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Oct |  6.46 224 1.61 -3.07 0.85

Nov 0 181 9.04 -0.161 -
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AW THEZE L 21K 1T )V CEBIE R 2T O T2 OIER L= 7 e 75
LDV —Aa— R&ELLFICTRT.

1 c  —m——- module —-—-—---

2 cC --— module of Constant --—-

3 module CONST

4 implicit NONE

5 double precision,parameter :: rho = 100040

6 double precision,parameter :: rhoi = 91740

7 double precision,parameter :: Cp = 4217d0

8 double precision,parameter :: Cpi = 210640

9 double precision,parameter :: ki = 2.2d0

10 double precision,parameter :: L = 2.50d6

11 double precision,parameter :: TO = 273d0

12 double precision,parameter :: sigma = 5.67d-8

138 end module CONST

14 c  —-——- Main Profram ------

15 program sea_ice_model

16 use CONST

17 implicit NONE

18 ¢ --— define variables ---

19 double precision h, T, F, hi, deltat

20 double precision Tinit, hiinit, day, FupLW, Finit
21 double precision FdownSW(0:13), FdownLW(0:13), SH(0:13), LE(0:13)
22 double precision alfa(0:13), MeltFlag, GWfanc,F1,hO0,intFup,Fb,tdif
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integer ymax,

iy, im, id, i

--- open input(output) file ---

open(10,file=’deta.dat’)

open(11l,file=’temp.dat’)

open(12,file="test.dat’)

open(13,file="flux.dat’)

open(14,file=’intf.dat’)

--- read input data ---

read(10,%*) h,
--— read flux
do i =1,12

read(13,*)
end do

FdownSW(0)

FdownSW(13)

FdownLW(0)

FdownLW(13)

SH(0)

SH(13)

LE(O)

LE(13)

alfa(0)

alfa(13)

SH(1)

LE(1)

T, ymax, hi, GWfanc, Fb

data —-—-

FdownSW(i) ,FdownLW(i),SH(i),LE(i),alfa(i)

FdownSW(12)
FdownSW(1)
FdownLW(12)

FdownLW(1)

SH(12)

LE(12)

alfa(12)

alfa(1)

——- initialization variables —---

deltat = 24d0*x60d0*60d0
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48 day = 040

49 Tinit =T

50 hiinit = hi

51 Finit = -FdownSW(1)*(1-alfa(1))-FdownLW(1) + SH(1)+LE(1) - Fb
52 hO = hi

53 intFup = 040

54 c --— output initial value ---

55 write(11,*) day,T,hi

56 ¢ ——==== main roop —-——---—

57 C --- year ---

58 do iy = 1,ymax

59 C -—— month ---

60 do im = 1,12

61 C --- day ---

62 do id = 1,30

63 C --— Sea Surface Flux Calculation —---

64 call Flux (F,hi,FupLW,Finit,FdownSW,FdownlLW,SH,LE,alfa,F1,Fb)
65 if(hi <= 0) then

66 C --— Slab Ocean Model ---

67 T = Tinit - deltat * F / ( rho * Cp * h )

68 if(T > TO) then

69 continue

70 else

71 c <-- ice generate and next step, go to Sea Ice Model -->
72 call IceGeneration(deltat,Tinit,F,hi,T)

78 end if
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--— Slab Ocean Model end ---
else
--— Sea Ice Model ---
if(F >= 0) then
<-- sea ice cooling -—->
call Sealce (Tinit,hiinit,F,deltat,T,hi)
else

<-- sea ice warming -->

MeltFlag = Cpi*rhoi*hiinit*(TO-Tinit)/(2*Fxdeltat)

MeltFlag = (-Fxdeltat)-(Cpi*rhoi*hiinit*(T0-Tinit)/2)

write(12,%*) TO-Tinit,T
if (MeltFlag > 0d0) then

<-- sea ice melt -—>

call IceMelt(Tinit,deltat,hiinit,F,h,hi,T)

else
<-- sea ice is warming but doesn’t melt -->
call Sealce (Tinit,hiinit,F,deltat,T,hi)
end if
end if
--— Sea Ice Model end ---
end if
--— Output --—-
if(idm == 7) then
if(id == 1) then

if(iy > 1)then
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128

124

con

sub

write(14,*) im,id,h0,intFup
end if
hO = hi
intFup = 040
end if
end if
intFup = intFup + FupLW*deltat
tdif = hi**2 / (ki/(rhoix*Cpi))
Tinit =T
hiinit = hi
day = day + 1
write(11,*) day,T,hi,F,FuplLW,Finit,F1,tdif
day end ---
do
month end ---
do
year end ——-

do

tains

Sea Ice Generation --—-

routine IceGeneration (deltat,Tinit,F,hi,T)
use CONST

double precision,intent(in) :: deltat,Tinit,F
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125 double precision,intent(out) :: hi

126 double precision,intent(inout) :: T

127 double precision tausi,hmin,hmax,j,m,n

128 integer p

129 tausi = deltat * ( TO - T ) / ( Tinit - T )
180 hmin = 040

131 hmax = 142

132 p=1

1338 j = 0do

134 m = 2*kixtausi/(Cpi*rhoi)

1385 n = - 2*xkixFxtausi**2/(Cpi*L*rhoi**2)

