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Remote Sensing Analyses for the Land-cover Changes
in the Coastal Zone of the Choshui Estuary
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Abstract

Remote sensing images taken by French SPOT satellites 1 and 2, available aerial photos and maps,
and our field investigation, showed that there were great changes in land-cover in the coastal zone of the
Choshui Estuary from 1993 to 2001. Many of the shallow coastal water areas were filled up, the land
areas were expanded, and industrial parks were established. Illegal fishponds were constructed for marine
fish cultures in many parts of the coastal zone. The above industrial and fish culture developments have
modified the terrain, landscape and environments. Also, washes of typhoons altered the surface of the

beach areas.

RBRlgaa] : SEU B8 ~ g ~ /KR

Key words: remote sensing, change, coastal zone, Choshui Estuary



62

et HEH - 925:3H7H

Received: March 7, 2003

)

S ol AR HE SR LR E H R
B - ASCERDUR A ETEZZ T ~ JKp DU
FEdh LiEEE N ¢« HREES 'R - ATE A
"] i U B 338 e - st R A BOR o2 B B 78
(4 1992) < EHIE kL 22 R it BE
T~ LIRS ~ ORI 25 B TR 53 A7 13
B o AT BB TR 2 ARG L
TSR A e AR IR LB HE A B K 3 -
AL 2R T RE 38 28 & B - s B e 28l
S B E (A % 1994) < KL - JE & HIE R
PEIHRHEE - REFRIFIH IS B HRE - 2
—JH E BT (B 1992) -

SR Titiea RIS NE A =2 (s iy oe= S b
[ B WG LB IR B v DI > A HT A T
B ~ BRI - R G E T
2 S ZWEae 7T - N iR R
(B R B e BURT #5 SEAE I 5 e - 38 i S 3t
T ORKHI B B o KERBLEVE Y T ~
8~ SEEERE ~ VIR ~ BT IR A 2 I
TRE & Gl BB 5 > K hhih R R & i
LIEGHE 1% el B SO R R T - S RE R
IR -

ttARISERRE It L T N PNER - S-3V
o UAS 1 R FH B L IR K IS B 22 R R 28
TR R R > BEE R IR - Ak
1R B B RA TR > IR EybHh - ki
e BRSRER M > W IEF L KSR A
HIVR T A I A B O R T 2 3
T 2R o Y SR bt 38 SR R 3% Fr R FH 2R E 2K »
ARG R o A TR A B T
SR RLE 2 ERBES T2 > R E AR ER2/3

& I E B /KR A58 S i

%32 HE] : 924E6H2H

Accepted: June 2, 2003

DLEZiR - B fE 2 g T2 ~ FERtEk
E -~ BT EE S TR PHE R
TE S I GHIRE > KIS K R B LR A T 7K R ]
FIBA A AT » BURF AT 28 AR A S T 36
i LSRR 8 9 T SRR 8 I > A IHEE 2 A 4
BLRE 2 R TR - B a2
ZuEME -

G B 7K 92 1 1 2 AH BRI 7E A S
(1994) &L TH AR T AV E IR - #8IHE%
BOREEEYINE - RG22 58 k)
FEfEPIFH - R B B R B & B A
H o 355 (1994) G S KR LI T iR AR T
) > #5H1972-19914F [ 7K 1% 7R = A
EE) LR tE S T+ > HH NSRS IRIRZ %
BN K o FR(1998) W i 7E ZE AR I B TS
gy o Al R DI B F SR A & R A
AL ET LT - RS C R e
B > DAV /K% 11 e A0 1) v vl v i st £ 2
FE IR o[855 (2001) & LA [FIAE43 & i e @ 52
et EHE KR O BRI B R HEFT L 5347 -
i SR BE TN 1978-19844F-[H] > V& 7K IR [ D4
KA 2% 5 5 HH B fth 5 > D3t i A A sk
Ao 2RI BBALR AT o 1111991-19984
[l > RV AR K BRI IR > IR ST
FSRMRREAR - #5555 (2001) E 561 728 A L 1
FERTAT MBI 7E - HET B F Ak
e amiPe G A m i v DRSS o QLR ¥ ]
200 ha) > A VY JE BB DUE B /K 22 [ o 7 55
(1993) 1T 1L 1972-19924F 1 2 5 B fifF 7218 7k
1R 1 205 [ 2 BRI A - HEZIHIREIES T o
% T AT LOAE S B 5 1R 52 Bl 4% 40 (% 2 8
TR B OMIEKET 2 TREMBRCHERK
R o » HEEER M TT 5 2 L



FE £ YIRFSE 5(2) + 61-72, 2003

OB ST - AW LU 28 R - BT
izl i Rt B RE T RS T R
BT ERITEEREERE LR - DU
1993 12 1 /K 1% [ M [t 2 BB (K UL » (42 it
FHBH R VIAEOR IR ~ MBS T 2 25 -

M AL %

— ~ WFCIER BRI AR

V) 7K VR IR S o B L 1A B B 2 T
TAS AR ~ F R ~ AR S AR ER AT T
B B R IS A L R R IR g0 B 2 AR IR 28 A5
R A BRI o Wi R £5186.6 km > i
IR 5% 3,156.9 km? - EKHARE5-9H o

