than the
pan evaporation of weather station. Monthly AET was affected by rainfall amount.
Generally, AET is higher than PET in wet seasons, but lowers in dry seasons. From
the estimated PET results, Hargreaves and Priestley-Taylor methods were relatively
close to AET. Based on 11 years data, the average of AET is 1268.8 mm. The average
of estimated PET by Hargreaves method is 1309.1 mm and relative error to AET is
3.2%; Priestley-Taylor method, coefficient o in wet season is 1.50 and dry season is
0.64, is 1213.7 mm and relative error is —4.3% respectively. Thornthwaite method,
ordinarily used in Lienhuachih area is 1011.8 mm and relative error is —20.3%.

[ Key words ] Actual evapotranspiration, Lienhuachih watershed, potential

evapotranspiration, water balance method.

L HIF
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I PR3
()P A

P SRR Y 10 B TSR F BT IBES 0 1750 23755+ S
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Table 1. Statistics of monthly meteorological data of Lienhuachih weather station

Average Average Average Average Average Average Average Average Average
Rainfall Rainy Daily Daily Daily  Relative Wind Radiation ET.
Day Temp. Max.temp. Min.temp. Humidity Velocity

(mm) (°C) (°C) (°C) (%) (m/sec) (MJ/m2) (mm)
Jan 477 7.7 14.8 21.0 10.2 85.8 0.39 277.18 557
Feb 86.1 8.9 16.1 22.0 11.5 87.1 0.41 289.89 56.7

Mar 1036 104 183 241 13.8 87.0 047 346.89 755
Apr 138.2 108 211 26.5 16.9 87.2 0.47 387.03 835
May 3224 164 232 28.1 19.2 88.4 042 419.67 845
June 5103 196 244 29.0 20.4 88.4 042 40098 86.5
July 3731 166 252 30.2 20.9 86.3 0.46 485.44 108.2
Aug 4042 177 2438 29.7 20.7 88.0 039 43082 97.2
Sept 196.0 114 241 29.0 19.8 88.0 040 39426 89.9

Oct 45.8 5.1 224 27.6 17.9 86.8 0.38 37358 834
Nov 244 46 195 25.2 15.0 86.5 038 307.34 65.6
Dec 33.3 5.2 16.1 22.2 11.3 85.4 0.36 300.47 52.4
Avg. 20.8 26.2 16.5 87.1 041 3678

Total 2285 134.1 939.1

%%T@ﬂwﬁﬁw%w@‘ﬁmﬁﬁ@‘ﬁﬁ%ﬁ‘ﬁﬁiﬁ\ﬁﬁﬁ‘%ﬁ
B~ PR~ B[ GRS B T ISR RIS 2285.0 mm o 4 F[ = 9 FIEEIEAE
fﬁ Y 85.1% 0 10 £ =41 F 3 FIfEfY *WT FHI149% > H 111

>

s
SR
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= b AR = “CHPEL 134 1o FH53E 20.8°C 0 7 FI {7 Ha5aE
25.2C > 1Mt “:’QWGE 4.8°C o F T HHLEIET 930.1 mm » F T HSALISERTE 1T
87.19% (| 543515 » 2008) -

1966 & AL 122~ 3~ 4~ 5 W AMGIRE 16 > H 15 2
BREE <l [P/ - (16.23 ha)> 57 3 BRI /| (3.40 ha)» 5 B < BB 11 40%
% 69% 1 YEHY L /4 723~812 m AT (e 2) @ FIf 0 TG B AOE
HPTSE BRI B VR] - L 2 SR B BN R K 4 FF”_“D i rm,luﬁ% o bl
I 4 PREE 5 PR B RLATRI 1 2R SRR e 5 1978 = 11 F] = [RE 3 A
4 BEEFBOE S R B AR 5 BRTREERER] IR éﬂﬁiﬁii

PRAVRL > PR IR Al 1 G US> 2002) -

2. BEMEERE TWIVYNG RIS 1978)

Table 2. Physiographic factors of Lienhuachih experimental watersheds

Watershed
Item

No.1 No.2 No.3 No.4 No.5

Area (ha) 353 1623 3.0 5.86 8.39
Circumference of watershed (m) 750 1910 780 1000 1300
Main stream length (m) 308 603 270 380 420

Average slope (%) 63 56 69 40 41
Average altitude (m) 741 812 723 763 757
Aspect SE NE SE SE SE

(IR EEHER

GhIsi[ | E) 214 ha £ ~ T Ao ﬁ%ﬁj%u?ﬁ/ﬁ (Cunninghamia lanceolata) - ’Fgﬁ?
i1 4# (Calocedrus formosana) - # il Af-(Acacia confuse) - 1@ i (Liquidambar
formosana) - 'F",ﬁ%’f(Zelkova serata)=" o~ IRREIR PR AR 269 ha » = foI Hifel
BN h s [ B RS POt o = (ehee s B At 2 AR B0 (E7 150 2
PEE BRI = 2] 74 (Pasania hancei var. ternaticupula) - Fi%7 44 (Pasania
natoensis) ~ i =' % 7% (Pasania harlandii) - Hffj&i% 7 ¥ (Lithocarpus
amygdalifolius) ~ 'B7%4F (Cryptocarya chinensis) ﬁ%{(Machilus zuihoensis) ~ f¥
:FEI" [A|fff(Litsea acuminate) ~ Fdﬁ pﬁﬂ(Ormoaaformosana) 7 (i (Schima superba)
S BSh o P Trgf[ﬂe F14F 4 (Blastus cochinchinensis ) %éﬂﬁ(La&amhus
obliquinervis ) ~ J-&7j7# (Psychotria rubra ) ~ ?’Iﬂéﬁf =2 k(Diplazium dilatatum)
S-S 2002) -
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PR I 5qi SR BLREAS R Y =0 E[JfHThornthwalte 3% ~ Hargreaves 1% ~ Hamon
Tk STHIEEY

1. Penman-based i
(1) Penman-Monteith #;3*
Penman (1948) 7 F’]H‘JEHISF?LI BRBE PR (T TSRS

R B R A TR Iﬁhﬂf Fill i J‘?ﬂ?‘vlﬂ UL I5ER= 2t frRl 220 py
‘%fEJ\fEf PRS- Monteith (1965) 1 (B i il | 0 Sl o1 P iy
( Canopy and aerodynamic resistance parameters ) » {<~Penman =\ f| [ﬁ 2mlr
FOHEREC (Eo) > JJ¥EPenman-Monteith 7t =4 o FSZ SR AP 11 {EdZ 35 ~ 20
[EEL S ?ﬁéﬁﬁ@'ﬁﬁl Eaniil) ﬁ%?EUj lﬁl %0 JEN’?FIIBVJF“ T L 2 e
TIPS 0 T 1990 F S B A T ﬁﬁ“"zﬁ%ﬁi A 1994 FF R
5 EVERT) o IR RLAH PR RS A (FAC) I K 1 15 ﬁf“#%@ﬁﬁ”‘}*:g S
FAO-56 PM (Allen et al.,1998) » ‘=[] E[JFA' PR AR e BRI
E@P@fﬁsﬁﬁ?ﬁi’Jgri‘ﬁﬁ“@“’%ﬁﬁJ “f o PNERS PR IR RLRE 20 PR ;[qu
YPSFTE G A I - P R - R G
F'TJ (74 53 g - FAO-56 PM =4 g™

Ax0.408x (R, —S)+y_|_902073u(es —€3)
PET = (T+273) (1)
A+v(1+0.337u)

PET : Fjjj- At fr-kl (mm/day)

A T EAEGTVEYNRERVE (kPa/C)

y T ﬁ 'JEJV(kPa/ C)

:ﬁ@ZmW@ﬁmm

T : iy 2 m [ 1 5R(C)

es © BAI7 I TEY(KPa)

€a - BRI ZNTEYkPa)
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St HREGHIEI(MIm/day) - i fTE I 5HfE AR - HHBES =0
(Allen et al., 1998)
2) Priestley-Taonr ik
I Penman 25 RLa: £ 2 o SP A BT BERCED > g R 1 ETSBE-
AR 2T = RUER JF{‘@\?’”IS?JT”E VIR o (R Rl Hf”f’FUE ISIRESZE
%Ujgﬁf £ ISUA > Priestley and Taylor(1972)#+%} Penman-Monteith * ¢ [ 1% 2 Sa g
PIEETIECTR B S SRE R  9 NN (Riginrsit g e N
T ™00 30 f el (water deficit) I AFHF Rk o R Bk T
epuad N oo B (Stagnitti et al., 1989) o E U

XR_n (2)
A+y A

PET =ax

PET : [ 5= 23 fjr &l (mm/day)
v ¢z kPl C)
R, : q/ﬁ%ﬁ(MJ/mZ/day)
h S (MI/Kg) » 1=2.453 MI/kg - at 20C
A © BTN (KPa/C)
o : Priestley-Taylor {7
Priestley and Taylor(1972) &« fifi % 1.26 - kL RN ZFE 9 > A
fv— [l 1500 - Gash and Stewart(1975) 7 %Lr?Ff‘F%EJNorfolkﬂxﬁf?ﬁ s T }?ngzﬁéﬁﬁ}lfj’
a EEL 0.64 % iﬁéﬁéj % 1.50 - De Bruin(1983)#l = l?itbPrlestley Taylor #)7k v o
A= fi(surface resistance ; rs) EJFéJ% Pt =0 E%ﬁ a=13;rs=60s m‘lﬁ\ﬂj =
1:rs=250s m_lﬁﬁ > a=06 - FPE B PG 4 F] = 9 FI kR R
SEFSIPIIAY 8T 15700 7| % 37t iigt] SR ER TR o (4% 0.64
(O 2N ERPT () < P49t w\'ﬁ}‘ﬂﬁ FUH R o (iR 1.26 > (%7 22V EiPT(2) - HES
Ay ?ﬁﬁf [gc;g_.g PRI -
2. Temperature-based *7*
(1) Thornthwaite 3+
Thornthwaite (1948) F{|*']3 47| ?&ﬁi“‘?ﬁlﬁfm kgﬁ‘ﬁ TEERE S
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N © 55
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|- z[%j | @

i=1

1\

= 6. 75><1o-7 1°—7.71x107°1% +1.792x107% 1 +0.49239 (5)
EUE -F ‘ﬁ%lﬁjjfa = PN R
YI:W‘Q%J% Thornthwaite and Mather(l%?)#j' VoK i k] 1’}}79,%‘5&@361[%3}5
IP AR R R P I B T [P TD3pY KO I 3
% 3. EHF ?ﬁhf’ﬂﬁh%fﬁ[ Thornthwaite 31 E[ 75 K {fl

Table 3. Estimated monthly K value of Thornthwaite 3% for Lienhuachih area

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
094 089 103 106 115 113 116 112 1.02 0.99 092 0.92

IS =2t SR LF LEL@EI}’ (BRI TR [N s T ROl pRyE SRR
3%’}]”{"% Gl My *&?yfﬁ\ EUNRE 5!“53?%5\%?5}#]:%5‘% AR TR HVRY,
75 o [ELRLP ERIEV R F,%“%ﬁﬁﬂlﬂi '%\ﬁﬁ* LTINS AR LT ﬁjf}
jArg iRl ﬁfJ’Fﬁéﬁl Hl o

(2) Hargreaves ;3
Hargreaves (1994)ff ¢!~ [l J3st fyiid e ~ ot IRV BB IR I 7 (Bt - 2
BIP Y A g

PET =0.0023-R, - (Tmax — Tmin )0-5(@ +17.8j (6)

Hflro PET ¢ FI5b[24E ikl (mm/day)
Ra : #95R9t 3? i%TE! (extraterrestrial radiation) (mm/day)
R, =0. 408%65C D, - (g -Sin ¢ -sin 8+ C0S ¢ - C0S 3 -sin o ) @)
s

s - Mﬁﬁf@\'f’ Ge: = 0.082 MJ/m?/min
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Dy ¢ PUSFEE N BASIHES (S H)
D, =1+ 0.033cos(%-J) (8)
J i N E
EWQF’[UE\JJ‘ ] (rad) > og = cos_l(—tan¢+tan d)
¢ A% (rad)
& ¢ NP T ERRREE A Rk ) (rad)
Tmax t — FIRy5000(C)
Trin * = FIAVE{S5IE(TC)
(3) Hamon ;1
P48 Thornthwaite * ¢ Aﬁt’,ﬂ‘ Y56 (ST OCH ’%ﬁ'ﬁ‘:?i&é@ﬁ\'fﬁlﬁ@@ 0
mm(g’ (540 mm) o ff! Hamon(1961)§“1€'r o)k E,,;?%nﬁgﬂkﬁ: SR T
bﬁJ*,%3U%ﬁwipﬁ"%W*@%ﬁﬂﬁﬁ@ﬁﬁ%wﬁﬁﬁéwﬂ%
FF o RS s
PET =0.1397 - D%p 9)

H [ PET @ | 15f 2t frE! (mm/day)
} 12 hrs ELJTER S EIYE R ]
p:%w*ﬁ%@@M%

p = 0022X8 e 1990) (10)

R(T +273.3)
T I 35E5GR(C)
e © HAIVEN(kPa)

e, = 0.6108exp Ar2rm (11)
T +237.3

R: ;?a?gﬁf’gx(w R = 2.876x10° m%/s?/K

[l ffap S RO BT 00 /M > PR T2 i gy
_ 21.63xe, (12)
T +2733

(V) i FI5ER- AR A Eﬁﬁfﬁl@ F TR
FPA USSR E VD5 GaRl 1996 £ ~2007 F U grerR] o T AT,
B RIE- AR (PET)  ZE ik R R0 5 e RIS (3 4) -
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Table 4. Meteorological factors needed in five PET estimated methods.

ek F’?E'l—flﬁ;@ S E‘f‘?{?‘[

Penman-Monteith [/ J431EL(C) ~ 15945 i (MI/m?/day) ~ &% (%) ~ Bl (m/s)
Priestley-Taylor  F!2 #5353 (C) 5E%ﬂ?«ﬁ(MJ/mzlday) 5 (%)

Thornthwaite FIP IE5GH(C)

Hargreaves = Bt el 6 {5R ()
Hamon I 155690 (C) ~ | PRI [ (hr)
(V)HEFTE IR TRl

JAEEE PP 2 R Pl ED S SR ETENAERR] > P T (water
balance method)ff g e 57 klﬁﬁr‘gl (AET)» 3¢gp
AET =P-Q+AS (13)

EF[rP SRR RN > Q FEEVRE! 0 AS RLE BN | YU (R ) R
BAHLY > > ASEURREIEUI Y o - AR E R PNI(L2)ZE o Fay g
AET=P-Q (14)
O R RIEVR G JLESBE MR G § b%‘fﬁ[# i A Ay
PN FHIERR] > M7 (S fT AT fOlitee 20 5 JUE BT S G E R
%Q%J?ﬁl YR ENERR] > (VSR RYR Y o A PRI PRIV & B E F@Efpﬁ\j?a
S FIIR At PiBl ISR RN o R P& BRI S R YD H
FJHEERTL) 7Y e R 2 (R ~ FRFYE - 1987) -

“ 60 — 60 —~ 60
g_n.-

p— 70 —

p— 70 —

A

AL B i 2 B BRI T B (FTE  om)

Fig. 1. Sketching map of weir form of Lienhuachih watershed No. 2.
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(1) ity H<0.30m » [P (15)=4FF Frifht -

QzﬁCl-@-tang-Hz-E’ (15)
15 2
(2) :‘E[[ H>0.30m > EIIJ%E‘E'J(]_6);Q§+ET1%£:{ .
Q=g CrE g HES -1y - tan S (H- S+ € V2528 (H- ]S
(16)

Q : ikl (m¥/sec)
Ci~ Co: (S8 53HI%vC1=0.58 ~ C,=0.58
D2 EPRL Ve > 0= 90°
F AR A (m)
S = EPRL ISRy (m)
PSR RS ] f [Jﬁfgifk[ﬁFlH[/ ] 2
g EII (m/s?)

