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,

l
o

g i
e a

l
a n

d
a r

i t
h m

e t i
e a

l
o

p
e r a t i

o n s
,

v
i
s u a

l i
z a t

i
o n

,
a n

d
t

h
e

i
n t e

g
r a t e

d
s t a t

i
s t i

e a
l f

u n e t i
o n s

.

T h i
s

p
a

p
e r

w i l l i
n t r o

d
u e e

t
h

e
b

a s
i
e e o n e e

p t a n
d

t
h

e
f
r a

m
e

w
o r

k
o

f
a

G I S
e x

p l
o r a t o r y d

a t a a n a
l
y s

i
s

m
o

d
u

l
e

( G I S E D A ) w i t
h

a n e
m P h

a s
i
s o n a

m
u

l
t i

一

w i
n
d

o
w

a
P P

r o a e
h f

o r t
h
e s

p
a t i

o
一
t e

m p
o r a

l

p
a t t e r n a n a

l y
s
i
s o

f w
a t e r

q
u a

l i
t y

d
a t a

.

A w
a t e r

q
u a

l i
t y

d
a t a

b
a s e o

f G E O

一

W
A M S

,

a
G I S

一

b
a s e

d w
a t e r s

h
e
d m

o
d

e
l i

n
g

s u
p p

o r t s
y
s t e

m

,

h
a s

b
e e n u s e

d
t o t e s t t

h
e

p
r o t o

-

t y p
e o

f G I S E D A

.

K E Y
W

O R D S

:

G
e o

g
r a

P h i
e

I
n

f
o r

m
a t i

o n
S y

s t e
m

,

m
u

l
t i

一

w i
n
d

o
w

a
p p

r o a e
h

,

w
a t e r

q
u a

l i
t y

a n a
l y

s
i
s

1

.

I N T R O D U C T I O N

G
e o

g
r a

p h i
e

I
n

f
o r

m
a t

i
o n

S
y s t e

m ( G I S ) h

a s

b

e e o
m

e a p o
p

u
l

a r t o
p i

e
i
n

w
a -

t e r s

h

e

d

a n a

l
y s

i
s a

f
t e r

t
h

e s
t u

d i
e s t o e o u

p l

e
i t

w i t
h

t
h

e r e

l

a t e

d m
o

d
e

l

s
[
1 一 6〕

.
A

v ie w o f G IS
一

b
a s e

d m
o
d
e
l i

n
g

s u
p p

o r t s y s t e
m ( G B M S S ) h

a s a
l
s o

b
e e n

i
n t

r o
-

d
u e e

d i
n t o

w
a t e r s

h
e
d

a n a
l y

s
i
s
.

T h
e

G B M S S 1
5

d
e e

m
e
d

“ a s o
f t w

a r e s y s t e m t h
a t

f
a e i l i t

a t e s t h
e

j
o
b

o
f
a

w
a t e r q u a

l i t y m
o
d
e
l
e r i n a e e o

m p l i
s
h i

n g t h
e v a r i o u

s
d
a t a

-

i
n t e r a e t i

v e t a s k
s n e e e s s a r y t o d

e v e
l
o p a n

d
a p p l y

a s
i t
e 一 s

p
e e

i f i
e

,
p

r o
b l

e
m

一 s
p
e e

i f

-

i
。 ,

p
r o e e s s 一

o r
i
e n t e

d m
a t

h
e
m

a t i
e a

l m
o
d

e
l
”〔6]

.
O n e o f th

e
m
a
j
o r r e a s o n s to in te

-

g r a te G IS w ith th e w
a te r s h e d m o d e l

s 15 th
e s p a t i

a
l
e o n te x t o f th

e
d a ta f

r o n l
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,

m
o

d
e

l
e r s

w i l l h

a v e a e
l
e a r e r

i m
a

g
e

o
f

t
h

e
q

u a

l i t y o
f

t
h

e s
i
t e 一s

p
e e

i f i
e

d
a t a a n

d
t
h

e
i
r e

h
a n

g i
n g p

a t t e r n s
.

