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The PEST Control File  

Preface: The PEST Control File 
For ease of reference, variables within the PEST control file are listed, together with a short 

explanation of each. This information is the most recent, and includes all variables discussed in both 

this addendum and in the PEST manual itself. 

pcf  

* control data  

RSTFLE PESTMODE 

NPAR NOBS NPARGP NPRIOR NOBSGP [MAXCOMPDIM] 

NTPLFLE NINSFLE PRECIS DPOINT [ NUMCOM JACFILE  MESSFILE]  

RLAMBDA1 RLAMFAC PHIRATSUF PHIREDLAM NUMLAM [JACUPDATE] [LAMFORGIVE]  

RELPARMAX FACPARMAX FACORIG [IBOUNDSTICK UPVECBEND] 

PHIREDSWH [NOPTSWITCH] [SPLITSWH]  [DOAUI]  [DOSENREUSE] 

NOPTMAX PHIREDSTP NPHISTP NPHINORED RELPARSTP NRELPAR [PHISTOPTHRESH] [LASTRUN] [PHIABANDON]  

ICOV ICOR IEIG  [IRES]  [JCOSAVE] [VERBOSEREC] [JCOSAVEITN]  [REISAVEITN]  [PARSAVEITN]  

* automatic user intervention  

MAXAUI AUISTARTOPT NOAUIPHIRAT AUIRESTITN  

AUISENSRAT AUIHOLDMAXCHG AUINUMFREE 

AUIPHIRATSUF AUIPHIRATACCEPT NAUINOACCEPT 

* singular value decomposition  

SVDMODE 

MAXSING EIGTHRESH 

EIGWRITE 

* lsqr  

LSQRMODE 

LSQR_ATOL LSQR_BTOL LSQR_CONLIM LSQR_ITNLIM 

LSQRWRITE 

* svd assist  

BASEPESTFILE 

BASEJACFILE 

SVDA_MULBPA SVDA_SCALADJ SVDA_EXTSUPER SVDA_SUPDERCALC SVDA_PAR_EXCL 

* sensitivity reuse  

SENRELTHRESH  SENMAXREUSE 

SENALLCALCINT  SENPREDWEIGHT  SENPIEXCLUDE 

* parameter groups  

PARGPNME INCTYP DERINC DERINCLB FORCEN DERINCMUL DERMTHD [SPLITTHRESH SPLITRELDIFF SPLITACTION]  

( one such line for each of NPARGP parameter groups )  

* parameter data  

PARNME PARTRANS PARCHGLIM PARVAL1 PARLBND PARUBND PARGP SCALE OFFSET DERCOM 

( one such line for each of NPAR parameters )  

PARNME PARTIED 

( one such line for each tied parameter )  

* observation groups  

OBGNME [GTARG] [COVFLE]  

( one such line for each of NOBSGP observation group )  

* observation data  

OBSNME OBSVAL WEIGHT OBGNME 

( one such line for each of NOBS observations )  

* derivatives command line  

DERCOMLINE 

EXTDERFLE 

* model command line  

COMLINE 

( one such line for each of  NUMCOM command lines )  

* model input/output  

TEMPFLE INFLE 

( one such line for each of NTPLFLE template files )  

INSFLE OUTFLE 

( one such line for each  of NINSLFE instruction files )  

* prior information  

PILBL PIFAC * PARNME + PIFAC * log(PARNME) ... = PIVAL WEIGHT OBGNME  

( one such line for each of NPRIOR articles of prior information )  

* predictive analysis  

NPREDMAXMIN [ PREDNOISE]  

PD0 PD1 PD2  

ABSPREDLAM RELPREDLAM INITSCHFAC MULSCHFAC NSEARCH 

ABSPREDSWH RELPREDSWH 

NPREDNORED ABSPREDSTP RELPREDSTP NPREDSTP  

* regularisation  
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PHIMLIM  PHIMACCEPT [ FRACPHIM] [MEMSAVE]   

WFINIT  WFMIN  WFMAX   [LINREG]  [REGCONTINUE] 

WFFAC  WFTOL IREGADJ [NOPTREGADJ REGWEI GHTRAT [REGSINGTHRESH]] 

* pareto  

PARETO_OBSGROUP   

PARETO_WTFAC_START PARETO_WTFAC_FIN NUM_WTFAC_INC   

NUM_ITER_START NUM_ITER_GEN NUM_ITER_FIN 

ALT_TERM 

OBS_TERM ABOVE_OR_BELOW OBS_THRESH NUM_ITER_THRESH ( only if ALT_TERM is non - zero )  

NOBS_REPORT 

OBS_REPORT_1 OBS_REPORT_2 OBS_REPORT_3..  ( NOBS_REPORT items)  
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Variables in ñcontrol dataò section of PEST control file. 

Variable Type Values Description 

RSTFLE text ñrestartò or ñnorestartò instructs PEST whether to write restart data 

PESTMODE text ñestimationò, ñpredictionò, 
ñregularisationò, ñparetoò 

PESTôs mode of operation 

NPAR integer greater than zero number of parameters 

NOBS integer greater than zero number of observations 

NPARGP integer greater than zero number of parameter groups 

NPRIOR integer any integer value absolute value is number of prior information 
equations; negative value indicates supply of 
prior information in indexed format 

NOBSGP integer greater than zero number of observation groups 

MAXCOMPDIM integer optional; zero or greater number of elements in compressed Jacobian 
matrix 

NTPLFLE integer greater than zero number of template files 

NINSFLE integer greater than zero number of instruction files 

PRECIS text ñsingleò or ñdoubleò format for writing parameter values to model 
input files 

DPOINT text ñpointò or ñnopointò omit decimal point in parameter values if possible 

NUMCOM integer optional; greater than 
zero 

number of command lines used to run model 

JACFILE integer optional; zero or one indicates whether model provides external 
derivatives file 

MESSFILE integer optional; zero or one indicates whether PEST writes PEST-to-model 
message file 

RLAMBDA1 real zero or greater initial Marquardt lambda 

RLAMFAC real positive or negative, but 
not zero 

dictates Marquardt lambda adjustment process 

PHIRATSUF real between zero and one fractional objective function sufficient for end of 
current iteration 

PHIREDLAM real between zero and one termination criterion for Marquardt lambda search 

NUMLAM integer one or greater maximum number of Marquardt lambdas to test 

JACUPDATE integer optional; zero or greater activation of Broydenôs Jacobian update 
procedure 

LAMFORGIVE text ñlamforgiveò or 
ñnolamforgiveò 

treat model run failure during lambda search as 
high objective function 
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RELPARMAX real greater than zero parameter relative change limit 

FACPARMAX real greater than one parameter factor change limit 

IBOUNDSTICK integer optional; zero or greater instructs PEST not to compute derivatives for 
parameter at its bounds 

UPVECBEND integer optional; zero or one instructs PEST to bend parameter upgrade 
vector if parameter hits bounds 

PHIREDSWH real between zero and one  sets objective function change for introduction of 
central derivatives 

NOPTSWITCH integer optional; one or greater iteration before which PEST will not switch to 
central derivatives computation 

SPLITSWH real optional; zero or greater the factor by which the objective function rises to 
invoke split slope derivatives analysis until end of 
run 

DOAUI text ñauiò, ñauidò, or ñnoauiò instructs PEST to implement automatic user 
intervention 

DOSENREUSE text  ñsenreuseò or 
ñnosenreuseò 

instructs PEST to re-use parameter sensitivities 

NOPTMAX integer -2, -1, 0, or any number 
greater than zero 

number of optimisation iterations 

PHIREDSTP real greater than zero relative objective function reduction triggering 
termination 

NPHISTP integer greater than zero number of successive iterations over which 
PHIREDSTP applies 

NPHINORED integer greater than zero number of iterations since last drop in objective 
function to trigger termination 

RELPARSTP real greater than zero maximum relative parameter change triggering 
termination 

NRELPAR integer greater than zero number of successive iterations over which 
RELPARSTP applies 

PHISTOPTHRESH real optional; zero or greater objective function threshold triggering termination 

LASTRUN integer optional; zero or one instructs PEST to undertake (or not) final model 
run with best parameters 

PHIABANDON real or 
text 

optional objective function value at which to abandon 
optimisation process or filename containing 
abandonment schedule 

ICOV integer zero or one record covariance matrix in matrix file 

ICOR integer zero or one record correlation coefficient matrix in matrix file 

IEIG integer zero or one record eigenvectors in matrix file 
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IRES integer zero or one record resolution data 

JCOSAVE text ñjcosaveò or ñnojcosaveò Save best Jacobian file as a JCO file - 
overwriting previously-saved files of the same 
name as the inversion process progresses. 

VERBOSEREC text ñverboserecò or 
ñnoverboserecò 

If set to ñnoverboserecò, parameter and 
observation data lists are ommitted from the run 
record file. 

JCOSAVEITN text ñjcosaveitnò or 
ñnojcosaveitnò 

Write current jacobian matrix to iteration-specific 
JCO file at the end of every optimisation iteration. 

REISAVEITN text ñreisaveitnò or 
ñnoreisaveitnò 

Store best-fit residuals to iteration-specific 
residuals file at end of every optimisation 
iteration. 

PARSAVEITN text ñparsaveitnò or 
ñnoparsaveitnò 

Store iteration specific parameter value file. 
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Variables in optional ñautomatic user interventionò section of PEST control file. 

Variable Type Values Description 

MAXAUI integer zero or greater maximum number of AUI iterations per 
optimisation iteration 

AUISTARTOPT integer one or greater optimisation iteration at which to commence AUI 

NOAUIPHIRAT real between zero and one relative objective function reduction threshold 
triggering AUI 

AUIRESTITN integer zero or greater, but not 
one 

AUI rest interval expressed in optimisation 
iterations 

AUISENSRAT real greater than one composite parameter sensitivity ratio triggering 
AUI 

AUIHOLDMAXCHG integer zero or one instructs PEST to target parameters which 
change most when deciding which parameters to 
hold 

AUINUMFREE integer greater than zero cease AUI when only AUINUMFREE parameters 
are unheld 

AUIPHIRATSUF real between zero and one relative objective function improvement for 
termination of AUI 

AUIPHIRATACCEPT real between zero and one relative objective function reduction  threshold for 
acceptance of AUI-calculated parameters 

NAUINOACCEPT integer greater than zero number of iterations since acceptance of 
parameter change for termination of AUI 
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Variables in optional ñsingular value decompositionò section of PEST control file. 

Variable Type Values Description 

SVDMODE integer zero or one activates truncated singular value decomposition 
for solution of inverse problem 

MAXSING integer greater than zero number of singular values at which truncation 
occurs 

EIGTHRESH real zero or greater, but less 
than one 

eigenvalue ratio threshold for truncation 

EIGWRITE integer zero or one determines content of SVD output file 

 

Variables in optional ñLSQRò section of PEST control file. 

Variable Type Values Description 

LSQRMODE integer zero or one activates LSQR solution of inverse problem 

LSQR_ATOL real zero or greater LSQR algorithm atol variable 

LSQR_BTOL real zero or greater LSQR algorithm btol variable 

LSQR_CONLIM real zero or greater LSQR algorithm conlim variable 

LSQR_ITNLIM integer greater than zero LSQR algorithm itnlim variable 

LSQR_WRITE integer zero or one instructs PEST to write LSQR file 
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Variables in optional ñSVD-assistò section of PEST control file. 

Variable Type Values Description 

BASEPESTFILE text a filename name of base PEST control file 

BASEJACFILE text a filename name of base PEST Jacobian matrix file 

SVDA_MULBPA integer zero or one instructs PEST to record multiple BPA files 

SVDA_SCALADJ integer -4 to 4 sets type of parameter scaling undertaken in 
super parameter definition 

SVDA_EXTSUPER integer 0, 1, 2, -2, 3 sets means by which super parameters are 
calculated 

SVDA_SUPDERCALC integer zero or one instructs PEST to compute super parameter 
sensitivities from base parameter sensitivities 

SVDA_PAR_EXCL integer 0, 1 or -1 if set to 1, instructs PEST to compute super 
parameters on basis only of observation group 
in base parameter PEST control file to which 
pareto-adjustable weighting is assigned in super 
parameter PEST control file. If set to -1 all 
groups other than this form basis for super 
parameter definition. 

 

Variables in optional ñsensitivity re-useò section of PEST control file. 

Variable Type Values Description 

SENRELTHRESH real zero to one relative parameter sensitivity  below which 
sensitivity re-use is activated for a parameter 

SENMAXREUSE integer integer other than zero maximum number of re-used sensitivities per 
iteration 

SENALLCALCINT integer greater than one iteration interval at which all sensitivities re-
calculated 

SENPREDWEIGHT real any number weight to assign to prediction in computation of 
composite parameter sensitivities to determine 
sensitivity re-use 

SENPIEXCLUDE test ñyesò or ñnoò include or exclude prior information when 
computing composite parameter sensitivities to 
determine sensitivity re-use 
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Variables required for each parameter group in ñparameter groupsò section of PEST 

control file. 

Variable Type Values Description 

PARGPNME text 12 characters or less parameter group name 

INCTYP text ñrelativeò, ñabsoluteò, 
ñrel_to_maxò 

method by which parameter increments are 
calculated 

DERINC real greater than zero absolute or relative parameter increment 

DERINCLB real zero or greater absolute lower bound of relative parameter 
increment 

FORCEN text ñswitchò, ñalways_2ò, 
ñalways_3ò, ñswitch_5ò, 
ñalways_5ò 

determines whether central derivatives 
calculation is undertaken, and whether three 
points or four points are employed in central 
derivatives calculation 

DERINCMUL real greater than zero derivative increment multiplier when undertaking 
central derivatives calculation 

DERMTHD text ñparabolicò, ñoutside_ptsò, 
ñbest_fitò, ñminvarò, 
ñmaxprecò 

method of central derivatives calculation 

SPLITTHRESH real greater than zero (or zero 
to deactive) 

slope threshold for split slope analysis 

SPLITRELDIFF real greater than zero relative slope difference threshold for action 

SPLITACTION text text ñsmallerò, ñzeroò or ñpreviousò 
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Variables required for each parameter in ñparameter dataò section of PEST control 

file. 

Variable Type Values Description 

PARNME text 12 characters or less parameter name 

PARTRANS text ñlogò, ñnoneò, ñfixedò, 
ñtiedò 

parameter transformation 

PARCHGLIM text ñrelativeò or ñfactorò type of parameter change limit 

PARVAL1 real any real number initial parameter value 

PARLBND real less than or equal to 
PARVAL1 

parameter lower bound 

PARUBND real greater than or equal to 
PARVAL1 

parameter upper bound 

PARGP text 12 characters or less parameter group name 

SCALE real any number other than 
zero 

multiplication factor for parameter 

OFFSET real any number number to add to parameter 

DERCOM integer zero or greater model command line used in computing 
parameter increments 

PARTIED text 12 characters or less the name of the parameter to which another 
parameter is tied 
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Variables required for each observation group in ñobservation groupsò section of PEST 

control file. 

Variable Type Values Description 

OBGNME text 12 characters or less observation group name 

GTARG real positive group-specific target measurement objective 
function 

COVFILE text a filename optional covariance matrix file associated with 
group 

 

 

Variables required for each observation in ñobservation dataò section of PEST control 

file. 

Variable Type Values Description 

OBSNME text 20 characters or less observation name 

OBSVAL real any number measured value of observation 

WEIGHT real zero or greater observation weight 

OBGNME text 12 characters or less observation group to which observation assigned 
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Variables in optional ñderivatives command lineò section of PEST control file. 