}i&ww 1996 # ~2007 = HARIAVEE EIERR] - T 2 R B PUEE
erR] o I R ERT AET o IR TR rFf, FTPY PET AHN =ik - I'] AET #3
R TR R R POARSAREE  HER TR B R - 5
HES UL

re - (P

W - T <

~0i) x100% (17)

i
RE © 1525 (%)
P; : *PET [,Fflﬂﬁfjg\ﬁ@(mm/yr)
O; : &F AETREf BIRYE{H (mmiyr)

Il. ﬁ%ﬁﬁﬂ‘ﬁ

QlEiib-tay Sli=
R &R TE P 5 P SO RIFE 1) RGO R FHE

R - J e B T R ek R RE lﬁ?x {1 o e RS
FET Gl 300 m > =Y b IECRURAR L] > PR B @E‘?EU@%P SR

A 5 S SR B 2001£P 8 F|% 10 k| » 2004 & 8 | = 11 /| ’20063 5
FIZ 12 ISR PR REERIR R E PR o g ab R ERRLER o I 0 g
APVl RE o H s T R RN SR > 1996 [ 4 £ -7 F[ 5 1999 Y 2
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~ 7 E] ~8E[» 2000 #1910 F| ~ 11 F| » 2001 £ [ 2 £| » 2002 5195 | » 2005

A2 F] 22007 P07 FIEE] ) o [ FIOERR ARG ZO%F'U
{7 o P9I BIFRIHIERSa Gb 2] Ef?«n%ﬁﬁlﬂ JEVERR] (RS e A

FI oy &l - & A== Fudany| Ef%n%ﬁ‘ﬁlf‘ ’g[ ‘EW“%E@ﬂ ° ™ [ﬁjj
BIFHS T bV B S T90 > 2P FOF] o bl B 1 JIVE T S
(PR BIRERTE BRI ACRRE R 5 -

% 5. ’Fﬂ@T“EﬁiﬁS 1996 & 2 2007 & (ET-fVE]fyEIFRR] (BT @ mm)

Table 5. Adjusted monthly rainfall data of study area from 1996 to 2007. (unit: mm)

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Jan.

Feb.
Mar.
Apr.
May
Jun.

Jul.
Aug.
Sept.
Oct.
Nov.
Dec.

280 353 1228 240 315 915 318 483 260 283 378 938
410 1148 40838 0.0 2115 0.5 21 115 823 1860 58 278
317 2090 2022 728 463 874 217 523 830 2460 1634 623
200.0 51.8 3423 447 2870 1610 91 2063 1183 1378 2316 169.0
668.1 3535 339.2 3186 1770 2779 2030 1425 2528 4335 309.0 2225
1018 894.0 4948 8270 4480 3939 4619 4980 578 3933 9715 8058
3920 5395 1179 4872 256.7 7090 3910 2193 11190 5350 7265 289.0
853.7 3380 3917 5305 3307 1394 1978 2528 686.5 6353 101.0 6953
1085 1238 2459 833 315 2251 498 803 1135 1525 3030 3298
25.0 44 1734 325 770 428 185 943 160 383 0.0 323.0
26.4 0.2 4.2 70 375 126 141 129 00 153 1600 310
71 133 535 680 708 99 86.2 00 745 130 505 3.0

Total

2573.3 2677.6 2896.7 2495.6 2005.5 2151.0 1487.0 1618.5 2629.7 2814.3 3060.1 3052.3

A 2 BRSSO TR T TR N o R R Rl S B i

Eo@iy (20> SRy > 2 Z ik B RO R o
TJ (& (ﬁ%‘[l 3) erf FJEHF | Jr:f[;zrlji £7, 2455.1 mm yr-l , I'Z"‘[ﬁ[ Z%Eﬁ/j‘ i

7{‘

145 1183.6 mm yr o 7 2 Sl R R AU T R

TIPSR (AET) £3 12715 mm yr o SRR e~ PA{E (1982) &
S 2 BRE S ) ARUSEEN 0 1973 F = 1980 F HEJF'EFJFI’:JE 15[ £ EE 2378.7 mm
yri(3 B B AYER] ) T EAE BT 1182.1 mm yrt T ISAETES, 1196.5 mmyr™®
F AN UAETHi ) o SREHRE $h 3 G 1971 F = 1980 F VT H5E D
20.3°C  [fi] 1996 ¥ = 2007 iU S50 £ 20.7°C S HI AR BRI O gy
ST > AR S5y RS RLE S HEETY ABTHES VR -

A (1992) REZRII] E2AR G A< I 1=t B R RIHO & R el 22 ey
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El FIJ]%%[;T (q%‘[l 4)> Elﬁiﬁ &l 400~4000 mm yr EJJ: Al akgﬁﬁrﬁ "5 300~1800 mm
yr [ & [ &HE 5 800 mm yr Eﬁ RT3 ~ 0 GRS AR firkt oA i L g -
B ERETAREE D 9+ PR b B R {1751 1200 mm yrto
Doley(1981)47!} ,mﬁ RSB TR £ 3 1000 mm yrt > A i
i 1750 mm yrte ¢ﬁm4't’J‘J e i R AE TR JAET*?B& 1100~1300 mm yr i
> LA R -

2000
Q =0.8269P - 846.6 =
/g 1500 F *=0.95
o
i 1000
52
il
500 F
O [l [l [l [l [

1000 1500 2000 2500 3000 3500

F [ ED P (mm)

WZ BE P 2R T EWhEES ﬁﬁﬁﬁ%ﬁ
Fig. 2. Relationship between the annual discharge and annual rainfall at Lienhuachih

watershed No. 2.
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3. B ¥ 2 U T 7 AR B I AORH
Fig. 3. Relationship between the annual evapotranspiration and annual rainfall at

Lienhuachih watershed No. 2.
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Fig. 4. Relationship between the annual evapotranspiration and annual rainfall.

UDEESS e HE = o (-l
Peiit 1096 £ % 2007 & (R IETRR T I 2004 &) ShE ¥ 2 B s
B HIEEILCE (AET) (i ETHOSER- SE Rl (PET)~ T b%%ﬁﬁu LR (2
6) » BT ST L P R pu s AET QAo S o [ Eﬂﬁ  pn
FLE| ﬁh«t%ﬁﬁu” TIRFRED > BB BN AET F"JL ,%LJ%J‘P":'“BJ” AR ENE %o BLY
FIE| Efﬁm%ﬁﬁ“' TRIT RN I5E 772.7 mm > ﬁ,ﬁ?‘%éﬁ' %b%%jrl;—ﬂej 699.6 mm - [1&
2001 & V9t o ARSI AR BT @SB 1 o g Ry sl
[T S0 PRIE AR - 2 1 RGPS 670 m o 5 = 55346115 20.8°C
FIELE) 50 GO FRAS1S 1018 m > & T HSRRET 10.2C - [N S 5 i
i"ﬁ%%ﬁﬁifﬁ'ﬁ%ﬁﬂﬁﬁIEHEf;?n "@FFO SR FUENE ;%‘%JJFFWL, BT 1 e
A VSR GTE 1 P 2 USSR A S
A IR PN S LR - P Rl Y S G A R
PHEETEIR S SERRUA -
H o A PET (T4 i o ff BIad W - L4 - Hargreaves ) i =2
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Priestley-Taylor ]ﬁ[ﬁ?ﬁﬁr{%wif” AET > I'| 5 & vl B ELRE > AR Y
T 10% 1) P F T REGE AR E B4 ) 0 Hargreaves T 3 Al (BT
Priestley-Taylor 3k (% 7) o 5 > JK5 5 & iy [’F‘[gmﬂéﬂ?ﬂ‘ #1211 F AET
[l ot $5 P54 > Hargreaves 3k fUAFISFREGE £ 3.2% > ﬁﬁlﬁﬁ& > H kL
Priestley-Taylor ;3% ( « f@ﬁﬁﬁ*? § 0.64 ~ 5% £ 1.50 ) FUAFISREEE 1 -4.3% >
I'J72 Priestley-Taylor 3% (o ffi = F 4% 1.26) fUFfSREEE G 5.2%(F 8) « [& 7
IRVt HES = A PET ff FTPOail i 54 AET - Penman-Monteith
FOAEISEFRECE 3 £-16.3% > Thornthwaite 3 PUAESEfREEE 2£-20.3% £ 77/ AET <&
SRS B OB SRS IR AET bt PET > [z RIRIEIE - i 1]
A1 [ &S 150mm/month > [ CEL PET i AET {9157 -

#6. TFELEFGHETY PETEE 2858 < AET I Sa i AR BIpY IR (1
ik : mml/year)

Table 6. Comparison between annual PET estimated by five methods, AET of

watershed No.2 calculated by water balance method and pan evaporation of

weather station. (unit: mm/year)

PE of PE of
Year PM. PT(1) PT(2) Thorn. Harg. Ham. LHC  SML AET

1996 1050.5 11879 1300.4 1079.6 12315 1008.7 7524 799.1 12355
1997 9853 11319 12415 10145 1269.2 959.7 6749 6831 12471
1998 9912 11589 1251.2 10329 13488 9778 601.7 756.1 1516.5
1999 1049.1 11740 1286.9 9859 1330.3 9417 6328 739.9 12435
2000 11385 1349.6 14550 978.2 13340 9355 827.0 8523 1269.8
2001 1048.8 1153.3 1305.1 1014.8 1240.0 9729 8654 806.6 1250.6
2002 1126.4 1286.2 14225 999.8 1369.0 957.0 716.0 819.6 1090.7
2003 1203.1 13954 15246 991.8 1368.9 950.1 6951 827.2 11294
2005 1049.2 12345 1351.7 9751 1306.2 9336 688.8 713.6 11325
2006 1006.9 1159.0 12929 1030.7 1297.0 950.5 630.2 758.0 1311.6
2007 966.0 11199 12439 1026.4 13054 9329 611.7 7445 1529.6

Note: PM.: Penman-Monteith method; PT(1): Priestley-Taylor method with o =
1.50 in wet season and o = 0.64 in dry season; PT(2): Priestley-Taylor method with

o = 1.26; Thorn.: Thornthwaite method; Harg.: Hargreaves method; Ham.:
Hamon method; PE of LHC: Pan evaporation of Lienhuachih weather station; PE
of SML: Pan evaporation of Sun Moon Lake weather station; AET: Actual
evapotranspiration of Lienhuachih watershed No. 2 calculated by water balance method.
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Table 7. Dispersion of relative error of annual PET by five methods to AET

Relative error PM. PT(1) PT(2) Thorn. Harg. Ham.
Max. (%) 6.53 2356  34.99 0.75 2552  -12.26
Min. (%) -36.85 -26.78 -18.68 -32.90 -14.66 -39.01
Avg. (%) -1549 -288 -6.77 -1949 435 -2381

8. DA PET (RET WD [ETIHAYT S5 AET FUAHSfEE
Table 8. Average of PET by five methods and relative error to AET

PM. PT(1) PT(2) Thorn. Harg. Ham. AET
PET (mm/yr) 1054.8 1213.7 1334.2 1011.8 1309.1 956.4 1268.8
RE (%) -16.86  -4.34 515 -20.26 3.18 -24.62

Note: RE: Relative error of PET to AET

’ﬁ PET [FLIET 4 M*E%H* S GEEYRIpYBR ] > o3 B Penman-based ik
A EIJ?H Penman-Monteith ;% ~ Priestley-Taylor i 7 4 3% > H f[i
Priestley-Taylor(1) *3% IV 8¢ a {fifiz % 0.64 ~ 52 1 1.50 - Priestley-Taylor(2)
WFED e a ff- AT 1.26; 1] % Temperature-based ) 3#5" E[J]f[ Thornthwaite
T3k~ Hargreaves it ~ Hamon ik o e 7 Penman-based ik I'F‘IET iY PET
R P B Py B IR BN DR PET @ FR
ST I 7 (' 5) - Penman-based i Iﬁiﬁﬁéﬁ fr=] Lﬂﬁﬁ FrEN D Y lJFéfJI» :
- AT B S RS 175 0
% o PRI (5 SES70 G BT B (S 4 o 1) 3 B BARE O 2002
F I'['k 2003 F e > 2003 F 7 [ Bl 267 |10 2002 TR B 258 B [
[fj¢1126 2003 & PET i B9 i 2002 2 - £ 7> Penman-Monteith 32 fif BT
iy PET &7 (B4 AET o

