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Abstract: Fluvial erosion is among the core components in tectonic geomorphology. The 90m—resolution SRTM3 DEM has been
widely used in tectonic geomorphology, but the void data is the bottle—neck that hampers its application in quantitative fluvial geo-
morphology. In this paper, we compare the satellite —derived SRTM3 with the 1:250000 scale topographical map—derived DEM of
90m pixel resolution (so called 1:250000 DEM). 1:250000 DEM results in artifacts and distortions are larger than the SRTM3 in gen-
erating river networks, particularly in relatively flat regions of flood plains or sedimentary basins. However, it is better than the
SRTM3 in the steep and mountainous terrain, regions where SRTM3 has most of its data voids. Comparison of various studies on
SRTM3 hole—filling suggests that high—resolution DEM patching is the key, and the choice of algorithm is of the secondary impor-
tance in improving SRTM3 data quality. Using the complementary 1:250000 DEM to fill the holes in SRTM3 is effective in quanti-
tative studies on fluvial geomorphology, especially in dissected margins of the Tibetan Plateau. We also describe the procedure of
SRTM3 data void—filling, for educational and practical purpose.

Key words: tectonic geomorphology; SRTM3; 1:250000 DEM; data void

[1=7]
b

:2009-02-20; :2009-03-20
( :40872131) |

: (1985— ), , s GIS o E—mail ;jie—sun@itpcas.ac.cn
(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



28 6 727

[10.22]
5,8-19]
o

[11,15,17,20-21]
o
DEM

. Kirby ™ Whipple™

’

o b
(process—oriented )" 1107172730

S=Ks-A~,
. S (local slope) ,Ks
steepness ) ,A

(river

(upstream
, drainage area) , 6

, Whipple P Howard™

(river concavity) .
o , 0
, , Ks
, o Ks
(rock uplift)
. , P2 1), DEM

o
[13-14,16,18,24,26-29]
o

DEM

o (NIMA)

o (digital elevation models, (NASA) 2000 2 17
(SRTM),

, (InSAR)

) ° 11

b
[31-34]
o

DEM)

9

s DEM

i I

1 DEM

10" 1
LUK/ m?

P 1 T A B FE Y i 4 T S R g g
® Fig. 1 Response of rivers having different steepness
in regions to structural uplift rates
48 Whipple  EIH/RE LA X R 06, BRETFa NN
F (14 mm/a) K, B &+ F R0 T FHFER( mm/a) K, RE
5 A5 2 B 1) T DA R P 2 g X ) ) 4 ) M X

[12-13,28,35]
o

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



728 GEOLOGICAL BULLETIN OF CHINA 2009

60° 57° S 80% GTOPO30 .
, SRTM 5 DEM
(SRTM DEM). SRTM3 DEM «
. DEM , DEM
SRTM3 DEM , .
DEM , , DEM
29)
B 5 s ( 2_A) o
o s DEM
, DEM
, s s DEM
[13-14,16, 26-29]
DEM s GIS )
o N DEM GIS
( - ( 2-B). DEM
)y . DEM , “pg” | DEM
- SRTM3 s >
, DEM ,
N s s o DEM
, SRTM3 DEM ( )
R Finnegan ™ ,DEM ,DEM
SRTM3 DEM s - SRTM3
A
1760}
1740
E 1720
2
.h:z 17004
1680}
16601
235 24 245 25 25 26 265

{1 < B /km
Pl 2 PSS RGLRAE AR Y DEM 8RB ] A ] 1 (A) ™ DEM e 1 Y = 58 o] [ P (B)
Fig. 2 Example of river longitudinal profile extracted from DEM which was derived
from topographic contour map(A )and perspective view of rivers network extracted from DEM (B)

A 2R 2 A A DEM S SR IR GR 5 bR T 9AE A B8, A ) ofe ) TR AL B A e K R 2
(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



