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Definition of type

Symbol Type

common variable

Input parameter

input system initial state
environmental driving variable
constant

local variable

output variable

function

subroutine

omorom— o<

Model components

Module inter_vars
Sharing common variables

Name Description unit Type Origin Used by

p phenological state - \' phenology growth

pi phenological state at the end of juvenile - \' phenology

pi phenological state at the end of induction - \' phenology

pt phenological state at the end of leaf development- \' phenology growth

[o]3] phenological state the end of panicle development - \' phenology
growth/rlg

pg phenological state at the end of grain development - \ phenology
riq

ws shoot biomass gm? \% growth weeds

I leaf area index m? m? \Y growth growth/ET

qrel relative available soil water - \) su_gqrel growth/ET

Iw leaf area index of weeds m? m* \Y weeds growth

module inter_vars
real :: pj, pi, pl, PP, P9, P

real :: ws, 1
real :: grel
real :: 1w
end

Subroutine Model
Root subroutine of model components

Name Description unit Type Origin Used by
evapotranspiration  calculate actual evapotranspiration S User
phenology calculates crop development S User
growth calculates leaf area, biomass of shoot and panicles S User
weeds calculate weeds leaf area S User

subroutine model
implicit none
call evapotranspiration
call phenology
call growth
call weeds
end
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Subroutine Phenology
Calculation of crop development

Name Description unit
dj duration of basic vegetation (juvenile) phase d
di duration of photosensitive (induction) phase d
dp duration of panicle development d
dg duration of grain development d
tb base temperature for development C
top optimal temperature for development C
po optimal photoperiod. h
pc critical photoperiod. h
la lattitude d
tmn daily minimum temperature. c
tmx daily maximum temperature. C
dec crop duration under optimal conditions d
n coefficient of temperature effect on development -
ta daily average temperature C
u different between ta and tb C
uop different between top and tb C
ftop developmental rate at optimal temperature d’
ft function of temperature on rate of development d
fp function of photoperiod on rate of development -
dp rate of phenolgical development d’
p phenological state -
pj phenological state at the end of juvenile -
pi phenological state at the end of induction -
p! phenological state at the end of leaf development-
pp phenological state the end of panicle development
growth
pg phenological state at the end of grain development
asdl calculate astronomical daylength h
param read input parameter from rnspec.sys
incon read input initial condition from rnspec.sys
step controlling simulation step
intgrl rectangular integration
dwthr read daily weather variables from rnspce.wth
output output variables to output.dat

termination terminate simulation run

subroutine phenology

use inter_vars

implicit none

real :: dj, di, dp, dg, dc, ftop

real :: tb, top, tx, ta, n, uvop, u, ft
real :: pc, po, fp

real :: asdl, la

real :: step, param, incon, intgril
real :: sr, tmn, tmx, rh, u2, rf

call dwthr(sr, tmn, tmx, rh, u2, rf)

procedure: select case (int(step()))
case (1)

dj = param ('dj")
di = param ('di'")
dp = param ('dp')
dg = param ('dg')
tb = param ('tb')
top = param('top"')
n = 4.0

uop = top-tb

pc = param ('pc')

egree

Type

|l o el B £ Mo s o M v v B« i v J o g 8

wonhommmmmm!

Origin

rnspec sys
rnspec sys
rnspec sys
rnspec sys
rnspce.sys
rnspec sys
rnspec sys
rnspec sys
rnspec sys
rnspec.wth
rnspec.wth

phenology
phenology
phenology
phenology
onN

o

user

driver
driver
driver
driver
driver
driver
driver

Used by
phenology
phenology
phenology
phenology
phenology
phenology
phenology
phenology
asdl
phenology
phenology

growth

growth
phenology

phenology



45

po = param ('po')
la = param ('la')
p = incon ('p')

dc = dj+di+dp+dg

pj = dj/dc
pi = (dj+di)/dc
pp = (dj+di+dp)/dc
pl = pi+0.75* (pp-pi)
pg = (dj+di+dp+dg)/dc
ftop= 1.0/dc
case (2)
ta = (tmx+tmn)/2.0
u = ta-tb
ft = ftop * ((n/2.0)*uop** (n-2.0)*u**2,0-u**n)/(uop**n* (n/2.0-1.0))

if (p < pj) then
dp = ft
else if (p < pi) then
fp = exp(-max (0.0, (asdl(la)-po))/(pc-po))

dp = ft*fp
else if (p < pp) then
dp = ft
else
dp = ft
end if
case (3)

p = intgrl (p, dp)
end select procedure

call output ('p', p)
if(p >= pg) call termination ('maturation')
end

subroutine Growth
Calculate shoot and panicle biomass, leaf area

Name Description unit Type Origin Used by

ec solar radiation use efficiency g DW MJ”’! P rnspec.sys growth

ke canopy light attenuation coefficient - P rnspec.sys growth

as partition coefficient for shoot gg’ P rNSpec.sys growth

bs partition (exponent) coefficient for shoot - P rNspec.sys growth

al partiton coefficient for leaf area m? g’ P rnspec.sys growth/weeds

bl partition (exponent) coefficient for lear area - P rnspec.sys growth/weeds

le leaf loss coefficient ’g" P rnspec.sys growth

sr daily solar radiation MJ m*d" E rmspec.wthr growth

p phenological state of crop development - \' phenology growth

pi phonological state at the end of leaf development- \' phenology growth

pp phenological state the end of panicle development - \ phenology
growth

qrel relative available soil water - \" su_grel growth/ET

gcc crop growth rate, potential gm?2d" L

gca crop growth rate, actual gm?2d" L

wce dry weight of crop gm? 110 rnspec.sys/growth

ws dry weight of shoot gm? O/  growth weeds

wp dry weight of panicles gm? VO  growth

[ leaf area index m? m? ON  growth

param read input parameter from rnspec.sys F driver

incon read input initial condition from rnspec.sys F driver

step controlling simulation step F driver

intgrl rectangular integration F driver



dwthr read daily weather variables from rnspce.wth

output output variables to output.dat

subroutine growth
use inter_vars
implicit none

real :: ec, kc, as, bs, ah, bh, al, bl,
real :: gcc, gca

real :: wc, wp

real :: step, param, incon, intgrl
real :: sr, tmn, tmx, rh, u2, rf

call dwthr(sr, tmn, tmx, rh, u2, rf)

