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Figure 1. Modular Structure
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Variaveis de estado (State variables) Biomassa Y (kg/ha)
Varidveis de taxa (Rate variables) Taxa de crescimento
dY/dt (kg/ha/d)
Integracao Y., =Y, +dY/dt * dt (kg/ha)
I \ passo de
estado taxa

tempo
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U INITIALTZATION AND INPUT OF DATA
I
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CALL OPENF(DOYP, FROP)

CALL WEATHR(SRAD,TMAX, TMIN,RAIN,PAR, ")

! Input
lOutput
!Control

CALL PLANT(DOY, endsim, TMAX, TMIN,

& PAR, SWFAC1, SWFAC2, =l SUBROUTINE SW(
g & DOY, LAI, RAIN, SRAD, TMAX, TMIN, ! Input

- : SWFACL, SWEAC2, loutput
. ) DYN) IControl

IMPLICIT MONE
! DAILY TIME LOOP SAVE

DO 588 DOY = ﬂ,lm INTEGER  DATE, DOY

REAL SRAD, TMAX, TMIN, RAIN, SWC, INF, IRR,ROF,ESa,EPa, DRNp
IF {Dﬂ‘f’ .MNE . E_} THEN REAL DRN,DP,WPp,FCp,STp,WP,FC,ST,ESp,EPp,ETp, LAI
CHARACTER*18 DYN
CALL WEATHR(SRAD,TMAX, TMIN,RAIN,PAR, 'RA REAL CN, SWFAC1, SWFAC2, POTINF

REAL SWC_INIT, TRAIN, TIRR, TESA, TEPA, TROF, TDRN
REAL TINF, SWC_ADJ

Ir************************************************ IEE e P e b e e e e e e e e e e e P e R B e e e e
i************************************************************************
! INITIALIZATION
!ttttttttttttttttl SRR EE R L L L E L e e e R e e e e e e e
IF (INDEX(D E. 8) THEN

EEEEEE R R B L L]

OPEN(3,FILE="SOIL.INP",STATUS="UNKNOWN" )
OPEN(18,FILE="sw.out', STATUS='REPLACE"}
NPFM{11 FTIF="TRRTA THMP' STATIS="1INKNMN' Y
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INITIALIZATION

IF (INDEX(DYN,

"INITIAL')

E 3 o 3 3 3k 3 3

.ME. @} THEN
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OPEN(3,FILE="S0IL.INP" ,STATUS="UNKNOWN" )
STATUS="REPLALCE")
OPEN(11,FILE="IRRIG.INP" ,STATUS="UNKNOWN"}

OPEN(1@,FILE

="sw.out',

READ(3,18) WPp,FCp,STp,DP,DRNp,CN, SWC
FORMAT(5X,F5.2,5X,F5.2,5X,F5.2,5X,F7.2,5X,F5.2,5X,F5.2,5X,F5.2)

CLOSE(3)
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SIMCTELIM
é.86 @.17
WPp FCp

9.25
5Tp

(em3/em3) (em3/cm3) (om3/cm3)

145,688 @.1e

oP DRNp
(em) (frac/d)

35.68@
CH

246.5
SWC

(mm)

Table 2 — Input data read for soil water balance module

Variable
Name Definition Units
CN Runoff curve number --
DP Depth of soil profile cm
DRNp Daily drainage percentage (fraction of void space) 1/day
FCp Soil water content at field capacity (fraction of void space) | em’/em’
STp Soil water content saturation (fraction of void space) cm’/em’
SWC Soil water content in the profile (value read from file

represents initial soil water content) mm
WPp Soil water content at wilting point (fraction of void space) cm’/em’




