


























































































































































































































































































































































































































































































































































Appendix 6 

The main program FORSIM, the Euler and Runge-Kutta drivers, and the adapted integration routines from Press et 

al. (1986), including subroutine headers which explain their meaning. 

Notes: 

To run the the programs in this appendix, the utility library ITUTIL should be linked. The library may be obtai

ned from the department of Theoretical Production Ecology of the Wageningen Agricultural University. With the 

library goes a technical description on how to create and use an object library for the VAX mainframe computer, the 

Apple Macintosh and the IBM-PC. 

In the main program FORSIM the possibility is introduced to choose between the integration methods of Euler 

and Runge-Kutta. 

If more than 250 state equations are needed PARAMETER (NDEC=250) in EUDRIV (Figure 46, line 15) and 

RKDRIV (Figure 51, line 15), and PARAMETER (NL=250) in RKQCA and RK4A should be adapted. 

PROGRAM FORSIM 

* Main programming for calling the rerun facilities in the 
* TTUTIL library and for calling a driver routine for the 
* application of Euler or Runge-Kutta integration to a 
* user specified model (here called MODEL). 

* variables: 
* Unit number of logfile. Used by the rerun facility IULOG -
* for messages and available in the user program via 
* COMMON /INFO/ declared in the driving routine(s). 
* (When IULOG=O no logfile is used by utility) . 
* Unit number used for the temporary file RERUNS.TMP IURER -
* (IURER+l is used for the data file RERUNS.DAT itself) 

IUDRIV -* Unit number used for the reading the timer routine 
* in routine RKDRIV and EUDRIV, also IUTIM+l is used. 
* First of a series of free unit numbers to be used IUMOD -
* by the user suplied model. It is suggested to keep 
* a decade of unit numbers free. 
* Number of parameter sets in RERUNS.DAT. INSETS -
* Set number in rerun loop. IS -

FATAL * Flag, determines reaction on non-used variables in 
* rerun sets ; currently set .true. 
* Name of external user model subroutine, (see this MODEL -
* example and the header of RKDRIV or EUDRIV for a 
* description of the form of this routine) . 
* 
* 
* 
* 
* 
* 
* 

* 
* 

* 
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Subroutines and/or functions called: 
- from library TTUTIL: DECCHK, DECINT, 

EUDRIV, EXTENS, 
ISTART, RDDATA, 
RDSETS, RDSREA, 
UP PERC 

Author: Kees Rappoldt 
Date : October 1990 

declarations 
INTEGER IS,IULOG,IURER,IUDRIV,IUMOD 

DECREA, ENTDCH, ERROR, 
FOPENG, IFINDC, ILEN, 
RDFROM, RDINDX, RDINIT, 

RK4A, RKDRIV, RKQCA, 



Appendix S 

Derivation of the average conductivity of two adjacent layers of unequal thickness with different conducti

vity or resistance. 

The substitution resistance (R8 , where index s stands for substitution) of two resistances in series is 

simply the sum of the two resistances: 

The resistance of a medium is directly proportional to its length (L), and inversely proportional to its 

surface area (A) and to its specific conductivity (C). This implies the following for the three resistances: 

Now, assume that the surface area through which the matter will flow, has a common value, so A 1 = 

A2 = A 5 • Consequently, the surface area may be omitted. Furthermore, L 5 = L 1 + L2. Therefore, sub

stitution of the three expressions for the resistances in the frrst equation, and writing C8 explicitly, results 

in: 

C s = Ls = L 1 + L2 
Lt /C1 + L2/C2 L1 /C1 + L2/C2 

Consider the following drawing for the application of this equation: 

TCOM(I-1) ; COND(I-1) 

---------------~~AVCONDro 
TCOM(I) ; CONDro 

-------------~r AVCOND(I+ I) 

TCOM(I+1) ; COND(I+1) 

The index convention for the average conduc

tivity, is similar to that for fluxes: the index 

is taken similar to the number of the layer 

into which it enters. 

The following holds for a layered medium: 

L1 = TCOM(l) = TCOM(I-1) 

C 1 = COND(l) = COND(I-1) 

L2 = TCOM(2) = TCOM(I) 

C2 = COND(2) = COND(I) 

C5 = AVCOND(2) =A VCOND(I) 

Which results in the following equation: 

A VCOND(I) _ TCOM(I-1) + TCOM(I) 
TCOM(I-1)/COND(I-1) + TCOM(I)/COND(I) 
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Appendix 6 

The main program FORSIM, the Euler and Runge-Kutta drivers, and the adapted integration routines from Press et 

al. (1986), including subroutine headers which explain their meaning. 

Notes: 

To run the the programs in this appendix, the utility library TIUTIL should be linked. The library may be obtai

ned from the department of Theoretical Production Ecology of the Wageningen Agricultural University. With the 

library goes a technical description on how to create and use an object library for the VAX mainframe computer, the 

Apple Macintosh and the IBM-PC. 

In the main program FORSIM the possibility is introduced to choose between the integration methods of Euler 

and Runge-Kutta. 

If more than 250 state equations are needed PARAMETER (NDEC=250) in EUDRIV (Figure 46, line 15) and 

RKDRIV (Figure 51, line 15), and PARAMETER (NL=250) in RKQCA and RK4A should be adapted. 

