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Fig. 1. A SPOT image of the Tatu Estuary.
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1. PRERFEFRRUGE TR HFEMEER
Table 1. Weather statistic collected at the Wuchi Observatory Staistics of the Taiwan Central Weather
Bureau for aten-years period from 1989 to 1998

Mean or

Item Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. total

Mean
temperation (C) 16.2 16.1 18.6 225 255 280 29.2 289 27.4 243 215 183 231
Precipitation (mm) 30.5 89.1 99.1 166.8 218.7 240.6 120.0216.1 77.9 128 5.7 19.6 1296.8

No. of precipitation
days (days) 6 11 10 11 10 11 8 10 6 2 1 3 90

Prevailing wind
direction NEN NEN NEN NEN NEN SSE SE SSE NEN NEN NEN NEN NEN

Mean wind
speed(m/sec) 69 63 55 44 37 38 36 36 45 67 62 67 51

amg&a‘&'&lo) 62 70 69 72 67 66 55 58 50 40 46 51 59

Source: Central Weather Bureau climatological data annual reports of 1989 to 1998.




nu\:

KB Y F4R > WiZ8 LK BiEA
T IR P 755 R o5 2 2 ) 09T 1B M > R 2
H I g R LR s — > 2 E B E AR
BB . R BREKSLERS > B
KA S B ML R 2 > IR B
KSE L — » IR A LB HER i
[ <2 SRR S S BB S R ER 2 2 E L -

GBI - BT IREANIE T E B S
FHER - ITEE R SRR B G 19864 ZALH
AR ERBUNE B ETT KR O SRS
a2 P98 o 198812 [ FA bR B 8 S 1 T
Bt R EZ B GYBHMBEN R FIE &
FELSIEBAREET R PR EK B EARN
> THIFE270 ha o $ S8 2 R IR 72 BLAR A -
DUB RO N7 EHERD - # AL R e
P R EURF R 19954 2 H 28 H & 181 /8 15 3% 3T

KB O SREE - DIREE =K E

HREEEE - SR - BIERE - BRIR
BE LB B AR 19984 H 7H A &
R e AL R A8 T Ul 11 e L (A AT 1 2
kP 2 SRS 43 1 By A B ) B A R R
[I1#2,669.73 ha » #ALRR B 22 R IEURT 6 2]
ESH22HEHAHEIER KIEOEF A
IRl -

SESRAEHN ( remote sensing) f&—FIFI] 48
& NI YIRE s SR A
BB ERE USR] » M ACH 1S3 E A

F2. K5 = HASPOTHI EX S G 2 B I E R

& T S R 18858 S i

IR K 2546 ( Lillesand and Kiefer 1994)
o ST AT AR HLIEMEFR I HER | AR E
U~ ASCE R NERAEZE R~ Ak DUR
Hh FyEEIED - HEES 2 ERE - TR AM
1 & U Br 8 B T 3t R BOR B2 A R (
Mt 1992) o EMIE R 2E i - BA RS
T~ RS - RIMAR IR 25 S TR S A7 13
B> HvulBdEG B ELE » Mo ir HoRss
R R AR SRR AE B B IR 3 T HEAT A
HRETREFE AL 2 T RS ER Se Z BE BT (
AFSE 1993) o [KIft > FE R & HIE BHA BT
A ~ RFFR At B E) e - R —IHE %
HoHlr (%5 1992) o Z#A B LUEHIE B E
FH 2 L1 32 3t - 3th R FH B ik bt 438 58 53 7 & ifF 52
LR (FHEEL 1992; B 1993; i
1994; [ 1995; fH%E 1996, wEELRR 1997) - MM
JFE FH A1y g 1 4808 S AT BF 98 TE U 3R 2
EHHA > BRI S RS (1991) A
Landsat 5z SPOTH#H AR E R » LIEEE ~ 1H
Ui~ A S A s R IR R R U B S
Fe % A TEH YN () 53 08 - 7 % (1993) TR
Landsat 52 SPOTH#E A& B - LIEEL M
KRR EE - 255 (1994) iz
W P R RE - BiC & MU BB SR MR 20 AT
WFerT ERL AR 2 SHEAEE -

K8 T1 2 FH B A 5 B R 1 e 5 A BH
(1987) =% 237 B & TR R i
SRR e 5 25 (1988) G HFsE ANL
RO Y € - F R 2
FZFEITEAR « 4 (1989) EHFFEANLIE M

Table 2. The sources of the SPOT images for the Tatu Estuary used in this study

Date & time(am.) Image code Satellite Incidence Azimuth Elevation
number

1987/11/13 10:40 10002489 SPOT1 L 5.6° 159.8° 46.3°

1995/10/31 10:48 10002432 SPOT2 R9.7° 160.8° 50.6°

1998/10/08 10:44 10002529 SPOT1 RO.5° 152.3° 57.5°
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(Gaussian maximum likelihood classifier)
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Table 3. The classification system of the SPOT images of the Tatu Estuary

Class Code Subclass
Water 1 Sea, streams, canals, fish ponds and ponds
Sandy area 2 Beach and sandy areas
Grassland and dry cropland 3 Grassland, watermelon and vegetable farmland
Paddy and forest land 4 Paddy, windbreak forest, courtyard and shade trees
Built-up and barren land 5 Built-up lands, barren lands, roads and dikes

Red . PR HEROE R R B R ICRE R
Table 4. The codes of two-dates images for the post-classification comparison method for the Tatu