28 6

729
o DEM ) SRTM3 o
« ’ , . @
DEM , (Complex Dielectric Constant)
i [37.40)
2 SRTM ’
2000 (Phase Unwrapping Artifacts) o
SRTM DEM 3 s
SRTM1 , L
b 9 1 )
i 30 m;SRTM3 , i ,
3 , 90 m;SRTM30 g
, 30 , 1km, , )
SRTM30 SRTM3 ,
1 km DEM, o
GTOPO30 o SRTM3 0.23%*
SRTM3 SRTM30 ,SRTM3 DEM 3 SRTM3
+16m, 20 mP,
USGS SRTM 1), SRMT3 2 s
SRTM3 95% ,
.. SRTM3 . :
Bo-3
40,43—44]
( 1°x1°) 30% SRTM3 o
DEM —32768 m, , ( N
SRTM3 DEM ) ,
@ (Geometric Artifacts ), ol 3%3 5%5 SRTM3
N , . @ . Reuter ™
(Specular Reflection of Water), SRTM3 s SRTM3

’ ’

F1 USGS HREH SRTM HiESH
Table 1 SRTM data parameters provided by the USGS

= b SHE BER KVPEER  &ESER RERI KT
SR 1 IMRB(KZ 30m) WERE  WGSS4 WGS84/EGM96 . n_uuioza
A 2 FF 52 E & 4 b M 1R
3 JRFP(CREY 90m) WGS84/EGM96 _
SRTM3 HEEE  WGS84 m 0.00083

ERRAHB 7

KM B T

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



730 GEOLOGICAL BULLETIN OF CHINA 2009

Luedeling*! GPS
SRTM3 o [
1:100 SRTM3 ,
, 5 [471
GTOPO30 SRTM3 s
GTOPO30 SRTM3
, GTOPO30
) Aster DEM
SRTM3 s
Aster o

(National Geospa-

tial—intelligence Agency,NGA) SRTM3
, SRTM3 )
, SRTM3 V2 ,
http://seamless.usgs.gov/ o

CGIAR (Consultative Group for International A-
griculture Research)

CSI(Consortium for Spa-
SRTM3 o

tial Information)

103°0°E

Arcgis SRTM3
10m , DEM
( 1km  SRTM30 )
, TopoGrid
DEM, o SRTM3
, http://SRTM.csi.cgiar.org/
o SRTM3
1km  SRTM30 ,
N ( 3) o
4 1:25  DEM  SRTM3
41 125 DEM
1:25  DEM 2002 3
s 1:25
; 3x%3 ,
SRTM3 °
72~136° 3~54°, )
.1956 ,
° 1/3 172

H 3 [ SRTM3(A)S CSI SR B9 DEM 808 (1 B)A: 18 i) %7 T [ 3
Fig. 3 Companson of plan—view nver network generated using unedited SRTM3(A) and CSI void—filled DEM(B)
A— 1 o £ R0 4 5 T X B— B o S HE N CST HURR &Y B038 72 A ACHT, 7 B A A 4R A 500m
¥0F 71 9 Rivertools2. 4 $K {8 8 “D8 "™ 77 i #i |
(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



28 6 731
( R 50m, 100 m) 2 R R
. 2  DEM
42 125 DEM SRTM3 2
SRTM3 ,1:225 DEM DEM . :M1:25 DEM 125
1:250000 , 20 , DEM .
70—80 , . (QSRTM3 (DSM),
1:25  DEM 1:25 (DTM),
, DEM, ,SRTM3
. ( R ) , DEM
, . ,1:25 , . ,SRTM
50 m, , DEM
, . @125  DEM
DEM ,
. , )
C 4 o

104°E

106°E

30°N

M4 FIA 1:25 77 DEM $EHG 807 0 9 15 15 236 a2 5 @ AR 96 07 R 3T H
Fig. 4 Comparison of river network extracted from 1:250000 DEM

and that from the National Fundamental Geography Information System
i 3 bR E P IRX 1:25 77 DEM 42 Rt A7 8 B 18 4 0 3 = fin B0 90 7 160 0 0 RG R
(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