PROGRAM FORSIM 

* Main programming for calling the rerun facilities in the 
* TTUTIL library and for calling a driver routine for the 
* application of Euler or Runge-Kutta integration to a 
* user specified model (here called MODEL) . 

* variables: 
* Unit number of logfile. Used by the rerun facility IULOG -
* for messages and available in the user program via 
* COMMON /INFO/ declared in the driving routine(s). 
* (When IULOG=O no logfile is used by utility) . 
* Unit number used for the temporary file RERUNS.TMP IURER -
* (IURER+l is used for the data file RERUNS.DAT itself) 

IUDRIV -* Unit number used for the reading the timer routine 
* in routine RKDRIV and EUDRIV, also IUTIM+l is used. 
* First of a series of free unit numbers to be used IUMOD -
* by the user suplied model. It is suggested to keep 
* a decade of unit numbers free. 
* Number of parameter sets in RERUNS.DAT. INSETS -
* Set number in rerun loop. IS -
* Flag, determines reaction on non-used variables in FATAL -
* rerun sets ; currently set .true. 
* Name of external user model subroutine, (see this MODEL -
* example and the header of RKDRIV or EUDRIV for a 
* description-of the form of this routine). 
* 
* 
* 
* 
* 
* 
* 

* 
* 

* 
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Subroutines and/or functions called: 
- from library TTUTIL: DECCHK, DECINT, 

EUDRIV, EXTENS, 
I START, RDDATA, 
RDSETS, RDSREA, 
UP PERC 

Author: Kees Rappoldt 
Date : October 1990 

declarations 
INTEGER IS,IULOG,IURER,IUDRIV,IUMOD 

DECREA, ENTDCH, ERROR, 
FOPENG, IFINDC, ILEN, 
RDFROM, RDINDX, RDINIT, 

RK4A, RKDRIV, RKQCA, 



REAL DUM 
CHARACTER METHOD*2 
LOGICAL FATAL 
EXTERNAL t-DDEL 

* unit numbers used for logfile and for rerun facility 
DATA IULOG/20/, IURER/30/ 

* unit numbers used for driver and model 
DATA IUDRIV/40/, IUMOD/50/ 

* fatal errors on non-used rerun variable values 
DATA FATAL/.TRUE./ 

* choose integration method 
10 CONTINUE 

CALL ENTDCH ('Euler (E) or Runge-Kutta (RK) method', 'RK',METHOD) 
CALL UPPERC (METHOD) 
IF (.NOT. (METHOD.EQ. 'E '.OR.METHOD.EQ. 'RK')) GOTO 10 

* dummy model call (some machines do not correctly externalyze MODEL) 
CALL MODEL (0, .FALSE.,DUM,DUM,DUM,DUM,1,IS) 

* open logfile and analyse rerun file 

* 

CALL FOPENG (IULOG, 'MODEL.LOG','NEW', 'SF',O, 'DEL') 
CALL RDSETS (IURER,IULOG, 'RERUNS.DAT',INSETS) 

model runs 
DO 20 IS O,INSETS 

WRITE (IULOG,' (//,A,I4,/,A) ') ' 
WRITE ( * I ' ( I I I A I I 4 I I I A) ' ) ' 

CALL RDFROM (IS,FATAL) 

Run',IS+1,' 
Run',IS+1,' 

IF (METHOD. EQ. 'E ' ) CALL EUDRIV ( IULOG I IUDRIV I IUMOD I MODEL) 
IF (METHOD . EQ. ' RK' ) CALL RKDRIV ( IULOG I IUDRIV I IUMOD I MODEL) 

20 CONTINUE 

IF (INSETS.GT.O) CLOSE (IURER,STATUS='DELETE') 
STOP 
END 

************************************************************************ 

* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 

* 

SUBROUTINE EUDRIV (IUL, IUD, IUM,MODEL) 

Solves an initial value problem with the simple Euler method. 
This driver routine initializes the model, reads a control 
file TIMER.DAT and drives the user supplied model until the 
finish time FINTIM given in TIMER.DAT is reached. 

IUL - logfile unit number 
IUD -first of two-free unit numbers used by this driver 

I 
.I 

IUM first of a series of free unit numbers for model 
MODEL - external model routine 

Subroutines and/or functions called: 
- from library TTUTIL: DECCHK, DECINT, DECREA, ERROR, EXTENS, 

FOPENG, IFINDC, ILEN, ISTART, RDDATA, 
RDINDX, RDINIT, RDSREA, UPPERC 

Author: Kees Rappoldt 
Date October 1990 

The user supplied routine MODEL: 