procedure: select case (int(step()))

case (1)
ec = param ('ec')
ke = param ('kc')
as = param ('as')
bs = param ('bs')
al = param ('al')
bl = param ('bl')
lc = param (‘lc’)
we = incon ('wc')
wp = incon ('wp')
ws = as*wc**bs
1 = al*ws**bl
case (2)
gcc = ec * (1.0-exp(~kc*1l))* exp(-1.0*1lw)* sr
gca = grel * gcc
case (3)
we = intgrl (wc, gca)
if (p <= pl) then
ws = as*wc**bs
1 = al*ws**bl
else if (p <= pp) then
ws = as*wc**bs
else
wp = intgrl (wp, gca)
1 = max (0.0, (1 - lc*gca))
end if

end select procedure

call output ('1l', 1)
call output ('wp', wp)
call output ('ws', ws)
call output ('wc', wc)
end

Subroutine evapotranspiration

1lc

S driver
S driver

Calculate the actual rate of evapotranspiration, abbreviated to ET, using linear equations

Name Description

Ih latent heat of evaporation of water 2.45
sr solar radiation

qrel relative availability of soil water

m net radiation

et actual evapotranspiration

su_gqrel calculate relative available soil water

unit
MJ kg™
MJIm2d*

MIm2d?
mmd”’

Type Origin

C

E rnspec.wth
\' su_grel

L

o ET

S User

Used by

growth/ET
growth/ET
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step controlling simulation step F Driver
dwthr read daily weather variables from rnspce.wth S Driver
output output variables to output.dat S Driver

subroutine evapotranspiration
use inter_vars
implicit none

real :: rn, et
real :: step
real, parameter :: 1h=2.45

real :: sr, tmn, tmx, rh, u2, rf
call dwthr(sr, tmn, tmx, rh, u2, rf)
call su_grel

procedure: select case (int(step()))
case (2)

rm = 0.7 * sr - 1.0

et qrel* (0.8*rn + 2.0)/1h
end select procedure
call output ('et', et)
end

Subroutine su_gqrel
Calculate relative availability of soil water

Name Description unit Type Origin

qs soil water content at saturation m®m? P rnspec.sys
qr soil water content at air dry m® m*® P rnspec.sys
i day of year - L

q current soif water content m® m* L

qrel relative available soil water - ON  su_grel
param read input parameter from rnspec.sys F driver

step controlling simulation step F driver

doy return current day of year F driver

intpl linear interpolation F driver

subroutine su grel

use inter vars

implicit none

real :: gs, qr, q

real :: step, param, intpl
real :: doy, j

procedure: select case (int(step()))
case (1)
gs = param ('qgs")
gr = param ('qr')
case (2)
j = doy{)
g = min(gs, intpl ('vwc', 3j))
grel = (gq-qr)/{(gs-qr)
end select procedure
end

Used by
su_grel
su_grel

growth/ET
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Subroutine weeds
Caiculate leaf area index of weeds

Name Description unit

al partiton coefficient for weeds leaf area m?g"

bl partition coefficient (exponent) for weeds leaf area
growth/weeds

few fraction of weeds by weight -

ws rice shoot biomass gm-2

| day of year -

wsw weeds shoot biomass g m-2

w weeds leaf area index m? m?

param read input parameter from rnspec.sys

step controlling simulation step

doy return current day of year

intpl linear interpolation

subroutine weeds

use inter vars

implicit none

real :: al, bl

real :: wsw

real :: step, param, intpl, doy

real :: j

j = doy{()

procedure: select case (int(step()))

case (1)
al = 1.2 * param ('al')
bl = param ('bl')
WSW = ws * intpl('fwe’',J)
1w = al*wsw**bl

case (2)

case (3)
wWsW = ws * intpl('fwe',7j)
1w = al*wsw**bl

end select procedure

call output ('lw', 1lw)
end

Function asdi
Calculate astronomical daylength
syntax: dl (la)

Name Description unit

la latitude degree

i day of year doy

asdi astronomical daylength h decimal
pi return the value of pi

doy return current day of year

real function asdl(la)
implicit none

real :: la, j

real :: pi, 1, d

real :: doy

j=doy ()
1 = pi()/180.0*1la
d = 0.409*sin(2.0*pi () /365.0*j-1.39)
asdl = 2.0 * 12.0/pi() * acos(-tan(l)*tan(d))

end

Type Origin Used by

P rnspec.sys growth/weeds
- P rnspec.sys

P rnspec.sys weeds

v growth growth/weeds
L

L

OV weedsl growth

F driver

F driver

F driver

F driver

Type Origin Used by

P rnspec.sys asdl

L

(0] asdl function

F Driver

F Driver
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Driver’s functions and subroutines used by the model

Function param

Passing the value of variable from rnspec.sys to the calling routine
Syntax: param (‘variableName’)

Note: case sensitive

Function incon

Passing the value of system initial state from rnspec.sys to the calling routine
Syntax: incon (‘variableName’)

Note: case sensitive

Function step

Passing value to synchronise calculation among modules
Syntax: step ()

Note: void function

Function intgrl
Perform rectangular integration
Syntax: intgri(sate variable, rate variable)

Function intpl

Perform linear Interpolation using co-ordinates given in rnspec.sys
Syntax: intpl (‘co-ordinate table name’, x value)

Note: case sensitive

Function doy

Return the current day of year
syntax; doy ()

Note: void function

Function pi

Return the value of pi=3.1415926535897932
syntax: pi ()

Note: void function

Subroutine dwthr

Passing 6 daily weather variables from rnspec.wth to the calling routine

Syntax: dwthr (sr, tmn, tmx, rh, u2, rain)

st daily solar radiation. MJm2d? E mspec.wth
tmn daily minimum temperature. C E rnspec.wth
tmx daily maximum temperature. c E rnspec.wth
rh daily relative humidity % E rnspec.wth
u2 daily wind speed at 2m height. ms" E rnspec.wth
rain daily rainfall. mm E rnspec.wth

Subroutine output
Output value of specified variable to output.dat at a given interval specified by OUTDEL
Syntax: output(‘header’, variable name)

Subroutine termination
Terminate simulation run and output user specified text to the end of output.dat
Syntax: termination(‘specified text’)