NS 1 B £ PG VE & LAPE I 1 0 LUK
KR ~ 2R A L& Ve e 2 AP sl > 2
SRR ~ VO - 2SR T Ul S B
JEAR ~ R RAEHIEE (I8 1) - 1S5S 14,023.22
ha o 15 RIERRIR I+ 2 C B2 R ot 17 2%
B > VKSR T v R 3R] PRAE W) DAEH AR -
o TIRPG 2R 2 CBA 2R M AR VA ~ E
AR B RS LAY > SRR 200147 H Bk ReJE

63

{ZHE » EZ YLK B E S - R TR
IR A LR B o /KR 1 M R
ISR [H > TEFEUTI R ~ YR [ S8 R 7 vl
fZ. 2t Hrh A &R R - B RS
RRpTE BRI R A - R OB R A
M BEARAR o FRAE R R BT mUbk - 2 ZEfef A
FEARMLEE - (P REIE IR 2% 5 e fath > 5
AR HEE 5 & ~ 5 H B S iRt > 5857 g3
Fotth © R S A M - A1 2% TR B Al
ELREFARAL - AR E R R R v - R
25 144 Bl lRE £ 22 hiE At -

W72 E & SER AR IS [ B R SE SR SRR
B PH SRR 1E1993-2001E A0 #2ER) » HiAfE T
’“*4%2%1 o BRI LT H 2 28.2°C 15 i

v 1 K2H 2 16.4CIRi& » L REE
22.8C R R RS (LK > FEWE
£t a-8H - LI6H ZF N E208.4 mm
e I0HEZELABNER D - L
113 273 mmix &k > FEFEFEWNEEB
1,066.3 mm > FEJREN HE L8 H 2 12.4H i
% > 11 Z1AH D » FRERENH 78
H o HH10H BE2EIF IR » 5

Mailiao Hsiang
B Water
i Sandy area
Built-up and barren land
W Plant

ihsig | 2 3 |
 Hsiang K lometers|

[l 1. VS /K 3 TR 5 i e ]
Fig. 1. The map showing the coastal zone of the Choshui Estuary on 4 Mar. 2001.
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Table 1. Weather statistics (monthly mean) collected at the Taihsi Observatory of Taiwan Central

Weather Bureau, 1993 to 2001

Mean or
Item Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. total
Temperature(C) 164 164 190 227 254 275 282 219 268 246 217 184 228
Precipitation(mm) 198 563 547 982 1718 2084 1914 2041 505 16.8 73 144 10663
No. of
precipitation 39 1 10 1 10 1 8 10 6 2 1 3 )
days(days)
Prevailing wind
direction NNE NNE NNE NNE NNE S S S NNE NNE NNE NNE NNE
Wind speed(m/sec) 6.9 6.7 5.7 45 34 36 32 32 36 55 59 71 50
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Fig. 2. The imagery of the coastal zone of the Choshui Estuary by SPOT 3/2/1 on 8 Dec. 1993(A), 18
Oct. 1996(B), 12 Nov. 1998(C) and 23 Oct. 2001(D).
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Table 2. Sources of SPOT images for the coastal zone of the Choshui Estuary

Image Satellite

Date Time(am.) Incidence Azimuth Elevation
code number
8 Dec. 1993 10:55:39 10004127 SPOT2 R23.7° 164.4° 42.2°
18 Oct. 1996 10:57:56 10004126 SPOT2 R28.9° 161.5° 54.4°
12 Nov. 1998 10:41:32 10004107 SPOT2 L7.3° 159.8° 46.6°

23 Oct. 2001 10:48:29 10004825 SPOT2 R8.0° 159.0° 53.0°
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Table 3. The classification system of SPOT images of the coastal zone of the Choshui Estuary

Class Code Subclass

Water 1 Sea, streams, canals and ponds

Sandy area 2 Beach and sandy areas

Built-up and barren land 3 Built-up lands, barren lands, roads and dikes
Plant 4 Windbreak forest, trees, grassland, corp
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Fig. 3. The classified imagery of the coastal zone of the Choshui Estuary on 8 Dec. 1993(A), 18 Oct.
1996(B), 12 Nov. 1998(C) and 23 Oct. 2001(D).
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Table 4. The codes of two-dates images used in the post-classification comparison method for the coastal
zone of the Choshui Estuary (original codes in the parentheses)

. e Later stage classified image
Earlier stage classified image

5(1) 9(2) 13(3) 17(4)
4(1) 1 5 9 13
3(2) 2 6 10 14
2(3) 3 7 11 15
1(4) 4 8 12 16
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Table 5. An error matrix of classification accuracy for the 1993 image of the coastal zone of the Choshui