I 
I 
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* The differential equations are-actually contai~ed inJthe user 
* supplied subroutine MODEL which is called _by. tl'~is driver as: 
* CALL MODEL (ITASK, OUTPUT, T~ME, S'rATE, RATE, -~~ALE, NDEC, NEQ) 
* Note that the user routine may have an arbitrary name which is 
* given as an EXTERNAL in the CALL to this driver EUDRIV. The 
* action of the user supplied model subro11iine depends_on the 
* value of I TASK in the following way. · . . 
* ITASK = 1 The model is initialized. The number of state variables 
* (differential equations) NEQ is set. Model parameters are 
* set or are read from file. Time and states are set to their 
* initial values. Also _the corresponding scales have to be 
* set. The scale array SCALE contafns the order. of magnitude 
* of each state variable in STATE. A scale needs to be a 
* positive number, for instance 0.001, 0.5 or 30000.0. Also 
* output should be initialized (files opened, headers etc.) 
* The SCALE array is not used in the EULER integration method. 
* ITASK 2 Values in the STATE array and the current TIME are used 
* to calculate rates of change for each status variable. 
* In order to prevent confusion it is advised to use local 
* and more meaningful! names for state variables than just 
* the input array elements STATE(l), STATE(2), etc. Then, 
* at first, the state array is copied into the local 
* variables, then the rates are calculated which are finally 
* copied into the output array RATE. 
* ITASK = 4 Terminal call to the model. Final output may have to be 
* generated, files closed, etc. 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 

* 
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Some CALL's with ITASK=2 ("rate calls") take place with the logical 
OUTPUT set to .TRUE. Then the user supplied model produces output to 
file and/or screen. The period between successive output times is 
PRDEL, a variable read from the control file TIMER.DAT. 

At the start of a new time step, the state array STATE contains 
a valid (new) status of the system. If anything has to be changed 
in the state array in order to account for discontinuities, .for 
instance, that should be done at such moments. Therefore, the rate 
CALL's to MODEL at the beginning a new time step are carried out 
with common variable KEEP equal to 1. Otherwise KEEP is 0. 

This common variable, KEEP, is part of a small common block /INFO/. 
INFO also contains the unit number of an opened logfile and the first 
of a series of free unit numbers that can be used by the model. 
Further /INFO/ contains a logical TERMNL. This logical can be set 
to .TRUE. by the model routine at any momemt. It causes the 
termination of the current simulation run. Note that, after setting 
TERMNL to . TRUE. a number of CALL's to MODEL will follow i.n order 
to terminate the current time step and to produce final output. 
Hence, when the flag TERMNL is set, it should never be reset by 
the model. Then its status could be missed by the driver. 
Also the timer variables DELT,PRDEL,DELMAX,FINTIM are included in 
the common INFO to be able to manipulate time when. discontinuities 
occur, and to have the possibility to print.these"variables. 

formal parameters 
INTEGER IUL,IUD,IUM 
EXTERNAL MJDEL 

common /INFO I 
REAL 
INTEGER 
LOGICAL 
COMMON /INFO/ 

DELT , PRDEL, DELMAX, FINTIM 
IULOG , IUMOD, KEEP 
TERMNL 
DELT , PRDEL, DELMAX, FINTIM, 
IULOG , IUMOD, KEEP , TERMNL 



** local (non-common) variables 
INTEGER I , IP NEQ NDEC 
REAL STTIME, TIME , TNEXT , DEL DEL TO 
~ DELHLP, MULTil, MULTI2 
REAL STATE , · RATE , SCALE 
PARAMETER (NDEC=250) 
DIMENSibN STATE(NDEC),RATE(NDEC),SCALE(NDEC) 
LOGICAL HALT,OUTPUT 
SAVE 

* . ·get ·cbpi'·-of logfile unit number and model unit number into /INFO/ 
. :IULOG = IUL 

IUMOD == IUM · 

IF (IuLOG.GT.O) 
$ WRITE (IULOG, ' (A) ') ' 

WRITE ( *, ' (A) ' ) ' 
Initialize model' 
Initialize model' 

* read timer variables 

* 

* 

5 

\-· 

* 

* 

10 

CALL RDINIT (IUD,IULOG, 'TIMER.DAT') 
CALL RDSREA ( ' STTIME' , STTIME) 
CALL RDSREA ( ' FINTIM' , FINTIM) 
CALL RDSREA ( 'PRDEL' , PRDEL ) 
CALL RDSREA ( ' DELMAX' , DELMAX) 
CALL RDSREA ( 'DELT' ,DELT ) 
CLOSE (IUD,STATUS='DELETE') 
IF (PRDEL .LE. 0.0 ) CALL ERROR ('EUDRIV', 'Illegal value PRDEL') 
IF (DELT .GT. PRDEL) CALL ERROR ('EUDRIV', 'Illegal value DELT' ) 
IF (DELMAX . GT. PRDEL) 

$ CALL ERROR ('EUDRIV', 'Illegal value DELMAX') 

inyestigate if DELT is a multiple of PRD~L 
MULT'r'l = PRDEL/DELT 
MULTrz· =FLOAT( INT(PRDEL/DELT) ) 
IF ( MuLTI1 . NE. MULTI2 ) THEN 

D~LT is no multiple of PRDEL; a new DELT should be calculated 
DELHLP ::::: PRDEL/2. 
IF ( "DELHLP . LT. DELT ) THEN 

DELT DELHLP 
-.~tSE 

DELHLP = DELHLP/2. 
GOTO 5. 