50

! v ] E4
MANUINN 2 W1 (source code) gafdanans (driver) Aruauiunsumsszutana

MODULE Bnd_con

REAL, DIMENSION{366,10):: cmt
INTEGER:: iday
END

MODULE Sys_spc
CHARACTER (LEN=10), DIMENSION(250):: name

REAL, DIMENSION (2700):: wvalue
INTEGER, DIMENSION(0:251):: lvp
END

MODULE Ctrl Time

CHARACTER (LEN=40):: finmsg='Not specified °'
REAL:: stage, date, time, delt=1.0

INTEGER:: fincon

END

MODULE Id Lst

CHARACTER (LEN=66), PARAMETER :: lecha= &
'AaBbCcDdEeFfGgHhIiJjKKkLIMMNNOOPPQqRrSsTtUuVVWWXxYyZz=+-.0123456789"
INTEGER :: lnmx = 132

END

MODULE Msg Lst
IMPLICIT none

CHARACTER (LEN=17), DIMENSION (0:11):: Minfo = &
(/ "RNSPEC.WTH', 'RNSPEC.SYS', &

': Table not found',': CHK coordinates', &
': Order of X axis',': INTPL off limit', &
': Array not found',': Input < Request', &
': Param not found',': Param > 1 entry', &
'file not found', v /)

END

PROGRAM DRIVER ! Elementary Simulation Driver

USE Bnd_con
USE Sys_spc
USE Ctrl Time
IMPLICIT NONE

OPEN (6, CARRIAGECONTROL='FORTRAN')
WRITE (6, '(''0'',3X, A)') 'Initialization’
fincon=0
CALL Inize
CALL Rd_Bnd
CALL Rd_Sys
stage = 1.0; CALL T_Step; CALL Model
DO
stage = 2.0; CALL Model
IF (fincon /= 0) EXIT
stage = 3.0; CALL T_Step; CALL Model
END DO
stage = 4.0; CALL Model

CALL Logmsg(' ',11, 0, 0, 'FINAL'")
WRITE (6, '(4X, A)') 'Termination’
END
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SUBROUTINE T Step

USE Bnd_con

USE Ctrl_time

IMPLICIT NONE

REAL :: nday, sdate, param, t = 0.0

IF (t==0.0) THEN
nday = REAL(iday)

sdate = Param{'SDATE')
time = 0.0
t = 1.0

date = MOD((sdate+time-1.0), nday) + 1.0
WRITE (6,'(4X,A,5X,A,F10.2)')'Simulation:','TIME', time
ELSE

time = time + delt

date = MOD((sdate+time-1.0), nday) + 1.0

WRITE (6,'("+",3X,A,5X,A,F10.2)')'Simulation:','TIME', time
END IF
IF (time>=nday) fincon=10

END

SUBROUTINE Output (vname, vval)
USE Ctrl Time
IMPLICIT NONE

CHARACTER (LEN=*) :: vname

REAL :: wvval

CHARACTER (LEN=7), DIMENSION(31) :: names
CHARACTER (LEN=4) :: cnos

CHARACTER (LEN=40) :: edlstn, edlstv
REAL, DIMENSION({31l) :: wvals

REAL :: ostage, param, outdel

INTEGER ::n, icmx, ic=l

IF (stage == 1.0) THEN
ic = ic + 1
icmx = ic
names (ic) = vname
ELSE IF (stage == 2.0) THEN
IF (ostage == 1.0) THEN
CALL Onfile (30, 'OUTPUT.DAT', 'SEQUENTIAL', 'FORMATTED')
WRITE (cnos, '(I4)') icmx
edlstn = '(3X,'//cnos//'(A6,6X))"
edlstv = '"('//cnos//'(1X,G11.5))"
names (l)= 'TIME'

WRITE (30, edlstn) (names(n), n = 1, icmx)
outdel = Param('OUTDEL")

END IF

IF (ic==icmx) ic =1

ic = ic + 1

vals{(ic) = vval

IF (MOD(time,outdel)==0.0 .AND. ic==icmx) THEN
vals(l) = time
WRITE (30, edlstv) (vals(n), n = 1, icmx)
ic =1

ENDIF

ELSE IF (stage==4.0) THEN
IF {(ic>1) THEN
vals(l) = time
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WRITE (30, edlstv)(vals{(n), n = 1, icmx)

ic =1
ENDIF
IF (ostage/=4.0) WRITE(30,'(/,""
ENDIF
ostage = stage
END

FUNCTION Step
USE Ctrl_time
IMPLICIT NONE

REAL :: step
step = stage
END

SUBROUTINE Termination (finterm)
USE Ctrl_time
IMPLICIT NONE

CHARACTER (LEN=*) :: finterm
finmsg = finterm

fincon = 10

END

FUNCTION DOY
USE Ctrl_time
IMPLICIT NONE
REAL :: doy
doy = date
END

SUBROUTINE Timer (rntime)
USE Ctrl time

IMPLICIT REAL (A-Z)
rntime = time

END

SUBROUTINE Dwthr (vl, v2, v3, v4, v5,
USE Bnd_con

USE Ctrl time

IMPLICIT NONE

REAL, INTENT(out) :: vl, v2, v3, v4,
SAVE

IF (stage==2.0) THEN

vl = cmt (INT (date), 1)
v2 = cmt (INT (date), 2)
v3 = cmt (INT (date), 3)
v4 = cmt (INT (date), 4)
v5 = cmt (INT (date), 5)
v6 = cmt (INT (date), 6)

ENDIF

END

FUNCTION Pi ()

IMPLICIT NONE

REAL :: pi
pi=3.1415926535897932

END

Termination:

v6)

v5, v6

'l’A)l)

finmsg
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FUNCTION Incon (rgname)
IMPLICIT NONE

CHARACTER (LEN=*) :: rgname
REAL :: incon, param

Incon = Param (rgname)

END

FUNCTION Param (rgname)
USE Sys_spc

USE Ctrl time

IMPLICIT NONE

CHARACTER (LEN=*) :: rgname
REAL :: param
CHARACTER (LEN=10), DIMENSION(250):: locrec
INTEGER, DIMENSION({251) :: recid = 0
INTEGER :: i, j
poi =1, 251
IF (rgname==locrec(i) .OR. recid(i)==0) EXIT
END DO

