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National Taiwan Normal University Graduate School of

Geography Master’s Thesis

Thesis Title: The trend analysis of runoff, precipitation and sediment yield of Lanyang
River upstream
Thesis Director: Shyue-Cherng Liaw
Thesis Author: Jian-How Sung
Abstract
River is one of major forces for shaping the earth’s surface through erosion and
sediment transportation. Many studies have pointed out that rivers in Taiwan generate
higher sediment than the world average. The Lanyang River is one of major rivers in
northern Taiwan. The sediment yield from Lanyang River is more than other main
rivers in the world. But the embouchure of Lanyang River is one of the erosional hot
spots in Taiwan. The evolution of coastal geomorphology is closely related to river
sediment yield. The sediment transportation is also related to river runoff and
precipitation. This study aims to detect the trend of river runoff, precipitation and
sediment yield of Lanyang river upstream watershed by Mann-Kendall trend analysis.
Kriging spatial interpolation is used to calculate the average precipitation of whole
study area. The results of this study have shown the trend of precipitation is increasing

while the trend of river runoff and sediment yield are decreasing.

Key words: Mann-Kendall trend analysis, Anomaly trend analysis, Lanyang river

upstream, Trend of Hydrology
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FAFIRE (1995) - Liu et al.(1998) 8 #2 /a1 5= 8 (L AT RE B Al e i bk
VERR > AN EL iUk R feadle - &R Z0RYE D 2 & SUAT It HEY
SR % LIRIILAPRST -

(—) W LK [ E 2 bEEs
(=) b2 Lt KlE 2 1 8 2 bish
(=) MR L KE 2 &2 L3,
(P9 BF2 LR /Kl A R 2 207 - D B R AR L

% 1-1 5T 20 Res#DTiT

River Yield (T/km®/yr) Unit-area runoff
(10° m*/km?*/yr)
Choshui (Taiwan) 20,000 ('3) 1,900
Hoping (Taiwan) 17,500 (5) 2,560
Peinan (Taiwan) 14,800 (7) 2,350
Liwu (Taiwan) 14,193 (8) 2,070
Kaoping (Taiwan) 11,000 (12) 2,700
Aure (New Guinea) 11,000 (12) -
Lanyang (Taiwan) 8,200 (17) 2,900
Taan (Taiwan) 6,300 (22) 2,000
Tanshui (Taiwan) 4,100 (26) 2,200
Tachia (Taiwan) 2,900 (35) 2,050
Purari (New Guinea) 2,600 (37) 2,500
Fly (New Guinea) 1,500 (45) 1,300
Yellow (China) 1,400 (67) 77
Magdalenc (Columbia) 920 990
Brahmaputra (Bangladesh) 890 630
Irrawaddy (Myana) 620 995
Ganges (Bangaladesh) 530 590
Indus (Pakistan) 260 245
Yangtze (China) 250 460
Amazon (Brazil) 190 100
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Kettner et al.(2008) 2Lk Yu et al.(2009) & {5 FH 7K SCHE AR UHE it A sk 7K 5L
SHEA

Kettner et al.(2008) 125 A FI L ZRHTPoR I LI K Metauro i sk {E o (B ZE R4
#i#HydroTrend v3.07K SCREEHE it 22 W (R AY KSR - HydroTrend v.3.07K
SO MR EACHEME BRI T+ (1) ARIB/KCHHYER - BHHYRGHE
TR O DAY RIS s ¢ (2) 1B L1200 3 = AN R (B
i A\ BTPRYRZE S (3) BRI KIE ~ AU R TS R s
0 KR ~ RRSERO) St 2 > FEASSERANE 1-4 > i %00
PRI R A HIse B4E IR A2 1-2 5 [iHydroTrend v.3.0HEfG £ /K BERL
F&T AR e R R 24 N DL A8 2077 (hyperpycnal flows) » T 7K 2 ¥ 74 i
WOHIFITERER F532 % » 1R RIBGHY B FEBUANE 8 S A BB - T /KB R
DURRPIHIRHESER £520 %250 % £ Yu et al.,(2009) - AIE 7 i GeoWEPPHE (i 5
v SR _E AR SR LA - 7 7 DL R A R R O B Bl D P A A A R
(relative errors) ~ [ &z (correlation coefficients) LLR&ET- 5L T TR A E
TRERHEML AR - 45 IREUR B 1B GeoWEPPELEHEff FTfe L 45 R 2 20 Bl AR
FR7E/NTY30 % ~ AEREMRECRETF50.9 - AT - AL Te AR A 8UR0.8 » HEH]
%1Ge0WEPP 7 ] i 37 35, -
%2 1-2 HydroTrend3.0 278 = F A BN ~ O S HE A~ (B BRI (E bRk