732 GEOLOGICAL BULLETIN OF CHINA 2009

2  DEM
. 125 DEM  SRTM3
, 1:25
DEM SRTM3
o 12
( 59, 8
4 ).8 ( 5~15° ,
) 8 ( 200,
), 2 ( 5 ,
2 0 , ,
6m, N )
SRTM
,1:25 SRTM3  50~80m,
( )1:25  DEM
SRTM3, SRTM3 4~10m;
, 15~30m, 30~
60m, 2 .
,125  DEM
SRTM3, SRTM
SRTM ( )
, DEM ,
SRTM3 .
2 o
SRTM3 B4l
1:25 DEM , 2
,2 0 ,
1:25 SRTM3 .
43 125 DEM SRTM3
125 DEM SRTM3 V2 ,
SRTM3 V2
. 1:25 DEM
SRTM3 ,
. EGM96
WGS84 o

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

SRTM3 s
1:25 , (
16) )
, P
( 6)
ENVI4.2 Decision tree,

—32768, SRTM3 ,
ENVI  Segmentation ( 16)
, Arcgis9.2  extraction by mask

1:25 DEM ,
mosaic , ENVI  DEM replace
bad value ( delau-
nay o

1:25 DEM
SRTM3 ,
( 500 m) ,
5
( .
) SRTM3 ,
(1)

, 1:25 N
delaunay SRTM3 .CGIAR—
CSI 1:25 SRTM3

«C 7, 500 m,
CGIAR—CSI 1000 m,
1:25 DEM SRTM3
DEM s
(2)
. , 125 DEM
SRTM3 ,

’

http://www.cnki.net



733

28

o F S SO CWLNS J MHE D (ENLNS MENE WA I STOFHF B T WL AWML CHFRHRMES S AT L 8 A4 T Wl Y
anpea [ax1d 135 ©IEp WH( 0MI 10] 20UIIPIP UONEAS[d Jo urerfoisty ¢ “Sig

Bl H R 8% WA SWLYS & WHA I ST1 S B
u/ ZEE w/ g u/ R
00Z 081 001 09 0 08~ nol-  0&1- camm 0oz 081 001 08 N ﬂ.- 001~ Su.g 00E 002 001 0 DOt~ 00z- DOE-
N = = {a10 —E S T 1o
/ /r »ﬁ th s\. . ’.l
v % 7 » A 7 Fogs
J./ r | « | [ % A | I il
— 5v°0 _ K : . | L S S — o3
LS 101-001 k 7 oL SO1-P17501 s ¥, o [HF 101001 % ; <
NoSLOE-R'6T: ¥ _f -\. - —_— —19°'0 NoL8'8T+'8T : ¥ X 5 5 NS FE-9° €€ By %] & T IHI s ,ume.
T /i.. F wye g gl T " wos i K —F 0 22
we AL P | W Wk \# o wmek] NS L 1o B
oLkl g _ 5o LT8TSE g m L Lo g m| ; s
CIamiirEd) exms CmNied) 22w : CMITHNTRD 1 g oh
5L 0¢ gz 0 s~ o8- E..e oy o o - 001~ 008 o ; e - S
=5 0 0 o=
..J...J. _ .-.-\\\I ‘ N |;\.._\l|| - 4 - ‘.hlu.
4 A €0 b ! - - e ‘u
~ = LA ¥ 0 y ]
L + E e M?
- - z 1 - & - -0
. g " > 40 £ e =
< "u a1 = gy . - - wm
ELEUE ) ; F.6501-501 . 5 | B.wsorcsol Or &
NobOE-SOOE | | | o I SE— P NoSLIE-€T€ ¥ e o 7 F 1| NoOEL96T R —TF = |emc
wi| g o I [ wez tg g b B I wgy % I R Vk
W P =] — |- = 9z W7 tHerdk = F 1 wz H A T 021
(UDI9RLI i W 5 UNEELL B ) . e g om o ﬂm
(21D EXEy (W) X% ; (HENRD 138 g
=)
08 0z 01 0 o1 0e- o 0 st L] § 0 0- g o1 g 0 g o1- a-
T e e, Ol > 0 TEE e . 3 T . S 0 L = O 2 0 ..Pl.v
. J (] i il il ; 7 O
| . o2
- — —t —{¥ = —+ —s IO
[ , | £
——— N — - la e . 1 s R
ANBPERE6 ERIRS — g [eSERITIOL _ 4=
NoE LE-SHIE - B R —— -— il N=S0E-V 08 B 5 : NoE'1€-1 _.m.xm = * —— 8 W.muv
wy iE wg sy f| . I uy = K . 3
- CERA A 01 Wz Hssds w R O — —ot
A ZrS8 g W - U0 p6b ik MW - U 10§ G O ‘. _ 2