ENDJ;F' 
ENDIF. ·. 
DELT ··== MIN (DELT, DELMAX) 

.: ~.: . DELTO = DELT 

initialize timing 
TERMNL = . FALSE. 
TIME =; ~ STTIME 
TNEXT · ~ "'STTIME 
HALT ·- ·:L =. TIME. GE. FINTIM 
IP = 1 + INT ((FINTIM- STTIME) / PRDEL- 0.01) 

to simplify debugging: set states and rates to 0 
DO 10 I=1,NDEC 

STATE(!) 0.0 
RATE(I) = 0.0 

CONTINUE 

* initialize model 
CALL MODEL (1, .FALSE.,TIME,STATE,RATE,SCALE,NDEC,NEQ) 

* error checks 
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* 

20 
* 

* 
* 

* 

* 

* 

* 

* 

* 

30 

. IF (NEQ. LE. 0) CALL ERROR . ( '_EUDR!V' , __ .:· ... . . ·r: 
$ 'No valu.e of NEQ_,wa!? speCi"fied ih'MoD~L:.~J. 

IF (NEQ.GT·.-NDEC) CA:LL.ERROR ('EUD!UV', .. ~ ... 
$ 'Too many state variables') 

- dyna.IY!i c l.oop 
. . IF (tULOG'. GT. 0) I 

$ WRITE (IULOG, ' (A) ') ' 
WRITE ( *, ' (A) ' ) ' 

Dynamic loop' 
Dynamic loop' 

IF . (-.NOT. HALT). THEN ~ 

'.:·',,i •' 

;,,t 

·,.: output reqilired .? · · ~· .- ·· : .. -~ .. · 
;_, .-:.OUTPU'J;' . .'= (.TNEX~:...TIME)/PRDEL.L~ .• 0.0001 .OR. 'I'ERMNL 

~ ...... - • • • 1. ... -. l ' 

get rates of change at beginning of' time step (write ouput) 
this is the rate call at the start of a new step (.KEEP=1) KEEP = 1 . . .. . ... 

CALL MODEL (2,0UTPUT,TIME,STATE,RATE,SCALE,NDEC,NEQ) 
KEEP = 0 

IF (OUTPUT) THEN 
get next output time ; leave dynamic loop ? 
IP IP - 1 
TNEXT FINTIM - IP * PRDEL 
HALT TNEXT.GT.FINTIM .OR. TERMNL 

END IF 

time step limitation and integration 
IF ( . NOT. HALT . AND. • NOT. TERMNL) THEN 

limit timestep 
DELT = MIN (DELTO,DELMAX) 

IF (TIME+DELT .LT. TNEXT) THEN 
accept advised step 
DEL = DELT 

ELSE 
reduce time step 
DEL TNEXT-TIME 

END IF 

integration 
TIME = TIME + DEL 
DO 30 I=1,NEQ 

STATE(I) ~ STATE(I) 
CONTINUE . . . 
DELT DELTO 

END I"F 
GOTO 20 
END IF 

+ DEL * ~TE. (I) 

\• 

* terminate model 
IF (IULOG.GT.O) . . 

., $ WRITE '(IULOG, r (A) ' .. ) I : Terminate model'. 
WRITE ( *, ' (A) ') '., Terminate model' 
CALL MODEL (4, .FALSE.,TIME,STATE,RATE,~C.~E,NDEC,NEQ) 

RETURN 
END 

'>. .~ 

**~*~~*****~********************************~**************~************ 

SUBROUTINE RKDRIV ( IUL, IUD, IUM, MODEL) 
, .. 

"· 

* So1:v:~s :an initial value problem with the fourth order Runge_Kutta 
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* method described by Press et al ... - .(1986) . This driver routine 
* initializes the model,. ,reads a· .. coritrol file TIMER.DAT and drives 
* the user supplied mode:!, unt:il 'trie· ;fi,rttsh ·time in TIMER. DAT is 
* reached. · · 

* IUL - logfile unit number I 
* IUD -first of two free unit numbers used by this Q.river·' I 
* IUM - first of a series of free unit numbers for 1J10de], I 
* MODEL - external model ro·utine I 
* 
* 
* 
* 
* 
* 

Subroutines and/or functions called: 
- from library TTUTIL: DECCHK, DECINT, 

E~TENS, FOP~J~G, 
RODATA, RDINDX, 

:··r 
J;U<QCA, UPPERC 

* Authotf Kees.Rappoldt. 
* Date October 1990 

* The user supplied routine MODEL: 