186 € <-- this equation : 0 = p*(hi**3) + j*x(hi**2) + m*(hi) + n : -->
137 call Bisection (hmin,hmax,hi,p,j,m,n)

138 T = TO - Lxrhoi*hi**2 / (kixtausi)

139 end subroutine Icegeneration

140 C --— sea ice generation end --—-

141 c —--- One-layer Sea Ice Model -——-

142 subroutine Sealce (Tinit,hiinit,F,deltat,T,hi)
148 use CONST

144 double precision,intent(in) :: deltat

145 double precision,intent(out) :: T,hi

146 double precision,intent(inout) :: F,Tinit,hiinit
147 double precision min,max,j,m,n,T1,FuplW

148 integer i,p

149 T1 = Tinit
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150 doi=1,1

151 min = 0do

152 max = 10040

153 p=20

15/ j = 1d0

155 m = -hiinit

156 n = -ki*(TO-T1)*deltat/(L*rhoi)

157 € <-- this equation : 0 = p*(hi**3) + j*(hi**2) + mx(hi) + n : -->
158 call Bisection (min,max,hi,p,j,m,n)

159 j = rhoi*Cpix*hi

160 m = 2xkix*deltat/hi

161 n = rhoi*Cpi*(hi-hiinit)

162 T = (j*Tinit+(m+n)*TO-2*F*deltat)/(j+m+n)
163 T1 =T

164 ¢ FuplW = sigma * T**4

165 C F = FupLW+SH+LE

166 ¢ write(12,*) hi,T

167 end do

168 end subroutine Sealce

169 C —--— one-layer sea ice model end -—-

170 c -—- Sea Ice Melt --—-

171 subroutine IceMelt(Tinit,deltat,hiinit,F,h,hi,T)
172 use CONST

178 double precision,intent(in) :: Tinit,deltat,hiinit,F,h
174 double precision,intent(out) :: hi

175 double precision,intent(inout) :: T
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176 double precision taul,tau2,tau3,tau4

177 if (Tinit < TO) then

178 taul = Cpi*rhoi*hiinit*(T0-Tinit)/(2*(-F))
179 tau2 = deltat-taul

180 else

181 tau2 = deltat

182 end if

183 hi = hiinit + F * tau2 / ( L * rhoi )

184 C <-- Sea Ice Completely Melt -——>

185 if(hi <= 040) then

186 tau3 = - L * rhoi * hiinit / F

187 taud4 = deltat - taul - tau3

188 T = Tinit - deltat * F / ( rho * Cp * h )
189 hi = 040

190 c <-- Sea Ice Remain -->

191 else

192 T =TO0

193 ¢ write(12,*) T

194 end if

195 ¢ write(12,*) T

196 end subroutine IceMelt

197 ¢ --— sea ice melt end

198 ¢ --— Flux Calculation ---

199 subroutine Flux(F,hi,FupLW,Finit,FdownSW,FdownlLW,SH,LE,alfa,F1,Fb)
200 use CONST

201 double precision,intent(in) :: hi,FdownSW(0:13),FdownLW(0:13)
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202 double precision,intent(in) :: SH(0:13),LE(0:13),alfa(0:13),Fb
203 double precision,intent(out) :: F,FupLW

204 double precision,intent(inout) :: Finit,F1

205 double precision FO,F2,Fin,Fent,Fair

206 Fent = 040

207 FupLlW = sigma * T**4

208 Fair = -FdownSW(im-1)*(1-alfa(im-1))-FdownLW(im-1)
209 Fent = SH(im-1)+LE(im-1)

210 FO = Fair + Fent

211 Fair = -FdownSW(im)*(1-alfa(im))-FdownLW(im)

212 Fent = SH(im)+LE(im)

213 F1 = Fair + Fent

214 Fair = -FdownSW(im+1)*(1-alfa(im+1))-FdownLW(im+1)
215 Fent = SH(im+1)+LE(im+1)

216 F2 = Fair + Fent

217 if(id <= 15) then

218 Fin = Finit + (F1 - F0)/30

219 else

220 Fin = Finit + (F2 - F1)/30

221 end if

222 F = Fin*0.9 + FupLW

223 & - (Qy-D+((Am-1)+(id-1)/(30.0-1.0))/12.0)*GWfanc - Fb
22/ ¢ write(12,*) iy,im,id,Fin,F0,F1,F2,F

225 Finit = Fin

226 end subroutine Flux

227 C --— flux calculation end ---
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—-—- Bisection ---

subroutine Bisection (a,b,c,p,l,m,n)

double precision,intent(in) :: 1,m,n
double precision,intent(out) :: c
double precision,intent(inout) :: a,b
integer,intent(in) :: p

integer i

double precision fa,fb,fc,fcabs

do i = 1,30
c = (atb)/2
fa = pxa*x*3 + l*xax*x2 + m*a + n
fb = pxb**3 + 1*b**2 + m*b + n
fc = pxc*x*3 + 1*xc*x*x2 + m*c + n

fcabs = dabs(fc)

write(12,*) a,b,c

if (faxfc < 0d0) then
b=c

else if (faxfc > 0d0) then

else

exit
end if
end do
end subroutine Bisection

——- bisection end ---
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254 end program sea_ice_model
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