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ABSTRACT

To determine stream network and watershed boundary using DEM,, it is necessary to remove
sink and flat area in proper way. There are filling algorithm and breaching algorithm to remove sink
and Jenson and Domingue algorithm, relief algorithm and combined gradient algorithm to determine
flow direction in flat area. In this study, the algorithms are reviewed. The computer program which
uses filling algorithm with breaching algorithm and combined gradient algorithm to remove errors in
DEM is developed. The results from this program are compared with Arc/Info which uses filling
algorithm and Jenson and Domingue algorithm. The characteristics of stream network extracted from
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the DEM are analyzed. They are compared with the stream from NGIS map for stream morphology

and characters by stream order to examine the value of this study.

KEYWORDS : Sink, Flat Area, DEM. Stream Network

AS wWut ofyz} By FEEFHINE
A AHgE S Ut

dubg o2 DEM< dFAdolu $14 9%
g o&% FHENY FAAES TS
ol &gt HIW S5 TIA FFEL Utk
(DeBarry®} Quimpo, 1999). ©]¢} #Z& HiH o
2 5% DEM2 9dAtsy GSakle] 7kA i
A= 579 oy AEE o]&ste] DEMS
FE3HE A A E 2FE 28T S 9
tHGarbrecht®} Martz, 1999). =3 DEMS <
ggk A7]e] AAE o]&ste] AxHe F4S
FEs] witel AA APE g2 wkdsta
At B 5 gl dAE X Ao
(Martz®} Garbrecht, 1998). ©]#13% DEMY] <

Fe feo AEW 589 44, 9% FE
AAS ARA AAs Fold Axpt =
I folew 8% 5 ek aebA

St Ay Ay

UA DEME o]-&3te] 799 3554 S &
et o el = dE Q7+ sink$t flat area
2 E F Utk B AP &5 gl Ve
2% GIS engine$! GEOMania®l M &A #A¥E
YE Feo #7354 DEM H7|&S Nddd
22 0 7 breaching ¢ Zo] 34 fillingd
18]} combined gradient &l
o] DEM®| S/FE AAsE 2=
k. @ DEM Ak
O'Callaghan®} Mark(1984)]
D8-method(deterministic eight—neighbors
method) &  ©]&3tATE & AF-elA sdd
DEM 2. AlA 7|9 A&4s HES7] s
ARkA o 7 ol 4] o] ARE-3kal 9l filling

N

SER

7&%]—94 Ex]o v‘i_}d—‘—]_jll 1 737% ‘{[:‘

DEM< o]&3lo] A E4 555 2357 9
gk DEM®| o7l et A4+ =99 45
1980t o] 3] FaE I glom, e
A= 20021 o] Foll DEMol| &41381= sink$} flat
area®] AA ozt AF7E FAEIL Qok
Collins(1975) ¢} Mark’s-(1984)> DEMel A 9] pit
o FAIE Astr] A 7|2ATE FH}AL
™ Jenson¥} Domingue(1983) % Martzo}
Jong(1983)2 filling &i1&]&<S A|¢kalt}. Martz
9} Jong2 sinke| LEZE Fo] F7] 95t EA



DEMeI M 2] sinkef flat area X2 Y1EE

b” L'.Htf ul—y _HE/ I'! l—.

Bt
Mo
X

CERCCERE

outlet)e] IE=E o] &

EAs= FAET(potential
i3 BS) D:]

Jenson¥}

D-8 methodE ©]&3t o™, o=
o] Z kgl A FPo| = thydfe
st ARG ¢ Fos AIE HoFa
(Freeman, 1991). Garbrecht®} Martz(1992)<
Jenson¥ Domingue? =3} Martzet Jongd]

o
o
N

¥0 R
oS . A o

HPHS vl BA 31992 Jenson® Domingue
WS o835t DEM &%l we J3¢s 4
B Ay} s ee] & dFS 0A &a Ak
A7E Yepdite 2E2E =ESnh ol
Garbrecht®} Martz(1996)= sink®] WAJ<19]
AT A 7] ATFUES 2Ystd]
breaching ¢ e]l5S A3kt