CWENRD 2

RN (A

(C)1994-2023



734 GEOLOGICAL BULLETIN OF CHINA 2009
SRTM V2 i W —+ REZF K5 £
T
AKX T16
! b
SHAGERSL ) 5 R4 SRTM - #REME 1:25 57 DEM
AR TR R AEHAP it 749 o iE
P 6 FIMA 1:25 77 DEM S84 SRTM3 #odi 25 i ah 5 AR ek
Fig. 6 Flow chart for filling SRTM3 holes using 1:250000 DEM data
o 1 2 3 4 5 6 1 & 9 1w
i T OB/ e
IIeN 1: 25J7DEM
1O it%"jfﬁlk' ''''''' CSURMSIIER
B —— e ﬂfﬂdelauqay;:.lﬁ! Ff?ﬁ#ﬁ!’ifﬁ
. i FIH1: 2577 DEMBL FESRTM
B 7 FIH & B i 8TRh SRTMS fY i 8 b 82
Fig. 7 Comparison of different data—void filling methods in producing river valley shapes
Ak R BEB X DEM (L2 B % R S0RM B0 vt b i
) ( 8. )
(3) DEM 1:25 DEM ,
DEM DEM o
, R 1:25 DEM
DEM o 9 SRTM3 DEM
,  Rivertools2.4 D8 s - SRTM DEM
, SRTM3 1:25 DEM 1:25 DEM ,
SRTM3 o SRTM3 , o ,
, . 1:25 DEM SRTM3
, 1:25 DEM SRTM3 N SRTM3
DEM o
, CSI s 1:5 DEM

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



8 CSI-SRTM3(A)4 1:25 77 DEM HUAh i SRTM3(B) 4= i 9 5 i 28 3 He
Fig. 8 Companson of contour lines from CSI—filled SRTM3 (A) and that filled by1:250000 DEM(B)

=

= TS IR T T

W
-

90°20'E 20'1:'

[¥ 9 [{tH SRTM3(A) 5 1:25 J7 DEM HUFE R SRTM3(B)4: A () 30 ] 3 4 L
Fig. 9 Comparison of plan—view nver network
generated using unedited SRTM3 data (A) and 1:250000 void—filled DEM(B)
(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net




736 GEOLOGICAL BULLETIN OF CHINA 2009

SRTM3 .
O b
(
), SRTM3
. ,SRTM3 125  DEM
, 1:5
DEM SRTM3 ,
, SRTM3
. SRTM3
, 2
6
. DEM
, DEM
. SRTM3 DEM
1:25 DEM SRTM3 .

, DEM
o DEM
. SRTM3
DEM ,
,SRTM3 ,

. @ SRTM3
. 1:25 DEM SRTM3

. SRTMS3
1:25 DEM , 1:25
,2

. 2

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

., SRTM3 .

[1]An Z, Kutzbach J E, Prell W L, et al. Evolution of Asian monsoons
and phased uplift of the Himalayan Tibetan plateau since Late
Miocene times[J]. Nature, 2001,411(6833):62—66.

