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SYNOPSI S Bot h s i mul at i on model  and st at i s t i cal  model  ar e const r uct ed f or  pr edi c t i ng t he
var i at i on i n gr oundwat er  l evel  at  Gi f u l ocal i t y  i n Japan.  Comput ed var i at i ons f r om t wo model s  ar e 
compar ed wi t h obser ved dat a f r om 1974 t o 1976.  Obser ved var i at i on accor ds wel l  wi t h t he comput ed 
one f r om t he s t at i s t i cal  model  r at her  t han f r om t he si mul at i on.  The paper  ai ms t o descr i be t he 
char act er i s t i cs  of  each model  and l i mi t at i ons t o use.

I NTRODUCTI ON

I n Gi f u- Ogaki  di st r i ct ,  i t  has been expect ed t o 
make cl ear  how much pumpage can be ut i l i zed 
wi t hout  changi ng t he quant i t y  of  gr oundwat er  i n 
f ut ur e.  The geol ogi cal  and hydr ol ogi c condi t i ons 
have not  been i nqui r ed i n det ai l ,  but  36 wel l s  
have been set  t o super v i se t he gr oundwat er  
l evel .  Under  t hese c i r cumst ances we have t r i ed 
t o i nvest i gat e t he pr edi c t i ng model ,  f i r st  
r equest i ng f or  s i mul at i on model ( SM)  and second 
f or  s t at i s t i cal  model ( STM) .  As a r esul t ,  i t  i s 
cl ear  t hat  t wo model s  have ver y di f f er ent  
char act er i s t i cs  r espect i vel y.  Obser vat i on wel l s 
whose dat a ar e used f or  STM ar e l ocat ed as i s 
shown i n Fi g. 1( b) ,  and t he ar ea anal yzed by SM 
i s shown i n a f i ni t e gr i d scheme i n Fi g. 1( c) .

SI MULATI ON MODEL( SM)

The sout h ar ea of  Gi f u anal yzed by SM as quasi -  
t hr ee- di mensi onal  i s bounded by t wo r i ver s,  t he 
Nagar a and t he Ki so i n Fi g. 1( c) .  Sands and gr av 
el s ar e mai nl y  accumul at ed except  t he sur f ace 
l ayer  and of  hi gh per meabi l i t y  shown i n Tabl e. I .  
Fr om t hese dat a and geol ogi cal  obser vat i ons,  
t r ansmi ss i v i t y  and st or age coef f i c i ent s  ar e 
est i mat ed accor di ng t o t he gener al  r el at ons 
among speci f i c  yi el d,  gr adat i on and por os i t y  of  
soi l s and t he r esul t s  ar e obt ai ned i n Fi g. 2( a)  
i n whi ch est i mat ed par amet er s  ar e modi f i ed a 
l i t t l e by t he i dent i f i cat i on pr ocess st at ed 
l at er .  The f undament al  equat i on of  gr oundwat er  
f l ow at  t he st eady st at e i s gi ven by

_  + _• > = W( x, y, t )

a  =  - T  •  a  = - T •
q x ‘ x 9x ’ q y  Ly  8 y

( 1 )

( 2 )

Tabl e. I  Tr ansmi ss i v i t i es  f r om Pumpi ng Test s

No  . P l a c e
2

Tr a n s m i s s i v i t y ( c m  / s ) We l l  De p t h (m)

# 1 Ro k u j o 1 . 4 8  x  1 0 3 2 3 . 5

# 2 Te nma n  k o e n 2 . 0 8  ,— 2 . 9 8  x  10 2 0 . 0

# 3 Mi n a mi ma c h i 1 . 3 6  x  103 3 6 . 0

# 4 Ya n a i z u 4 . 6 4  x  103 2 4 . 0

Obser ved cont our  l i ne

The Nagar a

Fi g,  1 Anal yzed Regi ons,  ( a) Japan.  (b)  Gi f u- Ogaki  
Di st r i c t .  ( c) Fi ni t e Gr i d Scheme f or  t he 
Si mul at i on Model .
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E. - 19870 F : 17280 G: 15550 H: 13820 

1: 12960 J : 12790 K: 12100 L: 11750 
M: 11230 Aver age: 15540

St or age Coef f i ci ent  
A: 0.  SO B. - 0. 29 C: 0. 28 D. - 0. 25 E: 0. 24
F. - 0. 23 G. - 0. 20 Aver age: 0. 26