T h
e r e

f
o r e

,

t
h

e u n e e r t a
i
n t y o

f
a

m
o

d

e

l i
n

g p
r o e e s s

m
a y

b
e r e

d
u e e

d w h
e n a

m
o

d
e

l
e r

m
a n

i p
u

-

l

a
t

e s

d

a
t

a , s u e

h

a s s
y

s
t

e

m
g

e o
m

e
t
r

y a n
d i

n
i t i

a

l

e o n
d i t i

o n s o
f m

o
d

e

l

e

d

e o n
-

S t l
t ll e n t S

。

I
n a

d d
i

t
i
o n t o

t
h

e
s

p
a

t
i
a

l 八em po
ral data m an ag em en t and m odelin g p ro

-

eess , a

G B
M S S

s

h
o u

l d b

e a
b l

e t o p
r o v

i d
e t

h
e

m
o

d
e

l
e r

w i
t
h

a

h

a n
d

y
d

a
t
a a n a

l
y

-

5
1
5 e a

p
a

b i l i t y

.

T h

e e a
p

a

b i l i t y i
n e

l
u

d

e s v
i

e

w i
n

g t
h

e s
p

a t
i
a

l

a n
d

t
e

m p
o r a

l p
a t

-

t e r n s o
f

t
h

e

d

a
t
a a n

d

e x a

m i
n

i
n

g t
h

e s t a t
i

s
t i

e a

l

e

h

a r a e
t
e r

i
s

t i
e s o

f
t

h

e

d

a
t

a a n
d

t
h

e r e
l
a t

i
o n s

h i p b
e t

w

e e n t
h

e

d
a t

a s e
t

s ,

b

e

f
o r e

t
h

e
m

o
d

e
l i

n
g p

r o e e s s
.

A

s

H
a r t

w i g
a n

d D

e a r
i
n

g
s a

i d

“

T h
e

m
o r e o n e

k
n o

w
s a

b
o u t t

h
e

d
a t a

,
t
h

e

m
o r e e

f f
e e -

t
i
v e

l
y

d
a t a e a n

b
e u s e

d
t o

d

e v e
l
o p

,
t e s

t
,

a n
d

r e
f i

n e t
h

e o r
y
”
( 1 9 7 9 )

.

R
e e e n t

l y
,

i m p
r o v

i
n

g G I S d
a t a a n a

l
y s

i

s e a
p

a
b i l i t y

w i t
h

e x p
l
o r a

t o r
y

m

e
t

h
o

d

s

h

a s
g

a
i

n e

d

m
u c

h
a t t e n t i

o n [
7 一1 2 J

.

T h
e e o n e e p t o

f
e x p l

o r a t o r y d
a t a a n a

l y
s
i
s

1
5 n o t n e

w

.
T u

k
e
y d

e
f i
n e

d
t
h
e

e x p l
o r a t o r y d

a t a a n a
ly

s
i
s a s “

d
e
t e

e
t
i
v e

w
o r

k 一num
erieal deteetive w ork一o

r

eounting deteetive w ork一
or graphieal deteetive w ork ” [ 1 1〕

.
H o w

e v e r ,
t
h

e r
i
s -

i
n

g G I S h
a s s

h
o

w
n

i
t s e a

p
a

b i l i
t
i
e s

f
o r s

p
a t

i

a

l /
t

e

m p
o r a

l d

a
t

a
q

u e r
y

,

l
o

g i
e a

l
a n

d

a r
i t h m

e t
i
e a

l
o

p
e r a t i

o n s ,
v

i
s u a

l i
z a t i

o n e n v
i
r o n

m
e n t

,
a n

d
t
h

e
i
n t e g

r a t e
d

s
t a t

i

s
t
i

-

e a
l f

u n e t i
o n s

.