Estuary
Classification Reference data code Reference Classification Correct Producer's User's  Omission Commission
data code 1 2 3 4 Rowtotal datatotal data total number  accuracy  accuracy error error
1 46 4 0O O 50 53 50 46 86.8% 92.0% 13.2% 8.0%
2 5 42 2 1 50 47 50 42 89.4% 84.0% 10.6% 16.0%
3 0 1 46 3 50 49 50 46 93.9% 92.0% 6.1% 8.0%
4 2 0 1 47 50 51 50 47 92.2% 94.0% 7.8% 6.0%
Total 53 47 49 51 200 200 200 181

Overall accuary=90.5%, Kappa=0.87
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Table 6. An error matrix of classification accuracy for the 1996 image of the coastal zone of the Choshui

Estuary
Classification Reference data code Reference Classification Correct Producer's User's Omission Commission
data code 1 2 3 4  Row total datatotal data total number accuracy  accuracy error error
1 47 2 1 0 50 52 50 a7 90.4% 94.0% 9.6% 8.0%
2 2 43 4 1 50 48 50 43 89.6% 86.0% 10.4% 14.0%
3 0] 3 47 0 50 55 50 47 85.5% 94.0% 14.5% 6.0%
4 3 0 3 44 50 45 50 44 97.8% 88.0% 2.2% 12.0%
Total 52 48 55 45 200 200 200 181

Overall accuary=90.5%, Kappa=0.87
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Table 7. An error matrix of classification accuracy for the 1998 image of the coastal zone of the Choshui

Estuary
Classification Reference data code Reference Classification Correct Producer's User's Omission Commission
data code 1 2 3 4  Row total datatotal data total number accuracy  accuracy error error
1 45 5 0 0 50 52 50 45 86.5% 90.0% 13.5% 10.0%
2 6 41 3 0 50 49 50 41 83.7% 82.0% 16.3% 18.0%
3 0 1 48 1 50 52 50 48 96.0% 96.0% 7.7% 4.0%
4 1 2 1 46 50 47 50 46 92.0% 92.0% 2.1% 8.0%
Total 52 49 52 47 200 200 200 180

Overall accuary=90.0%, Kappa=0.87
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Table 8. An error matrix of classification accuracy for the 2001 image of the coastal zone of the Choshui

Estuary
Classification Reference data code Reference Classification Correct  Producer's  User's  Omission Commission
data code 1 2 3 4  Row total datatotal data total number accuracy  accuracy error error
1 48 2 0 0 50 54 50 48 88.9% 96.0% 11.1% 4.0%
2 3 47 0 0 50 49 50 47 95.9% 94.0% 4.1% 6.0%
3 1 0 45 4 50 47 50 45 90.0% 90.0% 4.3% 10.0%
4 2 (0] 2 46 50 50 50 46 92.0% 92.0% 8.0% 8.0%
Total 54 49 47 50 200 200 200 186

Overall accuary=93.0%, Kappa=0.91
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Fig. 4. The post-classification comparison imagery of the coastal zone of the Choshui Estuary on 1993 &

1996 (A), 1996 & 1998 (B) and 1998 & 2001 (C).
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Table 9. A change matrix of land-cover areas (ha) in the coastal zone of the Choshui Estuary from 1993

to 1996

Classified image in 1996

Classified image in 1993

1 2 3 4
Water 5,781.11 610.28 180.20 49.17
Sandy area 1,235.33 3,008.20 816.48 79.36
Built-up and barren land 9.06 157.27 147.84 127.78
Plant 119.48 338.97 93.89 1,268.78
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Table 10. A change matrix of land-cover areas (ha) in the coastal zone of the Choshui Estuary from 1996

to 1998

Classified image in 1998

Classified image in 1996

1 2 3 4
Water 5,614.80 1,253.78 207.89 68.52
Sandy area 544.70 2,752.75 540.72 276.55
Built-up and barren land 14.70 223.33 874.28 126.11
Plant 58.02 146.75 25.09 1,295.23
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Table 11. A change matrix of land-cover areas (ha) in the coastal zone of the Choshui Estuary from 1998

to 2001

Classified image in 2001

Classified image in 1998

1 2 3 4
Water 5,825.77 288.64 52.22 65.59
Sandy area 1,379.64 2,257.05 572.50 167.42
Built-up and barren land 31.73 39.16 1,245.33 331.77
Plant 159.03 92.34 188.59 1,326.44
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Table 12. A change matrix of land-cover areas (ha) in the coastal zone of the Choshui Estuary from 1993

to 2001
Land cover 1993 1996 1998 2001 1993-2001
Water 6,620.77 7,144.98 6,232.22 7,396.17 775.41
Sandy area 5,139.38 4,114.72 4,376.61 2,677.19 -2,462.19
Built-up and barren land 441.95 1,238.42 1,647.98 2,058.64 1,616.69
Plant 1,821.13 1,525.09 1,766.41 1,891.22 70.09
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Table 13. A change matrix of land-cover relative areas (%) in the coastal zone of the Choshui Estuary

from 1993 to 2001

Land cover 1993 1996 1998 2001 1993-2001
Water 47.21 50.95 44.44 52.74 5.53
Sandy area 36.65 29.34 31.21 19.09 -17.56
Built-up and barren land 3.15 8.33 11.75 14.68 11.53
Plant 12.99 10.88 12.60 13.49 0.50
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