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Hypsometric curve analysis of Taiwan river basin

Student : Po-Jung Lai Advisor : Dr. Tian-Yuan Shih

Department of Civil Engineering

National Chiao Tung University

Abstract

Taiwan is located at the plate collision zone is the area of developed tectonic activity.
Hypsometric integral is a morphometric parameter represents the evolution situation of the
catchments by uplift and erosin process. Hypsometric curve composed of the different heights
and the corresponding areas in-the catchment. Integral value is the area under the curve,
indicates the remaining soil ratio of the basin in the process of evolution.

SRTM DEM and Taiwan 40m DEM is used in this study. Twenty-six central jurisdiction
of river basins for the study area. Calculating hypsometric curve and parameters. Analysis of
topography evolution for basins. The results show that tectonic activity of the catchments in
eastern and central Taiwan is more significant. Correlation analysis presents gmorphometric
parameters positively correlated with the hypsometric integral, and there Is no correlation
between basin form factors with hypsometric integral. Due to hypsometric integrals of
twenty-six stream basins are on the low side. This study attempts to calculate hypsometric
integrals of sub-basins. Use SRTM DEM and Taiwan 40m DEM to calculate hypsometric
curve of sub-basins extracted from twenty-six stream basins respectively. Discussion of the
evolution within the stream basin.

Keywords: Gmorphometry, Tectonic uplift, River erosion
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SRTM 35117 5 A HGE 5 Jed® o FHALIFIZE G Sofl ~ e LA 7% ~ R&oko F 2
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Rl 2.8 -~ SRTM 731t & F 4= B (JPL, 2003)

SRTM z_ % 7235 # & WGS84 EGM96 geoid » # RIM it T Z R Forad 2 Tl
g FHBAAMA S A0 @HRIHA S 125 28 B - BB AR G
6% AP FAMAL LR DR AEL 2 B - d 35 SRTM TR a f pr 2 pLip) &
B:55BRFIATE T B EEm AL TH 2RO P E R kU
¥ - > p;’ﬁ“_ R ELRIT R fRAT L A PR T -

2.5 F#H % 40 2 = BEP HHAITH
Faf R o £ 4R ¢ 43t PR Bl A7 1983~1985 & LT 5 ¥ 3%
B3 26pm P cRETTE G o By AT AER L 2
Pz TR T E e M GE T RP > A I PBRR 40 o % SRRSO B AR R 0 AR

R 1 a2 - A KBRS A 0 FOR AR et 3 e dk o ® % ASCII A8 iE ik
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Harlin (1978)#% ) 1 3 AN BRI B v R > T3 E IPIF Y AfA ~HAE - HRE LB
BB Y MEHc Tt rd M2 LR U BARREAFR-

31 #* TR

FoRTmRIBd R B FE R R PR S LB R RS TG f

Enstd B2 6 o] 0B @HE S o @ T EM 2 Bk 5 s o e

B % A2 4y 1 BB ART RS BoK R 2 >t GIS #c48 ESRI

ArcGIS 9. : ; - 8B

3.1.1 DEM

SRR R

i 1]
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http://dds.cr.usgs.gov/srtm/version2_1/SRTM1/

% 31 54 % SRTM Bl tf

Y # Azd * E(m) ® A2 d | B (M) ()
N21E120.HGT -34 341 705
N21E121.HGT -19 226 676
N22E120.HGT -68 3035 1412
N22E121.HGT -26 2912 820
N23E120.HGT -49 3917 1567
N22E121.HGT -43 3812 1488
N24E120.HGT -56 2439 2554
N24E121.HGT -37 3860 1788
N25E120.HGT -16 21 700
N25E121.HGT -70 1102 817

#-10 #5 SRTM TR CEFIFH £ - 2 8 2 bl » SHPEKEI SHFRET - A
ER St ET 0 AT T T S
(1) 4838 T &+ 3=
(2 ¢ 4F=m: L5121 &
(3) % rrk : GRS80
(4) = B 1 0.9999
(5) & B¢ # : 250000 2 ©

R 2 R TR R LR L E LSRN W B
A SHERES S BRAFR SRR AL A RGBS 2 e 2P R o i
LR A 2 BEE R RRZ AR EATER SR RER TR 2o i)
200 &% o

FdZis2 DEM i 2 o Rk wins 7 2 B131 5 SRTMDEM > 4z < 8 5

3898.45 = = 5 B ATE ] B 5 -40.48 2 % > FIL R4 SRTM ol el % 27 R AR e & 3
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B Low: -40.48
B 3.1 5# % SRTM DEM