Temperature-based 4 LAY fHETRAR - & PET i [ &I i~ i %”wﬂﬁlfﬁli
P ﬁ > B [ B SEREVE PSRy T *(q%'[' 6 )> Thornthwaite #;3%== Hamon
PRIV PET pURR (i SEAtAT] » Ry AET D e i Bl fp) (5 - 291
Hargreaves 3% 7% 1996 & - 2001 EFEIU['F‘[;W b=t | > HFIR'T iR SRR EL 1996
F 72 2001 £F pUF A %ﬁﬁ,’ﬂﬂ@?ﬁ (B BN 1 e I A Y e R R G o S PR
Al
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Fig. 5. Comparison between PET by Penman-based methods and AET
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Fig. 6. Comparison between PET by Temperature-based methods and AET
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Fig. 7. Sensitivity analysis of parameter of Penman-Monteith method
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Fig. 8. Sensitivity analysis of parameter of Priestley-Taylor method
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Fig. 9. Sensitivity analysis of parameter of Thornthwaite method
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Fig. 10. Sensitivity analysis of parameter
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Sensitivity analysis of parameter of Hamon method
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(V)5Eg=2a B IthET R IIA' 3 ]?ﬂ‘?]:ﬁ

7 Penman-based 3[R 11+ BRI < AP I
Fle ﬂﬁ R J@F‘?EIHFCFL pAGIHYSRER TR o o A biﬂ%fﬁlfﬁéﬁﬁﬁﬁ
T Nl S W%‘%ﬁﬁi' PR (Solar radiation ) #IHET > o ﬁlﬁi’[’%
i J’me[m?%\' TRt Al Jﬁ'iﬁzﬁ?*ﬁﬂﬂﬁﬁfﬁﬁf‘fﬁkliklufimrﬁl» TSRS AR T
0.7~0.9 V] » M={7gy i ]ﬁlﬁﬁ ﬂﬁﬁ | ( Bastable, et al., 1993 ; Gholz and Clark,
2002 ; Kumagai et al., 2004 ) - HI9f » 7338 # 10 4 & 7J<Ehﬁ.' 19.3m Elfiéi@f% » 2007
F 6= 12 FIEIY S ‘F'eiiﬂﬁfﬁ Bt o BAT R %“%\*T@@UF' J*W%’HE‘FW
0.8 Pﬁ[ (v 214 [HEFRpYT 55 il gi ) > = ﬂ‘ﬁ'?ﬂ%fﬁ@?ﬁﬂﬁ IO PR R
#I']0.8 I‘ﬁﬁ,l’pﬁ E«HE °
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B GO T s F FURLE| I A SR i e

Priestley-Taylor 3% lﬁ@?ﬁr HILHFCRI o U*wL EBS WD o
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Stream Water Chemistry of Neidong National Recreation
Area

Chiung-Pin Liu* Xiu-Nyu Chen? Yu-Xuan Lin® Jun-Ting Lyu®
Chiu-hsien Wang*

[ Abstract] The purposes of this study are to cncern the effects of long-term
recreational behaviors and typhoon disturbance on water chemistry of forest
ecosystems and to survey the buffer capacity of different source streams. We
examined pH, electrical conductivity (EC), Inorganic cations (Na*, NH4*, K*, Mg?*,
Ca®") and anions (F, CI', NOg, SO,%, HCO3) , dissolved organic carbon (DOC),
dissolved inorganic carbon (DIC), and total nitrogen (TN) in the precipitation and
streamwater samples. The results showed that the precipitationl pH was under 5.6
during the monitoring period, from 4 to 5, indicated the Neidong National Forest
Recreation Area was affected by acid rain. SO, accounted for the highest
proportion of solute in the precipitation. However, the pH value was higher than 7
in all the sampling sites of streamwater, and the HCOj3™ concentration was higher
than 300peq L™, indicating owned good capacities to acid precipitation in this area.
The concentration of HCO3', SO,%, and Ca®" in the streamwater sampling sites was
higher than 10 mg L™, indicating the high SO,* concentration associated with high
Ca’* together in the streams.  On the other hand, almost all the concentration of
solutes was higher in the Nansi River than in the Neidong River, especially the
sampling sites after Luohao Dam. Overall, although the watershed area of Nansi
River was bigger than Neidong River and under more stress from visitors, but it did
not threaten to pollution. It implied that forest watershed owned capacity to
maintain good water quality.

[ Key words ]JNeidong National Recreation Area; Rainfall; Stream water; Typhoon;

Water chemistry.
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%2, =R kBﬁ[%}ﬁl%‘]‘_ﬂ‘:j}ﬁ
Cond TDSpH Na* K" Mg" Ca®* CI' NOs SO,© HCOs TOC

571 %HFO.ZS 0.440.20 0.37 0.25 0.40 0.36 0.22 0.06 0.28 0.33 0.00

5?2%#,‘0.23 0.400.26 0.32 0.44 0.40 0.31 0.20 0.11 0.27 0.34 0.09

oy

E,

)JBE#‘OOB 0.120.40 0.45 0.64 0.19 0.00 0.36 0.09 0.01 0.10 0.13

o

'ﬁ‘f4%ﬁl‘0.45 0.58 0.36 0.50 0.30 0.60 0.62 0.11 0.05 0.39 0.41 0.02

575 %#I‘O.OS 0.250.26 0.41 0.61 0.57 0.42 0.04 0.09 0.17 0.38 0.09

(IV) Bafm T BSEDMF S [R5 ERVRYST

VEFP 12 RIS E,J;rﬁc;f* Mg®* ~ Na’~ K"~ NH," > = BIfgEE Wi
F'~ CI'+ SO4 + HCOs % NO5 (B4 » 2000) » #5778 % R0 ajyiet
(" T RIOENREN SO - H L pH - Na” Ca2+\Mgz+\SO 2
HCOs S 8E A = ik %FIT‘E[FTJ B BT R D 5 (RS ETR 2 EEl
P01 55 AR > B & ?‘HWEND > HPIEESYIKT  F s CF s NH,
NOg B, ™ 3 B, 2 Ay (%%Eﬁﬁ Far2l > 2001) > LR LY
T fﬁJ’FE‘F—%J‘[‘ik”‘JE@%E‘?@ o Fﬁ%;'i%@%?ﬁ S Sl T‘“jF{J SR L = PSR (Salmon et
al., 2001) (1) R [EH] > EHES Y RN mm (2) Hropsv g
B Y R BTOp 5 (B) AV R BEV IS T FERES (- - RS
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Effects of betel nut plantations on hydrologic
characteristics of upstream watersheds

Jaung-pey Lin® Hui-sheng Lu?> Liang-shin Hwang®

[ Abstract] In the Lianhauchi area, the Houpeikenchi creek, Jaulongchi creek and
Hokenchi creek respectively had 19%, 5% and 13%of watershed area covered by betel

nut plantations. During typhoon rainfall season from May to October, streamflows of
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Houpeikenchi creek and Herkenchi creek were found to be about 28% and 14% larger
than that of Jaulongchi creek respectively. During dry season from December to April,
streamflows of Houpeikenchi creek and Herkenchi creek were about 25% and 2% less
than that of Jaulongchi respectively. Stormflows of Houpeikenchi and Herkenchi creeks
were 2.32 and 1.36 times that of Jaulongchi creek. Peak flow and baseflow ratios of
Houpeikenchi creek and Herkenchi creek were larger than those of Jaulongchi creek.
The study results suggested that watershed streamflow regulation capability was better
at forest land than betel nut plantation. Water yield productivity was higher at betel nut
plantation than forest land.

Low flows were usually less than 0.01cms/km? at these three watersheds from
November to December. Maximum and minimum streamflow ratios were about 50~370
and sometimes over 400. Abundant streamflow at the 95" day of year was 0.041~
0.054cms/km?, and its order was as follows: Houpeikenchi creek > Herkenchi creek >
Jaulongchi creek. Average streamflow at the 185" day of year was 0.014~0.029
cms/km?, and low streamflow at the 275" day of year was 0.006~0.021cms/km?, and
dried streamflow at the 355" day was 0.001~0.016cms/km? and their orders were as
follows: Jaulongchi creek > Houpeikenchi creek > Herkenchi creek. The results indicate
that watersheds with high ratios of total areas covered by betel nut plantations would
significantly affect streamflow characteristics of watersheds. These results showed that
forests not only regulate water resources but also consume water yield.

[ Key word] batel nut, hydrologic characteristics.

-54 -



2009 ApfE A E?fﬁﬁjgﬁﬂ/ £:53-68

Ml
BN | P BEIEHAG (L - T AR T bAoA MY A
PRI PR o Syl bR B PATE E VAL < SRR R
[ B TS Ay A 4 ?ufftmﬁ% o Wz G PN T L
GTEMRE > NS Z L [ I PP o R R T
RREL - SR ﬁi’f’% B R R« B BT
HIRRRFERIES % o JR U J\fﬂf‘ J R EIRY > IRy L [ ﬁ N =
AP - SR TR R L ORI Y e e - BT RURERR
SR o A B B R o T AR o P ST - R A
EE BRI PR © W S BARE  FORAR R
FBE ~ AT T B FR o RERRU A el B -
FUBE R & 5(1998) » 7 1971 F FEMES AR 171 £ 1,607 ha > = 1997 & 57y
VG 56,542 ha » M 5 ARMPASHAT AT 35 £ BT AR R T PR EGRAET  » p
RLGCRIIRE - 1997 # A0 % I8N 133 [0 - AEH 4 S0 - R RS
I 4.2 % > =15 RIS RIASTN ™ o AR TR [l 4 pie o Al
Lo &«J#'mw‘fﬁ » SIEFE SR Mﬁvﬁ%%%’ﬁ“ FR RIS - F =
BB E FSRAFEME i % J*H;’Tf}lﬁﬂ%(iﬁéﬁ’l998 SR 2 1992) -
@j *ETﬁ%%g#ﬁ%WT EMET] - PR AR > &
TR E 2R RS B A TR MITLER S PR IR -
(525t o QIR S|P SR - PLIBAMTEAG - TV St - BEEEL > RLA R
[(S& PRB R 2 B RR ) S B A t”‘ il ETEJ@\EET%EU SR
i 1995 02000 5 FyBIEEE 0 1997 5 BB 2 1998) © “‘E% BT ki s
&2 Fﬁwﬁvﬁ'[‘iﬁ%l%f;ﬁ% P IS R T 4 B G TR R Rl S 2 Y

i E

WH%

IT ~ FPR[EE 1k

(D3 % 2Vl 5347
2 BB (SIS ENE RIS RIS - RS
i~ STV AR 4 SRR LR 0 S R T

-55-



PP~ B B e PR I BRI SRS Ty

FETPTL R A A SRR iy L 2y

D7 BHEEER IR

1995 & FEEHRS. ~ PGS~ LR B VIR - AR
[l Lo i e f Y BT 7&%&@@[1 etk I EIFHFJ BIFE ~ B0 55 Data
logger » = WBHHRE I A< =2 & E'FTFJIT%I o BHIERRIFR S 10 55 58 — SNy
A1 > I Data logger A+ SRENHIRYR] 5 Tl =00 iy (5481 > BRI W
Wt - FFENAE! - HEBLHIHE] 24 “”ﬁ"*ﬁ EVEVR] o 2B b R ST A
SiFT (RS 0 2001) o T RS A b g bl I 220 AR e s

(g Q=7.620H"

MR Q=4.080H"

i ST Q=1.840H"
DR =55 1T

&8 1998 # 1 F|= 2001 &+ 12 ] » H"ﬁ—@ﬁﬁﬁm%ﬁ ~ IR EEE 'F%ﬁ'@g’é% I
B VSV S B R] » REE AT ST [ﬁ%ﬁ?ﬁﬂ*ﬁ/ﬂ BIRA(™ » SR Y
B ERERTAT Jﬁf‘F‘~J£'§?FJ¥;’ﬁ§I@I CPF G A0 FDEES L
~REE 4 D) IIREIRB (T - PR ’F‘j[iﬂf’? UGS L B 53
AT~ (SR BTEERIpAAT ~ *E'@I“@z’ » AR B PR T A

I ~ %EJEL“’%“J?F%

(D) PRI LM

e EEE N ﬁﬁ‘@%(Herkenchi)é% <k (856 ha)i/[‘q%ﬂ' 1> & ﬁ@i #6394 (Jaulonchi)(370
a) ° ‘Fiﬁfﬁ?&ﬁ(Houpeikenchi)F‘wjé% <B4 (357 ha) > SEHSA Hif PFF[@ [FEES EOE o FUE
e " f[ NG 2=l ufﬁ % IFT 500 = 1,000 m V] R ENE R & B o 1P
Bl SRELET (™[RR R P LR S ETER EVEETER A TR BBk
gt wwﬁtm RO A ’E’;}Lkﬁiaiféi‘]}mﬁ o b BRI £ 20~40 il o
TIEEE 60~90 cm o & B Y R 0 59 20~60 om o PYETET B LV F 4
R RS f%ﬁ"%ﬁ‘[' 1?[ i “fH?} E'iﬁ}”"?‘f *"*“WH?IE
PSR 1e o SRR e £ VB SRR BRI AT
H B 1 IR RSB R TSR - FpLE

-56 -



2009 At & I ARy “’FFET{ 5 :53-68

FEi s ,??W%EIF@E{J&F‘/F» RETARLIRY > 1 R & A<EPY 7
SRR R T O 8 '
GRS R - A

ARSIV RIS 1978)
HEYFE T ISR T
%Bl’ﬁf ATERBD R IO S IR A
[ 88% » (I 7
5% > E 4 B9FHT % o 4 i*‘ﬁ[JE'J?ﬂ
A ’ﬁ‘iﬁrﬁfﬁﬂi BB FEIERY  ——
Liﬁﬁiﬁﬁﬁﬁ%ﬂm’~$ﬁ,ﬁ%ﬁﬁﬁfT%ﬁﬁfﬁﬁﬁﬁf@W%
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Tablel. Quantitative geomorphologic characteristics of Jaulonchi, Houpeikenchi and
Herkenchi watersheds