[2]Molnar P, England P. Late Cenozoic uplift of mountain—ranges and
global climate change—chicken or egg[J]. Nature, 1990, 346(6279):
29-34.

[3]JRaymo M E, Ruddiman W F. Tectonic forcing of Late Cenozoic
climate[J]. Nature, 1992,359(6391):117—122.

[4]Raymo M E, Ruddiman W F, Froelich P N. Influence of Late
Cenozoic mountain building on ocean geochemical cycles|]]. Geolo-
gy, 1988,16(7):649—653.

[5]Ruddiman W F, Kutzbach J E. Late Cenozoic plateau uplift and cli-
mate changel]]. Transactions of the Royal Society of Edinburgh. Earth
Sciences, 1990,81:301—314.

(6] , . ,

0. 2001,21(5):381-391.

mo. 0.

,1999,54(1):10—-21.

[8]Beaumont C, Jamieson R A, Nguyen M H, et al. Himalayan tecton-
ics explained by extrusion of a low—viscosity crustal channel coupled
to focused surface denudation[J]. Nature,2001,414:738—742.

[9]Brozovic N, Burbank D W, Meigs A ]J. Climatic limits on landscape
development in the northwestern Himalaya [J]. Science,1997,276
(5312):571-574.

[10]Burbank D W, Leland J, Fielding E, et al. Bedrock incision, rock
uplift and threshold hillslopes in the northwestern Himalayas[J]. Na-
ture,1996,379(6565):505—510.

[11]Finnegan N J, Hallet B, Montgomery D R, et al. Coupling of rock
uplift and river incision in the Namche Barwa—Gyala Peri massif,
Tibet[J]. Geological Society of America Bulletin, 2008,120(1/2):
142—155.

[12]Hurtrez J E, Sol C, Lucazeau F. Effect of drainage area on hypsom-
etry from an analysis of small —scale drainage basins in the Siwalik
Hills (Central Nepal) [J]]. Earth Surface Processes and Landforms,
1999,24(9):799—808.

[13]Kirby E, Whipple K X, Tang W Q, et al. Distribution of active
rock uplift along the eastern margin of the Tibetan Plateau: Infer-
ences from bedrock channel longitudinal profiles(J]. Journal of Geo-
physical Research —Solid Earth, 2003,108 (B4):2217,d0i:10.1029/
2001JB000861.

[14]Liu—Zeng J, Tapponnier P, Gaudemer Y, et al. Quantifying land-
scape differences across the Tibetan plateau: Implications for topo-

http://www.cnki.net



28 6 737
graphic relief evolution[J]. Journal of Geophysical Research—Earth 2006,26(2):236—243.
Surface,2008;113(F4), F04018 doi: 10.1029/2007JF000897. [32] s s s
[15]Tapponnier P, Xu Z Q, Roger F, et al. Geology — Oblique step- 1. ,2005,12(1):303—309.
wise rise and growth of the Tibet plateau[J]. Science,2001,294(5547): [33] , . DEM -
1671-1677. ,2004,11(3):226.
[16]Willett S D, Hovius N, Brandon M T, et al. Introduction[C]//Wil- [34] , , , . (DEM)
lett S D, et al. Tectonics, Climate, and Landscape Evolution. Geo- Ul ,2006,25(6):660—669.

logical Society of America Special Paper 398, Penrose Conference
Series, 2006,vii—xi, doi:10.1130/2006.2398(00).

[17]Wobus C W, Hodges K V, Whipple K X. Has focused denudation
sustained active thrusting at the Himalayan topographic front? [J].
Geology,2003,31:861—864.

[18] , , .. —_—

“ ” . ,2006,13(5):285-299.
(C il (
),2000,36(4):100—111.
po]
[l- ,1995,40(16):1497—1500.
Pl . ®d
),1996,326(4):289—295.

[22]Burbank W D, Anderson R S. Tectonic Geomorphology [M].
Blackwell Science, 2001:1—274.