Variable Type Values Description 

DERCOMLINE text system command command to run model for derivatives calculation 

EXTDERFLE text a filename name of external derivatives file 

 

 

Variables in ñmodel command lineò section of PEST control file. 

Variable Type Values Description 

COMLINE text system command command to run model 

 

 

Variables in ñmodel input/outputò section of PEST control file. 

Variable Type Values Description 

TEMPFLE text a filename template file 

INFLE text a filename model input file 

INSFLE text a filename instruction file 

OUTFLE text a filename model output file 
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Variables in ñprior informationò section of PEST control file. 

Variable Type Values Description 

PILBL text 20 characters or less name of prior information equation 

PIFAC text real number other than 
zero 

parameter value factor 

PARNME text 12 characters or less parameter name 

PIVAL real any number ñobserved valueò of prior information 

WEIGHT real zero or greater prior information weight 

OBGNME text 12 characters or less observation group name 
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Variables in optional ñpredictive analysisò section of PEST control file. 

Variable Type Values Description 

NPREDMAXMIN integer -1 or 1 maximise or minimise prediction 

PREDNOISE integer 0 or 1 instructs PEST to include predictive noise in 
prediction 

PD0 real greater than zero target objective function 

PD1 real greater than PD0 acceptable objective function 

PD2 real greater than PD1 objective function at which Marquardt lambda 
testing procedure is altered as prediction is 
maximised/minimised 

ABSPREDLAM real zero or greater absolute prediction change to terminate 
Marquardt lambda testing 

RELPREDLAM real zero or greater relative prediction change to terminate Marquardt 
lambda testing 

INITSCHFAC real greater than zero initial line search factor 

MULSCHFAC real greater than one factor by which line search factors are increased 
along line 

NSEARCH integer greater than zero maximum number of model runs in line search 

ABSPREDSWH real zero or greater absolute prediction change at which to use 
central derivatives calculation 

RELPREDSWH real zero or greater relative prediction change at which to use central 
derivatives calculation 

NPREDNORED integer one or greater iterations since prediction raised/lowered at 
which termination is triggered 

ABSPREDSTP real zero or greater absolute prediction change at which to trigger 
termination 

RELPREDSTP real zero or greater relative prediction change at which to trigger 
termination 

NPREDSTP integer two or greater number of iterations over which ABSPREDSTP 
and RELPREDSTP apply 
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Variables in optional ñregularisationò section of PEST control file. 

Variable Type Values Description 

PHIMLIM real greater than zero target measurement objective function 

PHIMACCEPT real greater than PHIMLIM acceptable measurement objective function 

FRACPHIM real optional; zero or greater, 
but less than one 

set target measurement objective function at 
this fraction of current measurement objective 
function 

MEMSAVE text ñmemsaveò or 
ñnomemsaveò 

activate conservation of memory at cost of 
execution speed and quantity of model output 

WFINIT real greater than zero initial regularisation weight factor 

WFMIN real greater than zero minimum regularisation weight factor 

WFMAX real greater than WFMAX maximum regularisation weight factor 

LINREG text ñlinregò or ñnonlinregò informs PEST that all regularisation constraints 
are linear 

REGCONTINUE text ñcontinueò or ñnocontinueò instructs PEST to continue minimising 
regularisation objective function even if 
measurement objective function less than 
PHIMLIM 

WFFAC real greater than one regularisation weight factor adjustment factor 

WFTOL real greater than zero convergence criterion for regularisation weight 
factor 

IREGADJ integer 0, 1, 2, 3, 4 or 5 instructs PEST to perform inter-regularisation 
group weight factor adjustment, or to compute 
new relative weights for regularisation 
observations and prior information equations 

NOPTREGADJ integer 1 or greater the optimisation iteration interval for re-
calculation of regularisation weights if IREGADJ 
is 4 or 5 

REGWEIGHTRAT real absolute value of 1 or 
greater 

the ratio of highest to lowest regularisation 
weight; spread is logarithmic with null space 
projection if set negative 

REGSINGTHRESH real less than 1 and greater 
than zero 

singular value of X
t
QX (as factor of highest 

singular value) at which use of  higher 
regularisation weights commences if IREGADJ 
is set to 5 
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Variables in optional ñparetoò section of PEST control file. 

Variable Type Values Description 

PARETO_OBSGROUP text 12 characters or less name of observation group whose weights 
are subject to multiplication by a variable 
weight factor 

PARETO_WTFAC_START real zero or greater initial weight factor for user-specified 
observation group 

PARETO_WTFAC_FIN real greater than 
PARETO_WTFAC_START 

final weight factor for user-specified 
observation group 

NUM_WTFAC_INT integer greater than zero number of weight factor increments to 
employ  in traversing Pareto front 

NUM_ITER_START integer zero or greater number of optimisation iterations to 
employ when using intial weight factor 

NUM_ITER_GEN integer greater than zero number of optimization iterations to 
employ when using any weight factor 
other than PARETO_WTFAC_START or 
PARETO_WTFAC_FIN 

NUM_ITER_FIN integer zero or greater number of optimization iterations to 
employ when using final weight factor 

ALT_TERM integer zero or one set to one in order to activate PEST 
termination determined by value of a 
specified model output 

OBS_TERM text 20 characters or less the name of an observation cited in the 
ñobservation dataò section of the PEST 
control file whose value will be monitored 
for possible PEST run termination 

ABOVE_OR_BELOW text ñaboveò or ñbelowò determines whether the monitored model 
output must be above or below the 
threshold to precipitate run termination 

OBS_THRESH real any number value that monitored model output must 
exceed or undercut to precipitate model 
run termination 

ITER_THRESH integer zero or greater the number of optimization iterations for 
which the model output threshold must be 
exceeded or undercut to precipitate run 
termination 

NOBS_REPORT integer 0 or greater number of model outputs whose values to 
report 

OBS_REPORT_N text 20 characters or less the name of the Nôth observation whose 
value is reported in the POD and PPD 
files written by PEST when run in ñparetoò 
mode 
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1. Introduction  
This document describes alterations to PEST that have been made since publication of the 

fifth  edition of the manual. Publication of this edition of the manual coincided with the 

release of version 9.0 of PEST. Hence all alterations documented herein pertain to versions 

later than that.  

Of particular importance are additions to PEST functionality, and additions to the PEST 

utility suite, that implement improved regularised inversion and model predictive error 

variance analysis. 

The author would like to point out that he is aware of the fact that when an addendum to a 

manual grows to a size that is nearly as large as the manual itself, it is time to write a new 

edition to the manual. This will take place in the near future. In fact, there will be two 

manuals ï a ñbeginners manualò and an ñadvanced manualò. But for now this has to wait. 

There are many things I would like to do, and this is surely one of them. However in the 

meantime the user can perhaps remind him/herself that this inconvenience is part of the price 

that must be paid for the fact that PEST is in the public domain. 

While, for the author, the making of improvements to PEST and its utility suite is largely a 

labour of love, it must be pointed out that I have had financial help for certain, important, 

aspects of this work. I would particularly like to acknowledge the following. 

¶ Work related to inclusion of the LSQR solver in PEST, and to calibration-constrained 

Monte Carlo analysis, was supported by a contract with Boise State University under 

EPA Grant X-96004601-0. This contract also supported the development of software 

to implement an interface between PEST and the adjoint process of MODFLOW-

2005 developed by Tom Clemo of Boise State University (see the manual to the PEST 

Groundwater Data Utilities for more details). 

¶ Support from S. S. Papadopulous and Associates is gratefully acknowledged. 

¶ So too, is support from EMS-I. 

¶ The INFSTAT utility documented herein was written under contract to the Madison, 

WI, office of USGS. 

¶ Help in development of the JACTEST utility and of the CMAES_P global optimizer 

was provided by Los Alamos National Laboratory and South Florida Water 

Management District. 
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2. Alterations and Upgrades to PEST 

2.1 New Restart Option 

Execution of PEST can now be recommenced with four different switches. Use of the ñ/rò, 

ñ/jò and ñ/sò switches is documented in the PEST manual. The new restart switch is the ñ/dò 

switch. 

The ñ/dò switch has a similar role to the existing ñ/sò switch. Recall that the ñ/sò switch can 

be used to recommence Parallel PEST execution at the same model run in which it was 

previously interrupted, if interruption took place during calculation of the Jacobian matrix. If 

Parallel PEST execution was interrupted during the Marquardt lambda testing procedure 

however, restarting PEST with the ñ/sò switch has the same effect as restarting it with the ñ/jò 

switch; that is, PEST is restarted at that point in its previous run at which calculation of the 

Jacobian matrix was just completed. 

If PEST is run in non-parallel mode, then it cannot be restarted with the ñ/sò switch. However 

it can be re-started with the ñ/dò switch. The effect is exactly the same as re-starting a Parallel 

PEST run with the ñ/sò switch. 

Note the following important points pertaining to PESTôs restart switches:- 

1. Parallel PEST cannot be restarted with the ñ/dò switch. 

2. Non-Parallel PEST cannot be restarted with the ñ/sò switch. 

3. A previously stopped Parallel PEST run can be restarted as non-Parallel PEST or 

Parallel PEST using either the ñ/rò or ñ/jò switches. 

4. A previously stopped non-Parallel PEST run can be restarted as Parallel PEST using 

either the ñ/rò or ñ/jò switches. 

5. A previously stopped Parallel PEST run cannot be restarted as non-Parallel PEST 

with the ñ/sò switch. 

6. A previously stopped non-Parallel PEST run cannot be restarted as Parallel PEST 

with the ñ/dò switch. 

The reader is probably wondering at this stage why, if the ñ/sò and ñ/dò switches have the 

same effect, they cannot be used interchangeably between Parallel and non-Parallel PEST. 

The reason is that run management is very different between these two versions of PEST. For 

Parallel PEST, runs are not necessarily undertaken in sequence. Run results in the restart file 

are also not stored in sequence. For non-Parallel PEST, the restart file does not hold run 

results; rather it holds fragments of the Jacobian matrix. This can save considerably on file 

storage when central differences are used for derivatives calculation. Also, this restart 

methodology is more easily combined with external derivatives calculation ï this being 

available only in the non-Parallel version of PEST at present. 

It is freely admitted however, that an all-purpose run manager is needed. This, hopefully, will 

be one an outcome of future PEST development. At that stage the ñ/sò and ñ/dò switches will 

be combined. 
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2.2 Template and Instruction File Headers 

The first line of a template file must be:- 

ptf #  

where ñ#ò can be replaced by any other character that is suitable for definition of a parameter 

delimiter. ñptfò stands for ñPEST template fileò. 

The first line of an instruction file must be:- 

pif #  

where ñ#ò can be replaced by any other character that is suitable for use as a marker 

delimiter. ñpifò stands for ñPEST instruction fileò. 

PEST and its checking utilities now allow alternative headers for these two files. ñjtfò (for 

ñJUPITER template fileò) can be used in place of ñptfò, and ñjifò (for ñJUPITER instruction 

fileò) can be used in place of ñpifò. 

2.3 User Intervention 

The ñparameter hold fileò can be used to hold the values of certain parameters fixed. By 

stopping and restarting PEST using the ñ/jò switch, an attempt can then be made to re-

calculate the parameter upgrade vector with troublesome parameters temporarily deactivated. 

As is explained in the PEST manual, the parameter hold file can be used not just for holding 

parameters fixed, but also for altering the values of certain control variables. At the time of 

writing, control variables for which in-flight alterations are allowed are LAMBDA, 

RELPARMAX, FACPARMAX and UPVECBEND.  

Five new control variables can now be altered through the parameter hold file. These all 

pertain to the predictive analysis process. They are INITSCHFAC, MULSCHFAC, 

NSEARCH, RELPREDSTP and ABSPREDSTP.  

The first three of these variables govern operation of the line search procedure used in 

prediction maximisation/minimisation. On many occasions, use of this procedure is critical to 

the success of the maximisation/minimisation process. Contrary to advice initially supplied 

with PEST documentation, it is often best to start this procedure with a low INITSCHFAC 

value (for example 0.2). However if it is set too low, this can result in wasted model runs. 

Similarly, MULSCHFAC may need to be set lower than 2.0 for highly nonlinear cases (even 

as low as 1.3). As this may require increased runs per line search, NSEARCH may need to be 

set higher than normal. 

It is not explained in the PEST manual that termination criteria for the line search are the 

same as those for termination of the predictive analysis process as defined by the 

RELPREDSTP and ABSPREDSTP variables. (Actually, the line search procedure follows a 

complex algorithm in which both the objective function and prediction value are monitored, 

with the former often expected to fall and then rise along the path of the search; hence there 

are, in fact, a number of other termination criteria required for implementation of this 

algorithm). It has been found from experience that in difficult  problems, RELPREDSTP and 

ABSPREDSTP may need to be set quite low. This will be particularly important where small 

predictive uncertainty exists in a large predictive number (in which case the absolute, rather 

than the relative, termination criterion should be used), especially where line search 

increments are chosen to be small for better accommodation of nonlinear models. 
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New values for the above predictive analysis control variables can be supplied through the 

parameter hold file in the same way as for other variables. The following figure shows a file 

in which new values are provided for all of them. 

As discussed in the PEST manual, the parameter hold file must be named case.hld where 

case is the filename base of the pertinent PEST control file. The hold file is read just after 

calculation of the Jacobian matrix and just before calculation of parameter upgrades. It is 

very important that a parameter hold file be deleted after use; this will prevent its contents 

being inadvertently used on a subsequent PEST run. 

 

2.4 Improvements to the Predictive Analyserôs Line Search 

Considerable improvements have been made to the line search implemented by PESTôs 

predictive analyser. Recall from the PEST manual that implementation of a line search to find 

the highest/lowest prediction for which the objective function is at or lower than the user-

supplied limit is optional; it is implemented only if NSEARCH is set to a number greater than 

1. It has been found, however, that use of this option can greatly increase PESTôs ability to 

find the maximum/minimum constrained predictive value, especially in difficult numerical 

circumstances such as those that prevail where parameters are large in number and are highly 

correlated. The line search algorithm implemented by PEST is actually quite complicated, for 

not only does PEST need to monitor the value of the prediction as it travels along a certain 

parameter trajectory; it must also monitor the value of the objective function as well. On 

many occasions the objective function may actually fall before it rises to PD0 (the user-

defined objective function limit) when travelling along the parameter upgrade line from the 

current set of parameter values to a potential new set of values. 

It has been found that in those situations where numerical complexity dictates that a line 

search is warranted, it is worth doing this line search thoroughly. To optimise the efficacy of 

this search, the following settings are suggested. 

¶ Set INITSCHFAC (initial line search factor) to 0.2 or 0.3; thus the line search begins 

at a point on the potential parameter upgrade line which is not too far from current 

parameter values. 

¶ Set MULSCHFAC (line search factor multiplier) between 1.3 and 1.7. 

¶ Set NSEARCH (maximum number of model runs devoted to the line search) to 15. 

¶ Set PD1 quite close to PD0, maybe only 0.2% or less higher. 

¶ Set ABSPREDSTP and RELPREDSTP reasonably tight. (These are actually the 

termination criteria for the predictive analysis process; one tenth of these values is 

also used for termination of the line search.) 