BRTEN B E RE FEEIOSE R ATREE T
A A 370 357 | 856
HORm  C 8,846 10,385 13,154
WhEm) L 3,492 4,186 5,202
TP m) AL 1,060 853 1,646
TLHREE AL 0.30 0.20 0.32
% n g 2A/C 0.77 0.65 0.79
TR (%) S 515 55.6 58.1

ot TS m) 958.2 883 958
A S () 552 552 527
VI SES SWS S

(D T IFHEAER s & - VR B 1

1 FyE - B E RS 5T
%Z%F Hg 2= W T@ZEH erR[(1998~2001) » = [ & bﬁ§7ﬁﬁa3 okl
e 2 - F/ 8B F R EED 1,927.5~3,105.5mm > T ESEE 2,428 1mm 0 ETF[12000 F
P D 5 1.927.5 mm > 1A 98 (1961~1996)1 & T 147 E] 2,181.3 mm
H P 5 F PR EI“?[KFZTT_# R R A N i Hafr[
PR gl vl ISR - MY2002) ) Thornthwaite T"LET A
frkl > SRR PpESE =T B TG R ED 955.4 mm - F)<811,225.9 mm -
I [ BLVEIES 56.2% o AEHPR % SR o L B R
Bl P ARIFIFOREF B o (AR SR S B S 1,276.8+1391.0
mm ° T 1,313.7 mm > P STV R E1,225.9 mm 2 87.8 mm ; i HRE
EIF%WE@ 1,148.8~1,207.6 mm > 1 #5955 1,179.0 mm > ]’} 46.9 mm ; F[‘L}Wﬂfp i
r%‘ﬂtr 51,253.0~1,380.0 mm> 1 #2£% 1,294.0 mm> F]] % 68.1 mmeBosch=* Hewlett(1982)
ﬁff/\[ 04 (R & B ETR] - TR E VAR T R SRR RS —TJI%(: FEIR A
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ﬁ fp0 B <16k = Y B SR -

F2 FIRIRE - IR - A NE S B P
Table2. Annual rainfall and streamflow amounts of Houpeikencui, Jaulongchi and
Herkenchi watersheds
E FHTIE _— i s AR
(mm) gl TFH‘\Q S hEl TEH‘\;I S Al %FJ#\E—' BERVRE
(mm) (mm) % (mm) (mm) % (mm) (mm) %
1998 3105.5 1817.7 1287.8 59% 1654.8 1450.7 53% 18139 1291.6 58%
1999 2497.5 1592.6 9049 64% 13153 1182.2 53% 1434.6 10629 57%
2000 1927.5 11532 7743 60% 10579 869.6 55% 12194 708.1 63%
2001 2182.0 1282.5 899.5 59% 1208.0 9740 55% 12694 912.6 58%

T 15 24281 14615 966.6  61% 1309.0 1119.1 54% 14343 9938 59%

=15
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Table3. Streamflows of Houpeikenchi, Jaulongchi and Herkenchi during rainfall and dry
seasons

[ (571~107]) FI 4 (117~ 47))

BUAE O pgRD FERGR dEERE ASuE PR FER deEmE Adug
(mm) ¥mm) @mm) (@mm) (mm) Kmm) (mm) (mm)
1998 1918 1230.3 990.7 1212.7 205 121.8 345.5 293.5
1999 22770 1477.6 10163 11484 643 266.0 240.6 367.9
2000 1248 879.4 772.8 840.6 477 179.4 395.6 332.5
2001 1809 1099.6 887.7 993.7 1154 645.6 641.6 594.1
=& fgf@ 1811 1171.7 9169 1048.8 620 303.2 405.8 397.0
,P“EEPI% 1.28 1.00 1.14 0.75 1.00 0.98

3. BRI R I

SRR ORT > SR TR - R % TRy
PR TURRRIFORA™ « PSR 2 L TR TBER PR o P
4 PIF P SRBEFG A BB - BAESEARAUMAR A AR
b SRR T A B W TR TR - R
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AER RS ST AT o N ﬂ['[ﬁ%.ﬁ’?—? o Fig.4 Relationship between rainfall and stormflow
fet @%T% ol T’JITEI\T B fl* on Houpeikenchi, Jaulongchi, and Herkenchi

watersheds during 1999~2001
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153 R B ﬁw (Cheng » 1978) » SHF i3 757 .«L—‘\p YR - I
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Tl B FASR FBE 1 « (SPETE BT > 1990)
4. HiEgh B Rl B 1%
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PRI T FLA— PR RS I SRR 1R

ﬂ A R SRRV B RS hydrograph) o pIATRGE SASEE B - B BIE B VY
%ngf,ﬂw R TS 17~336 mm > 67N RS BL 7~92 mm/hr o HEE | O
’ 7"*7\5{/4% £ 5 1 R E‘?ﬁlbum oI ARG 4. FETRR D e
i’h % 0.035~3.961 cms/km’ > W& EE 0.067~2.107 cms/km’ F[‘L}WWE b 0.051~3.067
cms/km’ » ¢I71< g Dyt R > SRS [ o B[ R R (5/13~14)
BEF B D 31 mm > PORIPHZRD - QR - o SR FLR B LS - RS
Hugd /Eiﬁhfﬁ? PHCEREERE B R R DRSS i R TR R
VR PR o 2001 2 VA B (7/29~31) o R T 336 mm - j ey
PEHRR o PIRER BRI R P U R IR R 2 TR R
L E] 92 mm/hr - NEAEMERTRERC 8.4 mm/hr o ERAY-ISEIAS ERER PG
Ft FF(?[HL?;%H‘ F\[ s I g B P s A
F 4 FEEIRIZ - TR FIRISE A Vi ~ USRS R e

Table4. Ratios of peak flow and baseflow, and runoff for Hpupeikenchi, Jaulogchi and
Herkenchi watersheds

Moop, YRS T RS A (P
BRI £ m PR FUREL o MR FLREL o MR ORE
mm Els/km” cms/km’ Els/km’ cms/km’ Els/km” cms/km’

7 |[%IJ§I%
(8/22~25)

PR
(5/13~14) 31 26 0.035 0.019 1.8 0.067 0.037 1.8 0.051 0.030 1.7

U
(7/09~10) 17 8 0245 0037 6.6 0170 0.076 22 0129 0049 26

75 7 0118 0026 45 0.088 0.052 .7 0087 0038 23

¥
(7129-31) 336 92 3961 0.055 720 2107 0094 224 3067 0.075 409
1? %’J
9/16~20) 57T 11 0203  0.091 22 0132 0.094 1.4 0116  0.058 2.0
;“ﬁj Eu
9/27-30) 68 11 0.287  0.091 32 0.152  0.094 1.6 0157 0.050 3.1

SRSIAL 09 B R L B B
B ] IF_HF[ {ﬁuﬂrﬁgl%« B2 —f< 5k o :Igi m it ,gu bﬂﬂjﬁkﬂj
5 A VR OB TR ST AT+ FBRIE BB A BRIEE J\EWEL
WEL ST HIES 0.019~0.091 cms/km” ~ 0.037~0.094 cms/km” ~ 0.030~0.075 cms/km® » I ] i &t
BRIV B EE S Wﬁﬁh&ﬁJ & ENta Ek?xF““?ﬁﬁﬁd{?ﬁ’FM R I
BT TR QAL L QU T T L RTS8 I AT B o
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QuQuEffI B > e PR EI S Ey L EN | o P R bl | S FLR A
P~ S B FRAEE R g T A o PRI SRR IR QUQE T ]
Bh 1.8~72.0 ~ 1.4~22.4 > 1.7~40.9 » I'| F B Qg » BEEREIR | > R FEA AT
FRES PO P o T R ISR B R R T IS P R )
S

5. [ B 1

7 ORAIR ] 5 o Rl A fl'%‘baﬁ'[fﬁéﬁ% TEE 5 & 10 FIAVERRE F Ay
PUORFFOAED ~ IR~ GO B - ﬁ b REDEE - R
Pt = W B AR R uﬁyﬁﬁﬁiﬁ 'J‘%ff B2 7 ems/km’fY 104 ems/km (5
BT 1990) < 33 10 FIRER Y ﬁwﬁw BB 3 4 BRI
AR FU Tttt o 2 1L A 12 PRI R S o F AR (5T
0.01 cms/km” = & fel =2 (N BHIOE 1 7 i 500 » Vsl = MRz R T
PRI - St ] R B OIS b 2 i 1000 » GEE e e (S Bl
FOETRey B4 BPR R (R = 208 SR R PO S BRI 204.6(53.1~
367) ~ SEHRE L 15.9(10.9~22.6) » *F LS 25.2(15.7~42.2) » BT IR FRE & - =)
SR SR RV ES AR (] BB (TR [y R PR TR
8 AU N (SRR VTSRS o SR IR (IR AR R BRI
S B P RERARI P S 2 E i -

FEUEET [V A o (B BEREREE ~ PRI & Ml > (1999~2001)
FIEGENERR] o FETE T BB EE > 5 p INRsE] 5T PR IE(3T 1~95
F1) > A<UI(5T 96~185 1) ~ [S-RWIEY 186~ 275 F1) ~ A I<HI(3Y 275~355 F1) » 727
95 FI~BY185 FI~ &Y 275 FI ~ BY 355 FI /I Sy B ERE I E! ~ T ikl ~ (o
Bl AR BT S) -

(IR SRR~ P RA SRS A b S o A PET-5Y 1-05 FIELE™
# o P10 By B SRS 0.041~0.775 cms/km’ » JRIpI TGS 2P oo % '
VU IS+ IRV SRR I R R T R R o &P ]
D FIUASLY AR [ PUIR B R ] B PR B S b AR
PREFME ] > B S B sy b 5 S SR ERs - JETRUE 1) B T
Sl SRERER R I RIS~ A RS ST 05 FLY I RS
HIF% 0.050 ~ 0.046 ~ 0.050 ems/km’ > FHHIE > & HE > BEHRE 5 FEE-2T 96~185 |
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D 8T, 0.014~0.029 ems/km’ » 2 RGBS I SO0 R B A0 33
| O AR BT IR T 58 TS
57 185 FI P EayiEl 55 HIES 0.020 ~ 0.026 ~ 0.026 cms/km® » i &E55 > flﬁ’@?’éi> '+
*T:ﬁﬁfu?ﬂ PR 186~275 FER %<1 0.006~0.021 cms/km’ » 3%‘@?“‘@}{%@#5}[[#3%
Vo Wk *ﬁ’ﬁmw@ﬁmﬁ%@t%"mwwmﬁﬁm#@m»ﬂﬁzg
57 275 PV P BEE T HIES 0.009 ~ 0.020 ~ 0.019 cms/km® » i &EE5 > F’ﬁﬁbi?’i> ¥
*T:ﬁﬁfu?ﬂ s PE-57 276~355 [ 15 ﬁff‘ﬁf 0.001~0.016 cms/km’ » FI f5yfEl B
ST F Y 355 FLFI EERE ST RS 0.004 ~ 0.013 ~ 0.016 cms/km’ ﬁa%?%>ﬁ
P> FHEE -

i

Fo 5P BRIRIE - IRERE N B IRIRE BRI
Table5. Streamflows of Herpeikenchi, Jaulongchi and Hokenchi watersheds

N T et bl T 3
N | (CMS/Km) (CMS/Km’) (CMS/Km’) e

Bl TORET ERED TR T REC IRE SFE T FE e QY
SYSOF! HWSE! BVI40F! BYISSE! H1230F H1275 53300F y3sspl Km)

g 1999 0138 0054 0025 0014 0010 0006 0003 0001 0051

“Fl

B 2000 0072 0049 0031 0021 0015 0012 0009 0007 0037

P
2001 0.070 0.048 0.033 0023 0.018 0.010 0.005 0.004 0.038
pse 1999 0090 0.049 0.028 0.022 0021 0019 0018 0.016 0.042

EE 2000 0.060 0.049 0034 0027 0021 0019 0018 0.016 0.034
TE 2001 0058 0041 0035 0029 0025 0020 0019 0016 0.038
s 19990096 0.051 0028 0021 0019 0017 0016 0016 0.046
£& 2000 0.065 0.051 0.036 0.029 0.024 0.020 0016 0.015 0.039
TE 2001 0073 0049 0038 0026 0022 0018 0017 0016 0.042

1950 0.055 0.034 0.024 0.018 0015 0.012 0.010 0.008 0.029
;jé 1960 0.049 0.032 0.024 0.020 0.017 0.014 0.011 0.009 0.031
e 1970 0.058 0.035  0.025 0019 0.015 0012 0010 0.008 0.032

1984 0.051 0.032 0.023 0.019 0015 0012 0.010 0.009 0.030

SRR A R R

91917 12 T Q997)V 7 APV - 4 [FRF 1V AbReE <G » [53
m&ﬁ,ﬂﬁwwmis,%gwﬁaﬁﬂ%ﬁ@ﬁ&ﬂw%WAﬁéﬁa,%a
T 1 [ TR - LTS R R BRI
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BV PSR i R R AR o PRl > ERRIREIEE T AR Vo S
i ?‘ﬁﬁ’“ﬁﬁﬂ (ERNTER SUSCRTE f‘?*%ﬁifpfrm Pl 8% 2.03(1.8~2.4) 0 Ik HEE 4T
1.83(1.4~2.2) ° Hﬂ‘fﬁﬁhw }2.76(2.1~3.9) > FI 445 15.%1.75(1.6~1.9)’,TE?E'YFL%’
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R IR o R et N L TR T i
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(IR B AR D 0.64052~0.75) - ﬂiae&iﬁﬁ 0.620.55~0.73) > *F HibE £l
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2. FNFEERIF AU AN
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SF#=0.3074xPS-3.912 (n=190, r’=0.873)
SFx=0.1217xPS-1.360 (n=190, r’=0.834)
SF#=0.1829xPS-2.793 (n=190, 1°=0.853)
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STORMFLOW AND FLOOD FREQUENCY RESPONSE
TO FOREST COVER REMOVAL IN CENTRAL TAIWAN

Shiang-Yue Lu' Liang-Shin Hwang’

Abstract The effect of forest harvesting on flooding has been a subject of
controversy. Determining such effects is constrained by the inability to measure
directly how forest harvesting affects stormflow response to extreme events. Rainfall
and snowmelt events that represent extreme events must be analyzed to adequately
describe a frequency curve. In this study, the modified Peatland Hydrologic Impact
Model (PHIM) was used in simulating forested and clearcut conditions in an

upland-peatland first order watershed in central Taiwan. The results of simulations
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Assistant Scientist, Division of Watershed Management, Taiwan Forestry Research Institute, Council of
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using 47 years of precipitation records indicated that overall the annual daily average
discharges were significantly affected by clearing of upland forests in such watersheds.
However, there appeared to be more of an effect on events with smaller recurrence
intervals. Frequency analysis shown that quantiles of discharge for events of small
recurrence interval approximately the 2 years after removal of forest cover appeared
to have significant different from that of the pre-forest conditions. No significant
changes were detected in the timing of peak flows that resulted from rainfall alone. In
addition, the annual water yield increased nearly 12 percent, a difference that is
statistically significant. Since frequency curves before and after forest removal
showed only small differences for events having large recurrence interval, the effects
of forest cover on large floods in central Taiwan is considered negligible.