F i g , 2  P a r a m e t e r s  o f  t h e  S i m u l a t i o n  M o d e l

( a )  A q u i f e r  c o n s t a n t s ,  ( b )  C o m p u t e d  V l ^ ( . x , y )  

( c )  C o l l e c t e d  d a t a  o f  p u m p a g e  f r o m  

t h e  f i e l d  r e s e a r c h

i n whi ch h i s t he head,  q , q ar e t he compo-
x y

nent s of  gr oundwat er  di schar ge,  W i s t he sour ce
of  r echar ge( pl us)  or  dr ai nage( mi nus)  and T , T

x y
ar e t he component s  of  t r ansmi ss i v i t y  i n t he x,  
y - di r ect i on r espect i vel y.  I n t he pr esent  case,  
t he t hi ckness of  aqui f er  i s i ncl uded i n t r ans 
mi ss i v i t y  because t he t hi ckness i s not  known.

Among t he par amet er s  i n Eqs. ( l )  and ( 2) ,  t he 
sour ce W i s r egar ded as t he most  uncer t ai n quan
t i t y and , l i ke t he i dent i f i cat i on model ,  t hi s 
i s dev i sed t o be cal cul at ed i n t he const r uct i ng 
pr ocess of  SM as f ol l ows.  I f  we choose t he 
st abl e and l i t t l e amount  of  r ai nf al l  season,  t he 
sour ce W i n Eq . (1)  i s r egar ded as t he one 
pr oduced onl y f r om t he ar t i f i c i al  pumpage 
i ncl udi ng t he c i r cul at i on f r om l ayer  t o l ayer ,  
namel y,  Ŵ ( x, y) .  The cont our  of  dot t ed l i nes i n

Fi g. 1( c)  was obt ai ned f r om t he synchr onous 
i nvest i gat i on on Feb. 2nd and 3r d 1973 when t he 
f l ow was st abl e.  Fr om Eqs. ( l )  and (2)  usi ng t he 
wat er  l evel  i n Fi g. 1( c)  and t he t r ansmi ss i v i t y  
i n Fi g. 2( a) ,  we obt ai n Ŵ ( x, y)  as shown i n Fi g. 2

( b) . I t  i s comput ed so t hat  t he t ot al  amount  of  
comput ed sour ces can be near l y  equal  t o t hat  of  
pumpage af t er  sever al  t r i al s of  r ear r angi ng t he 
t r ansmi ssi v i t y.  Fi g, 2( b)  cor r esponds t o t he 
act ual  di s t r i but i on of  pumpage i n Fi g. 2( c)  
col l ect ed f r om about  f our t y user s.

Nonst eady gr oundwat er  f l ow can be anal yzed by

3h 8qx 3qv
+ 3^  + 37 = W( x, y, t )  (3)

and Eq . ( 2) ,  wher e S i s t he st or age coef f i c i ent  
and t he sour ce W i s now r econsi der ed by

W( x, y, t )  = W1 ( x, y)  + W2 ( x, y, t )  ■ <* (4)

wher e W2 i s t he pr ec i pi t at i on and a i s t he r at e

of  seepage t o aqui f er ,  0 < a < l ,  f or  Gi f u a i s 
assumed t o be 1.

Comput ed var i at i ons by SM and obser ved ones ar e 
compar ed wi t h each ot her  as shown i n Fi g. 3 at  
Kyomachi  obser vat i on wel l .  They  agr ee as a whol e.  
Ther e ar e many unavoi dabl e uncer t ai nt y  i n par am
et er s of  SM such as boundar y condi t i ons,  quan
t i t i es of  pumpage and i nf l uence of  r ai nf al l , e t c . 
We coul d modi f y  some combi nat i ons of  par amet er s  
t o adj ust  t hemsel ves so t hat  comput ed var i at i ons 
may f i t  t he act ual  behavi or  of  gr oundwat er .  I f  
so,  however ,  we have t o pay mor e at t ent i on t o 
t he si t e i nvest i gat i on,  by whi ch we can make 
cl ear  t he t r ue si t e condi t i ons.  I t  woul d t ake a 
vast  amount  of  l abour s and cost s.  On t he con
t r ar y,  t he dat a of  gr oundwat er  l evel  as wel l  as 
hydr ol ogi c  char act er i s t i cs  have bee put  i n 
or der  so f ar .