B4 402 & 58 BB @ s VNI RAH 6 BEEL 40 2 ¢ 0 mEEi A4 80 2
C LR R BB AR (5% ) 45 8OMDEM » 42 B 5 5 TWD6T 5 7L AT P - £
AR L % 4 2N d TWD67 48 5| TWDO7 1o 2 %2 238 5 E(TWD97)=
E(TWD67)+828 ; N(TWD97)= N(TWDE7)-207 = 5uiff i {54l 4 15 4 & /i 4 Bb 1o 3 % L7
ZhR EXTR AR SRR THE H o R ] 5 802 ¢ 5 4o 32 4rF 0 AT AT
R KABERA 30 TR R R 0 DEM & £z X 5 3040.35 2 ¢ o R Aeko] B 5

0.0046 = = o
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W High - 3940.35

B Low : 0.0046

® 3.2 5% % 80mDEM
312 kk%FTH
BoR il @ v gACRAF R A2 FokwRE R BE 0 4cB] 3.3 975 0 RA-BE
= ArcView SHP 4 - FRGH- % & 7 23j(Polygon) 1) 5% » -8 -k F i de o Bl & %=~
ESRIArCGIS93 ¥ » f Jpihd P EFB v L g 26 5@ " E -k Ho B 26 BH KW

1 SHP #4c ] 3.4 o
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3.2 %,, <

Harlin (1978) 1 i e e 3FF) 5 R i E AR bR SFEAE T
FIRIG & R T BT FR R AR z [ EER SN2 DY E

SREBBREIEER o
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PERCENTAGE HYPSOMETRIC i
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=2 54
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0 2 4 ] 1.0
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RELATIVE AREA, +
Bl 3.5« Bl 5 42 (Harlin, 1978)

B 35¢ /P'IFB S f}l v b 0T ﬁrﬁi; » 04 5 38 N4t (4)‘5’11’]3;\‘. 27 o F U2

e A3y 58N e LA ERIG A ATF LI B EGETE o BT

AN B)6) FER35P Rend - T RIB AT 25 o RIBY AHFA -

f(x) =ag+ a;x + arx® + -+ + apx™ (4)

HI = folao+a1x+a2x2 + asx3 dx (5)
— PV ek

HI—[a0x+2a1x +3axx +4a3x] = Y= ok+1 (6)

Pl~pd R Ao R E g2 P wiE s (D~ (10 - [P S m % id 0 = 1
PedER T Aot R RE S SRR RSB URR L2 22 JHR T
Bie e $e paf I REL e RS (1) 2 (12) -

TR A AR 2 HE Lt 2 LR R 2RISR IRE - A F i
BTl R LWL RPEIRE AT DI N R LTS

e i o fy i - WA T2 BhAp gt g n T F B R (B AT 0 2012)
ul=— [Cxf(0)dx = - Ni_ok (M

- Ef (x — u1)*f (x)dx = (lek Oka:3) it =g (8)
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i3 = [ — )P F @ e = (& Thoo ) — (L5302 ) + 2u12 9)

1 1
= fo (x — p1)*F () dx

- (%ZLO%) (4“2" 01::{4) (Wl L= Okcfz;) —3ul* (10)
b =5 (1)
s =H
R = (12)

RIB Y RFLEFT LA - FREZTT R ARAGRR Y RF g EF AR
RI B R A B EEE R BET A LR R R il AR Bt kR
PR ARORSL RS WAL TR AT B BEL G REEL e o A
RS2 PR AREE T F TR R~ k42 7 (Harlin, 1978) -

AR g() TE HRIE Y R()Z RSB RRIPIE Y RE B REER D
BRSSP UG E A RE R R LG RIB A K2 B R K& (Density Skewness)fe % &
1% 7 (Density Kurtosis) -
gx) =f'(x) = a; + 2a3x + 3azx* (13)

£ 32 5RF Y M EERZ SlcB Y AR L LR AR Y RFEAS AL RAE T
X BT W Y Ty i 52w 7 m(Strahler, 1952) 5 R R & Bk E G ER
EvhizRl SRR THAZ IR R LT BRFL THF FREER

TRE R R Bk ® Y FE 28 R (Harling 1978) -
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4 32 BB d REL %#R & (Harlin, 1978)

\\\?{Ir

ki

BB ¥ A A (Hypsometric Integral)

i & (Skewness)

BRkEIEFPEDRZHBE

% & i & (Density Skewness)

RS

4% R (Kurtosis)

