C*****************************************

C

1

C*****************************************

O 0O 0O o000

1001

USING strit < data-file > tmp.lcs

storage-discharge relationship

s = kl*gq**pl + k2*d(g**p2)/dt

optimization of parameters cll and c12 and cl13

pl = 0.6 and p2 = 0.4648

character title*128,infile*40,gp*128,titlel*128,title2*128
& ,title3*128

dimension q(200),pas(200,9),dpa(9),qch(200),rch(200)
dimension x(9),u(18),er(200),z(9)
dimension co(9)

common /stl/ wkl,wk2,wpl,wp2,wbeta,rain,q0in
common /st2/ n,m,ml,m2,h,h2,h3,h4

common /date/ iy,im,id,ih,nq,nr,area

common /discha/ r(200),90(200),qgc(200),900(200)

data cpl,cp2 /0.6,0.4648/
data yk1,yk2,vpl,vp2,vbeta /1.0,1.0,1.0,1.0,1.0/

read(*,*) ncase
write(*,"(i5)") ncase

kkput=0

do 9999 kk=1,ncase

kkk=kk

read(*,3) titlel

read(*,3) title2

read(*,3) title3

read(*,3) title
read(*,"(f8.0,i5)") area,ipas
read(*,4) n,m,nl,kount,p,rave
read(*,5) ccl,cc2,c3
read(*,"(2i5)") nr,nq

do i=1,ng

r(i)=0.0

end do

read(*,2) (r(i) ,i=1,nr)
read(*,2) (q0(i),i=1,nq)

do 1001 i=1,nq
q(i)=3.6*g0(i)/area

if(ipas.eq.0) go to 9999
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rtot=0.0

do i=1,nr
rtot=rtot+r(i)
end do

yk1=1.0
yk2=1.0
vpl=1.0
vp2=1.0
vbeta=1.0

co(1)=ccl
co(2)=cc2
co(3)=c3

format(4i8,4f8.0)
format(1018.0)
format(al28)
format(4i5,2f8.0)
format(3f8.0)

write(*,"(i5)") kk
write(*,200) titlel
write(*,200) title2
write(*,200) title3
write(*,200) title
write(*,"(i10)") nq
write(*,210)
format(* -
& " cl13 D)

write(*,"(2f10.2,3f10.3)") area,rave,ccl,cc2,c3

format(a80)

xnl=nl

h=1./xnl

h2=h**2

h3=h2*h

h4=h3*h

ml=m+1

m2=2*m

Xng=nq

wp2=1./zp2
ram=0.019

q01=q(1)

do 20 i=1,ng
g02=q(1)*exp(-ram*i)
g00(i)=(q01+g02)*0.5
g01=qg02

continue

do 999 kkll=1,kount

","cll
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wkl=ccl*ykl*area**0.24
zk2=cc2*yk2*wk1**2*rave**(-0.2648)
wk2=1_/zk2
wpl=cpl*vpl
zp2=cp2*vp2
wp2=1./zp2
wheta=c3*vbeta
do 800 i=1,n

800 x(i1)=0.0
x(1)=q(1)**zp2
do 802 i=1,m2

802 u(i)=0.0
sum=0.0
sotai=0.0

c

do 30 11=1,nq

rain=0.0

if(ll.le.nr) rain=r(ll)
gOin=qoo(ll)

qg=q(11)

gs=0.0

17(qq-9t.0.0) gs=sqrt(qq)
do 40 k=1,nl

c** solution of sensitivity equation
call gesto(x,u,l)

c** solution of differential equation
call gesto(x,u,2)
if(x(1).1e.0.0) x(1)=0.0

40 continue
gcc=0.0
if(x(1).gt.0.0) gce=x(1)**wp2
cc=0.0
if(x(1).gt.0.0) cc=wp2*x(1)**(wp2-1.)
cd=0.0
iT(x(1).gt.0.0) cd=alog(x(1))
gc(1h)=qcc
err=qg-qcc
er(1D=err
erw=err/qgs

c erw=err

o erw=err/qq
sum=sum+err**2
sotai=sotai+abs(err)/qq

c** sensitivity coefficients

c do 42 i=1,m
c42 pas(11,1)=cc*u(i)
c pas(11,4)=pas(l1,4)-wp2**2*qcc*cd

pas(11,1)=cc*u(l)*area**0.24
pas(11,2)=cc*u(2)*wk1l**2*rave**(-0.2648)
pas(11,3)=cc*u(3)