Fortran FORMAT descriptors

Purpose Edit Descriptors
Reading writing INTEGERs j T w Tovom
Decimal form T, (F w.d )
\ o Exponential form Ewd n Ew.dEe
Reading/writing REALs
scientific form ESwd| ESwdEe
Engineering form ENu.d|| ENwdEe
Reading writing LOGICALs Ly .=
Reading/writing CHARACTER: A | Aw
Horizontal ( nX
Positioning Tabbing Tc ||TLcand TRe
Vertical {
Grouping r(....)
Format Scanning Control
Others -
S1gn Control 5. 8P and 55
Blank Control BN and BZ
* w; the number of positions to be used
* i the minimum number of positions to be used
o d: the number of digits to the right of the decimal point
» ¢ the number of digits in the exponent part
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! INITIALTZATION

| 3 3 REEEEEEEEEEEEE EE L EE L L L EE R L LR E R EE EE L EE L EEE R EE R kL

IF (INDEX(DYN,'INITIAL') .NE. @) THEN
!########################################################################
OPEN(3,FILE="SOIL.INP',STATUS="UNKNOWN')
OPEN(1@,FILE="sw.out', STATUS="REPLACE')
OPEN(11,FILE="IRRIG.INP',STATUS="UNKNOWN")

READ(3,18) WPp,FCp,STp,DP,DRNp,CN, SWC
18  FORMAT(SX,F5.2,5X,F5.2,5X,F5.2,5X,F7.2,5X,F5.2,5X,F5.2,5X,F5.2)
CLOSE(3)

=
o)

~+
=

IF (logical-expression-1) THEN
statéements-1

ELSE IF (logical-expression-2) THEN
etatements-2

ELSE IF (logical-expression-3) THEN
statement-3

EESE- XF [icass )} THEN
ELSE

statements-ELSE
EMND IF

IF (x > @) THEN
WRITE(®*,*) '4'
ELSE IF (x == @) THEN
WRITE(*,*) ‘@'

ELSE
WRITE(*,*) '-°
END IF

IF

()
ELSEIF

(...)
ELSEIF

o)
ELSE

G
ENDIF
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2 LAL, 1OUTpUt
i "INITIAL ") | Control

DO 586 DOY = @,1080
IF (DOY .NE. @) THEN

CALL WEATHR(SRAD, TMAX, TMIN,RAIN,PAR, 'RATE "y
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L RATE CALCULATIONS
| #fFfkfririrfrfrirsrfrbrirbrbrbrbrbrFrbrfrbrbr bR bR bR ERRRE LR E R R R R L F R R E

CALL SW(
2 DOY, LAI, RAIN, SRAD, TMAX, TMIN, I Input
2 SW WFAC2, loutput
i "} IControl

D> 10 N =1, 100
DO ‘

10 END DC
(...)

END DO Example 2: A TC loop without statement number:

DO N =1, 100

END DC




B e e T
! RATE CALCULATIONS
EEEEE EEETEEE TR s % 3 o o o e o 0o o o oo 0o 6o e o oo 0o o o o o o o o o o o e
ELSEIF (INDEX(D ME. @) THEN
[ sk ook e o o o ok o e T T T R LT E LR PR P P P
READ({11,25) DATE, IRR
25 FORMAT(I5,2X,F4.1)

TIRR = TIRR + IRR
POTINF = RAIN + IRR

TRAIN = TRAIN + RAIN

CALL DRAINE(SWC, FC, DRNp, DRN)

IF (POTINF. GT. ©.8) THEM

CALL RUNOFF(POTINF, CN, ROF, 'RATE 3
INF = POTINF - ROF
ELSE
ROF = @.8
INF = 8.8
ENDIF

: Potential ewvapotranspiration (ETp), soil evaporation (ESp) and

i pl3 anspiration (EPp)
% D, TMAX, TMIN, LA, ETp)
: p S/EXP(-8.7 * LAI)

EPp = ETp * (1 - EXP(-@.7 * LAI))




Subroutine ETpS
Calculates the daily potential evapotranspiration.