Key words forest harvest effects, extreme events, PHIM, frequency curves.
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Table 1. Climatic conditions for the Lienhuachih area (from Jan. 1961 to Dec. 2007)

Total  Average? Average  Average  Average? Total®  Average Average
daily daily daily relative wind Radiation
rainfall ~ temp. max.temp. min.temp. humidity ET velocity
(mm) () () () (%) (mm) (m/sec) (MIm?)

Jan 49.2 14.7 20.7 10.0 84.4 62.6 0.36 275.22
Feb 85.5 16.0 21.8 11.6 85.8 60.6 0.39 307.66
Mar 104.7 18.3 237 134 86.3 83.7 0.43 356.37
Apr 137.0 211 26.1 16.6 86.2 90.7 041 389.52
May 316.5 232 27.8 19.1 86.5 89.9 0.42 446.93
June 491.9 244 28.8 20.3 87.1 91.9 0.40 399.62
July 369.1 25.1 29.8 21.0 84.8 116.2 0.45 507.43
Aug 412.0 247 29.3 20.7 86.3 104.7 0.42 450.76
Sept 181.6 24.1 28.8 19.8 86.2 100.8 0.40 402.76
Oct 46.0 224 274 17.9 85.0 914 0.39 398.45
Nov 240 19.5 25.0 14.8 84.7 70.7 0.34 307.71
Dec 33.0 16.1 221 11.2 84.1 56.9 0.32 304.33
Avg. 20.8 25.9 16.4 85.6 0.39 378.90
Total 2250.5 1020.1

1) Average of daily 09:00, 14:00, and 21:00 records before 1993.

2) Measured by evaporative pan with a diameter of 120 cm.
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Table 2.The format of UPLAND submodel and site description data for the hydrologic unit
of the Lienhuachih #3 watershed.

Characterization data Description

WS-L3 UPLAND DATA SET Description of data file
95.0 3.30 Overstory cover % and max. interception capacity (mm)
80.0 1.20 Tall shrub cover % and max. interception capacity (mm)
40.0 1.00 Low shrub cover % and max. interception capacity (mm)
90.0 1.00 Herbaceous cover % and max. interception capacity (mm)

1 1 Month and day of the beginning of growing season

1 1 Month and day for the maturity of foliage
12 31 Month and day for ending of growing season length

0.0 Rain-freeze threshold temperature ( °C )

0.0 Snow water equivalent (cm)

0.150 0.0 Melt rate coefficient and base temperature ( °C )
30.0 200.0 Depth to the base of SSFL and LRZ (cm)

150.0 The maximum of depth of rooting (cm)
0.9750 Beta value for Gale's vertical root distribution

0.4810 0.2050  0.0510 65, 6 and 0,,, for SSFL
0.4080 0.3300  0.1200 6, B¢ and 6, for LRZ

0.1030 0.0510 Soil water content when water supply limits ET and ET goes to zero
0.1650 0.1200 for SSFL and LRZ, respectively
0.060 0.197 Initial water content for SSFL and LRZ, respectively
3.350 8.340 Cambell’s b value for SSFL and LRZ, respectively
17.280 0.2300 0.230 Ksat for SSFL, Impede horizon, and LRZ (cm/hour)
0.390 Drainable porosity
0.80 Infiltration capacity (cm/h)
3.43 Area of hydrologic unit (ha)
780.6 Discharge perimeter (m)
69.0 Average land slope (%)

Note: Column positions are free and variables within a row are separated by | or more blanks.
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Table 3. Values of parameters before and after parameter changes to
reflect the effects of forest cover removal on streamflow for
the Lienhuachih No. 3 watershed

Name of Forest Cover Removal  Unit Reference
Parameters  Before After

OSC 95.0 0.0 %

TSC 80.0 0.0 %

LSC 40.0 0.0 %

HERBC 90.0 10.0 %

YROOT 150.0 50.0 cm Barten, 1988; Lee, 1980
BETA 0.975 0.993 Gale and Grigal, 1987
SMRATE 0.0 0.0 cm/‘C-day Barten, 1988

VWCL1 0.103 0.205 cm®cm®  Leaf and Brink, 1975
VWCZ1 0.051 0.154 cm®/cm?® " "
VWCL2 0.165 0.33 cm®/cm?® " "
VWCZ2 0.12 0.248 cm®/cm?® " "

INFAV 0.8 0.8 cm/hour

OSC: Overstory (> 3m) cover percentage
TSC: Tall shrub (1-3m) cover percentage
LSC: Low shrub (< 1m) cover percentage
HERBC: Herbaceous cover percentage
YROOT: The maximum depth of rooting or soil water depletion depth
BETA: Mean roots distribution coefficient

SMRATE: Melt rate coefficient for temperature index snowmelt equation
VWCL1: Volumetric water content when water supply limits ET in Zone 1

VWCZ1: Volumetric water content when AET goes to zero in Zone 1

VWCL1: Volumetric water content when water supply limits ET in Zone 2

VWCZ1: Volumetric water content when AET goes to zero in Zone 2

INFAV: Infiltration capacity.
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Table 4. Results of chi-square goodness of fit test

Item Before Cutting After Cutting
Max. Daily Rainfall
Discharge 10.316 9.526
Max. 3-Day Rainfall
Runoff Volume 3.736 3.211

Note: All statistics have a 10 degree of freedom.
The critical value at 0.05 level of significance is 18.307
at 10 degree of freedom.

Table 5. Summary simulated results (47 years) for the Lienhuachih No. 3 watershed
before and after removal of forest cover

Before After Average

Item Increases
Ave. Std. Skew Ave. Std. Skew

Annual Precip. 2200.13 165.65 --- 2200.13 165.65 ---
(mm)

Annual Water 946.10 59,50 --- 1059.63 56.07 --- 13.53
Yield (mm)

Avg. Daily

Discharge (cms) 0.0098 0.0177 2.324 0.0110 0.0176 2.300 0.0018

Max. 3-Day

Discharge (mm) 138.17 1831.931.144 14152 1761.70 1.188 3.35
\olume
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Table 6. The estimated annual average daily rainfall discharges under
different return years for the Lienhuachih No. 3 watershed

Return Before After Increase Percent of Increase
D (- A— (m>/sec) ----------- (%)
1.11 0.00763 0.00970 0.00206 27.05
1.43 0.01283 0.01492 0.00209 16.28
2.0 0.01832 0.02031 0.00199 10.85
3.33 0.02611 0.02787 0.00177 6.77
5.0 0.03230 0.03389 0.00159 4.92
10.0 0.04331 0.04465 0.00134 3.09
20.0 0.05511 0.05632 0.00121 2.19
25.0 0.05911 0.06031 0.00120 2.03
40.0 0.06785 0.06911 0.00126 1.85
50.0 0.07217 0.07349 0.00132 1.83
100.0 0.08630 0.08800 0.00170 1.97

Frequency components for LP3 distribution:

Before forest removal:
mean = -1.73907

SD = 0.29415
Cs =-0.01548
Cw =-0.04278

-83-

After forest removal:
mean = -1.68589

SD = 0.25902
Cs = 0.22984
Cw = 0.14701
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Table 7. The estimated maximum three-day rainfall runoff volume under
different return years for the Lienhuachih No. 3 watershed

Return  Before After Increase Percent of Increase
Year  ------m--e-e- (mm) --=--=nmmm- (%)
1.11 130.17 156.41 26.42 20.16
1.43 204.62 228.09 23.48 11.47
2.0 274.39 293.82 19.43 7.08
3.33 362.19 376.10 13.91 3.84
5.0 425.21 435.33 10.12 2.38
10.0 499.20 503.94 4.74 0.95
20.0 618.01 619.49 1.48 0.24
25.0 731.11 731.91 0.80 0.11
40.0 766.93 767.47 0.54 0.07
50.0 841.32 841.66 0.34 0.04
100.0 875.81 876.08 0.27 0.03

Frequency components for LP3 distribution:
Before forest removal:

mean = 3.47820
SD = 0.23768
Cs =-0.31604
Cw =-0.28154

-84 -

After forest removal:

mean = 3.51536
SD = 0.20745
Cs =-0.14624

Cw  =-0.14923
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MODEL ESTABLISHMENT AND APPLICATION FOR
AUTOMATED WATERSHED ANALYSIS

Wen-Tzu Lin* Chao-Yuan Lin?

[ Abstract] Watershed has been regarded as the basic unit in the operation and
management of soil and water conservation. In this study, fuzzy theory coupled with
GIS-based spatial analysis and digital elevation model were used to solve the drawbacks
of drainage flow calculation. In addition, outlet-tracing and headwater-tracing
algorithms were proposed for flexibly delineating a variety of watersheds, including the
user-specified outlets, the stream-order and the management requirement watersheds
and extracting realistic drainage networks for the references of watershed management.

Combined with erosion loss equation and rational formula, the developed models can be
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Associate Professor, Department of Design for Sustamable Environment, Ming Dao University, Taiwan.
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applied to (1) predicting sediment yields on slopeland and (2) calculating rainfall and
runoff analysis in a watershed.

[ Key words) Watershed analysis, Sediment yields on slopeland, Peak flow estimation.
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THE STUDY OF SOIL AND WATER LOSSES CONTROL
ON STEEP SLOPING TEA PLANTATION

Li-Ling Lin* Shu-Ting Chang? Yi-Zhih Tsai

[ Abstract]) Six different conservation practices were assigned on steep sloping tea
plantation to study the effect of soil and water control and soil properties. The
practices are bench terrace with bahia grass cover, bench terrace with vegetative cover,

bench terrace with straw mulch, bench terrace with clean tillage, hillside ditch with
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vegetative cover, and bare control plot. The results indicated that bench terrace with

bahia grass cover can control soil and water losses on steep sloping tea plantation
effectively. The annual soil losses under bench terrace with bahia grass cover is only
0.263 ton/ha, which is about 0.5 % of the bare control plot. The runoff rate is 0.021,
which is only 5% of the bare control plot. The soil properties would be also affected
by different conservation practices on tea plantation. The organic matter content,
geometric aggregate mean diameter, and saturated hydraulic conductivity were
highest found in the practice of bench terrace with bahia grass cover.

Key words Tea plantation, Bench terrace, Cover, Mulch, Soil and water losses.
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2. RGYR VLR
R IR R S0 SR T EITR e Qe BT S Eﬁﬁ?‘*i"a;‘ﬁiiﬁﬁl
POTH L T e FRERIILD FITE SR W R R AR SR
PP e AV
3. HEAREEEE RN
(1) FIHIH FEIBIMHETE Guelph %3WET (Elrick et al., 1987) TF4EN] -
(2) FpEERE > SIETEIHE > A EP L VR ENEEER BT -

4. SEEE ﬁaﬁh@iﬂﬂ%
-+ SRR Y 5 SR 9H R o T R 2 AR
. ’f/D" ELGHEP VB mﬁm 3= TR R
ri@?EHﬁF O U A S TS AT RN AR R Bl

-102 -



2009 A B T (1Y 5 :97-108
[V RSB 5 A RS S E R N G SR -

Im - %Fﬂéﬂﬁjﬁ

AP 1 1996 F 2 2000 F 5 & RV ENTRR » B0 S BREEE T
R E | PRERRR [ s S R AR ST R E BT
(PRI ~ R R > 1998) o F T H foesran f IV S B3R 2 4 sz
g (FFFIET > 1998) » ZORPPHE VAN 32y

(I)N8: 2 SR vEEer

TIRIECEI P 4 BRI 1A RN R RS PN A BB P
@J e AR @tf*ﬁﬂ“ A[g',qiﬁ pU-sa b Bl 4 BRAYETRY i dS5AE *F’_
o SRR o SR (57O R T 4 o N A (A
SR = S %%?%§4Vﬁ?o°*ﬂ%ﬁﬂ%ﬁm | (EPrEpRpp o i
-+ ﬁg%yﬁ&‘%ﬁf F[FJ,“EIEIJ[H[EE e BEF&@i TR 'JchsriL4 i {dNETF ;f% WE_
2 BRE 2 7 Haph > ;'Mﬁ,ﬁjﬁjj BB ARR A 1

Ay

* 1. RS PRk
Table 1. Soil properties of different treatments
_— T ‘F@ W ‘F@ J&kﬁr - oH T bk Ty

kg/m? kg/m? % 10°m

mem% 1340° 2460° 2.69° 5.34° 3.86° b A
L g, ' ' S G
:“\ V/\ ’I

FJ“?E? 1270° 2280° 2.37° 5.77° 3.66° Fifjisk +
ﬁ‘:f‘[—lf I%F‘.L\-

}[M?F& 1260° 2460° 213 5.55° 331° i+

(s %%
| i i@ 1240° 2460° 2,01° 5.14° 2.67° Higet
AR X
?[Pﬂggii 1210% 2510° 2.32° 4.74° 1.26° R+
[kt 1090° 2440° 1.51¢ 5.39° 057" Kt