W
i t h

t
h

o s e e a
p

a
b i l i

t i
e s ,

t
h

e e x
p l

o r a
t o r

y
d

a t
a a n a

l
y

s

i

s e a n
b

e e x
-

t
e n

d

e

d
t o a

m
o r e e

f f i
e

i
e n t i

n t e r a e t i
v e

m
e t

h
o

d f
o r t

h

e e x a
m i

n a t
i
o n o

f
t

h
e s

p a
-

t
i
a

l 八
em po ral pattern s

,
t

h

e r e

l

a t
i
o n s

h i p
s o

f
t
h

e e o n e e r n e

d d
a t a s e t s , a n

d
t

h

e

d

a
t
a

q
u a

l i t y

.

G
o o

d

e

h i l d

,

H

a

i
n

i
n

g
a n

d
W

i
s e

( 1 9 9 2 ) b

r
i
n

g
t o

g
e t

h

e r a s u
m m

a r
y o

f
t

h

r e e

e o r e
t

e e

h
n

i q
u e s

f
o r e x

p l
o r a t o r

y
a n a

l
y

s
i
s o

f G I S d
a t a

:

B
r u n s

d
o n ,s e a r t o g r a p h ie a l

a n d
s t a t i

s t i
e a

l m
e t h o d

s ; H a in in g ,s m e t h o d s b a s e d o n t h e e o n v e n t io n a l a n d s p a-

t ia l s t a t is t ie t h e o r ie s ; a n d O p e n s h a w ,s m e t h o d s w h ie h g iv e n a n e m p h a s is o n

t h e p a t t e r n a n a l y s is s
.
T o e x a m in e t h e in t e r r e la t i o n s h ip o f s p a t ia l p h e n o m en a

a n d t h e e h a n g e p a t t e r n o f t h e s p a t ia l r e la t io n s h ip
, a s

p
a

t i
o

t
e

m p
o r a

l i
n t

e r s e e -

t i
o n

( S T I N ) m
o

d
e

l 1
5

p
r o

p
o s e

d
[
, ‘一 ‘6 J

.

T h
e s t u d y d i

s e u s s e
d i n t h i

s p a p e r f
o e u s e

d
o n t

h
e t i m

e v a r i
a
b l

e
w h

e n
d
e v e

l
-

o p i n g
a n e x p l

o r a t o r y d
a t a a n a

l y
s
i
s
m

o
d
u
l
e

G I S E D A i n a
G B M S S

一

G
e o g

r a
p

h i
e a

l

-

l
y

一

b
a s e

d
W

a
t
e r s

h
e
d A

n a
l y

s
i
s a n

d M

a n a
g
e
m

e n t
S y

s t e
m ( G E O

一

W
A M S )

.

1 1

.

R E A S O N S F O R A
M

U L T I
一
、V IN D O 、V A P P R O A C H

T h
e an aly

sis o f w
ater q u a lity d a ta in v o lv e

s
m u ltid im

e n sio n al d
ata p ro ee ss

-

in g
.
T h e t

er
m d im

e n sio n u sed h
e re

m
ea n s th

e sp a ti
a
l o
r te m p o

ra
l m

e asu re-
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,

w
a t e r

q
u a

l i
t y d

a t a a r e e o
l l

e e t e
d

a t p
a r t

i
e u

l
a r t

i m
e o

f d
a

y
,

d
a t e

l
o e a t i

o n
(

x a n
d y

o r
l
o n

g i
t u

d
e a n

d l
a t i t

u
d

e
)

,
a n

d d
e

p t
h

.

F
o r

m
a n y t

e
m p

o r a
l

m
o

d
e

l i
n

g p
r o e e s s e s

,
t

h
e

d
a t e

m
a

y
n e e

d
t o

b
e t r a n s

f
e r r e

d
t o

D A Y
t o s

h
o

w m
o

d

-

e
l i

n
g

r e s u
l
t

s , s u e
h

a s t
h

e
w

a t e r
q

u a
l i

t y
i
n a

h
a r

b
o u r

1 0 d
a y

s a
f
t e r a 0

1 1
s

p i l l

w i t
h i

n t
h

a t
w

a t e r
b

o
d

y

.

A
t

l
e a s t

,

d
a

t
a s e

t
s

i
n

f
o u r

d i m
e n s

i
o n s s

h
o u

l d b
e

h
a n

-

d l
e

d i f
a s

p
a e e

一
t
i m

e r e
f
e r e n e e s y

s
t e

m 1
5 u s e

d
t o o r

g
a n

i
z e t

h
e

w
a
t e

r
q
u a

l i
t y

d
a t a

.