IF (recid(i)==0) THEN
locrec (i) = rqname; recid(i) = -8
DO j =1, 251
IF (rgname==name (j)) THEN

IF (lvp(j)=~lvp(j-1)==1) THEN
recid(i) = j
Param = value(lvp(recid(i)))
ELSE
recid(i) = -9
ENDIF
ENDIF
IF (lvp(j)<0 .OR. recid(i)/=-8) exit
END DO
IF (recid(i)<0) THEN
fincon = -recid (i)
CALL Logmsg (rgname, fincon,-1,-1,'OPENS')
END IF

ELSE TIF (recid(i)>0) THEN

Param = value(lvp(recid(i)))
ELSE

END IF
END

FUNCTION ParamS (rqgname, indx)
USE Sys_spc

USE Ctrl_time

IMPLICIT NONE

CHARACTER (LEN=*) :: rqgname

REAL :: params

INTEGER :: indx

CHARACTER (LEN=10), DIMENSION (250):: locrec
INTEGER, DIMENSION (251) :: recid

INTEGER :: i, j, n

DO i =1, 251
IF (rgname==locrec(i) .OR. recid(i)==0) EXIT
END DO
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IF (recid(i)==0) THEN
locrec (i) = rgname; recid(i) = -6
DO j = 1, 251
IF (rgname==name (})) THEN
recid(i)= j
n = lvp(j)-lvp(j-1)

END TIF
IF (lvp(j)<0 .OR. recid(i)/=-6) EXIT
END DO
IF (recid(i)<0) THEN
fincon = -recid(i)
CALL Logmsg (rgname, fincon,-1,-1,'OPENS')
ENDIF
END IF

IF (recid(i)>0) THEN
IF (indx<=n) THEN
Params = value(lvp(recid(i)-1)+indx)

ELSE
recid(i)= -7
fincon = -recid(i)

CALL Logmsg (rgname, fincon,-1,-1, 'OPENS')
ENDIF
ELSE
ENDIF
END

FUNCTION Intpl (rgname, Xx)
USE Sys_spc

USE Ctrl time

USE Msg_Lst

IMPLICIT NONE

CHARACTER (LEN=*) :: rqname

REAL :: intpl, x

CHARACTER (LEN=10), DIMENSION(250):: locrec (250)
REAL :: mnx, mxx

INTEGER, DIMENSION(251) :: recid

INTEGER :: i, j, ix

DO i =1, 251
IF (rgname==locrec(i) .OR. recid(i)==0) EXIT
END DO

IF (recid(i)==0) THEN
locrec(i) = rgname; recid(i) = -2
DO j = 1,251
IF (rgname==name (j)) THEN

recid(i) = j
IF (MOD((1vp(j)-1vp(j~1)+3),2)<1) THEN
recid(i) = -3
ELSE
ix = lvp(j~-1) + 3
DO
IF ((value(ix)-value(ix-2))<=0) recid(i) =
ix = ix + 2
IF ((recid(i)<0).0R. (ix>1lvp(j))) EXIT
END DO

ENDIF
END IF



55

IF (lvp(j)<0 .OR. recid(i)/=-2) EXIT

END DO
IF (recid(i)<0) THEN
fincon = -recid(i); finmsg = Minfo(fincon)//', '//rqname
CALL Logmsg (rgname, fincon,-1,-1, '"OPENS')
ENDIF
END IF

IF (recid(i)>0) THEN
mnx = value(lvp(recid(i)=-1)+1)
mxx = value (lvp(recid(i))-1)
IF (x<mnx.OR.x>mxx) THEN

recid(i) = -5
fincon =5
CALL Logmsg (rgname, fincon,-1,-1, '"OPENS"')
finmsg = Minfo(fincon)//"', '//rqname
ELSE
ix = lvp(recid(i)-1) + 3
DO
IF ((x<value(ix)) .OR. (ix>=lvp(recid(i))~1)) EXIT
ix = ix + 2
END DO
Intpl=value(ix—l)+(x—value(ix-2))*(value(i+l)— &
Value(ix—l))/(value(ix)—value(ix—2))
ENDIF
ENDIF
END

FUNCTION Intgrl(statev, ratev)
USE Ctrl_Time
IMPLICIT NONE

REAL :: intgrl, statev, ratev
Intgrl = statev + ratev * delt
END

SUBROUTINE Inize
USE Msg Lst
IMPLICIT NONE

CHARACTER (LEN=133), ALLOCATABLE, DIMENSION(:) :: line

INTEGER, ALLOCATABLE, DIMENSION(:,:,:) :: itpos

INTEGER :: ilmx, itmx(366)

INTEGER :: error, i, id

INTEGER, DIMENSION(26) :: wtinfos=(/ (2,i=1,3), (3,i=4,26) /), icinfo=1
LOGICAL :: Finds

ALLOCATE (line (366), itpos (2, 26, 366), STAT=error)
IF (error/=0) STOP ' Unable to ALLOCATE buffer?

CALL Chkofile
id =0
IF (Finds (Minfo(id))) THEN
CALL Locate(id, ilmx, itmx, itpos, line)
CALL Scanin(id, ilmx, itmx, itpos, line, wtinfo)
CALL Wrwthr(ilmx, itmx, itpos, line, wtinfo)
ELSE
CALL Logmsg (Minfo(id), 10, -1, -1,'OPENS")
ENDIF :
id =1
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IF (Finds (Minfo(id))) THEN
CALL Locate(id, ilmx, itmx, itpos, line)
CALL Scanin(id, ilmx, itmx, itpos, line, icinfo)
CALL Wrincn(ilmx, itmx, itpos, line)
ELSE
CALL Logmsg (Minfo(id), 10, -1, -1, 'OPENS"'")
ENDIF

DEALLOCATE (line,itpos, STAT=error)
IF (error/=0) STOP ' Unable to DEALLOCATE buffer!