PO B = AEATE Maestra Pila Tolle Gnocca Goro
HydroTrend #E7 2 (%) 3.0 61.0 12.0 16.0 8.0
HIGEEEEIE 1926-1939 (%) 2.3 62.7 15.8 12.6 6.8
HISESEHIE 1958-1959 (%) 34 60.6 12.1 16.3 76
HydroTrend JE{EERDE (keks) 8.4 411 46 66 27

HydroTrend JEfE&RDE (%) 1.5 73.4 8.1 11.8 49
HeksR 2B EIEkek) 1932-1937 10 329 69 72 42

HkEnh 2B A (%)1932-1937 2.0 63.0 132 13.7 8.1

Bt 2B EIE%)1958-1959 1.2 73.6 6.6 10.5 82
HydroTrend R EHEG{E/ BULE HI{E (m/s) 0.7 06 1.0 09 08 06 09 0.7 08 0.8
HydroTrend TS EFIEEEAEEREFE (m) 36 32 163 363 7 154 83 125 59 105
HydroTrend JHRER EHREETIEREE (m) 19 26 6.5 50 34 30 38 28 29 1.5

ERIAE ¢ Yu et al.(2009)
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+ ~ M-K(Mann-Kendall)4§ %' # #%_

M-K i#&8ha € @ it SR SR e - S A FERFE IRV E R - B
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W EER =IHEA RENSURIEN M-K @35 E i S EBE - FIbERE
o3 SRR PATE] g -

B 7t Ry 5T > Gocic and Trajkovic(2013)(5 A M-K g Shde i Pt 28 F
SR RIESEE A 11 I SR 7 (ESREFEE - Rl © R - FRAE ~ AEZER
ERERE ~ A EIZREIREE - A EZRERVAEENRE - 28R - A EREYER
Tonkaz and Cetin(2007)i% i M-K 8 e e PRaT T HL H P RZ G 25 sy 1906 -
REZEEEE ~ HIE RS2 ; %% Gocic and Trajkovic(2013)EH Tonkaz and

Cetin(2007) LT % M-K i@iZtm e 8 FH 5 o0 AR [RIRF T RUSE SRR ~ [ YR
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HAR Ryt & 71 > Sahoo and Smith(2009)( A M-K8Z5 @ 7 iR B B 22 3
JEBA 32 9 {[E USGS 7KSZBEAITLE NCDC SBSRUEFTHR BEAMHER K SCE R - 77
BRy + BRI ~ BRI ~ BoREE ~ BRI ~ B/ NI ~ BeRER ~ SRR
A~ BRAFENUE « $EF/KE © Chen et al.(2007)7E71# M-K 35 E 3L
JiiEoE ~ K E - FURAYSE LSS > 25 Sahoo and Smith(2009)Ei Chen et
al.(2007)EfE M-K B e o] JE AT PR [EIRF ] RUE Ry 2 3 B2 -

1% ° {Fimhb& 5 Wu et al.(2012) ~ Zhang et al.(2008) {8 F M-K #2845
TEPRET BRI LAUEAT 50 Aokt b Y5 L 1 Miao et al.(2011) &I M-K 2%
T e TR R LA [El s s DAL -