T
o

b
r
i
n
g t o u s e r s a

b
e t t e

r v
i
e
w

o n t
h
o s e

m
u
l
t
i

一

d i m
e n s

i
o n

d
a
t
a a n

d d
a t a

p
r o e e s s

i g
r e s u

l
t s

,
a

m
u

l
t
i

一

w i
n
d
o
w G I S

a
p p

r o a e
h

e a n
b

e v e r
y

h
e
l p f

u
l f

o r
t
h
e

f
o
l l

o
w i

n
g

a n a
l
y
s e s :

1 )
e o

m p
a r

i
n

g t e
m P

o r a
l P

a t t e r n s o
f d i f f

e r e n t a t t r
i b

u t
e s s u e

h
a s

D O
a n

d

t e
m p

e r a t u
r e

f
o r t

h
e s a

m
e t

i m
e

P
e r

i
o
d (

t
h
e
y

h
a v e

d i f f
e r e n t

m
e a s u r e u n

i t
s

)
;

2 ) i
n t e

r a e t
i
v e

l
y e

h
e e

k i
n
g

s
p
a
t i

a
l

e o r r e
l
a t

i
o n s

b
y

l i k i
n g t

h
e s

t
a
t i

s
t i

e a
l d

a t a

w i
n
d
o
w w i

t
h

t
h

e
m

a
P w i

n
d
o
w

;

3 )
v
i
s u a

l i
z
i
n

g t
h
e

4
一

D (
s
p
a e e

一
t i m

e
) d

a t a
b

y p
r o

j

e e t
i
n

g 4
一
D d

a
t
a s e t s

i
n t o

s e v e r a
l 3

一

D d
a t a

s e t
s

i
n

d i f f
e r e n t

w i
n
d

o
w

s , s u e
h

a s x
一
y
一
t

w i
n

d
o
w

,
y
一 z 一

t
w i

n
-

d
o

w

,
o r x

一
z
一
t

w i
n
d
o
w

.

W
i
t
h

t
h
e

m
u
l
t
i

一

w i
n

d
o
w

a
p p

r o a e
h

,
u s e r s

m

a
y

a

l

s o e o
m p

a r e t
h

e
p

r e o r
p

o s
t

p
r o e e s s

i
n

g d
a t a s e t

s
.

1 1 1

.

F R A
M

E 、V O R K O F G IS E D A

T h e G IS E D A 1
5 a

m u lti
一

w i
n
d
o
w

e x
P l

o r a
t o

r
y

d
a t a a n a

l
y
s
i
s s o

f
t
w

a r e s
y
s t e

m

i
n a

G I S
e n v

i
r o n

m
e n t

.

I t
e o n s

i
s
t
s o

f
s e v e n

m
a

j
o r e o

m P
o n e n t

s : u s e r
i
n t e r

f
a e e ;

s
p
a
t
i
a
l八
em p oral database ; data

一
t o o

l m
a n a

g
e
m

e n t
i
n t e r

f
a e e ; s

t
a t

i
s t

i
e a

l
a n a

l
y
s
i
s

t o o
l k i t

;
p
a t t e

r n a n a
l
y
s
i
s

t o o
l k i

t ;
g
r a

p h i
e a

l
a n a

l
y
s
i
s

t o o
l k i t

; a n
d m

u
l
t i

一

w i
n

d
o
w

m
a n a

g
e r

.

F i g

.

1 P
r e s e n t

s
t
h
e e o n e e

p t u a
l f

r a
m

e
w

o r
k

o
f G I S E D A

.

1 ) U
s e r

i
n t e

r
f
a e e 一a hiera

rehieal sereen m enu system for m odelers to se-

leet the data sets ,
a n a

l
y t

i
e a

l
t o o

l
s ,

v a r
i
a

b l
e s

(
s

p
a e e

,
t i m

e a n
d p

a r a

m

e t e r s

)

,

a n
d

a

m
u

l
t
i

一

w i
n

d
o
w f

o r v
i
s u a

l l y
e x a

m i
n
i
n
g t

h
e s

p
a
t
i
a
l八
em p oral patterns and

oth er qu alities of th e d ata sets
.