DECREA, ENTDCH,. -~ E·RROR, 
IFINDC, . ILE!{>. ;IS TART, 
RDINIT, RDSREA, ,. · RK4A, 

* The differential equations are actually contained in the user 
* supplied subroutine MODEL which is called by this driver as: 
* CALL MODEL (ITASK,OUTPUT,TIME,STATE,RATE,SCALE,NDEC,NEQ) 
* Note that the user routine may have an arbitrary name which is 
* given as an EXTERNAL in the CALL to this driver RKDRIV. The 
* action of the user supplied model subroutine depends on the 
* value of ITASK in the following way. 
* !TASK = 1 The model is initialized. The number of state variables 
* (differential equations) NEQ is set. Model parameters are 
* set or are read from file. Time and states are set to their 
* initial values. Also the corresponding scales have to be 
* set. The scale array SCALE contains the order of magnitude 
* of each state variable in STATE. A scale needs to be a 
* positive number, for instance 0.001, 0.5 or 30000.0. Also 
* output should be initialized (fiies opened, headers etc.) 
* ITASK 2 Values in the STATE array and the current TIME are used 
* to calculate rates of change for each status variable. 
* In order to prevent confusion it is advised to use local 
* and more meaningfull names for state variables than just 
* the input array elements STATE(1), STATE(2), etc. Then, 
* at first, the state array is copied into the local 
* variables, then the rates are calculated which are finally 
* copied in,to.the output array RATE. 
* ITASK = 4 Terminal call to the model. Final output may have to be 
* generated, files closed, etc. 
* 
* Some CALL's with ITASK=2 ("rate calls") take place with the logical 
* OUTPUT set to .TRUE. Then the user supplied model produces output to 
* file and/or screen. The period between successive output times is 
* PRDEL, a variable read from the control file TIMER.DAT. 
* 
* At the start of a new time step (taken by the Runge Kutta routine 
* RKQCA) , the state array·· STATE contains a valid (new) status of the 
* system. I.f .. anytl1~ng h.as :to be chang~d in the state array in order 
* to accourit ·for·discoritinuities, for instance, that should be done 
* at such moments. Therefore, the CALL's to MODEL at the beginning 
* a new time step are carried out with the common variable KEEP 
* equal to 1. Otherwise KEEP is 0. 
* 
* This common variable, KEEP, is part of a small common block /INFO/. 
* INFO also contains the unit number of an opened logfile and the first 
* of a series of free unit numbers that can be used by the.model. 
* Further /INFO/ contains a logical TERMNL. This logical can be set 
* to ·~~TRUE :r:·by the model routine at any momemt. It causes 'the ·-
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* 
* 
* 
* 
* 
* 
* 
* 

* 

* 

$ 

termination of the current simulation run. Note. that', :after setting 
TERMNL to .TRUE. a number of CALL's to MODEL will follbw.'in order 
to terminate the current time step and to produce final output. 
Hence, when the flag TERMNL is set, it should neve·r be reset by 
the model(.)''Then.1ts·:· status:.·c·ould' be 'mf.S:sed .by the driver·~ 
Also the timer variables DELT,PRDEL,DELMAX,FINTIM are included in 
the corrnnon INFO to be able to manipulate time when. ·discontinuities 
occur, and to have the~ possib:_l_~ .. ty"'l_to pririt .. these variables.··· 

< - •• -4~ 

formal parameters 
INTEGER IUL,IUD,IUM 
EXTERNAL M)DEL · ., .. · 

common I INFO i 
REAL 
INTEGER 
LOGICAL 
COMMON /INFO/ 

·;...,'~ \' .~.~. .... 

DELT , PRDEL, DELMAX, FINTIM 
IULOG IUMOD, KEEP 
TERMNL 
DELT , PRD;sL~, DEDMAX, FINTIM,·! · 
IULOG , IUMOD, KE~P . · _, TERMNL 

** local (non-common) variables 
INTEGER I , IP , NEQ , NDEC 
REAL STTIME, EPS. , TIME , TNEXT,. DELDID, DELNXT, DUMMY 
REAL STATE , RATE, SCALE 
PARAMETER (NDEC=250) 
DIMENSION -·· STATE (NDEC), RATE (NDEC), SCALE (NDEC) 
LOGICAL HALT,OUTPUT 
SAVE 

* get copy of logfile unit number and model unit number. int.o /INFO/ 
IULOG IUL 

* 

* 

* 
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IUMOD = IUM 

IF (IULOG.GT.O) 
$ WRITE (IULOG, ' (A) ') ' 

WRITE ( *, ' (A) ' ) ' 
Initialize model' 
Initialize model' 

read timer variables 
CALL RDINIT (IUD, IULOG, 'TIMER.DAT') 
CALL RDSREA ( ' STTIME ' , STTIME) 
CALL RDSREA ( 'FINTIM' , FINTIM) 
CALL RDSREA ( 'PRDEL' , PRDEL ) 
CALL RDSREA ('EPS' ,EPS ) 
CALL RDSREA ( 'DELMAX' ,DELMAX) 
CALL· RDSREA;··{ 1bELT'·· ,DELT· ) 
CLOSE (IUD, STATU·s=·• DELETE' ) 
IF (PRDEL .LE. 0.0 ) 

.'-~. t 

-' -~-- '~.-· .! 

~·'$ . CALL .ERROR ( 'RKDRIV~, 'Tllegal value PRDEL' ).· .· 
IF (DELMAX • GT. PRDEL-) 

$ ·~:c.AL:L' ·ERROR ('RKDP..IV', f!Tlegal. vaiue DELMAX'.} ... 'z: 
! ).~ • ·~~ " - ' - r- ~ 

initialize timing 
TERMNL .FALSE. 
TIME = STTIME 
TNEXT STTIME 
HALT = TIME.GE.FINTIM 
IP 1 + INT ( (FINTIM STTIME) / PRDEL - 0 ~ 01.) 
DELNXT = DELT 

l; 

to simplify debugging: set states and rates to O·and scales~to 1 
DO 10 I=l~NDEC 

STATE(!) = 0.0 
RATE(!) = 0.0 



~ 

., ·_,. ('• 

* .' ·:initi-aliz-e ·r:oodel -~~ ~ . . , ,_ - =·· · · 
CALL MODEL·~:·.(l:;:-. FAL.SFJ:..,~Tc:I~,cSTA:TE, RATE, SCALE1 NDEC, NEQ);. 