- - - - - - 1----- 1----- 1- - - - - - 1----- 1- - - - - - 1----- 1- - - - - - l_
May June Jul y Aug,  Sept .  Oct ,  Nov,  Dec,  

( 1974)

Fi g, 3 Compar i son of  t he Obser ved Gr oundwat er  
Level  wi t h t he Comput ed one by SM

At  Kyomachi ( No. 31)

----  Obser ved

----  Cal cul at ed
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STATI STI CAL MODEL( STM)

I n or der  t o f or mul at e t he STM,  we shoul d sel ect  
and col l ect  par amet er s  maki ng an i nf l uence on 
t he gr oundwat er  f l ow.  Accor di ng t o t he pr evi ous 
st udy,  si x f act or s ar e adopt ed t oget her  wi t h t he 
gr oundwat er  l evel ( h)  ; namel y,  t he r ai nf al l ( W)  
i ncl udi ng snowf al l ,  t he r i ver  wat er  l evel ( H)  at  
t he near est  poi nt  ar ound t he r egi on under  con 
s i der at i on,  t he pumpi ng r at e of  di schar ge( Y) , 
t he humi di t y( m) ,  t he t emper at ur e( T)  and t he at 
mospher i c  pr essur e( P) .

I n t he dat a anal ys i s  concer ni ng gr oundwat er ,  
any ki nd of  f act or  shoul d be r epr esent ed by a 
val ue at  a f i ni t e t i me i nt er val ,  f or  exampl e,  a 
mean val ue per  an hour ,  a day or  a mont h et c.
The gr oundwat er  l evel ,  of  cour se,  changes hour 
l y,  and yet ,  t he var i at i on i n l evel  dur i ng a 
day i s not  so gr eat  under  usual  c i r cumst ances.
Fr om t hi s poi nt  of  vi ew,  t he dat a ar e r ear r ang
ed i n a dai l y  uni t  i n t he f ol l owi ng,  al t hough 
t he anal ys i s  based on t he mont hl y  dat a ar e ex 
ami ned but  unsuccessf ul .

Ther e ar e number  of  obsevat i on poi nt s f or  any 
f act or  l i ke r ai nf al l  and r i ver  wat er  l evel ,  and 
t he cor r el at i on bet ween some f act or s at  di f 
f er ent  t wo poi nt s ar e cal cul at ed at  ever y combi 
nat i on.  I n t he r esul t ,  r ai nf al l  f act or s ar e c or 
r el at ed wi t h gr eat er  coef f i c i ent  t han 0. 960 and 
r i ver  wat er  l evel  ar e cor r el at ed mor e t han 0. 923 
i n Gi f u- Ogaki  ar ea.  Then,  t he dat a of  r ai nf al l  
at  Gi f u Met eor ol ogi cal  Obser vat or y  and r i ver  
l evel  at  Nagar a ar e r epr esent at i ve.

As t he f i r st  st ep,  a cor r el at i on bet ween each 
f act or  and gr oundwat er  l evel  ar e cal cul at ed,  and 
t i me l ag i s r egar ded as t he del ayed t i me i nt er 
val  at  t he max i mum coef f i c i ent  of  cor r el at i on 
bet ween a t i me ser i es dat a of  each f act or  and 
gr oundwat er  l evel .  Ti me l ag i s 2 w  3 days f or  
r ai nf al l  i n most  cases and 0 1 days f or  r i ver  
wat er  l evel .

Most  pr obabl y  f i t t i ng t i me ser i es dat a of  each 
f act or  ar e used f or  t he pr i nc i pal  component  
anal ysi s,  exc l us i ve of  t he dat a of  pumpage due 
t o t he l ack of  dai l y  dat a.  For  each f act or ,

Tabl e. I I  Exampl es of  Resul t s  f r om t he Pr i nc i pal  Component  Anal ys i s

Ob s e r v a t i o n

p o i n t
Se a s o n

P r i n c i p a l  

c omponent

Cumu l a t i v e

c o n t r i b u t i o n

Fa c t o r  l o a d i n g

Ei g e n v a l u eXx [h] x 2 [w] X3 [H] V P ] x 5 [ t ] Xg [m]

Kyomac hi  

(No .31)

[ i t Z 3 3 . 7  % 0 .8 9 1 0 .4 5 8 0 .8 9 4 - 0 .363 - 0 .289 0 .0 1 8 2 .0 1 9