2 ) S patial八
em p oral d atab ase一

a data m anagem ent system w hieh allow s

the m odeler to input , s
t o r e

, a n a

l y
z e , r e t r

i
e v e a n

d d i
s

p l

a
y t

h
e

d
a t a a e e o r

d i
n g t o

t
h

e
i
r s

P
a

t i
a

l l
o e a

t i
o n s a n

d
t
e

m P
o r a

l i d

e n t i t i
e s

.

3 ) D
a t a

一
t o o

l m
a n a

g
e
m

e n t
i
n t e r

f
a e e 一a group of p

rogram s for interpreting the

m odeler,s e o m m a n d s a n d t h e s e l e e t io n s o n d a t a s e t s a n d t o o ls
.

4 ) S t a t is t ie a l a n a ly s is t o o lk it一
a group of program s for statistieal eom pu-

tation and display ,

w h i
e

h i
n e

l
u

d
e s e a t t e r

p l
o t

,

h i
s

t o
g

r a
m

,

刹to
eorrelation and

assoeiation ,
a n

d
o t

h
e r

t o o
l
s

.

5 ) P
a

t t
e r n a n a

l
y

s
i
s

t o o
l k i t 一
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l p
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l p
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h
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.
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r a
p h i

e a
l

a n a
l
y

s
i
s

t o o
l k i

t 一
a group of program s for seleeting th e

graph ieal data o f in terest and link ing the data sets g raph ieally displayed in d if-

feren t w ind ow s , s u e
h

a s

h i g h l i g h
t i

n g

.

7 ) M

u
l
t
i

一

w i
n

d
o
w m

a n a
g
e r
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a group of program s for w indo w seleetion an d

1llaln talnan Ce 。
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t

h
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h

e
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n t

e r
g

r a
t
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o n o

f

t
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o
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o
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l
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u r e o
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o n
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5

p
r e s e n t

e
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n
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.
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e

m

a

i

o r
p

r o e e s s e s
i
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G I S E D A
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p

e r a t
i
o n

a f e :
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e

l

e e
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d
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t

a s e
t一
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and attribute data to be analyzed
,
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d

t
h

e
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a e
k g

r o u n
d m

a
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e
g

e o
一
r e

f
e r -

e fl C e
.

2 ) S
e
l
e e t t o o

l
s

一
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,

t
e

m p
o r a

l
t r e n

d

, a n
d

s
P

a t i
o t e

m P
o r a

l i
n t e r s e e

t
i
o n

( S T I N )

.

3 ) S

e

l

e e t v a r
i
a

b l
e s

一
seleeting the variables to form the referenee system

in analysis sueh as the tem perature and the depth of the w ater
.

4 ) Seleet w indow 一
seleeting the w indow (s) for the display or graphieal

analysis PurPose
.

5) D ata proeessing一d
ata m an ip ulation b y usin g th e seleeted tools and d a-

ta SetS。

6 )
D

i

s

p
l

a
y 一
representing the analysis results sueh as the graphies ofseat-

ter plot or the 150一 s u r
f
a e e a

f
t e r

S T I N
o p e r a t

i
o n

.

7 ) I
n t e r a e

t i
v e

g
r a

p h i
e a n a

l
y
s
i
s

一linkinn g th
e origin al d ata sets in the m ain
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l
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d d
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e
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e
d

o r e
l
a s s

i f i
e
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.

I V

.
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T h
e

G I S E D A p
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d
y 1

5 a
p
a r t o

f
t
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e
G E O
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W
A M

S p
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e e t
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T h i
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p
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e e t
h

a s
b
e e n
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u
i d

e
d b

y t
h
e e o n e e
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.
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f f
a
l
o

R i
v e r o

f
W

e s
t e

r n
N

e
w Y

o r
k

.