IF (Finds('MSG.LOG')) THEN
CALL Logmsg('Inize',11, 0, 0, 'FINAL')

IF (Finds('WTH.BIN ')) CALL Deletes('WTH.BIN ')
IF (Finds('SYS.BIN ')) CALL Deletes{'SYS.BIN ')
IF (Finds('AINFO.BIN')) CALL Deletes ('AINFO.BIN')
STOP ' Termination'

END IF

END

SUBROUTINE chkofile
IMPLICIT NONE
LOGICAL :: finds

IF (Finds('MSG.LOG')) CALL Deletes ('MSG.LOG")

IF (Finds('RUN.LOG')) CALL Deletes ("RUN.LOG')

IF (Finds('OUTPUT.DAT')) CALL Deletes ("OUTPUT.DAT')
END

SUBROUTINE Wrwthr (ilmx, itmx, itpos, line, info)
IMPLICIT NONE

CHARACTER (LEN=*), DIMENSION (366) :: line
INTEGER :: ilmx

INTEGER, DIMENSION(366) :: itmx

INTEGER, DIMENSION(2,26,366) :: itpos
INTEGER, DIMENSION(20) :: info

REAL :: rdata

INTEGER :: il, it, sum, mean, error, iwval
INTEGER, DIMENSION(3) :: fp, 1p

INTEGER, PARAMETER:: untt=3

LOGICAL :: Finds

sum =0
DO il = 1, ilmx
sum = sum + itmx(il)
END DO
mean = nint (REAL(sum)/REAL (ilmx))
error = 0
DO il =1, ilmx
IF (itmx(il)/=mean) THEN
CALL Logmsg{'Unequal Entry',0,1000, IL, 'OPENS')
error = 1

END IF
END DO
CALL Fedsp (mean, info, fp, lp)
ival = 1p(3) - fp(3) + 1

IF (ival>10) CALL Logmsg ('>10 Fields',ll,—l,—l,'OPENS')
IF (ival>10 .OR. error>0) THEN
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CALL Logmsg ('TRSCWT',11, 0, 0, 'CLOSES')
RETURN
END IF

IF (Finds ('MSG.LOG')) RETURN
CALL Onfile {(untt, 'WTH.BIN ', 'SEQUENTIAL', 'BINARY')
WRITE (untt) ilmx
WRITE (untt) ival
DO il = 1, ilmx
DO it = fp(3), 1lp(3)

READ (line(il) (itpos(l,it,il):itpos{(2,it,il)),"(G1l2.7)") rdata
WRITE (untt)rdata
END DO
END DO
CLOSE (untt)

END

SUBROUTINE Fedsp {(itmx, info, fp, 1lp)
IMPLICIT NONE
INTEGER itmx

INTEGER, DIMENSION{(20) :: info
INTEGER, DIMENSION(3) :: fp, lp
INTEGER :: linfo, j

fp =1

ip =0

linfo = 0

DO j =1, itmx
IF{(info(j)/=1info) THEN

fp(info(3)) =3
lp(info(j)) =3
linfo = info(j)
ELSE
lp(info(j})} = j
ENDIF
END DO

END

SUBROUTINE Locate (id, ilmx, itmx, itpos, line)
USE Msg_Lst

IMPLICIT NONE

CHARACTER (LEN=*), DIMENSION(366) :: line
INTEGER :: id, ilmx

INTEGER, DIMENSION(366) :: itmx

INTEGER, DIMENSION(2,26,366) :: itpos

INTEGER :: il, al, iochk
INTEGER, PARAMETER:: untr=20
LOGICAL :: datum

SAVE

OPEN (untr, FILE=Minfo(id), STATUS='COLD') ‘

al = 1 |
il =1 %
ilmx =0 |

CALL Aline (il, al, 'IN')
READ {(untr, '(A)', IOSTAT=iochk) line{il)

DO
IF (iochk /= 0) EXIT 1
|
\
|
|
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CALL lineid (id, il, line(il), datum)
IF (datum) THEN
CALL Posid (il, line(il), itmx(il), itpos)
ELSE
il = 11-1
ENDIF
ilmx = il
IF (il >= 366) EXIT

al = al+l
il = il+1
END DO
CLOSE (untr)
END

SUBROUTINE Aline (il, al, sw)
IMPLICIT NONE

CHARACTER (LEN=*) :: sw

INTEGER :: il, al

INTEGER, DIMENSION(366) :: lines
IF (sw=='IN') lines(il) = al

IF (sw=='OUT') al = lines(il)
END

SUBROUTINE Lineid (id, il, lcline, datum)
USE Id Lst

IMPLICIT NONE

CHARACTER (LEN=*) :: lcline

INTEGER :: id, il

LOGICAL :: datum

INTEGER ::ip, col

CHARACTER (11) :: msg='Columns>132'
datum = .false.
col = LEN TRIM(lcline)

DO ip = 1, col
IF (INDEX(lecha, lcline(ip:ip))/=0) THEN

datum = .true.
IF (col>lnmx) CALL Logmsg (msg, id, col, il, 'OPENS') EXIT
ELSE IF (lcline(ip:ip)=='!"') THEN
EXTIT
END IF
END DO
END

SUBROUTINE Posid (il, lcline, it, itpos)

USE Id Lst

IMPLICIT NONE

CHARACTER (LEN=*) :: lcline

INTEGER :: il, it

INTEGER, DIMENSION(2,26,366) :: itpos
INTEGER :: ip, ipmx

SAVE

IF (INDEX({(lcline, '!')<=0) THEN

ipmx = MIN(LEN TRIM(lcline), lnmx)
ELSE
ipmx = MIN(INDEX(lcline, '!'}-1, lnmx)
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END IF
it = 0
ip =1
DO

IF (INDEX(lecha,lcline(ip:ip))/=0 ) THEN
it = it + 1

itpos(l,it,il) = ip
DO
IF (INDEX({lecha,lcline(ip:ip))==0) THEN
itpos(2,it,il) = ip - 1
EXIT
END IF
ip =ip + 1
END DO
END IF
ip = ip + 1
IF (ip>ipmx) EXIT
END DO
END

SUBROUTINE Logmsg (msg, id, pn, il, order)
USE Msg_Lst

IMPLICIT NONE

INTEGER :: pn, il, id

CHARACTER (LEN=*) :: msg, order

INTEGER :: al

INTEGER, PARAMETER:: untm=90
LOGICAL :: fexist, fopen
SAVE

INQUIRE (FILE='MSG.LOG', EXIST=fexist, OPENED=fopen)
IF (order=='OPENS') THEN
OPEN (untm, FILE='MSG.LOG', ACCESS='APPEND', STATUS="'UNKNOWN ')
IF (il>0 .OR. pn>0) THEN
CALL Aline(il, al, 'OUT'")