&rer LB AEl A 2 SRR AT DU M-K g8t e m] B2 Y e R SR 8- 7K SUH
B &R T L o
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P PIRBEFAL 2

AHSE £ B AR SRR PR LIRS IR ~ AR B A D B A A [
HHAS( b - S RE B B BB /KB K S i R SR B R ST EAY A ) [ &2
TS DR e P B TR N R BRRF M E 2 A5 - DA T BT P9 % LR s PR &2

SR RV -

- L RERRA TR
(=) i wFRR

AR AL B R A BT N B RO IR S8R E B AR R 5 KRR -
FHPE R (A BRI AR ARSI &y 273.5 km* (KORBEI/KFIE -
2012) - W71 P B fe v Ry e B K LB AR = 3,536 m 5 BAFEIE R /K& H 1 Ry 5%
TG - BE/KE AR BABEY ~ TR E RERELY - LIRS E AL LY e
219.64 %o » ZENE B IFREH A E I By 22.73 %0 (MFE - 2000) » HE
FELIUBEDE  F2 R ELE R A FIE LT R R (574 1994) -

R FEE I FEAN BB R RS AR E R B EUR - 135(2)-

FALL (2) DURECE KR Bk « Bl (1)~ 922 ~ 135 (1) 5
S 7 Rk AT AU R BRI LAG TR SEERRERS % B S KR R 7
1A 2,700 % 3,100 mm -

(=) FHkh

WA Z BRI EEA = - rhlR - (1) [l 2 (2) & 5 (3) B
BE - Bt FRE S BERKE K RERNE - &OBEKAE  SOREKHZ M E
Aoy Rl R+ £5 (1) ~ gl (1) ~ % ~ R KRWFEE RN RS
TRy s IR~ mL (2) ~ 2355 (2) - S6 7 (ECHS - BiE EEE 2R B A
FEUJR 2036m ~ BALL (2) 1260 m ~ FELL (1) 1050 m ~ B4/%4 585 m ~ +35 (1)

400 m ~ £35 (2) 370 m ~ R 295 m - BIHIEIR Ky KR ERHE AR
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Syl - IR LT B (2) 16 4~ 135 (2) 12 5 5 JKHZ Z AR
Byt LD (1) 57 £ ~ W% 57 4 ~ 145 (1) 63 48 ~ B 51 4 » sl
= 1-3 -
HA 305 Wb & 500 ERACR R &R B KHIE - R e HInEAE S 366 m
BUHIEIR By 39 4 - ABFFTREEY 1975 F222 2009 4 2 HIRYER} » MG A4 e

1-5 Fn

# 1-3 FRE MG &S
= BUHIAEIR fE
7K PR =R
FEL (1) 1050m  1955-2012 (58 &%)

KL 585m 1955-2012 (58 ) #2003 4
+ (1) 400m 1949-2012 (63 4F)  fk 1958 4
AL 295m 1960-2012 (51 4E)  #: 2007 4
KRB RHE H EhHG
VR 2036m 1996-2012 (17 4F) #2003 4
FEL (2) 1260m  1996-2012 (16 4%) &k 2008-2012 4

T35 (2) 370m 1996-2008 (12 £E)
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(S8 FIAEET R0 ) DY 774 25 12 17 A8 F P BUHDR & B BN & ) & Bilith &= LD
BASEIHVER TR > (EAEREH - FEmD R AR -

B L S A (5 A T AR AR 2 - AESREAEF (2005) FIH T ¢
1. &% (Linear) = @ Y=ot+pX &= -
2. X ih4R (Quadratic) 5z ¢ ] Y =a+pX+cX2 fH -
3. J&#& (Compound) fH#z{ : Y=apX &
4. it (Growth) L @ Y=e PV -
5. ## (Logarithmic) 5= @ Y=a+p*In (X) L -
6. =ZCii4 (Cubic) K Y =a+pX+cXP+dX3 fE -

