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Automatic Extraction of Streams from Digital
Elevation Model:

A Case Study in North Badia-Jordan
Abstract

A digital Elevation Model is simply a digital
map of elevation data. These data made up of
equally sized gridded cells each of which with a
unique elevation. There are many uses and
applications of DEMSs such as engineering and
scientific applications. The present study aims to
evaluate the ability of extracting stream network
using DEM extracted from SPOT satellite stereo-
pairs. The data extracted from DEM were compared
with stream network digitized from UTM and JTM
1:50000 scale topographic maps. The study area is
located in North Badia consisting of 120- km sq. For
the stream networks of the study area greater
attention was paid to deriving such networks
automatically. However this raises the question of
how sensitive stream data 1S to uncertainty in
elevation models from which they are derived. DEM
of the study area has been extracted from stereo
model of SPOT images using EASI/PACE system.
The thirty- four ground control points and 10
checkpoints have been used for geometric correction
of the stereo model. Geometric accuracy test of
RMSE of planimetry for the left image shows =
.76 m at the GCPs and = 24.00 m at the check
points, while the right shows £ 9.63m at the GCPS
and £24.00 m at the check points The validation
accuracy test of the extracted gridded 20 m
resolution DEM show an accuracy test of heights +
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3.11 m at the GCPs, and + 4.78 m at the check
pomts. From the EASI/PACE system a DWCON
program have been used. This program is a
conditioning procedure for drainage network
analysis, and the DEM has been applied in this
program to produce the following four data sets that
are required for subsequent drainage analysis: a
digital elevation data set with depressions filled; a
data set indicating the flow direction for each pixel;
a flow accumulation data set in which each pixel
receives a value equal to the total number of cells
that drain to it; and a fourth data set in which each
pixel equals the increase in the accumulation value
in the flow direction. A drain program has been used
to locate drainage networks,

A digitize drainage from1:30000 scale Al-
aretain topographic maps of the same area of UTM
and JTM. The results of the superimposed drainage
digitized from the topographic maps over the
drainage extracted from the DEM show that DEM
delineated streams are usually close to but not
coincide with mapped streams. Two main factors
affected the disagreement. The first factor 1s related
to the accuracy of the DEM. The second factor is
affected by topography in which the pronounced
topography showed agreement where the flat one
showed disagreement. The streams agree in areas of

ronounced topography and disagree in flat area. In
tevel areas, the stream channels may be cut mto
surrounding terrain and the difference in elevation
would poorly represented in the DEM.
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SMODEL Satellite Model Calculation

1

V6,2 EASI/PACE

Using GCPs stored in the GCP segment :
RESIDUE (Metre)