sink AAE #g =9 Oﬂ?*}ﬂli-‘:— sink
lHoﬂ o1‘~ DEM-/] xﬂoﬂ/q XL;H :ILE
AR e) Aeg AFAR B sinke]
wAsHE AsEHel AwE v o
g 5 2004). AR7te S sink gl B
o flat area”’} "HAEA] 43 EE= sinkS
AAZ 5 glort, o)z
%HWL%R:$ﬁZW@J%wﬂ
s o]

o e}
d9<
[ =

Rla= R R o=
(2003)> DEM-<

31

FAA L] s} vl

DEMe| &A3}+= flat area
o Rostr] g s EEk
smk«] Al A H] A 2 A

7H O]}E:}O] s 04

X o] HFaEA o] -4 3t flat areaoﬂ A &5 W

. Jenson®} Dominique(1988)+=

o1 o:]oﬂo] 9e A

= ‘FO:]O]'M
< 2] =5
]Oﬂoﬂfﬂi— 53 A¥E Ho|,
3 2o
ks AF7F o ey
& taL QABHTnbe, 1992). o5 =
o] Tribe(1992)+= sink2] 2|24
flat areas A elst7] 13+ flat
% HEo o= HE flat aread)
HAA R olojF= A9
35 AZ2 HAAH3stT Jensond
dugl&E o] &3t flat areas

r&

Dominique®]
Al A3 T
Martz®} Garbrecht(1992)= flat area®]
7]_ Eo]s]_ /uu:_g B—]%E 74AH—5—}01 Ql@z‘ﬂ-
] H u—o A= 7]—Z]‘* Mlo]
= flat area® FHsle], ole
o8 FI7MA Wk relief &iL
Atk relief darE]FelA= skF AAE QL
A A FE F7lskE AAME 7 =S flat area
E AgeA "ok Garbrecht®} Martz(1996)+
o] WMHS 7§AM3 combined gradient &ale]E
A bstAom AA|Ao|aL A FA o Epeh

AAT

o

I~
e

I

o =

2

N

(e}
=
E1ASS
SIS

=

fr o 2 df ML

U

=
=

Z o
o,

2~ S 2~
T AE 5

Sink M2| Z12[&

sink= freie] DEMeA
A B oy AE9] 2FO
of sk r WAEA G
Martzg} Garbrecht 1992). DEM¢|
71e1d g3t o5 =49
o web] % kA Fe
. A WA= sinke] 7)o
Holgl oz o)A 1t
‘ﬂd“ﬂt sinke] 719999 &7
Reo] Aol Arurt i RAPoz A

= = =L O
=
‘:

Sk



94 Examination of the Algorithms for Removing Sink and Flat Area of DEM

WA E = Aoty 1), AAET n=v) vt
A Fogoz 2ddte] WAE = sinki= sink 7]
ogde] ATE Fo] FoEM AAE F
3, SHFE7F AARY £ 357} Fojd
kel WA= sinke SHFH-C
dFofoF o) Ty o]t
DEMol A s &7] wl-g- ofe]-g1, 7]
58 iR BE sinks AAHT &
7} Folgoz QA A HE Ao v}
o sink®] 1EE F7HATIE HHS AHEA
tF(Martz9} Garbrecht, 1998). 221} Garbrecht
o} Martz(1996)= AA KT} =& 1ws} Holg
o] AEE YFo] F7] 918kl breaching

i==]

T =
duE]EFS Aetsle e, breaching €alglE
= f]
=

Sink resulting from elevation
underestimate

Sink resulting from
elevation overestimate

FIGURE 1. Schematic profiles of two types of
sink(Martz and Garbrecht, 1998)

filling

™~

—

(a) Filling algorithm

filling remove  preaching
_|_| \ )
— 1 |—|

(b) Filling algorithm with breaching algorithm

[ 1

FIGURE 2. Filling algorithm and breaching
algorithm

g 2+ 7|EY filling &
breaching ¢85S #&3t filling
o] zto]l& HluLghk otk 7]E9 filling &
+& sink®] 719999 U F-o 97 A<
= P AL FoR sink 998 Ag=

2 sinke] 719
o] =Rz uwe] g rlel] o)A

e
A T B T )

o2 o K

TE BIAEE S e Fe) A uw

o] Z(breaching) 224 &1 PA
reaching®] tldo] == Ao /4S5
T2 Aee AL breaching <alg]
shi-e] =549 Ak bR
sinkiHe A@Er] o)y,  mat
breachingdll 9]&]A AA = Yehys= 71
SRR BAHE S WAE] fgtelth

e

. fo &

_J}q
2

s/ ) R R
o o
)