¶ Start the predictive analysis process from optimised parameter values (for which the 

objective function is less than PD0). 

initschfac 0.2  

mulschfac 1.5  

relpredstp 1.0e - 4 

abspredstp 0.00  

 

Example of a parameter hold file. 
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Because the line search is repeated for every different value of the Marquardt lambda tested, 

it can consume an inordinate number of model runs if significant Marquardt lambda 

adjustment is warranted. Code has been inserted within PEST that aims to reduce the number 

of line search runs required when testing Marquardt lambdas after the first on any one 

optimisation iteration. Nevertheless, any savings that can be made in reducing trial Marquardt 

lambdas will result in increased efficiency. Thus after you have had experience with using the 

predictive analyser on your particular task, you may wish to consider setting the initial 

Marquardt lambda (RLAMBDA1) lower or higher than you normally would, if this is where 

PEST seems to prefer its value to be. Alternatively, set NUMLAM to 1, so that only 1 

Marquardt lambda is employed per optimisation iteration; if this strategy is adopted it is 

probably good practice to try a very low value for RLAMBDA1, maybe in the vicinity of 

0.01 to 0.001 (or even zero), and to start the predictive analysis process from previously-

optimised parameter values. 

While conducting a line search is a very time-consuming activity, experience has shown that 

it can be worth the effort in many circumstances; it is sometimes quite surprising how high or 

low calibration-constrained predictions can be. The cost of finding these extreme predictions, 

however, can be particularly high when using Parallel PEST to undertake the predictive 

analysis process, because while Jacobian runs are parallelised, line search runs are not. It is 

planned, however to partially parallelise this process in the future. 

2.5 Switch to Three-Point Derivatives Calculation 

A new variable has been introduced to the ñcontrol dataò section of the PEST control file in 

order to provide more flexibility to the way in which PEST chooses (or not) to switch to 

central derivatives calculation.  

The eighth line of the PEST control file must supply a value for the PHIREDSWH variable; 

this is the first (and optionally the only) variable on this line. If FORCEN for any parameter 

group is set to ñswitchò, PEST will switch to central derivatives calculation on the first 

occasion on which the relative objective function improvement is less than PHIREDSWH. 

Thus, for example, if PHIREDSWH is set to 0.1 (which is its suggested value), and if, at the 

end of any particular optimisation iteration, the new objective function is greater than 90% of 

the objective function at the beginning of the iteration, PEST will employ three-point 

derivatives calculation for the remainder of the optimisation process. As a result of this, up to 

twice as many model runs per iteration will be required for filling of the Jacobian matrix. 

With more accurately calculated derivatives, PEST will often fair better in lowering the 

objective function further, especially in contexts where parameter insensitivity or correlation 

creates an ill-conditioned normal matrix. 

There are times, however, where PEST ñtripsò into central derivatives calculation before 

increased derivatives accuracy is really needed. This can occur, for example, where some 

parameters need to change a great deal before they can effect a noticeable lowering of the 

objective function, but they are prevented from doing so (or prevent other parameters from 

doing so) because of the action of the parameter upgrade limiting variables RELPARMAX 

and FACPARMAX. In cases like this, model run efficiency would be better served if the 

parameter estimation process were continued with forward difference derivatives calculation 

until the offending parameter(s) have moved a sufficient distance in parameter space for their 

effect on the objective function to be noticeable, or for PEST not to have to limit their 

movement (and with it the movement of other parameters) in order to curtail excessive 

parameter variations within the one iteration (an often necessary measure for the prevention 
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of instability in highly nonlinear cases). Instead, the premature introduction of central 

derivatives calculation simply increases the number of model runs required for completion of 

the parameter estimation process, with no real benefits to this process being incurred from 

three-point derivatives calculation from having been introduced so early. 

A new variable named NOPTSWITCH may now optionally follow PHIREDSWH on the 

eighth line of the PEST control file. If supplied, this must be an integer equal to 1 or greater. 

If it is greater than 1, PEST will not switch to central derivatives calculation until the 

NOPTSWITCHôth iteration at least, as long as the objective function does not rise during any 

optimisation iteration. If the objective function does, in fact, rise, then the NOPTSWITCH 

setting is overridden and PEST switches to three-point derivatives calculation. 

If the optional DOAUI variable is supplied on the eighth line of the PEST control file it must 

follow NOPTSWITCH, if NOPTSWITCH is also supplied. If NOPTSWITCH is not 

supplied, it must simply follow PHIREDSWH. 

2.6 SVD-Assist: Super Parameter Definition 

Recall from the PEST manual that the SVDAPREP utility writes a PEST control file in which 

super parameters are defined which can then be used for SVD-assisted parameter estimation. 

In writing this file, SVDAPREP transfers observations and observation weights directly from 

the base parameter PEST control file to the new super parameter PEST control file. When 

PEST then commences an SVD-assisted parameter estimation run, it undertakes singular 

value decomposition of the X
t
QX matrix in order to define the linear combination of base 

parameters which comprises each super parameter. Singular value decomposition and super 

parameter definition is only then repeated if a base parameter hits its bound; that base 

parameter then remains at its bound while the super parameter estimation process proceeds in 

order to estimate other base parameters. 

In versions of PEST prior to 9.2, singular value decomposition for the purpose of super 

parameter definition took place on the basis of base parameters defined in the base parameter 

PEST control file, and observations and weights defined in the super parameter PEST control 

file. Under normal circumstances, observations and weights defined in the super parameter 

control file are the same as those defined in the base parameter control file. However for 

versions of PEST from 9.2 onwards, the user has the option of altering observations and 

weights defined in the super parameter control file once this file has been built by 

SVDAPREP. Furthermore, super parameter definition now takes place on the basis of 

observations and weights contained in the original base parameter control file. Hence 

parameter estimation can take place on the basis of a new set of observations and/or weights, 

different from those used for definition of super parameters.  

There may be some situations where the ability to undertake super parameter definition on 

the basis of one set of observations and weights, and parameter estimation on the basis of 

another is important. For example, a simple but important instance where this may prove 

useful is where a covariance matrix is supplied for super parameter estimation based on the 

observation correlation structure induced by using super parameters. As discussed by Cooley 

(2004) and by Moore and Doherty (2006) all forms of regularisation, or parameter averaging, 

lead to a correlated ñmeasurement noiseò structure. If it is desired that account be taken of 

this noise structure in the parameter estimation process, SVDAPREP can be used for 

generation of the super parameter PEST control file in the usual fashion. Then an appropriate 

covariance matrix can be supplied for the observations contained in that file. However if 

individual weights, rather than a covariance matrix, are used in the base PEST control file, 
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super parameter definition takes place on the basis of the individual weights, while 

estimation of super parameters (and hence indirectly of base parameters) takes place using a 

covariance matrix which best characterizes ñmeasurement noiseò in these circumstances. In 

more complex modelling contexts, the number, names and types of observations can be 

different in the super parameter PEST control file from those contained in the base parameter 

PEST control file. 

The following points must be born carefully in mind when using PEST for SVD-assisted 

parameter estimation.  

1. When PEST commences a super parameter estimation run by undertaking singular 

value decomposition on the basis of observations and weights contained in the base 

PEST control file, it includes all observations and prior information equations defined 

in the base PEST control file in formulation of the X matrix if PESTMODE is set to 

ñestimationò in that file. However if, in the base PEST control file, PESTMODE is set 

to ñregularisationò, then observations and prior information equations belonging to 

regularisation groups are excluded from this matrix. If PESTMODE is set to 

ñpredictionò in the base PEST control file, the sole member of the observation group 

ñpredictò is also excluded from the X matrix. 

2. If prior information is used in the base PEST control file, but prior information 

sensitivities are not available from the corresponding Jacobian matrix file, PEST will 

simply not use sensitivities pertaining to that prior information in the formulation or 

super parameters. (This can occur when initial base parameter sensitivities were 

calculated using SVD without prior information in an attempt to evaluate a suitable 

number of base parameters to employ ï see the PEST manual for details.) 

3. While covariance matrices can be supplied for any or all observation and prior 

information groups in the super parameter PEST control file, a covariance matrix can 

only be supplied for observation and prior information groups whose names begin 

with ñregulò in the base PEST control file, and then only if PESTMODE is set to 

ñregularisationò. 

2.7 SVD-Assist: Multiple Parameter Value Files 

The SVD-assist section of the PEST control file now has an optional third line; this line 

contains control variables which can govern the operation of certain aspects of the SVD-

assisted parameter estimation process. The name of the first variable on this line is 

SVDA_MULBPA. The figure below shows an example of the SVD-assist section of a PEST 

control file with the extra new line containing only this variable. 

* svd assist  

temp1.pst  

temp1.jco  

1 

The SVD-Assist section of a PEST control file. 

SVDA_MULBPA can be set to either 0 or 1. If it is set to 1, then not just one, but a series of 

ñBPA filesò will be recorded during the course of the parameter estimation process. Recall 

that a ñBPA fileò contains best base parameter estimates at any stage of the parameter 

estimation process; at the end of the parameter estimation process it contains best base 

parameters achieved throughout the entire process. Recall also that the filename base of the 

BPA file is that of the base parameter PEST control file, not the super parameter control file 
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through which parameter estimation actually takes place. 

With SVDA_MULBPA set to 1, PEST records two BPA files on every occasion that base 

parameter values are improved. The first of these files is the normal BPA file. The second has 

the same name, but with an extension of ñ.Nò appended, with ñNò indicating the optimisation 

iteration number in which the base parameters recorded therein were achieved. Thus if, for 

example, the filename base of a base PEST control file is base, then at the conclusion of the 

parameter estimation process BPA files named base.bpa, base.bpa.1, base.bpa.2 etc will be 

present within the current working directory. The first of these contains the overall best base 

parameters achieved through the parameter estimation process. The others contain base 

parameter values achieved during the indicated optimisation iterations. Note that not all 

optimisation iterations will be represented in this sequence ï only those iterations will be 

represented where base parameters are improved from those previously achieved during the 

current parameter estimation process. 

To accommodate this new option, the SVDAPREP utility has one extra prompt. viz: 

Write multiple BPA files?  [y/n] (<Enter> if "n") : 

As is apparent, the default is ñnoò (and SVDA_MULBPA is thus set to zero), leaving PEST 

operation unchanged from previous versions. 

2.8 SVD-Assist: Improved Handling of Untransformed 

Parameters 

2.8.1 General 

Problems can arise when log-transformed and untransformed parameters are simultaneously 

estimated using SVD-assist. They are an outcome of the fact that log-transformed parameters 

can have vastly different sensitivities from those of untransformed parameters. In fact the 

latter can have vastly different sensitivities from those of other untransformed parameters. 

PEST has internal numerical means of accommodating the estimation of parameters of vastly 

differing sensitivity. However special considerations arise when implementing SVD-assisted 

parameter estimation. This section describes those considerations, and the functionality that is 

now available within PEST to accommodate them. 

Ideally, when formulating an SVD-assisted parameter estimation problem, parameters should 

be normalized by their standard deviations. There are a number of reasons for this, one of 

which is that the solution to the regularized inverse problem can then approach the solution of 

maximum parameter likelihood (if initial parameter values are chosen wisely). Another 

important consideration is that normalisation by standard deviation tends to equalize 

sensitivities across different parameter types. If, after such normalisation, a particular base 

parameter, or group of base parameters, is found to be still insensitive, such parameters will 

be removed from consideration in the normal course of formulating the SVD-assisted 

parameter estimation process on the basis of eigenvectors corresponding to the major singular 

values of X
t
QX; thus such parameters will not feature strongly in super parameter definition. 

On the other hand, base parameters which are particularly sensitive after normalisation will 

feature strongly in super parameter definition, and hence will be adjusted during the 

parameter estimation process in preference to other, less sensitive, base parameters. 

If untransformed base parameters are not normalised, it is possible that some of them may be 

ñartificially hypersensitiveò. For example in a groundwater model, recharge (which is best 
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left untransformed to increase the linearity of the parameter estimation process) is often far 

more sensitive than other parameters (often by many orders of magnitude) simply because 

low numbers are used to represent it in many modelling contexts. Thus recharge base 

parameters feature strongly in super parameters. Furthermore in many cases the top few 

resulting super parameters can be hundreds of times more sensitive than the next super 

parameters, this creating numerical problems for PEST as it tries to adjust both the recharge-

dominated super parameters, together with super parameters of far lower sensitivity which 

contain linear combinations of other base parameters which may be for more instrumental in 

lowering the objective function than recharge parameters. If recharge parameters were 

normalized with respect to their natural variability this problem would not occur, for a very 

low number expressing what may be a comparatively high recharge value would then become 

a comparatively high number. Because variations in this high number then have smaller 

effects on model outputs than variations in the corresponding unnormalised very small 

number, the extreme sensitivities associated with the latter are removed. A similar affect 

would be achieved if recharge were log transformed. Mathematically, derivatives of log-

transformed parameters are automatically normalized by their values ï this achieving 

something approaching normalization by natural variability. However, in the case of 

recharge, while log transformation may remove artificial hypersensitivity, the parameter 

estimation process may suffer because of the nonlinearities introduced to it through log 

transformation. 

Another problem that arises with ñartificial hypersensitivityò of base parameters is that it is 

far too easy for them to encounter their bounds in the course of the parameter estimation 

process. Recall that it is an unfortunate necessity of employing SVD-assist as an inversion 

mechanism that once a base parameter hits its bound, it must stay stuck there forever. 

Premature bounds collisions can be mitigated by employing a relatively low RELPARMAX 

setting. However even this measure cannot forestall wholesale bounds collision of 

hypersensitive parameters, often on the first iteration of the parameter estimation process. 

The reason for this is that super parameters are actually the coefficients by which normalised 

(i.e. with magnitude 1) eigenvectors of X
t
QX are multiplied in determining parameter 

combinations which best reduce the (measurement) objective function. The component of a 

hypersensitive base parameter in one of these normalised eigenvectors can be such that, even 

when the corresponding super parameter is increased only incrementally for the purpose of 

derivatives calculation, the pertinent base parameter can hit its bounds; this happens solely as 

a consequence of the fact that the eigenvector has a magnitude of 1 and that hypersensitive 

base parameters (which will dominate the top few eigenvectors) have a ñnatural magnitudeò 

which may be orders of magnitude smaller than this. Obviously this is an outrageous situation 

which must be prevented at all costs. Fortunately, the problem is easily forestalled by 

estimating high multiples of hypersensitive base parameters - that is, by appropriate base 

parameter scaling. 

Base parameter scaling can be easily undertaken by direct editing of a base PEST control file 

prior to running SVDAPREP. Say, for example, that all parameters of a certain type (for 

example all recharge parameters) are to be scaled so that they are a thousand times less 

sensitive, thus avoiding the deleterious affects of artificial base parameter hypersensitivity 

discussed above. This could be achieved in the following manner. 

1. Provide all recharge parameters with a SCALE of 0.001 in the ñparameter dataò 

section of the base PEST control file.  

2. Multiply all recharge parameter initial values, and their bounds, by a factor of 1000. 
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3. Multiply any absolute derivative increments, and relative increment absolute lower 

bounds, by a factor of 1000 in the ñparameter groupsò section of the PEST control 

file. 

4. Alter any prior information equations containing these parameters such that they are 

correct when any recharge parameter involved in any equation is multiplied by 1000. 

Thus PEST ñseesò (and estimates) 1000 times each recharge parameter, while the model 

ñseesò correct recharge parameter values. (Note that if an OFFSET is employed for a 

parameter this does not need to be altered because PEST multiplies by the SCALE before it 

adds the OFFSET. Note also that if these changes are made to a base parameter control file 

for which a corresponding JCO file already exists, JCO2JCO can be used to create a new 

JCO file corresponding to the edited PEST control file, thus obviating the need for re-

calculation of base parameter sensitivities). As a result of these alterations to the base PEST 

control file, sensitivities with respect to these now-scaled recharge base parameters will be 

1000 times less than those of their unscaled counterparts. 