GCPID CALCULATED GCP
X Y b4 Y RMS
101 308541.92 3559860.77 2,08 8.65 9.87
112 105286.80 3582166.07 -0.85 1.10 1.39
113 304305.55 35B0960.03 ¢.61 ~-12.77 12.7¢
111 300738.43 3576794.01 3.48 7.48 B.2%
114 267314.06 3574017.35 12,33 7.04 14.20
123 282351.57 3570249.60 -2.64 -§.82 71.31
118 2B4548,85 3563605.90 -3.06 1.72 3,51
24 2B4227.61 3556252.00 .88 -4.55 7.44
133 2749720.76 35543€3.75 -5.75 -7.10 9.14
13€ 282124.70 3547221. 45 3.87 : 0. 67 3,92
133 2785854.62 3542814.59 -4.18 2.75 5.01
140 281¢51.16 1535719.16 11.04 -0.88 11.08
141 252836.33 3536495.92 -1.17 4.50 4,85
142 292461,31 3547660.83 -10.31 -0.81 10.54
137 282716.18 3551492.32 -10.453 -10.41 14.73
163 304501.01 3532751.70 4,62 8,52 10.04
182 308304.67 3542432.89 9,43 4,66 in.52
146 322%62.77 3563356.05 -5.44 3.17 6.30
1448 330981.83 35610%83.%2¢6 -5.19 -9.24 10,60
138 328330, 02 3556596. 96 -0.47 -3.860 3.83
137 327572.46 3553040.11 11.23 -3.46 11.77
151 313326.13 3552534 .24 -B.7 5.71 19,47
132 309241.02 35548237.€5 -B.03 0. %8 B.0OZ
1%4 329680.45 35481%1.66 1,19 T 6.%3 £.79
139 325744.96€ 3543758.78 ~0.86 -7.24 7.37
164 320102.88 3536360.71 -0.72 ~1.88 2.01
125 3253230,22 3568545, 54 -7.08 2,62 7.53
149 336875, 74 3557835.87 §.30 ~2.18 B,38
123 338779.11 35€5546.33 4,41 -4.48 5.2%
126 326818, 97 3574682, 84 10.11 1.20 - 10,19
158 321487,25 3574%31.38 -1.27 7.07 7.1E
127 330678.34 3582055.04 1.04 5.34 £.42
145 345746.50 3371765.59 -0.54 1.36 1.47
150 343645%.57 35630G14.72 -12.,40 -2.37 12.¢3
123 337167.05 3545521.02 -0.43 -5.71 .73
RMS £.56 5.80 8.16
£E3IDUT TERTRS FOR CHECK 2CINTS:
GCPID CALCULATED CHECK POINT ERRORS {Metre)
X Y X K¢ PMS
-l02 300831.72 3557083, 04 -3,99 15,54 18._ 42
-110 2¢5836,55% 35E££60.30 14,54 -14.50 29,40
-116 2684838, 37 35737€3.10 6.51 e, a4 20.63
-i1g 290488, 39 35612€3.69 -15.01 §.78 16, 48
-153 3206R4.85 3548825.77 -18.50 3.8%8 13.88
-187 330435, 64 3528353¢.035 -36.21 2.49 35.230
-185 330258.21 35345853.33 ~20.17 -7.49 21.31
-1€3 31745%8.40 3530725.15 -24,06 -3,71 25,45
-159 118555, 40 3585707.26 24.68 -4.44 25.07
-171 313701,55 3565822.94 -2.86 ~15.60 15.88
RMS 20.76 12.12 24,04

(1) S
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SMODEL Satellite Model Calculation VE&.2 ERSI/DACE