S M Y =e B K -

~
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8. #5%4 (Exponentials) f5z( : Y=o%*e P
9. Tlnverse | Az, : Y=0+p/X fEL -
10. B (Power) iz 1 Y=o*XP i -
11. T Logistic | = Y=I/ (VU+o*pX) R -

$t 11 fEAR FEE TR EHY TR T EEEIRL (1982) - AEHE (2003) -
SRAFEF (2005) ~ PREATREAGR R (2003) ~ {7 ML (2010) BBRZAEZE (2012) &
ZietRaT BRI 2 SO B BT (Power ) RN B R S AV
= MR INE R AR Rt & 2 720 > BT T ¢
S=0xQP

S RoltbeE (A/H - Tiday); Q RiFRHEHEEWENEZRE (ILTAR
I¥) > ems) 5 o Bl B RRTEREL -

(=) M-Kig#ie 2

Ry TR B RS 2 skt < SMETE T - N E S e o it il 2
b8 DU AL a8 - M-K B3 E iRt 8 e k% - A
B EMNIEIFESER 72 Wu et al.(2012) ~ Zhang et al.(2008) ~ Miao et al.(2011)
EEZ R ETEEM M-K B eEdReinh) 8 BISR 8 2 S L3 - MEse

5 (2010) - EB{AE (2000) 52 FSCHEcP il M-K HEBMUE HE T1EEr 2 221
55 RTFEIEIE Excel JMEIE XLStU BT M-K S5IRTE » 158 M-K 8514
SERR RS MR R R R - RIS MK 9t
BITRAIT
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B shE—4HE%] a={a1,a2,a3,a4,.....an} » HI% :

n-1 =n
S = Z Sgn (Clj-ai)
i=1 j=1i+1

Hrp @ Sgn(ara)=Sgn(Rj - Ri) » R &EUANE a ZHEFIE (rank) < & a-ai
BT 0 0 B EBE R 15 A 0 HITRSE  AERESELE i 0 - IS H
W B-1 > 0 ARFTR -

1 0>0
Sgn(0)] 0 if 6=0
-1 0<0

LI E Fr R L3S 2 M-K S E S R « (H A EFRA T

S S

N nn—1)/2

fRIE Mann(1945)E1 Kendall(1975) ZH/15¢ > & n=8 iy > &t & S AIAT{IUNAR
REH RGO > WA AERE T AN AT RS B Z 5T REUE - oA
FepldiBs Eaat BRI IR 2 i85S (1584 » 2012) -
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[
Var(aj) |
W -

0

S+1 L
k,/Var(aij) S<1

Heps R B Var(@)=()[(n — 1)(2n + 5) — XL, Ti(Ti — 1) (2Ti + 5)]
n RS Ti SR i
2| > Zop WEEBEGE > Z >0 Folirbd » Z<0 ok » AT 2 B 7KAERT

F5p=0.05 -

I FLRE

BRI 1-6 Ao - B LB AR SR RS L e e L R H Y
A BAAESEEAHRER AT E R M RIBHBIRFE A Z SOR > PR R &
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e
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Ry EERE - IEBL R B NS - AR T H > AIAZERES p (E/INR 0.05
AIREE M-K S e 45 RE AL -

=% 2-1 ISR LRI AERE R i M-K 85 5

PRI IE BRI TH p{E
SO 17 0.017 0.965
FELl (1) 58 0.229 0.012*
mEL (2) 16 -0.105 0.626
B 58 0.084 0.360
+35 (1) 63 0.005 0.956
+5 (2) 13 0.091 0.737
"R 52 -0.036 0.710
*Fy p (BB /KR

- ~ LIRPBIH

R MIE 2 FE g M-K i aE © {55 0.017 » BR BRI 2 SR &
L= ETHEEES > 3 p {ER 0.965 > K% 0.05 » LIS RERE /KHE - [E 2-1
o VR MIE A R & Z BB P83 - MR L 17 5 > R8I 2-1 m] DISEH 8
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