[2] Z 3 9 . 2  % 0 .9 2 3 0 .4 5 1 0 .6 9 6 - 0 .332 0 .7 2 1 0 .4 2 7 2 .3 5 2

[3] Z 3 8 . 8  % 0 .8 3 5 0 .5 3 8 0 .8 4 1 - 0 .441 - 0 .396 0 .5 3 2 2 . 3 2 9

[4] Z 3 9 . 6  % 0 .9 0 4 0 . 6 1 1 0 .7 8 9 0 .4 2 6 - 0 .544 - 0.287 2 .3 7 4

Og a k i  

(No . 6)

[ 1] Z 2 5 . 8  % 0 .4 0 8 - 0.447 - 0 .429 0 .7 6 4 0 .2 9 6 - 0 .570 1 .5 4 7

[ 2] Z 4 2 . 0  % 0 .8 9 7 0 .4 0 9 0 .5 9 8 - 0 .541 0 .7 2 3 0 .6 1 5 2 .5 2 3

[3] Z 3 9 . 1  % 0 . 7 2 0 0 .5 5 4 0 .5 8 9 - 0 .694 - 0 .589 0 .5 9 0 2 .3 4 8

[4] Z 3 7 . 9  % 0 . 8 7 0 0 .0 1 8 0 .5 1 3 0 .5 9 3 - 0 .886 - 0.337 2 .2 7 2

[ 1]  De c . 1974  ~ F e b .1975  [ 3]  J u n e .1975 ~ Au g .1975

[ 2]  Ma r .1975  ~ Ma y .1975  [ 4]  S e p t . 1975 ~ No v .1975

( START )

(  Co l l e c t  d a t a  o f  f a c t o r s  )

(
Ca l c u l a t e  Co r r e l a t i o n s ,  'N 

e i g e n v a l u e  a nd  e i g e n v e c t o r  J

(
Ca l c u l a t e  t h e  c umu l a t i v e  c o n t r i b u t i o n  C \

[ c o e f f i c i e n t  o f  d e t e r mi n a t i o n ]  o f  e i g e n v a l u e  )

^Ca l c u l a t e  t h e  f a c t o r  l o a d i n g  )

(
Ca l c u l a t e  t h e  m u l t i p l e  r e g r e s s i o n  f o r m u l a \  

a nd  c o e f f i c i e n t s J

(  An a l y s i s  o f  v a r i a n c e )

( END )

Fi g. 4 Fl ow Char t  f or  t he St at i s t i cal  Model

f act or  l oadi ng,  ei genvect or ,  ei genval ue and 
cumul at i ve cont r i but i on t o t he f i r st  pr i nc i pal
component ,  t he second . . . . .  ar e cal cul at ed
unt i l  t he per cent age of  cumul at i ve cont r i but i on 
of  n- t h pr i nc i pal  component  exceeds 80 %.  Two 
exampl es cal cul at ed at  Kyomachi  wel l  and Ogaki  
wel l  f r om Dec . 1974 t o Nov . 1975 ar e shown i n 
Tabl e. I I .  At  Kyomachi  wher e unconf i ned f l ow 
occur s,  a f act or  l oadi ng of  r i ver  wat er  l evel  i s 
gr eat er ,  but  at  Ogaki  wher e conf i ned f l ow occur s,  
t hat  of  at mospher i c  pr essur e i s gr eat er  t han 
expec t ed.

Mul t i pl e r egr essi on anal ysi s( MRA)  pl ays a r ol e 
on est i mat i ng b^ i n t he l i near  t ype of  equat i on

gi ven by
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Tabl e, I I I  Exampl es of  Besul t s  f r om t he Mul t i pl e Regr ess i on Anal ys i s

Obser vat i on
poi nt

Season Par t i al  r egr essi on coef f i ci ent
Mul t i pl e cor r el at i on 

coef f i ci ent  R
F val ue

bj  [w] b2 [H] bs[P] b*  [T] bs [m] 1
[1] - 0. 0005 0. 6659 0. 0012 - 0. 0002 1. 7666 80. 0 37. 3

Kyomachi  
[ No. 31]

[2] - 0. 0013 1. 0318 0. 0382 0. 0043 - 7. 7231 87. 9 74. 2
[3] - 0. 0015 0. 9245 - 0. 0182 - 0. 0009 - 4. 9589 89. 6 88. 7
[4] - 0. 0023 0. 9954 - 0. 0308 0. 0016 - 5. 8796 89. 0 81. 7
[11 - 0. 1076 - 0. 0007 0. 0039 - 0. 0011 10. 3740 27. 4 1. 7