FoR® TR R AR

% & & (Density Kurtosis)

g?’}i?v P ERZHERE

BB M2 AGREBRICR R HE M GioB 3.6 el RIFE Y A S 2RIF Y M

1=

FuAo d MAG 2 RAAARE S FRIZBAE FRBEREZBAERS > 3R IEK

FRZHDRRIBAEGEESRE P ARFF S SRR AR S A AL R

TomARE]ORIBFYRECEHRRE S BRI B R RBE - § E(LUo, 2000) -

skewness skewness
large small
= 7 T
hypsometric = |~ £
curve
.-’f’
L
alA
2 )
hypsometric E 2
density = 5 ‘
function 2 (density) S|  (density)
& skewness + al  skewness -
wy ' Tﬂl

alA

alA

B 3.6~ BlE W RARE AR A A2 M % (Luo, 2000)
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B % ¥ A2 -5 #48 CalHypso (Pe” rez-Pena, 2009) » % 7 £ & ESRIArcGIS 9.3 ©
2_ ¥ L fic %2 (Extension) » 48] 3.7 » kY iE (TPF L ZE@?] Rk w2 RS TR R
2. DEM F# > & ArcGIS p > 26 B -k ®inE 2 kK% DEM > 3t 26 B & kK % /s
BERARA 2 BEi? EHEBIE 2 Bk® > A ITURIES B 0 ¥ CalHypso # (5
2 BasinsE# E K HR A RLEER SR KFDEM R EFE-RB2ZRIB Y M-
CalHypso 3+ & iR B & 2 FodeT
(1) " E kw2 5 iE2 58 Fok % 4= F DEM -
(2) # DEM % Az fe i e & fodic > szt L e s ®WiFhEE -
R) 3 EAtm HIrip ¥ B A2 DRI B W Ao
(4) 3B ERIZ o O TEERIR L E R E o

il N
(9. Data selection I&

Basins
[26fH B K 5T =
DEM

|taiwan_t2r j
W s selected Load Data

B 3.7 ~ CalHypso

B 3.8 = CalHypso &§ 112 |8 & & > B~11 40 B8R 3 FF 508 5848 &6 > H1] 4
BN 0FFIE D 3 FFoE el O @)~ (9 EEIRIB Y RF L CBAE CER S BR

RS RREER PR A2 L S BACR 3.9 BT o
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00 01 02 02 04 05 06 OF 08 09 1.
alh
®l 3.8 -~ CalHypso 2. ip] & & &3+ %
Select a curve: |Curve 1 | |POLYNOMIAL FIT:
fx]= al+a2=+ade"2+ads"3
al=0903 a2=-1.740
. i BT a3=1530 ad=-0779
1. R"2 =0.996
— Paolynarnial fit

STATISTICAL MOMEMTS:

Hv'F. INTEGRAL= 0.3648
SKEWMESS= 06424
FURTOSIS= 2.4439

DEMNSITY SKEWMNESS = 0.3430

o DEWSITY KURTOSIS = 1.8127

[v Show legend

Drraw Curve Get Stats.

Save Tat (it

arh

B 3.9 3 ERIB Y AH AN E
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33 FHk%FBE

RS B anE o R NSRS EEE Ui S N NI R O T
Y3 EoKR2Z R o % * TauDEM (Tarboton, 2005) ¥4 7% -k % /i s 2. DEM & 7+ & -k
% 5P~ > TauDEM ¢} 2t ESRIAICGIS 9.0 & 11 + 2 %84 » ¥ P2 f2 A 40T o
331 FrHT

EE AN SRS S EV TN Y RS S Y R
BH g A2l ADEMTERRSE T - oy DEMERIRZ & ahfiin 7 1 1
kit iE AL Bk EDEML-kE - B A > -k GRaE 2R B MELAT SR
Mo RIS IR A EE BEE R R F Rk SF R - # DEMGE - E
FEL T
332 ik

R 2L R A SH iR e RS Akt o AFET @ 7 D8 i % (O’Callaghan
and Mark, 1984) 5 >+ 5 jn w2 > D8 22 if 8 4 A 3B H T e H N wH A
SRR BRI o M E M S w ARG P H AR e e e B 5
At~ gt vg d e afeda ~EEE oo BT & T ¥ Bl > BANTE L2
o W 3105 DB E 7 AW - Sfhp HF S AFAE > T T ABPER N BT A

PRARE R B g BB e B LR B

B 3.10 ~ D8 i i
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Bk % DEM B4 e T e 42150 1 D8 m i2 32 5 DEM P & o 8 <2 jn >

=

e B A B 31l BY I~8 A ABA R I e o AR KE

B 3.11 - DEM 7+ Bl

333 MERML G HPEEFE

B A RA Ry B d e 2 REE R A e 2 hEE G DEM ¥ B fn et
TR FABHE AFAEAGOEE o J e BT F DA 4ol 312 ¢ AR 0 U
AR LHE ARz KRR Al KRB R T R B Y e Bk S AR
AR OR P - R PRI R TEE