R R H O 2 1 b Y F,

-103 -



PRI ~ SRt~ Ze Ak REM R Rt A ke

(I )R+ BRAA- T g

A ] SR F[WE'FQF' I PR 2 b B ST [l s A
ﬁ“ EJ«{ETEU’?‘/W’ Bl E VIR T [l 2 lﬁ&ﬁ%i’ﬁ” ok R AT e
7 54 P R R O B BB R R 4
joj@wﬁ%4§%W@@$Eﬁ§§4%¢mmwﬁj@@f%%ﬁb
DRE Sy NI It 2= R ATl KO- 1A tie i1l & TR B S = RN E S
5 (Non-capillary pores ) 7 I[| "5 1 By R CEEA - T RV gl - 25 5
SURY o D B (P 1968) o REHET > HUBSHE D+ 8
PETEIRREET ~ [aE 2% [ 1 S50 (2 [ 0 % | fﬁi (o HER 4+ 3'“Fﬁi§*<ﬁﬁq > [
ZEE ST D o S A (L I (S o A T D_,%[IffF‘H'lﬁr»HF ShErapt
gu E &k?f’r ’rgprr AT > B E e [ gﬁ\‘ﬁl 0 f' |k A p JEEA I
] R, i [ L e B SRR AR Uk ] N S 2 T R
D A [ [ o [P SPIREY A SR RS ETAIT (R

=R

14
SRR
ﬁ@ 12 F 11.188 BGuclphi% 551

O [ R

6.154
5.570
2512
1.745 1.471
0.682
TOREARS BE T RRRE WS

o T

B4 IR RS A

Fig. 4. Saturated hydraulic conductivity for different soil conservation treatments

(1) f‘, RV E e S B AR
’FiJIZ{‘*ﬂFJ HIFE 1996 # 1 F|E = 2000 F 9 | [ [EEFER] (qé.ﬁ' 5) > #EHH]
F< %I]Em/\’}iJIZPEF HIETER PO R (S 2) =4 ERRRES (5 3) o FIibTTE 1996

-104 -



2009 AffE A Y TIE]‘fTuTP £%:97-108

FEIPIECRIEE, 0 1997 FABEFIK L o AT liiﬁ[?wfp S | S B A
Bt Bl EEAE S SRR BRI R RE

EIAI R 2 N RS 6 & P RIRCE N VT 5 SRR R
SHOPR 6 e o R o R RS SR R R RS R

fl <+ [%ﬁ}ﬁfﬁ” lE.W:FE 0 PR E+ ERACED BT F[BE‘EEB@
fﬁr:.,yﬁﬂ 5+ 1H4 B £ 0.263ton/ha [EIHFEJEE“%TRF{EJ:J/IJJJ/;' [
ok & 0.021 » LM 1 5% o T | T R A B e e R E
OFE I LY A== e

3500
[Fgooo :
o J2500 :
£[2000 :
1500 |
oo |
500 |
0

3063.4

2443.4 2438.1
2252.3

1738

[ZAS
1996:F 1997 1998 1999 2000-* & 17

5. FRHIRRNG D R

Fig. 5.  Annual rainfall during the experimental period.

F 2. FETRAS BUHECED ZHE (I m’/25m’)

Table 2. The runoff of tea plantation with different treatments.
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FR S 16.685 38.211 16.28 32.453 12.866 0.399%
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Table 3. The soil erosion of tea plantation with different treatments.
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Stream Water Chemistry of Neidong National Recreation
Area

Chiung-Pin Liu* Xiu-Nyu Chen? Yu-Xuan Lin® Jun-Ting Lyu®
Chiu-hsien Wang*

[ Abstract] The purposes of this study are to cncern the effects of long-term
recreational behaviors and typhoon disturbance on water chemistry of forest
ecosystems and to survey the buffer capacity of different source streams. We
examined pH, electrical conductivity (EC), Inorganic cations (Na*, NH4*, K*, Mg?*,
Ca®") and anions (F, CI', NOg, SO,%, HCO3) , dissolved organic carbon (DOC),
dissolved inorganic carbon (DIC), and total nitrogen (TN) in the precipitation and
streamwater samples. The results showed that the precipitationl pH was under 5.6
during the monitoring period, from 4 to 5, indicated the Neidong National Forest
Recreation Area was affected by acid rain. SO, accounted for the highest
proportion of solute in the precipitation. However, the pH value was higher than 7
in all the sampling sites of streamwater, and the HCOj3™ concentration was higher
than 300peq L™, indicating owned good capacities to acid precipitation in this area.
The concentration of HCO3', SO,%, and Ca®" in the streamwater sampling sites was
higher than 10 mg L™, indicating the high SO,* concentration associated with high
Ca’* together in the streams.  On the other hand, almost all the concentration of
solutes was higher in the Nansi River than in the Neidong River, especially the
sampling sites after Luohao Dam. Overall, although the watershed area of Nansi
River was bigger than Neidong River and under more stress from visitors, but it did
not threaten to pollution. It implied that forest watershed owned capacity to
maintain good water quality.

[ Key words ]JNeidong National Recreation Area; Rainfall; Stream water; Typhoon;

Water chemistry.
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WY o BRI HRE Y R PP R I ETHRL T R
&7 5 FORTSE POpAHRAIT O = Bl U 2Rl Pt IR -

AR EAES D b SR R BRI {1 - PRI D ISR

B BRI o (RPN SR G [PV e
AR R OB ]y ASEDR] @ NI R o [TRSIEREOFIR] - [t i
DAE AR P s il e LR BRI [’%}% (LG4 ~opli Popseron
DT SRR o [ SRR o RIS T NPT
PP e R[22 A & 8 PRSI DR o - S R
o T AR AL E U

[* I Aot 140 Ly SR ORT - 2 B Al 5 1191.34 22 >
VA3 )% £ 230~ 800 1t N o [la[ ¢ H/L%Jvﬁ LT R R o
EJL [ 47 FILRLE lrﬁ@wﬁ;ﬁ%ﬁ‘—fﬂ Pttty o HHIT ﬂﬁﬁﬂ%ﬁfﬁﬁﬁiﬁ%? J\bF

PCEERA R AEIZEIET- o R 03 11 PTG G |

pchI: VI (PR o CSRES BV HRR O R YR
TTIf  TERUL » 3575 At RS B R SR [ R A
PRI & o ﬁ’ﬁﬁﬁtﬁ} PR REBURAYE NSGE ARl | SRR O s
P S E AR E Y SRS R A AR f AT W)
R

I~ FPREHk

T AT P R ™ T IRV 3 AR b PR
ﬁﬂ* Hemwv’fiféf ({1 - &5 2P o ST EEAIZEBE - gk
B AR N P d?vﬁ&ﬁiﬁﬁdﬂﬂigiv%m LAIpH» v 'R =2V 500mL
W ORI 2 RS S [ R ) (R R
g PJH RG] e SRR AL AT DR R [ - BTV
F o pITEIER BT 2L ’ﬂeﬁ VAR ’J 71 ET RS RETLY
%;-z%—r lﬁ[ o T FL ARG o
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IR i~ RS PR 2 FRIE [ I At 1 2

RSB IEBARI AR AR - [ 3 2 20 om OISR - F [ RS
AL IBGIAOIS G AR] - PR R SREE 1 e 2
ﬁilfll r‘l‘étﬂﬁﬂ%ﬁxjjﬂJi&hnﬁ"‘bﬁﬁh*j | A8 mpﬂfﬁ[sngianﬁﬁ » SRFE T,
TPHITCE o [N ALl 5 (event) ELER & o 5y SRy e B & i 52 ~Apjs-& 2]
FOAbl o FrE ook e e o A -

AEVS IR EIJ?@%%L'@ ~ RRIZET - pHIf ~ [EEE(Ca® ~ Mg® ~ Na -
K* ~ NH; ") ~ [ 55" (F7 ~ CI"~ SO4” ~ NO3™ ~ HCOg™ )37 > 73 7 4 3 (i
APHA(American Public Health Association » 1995) & & [¥ %ﬁiﬂjifﬁj (1996 ) -

AL PR ARSI VAR
I~ N ==

(I)FFIEFY

[ ( r,iﬁi&?ﬂi » bulk precipitation ) ﬁf‘ﬁf‘ﬂ@f&&f &350 - £
i > FHIRLE A [T Corustal rocks) BIZEPY7 kmb 55 B9 - &
FE T & Pl R PR s [ FERRL S B Mﬁ?j HE %W‘Wl

-112 -



2009 ZpbFE Bk TP €7 i ¢ & 1100-126

(Fahey et al., 1985) » [F=9f » & Ao ?g»@[?zmg%&%ﬂ/m 5 “Jﬁ,%iﬁﬁ'lﬁﬁ"f‘}%
L['Sf?ﬂ*‘\ﬁﬂ;’? fup & g (Lindberg and Harriss, 1981) -

J\QHIA? f%ﬁ‘i?\”’I‘HUCOz ’ ﬂL”i}ﬁf‘ﬁi?T = PPy fpHAY Y 5.6 o (X
175 5.6 Hirgh k1t ﬁ 7+ 5.6 FiFEPlElE (Barrett and Brodin, 1955) « ik 7<pk
[ i**‘f‘liﬂlf o (B TP > PSRRI o [ A TpHIE S
(P BB R S A R o F TSRS B Bl (YA D) > Yy
Ao BRE PRIV o YA BRI B A o T BRI R LA
Pirce g gy % o PApopHIfiss 4~5 Vi (R 1) -

FISRYpR © ’E"Yfﬂ“ﬂf‘?}iBfVFUSOszOX ’ riﬁ[lé aénl”?“Jl'p”J [
5 YIHpS 04 HNOg .V BT (E 0T » 1 S [l oyiiie = Bshe » R fik [
VP e [RIP= s T o GRS el B IR e 9S04 Jf:['Nos E"”IﬁIF“%
PISEEREG, EHC T OB R RERL e IR AERRpORRR -

DI HIFONH, PRI A A B Iﬁﬂp [k ﬁ{J » NH, g7 H—%ﬁ?@i}
Lo BRAARRLEE ~ AR R BEEPE YT NG R RS
IR PRI 2 B0 o = RURLIN B s i BBl s ZE U 2 i 2 R ]
[l » AL BIIIMitchell(1997) 4k | 1 $4rigghBRis Vi B > BT Rl
NH, " & = SR |k At Ryuoh & ~<Bfiv 1.9 mol L'lf_%;}fgﬁﬁﬁﬁﬁh 24.0
mol L™/ il 5 2 pud ﬁ%%ﬁu ZE( o T AR IR E#ff?}ji%ﬁ:ilz’[%{fj’glElfmg‘-‘]
S PRIFE T TA R B S PO SRR W R R 2R
STl e

* 1. PlEB%E %’H‘@%&E&[ 7J‘PJ7J‘I

+

L pH Na* NH,, K* Mg" ca® F cI' NO, NOs; PO, SO, HCO;
psS cm? peq L*

2513 451 9151 624 394 5582 6017 064 8419 5192 290 0.09 7347 2428
(104)  (0.45) (775) (14.9) (2.8) (1854) (170) (1.08) (65.6) (5529) (10.2) (0.3) (149.9) (29.4)

K AT R

() At l'“‘ﬁ‘@’.ffl@fﬁ]é‘i::’“ |Fr

YA AR B 2 PR T 5 0 (biogeochemistry cycle) A= L
© o FEYERT( B~ 4 BRAL R AR ok 2 PR o PR R
puT 2 (Beaulac and Reckhow, 1982; Likens and Bormann, 1995; Hornbeck et
al., 1997; Alexander et al., 2000; Rhodes et al., 2001; Tsujimura et al., 2001; Baker,
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BEOF  Bie ~ ARFSE FURGE © 2 PR B AR g o 5

2003)oi§ﬁﬁé‘~gwfpj ?E'«*Fﬂi B E] B B (S50 IR (2P P HE
AR F T J?FITEJ

TP OB S BRI ARSI PR | (e & A1 i
U (Holdren et al., 1993) « [T =5/ PYrgap =0 P8 - [ (e
T T B o P CF SURLFT BTSSR A :‘“%@%ﬁfﬁl%ﬁﬁi@?%

PR 8 AR < (AP P o BERAINS-ASIAN I BT+ 227
2020 5 [H A V'SOREHHYH K1 1990 £ [ 3 ff S 1 4 15 1990 2+ 4 3 [g[
PR OSSR o AT At R A O LTRSS b 2 2 e
B o

TR 20 F [ 0 EISEFTTR AR I [ PORE T E e
St - P'Jﬁﬁ’;& JOEIENESNEE = K e Hyﬁ*w&iﬂﬁﬁ;ﬁ”ﬁﬁ% N
W (O - 5T RO ERL S SR ] S
(Almer et al., 1974) » = FPRI [ ST Al & Af<h [ ERFURYET » I F g
5’?U}§ﬁyl(Hornbeck, 1992; Likens and Bormann, 1995; Hornbeck et al., 1997;
Aber et al., 2003; Eimers et al., 2004; Burns et al., 2006) - [* |1l 4 A4t |
O PR, =1 SR T = DO TAR By« [ 2 BRI >
FRE BT ~ I 3 TV FIRSEIR 4 SVEBRIEI 85 A2 55 ~ pH
FY 2 [fRgR ! o AEIRRERT A9 Fhy 2 370 jﬂij@ﬂh@?ﬁﬁl o iy ST T A
PR RL PP oy 2 R ﬁwﬂﬁﬁﬁl%@ o Bkl - [T
=t R ”Hl%iiﬂﬁu?ﬁ*mu%& PJE‘JT Fabf T R 2 IRy
BRI B IR PR R o A REEL VEE%LB%@ PR RV HT
SRR S e TR e @a[ ’ %54 B ) R PR RS R
T3 Dot STV eV TR VG » g R OB T
AARL Y ﬁ[ﬂp |l % (Lee et al., 1995) ? [%fﬁ“@ﬁiﬁﬁpu  METRERR T R
I EJE%BJ ) [jrztﬁ (U B > I R f/g@%g | 55Hd o

PATE BRI > D VRS IR S EMIE PR R
VAT 7 95 R b ) BT % | Ji%é{ﬁ?*% /+
R R 5 55 [0 P B o S 2 g SR - [0
é‘p > NIRRT VST > FERLCAT  Na Mg -

. | ﬁliﬁ*ﬁuﬁk Sﬂi (New York State Departmental of Environmental
Conservation > 1984)#ISharpe=™ (1984)?’[“S TESIYEFIVHCO YRR | [ 4T 200
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Mol £ Py [ SRR A Tk I (F1 A = R R 300 ugeL™ > = 353 ~f<pH
[@’g“ AT NIRRT Y BRAESTT E ERTRD s AR O