Ogaki  
[ No.  6]

[2] 0. 1668 - 0. 0065 0. 0190 0. 0004 13. 4183 85. 2 57. 7
[3] 0. 2242 - 0. 0074 - 0. 0257 - 0. 0041 14. 9139 70. 3 18. 9
[4] 0. 2579 - 0. 0009 - 0. 0177 - 0. 0003 7. 6044 80. 7 40. 1

Jl ]  Dec .  1974 -  Fe b . 1975 i  3]  J u n e , 1975 -  Au g , 1975

I  2J . Mar  , 197 5 -  Ma y . 1975 J 4 J Se p t . 1975 -  No v . 1975

h = bQ + bj W + b2H + b3P + b4T + b5m (5)

wher e h i s desi gnat ed by I m] , W I mm/ dJ , H [ m] ,
P I mb]  , T I ° C] and m I %]  ,
Fi r st  st ep of  MRA i s t o sel ect  t he f act or  whose 
absol ut e magni t ude of  f act or  l oadi ng i s gr eat er  
t han about  0 . 4 ,  Then,  usi ng t he dat a of  sel ec t 
ed f act er s and gr oundwat er  l evel ,  MRA i s car r i ed 
out .  Two cases of  r esul t s  ar e shown i n Tabl e. I I I  
cor r espondi ng t o Tabl e. I I ,  wher e bl ank spaces 
mean t hat  i t s f act or  i s omi t t ed.  Thus t he c o 
ef f i c i ent s of  l i near  Eq , (5)  ar e est i mat ed usi ng 
t he dat a f r om Dec . 1 9 7 4  t o Nov . 1 9 7 5  f or  ever y 
f our  season.  Usi ng t he coef f i c i ent s  and obser ved 
dat a of  ot her  hydr ol ogi c  f act or s i n 1 9 7 5 ,  t he 
gr oundwat er  l evel s ar e comput ed and compar ed 
wi t h t he obser ved ones as shown i n Fi g. 5 .  Suf 
f i c i ent  r esul t s ar e obt ai ned.

Fi g, 5 (a)  Compar i son of  t he Obser ved Gr oundwat er  
Level  wi t h t he Comput ed One by STM

Fi g, 5( b)  Compar i son of  t he Obser ved Gr oundwat er  
Level  wi t h t he Comput ed One by STM

CONCLUSI ONS

The aut hor s can not  s i mpl y compar e SM wi t h STM 
but  ar e sur pr i sed at  t he suf f i c i ent l y  good 
r esul t s  obt ai ned f r om STM,  al t hough i t  may be 
j ust l y deser ved because STM i s f or mul at ed s t a
t i s t i cal l y  so as t o f i t  and expr ess al l  t he dat a 
as much as possi bl e.  Compar i ng t he r esul t s  of  SM 
wi t h STM,  t he aut hor s r ecogni ze some char ac t er 
i st i cs of  each model  as f ol l ows.

(1)  The geol ogi cal  and hydr ol ogi c  pr oper t i es  of  
aqui f er  ar e not  necessar y  f or  STM but  f or  
SM,  wher eas t he gr oundwat er  f l ow mechani sm 
cannot  be made cl ear  by STM but  SM at  pr es 
ent ,  al t hough STM can be i nt er pr et ed as 
cont ai ni ng t he i nf l uence of  geol ogi cal  and 
boundar y condi t i on i f  measur ed dat a of  f ac 
t or s ar e col l ec t ed enough t o anal ysi s.

(2)  Di f f i cul t y  i n sel ect i ng t he necessar y  f ac 
t or s f or  STM r esembl es t he di f f i cul t  pr ob
l em of  i dent i f i cat i on pr ocess i n SM.  The 
new f act or  whose i nf l uence on gr oundwat er  
f l ow i s f ound out  can be i nt r oduced t o SM.

(3)  Anal yz i ng accur acy of  STM i s not  qui t e so 
good f or  t he unusual  phenomena whi ch have 
f act or s t hat  var y  mor e t han t he dat a used i n 
anal ysi s.  The i nf l uence of  each f act or  
depends on t he magni t ude of  t he par t i al  
r egr ess i on coef f i c i ent .
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