T h
e

t i m
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i d
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m
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.
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o r e o m p o n e n t

s : u s e r in
-

te rf a e e ;
s p a t ia l te m p o r a l d a ta b a s e ; d a ta
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( D
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i
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i
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e
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i
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.
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d b
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l d
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( D
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1 9 9 3 )

.

W

a
t
e r

q
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l i
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y d

a t
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d i
n t

h i

s s
t
u

d
y

w
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l l
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l l
e
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1 9 9 1
a s a

p
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f

t
h

e
p

r o
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e e t
s u

p p
o r

t
e

d b
y

U

.

5

.

E
n v

i
r o n

-

m
e n t

a

l P

r o t e e
t i

o n
A g

e n e
y

( E P A )

.

T h
e

p
r o
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e s

w

e r e

m

e
a

s u r e

d

a
t

s
i
x s

i t
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e r e n t
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e
p t
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e
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r o
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e

m p
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l
v e
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e n
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d b
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i l
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m b
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( l
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h
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d m

a
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t
e r
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t y
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l
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T h

e e
o n v e n

t

i

o n a

l

e x

P
l

o r a
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o
r

y
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a
t

a a
n

a

l
y

s

i

s
t o o

l

s u s
e

d
i

n
t

h
i

s s

t

u

d
y i

n e

l

u

d

e

s

d
a

t t

e r

p
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o t

,

h i
s

t o
g

r a

m

,
a n

d
t

r e n
d i d

e n t
i f i

e a t
i
o n

.

T h

e s e a t t e r
p

l
o t

1
5 u s e

d f
o r

e x a
m

l n i n
g

d i

s s o
l
v e

d

t
h

e r e

l

a
t i
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b l
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m p
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b
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a
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, s u e
h

a s
t
h

e e
h

a n
g

e
i
n

p H
v a

l
u e s o v e r

t
h

e

d i

s
t a n e e

f
r o
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a r

i
v e r
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o u t
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.
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n e e t

h
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l l
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e
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p
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l
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5
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o
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e a n
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e u s e
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t o e

h
e e

k
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e
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.
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s e a
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e
p

e r

i
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l
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s
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e o
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a r e

d
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l
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l
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f
t
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t
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e t
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b
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t
i
o n s

i
t e

,
a n

d
t
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e
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e
P t
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.
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o e x

p l
o r e t

h
e s
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a t i

a
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e
4 D d
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u
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i p l
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w i
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e t

h
o

d 1

5 u s e
d i

n
G I S E D

.

T h

r o u
g h

t
h

e u s e r
i

n t
e r

f

a e e ,

m
o

d

e

l

e r s e a n

s e
l
e e t t

h
e v a r

i
a

b l
e s

(

s
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a e e
,

t i m
e
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p

a r a
m

e t e r s
)

a n
d w i

n
d

o
w

s
f
o r t

h
e s

P
a t

i
a
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o r a

l p
a

t t
e r n a n a

l y
s

i
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e
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e r
i
n t

e r a e
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e a
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a n a
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T h
e

m
u

l
t i

一

w i
n
d
o
w m

a n a
g
e r e o n t

r
i b

u t e
s

t o
e x p

l
o r a t o r

y d
a t a a n a

l
y
s
i
s

t
h

r o u
g h

s e v e r a
l

a
d
v a n t

a
g
e s :
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i
s o n

f
o r t

h
e r e s u

l
t s o

f d i f f
e r e n t a n a

l
y
s
i
s

t o o
l
s o r

t
h
e r e s u

l
t
s

f
r o

m
s a

m
e

t o o
l b

u t
w i t h d i f f

e r e n t p
a r a

m
e t e r s ;

2 )
v
i
s u a

l i
z a -

t i
o n o

f
t
h
e

h i g h
e r

d i m
e n s

i
o n a

l i m
a
g

e s
b

y
d i

s
p l

a
y i

n
g

t
h

e
i m

a
g
e

i
n t o

d i f f
e r e n t

w i
n
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o
w

s
w i

t
h l

o
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e r
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e n s
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o n n u

m b
e r s
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