* Input: LAT, TMAX, TMIN, SRAD
F Output: ETp
!*******************************************************!1313131313131313
C Subroutine ETpS calculates the daily potentlal evapotranspiration rate (ETp) based on
® aeal Masde]as the Priestly-Taylor method. The surface a (ALB) is estimated as a weighted
* ALE = ALBEDO OF CROP-SOIL SURFACE average (based on LAI) of the albedo Ofﬂle soil (0.1) and crop (0.2).
* EEQ = EQUILIBRIUM EVAPOTRANSPIRATION (mm)
* Tmed = ESTIMATED AVERAGE DAILY TEMPERATURE (C) SR S B R ekl D sk ol B = BBl 8 el
) ] = The average temperature during the day (T) and the equilibrium evaporation (EEQ)
o kst e e s s e s Bt b e g are calculated.
| SUBROUTINE ETpS(SRAD,TMAX,TMIN,LAI,ETp) AR GG W A 4 DF; * TMIN
EEQ = SRAD * (4.88E-03 — 4.37E-03 * ALB) * (Tmed + 29)
| A VR S T TS - g e T T R e T LR T - O
IMPLICIT NONE The equilibrium evaporation rate is adjusted by a coefficient (f) resulting in the final
SAVE value of ETp.
REAL ALB,EEQ,T,Tmed, LAL

REAL TMAX, TMIN, SRAD, ETP

ALB = 9.1 * EXP(-9.7 * LAI) + 8.2 * (1 - EXP(-0.7 * LAI})
Tmed = 8.5 * * TMIN
= SRAD * (4.88E-03 - 4.37E-03

* (Tmed + 29)

IF (TMAX .LT. 5) THEN
f = 0.01 * EXP(@.18 *(TMAX + 20))

ELSEIF (TMAX .GT. 35) THEN
f=1.1+0.05 * (TMAX - 35)

ELSE
f=1.1

ENDIF

< f(T

]]]il)()

ETp = f * EEQ
RETURN
END SUBROUTINE ETPS
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! Potential evapotranspiration (ETp), soil evaporation (ESp) and
! plant transpiration (EPp)
CALL ETpS(SRAD,TMAX,TMIN,LAI,ETp)

Esp
EPp

ETp * EXP{-@.7 * LAI)
ETp * (1 - EXP(-@.7 * LAI))

ual soil evaporation (ESa), ant transpirat

ion (EPa)

CALL ESaS(ESp,SWC,FC,WP,ESa)
EPa = EPp * MIN(SWFAC1, SWFAC2)
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! INTEGRATION

|| e e e e e e o e e e e e e e e e e e o e e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e o

ELSEIF (INDEX(DYN,'INTEG') .NE. @) THEN
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Subroutine ESas
Calculates the actual daily soil evaporation.

Input: SWC, WP, FC, ESp
Output: E5a
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=] SUBROUTINE ESas(ESp,SWC,FC,WP,ESa)

IMPLICIT MONE
SAVE
REAL a, SWC, WP, FC, Esa, ESp

IF (SWC .LT. WP) THEN

a =8
ELSEIF (SWC .GT. FC) THEN
a=1
ELSE
a = (SWC - WP)/(FC - WP)
ENDIF

ESa = ESp * &

RETURN
END SUBROUTINE ESAS
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! Potential evapotranspiration (ETp), soil evaporation (ESp) and
! plant transpiration (EPp)
CALL ETpS(SRAD,TMAX,TMIN,LAI,ETp)

ESp = ETp * EXP{-8.7 * LAI)
EPp = ETp * (1 - EXP(-@.7 * LAI))

! Actual soil evaporation (ESa), plant transpiration (EPa)

aS(ESp, SWC, FC, WP,
EPa = EPp * MIN(SWFAC1, SWFAC2)
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! INTEGRATION
BT T E e P L P P P e e

ELSEIF (INDEX(DYN,'INTEG') .NE. @) THEN

|| e e e e de e e e e e e e e oo oo e e e o e e e o e e oo e e e e e s e e o e oo e ofe e e e oo e e e e e e e e o ofe e e ot e e oo oo o e ke e e e e o e e e ke

Como a transpiracao real (EPa) é
calculada?

Descubra como sdo calculadas as
duas vardveis SWFAC1 e SWFAC2