PR G ] < IS0, I FIoA S - Cafl
? E UE”j AU {(Hornbeck et al. 1997; Tsujimura et al., 2001) » 915k 2 pub=ig
4 BRI PO A SO FT S TORI I % T RPTEE Ep
SO P ZE A< [577F IR 2 T RO g e SO U 3T -
e F. [[HHE R BT % > RPN SIS S04 I/ Y R = i g o1
TS AV B e 0 4 FEREE B Y FF[IF[JCaZ@EI@KﬁIEI[ mjgﬂllﬂ% pJCa
AT 2 B+ =5 CaP S O RS » k50 e H I
(8 s

- IR AT I AR (175 » Pt (oH) fr 47 6-8
VR ISR AR EF:?[%A 10 ppm > 7 SRR > SO~ HCOgE‘T’CaZ”ﬁB
%E?[Fﬁ‘c?a' » SO4” % I VRRLA SR » BRI RIS TV~ o bl Eifel
AN wﬂﬁ’ﬁl ;@’ﬁé[ VR {ER R 4> @ d[iHouleF[ICarignan  (1995) .
1, S0,2 LI ;r@—kjlfi&ﬁgq;%ﬁfj%ﬂ”y'} ; T‘igﬁ[ WA A & {E S pYp JIH?EHI )
ﬁ'ffiCa PR RS 1 PN HCA™ TR 35 IS o T P A
ML Je B B T[S S o

PYTE AbR & <t + AR I“IQ?EHWK#%%J\ HYHCOs™ » 1 P95k
"J‘?E[J%!ﬁ%‘@?ﬁ%ﬂﬁw ol lﬁlf}*’iiﬁéﬁfﬂ\ =7 '*ﬁ JEE FUHCOs [ o ke [
PIFTERTNCOZYAT o B ST 1223 %!iUHCOs W B T e S
YEPYTY 456 7 BRI EIEIS > T RSN RBER Ao o
i SRR A ﬁﬁp’ BLR[| 53 Btk % HCOg (Baron, 1991) » Y1 A »
HCO f it SEASEI-S O] FTIRE {1 14 + St (Rl ol - fosgssd
ti— BBy Wﬁﬂl&dbm}’h AR (R EJETJI,.~ (Binkley et al., 1989;
Neal et al., 1990; Robson et al., 1993) -

P SR PR R B NH, 91 15
FNRR D5 RLPIRE P S padi 0 S E e RS IR D 3 DR S
SRR e oy s e R e I T AR B P [é.ﬁﬁf'ifsﬁ’ﬂf g o BIIFIED
HEIRES VNa" K" rﬂ%ﬁﬁf‘ﬁ\ii%@ ATE @% oz o NaHEE e A9
Py iR BCE T R PR BRTR PR OSSR )
phElI A T pT (Lee et al., 1995) -
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Qﬁ' 2. (Continued)
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FRRT (B P SARIERTE BRI ~ BITTRORSEY I RRARYTN S 1
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Q%ﬂ 3. (Continued)

- JﬂQI?JE CIIT SRAOE A R % SEINOS SO, -+ (EI SRR U B
T YEASFIAYNOS K SO i & E‘VI" ;\“\#J\EJWE}%@ B R FUNES 1)
ﬁﬂ?j“ SO, PR BER > (PR R s ]p\JSOf”“FJ
({0 20 & ERRYE T R 5 2) I U™ (=" (Cooper, 1990; Hill, 1991)ff
NOg 7 [ 7 PHEF + 3) Mo ety S 280 ﬂé&p HE gy 57 Popls (Cronan
and Reiners, 1983)3"[&H [[EE -

b OB S L IRBUALE A R 00 ORI - g BT i s s
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%2, =R kBﬁ[%}ﬁl%‘]‘_ﬂ‘:j}ﬁ
Cond TDSpH Na* K" Mg" Ca®* CI' NOs SO,© HCOs TOC

571 %HFO.ZS 0.440.20 0.37 0.25 0.40 0.36 0.22 0.06 0.28 0.33 0.00

5?2%#,‘0.23 0.400.26 0.32 0.44 0.40 0.31 0.20 0.11 0.27 0.34 0.09

oy

E,

)JBE#‘OOB 0.120.40 0.45 0.64 0.19 0.00 0.36 0.09 0.01 0.10 0.13

o

'ﬁ‘f4%ﬁl‘0.45 0.58 0.36 0.50 0.30 0.60 0.62 0.11 0.05 0.39 0.41 0.02

575 %#I‘O.OS 0.250.26 0.41 0.61 0.57 0.42 0.04 0.09 0.17 0.38 0.09

(IV) Bafm T BSEDMF S [R5 ERVRYST

VEFP 12 RIS E,J;rﬁc;f* Mg®* ~ Na’~ K"~ NH," > = BIfgEE Wi
F'~ CI'+ SO4 + HCOs % NO5 (B4 » 2000) » #5778 % R0 ajyiet
(" T RIOENREN SO - H L pH - Na” Ca2+\Mgz+\SO 2
HCOs S 8E A = ik %FIT‘E[FTJ B BT R D 5 (RS ETR 2 EEl
P01 55 AR > B & ?‘HWEND > HPIEESYIKT  F s CF s NH,
NOg B, ™ 3 B, 2 Ay (%%Eﬁﬁ Far2l > 2001) > LR LY
T fﬁJ’FE‘F—%J‘[‘ik”‘JE@%E‘?@ o Fﬁ%;'i%@%?ﬁ S Sl T‘“jF{J SR L = PSR (Salmon et
al., 2001) (1) R [EH] > EHES Y RN mm (2) Hropsv g
B Y R BTOp 5 (B) AV R BEV IS T FERES (- - RS
AAE A= (B ARY  A  Eepr Jﬁ]‘ﬂm
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[l 3 5[ NS AL S o BRI = = SPoma (177 - BB s - [P R
A BIEIE A 11Ca™ ~ Mg® ~ CI' ~ SO4% ~ HCOg =7 [ SIS [R8 [l g > i
TR iR B 2 PR T 2 1R BT B PO i
R [ER] o AR 29 P IREAT SRS SRR T~ KT~ NOg S J0RA A )
SR PR G55 e et B RSk R ] - BT BT T
TSE OB AM AR G - JEROFy o 5 OV B SR i
R ol WY S (- P3G PR PR R RS A PO PR
Py B ;gzy,LF[[igm%m AL ECRL I (PR R 7 v e
[ | RARSAD 3 (BRI AL SR OB T OB (S - R
ER g - TR RO AR
RS F AV BEGEE SRR T D e 2 Tk S
T A (RS 7 SRRy J‘{Hlﬂﬂuﬂ i llellil Eﬁ)ﬁpﬁﬁ |+ Lo pE
B[*JF”mJFAFﬁ?P"qu S (%N e o Hilton = (2008) S T AN I 3
L= BANTORAVIEPRFL - B B A eI P 'f"l o PLETERRIE TR
T IRELAY R o P HERTE | B0~ Q0% E KL B E RS [ - 4 T
PRAEER > LRl e DO IRBEDS N WA 1 - SRR R
[ @%Wﬁ IR O R RRR RS 1 E RGBSR Pl o BREP -
P I U iR POT AR PO T T DARH T T WL RIS (R
:«e,f%}ﬁiﬂﬂ Ul - AR FIIRPRL TR ] “JB%U‘ ik =2ili
ﬁéﬁ?«]‘ﬁff’ WiEl%”  (Carbon Sequestration) <=5 o Eéﬁﬁﬁﬁéfzﬂ‘iﬁ%&ﬁ&ﬁf@
el I REE 1 (R0 PR R R ¢ E1 PR PRV T IR e PR BT
%?fag‘;@ S N R e e R S N E DL e
S TPVRAEOIAT » BRSBTS A
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i e o ﬁﬁiﬂtgﬁ?«* 10(5): 7-8 -

g Eﬁﬁﬁ’i FuiAL (2000) Aol Af<Bhsh s L B alTiERR = Il o it
AER f[ﬁﬁ%ﬁﬁa%ﬁ& 14: 441-458 o

£ 158k -~ BB (1996) BE TR IS o T o) Mgt P M eekere
g %7 68 B -

2[5 (2000) [ 7#1’&%:]}&” S TERST AR TR o B RS A R
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DISPLACEMENT PREDICTED FOR THE
BACKPROPAGATION NEURAL NETWORK APPLYING
IN SHONZONGLIAO LANDSLIDE AREA

Chung-li Hsu" Wen-ren Huang® Hon-min Hsu? Shin-yi Dai* Kuang-jung Lin®

[Abstract] Landslides has become one disaster type of the most serious destroy on
the slope lands. The way to monitoring and assessment for landslide area can help
government agencies to select suitable management and plan mitigation in unstable
landslide areas. This research presents a case study of landslide monitoring and

assessment at Shanzongliao landslide area in Taitung County, attempt to predict slope
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movements using back propagation neural network (BPNN), as well as use powerful
tools to model and investigate various complex and non-linear phenomena. The BPNN
can perform calculation to use MATLAB program with the Levenberg-Marquardt
algorithm. The data from the case study are used to train and test the developed model
to enable prediction of the magnitude of the ground movements with the help of input
variables that have direct physical significance. An infiltration coefficient is introduced
in the network architecture apart from antecedent rainfall, rainfall intensity, slope profile,
groundwater level and shear strength of soil. A four-layered back propagation neural
network with an input layer, two hidden layers and one output layer is found optimal.
The developed BPNN mode demonstrate a promising result, and have good potential
accurately for predicting the slope movement, and can offer the reference of disaster
prevention and utilizing management at the steep slope.

[ Key words]) Landslide, Back propagation neural network, Prediction.

I FT'JF;I

i A 7 ST b W A (U e
TRRIERLAL Hy A - ﬁﬁ’%ﬁﬁ?*ff§f}3;'/fk S AT R - ) R
1 (BN (prediction) » i t W ESER 1 b P Hu (reliability) o ﬁ#?’?;ﬁ;ﬁﬂ /§L¢E’T
TIHABE PRI RL SRy o YT R |5 l?%?%“ﬁ,t,(artlflmal neural network, ANN)}%-@]‘[PZ
PRI A RAEARE =1 E L R F HLRLFM ] ANN P IO Iﬂ?’”fw"
BRI - [ 1) IR T AR WIZDERE * T R B

WA iﬁﬂfﬂé{iﬁ:ﬂ?’%y [T 52 BRI 72 0 7k E R phy 20 AR P
R B o TS R L RS R
RSBl T - o A s [f) g@iﬁﬂ?ﬁﬁ’r P (o PRI 2fid
IJAEREefsi =1 (empirical model) ! = gl =8 48 =4 ’}Iﬁ’ﬁlﬂiﬁ}%’* f&&%fylf 2~ (black
box) » iy fE A - g SR HE‘V%HT’Q*?%*—%E’?J@? > RIS

$ 754 I RLS 85 55 7 (regression analysis) » S S5 U B Bl AU (curve
fiitting) = KETfAARE T —rm Slpl— FE R 4R —rru > WHERLASRREASLY T S IVRERLT
E”’“&‘%fﬁ HES

AL 7R R ] PN A R YR

- 128 -



2009 AAFE J‘El’:'wgﬁnﬁ‘]“?ﬁd/ &.127-136

Rt R R (back propagation neural network, BPNN)  FFi[ I
PR PR < Frgl . BPNN 53" ] MATLAB 7= Levenberg-Marquardt
PR < AR G R R B PPN R A 4 Tl o H

—~ ey FE‘LT"“ JEFV“JE B YRR BB B it o i
WESRCTS > o TR e 507 D AR PUE) 2 TR L TR -
Yty %qi@d—g BPNN FEIHJHH 35 1 7 -

II ~ FPR[== 4k

(D "7

FEASAEE (ANN) B ESRRE S T  » ol FERLG ST > Lo ANNT )i
RIZESUE 288 IR = P | TR | A By %EF} IRE - Ni et al.(1995) /" 151
SRS AR AR RS - Juang and Chen(1999) i [#TX
£ SRER(CPT) » i Bk (VR » R f RS LRI E 7% Olsen
=2 Robertson ~ 787 3£ - Juang et al.(2000)F-% BPNN fLE i 3f ?Efgigﬁ_l;ﬂ’”mfﬁ[ g
FAY VAR > el By ANN ’FE'F%I%”‘JEEHI‘H{@@?E F P EURRLN R
FEAFHE (BPNN) = 5 i e [ 7 i?iv%ﬁﬁ?%ﬂﬁh€®“ﬁﬁﬁﬁm*F”
Agrawal et al. (1994)’37:;'@?@11% ' ANN = 5 i EWHF[F l?‘fiﬁﬂﬁﬁ B PR A
ST > L R AT T AL P P S VR R
Fri e

(I)Z R Af)

FPY R RS SR ERAT R dp i PR AR
N2551493 ~ E272725 » ?E&:E'I*ﬁ? 60 ha » I f:ﬁ—giﬁﬁ, R 490m > = T IR 12.4
(22%) > BELF S o BB SN R0 1

PO PLRLRETE (8 5YZ R e o ELI I e o B
TV PUBGETRIEE S = B e 0~2m fel] o BN BRI ?[ﬁiﬁk%%ﬁi 2~27m
B+ 5 R AR - BT 2 -

bR = GBI N E R moving peg line) HFT T < E 14 7 i
AR 1 i*LJH'lFI@“E?W o BRI I s 02 = 2 F] = 94 = 12 7]
WRETHL RS ~ B P~ RIBE AR BB R U F) R

-129 -



Ao FR T PR S B AR AR R R A SR s R 1

I P12 VR R I o W B

L RS SIS

Fig.1. Topography and observed instrument establishment in the experimental site
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Fig.2. Local geology distribution around the experimental site
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Tablel. Simulation base data of No.1 moving observed line(May-July 2007)

Antecedent Rainfall Infiltration Groundwater Cohesion Internal Slope Slope
Rainfall Intensity Coefficient Surface of soil frictionof soil gradient movement