do 43 i=1,m
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875

877

878

991

999
879

500

pas(1l,1)=pas(ll,i)*co(i)

do 44 i=1,m

pas(11,1)=pas(ll,1)/qgs

error between observed and computed discharges
pas(l1,ml)=erw

continue

sum=sqrt(sum/xnq)
sotai=sotai/xng
aic=xng*alog(sum**2.0)+2.0*(n+1.0)+xnq*2.837877
fric=wkl/(2.823*area**0.24)
yp=yp-3.0

z(1)=ykl

z(2)=yk2

z(3)=vbeta

component regression method

to solve the correction terms of parameters
call momreg(9,m1,200,nq,pas,dpa)
do 875 i=1,m

col = abs(dpa(i)/z(i))
if(col.gt.p) go to 877

continue

go to 879

fac = 0.5*(1.+fac)

do 878 i=1,m

dpa(i)=Ffac*dpa(i)

continue

do 991 i=1,m

xnew=z(i)+dpa(i)

if(xnew.gt.0.0) z(i)=z(i)+dpa(i)
continue

yk1=z(1)

yk2=z(2)

vbeta=z(3)

continue

continue

do 500 i=1,nq
g00(i)=q00(i)*area/3.6
gc(i1)=qc(i)*area’/3.6

qtot=0.0

gctot=0.0
g00tot=0.0
gsotai=0.0
gmax=-999.99
gmaxc=-999.99

do 501 i=1,nq
qtot=qtot+q0(i)
gctot=qgctot+qc(i)
g00tot=q00tot+q00(i)
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gsotai=gsotai+abs(q0(i)-qc(i))/qo(i)
if(q0(i).gt.gmax) gmax=q0(i)
if(qc(i).gt.gmaxc) gmaxc=qc(i)

501 continue
gqtot0=3.6*qtot/area
gctot0=3.6*qctot/area
g00tot0=3.6*q00tot/area

c
gmax0=3.6*qmax/area
gmaxc0=3.6*gmaxc/area
hiryu=gmax/area
peakg=abs(gmax0-gmaxc0)/gmax0
gsotai=gsotai/float(nq)

c

write(*,211)

211 format(7x,"cll",7x,"cl2",7x,"cl13",7x, " Jpe",7x, "Jre", "
write(*,"(5f10.3,i110)") ccl*ykl,cc2*yk2,c3*vbeta,
& peakg,qsotai,kkll

c
write(*,212)
212 format(” ",
8" D
write(*,"(7f10.3)") hiryu,rtot,qtot0,qctot0,gmax,gmaxc
c
write(*,204)
204 format(" NO*®,12x, " ",8x," ",8x," )
& ,8x," ",8x, " D)
do i=1,ng
write(*,207) i,r(i),q0(i),qc(i),qo0(1),q0(i)*(c3*vheta-1.0)
end do
207 format(i8,f16.2,5f16.3)
c
9999 continue
c
stop
end
c
c

subroutine gesto(x,u,ijk)

c** s = kl*g**pl + k2*d(gq**p2)/dt

c**  x(k+1)= phi*x(k) + gamma*b(Kk)

c** ijk = 1; solve sensitivity equation

c** ijk = 2; solve differential equation

c implicit double precision (a-h,0-z)
dimension x(1),u(1),y(9),uu(18),b(9)
common/st1/wkl,wk2,wpl,wp2,wbeta,rain,q0in
common/st2/n,m,m1,m2,h,h2,h3,h4