WRITE (untm, '(1X, 2A, T33, A, T44, A, I3, A, I3)}") &

'Message: ',msg, Minfo(id), ‘'Line: ',al,’ Column: ', pn
ELSE

WRITE (untm, '(1X, 2A,T24, A)') 'Message: ',msqg, Minfo (id)
END IF
CLOSE (untm)

ELSE
IF (fexist .AND. order=='CLOSES') THEN
IF (fopen) CLOSE (untm)
ELSE IF (fexist .AND. order=='FINAL') THEN
OPEN (untm, FILE='MSG.LOG', ACCESS='"'APPEND', STATUS='UNKNOWN')

WRITE (untm,'(/, 1X, A)') 'End of message'
WRITE (6, '( 4X, A)') 'MESSAGE: Message in MSG.LOG'
CLOSE (UNTM)
ENDIF
END IF

END

SUBROUTINE Onfile(unt, fname, faccs, fform)
IMPLICIT NONE

INTEGER :: unt

CHARACTER (LEN=*):: fname, faccs, fform
LOGICAL :: Finds
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IF (Finds(fname)) CALL Deletes (fname)
OPEN (unt, FILE=fname, ACCESS=faccs, STATUS='NEW', FORM=fform)
END

SUBROUTINE Rd_Sys
USE Sys_spc
IMPLICIT NONE

INTEGER :: nn, vn

INTEGER, PARAMETER:: unttl = 55, untt2 = 60

LOGICAL :: Finds

IF (.NOT. (Finds('SYS.BIN ').AND.Finds('AINFO.BIN'))) RETURN

OPEN (unttl, FILE='SYS.BIN ', STATUS='OLD', FORM='BINARY')
OPEN (untt2, FILE='AINFO.BIN', STATUS='OLD', FORM='BINARY')

nn = 0
lvp(nn) = 0
DO WHILE (lvp (nn)>=0)
nn = nn + 1
READ (untt2) lvp(nn)
END DO

DO nn = 1, nn-1
READ (unttl) name (nn)
READ (unttl) (value(vn), vn = l+lvp(nn-1), lvp(nn))
END DO
CLOSE (unttl, STATUS='DELETE')
CLOSE (untt2, STATUS='DELETE')
END

SUBROUTINE Rd_Bnd
USE Bnd_con
IMPLICIT NONE

INTEGER :: il, it, itmx

INTEGER, PARAMETER:: untt = 50
LOGICAL :: Finds

IF (.NOT. Finds ('WTH.BIN ')) RETURN

OPEN (untt, FILE='WTH.BIN ', STATUS='OLD', FORM='BINARY')

READ (untt) iday
READ (untt) itmx
DO il = 1, iday
READ (untt) (cmt(il, it), it = 1, itmx)
END DO
CLOSE (untt, STATUS='DELETE')
END

SUBROUTINE Scanin(id, ilmx, itmx, itpos, line, info)
USE Id_Lst
IMPLICIT NONE

CHARACTER (LEN=*), DIMENSION(366) :: line
INTEGER :: id, ilmx

INTEGER, DIMENSION(366) :: itmx

INTEGER, DIMENSION(2,26,366) :: itpos

INTEGER, DIMENSION(26) :: info
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INTEGER :: i, il, it, ip, indx, pnt, sts, fp, lp, fo=1, lo=1, ol=1
INTEGER, DIMENSION(0:66), PARAMETER :: class= &

(/ o, (1,i=1,8), 2, 2, (1,i=11,52), 3, 4, 4
INTEGER, DIMENSION(0:10,0:7), PARAMETER :: pnttb

, 5, (6,1i=57,66) /)
= &
0,4, 0,0,4,0,0,0,0,0,0,

RESHAPE (source=(/0,0,0,0,0,0,0,0,0,0,0, ,0,4,0,0,0,0,
0,4,0,0,4,0,2,0,0,0,0, 0,3,0,0,3,0,0,0,0,0,0,
0,7,10,7,0,0,0,0,0,0,0, 0,9,0,9,0,0,0,9,6,0,0,
0,8,5,8,4,5,6,8,8,¢6,5, 0,0, 0,1,1,1,1,0,0,0,0/),
shape=(/11,8/) )

INTEGER, DIMENSION(0:6,0:6), PARAMETER :: ststb = &

RESHAFPF, (source=(/0,0,0,0,0,0,0, 1,1,0,0,0,1,1, 1,1,0,0,0,1,1, &
1,0,0,0,1,0,0, 1,0,0,1,0,1,1, 1,0,0,1,0,1,1, &
,0,0,1,0,1,1/), Shape=(/7,7/))

IF (id==0) THEN
DO il = 1, ilmx
DO it = 1, itmx(il)
fp = itpos(l,it,il)
lp = itpos(2,it,il)
ip = fp-1
pnt = info(IT)
DO WHILE (pnt>0 .AND. ip<lp)
ip =ip + 1
indx = INDEX(lecha, line(il) (ip:ip))
pnt = pnttb(pnt, class(indx})
END DO
IF (pnttb(pnt, 7) == 0) &
CALL Logmsg(line(il) (fp:1lp),id,ip,il, "OPENS"')
END DO
END DO
ELSE IF (id==1) THEN
pnt = 1

DO il = 1, ilmx
DO it = 1, itmx(il)
fp = itpos(l,it,il)
lp = itpos(2,it,il)
indx= INDEX(lecha, line(il) (fp:fp))
sts = ststb(pnt, class(indx))
pnt = pnttb(l, class{(indx))

ip = fp

DO WHILE (pnt>0 .AND. ip<lp)
ip = ip + 1
indx = INDEX(lecha, line(il) (ip:ip))
pnt = pnttb(pnt, class(indx))

END DO

IF (sts==0) CALL Logmsg &

(line(ol) (fo:lo0)//' '//line(il) (fp:1p),id, lo,0l, 'OPENS"')
IF (pnttb(pnt, 7)==0) THEN
CALL Logmsg{line(il) (fp:1lp),id,ip,il, 'OPENS"')

pnt =0
ENDIF
fo = fp
lo = 1p
ol = il
END DO
END DO
IF (pnt<5 .AND. pnt>0) &
CALL Logmsg(line(ol) (fo:lo)//' ',id,lo,0l, 'OPENS"')
ENDIF