[23]Finlayson D P, Montgomery D R. Modeling large —scale fluvial
erosion in geographic information systems(J]. Geomorphology,2003,53
(1/2):147—164.

[24]Montgomery D R, Balco G, Willett S D. Climate, tectonics, and
the morphology of the Andes[J]. Geology,2001,29(7):579—582.

[25]Pinter N, Brandon M T. How erosion builds mountains[J].Scientific
American,1997,276(4):74—79.

[26]Whipple K X. Bedrock rivers and the geomorphology of active
orogens|J]. Annual Review of Earth and Planetary Sciences,2004,32:
151-185.

[27]Whipple K X, Tucker G E. Implications of sediment—flux—depen-
dent river incision models for landscape evolution[]]. Journal of Geo-
physical Research—Solid Earth,2002,107(B2):2039.

[28]Whipple K X, Tucker G E. Dynamics of the stream —power river
incision model: Implications for height limits of mountain ranges,
landscape response timescales, and research needs[J]. Journal of Geo-
physical Research—Solid Earth, 1999,104(B8):17661-17674.

[29]Wobus C, Whipple K X, Kirby E, et al. Tectonics from topogra-
phy: Procedures, promise, and pitfalls[]]. Geological Society of Ameri-
€a,2006,398:55—74.

[30]Zeitler P K, Koons P O, Bishop M P, et al. Crustal reworking at
Nanga Parbat, Pakistan: Metamorphic consequences of thermal —me
chanical coupling facilitated by erosion|]]. Tectonics, 2001,20(5):712—
728.

[31] ,Densmore A L, s

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

[35]Howard A D. A detachment—limited model of drainage—basin evo-
lution[J]. Water Resources Research, 1994,30(7):2261—2285.

[36]Farr T G, Kobrick M. Shuttle Radar Topography Mission produces
a wealth of data[J]. Amer. Geophys. Union Eos, 2000,81:583—585.

[37]Showstack R. Digital elevation maps produce sharper Image of
earth’s topography[J]. American Geophysical Union, 2003,84 (37):
363.

[38]Falorni G, Teles V, Vivoni E R, et al. Analysis and characterization
of the vertical accuracy of digital elevation models from the Shuttle
Radar Topography Mission[J]. Journal of Geophysical Research—
Earth Surface, 2005,110 (F2):DOI 10.1029/2003JF000113 | UNSP
F02005.

[39]CIAT.Hole —filled seamless SRTM data [EB/OL]. [2009 =01 —28].
http://gisweb.ciat.cgiar.org/sig/90m_data_tropics.htm.

[40]Dowding S, Kuuskivi T, Li X. Void fill of SRTM elevation data—
principles, processes and performance [C]. Images to Decisions:
Remote Sensing Foundations for GIS Applications, ASPRS Fall
Conference, 2004: 12—14.

1] . .InSAR 0l.
,2007,27(3):50—55.
[42] . SRTM3  GTOPO30 0l
( ),2005,30(11):941—944.
431 SRTM Ul
,2006,31(3):76=77.
[44] s SRTM 90m

Ul- ,2005,24(6):88—92.

[45]Reuter H I, Nelson A, Jarvis A. An evaluation of void—filling inter-
polation methods for SRTM data[]J]. International Journal of Geo-
graphical Information Science, 2007,21:983—1008.

[46]Luedeling E, Siebert S, Buerkert A. Filling the voids in the SRTM
elevation model — A TIN—based delta surface approach([J]. Isprs Jour-
nal of Photogrammetry and Remote Sensing, 2007,62:283—294.

[47] . , .o SRTM

Ul- ,2007,5(3):62—64.

481 . ASTER

Ul- (

SRTM

), 2006,34(12):
108—110.

[49]|Berthier E, Arnaud Y, Vincent C, et al. Biases of SRTM in high—

mountain areas: Implications for the monitoring of glacier volume

changes|[J]. Geophysical Research Letters, 2006,33(8):L08502, doi:
10.1029/2006GL025862.

http://www.cnki.net