%

Flat area M7 212|&

[e]

R

1. Jensonz} Domingue L12|&
&
5

A%

flat areax= DEMS] 54 A
58 7HAE AdFE Ase I

=iy d

A & e 998 v

Domingue(1988)= DEM$¢] 3x3

Aol A Zhed Ay FH gUle] Ao

% dae] wmE flat area WHol e A9

S A4ste s Absksitt. DEM

3x3 FYof|A 7}2d Ao] flat area ¥

ol-gste] 5

o oo d offt
i
il

2}

i

X
i
)
1o
on
>
i

Ol
O

i3

x, 1o
=

= o

o
il o rr
]I}I., 0?_‘4 Oﬁ r_?L
1
1 o
o
2 2 Ho fop O (O Ol o o

ot g
gl
)
k)
_v;
B
rO
i)

oo o
ol

o

£

ok
-
0%

oft

o

l‘

B o N

4
it
o
ot
(nt
I
ol
©
o

(

_
O
—

&2
B
£

U DL of o o 1o fof Bl
RS

N
)

[o
d

A
o
4
-0,
<
fru

il

)

I,

o
I e
2
_O‘L
38
oo

(o]

o
o
o

319
I,
Jz
i)
o,

=
5
3

)

fru
(A
o
o2

ol
oot
35

of
o
A
)
I
2 ox

0;

Jenson¥} Domingue



DEM®{[ A& sinke} flat area X2 Y2|&Fef Hf3t vl HE / UYE -

B
Mo
X
©
a1

area®l tisto] Ao w SFUFS FAT
Ao skl FF) el REIA YT W
2 999 flat areadl] thelr= HaY3k 3} o]
FEH = @Hdo]l JAtHTribe, 1992). Jensond}
Domingue €18]5S o83l B3 DEMe|
A FE3 SIS relief daElHS ol A
-9} FAFslY, Jenson® Domingue €@ &0l
A= AAAR] DEMS] 1E% WstAI71A] &2
e A ZF A"z sE2uresks dAs)E E

Aol AtHMartze Garbrecht, 1992).

2. Combined gradient 212|&

Combined gradient ¥1z]5S A% flat

area®ll ©i3te]  “gradient towards lower
terrain” ¥4 ¥ “gradient away from higher
terrain” #HALS  F3Y3th. olw]  “gradient

towards lower terrain” I} flat area® 4
H 995 EHA 5 A

= 15 %
flat aread] LE=HT & S 1A= AloA
g &=

Initial flat area

(a) (b)

A e Aol g ggoE 3

ot
o,

H
“Gradient towards lower terrain” 3742 7]
9 relief ¥a2lEy e WHoz AHgdx)
o5 2T
(i) flat areas A SHTH 3(b)).
(i) flat areac] thajAl 17l 3(a)9t 2ol
AH o2 %S FTHAZITHLE 3(c)).

o

el

o

“Gradient away from higher terrain” ¥}%
2 =2 AYPoRRE HolX= HAE Fo3)

7] 9lste] AH-g5= A olth. “Gradient away
from higher terrain” -3¢ A& Hxl= &
I 23, 17l 3(b)ell wiske] A& oe 19
49} 2t}

FIGURE 3. Gradient towards lower terrain process(Martz and Garbrecht, 1998)

o | | | | o |

F_:\':Ifﬂ

HlEE e |

LT
L'.
LE|
L'.

@ (b)

(c) (d)

FIGURE 4. Gradient away from higher terrain process(Martz and Garbrecht, 1998)



96 Examination of the Algorithms for Removing Sink and Flat Area of DEM

TR LA LA EE) = R R

g v
S7MNZITH ™ 4(0)).

(vi) flat arca® AAE FE Ao
Aeld d7zkA ()b Gi)el FHHgE wb
B3}

Ao AREHA Be wE A

Combined gradient &i8]5o & “gradient
towards lower terrain” 3749 Z3}¢} “gradient
away from higher terrain” #4el A¥E A4
sto] flat areas X3, 1 HAL o3 2
th 1% 5e a9 3% 1%l 49 AdE FAc)
] flat aread R A3t ol & vER Aolth

(i) “Gradient towards lower terrain”ol <|gF
DEMS] 571 #h& ALkt (1™ 5(a)).
(ii) “Gradient away from higher terrain”

o °lgk DEM® Z7} #& Axtsich

(713 5(b)).