END

2l s -2 I -4
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SUBROUTINE Inc (il, ilmx, it, itmx, itpos, fp, lp, stat)
IMPLICIT NONE

INTEGER :: il, ilmx, it, fp, lp, stat
INTEGER, DIMENSION(366) :: itmx
INTEGER, DIMENSION(2,26,366) :: itpos

IF (it<itmx(il)) THEN
it = it + 1
ELSE IF (il<ilmx) THEN
il = i1 + 1
it = 1
ELSE
stat = 100
ENDIF
fp = itpos(l,it,il)
1p = itpos(2,it,il)
END

SUBROUTINE Wrincn(ilmx, itmx, itpos, line)
IMPLICIT NONE

CHARACTER (LEN=*), DIMENSION(366) :: line
INTEGER :: ilmx

INTEGER, DIMENSION(366) :: itmx

INTEGER, DIMENSION(2,26,366) :: itpos

CHARACTER (LEN=10) :: name

REAL :: wvalue

INTEGER :: il, it, fp, 1lp, ap, bp, stat, nn, vn

INTEGER, PARAMETER:: unttl=50, untt2=60, nmx=250, vmx=2700
LOGICAL :: Finds

IF (Finds('MSG.LOG')) RETURN
CALL Onfile(unttl, 'SYS.BIN ', 'SEQUENTIAL', 'BINARY')
CALL Onfile(untt2, 'AINFO.BIN', 'SEQUENTIAL', 'BINARY')
il =1
it =1
fp = itpos(l,it,il)
lp = itpos{(2,it,il)
DO WHILE (stat<9)
gqp = INDEX(line(il) (fp:lp), '=')
bp (fp-1) + MOD({(lp-fp)+qp+l), ((1p-£fp)+2))
name = line(il) (fp:bp)
WRITE (unttl) name
nn = nn + 1
stat = 2

IF ((lp-bp)>1) THEN
fp = bp+2
ELSE IF ((lp-bp)==1) THEN
CALL Inc(il, ilmx, it, itmx, itpos, fp, lp, stat)
ELSE
CALL Inc(il, ilmx, it, itmx, itpos, fp, 1p, stat)
IF (fp==1p) THEN
CALL Inc(il, ilmx, it, itmx, itpos, fp, lp, stat)
ELSE
fp = fp+l
ENDIF
ENDIF

DO WHILE (stat == 2)
READ (line(il) (fp:1lp),'(G12.0)') value
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WRITE (unttl) wvalue
vn = vn + 1
CALL Inc(il, ilmx, it, itmx, itpos, fp, lp, stat)
IF (line(il) (fp:fp)>'='.AND. stat<l0) stat = 1
END DO
WRITE (untt2) wvn
IF (nn>nmx .OR. vn>vmx) Stat = 9
END DO

IF (stat==9) THEN
CALL Logmsg(' > Storage',1, 1000, 1000, 'OPENS')
CALL Logmsg ('TRSCIC', 11,0, 0,'CLOSES')

ENDIF

WRITE (untt2) -1

CLOSE (unttl)

CLOSE (untt2)

END

FUNCTION Finds (files)
IMPLICIT NONE

CHARACTER (LEN=*):: files
LOGICAL :: fexist, finds

INQUIRE (FILE=files, EXIST=fexist)
finds = fexist
END

SUBROUTINE Deletes(files)
IMPLICIT NONE
CHARACTER (LEN=%*) :: files

OPEN (32, FILE=files, STATUS='OLD', FORM='FORMATTED')
CLOSE (32, STATUS='DELETE')
END

SUBROUTINE Logrun {caller, msg, val)
USE Ctrl Time
IMPLICIT NONE

CHARACTER (LEN=*):: caller, msg
REAL :: val
LOGICAL :: opened=.false.

IF (.NOT.opened .AND. msg/='FINAL') THEN
CALL Onfile (31, 'RUN.LOG', 'APPEND', 'FORMATTED')
opened = .true.

ENDIF

IF (opened) THEN
IF (msg=='FINAL') THEN

WRITE (31,'(/, 1X, A)') 'End of message'
WRITE (6, '(1X, A)') 'MESSAGE: Message in RUN.LOG'
CLOSE (31)
ELSE
WRITE &
(31, (1X,"'From "',A,"':'", "' At TIME='"',F6.2,"'',"'',3X,A,F8.2)") &
caller, time, msg, val
ENDIF
ENDIF

END
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! simulation control and initial conditions at Khon Kaen 2548
SDATE =234.0, OUTDEL=7.0, p=0.25, wc=90.71, wp=0.0

! latitude
la=16.43

! phenoclogical parameters for s-model
dj=21.0, di=7.0, dp=28.0, dg=28.0
tb=8.0, top=27.0
pc=12.15, po=11.9

! light interception, and photosynthesis
kc=0.7, ec=1.5

! biomass
bs=1.0163, as=0.7976

I leaf area
bl1=0.6916, al=0.0373, 1c=0.0075

! soil properties
gs=0.47, gr=0.04

! volumetric soil water content

vwe= 1.0,0.13, 100.0,0.04,
160.0,0.47, 224.0,0.47, 285.0,0.47,

303.0,0.47, 365.0,0.13

! no weed
fwe= 0.0, 0.0
366.0, 0.0
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MaRuIN 4 @1081¢ file doyariudr (mspec.wth) anmiheimesieSu