GCPID CALCYLATED GCP : RESIDUE ([Metre)
X Y b4 Y RMS
101 308537.56 3559859.40 7.11 11.02 12,11
112 302279.98 3582171.49 7.98 -4.23 8.08
113 3043215.58 35B0%48.40 -5,72 -1.14 8.79
111 -3007329.87 3576756.47 2.03 5.03 5.42
114 257514.21 3574021.68 12.18 2.71 12.49
iz3 282549.80 3570242.25 -0.86 0.43 0.27
124 2B4231.35 3556251,85 2.15 -4.40 4.50
13% 2797185.40 3354359,16 -4.29 -2.51 5.05
133 278880.73 3542814.14 -10.30 3.1% 10.78
i36- 282125.43 3547222.45 3.13 -0.23 3.15
163 304309.73 3532767.41 -4.10 13.21 13.83
141 252346.21 | 2538494.87 £.55 5.54 10.53
142 292456.46 3547683.41 ~15,65 ~3.49 16.04
137 252709.53 3551486, 81 -3.92 -14£.90 15.41
140 2B1853.34 2535724.41 8.87 -6..4 10.79
145 322964.65 3563357.63 ~7.32 1.80 7.49
14 330%B82,78 3561050.02 -6.15 ~5,31 8.12
138 328333.13 335€390.45 -3.%89 2.¢el 4.62
154 228£680.35 354£1%5,88 1.28 2.47 2.7
157 327581.71 2553632.31 1.95 4,34 4.77
128 325740.73 35437£3%,78 3.57 -4.35 .63
=351 312533 .48 3552827.73 -16.33 2.23 16.489
152 308232.36 3554854,82 0,63 3.78 3.84
184 320092, 54 333€361.68 2.82 ~2.B5 3.87
1862 328307.58 334724%2.32 £.72 ¢.23 7.94
149 336870.05 3557832.71 13.99 D.57 14.02
150 "343642.68 3563€13,5]1 -9.51 -1.16 ¢.38
128 338780.95 3568330.65 2.58 -8.60 B.58
125 325227.76 35£934%.33 -4.12 -1.17 4,25
143 345743, 65 3571770.38 2.31 0.57 2,38
125 32€210.31 3374€75.5% 16.7¢6 5.%9 17.87
127 330889.89 338205%7.21 -1.581 4.17 4.44
LY 321504.31 2575832.11 -B.33 0,83 2.38
1z 331379.57 35733451.60 -7.31 3.73 7.35
i3 2%45B1.73 2 H 7.56 -3.34¢ g.24
15% 337165.03 2 0.69 ~11,¢5 ii.z8
7.a5 5.58 LE3
RESIDUE ERFTES FOR CHECH PCoINTE:
GCBPID CRLCULATZD CHECK POINT DRROR3 (Metre)
x Y » Y oME
-152 300823.01 253703%.79 -3.20 11.76 tz.22
-110 25586%.06 2588544, 01 2.14 -5.&2 2.23
~116 2B4830.17 3573730.45 15.11 12.10 19,36
-165 330252.73 35343548230 -15,68 -2.65 15,54
-185 3174%5.11 3330726.87 -21.78 ~11.41 24.59
-16% 318565.78 3386711.57 14.80 -8.85 17.29
-118 250535.20 35512482.,76 -50.82 9.53 51.73
-153 320678.83 355%831.52 -13.47 -1,88 13.60
-171 3136%7.83 3365825.45% 0.56 -19.15 18.17
RMS 22.21 i0.78 24.69

7y Do
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RMS Error Report on DEM file
GCP Image Image Input Calc.
No Pixel Line Elev. Elev,
101 3361 2950 810.3 809.0
112 2312 810 1084.0 1082.0
113 2562 1047 1154.0 1152.0
111 23864 1536 1105.0 1106.0
114 2200 1883 106G.0 1055.0
123 1125 2608 926.5 §32.0
119 1435 3204 836.7 8§37.0
124 1579 3524 705.6 703.0
13% 1272 4215 667.0 667.0
136 1628 4849 611.1 605.0
133 1476 5354 589.2 584.0
141 2708 5627 541.5 541,0
142 2415 4558 675.2 676.0
137 2346 4181 708.0 710.0
183 3609 56585 538.5 536.0
162 3735 4678 603.4 602.0
146 4360 2304 707.8 703.0
148 5004 2330 £53.1 652.0
158 4909 2830 646, 4 6471.0
157 41933 3183 643.2 652.0
153 3892 3541 716.6 716.0
152 3527 3458 751.1 748.0
154 5198 3612 626.0 633.0
1589 5047 4133 634.0 635.0
164 4757 4988 627.5 £27.0
125 4412 17486 T147.5 749.0
148 5511 2504 644.1 646.0
12% 53321 1323 720.9 724.0
126 439] 1113 758.2 756.0
168 33E9 1217 783.9 785.0
127 4510 306 741.4 739.0
145 5854 8940 167.2 766,0
150 5893 1839 701.7 761.0
155 5711 3274 631.5 636.0

Mo. of GCP Points within DBIW window :
Root Mean Sq. Error of elevaticn (m}

Check Image Image Input Calc.
Pt. Pizel Line Elev. Elev.
-102 2847 3442 787.7 795.0
-110 2241 2636 942.6 842.0
~116 1223 2210 9390. 48 992.0
~-118 1951 3288 g48.0 B45.0
-153 4495 3670 29,8 631.0
-167 5699 5514 596.8 607.0
~166 5536 4880 594.1 602.0
-165 4691 5596 605.4 610.0
-168 3504 147 854,06 850.0
-171 35214 1900 B8G. 8 8686.0
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