(i) W@ ()e] 57F #-s F3eh

A& DEM GiDolA AtE 1% F
7HEE R 5(0)).

) (vi)e] A¥Z flat area’} WD AL
I 99 °ﬂ th3le]  “gradient towards
lower terrain” IR o 2 HAIT} ouf
o] F7HE2 VIE FUHEY 125 o&
(2" 5(d)).

71 de] o] 8H9 relief dae]Edt
Ao AL3F combined gradient Y&
< ©] &3t flat area 2] A¥E vty 19
3(d 2 238 569 2o 1™ 3(d)A = flat
area oA AA o) W3Fow Hygh
A= AEo] v WAL AW 19 5

(vi)

A olelg AEol tE gdastn F4E
2 580 fEHE AL ¢ + Atk

DEM EX 7|89 Mg

E Ao = DEMY sinkel flat area *
gal7] sl Agtd guEE F filling &2
%+, breaching €il#]%, Jenson¥®} Domingue
Y E,

lower terrain”

et gl & (“gradient towards

s EY) 2

relief
combined

gradient & g]Eel dlste] AESITE 181
ol# gt WHES o] &34 BAE DEMOIA F&
H S vugto s Zbzhe] WA ol
st FEo wA= dFS HESA g
g A A"l A Aol A= Azt o
Y55 oJ9A AFsh=rhel wet HFTAoR
Z5v= Ao JFS wHA Hrh upEbA

I’Jr combined gradient <
DEM EA7IHE MEstgern digFe]
e 19 63 2

JJr A& &3 A#¥ DEMS o]

H—Hrﬁ"iﬂjo%ﬂﬁwlﬂ.-ﬁ

& st on, AdE s
& ArcInfo% ol g AT s Bl
HAEHAS 2 AFolA HEH 7+ shxige]
A A ALFE DEM A HHLS 7 ]
3} 2t} ESRI® Arclnfooll A= DEMe| H A2
flstel & 1olMel o] filling <are]Et
Jenson¥} Domingue ¥¢1#]ES o]&3ta Yt
(ArcInfo v81). T3t FZ% kel A4



DEMeI M 2] sinkef flat area X2 Y1EE

b“ Eﬂtf ul‘-) _HE/ I'! I-._z:_l%)s

i)

97

TABLE 1. DEM treatment methods for creating stream networks

Classification Remove sink algorithm Flat area treatment
. Breaching algorithm . . . .
This study . . Appling Combined gradient algorithm and D8-method
Filling algorithm
Arclnfo Filling algorithm Jenson and Domingue algorithm

FIGURE 6. DEM treatment process
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TABLE 2. Stream characteristics by stream order

(a) Study area

(b) Region®
Bl Stream from NGIS [ Stream from ArcInfo
FIGURE 8. DEM and streams from each method

(¢) Region®
B Stream from this study

(d) Region®

S(ggg? Stream Character NGIS This study gﬁﬁt[i;oe] ArcInfo gﬁﬁt[i;oe]
Number 65 65 0.0 60 7.7

Total length[m] 1527838 138275 95 137939 9.7

! Average length[m] 2351 2127 95 2299 2.2
Average slope[m/m] 3.6423 57796 58.7 5.0515 387

Number 34 30 11.8 27 20.6

Total length(m] 41113 52652 28.1 51597 255

2 Average length[m] 1209 1755 45.1 1911 58.0
Average slopelm/m] 09178 2.2811 1485 3.8129 3155

Number 8 11 375 16 100.0

Total length[m] 11664 14352 23.0 17918 53.6

3 Average length[m] 1458 1305 105 1120 232
Average slopelm/m] 0.4554 0.9898 1174 2.2660 397.6

Number 22 23 45 16 2713

Total length[ml] 20387 20358 0.1 18270 104

4 Average length[m] 927 835 45 1142 23.2
Average slope[m/m] 0.1923 0.379 975 1.3830 619.0

Number 129 129 0.0 119 7.8

Summary Total length[ml] 225951 225637 0.1 225724 0.1
Average slope[m/m] 5.21 943 81.1 1251 140.3
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