The above procedure is recommended if programs such as RESPROC and its partner utilities 

are to be used for post-calibration predictive error variance analysis, for the user can craft the 

parameter estimation problem to suit his/her purposes, and have full control over the scaling 

process. However PEST allows somewhat equivalent operations to be performed with less 

trouble than the above as a practical means of ensuring good performance of the SVD-

assisted parameter estimation process. These will now be described. 

2.8.2 The SVDA_SCALADJ Control Variable 

PEST now provides a variety of automatic base parameter scaling mechanisms to combat the 

problems associated with base parameter hypersensitivity outlined above. The variable which 

controls selection of these mechanisms is named SVDA_SCALADJ. If present, it is situated 

after the SVDA_MULBPA variable on the third line of the ñsvd assistò section of the super 

parameter PEST control file. See the figure below in which a value of ñ4ò is assigned to this 

variable. Permissible values are -4, -3, -2, -1, 0, 1, 2, 3, and 4. If omitted from the PEST 

control file, a default value of 0 is assumed; in this case no base parameter scaling is 

undertaken. 

* svd assist  

temp1.pst  

temp1.jco  

1 4 

The SVD-assist section of a super parameter PEST control file in which the 

SVDA_SCALADJ control variable is assigned a value of 4. 

Base parameter scaling options are now discussed in detail. It is important to note that all 

scaling is undertaken internally by PEST. Estimated parameter values as displayed, for 

example, in the BPA file do not require ñde-scalingò by the user.  

2.8.2.1 Non-Log-Transformed Parameter Scale Adjustment by Group 

As stated above, problems caused by base parameter hypersensitivity do not tend to occur 

when implementing SVD-assisted parameter estimation where all base parameters are log-

transformed. This is a result of the ñself-normalizingò effect of logarithmic transformation. 

As an inspection of the SEN (composite sensitivity) file produced by PEST often reveals, 

sensitivities of log-transformed parameters, even of vastly different types, are generally not as 

variable as those of untransformed parameters. 
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One option for untransformed parameters is to scale them such that their sensitivities are 

roughly equal to those of log-transformed parameters involved in the parameter estimation 

process. If SVDA_SCALADJ is set to 1 PEST undertakes scaling of untransformed base 

parameters in the following fashion. 

1. First it calculates the composite sensitivity of every adjustable base parameter; this is 

calculated as the magnitude of the column of the Jacobian matrix corresponding to 

each parameter, with each entry in that column multiplied by the squared weight 

associated with the corresponding observation. 

2. Next it calculates the average composite sensitivity of all parameters in each 

parameter group; that is, it calculates a kind of parameter group composite sensitivity. 

It is assumed that all adjustable parameters within any parameter group are either log-

transformed or untransformed (tied and fixed members of a particular parameter 

group are permitted). 

3. For each untransformed parameter group PEST evaluates a scaling factor, applied to 

all parameters in the group, which equates the average composite sensitivity for that 

group to that of the log-transformed group of maximum average composite 

sensitivity. 

Variations of this theme are as follows. 

1. If SVDA_SCALADJ is set to -1, PEST will never increase the sensitivity of an 

untransformed parameter group to ensure composite sensitivity equalisation with the 

log-transformed parameter group of highest average composite sensitivity; it will only 

decrease the sensitivity of any untransformed parameter group. 

2. If SVDA_SCALADJ is set to 2, PEST calculates the average composite sensitivity of 

all log-transformed parameters, irrespective of the parameter group to which they 

belong. Then, for each untransformed parameter group, all member parameters are 

scaled such that the average composite sensitivity of the parameter group is equal to 

that of all log-transformed parameters. 

3. If SVDA_SCALADJ is set to -2, PEST will never increase the sensitivity of an 

untransformed parameter group to ensure composite sensitivity equalisation with log-

transformed parameters; it will only decrease the sensitivity of an untransformed 

parameter group. 

PEST will terminate execution with an error message if SVDA_SCALADJ is set to -2, -1, 1 

or 2 and any of the following conditions are met. 

1. A base parameter group exists which contains both log-transformed and 

untransformed parameters. 

2. No log-transformed parameters are cited within the base control file. 

3. All log-transformed base parameters have zero sensitivity. 

2.8.2.2 Individual Non-Log-Transformed Base Parameter Scale Adjustment 

As stated above, ideally parameters should be scaled by their standard deviations -  that is, by 

their innate variability ï that is, by the uncertainty associated with those parameters in the 

absence of any calibration information, this uncertainty being based solely on specialist 

knowledge of the system. Such information cannot be supplied directly on a PEST control 

file. However parameter upper and lower bounds (which are supplied through a PEST control 
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file) can be considered as surrogates for information of this type. 

If SVDA_SCALADJ is set to 3, PEST assumes that the upper and lower bounds of all 

untransformed parameters are set approximately four standard deviations apart. 

Untransformed parameters are then scaled by standard deviation calculated accordingly. 

(There is no need for exactness here as the success of scaling in improving the performance 

of SVD-assisted parameter estimation is not unduly sensitive to the exact scaling values. Four 

standard deviations is a convenient assumption as, for normally distributed parameters, it 

corresponds to a confidence interval of about 95 percent.)  

If SVDA_SCALADJ is set to -3, PEST will not apply a scale factor that increases the 

sensitivity of a parameter; it will only apply a scale factor that reduces the sensitivity of an 

individual untransformed base parameter. 

2.8.2.3 Pervasive Base Parameter Scale Adjustment 

If SVDA_SCALADJ is set to 4, the strategy implemented when SVDA_SCALADJ is set to 3 

is extended to accommodate all adjustable base parameters ï even those that are log-

transformed. As for untransformed parameters, it is assumed that the bounds on log-

transformed parameters represent a separation of about 4 standard deviations, and that their 

probability distributions are log-normal. Once again, these assumptions are not critical by any 

means; they simply represent a convenient basis for scaling. If SVDA_SCALADJ is set to -4, 

no base parameter sensitivities will be increased in the process of base parameter scale 

adjustment. 

2.8.2.4 Which Option to Use 

Option 4 is the preferred option, both theoretically and in terms of optimisation of PEST 

performance when carrying out SVD-assisted parameter estimation. However it requires that 

the user pay more careful attention to the setting of parameter bounds than he/she may 

normally do. In fact on many occasion of PEST usage, scant attention is given to parameter 

bounds at all, these being set wide enough apart for PEST to ñlisten to what the data saysò 

about the system being simulated by the model, and about the model itself, through the values 

that it assigns to parameters employed by the model, unencumbered by the necessity to 

respect bounds placed on these parameters. This, indeed, can be an important role played by 

the calibration process, for if PEST insists on assigning unacceptable values to certain model 

parameters, this may indicate conceptual flaws in the model. If all parameters are log-

transformed, setting SVDA_SCALADJ to 4 with parameter bounds set wide apart should not 

cause problems (though it would be better to set it to zero under these conditions). However 

if some parameters are not log transformed, use of option 4 could lead to dreadful 

performance of the SVD-assisted parameter estimation process, as hypersensitivity of one or 

more types of untransformed parameter could result in rapid bounds collision for the reasons 

outlined above. 

Notwithstanding superior performance of a properly-constructed SVD-assisted parameter 

estimation process with SVDA_SCALADJ set to 4, the SVDAPREP utility (which prepares a 

super parameter PEST control file from a base parameter PEST control file) provides a 

default setting of 2 for SVDA_SCALADJ. Experience has shown that SVD-assisted 

parameter estimation when both log-transformed and untransformed parameters are 

simultaneously estimated is not as robust with this option as it is for options 3 or 4 with 

careful consideration given to the setting of parameter bounds. However if base parameter 

bounds are set far apart in order to reduce their effect on the parameter estimation process 
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(either deliberately for the reasons outlined above, through user-laziness, or even as a 

result of the unlikely, but not impossible, occurrence that a user did not read this section of 

the manual), then use of options 3 or 4 may have disastrous consequences for the SVD-

assisted parameter estimation process. Hence option 2 is the safest SVDAPREP option. The 

user should not forget, however, the benefits of setting SVDA_SCALADJ to 4 in conjunction 

with a careful bounds setting strategy. 

2.9 SVD-Assist: Externally-Defined Super Parameters 

Total flexibility in definition of super parameters is available through having the eigenvectors 

with which these super parameters are associated defined without reference to a PEST control 

file, and its associated Jacobian matrix, altogether. This can be achieved through setting a 

new SVD-Assist control variable SVDA_EXTSUPER to 1, and through supplying a ñsuper 

parameter definition matrixò in place of a base Jacobian matrix. The following example 

shows the SVD-Assist section of a PEST control file in which these settings are made. 

* svd assist  

temp1.pst  

super.mat  

1 0 1  

The SVD-assist section of a super parameter PEST control file in which the 

SVDA_EXTSUPER control variable is set to 1, and the name a super parameter 

definition file is supplied in place of that of a base Jacobian matrix file. 

The SVDA_EXTSUPER control variable is an integer which must be supplied as either 0 or 

1. If omitted it is assumed to be zero. 

If SVDA_EXTSUPER is set to 1 PEST does not undertake singular value decomposition of 

an X
t
QX matrix for definition of directions in parameter space with which super parameters 

are associated. Instead it reads these directions from a matrix file; the format for such a file is 

described later in this addendum. If n super parameters are featured in a PEST control file, 

then the directions in parameter space associated with these parameters are defined as the first 

n columns of the matrix supplied in the matrix file. If more than n columns are featured in 

this matrix, columns after the nôth are ignored. 

The matrix file supplied to PEST as the super parameter definition file must meet certain 

requirements. As already stated, it must have as many columns (or more) as there are super 

parameters defined in the super parameter PEST control file; the names associated with these 

columns are ignored. It must also have at least as many rows are there are base parameters 

defined in the base parameter PEST control file. Furthermore each adjustable parameter 

defined in the base PEST control file should have a matrix row associated with it (and linked 

to it through equality of base parameter name and associated row name) in the super 

parameter definition matrix file. It is not essential that these names be supplied in the same 

order in both of these files. Nor does it matter if the super parameter matrix file contains extra 

rows linked, perhaps, to fixed or tied base parameters, or to other parameters altogether.  

However it is essential that no adjustable base parameter name be unmatched to a row of the 

super parameter definition matrix file. 

Note the following: 

1. I t is important for the sake of calculation of derivatives with respect to base 

parameters that all columns of the external super parameter definition matrix 

have a magnitude of approximately 1. Use of the MATSVD utility described in a 
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later section can ensure this, at the same time as it ensures orthogonality of super 

parameter vectors. Simply prepare a candidate matrix based, for example, on what are 

judged to be the most important parameters and/or parameter combinations, and then 

employ MATSVD to determine a complementary orthogonal, normalised matrix. 

2. If SVDA_EXTJAC is set to 1 there is no role for the SVDA_SCALADJ variable. 

Hence it is set to zero inside of PEST. 

3. The SVD-assisted inversion process handles base parameter bounds imposition 

slightly differently when super parameter directions are assigned externally, from the 

way in which bounds imposition is handled when base parameter directions are 

calculated by PEST. In the latter case super parameter directions are re-defined by 

PEST when salient base parameters stuck to their bounds and are thus effectively 

removed from the inversion process. In the former case super parameter re-definition 

cannot take place. As a result, the inversion process may be a little slower under these 

circumstances. 

SVDAPREP has been slightly modified in order to provide the user with the option of using 

an external super parameter definition file in place of a base parameter Jacobian file for super 

parameter definition. 

2.10 A New IREGADJ Option 

As described in the PEST manual, a value for the IREGADJ variable can optionally be added 

to the end of the ñregularisationò section of the PEST control file; if this variable is not 

present, its value is assumed to be zero. Experience has demonstrated that setting this variable 

to ñ1ò can be a very useful means of accommodating the presence of more than one 

regularisation group within the PEST control file, for it is often a difficult matter for the user 

to determine the appropriate weightings to use between these different groups. When 

IREGADJ is set to 1, PEST takes account of both the number and sensitivities of 

regularisation observations and prior information equations in each group in determining 

relative inter-regularisation group weighting, so that the contribution made by each group to 

the overall set of regularisation constraints is ñbalancedò. However its mechanism for 

calculating these relative weights is by no means foolproof; nor is it such that it would not 

benefit from user-assistance in some circumstances. An IREGADJ setting of ñ3ò allows such 

assistance to take place. 

For any IREGADJ setting, PEST respects user-supplied relative observation and prior 

information weights within any regularisation group. However it does not respect weights 

between them, for it determines a weight multiplier specific to each group, independent of 

user-specified relative inter-group regularisation weights as supplied through the PEST 

control file. Thus when IREGADJ is set to 1 or 2 there is no need for the user to worry about 

setting relative regularisation group weighting ñproperlyò, because PEST overrides this 

weighting when calculating its own inter-group regularisation weight factors. Hence if a user 

does not wish that regularisation weights vary within any regularisation group, there is no 

reason why all regularisation weights should not be supplied with a value of 1.0 in the PEST 

control file. 

If IREGADJ is set to 3, PEST undertakes the same calculations for the purpose of relative 

group weight factor calculation that it undertakes when IREGADJ is set to 1. However it then 

undertakes a ñfinal adjustmentò of regularisation weights by multiplying them all by user-

supplied regularisation weights. Thus if, for example, a user supplies weights for group 
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regul1 which are twice those for regul2, PEST will multiply all weights within group 

regul1 by a factor of 2 relative to those in group regul1 after having calculated regularisation 

weights for these groups using the procedure that is normally employed when IREGADJ is 

set to 1. (All regularisation weights are then multiplied by the global regularisation weight 

factor before parameter estimates are net upgraded.) 

Setting IREGADJ to 3 has the potential to be very useful where there are many regularisation 

groups. In such circumstances it is difficult for a user to determine a ñbalancedò set of inter-

regularisation group weight factors him/herself; the result may be poor PEST performance as 

regularisation constraints fail to compensate for data inadequacy in formulating a well-posed 

inverse problem. Although PEST may be able to do this quite comfortably itself on many 

occasions using its normal IREGADJ functionality, it may nevertheless be the userôs desire 

that regularisation constraints for some parameters be enforced more strongly than for others. 

In these circumstances he/she can supply an initial set of weights that reflect this desire. 

PEST will then alter its IREGADJ-calculated weights accordingly in the manner described 

above. 

It is apparent from the above discussion that it would be unwise for a user to supply 

regularisation weights which are markedly different from group to group when IREGADJ is 

set to 3, for the benefits of IREGADJ adjustment will be lost if internally-calculated relative 

weights are varied too much from the ñbalancedò set calculated by PEST. It must be 

remembered in formulating a weights assignment strategy for constructing the PEST control 

file that PESTôs internal weights adjustment procedure will automatically take into account 

the population of each regularisation group, and the composite sensitivity of each of the 

observations or prior information equations comprising each regularisation constraint. When 

IREGADJ is set to 3, it is the userôs task when supplying weights to the PEST control file to 

provide a basis for relative inter-group weights ñfine-tuningò that reflects his/her desirer for 

certain constraints to be enforced more than others. However if such tuning prevents stable 

solution of the inverse problem, then the desire for stronger enforcement of one set of 

constraints over another must be abandoned and uniform regularisation weights supplied, or 

IREGADJ set to 1. 