! Station: Muang, Khon Kaen, Thailand

! Column Description

11 Station code

12 Year

t3 Day

!4 Solar radiation MJ/m2-d

I'5 Daily minimum temperature C

! 6 Daily maximum temperature C

v % Relative humidity

! 8 Wind speed m/s

t9 Rainfall mm

201 2005 117.0 10.8 23.5 75.00 1.14 0.0 201 2005 51 12.6 19.9 29.0 71.
201 2005 2 17.0 9.4 25.4 80.00 0.77 0.0 201 2005 52 17.2 17.8 31.7 78.
201 2005 3 16.2 11.5 28.8 80.00 0.64 0.0 201 2005 53 17.7 19.3 34.5 79.
201 2005 4 16,1 13.6 29.1 81.00 0.31 0.0 201 2005 54 16.3 21.8 39.0 81.
201 2005 5 16.6 13.6 28.7 86.00 1.09 0.0 201 2005 55 18.7 24.5 40.2 73.
201 2005 6 16.1 14.8 29.3 84.00 0.91 0.0 201 2005 56 18.5 21.8 39.9 72.
201 2005 7 16.5 15.0 30.1 89.00 1.04 0.0 201 2005 57 18.6 23.3 39.9 73.
201 2005 8 16.2 15.8 30.1 87.00 0.75 0.0 201 2005 58 19.4 22.7 39.6 67.
201 2005 9 16.1 16.2 29.3 88.00 1.07 0.0 201 2005 59 18.0 23.9 38.7 &3.
201 2005 10 16.6 15.5 29.8 89.00 1.15 0.0 201 2005 60 18.4 23.0 34.8 71.
201 2005 11 16.7 15.7 30.8 92,00 0.99 0.0 201 2005 61 17.3 23.0 37.2 76.
201 2005 12 15.3 16.6 30.7 91.00 0.97 0.0 201 2005 62 10.8 21.8 28.7 75
201 2005 13 14.9 17.9 29.3 92.00 0.72 0.0 201 2005 63 8.1 20.5 29.0 59.
201 2005 14 2.4 16.7 20.0 89.00 1.16 0.0 201 2005 64 14.4 18.7 26.3 53.
201 2005 15 8.3 15.0 22.3 90.00 1.01 0.0 201 2005 65 20.2 13.0 28.4 69.
201 2005 16 14.1 16.2 26.1 72.00 0.92 0.0 201 2005 66 19.7 14.8 32.0 73.
201 2005 17 15.9 15.5 28.1 77.00 0.73 0.0 201 2005 67 18.5 17.5 34.5 66.
201 2005 18 15.5 16.2 31.0 85.00 0.70 0.0 201 2005 68 18.0 19.9 38.4 75.
201 2005 19 13.8 18.1 31.3 87.00 0.72 0.0 201 2005 69 17.3 25.1 38.4 70.
201 2005 20 14.3 20.0 30.8 89.00 0.88 0.0 201 2005 70 18.8 26.6 40.5 70.
201 2005 21 15.4 18.6 29.5 88.00 0.97 0.0 201 2005 71 18.7 27.2 40.8 74.
201 2005 22 15.6 17.6 30.9 89.00 0.72 0.0 201 2005 72 18.9 25.4 36.6 62.
201 2005 23 16.1 18.1 31.5 93.00 0.49 0.0 201 2005 73 7.5 18.7 28.1 67.
201 2005 24 13.9 19.1 33.8 90.00 0.54 0.0 201 2005 74 16.9 22.1 35.4 84.
201 2005 25 14.3 20.7 34.2 90.00 0.81 0.0 201 2005 75 16.3 25.4 37.2 7e6.
201 2005 26 15.1 18.8 34.3 95.00 0.75 0.0 201 2005 76 19.1 25.4 38.4 74.
201 2005 27 16.1 20.1 35.2 90.00 0.52 0.0 201 2005 77 12.8 26.0 37.8 69.
201 2005 28 15.5 20.6 35.8 92.00 0.75 0.0 201 2005 78 18.7 23.6 34.8 70.
201 2005 29 14.7 21.8 35.5 88.00 0.72 0.0 201 2005 79 20.7 22.7 36.0 76.
201 2005 30 14.2 19.9 36.3 78.00 0.74 0.0 201 2005 80 18.8 25.1 39.0 72.
201 2005 31 14.2 21.5 34.9 77.00 0.53 0.0 201 2005 81 18.3 26.3 39.9 77.
201 2005 32 14.9 22.6 33.4 92.00 0.20 0.0 201 2005 82 21.0 24.8 39.6 78.
201 2005 33 13.9 24.8 34.9 93.00 0.34 0.0 201 2005 83 17.3 26.3 33.9 73.
201 2005 34 15.7 25.0 34.9 93.00 0.49 0.0 201 2005 84 10.2 20.8 31.7 67.
201 2005 35 15.3 23.3 35.3 94.00 0.72 0.0 201 2005 85 15.2 20.2 34.5 82.
201 2005 36 15.6 21.6 34.7 84.00 0.45 0.0 201 2005 86 15.0 26.3 36.9 74.
201 2005 37 16.6 22.4 35.9 94.00 0.21 0.0 201 2005 87 19.6 26.6 40.5 81.
201 2005 38 15.2 24.3 34.9 74.00 0.27 0.0 201 2005 88 17.4 28.1 41.1 71.
201 2005 39 16.8 22.3 36.5 73.00 0.47 0.0 201 2005 89 19.5 25.4 40.2 81.
201 2005 40 15.3 22.4 35.8 56.00 0.33 0.0 201 2005 90 21.4 29.0 42.3 71.
201 2005 41 12.4 25.4 33.0 62.00 0.45 0.0 201 2005 91 18.1 30.2 39.6 66.
201 2005 42 17.3 21.0 31.3 69.00 0.90 0.0 201 2005 92 13.7 25.4 37.2 79.
201 2005 43 18.4 19.9 32.2 73.00 0.56 0.0 201 2005 93 18.9 24.5 33.0 95.
201 2005 44 18.1 19.4 34.7 73.00 0.34 0.0 201 2005 94 2.4 22.1 27.5 70.
201 2005 45 15.2 23.6 34.3 72.00 0.42 0.0 201 2005 95 7.7 21.4 26.6 86.
201 2005 46 18.4 23.7 35.3 65.00 0.76 0.0 201 2005 96 18.7 22.4 34.5 89.
201 2005 47 18.9 22.4 39.3 77.00 1.13 0.0 201 2005 97 22.0 22.7 39.3 91.
201 2005 48 19.6 23.0 40.2 72.00 0.92 0.0 201 2005 98 19.1 25.4 40.2 74.
201 2005 49 16.7 22.1 40.2 58.00 0.79 0.0 201 2005 99 20.2 28.4 40.5 76.
201 2005 50 16.8 22.7 34.8 68.00 0.27 0.0 201 2005 100 22.0 28.7 41.4 71.
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