Estuary
Earlier stage L ater stage classified image

classified image 1(6) 2(11) 3(16) 4(21) 5(26)
1(5) 1 6 1 16 21
2(4) 2 7 12 17 22
3(3) 3 8 13 18 23
4(2) 4 9 14 19 24
5(2) 5 10 15 20 25

the number indicate modified code in bracket.
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Fig. 2. The overlapped image of the Tatu
Estuary for 1987 and 1995 near infrared bands
(gray hues, the areas with environmental
change; red and blue hues, areas with
environmental changes).
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Fig. 3. The overlapped image of the Tatu
Estuary for 1995 and 1998 near infrared bands
(gray hues, the areas without environmental
change; red and blue hues, areas with
environmental changes).
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Fig. 4. The classified image of the Tatu Estuary
for 13 November 1987.
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5. 1987/11/13 FEGS7 FAMERE P FT < AR AR R 2
Table 5. An error matrix of the classification accuracy for the 13 November 1987 image of the Tatu Estuary

Classfication Reference data code Reference Classfication Correct Producer's Usar's Omission Commission
datacode 1 2 3 4 5 Rowtotd datatotd datatotd number accuracy accuracy eror error

1 3919 0 0 0 338 338 338 319 944% 944% 56% 5.6%

2 9 1700 0 5 1&4 192 184 170  885% 924% 115% 7.6%

3 1 0647 2 74 75 74 64 83% 865% 147%  135%

4 3 0 5228 1 237 240 237 28 950% 96.2% 5.0% 3.8%

5 6 3 6 5 147 167 155 167 147  948% 80% 52% 12.0%
Columntotal 338 192 75240 155 1000 1000 1000 928

Overall accuracy =92.8%, Kappa=0.91.

6. 1995/10/31 55155 FHYERE L &1l & AR A2 RERE 3
Table 6. An error matrix of the classification accuracy for the 31 October 1995 image of the Tatu Estuary

Classfication Reference data code Reference Classfication Correct Producer's Usar's Omission Commission
datacode 1 2 3 4 5 Rowtotd datatotd datatotd number accuracy accuracy eror error
1 3B3I5 00 1 359 379 359 353 931% 983% 6.9% 1.7%
2 121290 0 O 141 138 141 1239  935% 915% 65% 85%
3 1 0384 2 45 52 45 38  731% 844% 269%  156%
4 2 0 7232 6 247 254 247 232 913% 939% 87% 6.1%
5 11 4 7 18 168 208 177 208 168  949% 808% 51% 19.2%
Columntotal 379 138 52254 177 1000 1000 1000 920

Overall accuracy =92.0%, Kappa=0.98.

R 1998/10/0854 15 7 FHUERE FE Rl 2 AR AE HE R R
Table 7. An error matrix of the classification accuracy for the 8 October 1998 image of the Tatu Estuary

Classification Reference data code Reference Classfication Correct Producer's User's Omission Commission
datacode 1 2 3 4 5 Rowtotd datatotd datatotd number accuracy accuracy error error
1 460 2 0 0 2 464 481 464 460  956% 99I1% 44% 0.9%
2 7 2100 3 31 23 31 21 91.3% 67.7% 87% 32.3%
3 0 051 7 64 67 64 56  836% 87.5% 164% = 125%
4 4 0 5213 14 236 228 236 213 934% 903% 6.6% 9.7%
5 10 0 6 14 175 205 201 205 175  871% 854% 129%  14.6%
Columntotal 481 23 67228 201 1000 1000 1000 925

Overall accuracy =92.5%, Kappa=0.98.
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5. 1995/10/31/ 3 FEF 5 ©
Fig. 5. The classified image of the Tatu Estuary
for 31 October 1995.
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Fig. 6. The classified image of the Tatu Estuary
for 8 October 1998.
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Table 8. A change matrix of the land-cover areas of the Tatu Estuary from 1987 to 1995 Units: ha
o Oct. 31, 1995 classfied image code

Nov. 13, 1987 classified image 1 > 3 2 5

1. Water 5,813.23 514.98 23.08 18.28 273.84

2. Sandy area 992.77 2,166.77 198.30 48.63 366.50

3. Grasdand and dry cropland 47.70 21.97 189.73 638.41 569.39

4. Paddy and forest land 34.44 1375 163.84 357214 780.86

5. Built-up and barren land 146.41 110.20 498.17 484.16 1,812.45
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Table 9. A change matrix of the land-cover areas of the Tatu Estuary from 1995 to 1998 Units: ha

o Oct. 8, 1998 classified image code

Oct. 31, 1995 classified image 1 > 3 2 5

1. Water 6,695.81 107.55 79.95 3.27 147.97

2. Sandy area 2,197.56 483.94 24.36 053 121.28

3. Grasdand and dry cropland 11.31 250 505.73 116.84 436.73

4. Paddy and forest land 14.22 155 238.73 3,825.66 681.45

5. Built-up and barren land 167.28 55.66 722.34 496.86 2,360.91
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A Remote Sensing Image Analysis for the
Tatu Estuary

Tien-Shui Chen

Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

Abstract

The Tatu Estuary is one of the important wetlands and waterfowl habitats in Taiwan. Its
2,670-hectare wetlands were designated as the Tatu Rivermouth Waterbird Refuge in 1995 and
renamed as the Tatu Rivermouth Wildlife Refuge in 1998. This study collected SPOT satellite
images, aerial photographs, maps and field survey data of the estuary for 13 November 1987,
31 October 1995, and 8 October 1998. These data were used with the image overlapping
method and the post-classification comparison method to undertake the image change analysis
for the estuary. The results showed that great changes in the environments occurred in the areas
along the shores of the estuary and its adjacent seacoasts. The development of industrial parks,
construction of an electric power generating plant and a steel factory, graveling and sanding,
and construction of dams associated with these development activities had converted about
1,000 ha of its wetlands to the dry lands.
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