2.11 Parallel PEST Run Repeats 

If Parallel PEST encounters a problem in reading a model output file from a slaveôs 

subdirectory, it tries a number of times to read the file before giving up. Then, just in case the 

problem originated in network congestion or some other troublesome network behaviour, 

Parallel PEST repeats the model run on the same or another slave. A number of repetitions 

are attempted before PEST terminates execution with an error message to the screen outlining 

the nature of the problem encountered. 

Where model run times are long and the problem did not in fact originate in network 

communication failure, this process can take a long time. There are instances where the user 

would like to be made aware more quickly of such a problem so that he/she can take steps to 

rectify it if, in fact, the source of the problem is in the model, or one of the components 

thereof, rather than in the network. Parallel PEST now presents an option through which 

repeated attempts to run the model are bypassed; instead PEST immediately terminates 

execution with an appropriate error message. A new variable has been added to the Parallel 

PEST run management file to activate this option. 

The figure below illustrates the construction of a run management file. The second line now 

contains five variables, the last two of which are optional. If the last variable (RUNREPEAT) 
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is set to 0, attempts at model run repetition as described above will not take place. If it is 

set to any other number (or if it is omitted), attempted run repetition will take place. 

prf  

NSLAVE IFLETYP WAIT PARLAM RUNREPEAT 

SLAVNAME SLAVDIR 

(once for each slave)  

(RUNTIME(I), I=1,NSLAVE)  

Any lines after this point are required only if IFLETYP is nonzero; the 

following group of lines is to be repeated once for each slave.  

I NFLE(1)  

INFLE(2)  

(to NTPFLE lines, where NTPFLE is the number of template files)  

OUTFLE(1)  

OUTFLE(2)  

(to NINSFLE lines, where NINSFLE is the number of instruction files)  

Structure of a Parallel PEST run management file. 

It is important to note that if the RUNREPEAT variable is present in a PEST run 

management file, then the PARLAM variable must also be present. 

2.12 Covariance Matrix Files 

As documented in the PEST manual, PEST is able to read an observation covariance matrix 

file in place of weights. Enhancements to PEST have been made in order to now allow 

covariance matrices to be supplied in files of two different formats. The existing format, as 

documented in the PEST manual, is still supported; this requires that the matrix be supplied 

in an ASCII file with space or comma delimited entries. In addition to this, PEST is now able 

to read ñmatrix filesò whose storage protocols are described later in this document. Thus the 

covariance matrix used for specification of measurement uncertainty can be constructed and 

manipulated using PESTôs new matrix handling utilities. 

The following should be noted:- 

1. PEST detects itself whether a matrix is supplied using the old format, or the newer 

matrix file format. 

2. The matrix supplied to PEST must be square and symmetrical. It must possess the 

same number of rows and columns as there are observations in the observation group 

to which it pertains. 

3. Matrix file protocol requires that rows and columns be named. PEST does not check 

these names against the names of observations comprising the observation group to 

which the matrix is assigned. Rows and columns in the covariance matrix must thus 

be supplied in the same order as that in which associated observation or prior 

information names are listed in the PEST control file. That is, items in the covariance 

matrix file are linked by order or occurrence and not by name. 

4. The matrix itself (or just its diagonal elements if the ICODE variable is supplied as -

1), is read using free field format. 

5. If any errors are detected within the matrix file, PEST ceases execution with an 

appropriate error message. 
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2.13 New Automatic User Intervention Default Settings 

As is described in the PEST manual, automatic user intervention can be implemented simply 

by adding the string ñauiò to the eighth line of the PEST control file, just after the 

PHIREDSWH variable. As well as this, if desired, an ñautomatic user interventionò section 

can be added to the PEST control file in which values are assigned to variables which govern 

the operation of PESTôs automatic user intervention functionality. If this section is not added, 

PEST assigns default values to these control variables. 

Default values for automatic user intervention control variables are now as set out in the table 

below. 

Variable name Default value 

MAXAUI 0.75 times number of adjustable parameters 

AUISTARTOPT 1 

NOAUIPHIRAT 0.9 

AUIRESTITN 0 

AUISENSRAT 5.0 

AUIHOLDMAXCHG 0 

AUINUMFREE 3 

AUIPHIRATSUF 0.8 

AUIPHIRATACCEPT 0.99 

NAUINOACCEPT 0.75 times MAXAUI 

Default settings for automatic user intervention control variables. 

The settings supplied in the above table are such as to cause PEST to make every effort 

possible to lower the objective function on every iteration. Hence computation times may be 

greatly lengthened (especially as the automatic user intervention process is not parallelisable). 

Hence, in certain circumstances, the user may wish to supply different values for these 

variables in order to reduce the number of model runs required per optimisation iteration. 

2.14 Inclusion of Predictive Noise in Predictive Analysis Process 

2.14.1 General 

Authors such as Vecchia and Cooley (1987) discuss the difference between a predictive 

confidence interval and a prediction interval. The former is the ñwiggle roomò in a model 

prediction that is allowed by the presence of measurement noise in data employed in the 

model calibration process. This is the only interval calculated by previous versions of PESTôs 

predictive analyser in which a user-specified prediction is maximised or minimised while 

maintaining the model in a ñcalibrated stateò at a certain level of confidence. The means by 

which this level of confidence is calculated is presented below.  

Unfortunately, the predictive confidence interval takes no account of the fact that a model 
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cannot replicate the operation of an environmental system exactly. Associated with every 

prediction that a model makes is a certain degree of ñpredictive noiseò. Part of this noise 

(probably the greater part) is the result of model inadequacies. Part of it is attributable to the 

fact that if a field measurement were made corresponding to the model prediction, then a 

certain amount of noise would be associated with that measurement. In establishing an 

interval about a model prediction that would encompasses this actual measurement at a 

certain level of confidence, this noise must be taken into account. 

Where a prediction is of the same or similar type to measurements employed in the 

calibration process, the variance of predictive noise (if it can be assumed to be the same as 

that of measurement noise) is estimated through the calibration process. Suppose that the 

minimised objective function obtained through overdetermined inversion is ʌmin. Suppose 

also that each measurement weight employed in the inversion process is proportional to the 

inverse of the standard deviation of the measurement to which it pertains. PEST calculates a 

reference variance as: 

 ůr
2
 = ʌmin/(n-m)        (2.1) 

where n is the number of observations on which calibration is based and m is the number of 

estimated parameters. If the weight assigned to the iôth observation is wi, then its standard 

deviation is thus estimated as: 

 ůi = (ãůr
2
)/wi         (2.2) 

Where a prediction is of an entirely different type to measurements employed in the 

calibration process, then the level of noise associated with that prediction (in most cases 

resulting from incapacity of the model to simulate all details of system behaviour which 

pertain to this prediction) must be guessed. 

2.14.2 One Methodology for Accommodation of Predictive Noise 

One way in which the presence of predictive noise can be accommodated in the predictive 

uncertainty analysis process is to add an extra parameter, e to the existing PEST parameter set 

prior to undertaking that process. This parameter is actually the ñpredictive errorò associated 

with the prediction that is to be maximised or minimised. The ñestimated valueò for e (which 

would normally be supplied as its initial value), is zero. A prior information equation would 

then be added to the inversion process in which e was equated to zero. The weight assigned to 

this prior information equation would be such that when its inverse was multiplied by the 

square root of the reference variance, the standard deviation of predictive noise is obtained. 

Or, looking at it another way, the inverse of the weight assigned to this prior information 

equation should bear the same relationship to predictive noise standard deviation as the 

inverse of observation weights employed in the calibration process bear to their respective 

measurement errors. 

A new template file would then be prepared which would allow PEST to record the current 

value of e prior to each model run. Alternatively, the value of e could be written to an 

existing model input file using a slightly modified existing template file; the model would 

then need to be modified to read this value. Functionality would then be added to the model 

(or to a model postprocessor) through which e was added to the model-calculated prediction. 

This new noise-augmented prediction would then be read by PEST as the quantity to be 

maximized or minimized through the predictive analysis process. In maximising/minimising 

the prediction within the objective function constraints allowed to it, PEST would then have 

the choice of increasing/decreasing the actual model output corresponding to this prediction, 
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or the error associated with this prediction or, more likely, a combination of the two. 

2.14.3 An Alternative Methodology 

The constrained maximization/minimization algorithm which underpins PESTôs predictive 

analyser has been enhanced so that the same outcomes as the above process can be achieved 

without making significant modifications to the PEST predictive analysis input dataset, and 

without needing to augment the modelôs functionality such that it adds noise to the selected 

predictive output. This methodology is based on theory presented in Vecchia and Cooley 

(1987) for achieving this aim. 

Suppose that a prediction s is calculated from model parameters encapsulated in the vector p 

using the linearised model equation:- 

 s = y
t
p          (2.3) 

where y is a vector of sensitivities of the model prediction to each of the parameters 

encapsulated in p; predictive and parameter offsets are ignored in this and following 

equations. Suppose that we wish to maximize the model output corresponding to this 

prediction while constraining the objective function (which, for the moment, will be assumed 

NOT to include a contribution from predictive noise e) to be no higher than ʌ0. Then p 

corresponding to the maximised/minimised prediction can be shown to be calculable as:-
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and the h vector is comprised of observations employed in the calibration process (once again 

with offsets ignored). The positive or negative square root of (1/2ɚ)
2
 is chosen depending on 

whether prediction maximization/minimization is being performed. These are the same 

equations as those presented in Chapter 2 of the PEST manual. 

Where ʌ0 includes the effect of predictive error (and therefore includes the term (wee)
2
 where 

we is the weight assigned to predictive noise and e is the predictive error itself) equation (2.4) 

is still employed to calculate p. However (2.5) becomes:- 
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while the actual predictive error e is calculated as:- 

 e = -we
-2
/2ɚ         (2.7) 

For nonlinear models equations 2.4 to 2.7 are solved for p using an iterative procedure in 

which X, y and h (which is actually replaced by the residuals vector r ) are updated during 

every optimisation iteration in accordance with current values of p.  
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2.14.4 Objective Function Constraints 

Vechhia and Cooley (1987) and Christensen and Cooley (1999) discuss the difference 

between simultaneous (or Scheffé) confidence/prediction intervals and individual 

confidence/prediction intervals. A simultaneous parameter confidence region is an m-

dimensional region in parameter space bounded by a surface of constant objective function 

value (which is an ellipsoid for a linear model) within which, at a nominated level of 

confidence, all parameters lie. The projections of this surface onto different parameter axes 

define the Scheffé confidence intervals for these parameters. The Scheffé 1-a confidence 

interval for a prediction is defined as the interval between the maximum and minimum 

prediction that can be made by the model using parameters that lie within the joint parameter 

confidence region pertaining to a nominated 1-a probability level. The simultaneous 

prediction interval includes predictive noise as a notional parameter in this process, and as an 

augmenter of the prediction, in the manner described above. 

The 1-a individual confidence interval of a parameter is simply the range of values, centred 

on the best parameter estimate, within which the parameter lies at a confidence limit of 1-Ŭ, 

irrespective of values taken by other parameters. The 1-a individual confidence limit of a 

prediction is defined as the range of predictive values for which the combination of 

parameters that gives rise to the prediction is within the 1-a confidence interval for that 

combination of parameters. Individual predictive intervals take predictive error into account 

as both a notional parameter and a prediction augmenter as discussed above. Individual 

confidence and predictive intervals are smaller than simultaneous intervals at the same level 

of confidence. 

Values of ʌ0 for 1-Ŭ simultaneous confidence and prediction intervals respectively are given 

by:- 
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Where ñF(m,n-m)ò refers to the F distribution with (m,n-m) degrees of freedom and ūmin is 

the minimized objective function as calculated during the calibration process (which must 

precede the predictive analysis process). 

For individual (1-Ŭ) predictive confidence and prediction intervals respectively, the following 

equations apply:- 
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Where t(m-n) signifies a t distribution with (n-m) degrees of freedom. Obviously equation 

(2.11) is identical to (2.10). However in the latter case the predictive error term (ewe)
2
 is 
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included in the objective function ʌ (as it is in equation 2.9); note however that its 

contribution to ūmin is zero due to the fact that e is zero at the calibration objective function 

minimum. Christensen and Cooley (1999) and Cooley (2004) point out that a correction 

factor should be applied to the right side of equations 2.10 and 2.11 to accommodate 

nonlinear model behaviour. However they also point out that this factor is mostly close to 

1.0; hence it will be ignored in the present work. 

2.14.5 Implementation in PEST 

Calculation of the confidence interval for a particular prediction is simply a matter of using 

PESTôs predictive analyzer as described in the PEST manual, and employing ʌ0 of equation 

(2.8) or equation (2.10) as the PD0 predictive analysis control variable. 

Calculation of prediction intervals is only slightly more complex. In this case ʌ0 of equation 

(2.9) or equation (2.11) must be employed for PD0. Furthermore, the weight assigned to the 

observation comprising the sole member of the observation group ñpredictò must be correct 

in terms of its characterisation of predictive noise in the current calibration context, for PEST 

does not ignore this weight when calculating prediction intervals as it does when calculating 

confidence intervals, instead adopting it as we in the above equations. As discussed above, 

this weight must bear the same relationship to predictive noise as observation weights bear to 

observation noise. Finally, a new PEST control variable named PREDNOISE must be set to 

1. The location of the PREDNOISE variable in the ñpredictive analysisò section of the PEST 

control file is illustrated in the figure below. 

* predictive analysis  

NPREDMAXMIN PREDNOISE 

PD0 PD1 PD2  

ABSPREDLAM RELPREDLAM INITSCHFAC MULSCHFAC NSEARCH 

ABSPREDSWH RELPREDSWH 

NPREDNORED ABSPREDSTP RELPREDSTP NPREDSTP 

Predictive analysis section of the PEST control file showing the location of the 

PREDNOISE variable. 

If PREDNOISE is supplied as zero (or not supplied at all), PEST will not take predictive 

error into account when maximising the user-specified prediction. However if  it is set to 1, 

then PESTôs behaviour in conducting the predictive analysis maximisation/minimisation 

process is slightly altered. In particular:- 

1. The reported objective function is now the normal model-to-measurement misfit 

objective function plus the contribution from predictive error, i.e. (ewe)
2
. 

2. The reported prediction is now the model output specified as the prediction, plus the 

predictive noise term e. 

3. The current value of e is reported with the prediction as the optimisation process 

progresses. 

In all other respects, operation of PEST is outwardly the same when PREDNOISE is set to 1 

as it is when PREDNOISE is set to zero.   

Irrespective of the PREDNOISE setting serious consideration should be given to employing a 

line search in the predictive analysis process (not withstanding its high cost in terms of model 

runs). Variables controlling this line search procedure should be assigned in accordance with 

the discussion presented earlier in this addendum (see Section 2.4). 

Limited experience to date in comparing the performance of PESTôs internal accommodation 
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of the predictive noise term with the more lengthy procedure described in Section 2.13.2, 

suggests paradoxically, that the latter is slightly more efficient, and provides slightly 

higher/lower maximised/minimised predictions. It is thought that this is due to better 

accommodation of the nonlinear nature of the problem, particularly in implementing the line 

search, when the e parameter is re-calculated at each stage of this search, instead of being re-

calculated only when a different Marquardt lambda is employed in the parameter calculation 

process as occurs for internal implementation of this procedure. However, fortunately, 

differences between the two outcomes do not appear to be great. 