con=wk1*wk2*wpl*wp2

a=0.0
¢c=0.0
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d=0.0
e=0.0
=0.0
y1=x(1)
y2=x(2)
if(yl.gt.0.0) go to 12
if(yl.1t.0.0) y1=0.0
go to 14
12 a=y1l**(wpl*wp2-2.)
c=yl**(wp2-1.)
d=y1**(wpl*wp2-1.)
e=yl**wp2
f=alog(yl)
14 al=-con*(wpl*wp2-1.)*a*y2-wk2*wp2*c*wbeta
a2=-con*d
a3=al+a2**2
ad=al+a3
c** elements of phi matrix (transition matrix)
fl = 1. +0.5*al*h2+al*a2*h3/6.+al*a3*h4/24.
f2 = h*(1. + 0.5%a2*h+a3*h2/6.+a2*a4*h3/24.)
3 = al*f2
f4 = 1. +a2*h+0.5*%a3*h2+a2*a4*h3/6.+
& (al*a3+a2**2*ad)*h4/24.
c** elements of gamma matrix
g2 = h2*(0.5+a2*h/6.+a3*h2/24.)
g4=f2
if(ijk.eq-2) go to 104
c** solve sensitivity equation
b(1)=-wk2*wpl*wp2*d*y2
b(2)=wk2**2*(wk1*wpl*wp2*d*y2 + e*wbeta - rain-q0in)
b(3)=-wk2*e
do 16 i=1,m
16 uu(i)= fl*u(1) + f2*u(i+m) + g2*b(i)
do 18 i=m1,m2
18 uu(i) = f3*u(i-m) + fA*u(i) + g4*b(i-m)
do 20 i=1,m2
20 u(i)=uu(i)
return
104  continue
c**  solve system equation
bl=con*(wpl*wp2-1.)*d*y2+wk2*wheta*(wp2-1.)*e+wk2*(rain+q0in)
y(1) = f1*x(1)+F2*x(2)+g2*b1l
y(2) = 3*x(1)+f4*x(2)+g4*b1l

do 102 i=1,n
102 x(i)=y(i)
return
end
c
c

subroutine momreg(nl,n,ml,md,x,dpa)
c**  component regression method
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c**  compute the correction terms of parameters (dpa)

c implicit double precision (a-h,0-z)
dimension x(ml,nl),dpa(l),cov(9,9),9(200,9),y(200,9)
dimension binv(9,9),coe(9),st(9)

na=n-1
c**  compute covariance matrix
call sgcov(nl,na,ml,md,x,cov)
do 50 i=1,na
50 st(i)=sqrt(cov(i,i))
do 52 i=1,na
s=st(i)
do 52 j=1,i
sl=st(j)
cov(i,j)=cov(i,j)/(s*sl)
52 cov(j,i)=cov(i,]j)
c**  factorization of cov(i,j) by lower triangular
c** cholesky method (cov =1 * u)
c** | = lower triangular u = upper triangular
c**  compute the inverse of u(i,j)
call lowtri(nl,na,cov,binv)
do 54 j=1,na
s=st(j)
do 54 i=1,md
54 y(i,)=x(i,§)/s
do 20 i=1,md
do 20 j=1,na
s=0.
do 22 k=1,j
22 s=s+y(i,k)*binv(k,})
20 g(i,j)=s
do 24 i=1,na
s=0.0
do 26 j=1,md
26 s=stg(J,1)*x(J,n)
24 coe(i)=s
do 30 i=1,na
s=0.
do 29 j=i,na
29 s=s+binv(i,j)*coe(j)
30 dpa(i)=s/st(i)
return
end

subroutine lowtri(nl,n,p,binv)
c**  lower triangular cholesky factorization
c** p = u*b

c** p = symmetric matrix
c** u = lower triangular matrix
c** b = upper triangular matrix (b = ut)
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C**
C**

C**

C**

40

C**

52
50

C**

12
10

inverse matrix of b
= upper triangular matrix
compute lower triangular u(i,j)

binv

implicit double precision (a-h,0-z)

dimension p(nl,nl),binv(nl,nl)
dimension u(9,9),b(9,9)

do 5 j=1,n-1
u(.j)=abs(p(.J))
u@.J)=sqrt(ud.il)
al=1./u(j.,J)

do 5 k=n,j+1,-1
uck,j)=al*p(k,j)
be=u(k,j)

do 5 i=k,n
p(1,K)=p(i,k)-u(i,j)*be
u(n,n)=abs(p(n,n))
u(n,n)=sqrt(u(n,n))

b = transpose of u
do 40 i=1,n

do 40 j=i,n
b(i,j)=u(, 1)

compute inverse of b(i,]J)
binv(1,1)=1./b(1,1)

do 50 j=2,n
binv(j,j)=1./b(.J)
jml=j-1

do 50 k=1, jml

sum=0.0

do 52 i=k,jml

sum = sum - binv(k,1)*b(i,j)
binv(k,j)=sum*binv(j,Jj)
return

end

subroutine sgcov(nl,n,ml,md,x,cov)
compute covariance matrix

implicit double precision (a-h,0-z)

dimension x(ml,nl),cov(nl,nl)
do 10 i=1,n

do 10 j=1,i

s=0.

do 12 k=1,md
s=s+x(k, 1)*x(k,j)
cov(i,j)=s

return

end
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