* error checks• :_ .. .- : 1: ... 

IF (:NEQ •. LE:. 0 )::.::CALL E:RROR ( 'RKDRIV' , ..: 
$ 'No value of NEQ was specified in MODEL') 

IF (NEQ. GT. NDEC) CALL ERROR ( 1 RKDRIV' , 
$ 1 Too many state variables') . , 

DO 20 I=1, NEQ . . ., 
IF (SCALE(I) .LE.O.O) CALL ERROR ('RKDRIV', . j ., 

$ 'At least one SCALE variable is not positive') 
20 CONTINUE 

* dynamic loop 
IF (IULOG.GT.O) 

$ WRITE (IULOG, ' (A),'·).::·:~.·. -· Dynamic loop.~.:. 
WRITE . ( *, 1 (A) 1.J"r··l·· Dynamic loop~· 

30 IF (.NOT. HALT) THEN 
* output required ? · · 

. OUTPUT =. (.TNEXT-:;TIME}/PRDEL. LT. 0,. 0001 • OR. TERMNL 

* get rates of change at beginning of time step (write ouput) 
* this is the rate call at the start of a new step (KEEP=1) 

KEEP = 1 

* 

* 

* 

* 

$ 

* 

$ 

CALL MODEL (2,0UTPUT,TIME,STATE,RATE,SCALE,NDEC,NEQ) 
KEEP = 0 

IF (OUTPUT) THEN 
get next output time ; leave dynamic loop ? 
IP = IP - 1 
TNEXT FINTIM - IP * PRDEL 
HALT = TNEXT.GT.FINTIM .OR. TERMNL 

END IF 

one step with accuracy control using RKQCA 
IF ( . NOT. HALT • AND • • NOT.TERMNL) THEN 

limit timestep 
DELNXT =MIN (DELNXT, DELMAX) 

IF (TIME+DELNXT .LT. TNEXT) THEN , 
accept advised step 
DELT = DELNXT { ' !. ·. ~::·::. ·· 

CALL RKQCA (STATE, RATE .,NDECL ,NEQ · ;TIME,DELT,EfS, 
SCALE, DELDID, DELNX'r.t.~MODEL) ~ · : . 

ELSE . _ 
reduce time step,; -·but -¢Q ·oot overwrite prev-iou~ advise 
DELT = TNEXT-TIME . . :' :.:. 1 .. 

CALL RKQCA~:(STATE,RATE .. ,m?EC ·i,~Q ,TIME,DELT:,:EPS, 
SCALE,DELDID,DUMMY,MODEL) 

END IF 
END IF 

GOTO 30 
END IF 

* terminate model 
IF ( IULOG. GT. 0) :I 

$WRITE (IULOG,' (A)') ' Terminate model' 
.·WRITE·.: . ' ( : ·· *, ' (A) ' ) · ' Terminate model' . 

CALL MODEL ( 4, • FALSE • , TIME, STATE, RATE, SCALE, NDEC, NEQ ~ -:-: · 

RETURN 
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END 

* * * * *"* * * * *."/f * * * * ·* ·* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ *::;/.;. * * :;.:;;"* **'*'~ * * *\ * .;.;* * * * * -
....,.,.'; ,.', ,, r •.. ~. ' \ .~~ • •, ~ 't" " _· -~,' ~~.:. :-, ...... • .. =_)}>"'.. i;, ·: ~' .--: .{-' 

* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 

* 

** 

* 

* 

10 

* 
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.. 
·. $UBRQ~ll+-~ -~QCA (S~ATE, ;RATE,~EC_, NEQ, TI,ME,: ·. -. " . . .. 
$ . DEL-TRY, EPS~ SCALE', DELOID, b"ELNXT,MODEL)' .. 

Runge Kutta integra'tion \./i th st·e·p~fie ·b,b~t~ol.: 
Adapte9-:!,f~Qm routir1e -~9C -f~,om Press et: al: . (19.8 6) 

j • ' . • ,..,.~ '...... ... • • •• •••• ..... ' • , ..... /;. • • • { ••• .. " ·~. ;_. 

. . ;~:k~~Ti_..i./:. st,ate· a;r~~- of ~bd~{ .. . . .. ~" I/0 .. ~ : .. • ...: .• ,.J ..... •..~,, 

RATE - rates .t9f: ·.cgange .for (TIME;_, .. _.?::TATE) .. ~ ... .- I/O ._ ,: i.' 

NDEC declared. si z'e of input arrays , . 1 .... _ .• :. ", ~~' ~ •.• 

NEQ - Number of state I rate variable·s·- ... .'. !,.., ~-
TIME •; "·:--~:time .. " :· , ... " ·• X/0 : ·: 
DELTRY ,:.... ·-time .step fr.ted .... .. ..... . ·.··· ·-,:~; .. 