2.15 Starting a New PEST Run Using and Old Jacobian 

There are many occasions on which a PEST run is commenced, only for the user to realise as 

soon as the first parameter upgrade is attempted, that different settings should have been 

employed for that run. For example, a PEST control variable should have been set differently; 

or perhaps PEST should have been asked to use truncated singular value decomposition as a 

regularisation device instead of Tikhonov regularisation. On such situations the PEST run is 

then halted before the second optimisation iteration begins, or at an early stage of this 

iteration where parameter sensitivities are being calculated through repeated model runs; the 

PEST control file is then edited, and PEST is re-started. Unfortunately, this is a wasteful 

procedure, for then PEST calculates parameter sensitivities for initial parameter values all 

over again (assuming that these have not been changed) before recalculating parameter 

upgrades on the basis of the new inversion settings. 

Re-calculation of sensitivities for initial parameter values can now be avoided if PEST is re-

started using the ñ/iò switch. In this case PEST immediately prompts for the name of a JCO 

file (i.e. an unformatted file in which the Jacobian matrix is stored ï see the PEST manual for 

further details), from which it can read initial parameter sensitivities. When the time comes to 

calculate the first set of parameter derivatives, PEST then reads them from this file instead of 

calculating them by finite differences or reading them from a derivatives file. For all 

subsequent iterations, however, it calculates sensitivities in the normal manner. 

If a PEST run has been halted after calculation of the first Jacobian matrix, it is a good idea to 

copy the JCO file to a file of another name. This will prevent it from being destroyed or 

overwritten next time PEST is run on the same case. The file is thus always available for use 

during the first iteration of subsequent PEST runs. The usefulness of this file as a powerful 

means to save repetition of the first inversion iteration is heightened by the fact that 

subsequent PEST cases that can use it for this purpose need not employ the same prior 

information equations as were used (or not) in the initial PEST run on whose basis the initial 

JCO file was stored, for PEST always calculates prior information sensitivities internally. All 

that is required is that the new PEST run employ the same adjustable parameters (in the same 

order) and the same observations (in the same order) as the old PEST run; PEST will soon 

inform you if this is not the case. However it is also important that the log-transformation 

status of parameters does not change between PEST runs; this is a condition that PEST 

cannot detect, and so the user must ensure that this is the case him/herself. However 

observations weights can change between the PEST run that produced the stored JCO file, 

and any subsequent run that uses it. 

To start a new PEST run using an old Jacobian matrix for the initial iteration, run PEST using 

the command:- 

 pest case .pst /i  
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where case is the filename base of the current PEST case. As soon as it commences 

execution, PEST will prompt:- 

Enter name of JCO file for first iteration sensitivities:  

to which you should respond with the name of a JCO file produced during (normally the first 

iteration) of a previous PEST run. As stated above, while the name of this file can be case.jco 

where case is the filename base of the current PEST case, this is a very dangerous procedure 

due to the likelihood of this file being destroyed or overwritten. It is far better to rename a 

JCO file that is to be re-used for initialisation of subsequent PEST runs in this manner. 

 

2.16 Partial Parallelisation of the Lamdba Search 

The figure below shows the structure of the parallel PEST run management file. 

Structure of the Parallel PEST run management file. 

The last variable on the second line of this file informs PEST whether or not it should 

partially parallelise the procedure through which it tests the effects of different Marquardt 

lambdas in lowering the objective function. If this is set to zero, or omitted, partial 

parallelisation of the lambda search is disabled. If it is set to 1, the partial parallelisation 

process is enabled. 

Where the number of slaves involved in the parallelisation process is high, it is wise to limit 

the number of these slaves which actually become involved in the Marquardt lambda testing 

procedure. One reason for this is that, with so many different lambdas being simultaneously 

tested, it is possible for some to yield upgrade vectors containing parameters which create 

problems for the model. In general, the further is a tested lambda from the current lambda, 

the more likely is this to happen. Problems could include slower model convergence or even 

model failure. Fortunately this can now be easily prevented. 

PARLAM can now be set to a negative number. As long as it is non-zero, partial 

parallelisation of the lambda search procedure will be activated within PEST. However the 

number of slaves involved in this lambda search procedure will be limited to the absolute 

value of PARLAM. Thus, for example, if parallelisation is being undertaken using 50 slaves, 

and if PARLAM is set to -4, then only 4 slaves will be involved in the partial parallelisation 

of lambda testing. 

A PARLAM setting of -9999 however has special significance. This setting should only be 

employed where a user has access to a relatively large number of computing nodes of equal 

prf  

NSLAVE IFLETYP WAIT PARLAM  

SLAVNAME SLAVDIR 

(once for each slave)  

(RUNTIME(I), I=1,NSLAVE)  

Any lines after this point are required only if IFLETYP is nonzero; the 

following group of lines is to be repeated once for each slave.  

INFLE(1)  

INFLE(2)  

(to NTPFLE lines, where NTPFLE is the number of template files)  

OUTFLE(1)  

OUTFLE(2)  

(to NINSFLE lines, where NINSFLE is the number of instruction files)  
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power. If PARLAM is set to -9999, the parallel lambda search procedure follows the 

strategy set out below. 

1. Only one cycle of parallel runs is devoted to testing Marquardt lambdas; PEST will 

not commit to a second cycle, irrespective of results forthcoming from the first cycle.  

2. The maximum number of parallel runs constituting this cycle is set to NUMLAM, the 

variable in the ñcontrol dataò section of the PEST control file which sets the 

maximum number of lambda-testing runs undertaken per iteration. However if there 

are less slaves than NUMLAM available at the time that lambda testing is required, 

NUMLAM is temporarily reduced to the number of available slaves. 

3. If it is not supplied as a negative number, RLAMFAC (the lambda multiplier 

employed in lambda testing) is set internally to the negative of its supplied value. 

Hence, as described in section 2.18 of this addendum, a much wider range of lambda 

values is tested than would be the case if a value-independent multiplier were 

employed. 

4. Tested lambda values (on different slave machines) are disposed in equal numbers 

above and below the current value of the Marquardt lambda. 

5. The outcomes of all such runs are read, irrespective of ñtrendsò discovered from the 

processing of early returns. Thus if the dependence of the objective function on the 

Marquardt lambda is irregular (such as can occur if finite-difference derivatives are 

compromised as a result of model output granularity), an ñaccidentalò low objective 

function corresponding to a random lambda will not be missed. 

Use of a PARLAM setting of -9999 is recommended where a user has access to a large 

number of nodes, many of which would be standing idle while implementing alternative 

lambda search strategies. The user must remember however, that the number of runs 

employed for lambda testing is set by NUMLAM, and not by the number of slaves/nodes 

available. Hence NUMLAM  may need to be set higher than normal. Note also that, as stated 

above, only one round of lambda-testing runs is undertaken.  

Caution should be exercised when employing this lambda-testing option. If a model is 

susceptible to crashing when it is supplied with parameter values that it finds unpalatable, this 

is most likely to occur during the lambda search, for this is the part of the parameter 

estimation process where parameter values are most different from those that have been 

employed before. Testing of a wide variety of lambda values in this parallel fashion can 

increase the chances of model run (and hence PEST) failure. 

Another negative feature of this mode of lambda testing is that PESTôs ability to sequentially 

and temporarily freeze parameters that have hit their bounds at their current values if gradient 

or upgrade vectors point out of bounds is compromised to some (but not a great) extent. 

It is hoped that this methodology for lambda testing will be of use where, as stated above, 

model derivatives are compromised because of model numerical imperfections. If this is the 

case, the user may wish to set RLAMFAC to a higher negative value than normal (for 

example a value of -4 rather than the recommended value of -2) so that it can sample the 

objective function vs. lambda curve in greater detail (perchance to fall into objective function 

crevices in this noisy surface). 

Note for BPROC users. The MPRUN program used to run the model is supposed to create a 

file named ñcase.number_processorsò from which Parallel PEST can learn of the number of 

nodes that are actually employed in current parallelisation. At the time of writing, this file is 
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not being produced by MPRUN. Hence if NUMLAM is inadvertently set above the number 

of processors that are actually available, PEST has no way of knowing to reduce its value. 

2.17 New NOPTMAX Setting 

In the past, to run PEST solely for the purpose of calculating a Jacobian matrix, NOPTMAX 

had to be set to -1. With NOPTMAX thus set, as well as filling the Jacobian matrix, PEST 

also calculates the parameter covariance, correlation coefficient and eigenvalue matrices, as 

well as statistics derived from these. Residuals, and statistics based on residuals, are written 

to the run record file. Furthermore, a final model run is undertaken based on ñoptimised 

parametersò (in this case initial parameters) so that model input and output files remaining 

after the PEST run is complete pertain to these parameters.  

Where sensitivities are being calculated on the basis of base parameters prior to an SVD-

assisted PEST run, there is no need for these statistics to be calculated. Not only is the user 

unlikely to be interested in them, but where there are many base parameters their computation 

(particularly those of the covariance and related matrices) may take a considerable amount of 

time. Calculation of these can now be avoided through setting NOPTMAX to -2 instead of -1. 

In this case, PEST terminates execution as soon as the Jacobian matrix has been calculated 

and recorded in the pertinent JCO file. 

2.18 New RLAMFAC Setting 

Operation of the Marquardt lambda is governed by variables which appear on the sixth line of 

the PEST control file. In normal operation, during each optimisation iteration, the Marquardt 

lambda is varied either up or down (or both if necessary) in search of a value that provides 

the largest reduction in the objective function (unless the initial Marquardt lambda is set to 

zero, in which case it is not varied from this value during the entirety of a PEST run). In 

undertaking these variations, PEST multiplies or divides the Marquardt lambda by a factor, 

the value for which is supplied as the RLAMFAC variable. This variable must always have a 

value greater than 1.0. 

In some instances it is apparent that when the Marquardt lambda is very high, it may need to 

be varied by more than the same factor by which it is varied when it is low. This has been 

found especially when undertaking parameter estimation with SVDMODE set to 2 (see 

below). In this case the Marquardt lambda serves as a regularisation variable which is added 

to singular values rather than normalised and then added to the diagonal terms of the X
t
QX 

matrix. Limited experience suggests that when it is required for stabilization of the inverse 

problem, it sometimes needs to be high ï so high that it dominates the singular values to 

which it is added. When it is then varied in an attempt to lower the objective function as 

much as possible, it needs to be varied by a large amount to have any effect on the calculation 

of new parameters. 

It has also been found to be useful in conjunction with PESTôs AUI functionality, and on 

other occasions where ill-posedness of the inverse problem requires that the Marquardt 

lambda be rapidly raised in order to promote lowering of the objective function. 

In response to this requirement, a new methodology is now offered for Marquardt lambda 

adjustment. This is activated by setting the value for RLAMFAC to a negative number ï a 

number whose absolute value must be greater than 1.0 (just as in the case of standard 

operation of the Marquardt lambda). When set to a negative value in this way, the Marquardt 

lambda adjustment factor f is re-calculated during every iteration of the parameter estimation 
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process as follows:- 

 f = min[ɚ
1/r

, 2.0]   if ɚ > 1.0 

 f = min[(1/ɚ)
1/r

, 2.0]  if ɚ < 1.0 

 f = 2.0    if ɚ = 1.0 

where ɚ is the value of the Marquardt lambda at the beginning of a particular optimisation 

iteration and r is the absolute value of the user-supplied RLAMFAC variable. Operation of 

this variable is easily pictured by the fact that, whether ɚ begins an iteration with its value 

above or below 1.0, its value will have reached 1.0 after r multiplications or divisions by 

RLAMFAC (provided this is the direction in which PEST decides to move it). Thus, for 

example if RLAMFAC as supplied in the ñcontrol dataò section of the PEST control file is set 

to -2.0 and the value of ɚ is 1000.0 at the start of a particular optimisation iteration, the 

Marquardt lambda adjustment factor is temporarily set to 31.62 for that iteration. Note, 

however that, as indicated in the above equations, it will never be set lower than 2.0. 

When using this new setting it is important to note that the higher the absolute value assigned 

to a negative RLAMFAC, the smaller will be the actual iteration-dependent Marquardt 

lambda adjustment factor. This is opposite to the case for a positive setting of RLAMFAC. In 

both cases however, the absolute value of RLAMFAC must be greater than 1.0. 

2.19 New Setting for SVDMODE 

SVDMODE in the ñsingular value decompositionò section of the PEST control file can now 

be set to 2 as well as 1; in both cases solution of the inverse problem takes place through 

singular value decomposition. For a setting of 2, singular value decomposition takes place on 

the basis of Q
1/2

X rather than X
t
QX (as it does for a setting of 1). This is much faster in cases 

where parameters outnumber observations (and even in cases of large numbers of 

observations where formation of the X
t
QX matrix is a numerically tedious task). 

Setting SVDMODE to 2 has a number of other repercussions. These are now outlined. 

1. On the basis of limited experience, it has been found that where SVD is employed for 

solution of an underdetermined inverse problem, some kind of solution damping is 

required in addition to the regularizing effects of SVD, especially where there are 

many parameters. In normal PEST operation (and with SVDMODE set to 1) this task 

is accomplished using the Marquardt lambda, whereby a scaled diagonal term is 

added to the diagonal of the X
t
QX matrix before it is inverted (or decomposed). With 

SVDMODE set to 2 damping is still undertaken and, as far as PEST output is 

concerned, the damping parameter is still assigned the term ñMarquardt lambdaò. 

However this damping variable cannot be added to the X
t
QX matrix, because this 

matrix is never formed. Instead it is added to all singular values of Q
1/2

X before 

solving for the parameter upgrade vector. Based on limited testing, this strategy 

appears to work well. However it should be noted that the damping parameter is not 

normalized before addition to these singular values, and hence its value is not directly 

comparable between one PEST run and another. (Normalisation with respect to the 

highest singular value was attempted, but did not seem to work well.)  Providing 

RLAMFAC with a negative value (see the preceding section) often assists in the 

efficiency of finding an optimal damping variable at any given stage of the parameter 

estimation process as it allows rapid variation of the Marquardt lambda during any 

optimisation iteration in search of its optimum value. 
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2. If SVDMODE is set to 2, memory conservation is automatically activated. Hence 

the covariance matrix, and matrices derived from it, are not listed at the bottom of the 

PEST control file. Nor are they written to the MTT file.  

3. As for an SVDMODE setting of 1, PEST records an abundance of information to the 

ñSVD fileò, the amount of this information being governed by the setting of the 

EIGWRITE variable. If this is set to zero, eigenvectors are not recorded; if it is set to 

1, eigenvectors are written to this file. However whereas the number of eigenvectors 

recorded in this file is equal to the number of adjustable parameters when SVDMODE 

is set to 1, if the number of observations plus prior information equations is smaller 

than this, then the number of eigenvalues/eigenvectors recorded in the SVD file is 

restricted to the total number of observations plus prior information equations. (This 

is also the maximum number of dimensions that the parameter solution space can 

hold.) 

2.20 Using LSQR instead of Truncated SVD 

The LSQR algorithm (Paige and Saunders; 1982a, 1982b) can be employed to implement 

regularised inversion when running in ñparameter estimationò mode, just as truncated SVD 

can be employed to do the same thing. This is done by introducing an ñlsqrò section to the 

PEST control file in place of (or directly underneath) a ñsingular value decompositionò 

section. An example of an ñlsqrò section is shown below. The names of the PEST variables 

appearing in it are shown under that. 

* lsqr  

1 

1e- 10  1e - 10  1e3  10000  

1 

Example of an LSQR section of a PEST control file 

* lsqr  

LSQRMODE 

LSQR_ATOL LSQR_BTOL LSQR_CONLIM LSQR_ITNLIM 

LSQRWRITE 

Variables used in the LSQR section of the PEST control file. 