ARG 5 AR B A T AR ke FBAUR IS 0 R iR T TR A 26 ff
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Frd BkRETAH
FoRT@T AAT L TR L 26057 LR RRE SR RIT S SRERE
RN AT LB KRR TAR TR BEFIERFEER CEHIELRRT 2
ZREATEPIF S SR
d % BOMDEM & # -k % T 24384 § FTALA AR DEM A i ¢ 7 ok Fins i 2
FEEFDRIBY AFAEIN BN AERE KR A SRIMFAL i * + 2 ¢

AL PR Fp i P B KRRAFY ARFE AR R * SRTM Tl et s 0 3 &

7

el

TP RRIR ARG F 3 Lok R FFELS DEM 5Ba 8 0 2 g F 4 B oK E R
W DEM < a5 s A B pEA w27 fe pEdp DEM(SRTM 4= 80mDEM) » #5345
N R i
41 cALERFP R RRZPIR IR

126 08P & gR e kORI B ES SE  BE G LIE R E Y B
P fESES AT E s R BRGES BE S AR £ S E SR B

KiZ S HRBiE - B 2 E P R s NEES G RE S NBE S - R TR £
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TR e
A11A B VR -KRBIB & S 5

LR kHRDEME - L ip B ok R R E R B kR 2R R Y AR

RIBE RMESE R R S BRBBERRER TA4L oL BARR S
KB RIB Y RS URIBY RSB )RR 2 L BRKERF Y R A
Bex 5 043150 &) @5 01168 dh X B i b | B2 HFEFA D4 BRFE RPF S
MR EA P HERTASAH FUEFERTRIBY AL ELCE2Z MG B
41@)¢7 = d 04 LAY RIB Y RS B SF o B IS LB F o HRE 4.1(D)
G- waﬁﬁﬁﬁmﬂm%L&@@%@iﬁ&ﬁ%%’#ﬁ&ﬁ%«%ﬂ%ﬂﬁk
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xR ERIG Y SRS IR OfE S e B DR R R R PER e Rt
LioFk b fg A Bl kR RHER AL0)R] At B ARAPH T E L RE o

% 41~ R3¢ R EH

AR
RS 0.4315 0.5043 | 2.2520 | -0.0768 | 1.7375 |1309275416
4ok 0.3914 0.5681 | 2.2352 | 0.1800 1.6457 [1605212891
ot 0.3908 0.4291| 2.0317 | 0.2581 | 1.4011 |571485256
<~ K 0.3795 0.6040 | 2.3909 | 0.2566 1.7115 | 769205880
W okiE 0.3727 0.5455 | 2.2437 | 0.1736 1.6080 (3167621804

BkE |RIBYRFBL| BAE | BR (BRBAE|TARER

B E 0.3648 0.6424 | 2.4439 | 0.3430 | 1.8127 | 49489217
o7 0.3351 0.6780 [ 2.5105 | 0.4217 | 2.0534 |1643343578
P 0.3248 0.4690 | 2.0462 | 0.3381 | 1.4394 |12560/882

R b 0.3241 0.8214 | 2.9110 | 0.5765 | 2.2800 |1795959014
Bf w0 % 0.3123 0.7050 | 2.5201 | 0.5276 | 2.0174 |567472181
th+ % 0.2907 -0.8378| 2.3202 | 0.6479 | 1.0018 |418973948
® A% 0.2774 0.7508 | 2.5005 | 0.7204 | 2.2858 |3320523644

oK 0.2663 0.4434 | 1.7823 | 1.5276 | 3.5422 |404459772
W E 0.2350 0.7923 | 24917 | 0.8683 | 2.3426 |1015042680
Aok @ 0.2070 0.9377]2.7016 | 1.2371 | 3.0565 |2734040270

& % 0.2047 0.8865 | 2.5417 | 1.2854 | 3.1021 |20521/8146
B 2K 0.2018 1.0268 | 2.8604 | 1.4786 | 3.7568 |12536/1978
fs A% 0.1933 0.9308 | 2.6622 | 1.2570 | 3.0765 |558154482
oo bR 0.1799 -0.0226|1.3396 | 1.2868 | 2.3796 |155411321
=L 0.1774 1.06 |2.8652| 1.58 4.0211 | 450295144

~NEE 0.1749 0.9859 | 2.5642 | 2.0587 | 5.7827 |463425428
&kiE 0.1667 -0.2958| 1.3348 | 1.5230 | 2.8276 |410711233
Bl 0.1665 0.3665| 1.5642 | 0.9041 | 1.8147 |251205240
z =% 0.1558 0.2974 | 1.4347 | 1.1558 | 2.2352 |337852197
Lk E 0.1431 -0.9357]1.9925| 1.8196 | 3.4368 |478875398
Ak 0.1168 -0.2066| 1.1259 | 1.3224 | 2.3756 |610225043
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ARFATT AL ©

* 4.2 rv/%ﬁ T R b RGBT R

Bokw |RBARFL | BE ER | RRHAE | TR R
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