· EPS , ·- .. -~ r-eJ.'ati 11~. accll;I'ac_y~ of .. ci~i:terlon ., ·: 'I . 
SCALE ._ si:~e--scai'e of' state ~aricibles . I ... 
DELDID - time step taken 0 
DELNXT - advise for new step . 0 
MODEL .- exte·rnal model. Galle.~ wfth :ITASi~i ·:}·~ I 

fo·r· 'rate calcuiat'ioh"'"- '• . .,_.. . :_,, . ... 

~·'I , t,: :·' 

Subroutines. a~d/or functions catted: '=:.· ... ::- ·:·" ,: ·- . ;:. 

- from library TTUTIL: ENTDCH, ERROR, ILEN, IS~)\RT,. !U$,4A 
I • 

Author: Ke:~s Rappoldt,- a~pted ·f;t:qm Press et al. (198:6) 
Date February 1990 

formal parameters ~· •• J • ~ ,. 

INTEGER NDEC , NEQ · ;· .. · ,, ... .. , . 
REAL S.TATE, RAT.E, TIME,-DELTRY, EPS,-SCAL~)DEtDIO,.DELNX'r.· . :. 
DIMENSION STATE (NDEC) ~-RATE (NDEC), SCALE (NDEC) .... :.. . . . . ·~ .. I 
EXTERNAL M:>DEL ~. ·.· .~ . .1 

local variables 
INTEGER 
PARAMETER 

I,NL . , .·.. . ... ,.I .... 

(NL=250) r·\',; C\·.;,-." · 

REAL TSTATE, SSTAT , SRATE, FCOR, ONE , SAFSTY, ERRCON" ..... 
1 

' 

PGROW , PSHRNK, TSAV , DELT, b'ELT2, ERRMAx . ~. : REAL 
DIMENSION 
CHARACTER*1 

TSTATE (NL), SSTAT (NL), SRATE (NL) 1 "'Y:·. 
ANS 
GOOD LOGICAL 

PARAME;~~:p. -- (F.COR=.: .-:\}6.6.666:6667,.0NE=1. 0, SAFl!!TY.=O .-9, EE_;RCON=6. ~"':'.4) 
' . .. . .. . ... . . . - ).. . .. : ~ ' .. "'- " ' . . . ~. . . 

SAVE 

PGROW 
PSHRNK 

= -0.20 
= -0.25 

check size of local arrays 

,;,·,_:, 

IF· (NE-Q·.~T.NL·~·· GAiLL,·:ERROR (-'·RKQCA', 'Local-array,s_.,too short'.)., 

save C:tlrrent t;:irne; . state 
TSAV = TIME 
DO 10 I=l,NEQ 

SSTAT(I) 
SRATE(I) 

CONTINUE 

STATE(I) 
RATE (I) 

accept suggested value 
DELT DELTRY 
GOOD = .FALSE·. 

and rate 

. · ... 

~···· 



* do while 
20,-. .~LF,.. (H.NQT,.~ . .), .. T.,H,E~ .. ~ ...... , "" .. , . .,.., . : .· ., ... , ... _.. , . 
* at first two integration steps are made,· each wfth half., bELT"'., ·- .. 

DELT2 = 0. S*DELT ·~- ' 1 ' ' ' " •.• I ' ' . • 

CALL ~4~ .. ($S:r'Ar~_.S.MTE',NDEC~.NEQ,.TSA,v.,.DELT2, TSTATE·; SCALE, MODEL) 
.,.L 1"' • ,. , ._ '•. I { I ,' , J ~. ~·~ ; ~ ··i ..;,. t-: '· • ' -

* the second half, with result stored in STATE 
TIME = TpAV + .. DE;I.i_t2~ .. .::·:: ;. :··.·.~~ ~:-~- ~. · :~· .. :._; :~. t. · .. ·:....>~ ;,'C ·: . . 
CALL MODEL :.(ZI • FALSE·.~·, TIME, TSTATE, RATE, SCAJ:iE~ NDEC:,NEQ) :· :_·i .. ~· 
CALL RK4A. (TSTATE, RATE, NDEC, NEQ,.TIME, DELT2, STATE, SCALE, MODEL) 

\h' .: ~.:.:·; ·;~ .~. \~r:..~~-~·\ ~· :. ... ~··: ~.' ? .~· .... ·.· 

* now the ·full step i·~:';take~· .. :;·~. ·check. =·s·i~i'ficance~·:: : ~ .. ~- ~. 
TIME = TSAV + DELT :- \.~: · .. - ~·.· - ·~ ·.:. "··:. ···:: 'L ... ::::·;.: ... . .. :., 

IF (TIME .. E.Q. TSAV) THEN': }.; ·: .. : ;;; :· ' :: ". ·.::.J'::: '' 

WRITE (.*, ' (A) ') ' Stepsi ze not significant in RKQCA •i. · · 
CALL ENTDCH ( 'Do you want to STOP'~ ? ' , 'W ~ ANS-) : . 
IF (ANS.NE. 'N') c.ALii.~ERROR 't•Rt«lc.A'>'Ex~cution' terminated') 