The role of each of the variables appearing in the ñlsqrò section of the PEST control file is 

now described. 

LSQRMODE 

This must be set to 0 or 1. If it is set to 1, LSQR is employed for solution of the inverse 

problem. The LSQR algorithm is applied to the matrix Q
1/2

X where X is the Jacobian matrix. 

LSQR_ATOL 

This is the LSQR atol input variable (a real number), described in its documentation as 

follows.  

An estimate of the relative error in the data defining the matrix A. For example, if A 

is accurate to about 6 digits, set atol to 1.0e-6. 
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LSQR_BTOL 

This is the LSQR btol input variable (a real number), described in its documentation as 

follows. 

An estimate of the relative error in the data defining the rhs vector b.  For example, if 

b is accurate to about 6 digits, set btol to 1.0e-6. 

LSQR_CONLIM 

This is the LSQR conlim input variable (a real number), described in its documentation as 

follows. 

An upper limit on cond(A), the apparent condition number of the matrix A. Iterations 

will be terminated if a computed estimate of cond(A) exceeds conlim. This is intended 

to prevent certain small or zero singular values of A or A from coming into effect and 

causing unwanted growth in the computed solution. 

Conlim and damp may be used separately or together to regularize ill-conditioned 

systems.  

 Normally, conlim should be in the range 1000 to 1/relpr. Suggested values are: 

conlim = 1/(100*relpr)  for compatible systems, 

conlim = 1/(10*sqrt(relpr)) for least squares. 

where relpr is the relative precision of floating-point arithmetic on the machine being 

used.  On most machines, relpr is about 1.0e-7 and 1.0d-16 in single and double 

precision respectively. 

LSQR_ITNLIM 

This is the LSQR itnlim input variable (an integer), described in its documentation as 

follows:- 

An upper limit on the number of iterations; suggested values are: 

itnlim = n/2   for well-conditioned systems with clustered singular values; 

itnlim = 4*n   otherwise. 

where n is the number of columns in the matrix A. 

LSQRWRITE 

If set to 1, output from the LSQR solver will be written to a file named case.lsq where case is 

the filename base of the current PEST control file. Information from each call is appended to 

this file; hence it can become quite lengthy. If this file is not desired, set LSQRWRITE to 0. 

A few more words, borrowed from LSQR documentation, serve to explain some of the 

notation employed above. 

LSQR finds a solution x to the following problems: 

1. Unsymmetric equations - solve  Ax = b; 

2. Linear least squares - solve  Ax = b in the least-squares sense; 



Alterations and Upgrades to PEST  
29 

3. Damped least squares - solve  ù
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where A is a matrix with m rows and n columns, b is an m-vector, and ɚ is a scalar. A and b 
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In the PEST context, n is equivalent to the number of adjustable parameters, and m is 

equivalent to the number of non-zero-weighted observations plus prior information equations. 

Note the following. 

1. PEST will not allow LSQR to be employed for solution of an inverse problem if 

automatic user intervention is activated, or if PEST is run in ñpredictive analysisò 

mode. 

2. PEST permits a ñsingular value decompositionò section and an ñlsqrò section to exist 

in the same PEST control file. However it does not permit both of SVDMODE and 

LSQRMODE to have non-zero values; but it does allow both of them to be 

simultaneously set to zero. 

3. In setting values for LSQR control variables, do not forget that the numerical 

accuracy of terms of the A matrix is set by the accuracy of derivatives calculation. 

This is determined by the model if derivatives are supplied externally. However if 

finite differences are employed for calculation of derivatives, the numerical precision 

of the elements of A will probably be of the order of 10
-2

 or 10
-3

 at best. 

4. Do not forget that observations through which parameters are inferred are 

contaminated by measurement noise. This has repercussions for the setting of the 

lsqr_btol and lsqr_conlim variables. In short, the more contaminated by noise is the 

observation dataset, the fewer LSQR iterations may be suitable for solution of an 

inverse problem. 

5. The user is not given the opportunity to supply a value for the LSQR damp variable. 

Rather this is supplied to the LSQR subroutine as the current value of the Marquardt 

lambda. Its value is reported to the screen and to the PEST run record file. Variables 

which control is value can be supplied in the ñcontrol dataò section of the PEST 

control file in the usual manner. 

6. If inversion is undertaken using LSQR, PEST memory conservation is automatically 

implemented. Thus items such as the parameter covariance matrix (which is not of 

much use in the regularised inversion context) are not listed to the run record file, the 

matrix (MTT) file is not written, etc. 

2.21 Greater Flexibility of Compressed Matrix Storage 

If the MAXCOMPDIM variable in the ñcontrol dataò section of the PEST control file is 

assigned a value greater than 1, PEST stores the Jacobian matrix in compressed form. Using 

this storage format, zero-valued elements are omitted. This can result in the ability to hold a 

matrix of far larger dimensions than would otherwise be possible, especially where a long 

series of prior information equations citing only a small number of parameters is employed 

for regularisation purposes. A problem arises however, in knowing what value to give to 

MAXCOMPDIM. This informs PEST how many elements it must set aside for Jacobian 
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matrix storage. If this number is set too high, storage is wasted. If it is set too low, PEST 

ceases execution with an error message when allocated storage is full.  

It is often difficult to know ahead of time how many non-zero elements the Jacobian matrix 

will possess. In previous versions of PEST it was necessary to re-commence execution from 

the very start of the parameter estimation process when this error message was encountered. 

Hence any model runs already undertaken in Jacobian matrix computation were wasted. In 

versions later than 11.0, PEST execution can be re-commenced using the ñ/sò or ñ/dò switch 

after altering MAXCOMPDIM upwards in the PEST control file. Thus no model runs are 

lost. 

2.22 SVDA - Automatic Super Parameter Derivatives 

Computation 

Under certain circumstances it is possible to eliminate the need to calculate super parameter 

sensitivities by finite differences on the first iteration of an SVD-assisted parameter 

estimation exercise. In particular, if 

1. SVDA_EXTSUPER is set to a value other than 1, indicating that super parameters are 

calculated by PEST on the basis of a base parameter Jacobian matrix, and 

2. this matrix pertains to the same observations and prior information equations as those 

featured in super parameter PEST control file, 

then derivatives of super parameters can be calculated from base parameter sensitivities, 

eliminating the need for them to be calculated using finite differences. Fortunately, these are 

the most common conditions in which SVD-assisted parameter estimation is undertaken.  

A new control variable in the ñSVD-assistò section of the PEST control file activates the 

functionality whereby PEST is able to dispense with finite-difference calculation of super 

parameter sensitivities during its first iteration, calculating these from base parameter 

sensitivities instead. The name of this variable is SVDA_SUPDERCALC; it is the fourth 

variable to appear on the third line of this section (immediately following the 

SVDA_EXTSUPER variable (see below for a refresher on SVDA control variables). If it is 

omitted or set to zero, then super parameter derivatives calculation takes place through finite 

differences in the usual manner during the first optimisation iteration of the inversion process. 

However if  it is set to 1, then PEST calculates super parameter derivatives internally for the 

first iteration of the SVD-assisted parameter estimation process, removing the necessity for 

any model runs to be undertaken in calculating these derivatives. 

The SVDA_SUPERDERCALC variable is recorded in bold in the ñSVD assistò section of 

the PEST control file reproduced below. 

* svd assist  

case .pst  

case .jco  

0    2    1    1 

The SVDAPREP utility has been upgraded to reflect this new aspect of PESTôs SVD-assist 

functionality. Unless the user informs SVDAPREP that super parameters are to be supplied 

externally, it now prompts:- 

Automatic calc. of 1st itn. super param. derivs?  [y/n] (<Enter> if "y") :  

If the user responds with ñyò or <Enter> to this prompt, SVDA_EXTSUPER is set to 1 in the 

SVDAPREP-generated PEST control file. Otherwise it is set to 0. 
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2.23 SVDA ï Super Parameter Definition through SVD 

As has been explained elsewhere, the last line of the ñSVD assistò section of a PEST control 

file contains four variables, the third of which is named SVDA_EXTSUPER. This variable 

informs PEST how super parameters are to be formed. If SVDA_EXTSUPER is set to 1, then 

super parameters are read from an external file. However if it is set to any other value, these 

are calculated internally by PEST on the basis of sensitivities supplied in the Jacobian matrix 

whose name appears on the previous line of the PEST control file (with any sensitivities 

pertaining to regularisation observations omitted from this calculation). 

In previous versions of PEST, setting SVDA_EXTSUPER to zero caused PEST to formulate 

super parameters through singular value decomposition of X
t
QX, where X represents the 

base parameter Jacobian matrix contained in the nominated base Jacobian matrix file. PEST 

functionality is now such that these are calculated on the basis of Q
1/2

X instead. The result 

should be the same; however their computation will often be much quicker, especially where 

parameters outnumber observations. Also, memory requirements can be much smaller. 

Should the user desire that super parameter definition take place on the basis of X
t
QX, this 

can be requested by setting SVDA_EXTSUPER to 3. 

2.24 SVDA - Using LSQR for Super Parameter Definition  

If SVDA_EXTSUPER is set to 2, PEST calculates super parameters using the first m ñvò 

vectors computed by the LSQR algorithm, where m is the number of super parameters cited 

in the PEST control file. If SVDA_EXTSUPER is set to -2, these vectors are orthogonalised 

before being employed for definition of super parameters. 

In cases where the number of base parameters is every high, use of the LSQR algorithm for 

super parameter definition may result in faster computation of these parameters. 

SVDAPREPôs operations have been slightly altered to reflect this new functionality (as well 

as that discussed in the previous section of this addendum). If the user indicates to 

SVDAPREP that a pre-defined super parameter file does not exist, SVDAPREP asks the user 

how PEST should calculate super parameters. The following options are provided:- 

 For computa tion of super parameters: -  

    if SVD on Q^(1/2)X                -  enter 1  

    if SVD on XtQX                    -  enter 2  

    if LSQR without orthogonalisation -  enter 3  

    if LSQR with orthogonalisation    -  enter 4  

 Enter your choise (<Enter> if 1):  

These options correspond to SVDA_SUPDERCALC settings of 0, 3, 2 and -2 respectively. 

2.25 SVDA - A Refresher on Control Variables 

Four SVDA control variables appear on the third line of the ñSVD assistò section of the 

PEST control file. These are (in order of appearance on this line):- 

SVDA_MULBPA SVDA_SCALADJ SVDA_EXTSUPER SVDA_SUPDERCALC 

For ease of reference, their roles are briefly repeated. Note that all of them are integers. 

SVDA_MULBPA 

SVDA_MULBPA must be set to either 0 or 1. If it is set to 1 then a series of ñBPA filesò is 

be recorded in the course of the parameter estimation process, each containing base parameter 
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values as estimated during subsequent iterations.  

SVDA_SCALADJ 

This must be set to ±4, ±3, ±2, ±1 or 0. It sets the type of parameter scaling that is undertaken 

in super parameter definition. Where some parameters are not log-transformed, parameter 

scaling is essential. 

SVDA_EXTSUPER 

The SVDA_EXTSUPER control variable stipulates the manner in which super parameters 

are computed; it must be set to 0, 1, 2, -2 or 3. If it is set to 0 PEST computes super 

parameters on the basis of singular value decomposition of Q
1/2

X where X is the user-

supplied base Jacobian matrix. If it is set 1 PEST reads super parameter directions from an 

external file. If it is set to 2 PEST computes super parameters on the basis of ñvò vectors 

computed by the LSQR algorithm. These are first orthogonalised if SVDA_EXTSUPER is 

set to -2. If it is set to 3 PEST computes super parameters on the basis of  X
t
QX. 

SVDA_ SUPDERCALC 

This must be 1 or 0. If it is set to 1 (and SVDA_EXTSUPER is not set to 1), PEST calculates 

super parameter derivatives from base parameter derivatives during the first optimisation 

iteration of the parameter estimation process. This saves as many model runs as there are 

super parameters. 

2.26 SVDA ï Model-Calculated Derivatives 

2.26.1 General 

In previous versions of PEST the use of external derivatives functionality in conjunction with 

SVD-assisted parameter estimation was not allowed. This was based on the fact that when 

undertaking SVD-assisted parameter estimation PEST is actually estimating values for super 

parameters (of which the model has no knowledge) while the model supplies derivatives with 

respect to base parameters.  

Model-generated derivatives can now be employed when PEST is undertaking SVD-assisted 

parameter estimation, provided super parameters are not supplied externally (i.e. provided 

SVDA_EXTSUPER is not set to 1). When this is done PEST re-formulates super parameters 

during each iteration of the SVD-assisted parameter estimation process, and calculates 

derivatives with respect to these super parameters on the basis of the same linear 

combinations of base parameters as are employed for definition of the super parameters 

themselves. 

External derivatives functionality is activated in the same way as it is for non-SVD-assisted 

parameter estimation. That is, the JACFILE variable on the fifth line of the PEST control file 

is set to 1. As well as this, the DERCOM value for all super parameters in the ñparameter 

dataò section of the PEST control file should be set to zero; thus PEST is prevented from 

calculating any super parameter derivatives by finite differences. 

The following should be noted. 

1. In normal operation, PEST allows two non-zero JACFILE settings. If JACFILE is set 

to 1 then derivatives are expected in PEST derivatives file format. If it is set to 2, 

derivatives are expected in JUPITER derivatives file format. At present, the second 
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option is not allowed with SVDA. This is not expected to be a disadvantage, for 

there is a large computational overhead in reading a JUPITER derivatives file because 

parameters and observations can, theoretically, be arranged in any order. 

2. When used in a non-SVDA context, a value of -1.11e33 in an external derivatives file 

indicates that the derivative is not supplied in that file; it is then presumed that PEST 

calculates the derivative using finite parameter differences. This option is not 

available when external base parameter derivatives are supplied in the SVDA setting, 

because PEST has no way of calculating finite-difference derivatives for base 

parameters. If such a value is supplied in a derivatives file PEST will give an ñout of 

rangeò error message. (I am presently minded to build an external ñderivatives 

managerò which allows derivatives calculation to take place outside of PEST; then 

finite difference and model-calculated derivatives could co-exist for base parameters. 

This would facilitate operation of PEST with composite models, some of which can 

supply their own derivatives while some cannot. Derivatives calculation for the latter 

could then be parallelized for greater computational efficiency.) 

3. When undertaking SVD-assisted parameter estimation with external derivatives, it is 

still necessary for a set of original base parameter derivatives to exist in a JCO file 

prior to the commencement of PEST execution ï just as in normal SVDA operation. 

These derivatives are used for initial definition of super parameters, initial 

computation of super parameter derivatives, and for the setting of internal parameter 

scaling variables. While this is a little cumbersome it constitutes minimal departure 

from normal PEST operation; greater departures would require more profound 

programming  changes to PEST than those which have already taken place. 

2.26.2 Alterations to SVDAPREP 

If the JACFILE control variable is set to 1 in a base parameter PEST control file whose name 

is supplied to SVDAPREP, SVDAPREP will write a PEST control file for SVD-assisted 

parameter estimation in which external derivatives computation is also activated. Note the 

following facets of SVDAPREP operation under these conditions. 

1. If JACFILE is set to 1 in a base parameter PEST control file, then a ñderivatives 
command lineò section must be present within the same PEST control file. 

2. Both the model command (in the ñmodel command lineò section of the base PEST 
control file) and the derivatives command (in the ñderivatives command lineò section 

of the base PEST control file) must be the names of batch (on a PC) or script (on a 

UNIX platform) files. In the former case they must possess the extension ñ.batò. 