(mm) (mm/h) (m/s) *10°® (m) (kg/cm?) (<) () (cm)
92.0 12.8 1.19 -3.53 0.75 175 124 1.06
389.5 53.2 1.19 -4.02 0.75 175 124 3.05
173.5 20.5 1.19 -4.35 0.75 175 124 1.48
504.0 14.0 1.19 -4.88 0.75 175 124 151
159.5 314 1.19 -4.66 0.75 175 124 1.59
74.5 6.8 1.19 -5.83 0.75 175 12.4 0.85
474.5 35.7 1.19 -6.73 0.75 175 12.4 3.48
79.5 11.4 1.19 -5.79 0.75 175 124 0.64
1725 20.7 1.19 -5.44 0.75 17.5 124 3.42
91.0 19.7 1.19 -5.75 0.75 17.5 12.4 1.23

#2. No.2JV MRl 4 TR
Table2.  Simulation base data of No.2 moving observed line(August2003-September2005)

Antecedent Rainfall Infiltration Groundwater Cohesion Internal Slope Slope
Rainfall Intensity Coefficient Surface of soil frictionof soil gradient movement
(mm) (mm/h) (m/s) *10°® (m) (kglem?) () () (cm)
173.5 20.5 1.19 -4.35 0.75 175 12.4 1.48
504.0 14.0 1.19 -4.88 0.75 175 12.4 151
159.5 314 1.19 -4.66 0.75 175 12.4 1.59
74.5 6.8 1.19 -5.83 0.75 175 124 0.85
474.5 35.7 1.19 -6.73 0.75 175 124 3.48
79.5 11.4 1.19 -5.79 0.75 175 124 0.64
172.5 20.7 1.19 -5.44 0.75 175 124 3.42
91.0 19.7 1.19 -5.75 0.75 175 124 1.23
418.5 36.0 1.19 -6.50 0.75 175 12.4 3.86
317.5 28.7 1.19 -6.10 0.75 175 12.4 3.63

NIRRT S ﬁ'J‘FFu

AN EAR R A Y 4 i o H it e R T W RO T
TR P] 6 WA o B ST IR 5 I[ﬁ‘?ﬁﬁﬁﬁ ° MR MO 6 4
P~ 10 4P GIREE R R e b T IR P PRSI 12,000 ﬁfj“[\ng":)[v;}
#1591 1%e-10 » FIrRI I 5T 55 0.0012 ~ 0.001 ~ 0.001 » 5l s 1 =9 73
H[]£% 5.17787e-17 ~ 2.44419¢-16 ~ 6.9503%-16 -

-132 -



2009 A& A FT ﬁwﬁﬁw £:127-136

e

vl’ﬁEléalngrl,’ M%; 717F’Tl|'[ Tﬁ?ﬁ Llr E_f I;FE'J[HJ ',E,J14,a1§k[ﬁ:lLEL;f7J7PT, 77
’r’ﬂﬁ»‘ffﬁ'wl TH 6~ 8~ 10 = WISEL R= 10 A R e el S o S
ST O 4 5 -

6 = w 8 v 10 §#=7%
il 4. g s B
Fig.4. Network training result
AR R AR b AT WASEGE FRL  FEE - R PR
HE VEFE R R B A AR B fﬁfﬂ1ﬁxliﬁlfﬁl@?6 5% R=0.955 - 8 =
~» R=0.987 ~ 10 #=* R=0.991 - II:@E‘_?T;%:?%Q[I%ISF% °

6 = 8 =i 10 #=%
! 5. A SR
Fig.5. Network simulation result
<A *’M,—ﬁ“bff et PR ST PH N > 6 PR IEHIREDE 24% - 8
PERTEHRGE 13.1% ~ 10 S RIEIREE 12.7% o B HAS Y BPNN 53 A U S
[E=RLF g i L iﬁﬂfﬁiﬁlﬂ’iﬁ%ﬁ%ﬁ!ﬂ%ﬂ* PR B e S VR D 8
F o AE U VIS (S 85%!) ) - g 8 IS T o P
A FREARIRGE 55 Foi N 1k 3 B o
AP E S AR L 2 (R R I Wy > wa lrﬂ@@%ﬁr@bw
by o M fe Vi R IIDs > AEAMATLABAEZ i G 14 4 5 F

-133-



Ao FR T PR S B AR AR R R A SR s R 1
* 3. BRI VHEETE YRS
Table3. The network predication error by 8 batch moving data
HHF\FIE! A2 (em) R 72 (em) FE (D)
L 1.59 1.59 —
Rt 0.85 0.85 —
S 3.48 3.48 -
LA 0.64 0.64 —
Ya 2.73 3.42 -20.2
o 1.03 1.23 -16.3
i 3.48 3.86 - 9.8
RE 3.40 3.63 - 6.3
AT B 13.1
A R=0.987

=
=
_‘ﬂiv%
=
e
*<1

R, b A STLR R (T

Table4. The first hide layer weighting value and lean right value of best network structure

. Weight(u ;) Bias
Hidden( 1) - - - - - - -
Input(i=1)  Input(i=2) Input(i=3) Input(i=4) Input(i=5) Input(i=6) Input(i=7)
Hidden neuron(j=1) - 0.306330 0.14142 0.039594 -1.17110 0.024954 0.58227 0.41258  -9.1479
Hidden neuron(j=2) - 0.278370 0.61752 0.032197 - 0.61355 0.020292 0.47348 0.33549  -0.4262
Hidden neuron(j=3) 0.130470 -0.57507  -0.013370 0.85032 - 0.008426 - 0.19661 -0.13931 7.1264
Hidden neuron(j=4) 0.000690 -0.07371 0.006622 0.16020 0.004173 0.09738 0.06900 - 0.2651
Hidden neuron(j=5) 0.127850 -0.51330  -0.015420 0.67435  -0.097184 -0.22676 - 0.31606 5.0622
Hidden neuron(j=6) 0.082316 -0.63096  -0.029800 1.44250 -0.018783 - 0.43826 -0.31054  11.0729

5. b A T2 e 1

Table5. The second hide layer weighting value and lean right value of best network structure

Weight(u ;)
Hidden(1I) Hidden layer( 1) Bias
Hidden(j=1) Hidden(j=2)  Hidden(j=3)  Hidden(j=4)  Hidden(j=5) Hidden (j=6)
Hidden neuron(k=1) -0.15028 0.51675 1.4284 -1.3332 0.49531 0.32936 0.53768
Hidden neuron(k=2) 0.43623 0.47781 1.5790 -1.3332 0.42318 0.32936 1.00680
Hidden neuron(k=3) 1.20320 0.12636 2.9383 -1.3332 0.22783 0.32936 0.71406
Hidden neuron(k=4) 0.00630 0.53753 1.3481 -1.3332 0.53379 0.32936 0.75691
Hidden neuron(k=5) -0.17921 0.49432 1.5152 -1.3332 0.32936 0.32936 0.44110
=
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THE INVESTIGATION OF LANDSLIDE PATTERN AND
ROOT CHARACTERISTIC OF MAKINO’S BAMBOO
FOREST IN TAIWAN

Shin-Hwei Lin* Hsin-Yen Peng?® Ming-Ting Hsieh?

[ Abstract] The Makino’s Bamboo is the most predominant among the several main
species of Bamboo in Taiwan. In the past, the relevant study of Makino’s Bamboo forest
were concentrated on the surveys of growth characteristic, district distribution, and its
utilization. The disadvantage and effect of the Makino’s Bamboo forest on the slope
land of high landslide potential area have not been identified yet. Therefore, this study
collected and tested the root distribution, root strength, pulling resistance of Makino’s

Bamboo within Shih-Men Reservoir and Bau-Sang Reservoir watershed, discussed the
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landslide pattern, root characteristics and to bring up landslide mechanism and
conservation measures of Makino’s Bamboo forest.
[ Key Words] Makino’s Bamboo root system, Root segment resistance, Pulling

resistance, Landslide mechanism.
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Tablel. Compare a plant root a segment anti- to pull the equation with Makino’s

bamboo.
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Fig.3. Root segment resistance in laboratory.

(INELFI [
JFs i) &ﬁiﬁﬂ?ﬁﬁ B SRR J/%g[“% [ %> g+ @ifﬁ‘ﬁ%?j BRI
Sy o BT I B R - R %% SRR AT SRl

-142 -



2009 A5 B EP R Ay & :137-152

B [T IR PR S PSR R e 2 R 3 [ )

B o A VARYE  RLA - SR (1981) » PRERIEIRAAT(1995) -

PRI (1996) ~ 11 ¥ (2007) 5 H U - d [Fp gl @;I/rjég;fﬁ«?y

Sl S RNG [?W o PR R ET TS B TIPSR
B el i VAR SR O

2. (IR [P HE AR T
Table.2. Provide to try a plant root a segment anti- to pull the
comparison of the equation.

HEMEY | A D #&fi!(cm) | VD=7 4!
UEE: P=5.10D"* 7<D<18 113.53
iy P=2.82D"% 7<D<135 127.83
AT P=11.75D%" 1=D<9 55.18
S P=12.56D"* 2.2<D<8 195.73
L E e P=8.52D"** 2.5=D<135 99.22
R P=87.08D"% 3.3<D<7 633.75
800
700 —_—
600 —H
;gsoo _%;LW
%400 [ il
%:' 300
200
100
/
o L=
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19
Hiz(cm)

4. RS S [53 hSSRRE E (Fd 5> 2007)

Fig.4. Plant and pull out the resistance regression relation digram.
il EF & D=7cm > I'JfFET633.75kg & » | [%@F’ N %ﬁﬁfjﬁj [

FEREPOE > P T y@@ﬁﬁv S TR FIRIRES 0V T AR
e E[SFT PSR T auﬁ‘ﬁ*fﬁi > PR A e f@;i 25 [ o (I

-143 -



FER ) ~ BT W R e B

gl

ﬁ%‘)ﬁiﬁﬁ;’@ﬁq o (U A 2 SR R A > PP RS E o EHJ%T%- Hx
?ﬂl o

FEE Tl R BB R BT RS 54 Bl 2
A TP 4 SRRAT B 5 AT TR R AL P e o TSR
A V[ S RBI - AR RS s AR o (R TR AR
FAHD R SR I G S -

(YR AL e

PR RIS AR - A THET T 2 AR (R 2 S - AR
(HEGANRE 22 552 F?Y%@:Eﬁbk '3 70~100 cm > B AN Fe) 53 1)
(N FANRRITE 2 255 1158 ALm fa 2 el T 2 B I =2 e 2
=i %“ﬁ&ﬁ AR [ AR 2R S AT AR 1 PR
T R A e

ESC R e

Table3. The experimental zone data in Shih-Men Reservoir.

SHET | bR w}fé (LI R R 1 I e v e e Gl 1T 2 S e A
Yr(#F) £ | NEORE | FREREmM) | (%) | W(%)
XS D(mm) (kg) | H(cm) N
s1 4 4.5 4.6 60 1 20 14.4 8.3
S2 3 5 5.6 60 3 25 12.7 7
S3 3 5.5 6.6 45 4 30 13 5.3
S4 3 5 3.8 50 3 24 15 6.7
S5 3 2.8 60 4 27 19 4.6
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Table4. The experimental zone data in Bau-Sang Reservoir.
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IE! fRan | EEE | R | PR | lpdeee | B
= Yr(#) D(mm) (kg) H(cm) | FE"k(cm) (%)

Bl 1 3 3.8 50 22 18.6

B2 3 3 3.8 60 20 16.1
B3({][f1) 3 35 5 60 15 2.8

B4 3 2.6 1.8 60 15 19.6
B5 3 2.2 0.9 60 24 24

- 145 -




gatl]
[
\‘3\*
%&

k=1

P 7 IR L Y lgiﬁfg&ﬁk“ P

5. BB 5 81 )
Fig.5. The results of image processing.(Bau-Snag Reservoir.)
(i R 1-EE T S R GRs faien-2 AR R -4 1)
(Blue-Scale, Red-Sinker roots, Green- Tap roots, Yellowish brown-Soil)
frfi%ﬁﬂﬁ'l(ii 100 cm x 1100 cmx % 60 cm) » ¥X %’7[4&'4 LESEERIES IJ2ANE 5)
TiTh I (5 =50 Bom K {1 (3 5= 60 om) » {57 UG U T 55 %
(6T PN R ~ A () | R BGE PEA RE
Tﬂiﬁ%‘g\ S TR 4 e 0-20 om @ EL B 0 20-60 om IV ASLER FIffE DA
A »Effr‘iﬁl 39 0.1-0.3cm V] o
BT BIRES AL Sy R T 2 U s
& BN B [ Bk TR GINT SRR U
Py BET T TR o [RUAE TR R 0-20 om ) )R E o 2k TR 4 1
=) A AR -
PYEE PPN SR T [Fl 2 e I ST ] TR R N
JI(PrY== G (mm) Sl SRR, T A o Y A SR N LT (P g AN AN (mm)
R P R g

- 146 -




2009 Axtt& 7FE&$§‘E’?’[P:F‘]‘ QFEF%W £:137-152

A5, T - R,

Table5. The experimental zone in Shih-Men Reservoir.
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Table6. The experimental zone in Bau-Sang Reservoir.
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Fig.6. The investigation of makino’s bamboo landslide.
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A study of the application of shallow anchor on the
maintenance engineering of forest road

Huang Chiung-piau* > Lin Chao-song?
[ Abstract ] Due to the disadvantage conditions of nature and human activity in

Taiwan > routing maintenance of forest road is necessary and there are many

measures for the needs of slope stability and landslide rehabilitation according to site
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characteristics and situations .The shallow anchors (soil nails) were first designed and
installed in field in France. Because of their advantages in construction efficiency,
cost, and application in both temporary as well as permanent structures, shallow
anchors have been used for various stabilization purposes and the technology has
been significantly advanced since their first application. The purpose of this research
is to find out the efficiency of utilizing shallow anchor accompanying with soil
conservation measures on forest road reconstruction in Fusan Research Center, TFRI.
The basic planning should be coincided with the needs of ecological conservation,
engineering safety, and cost effectiveness. According to the check results of
completed surveys and constructions four years later, this section of road still keep in
stable even though several typhoons and heavy rainfalls had had hit the whole area.
This paper presents the advantages of applying the method for road stabilization and it
really is a successful example to demonstrate the design methodology.

[ Key words] Shallow anchor ( Soil nail ) ,Slope stability, Retaining structure.
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