END IF r .. 'l. . . . , . - . . •. ·· -

* integration over .. __ ~l,ll,;t step , .. -: •:::: ''' ~ ~. · ·. .' .. , . 
CALL RK4A ( SSTAT1. SAATE, NDEC 1 ME91 ~SAV, DELT, TSTATE, SCALE, MODEL) 

* 

30 

from the difference the error criterion is found 
ERR1.'1AX = 0. 0~ ... 
DO .o30 I=l, NEQ- · 

TSTATE(I) = STATE(!) - TSTATE(I) 
ERRMAx = MAX :'(:ERRMA:x, ABS~(TSTATE (I} /SCALE (I~)·) ) 

CONTINUE 

* get new time step when not OK 
ERRMAX = ERRMAX/EPS 

* 

GOQD , :-:'77 E.~·~+'.·~N.E . . .. . . ,.:-:-. . . · . 
IF ( . NOT·. GOOD')" ·bE~"T"· ==· SAFETY*DEIIT*'·(ERRMAX**PSHRNK) 

GOTO 2 0 . , "'"'' . ' .. ~- ( . , :·:· · ~. :·_ .. . . 

END IF 

accept step and calculate advise for new DELT 
DELDID = DELT 
IF (E~:··;.G_T. ~~~Q_N) THEN.. . ... 

DELNXT~ = S~E'rf·· * .. DEL·T * (E~**PGRow) 
ELSE I ' 

DELNXT = 4.0 * DELT 
END IF 

. ·~~ ~ ' ' 

* cO't'rectj the::~half . step 'result c ·with ·the Oif.fer~E:fnce· in TS·TATE 
DO 40 I=l,NEQ 

STATE(!) = STATE(I) + TSTATE(I)*FCOR 
40 CONTINUE 

RETURN 
END 

; •" -' I • :f';) ~. • 

* * * * * * ** * *-*'**''*'-* *;*"** * *<*'*·**·'* *.*'* **** ** * *'* * ** *****'** * *** *** ** ***·J(ti* *** * * * *** 

* 
* 

* 
* 
* 
* 
* 

SUBROUTINE RK4A (STATE,RATE,NDEC,NEQ,TIME,DELT,STATE2,SCALE,MODEL) 

Fourth order Runge Kutta integration over DELT 
Adapted from routine RK4 from Press et al. (1986) 

STATE 
RATE 
NDEC 
NEQ 
TIME 

- state array of model 
- rates of change for (TIME,STATE) 

declared size of input arrays 
- Number of state I rate variables 

time 

I 
I 
.r:':'~ ._:. 
I·;~ . 
.r:., 

._, :::- .......... )' 

'!·;' 
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* 
* 
* 
* 
* 
* 

DELT 
STATE2 
SCALE 
MODEL 

- time step 
- output state array 
- size scale of state variables 
- external model called with ITASK=2 

for rate calculation 

I 
0 
I 
I 

* Subroutines and/or functions called: 
* - from library TTUTIL: ERROR 

* Author: Kees Rappoldt, adapted from Press et al. (1986) 
* Date February 1990 

* formal parameters 
INTEGER NDEC , NEQ 
REAL STATE, RATE, TIME, DELT, STATE2, SCALE 
DIMENSION STATE(NDEC), RATE(NDEC), STATE2(NDEC) , SCALE(NDEC) 
EXTERNAL MODEL 

** local variables 
INTEGER I, NL 
REAL STATET,RATET,RATEM,DELT2,DELT6,TIME2 
PARAMETER (NL=250) 
DIMENSION STATET(NL),RATET(NL),RATEM(NL) 
SAVE 

* check size of local arrays 

* 

10 

* 

20 

* 
* 

30 

* 

40 

IF (NEQ.GT.NL) CALL ERROR ('RK4A','Local arrays too short') 

DELT2 = DELT*O.S 
DELT6 = DELT/6.0 
TIME2 = TIME + DELT2 

get midpoint state using initial rate 
DO 10 I=1,NEQ 

STATET(I) = STATE(I) + DELT2*RATE(I) 
CONTINUE 

find midpoint rates and a new midpoint state 
CALI, MODEL (2,.FALSE.,TIME2,STATET,RATET,SCALE,NDEC,NEQ) 
DO 20 I=l,NEQ 

STATET(I) = STATE(I) + DELT2*RATET(I) 
CONTINUE 

get a second estimate of midpoint rates, 
estimate final state, get sum of the two midpoint rates 
CALL MODEL (2,.FALSE.,TIME2,STATET,RATEM,SCALE,NDEC,NEQ) 
DO 30 I=l,NEQ 

STATET(I) = STATE(I) + DELT*RATEM(I) 
RATEM(I) = RATET (I) + RATEM(I) 

CONTINUE 

get final rates, calculate new state from all calculated rates 
CALL MODEL (2, .FALSE.,TIME+DELT,STATET,RATET,SCALE,NDEC,NEQ) 
DO 40 I=l,NEQ 

STATE2(I) = STATE(I) + DELT6 * (RATE(I)+RATET(I)+2.0*RATEM(I)) 
CONTINUE 

RETURN 
END 

************************************************************************ 
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