3. In normal SVDAPREP operation the model batch file is supplemented with 

SVDAPREP-generated commands to run PARCALC and (if there is prior information 

present in the base PEST control file) PICALC. Commands are also added to delete 

PARCALC-generated model input files. In doing this, SVDAPREP writes a new 

model batch file named svdabatch.bat. The contents of the derivatives batch file are 

supplemented in a similar manner; the new derivatives batch file is named 

svdabatch_d.bat. 

4. Irrespective of whether or not a ñderivatives command lineò section is present in the 

base PEST control file, if JACFILE is set to zero in this file, the DERCOM variable 

for all super parameters is set to 1 in the SVDAPREP-generated super parameter 

PEST control file, thereby instructing PEST to compute derivatives for all super 
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parameters using finite differences. Alternatively, if JACFILE is set to 1 in the base 

parameter PEST control file, SVDAPREP supplies a DERCOM value of zero to all 

super parameters, thus requiring that the model supply derivatives for all of them. In 

fact, as discussed above, the model provides base parameter derivatives and PEST 

computes super parameter derivatives from these. 

5. As noted above, if base parameter derivatives are computed externally, PEST re-

defines super parameters during every optimisation iteration, and computes super 

parameter derivatives from base parameter derivatives. Thus PEST effectively sets the 

SVDA_SUPDERCALC control variable to 1 internally, whether or not it is set to this 

value in the base parameter PEST control file. SVDAPREP does not therefore ask the 

user whether super parameter derivatives are to be calculated automatically for the 

first PEST optimisation iteration if  JACFILE is set to 1 in the PEST control file to 

which it is directed, for this question is irrelevant under these conditions. 

There is a nuance of SVDAPREP operation of which the user should be aware. If JACFILE 

is set to 1, then prior information cannot be added to a base parameter PEST control file after 

the JCO file has been written and before SVDAPREP is run. (This is a relatively unusual 

situation.) If JACFILE is set to 1, PEST requires that prior information derivatives actually be 

stored in the JCO file. The same applies if SVDA_SUPDERCALC is set to 1. However 

where super parameter derivatives are computed using finite differences, this is not required. 

2.27 Broydenôs Jacobian Matrix Update 

2.27.1 General 

Iôd like to thank Brian Skahill from USACE, Vicksburg and Jeff Baggett from University of 

Wisconsin, La Crosse for bringing this methodology to my notice. At the time of writing, 

limited testing has shown that this technique can increase PEST efficiency a great deal in all 

of its modes (i.e. estimation, predictive analysis and regularisation modes). Therefore, it is 

recommended that it be implemented as a matter of course. The method is briefly described 

below. See also:- 

Madsen, K. and H.B. Nielsen, 2004. Methods for Non-Linear Least Squares. Informatics and 

Mathematical Modelling. Technical University of Denmark. 

Skahill, B.E., and Baggett, J.S. (2006). More Efficient Derivative-based Watershed Model 

Calibration, Eos Trans. AGU, 87(52), Fall Meet. Suppl., Abstract 1521. 

2.27.2 Description 

During every iteration of the parameter estimation process, PEST computes derivatives of 

model outputs with respect to all adjustable parameters. It then computes upgrades for 

parameter values, and tests the efficacy of these upgrades by running the model using these 

trial parameters. If the objective function is lowered the upgrade is provisionally accepted. 

Further upgrade attempts are usually made, normally on the basis of extra values of the 

Marquardt lambda. 

If a model is linear, PEST should be able to reduce the objective function to zero in just one 

upgrade attempt of one iteration. But rarely is this the case, because derivatives that are 

computed at one location in parameter space are not quite applicable to other locations in 

parameter space. Thus after a suitable parameter upgrade vector has been selected at one 

location in parameter space (this resulting in a lowered objective function), derivatives are re-
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computed at the upgraded location, and another optimisation iteration is undertaken. 

On any occasion that a parameter upgrade is attempted, there is an opportunity to improve the 

current set of parameter derivatives encapsulated in the Jacobian matrix, simply on the basis 

of the information that has been obtained from that upgrade attempt. The upgrade vector 

defines a secant in parameter space, the slope of which can be employed to improve the 

components of parameter derivatives projected onto that direction. After undergoing revision 

on the basis of this new information, the updated Jacobian matrix can be employed for 

computation of subsequent upgrade vectors, thereby hopefully making these subsequent 

parameter upgrade attempts (computed on the basis of different Marquardt lambdas) more 

effective. When upgrade attempts have been exhausted, another optimisation iteration is 

commenced and all parameter derivatives are re-computed on the basis of the upgraded 

parameter set as a new optimisation iteration is commenced. 

Let J be the current Jacobian matrix computed on the basis of the current parameter set p. 

Suppose that a trial set of parameters pnew has just been computed on the basis of this 

Jacobian matrix in conjunction with a particular Marquardt lambda. Define the upgrade 

vector u as: 

 u  = pnew ï p 

Let the vectors onew and o represent model outputs (corresponding to field observations) 

computed on the basis of pnew and p respectively. Implementation of Broydenôs rank one 

update process results in the production of a new Jacobian matrix Jnew, calculated as follows:- 

 Jnew = J + wu
t
 

where 

 ( )Juoo
uu

w --= newt

1
   

Jnew is then employed in computation of further parameter upgrade attempts made during the 

current optimisation iteration using the theory presented in chapter 2 of the PEST manual. 

2.27.3 Implementation of Broydenôs Update 

The arrangement of variables employed in the ñcontrol dataò section of the PEST control file 

is shown below (with optional variables placed in square brackets). A new variable named 

JACUPDATE (shown in bold below) controls the operation of the Broyden Jacobian update 

procedure in PEST. 

 

* co ntrol data  

RSTFLE PESTMODE 

NPAR NOBS NPARGP NPRIOR NOBSGP [MAXCOMPDIM] 

NTPLFLE NINSFLE PRECIS DPOINT NUMCOM JACFILE MESSFILE  

RLAMBDA1 RLAMFAC PHIRATSUF PHIREDLAM NUMLAM [ JACUPDATE]  

RELPARMAX FACPARMAX FACORIG [IBOUNDSTICK UPVECBEND] 

PHIREDSWH [ NOPTSWITCH] [ DOAUI]  

NOPTMAX PHIREDSTP NPHISTP NPHINORED RELPARSTP NRELPAR 

ICOV ICOR IEIG  

 

Variables in the ñcontrol dataò section of the PEST control file. 

If JACUPDATE is omitted or set to zero, Broyden updating will not occur. If it is set to n 
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where n is a positive integer, it will occur immediately following the first n parameter 

upgrade attempts made during every optimisation iteration on the basis of different 

Marquardt lambdas. If it is not set to zero, it is suggested that JACUPDATE be set to 999 so 

that the Jacobian matrix is updated after every parameter upgrade attempt. 

Limited experience to date has shown that Broyden Jacobian updating works well in most 

parameter estimation contexts, including all modes of PEST behaviour, and whether or not 

devices such as ñautomatic user interventionò are being employed in difficult parameter 

estimation contexts. However its performance does not appear to be as beneficial where 

singular value decomposition or LSQR is employed as a solution device. On the other hand, 

it appears to work well with the SVD-assist solution methodology. Feedback on this would 

be welcome. 

2.28 Parameter Sensitivity Re-Use 

2.28.1 General 

If  a model takes a long time to run, any opportunities to dispense with unnecessary model 

runs should be taken. PESTôs sensitivity re-use functionality provides such an opportunity. 

If, during one particular iteration of the (regularized) parameter estimation or predictive 

analysis process undertaken by PEST, PEST detects that the composite sensitivities of certain 

parameters are low, then it can be instructed not to waste a model run (or perhaps two model 

runs if central derivatives computation is employed) in computing sensitivities with respect to 

that parameter on the next occasion that the Jacobian matrix must be filled. This can occur if 

PESTôs sensitivity re-use functionality is activated. However, no matter what the sensitivity 

distribution of parameters, sensitivities for all parameters will be re-computed every N 

optimisation iterations, where N is set by the user. (Note that Broyden updating, if activated, 

will still incur parameter sensitivity improvements for all parameters every iteration, 

regardless of the sensitivity re-use setting.) 

2.28.2 Activating Sensitivity Re-Use 

Sensitivity re-use is activated by setting the DOSENREUSE variable on the eighth line of the 

PEST control file to ñsenreuseò. If this is set to ñnosenreuseò, or simply omitted, then 

sensitivity re-use will not be activated. 

The location of the DOSENREUSE variable within the ñcontrol dataò section of a PEST 

control file is shown below. 

 

* control data  

RSTFLE PESTMODE 

NPAR NOBS NPARGP NPRIOR NOBSGP [MAXCOMPDIM] 

NTPLFLE NINSFLE PRECIS DPOINT NUMCOM JACFILE MESSFILE  

RLAMBDA1 RLAMFAC PHIRATSUF PHIREDLAM NUMLAM [JACUPDATE] 

RELPARMAX FACPARMAX FACORIG [IBOUNDSTICK UPVECBEND] 

PHIREDSWH [NOPTSWITCH] [DOAUI]  [DOSENREUSE]  

NOPTMAX PHIREDSTP NPHISTP NPHINORED RELPARSTP NRELPAR 

ICOV ICOR IEIG  

 

Variables in the ñcontrol dataò section of the PEST control file. 

The following should be noted. 
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1. Any or all of the NOPTSWITCH, DOAUI and DOSENREUSE variables can be 

omitted from the eighth line of the PEST control file. 

2. The DOAUI and DOSENREUSE variables can be placed in either order. However if 

the NOPTSWITCH variable is present, it must precede them. 

2.28.3 Sensitivity Re-Use Variables 

A number of variables govern implementation of PESTôs sensitivity re-use functionality. 

These can be supplied in a special ñsensitivity reuseò section. Like the ñautomatic user 

interventionò section of the PEST control file, this section can be omitted if desired. In that 

case PEST employs default values for sensitivity re-use variables. 

If present, the ñsensitivity reuseò section must be placed just before the ñparameter groupsò 

section. If a ñsingular value decompositionò section is present, the location of this section 

with respect to the ñsensitivity reuseò section does not matter; however each of these must 

precede an ñautomatic user interventionò section if the latter is present in a PEST control file. 

They must also precede an ñSVD assistò section if this is present. 

Irrespective of whether a ñsensitivity  reuseò section is present in the PEST control file, 

sensitivity re-use functionality will not be activated unless DOSENREUSE in the ñcontrol 

dataò section of the PEST control file is present, and set to ñsenreuseò. 

The arrangement of variables within the ñsensitivity reuseò section of a PEST control file is 

shown below. Following that is an example of such a section showing default values for the 

variables governing its operation. 

 

* sensitivity reuse  

SENRELTHRESH  SENMAXREUSE 

SENALLCALCINT  SENPREDWEIGHT  SENPIEXCLUDE 

Arrangement of variables within the ñsensitivity reuseò section of a PEST control file. 

 

* sensitiv ity reuse  

0.15   - 1 

3  - 1.0  yes  

An example of a ñsensitivity reuseò section, showing default values for sensitivity re-use 

variables. 

The roles of each of these variables is now discussed in detail. 

SENRELTHRESH 

This denotes the threshold of parameter composite sensitivity (relative to the maximum 

composite sensitivity of any parameter) at which sensitivity reuse is activated for any 

parameter. That is, if the composite sensitivity of any parameter, relative to that of highest 

composite sensitivity, is equal to or less than this threshold, then that parameter is a candidate 

for sensitivity re-use on some PEST iterations. 

SENRELTHRESH can be set to any non-negative value. However there is no use in setting 

its value above 1.0; if it is set to 1.0 or above, then the number of parameters for which 

sensitivity re-use is active on any iteration is set entirely by the SENMAXREUSE variable, 

as the relative composite sensitivity of all parameters is, by definition, less than the threshold. 
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SENMAXREUSE 

This is the maximum number of parameters for which sensitivity re-use is activated on any 

one PEST iteration. If it is set to a negative number, then PEST automatically sets it to half 

the number of adjustable parameters. It should not be set to a value greater than the number 

of adjustable parameters minus 1. If it is set to zero, PEST will terminate execution with an 

error message. 

If more parameters than SENMAXREUSE incur candidature for sensitivity reuse through 

possession of composite sensitivities less than or equal to the RELSENREUSE threshold, 

then parameters are eliminated from candidature in order of composite sensitivity, from 

highest to lowest, such that the total number of parameters for which sensitivities are re-used 

is equal to SENMAXREUSE. 

SENALLCALCINT 

SENALLCALCINT denotes the optimisation interval at which all parameter sensitivities will 

be re-calculated, regardless of their relative composite sensitivities. If, for example, this is set 

to 3, then all parameter sensitivities will be computed on iterations 1, 4, 7, 10 etc. 

SENPREDWEIGHT 

As is described in the PEST manual, the composite sensitivity of a parameter is obtained by 

summing elements of the column of the Jacobian matrix pertaining to that parameter, with 

each element in a column multiplied by the square of the observation weight pertaining to 

that column. If PEST is being employed in predictive analysis mode, the question then arises 

as to what weight the predictive sensitivity element in each column should be given. 

Presumably, the weight should be high enough for it to be visible in the composite sensitivity 

of any parameter, for getting sensitivities of the prediction right may be critical to raising or 

lowering that prediction as required by the predictive analysis process. Hence parameters that 

are critical to that prediction may not be good candidates for sensitivity reuse, for their 

sensitivities should be re-calculated during every optimisation iteration instead. 

SENPREDWEIGHT is the weight to assign to the prediction in computation of composite 

parameter sensitivities when PEST is run in predictive analysis mode. If it is set to a negative 

number, PEST will compute its weight as equal to the maximum weight assigned to any other 

observation (including prior information if SENPIEXCLUDE is set to ñnoò). 

SENPIEXCLUDE 

If a PEST control file cites prior information, then a SENPIEXCLUDE setting of ñyesò will 

instruct PEST not to take any account of this prior information when determining composite 

parameter sensitivities for the purpose of deciding parameter candidates for inclusion in the 

sensitivity re-use process. 

It should be noted. that, irrespective of any sensitivity reuse settings, regularisation 

observations and/or prior information equations are never included in the calculation of 

composite parameter sensitivities for the purpose of deciding candidature or otherwise for 

parameter sensitivity re-use. 

2.29 Regularisation Convergence Adjustment 

Under normal circumstances, when working in regularisation mode, PEST ceases execution 

immediately if the measurement objective function falls below its user-supplied target value 
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of PHIMLIM.  Therefore it does not undertake further iterations in an attempt to lower the 

regularisation objective function any further in order to maximize the extent to which 

parameters adhere to the preferred condition that is encapsulated in regularisation constraints. 

There are some circumstances, however, where minimization of the regularisation objective 

function is just as important as allowing the measurement objective function to reach 

PHIMLIM. In these circumstances, PEST should continue with the parameter estimation 

process until some other convergence criterion is met (for example that parameters cease to 

change noticeably between iterations, or that neither the regularisation nor measurement 

objective function changes noticeably between iterations). This can be achieved through 

setting the REGCONTINUE variable to ñcontinueò. 

* regularisation  

PHIMLIM  PHIMACCEPT [ FRACPHIM]  [ MEMSAVE]  [ CONJGRAD]  [ CGRTOL]  [ CGITNLIM]  

WFINIT  WFMIN  WFMAX  [LINREG] [ REGCONTINUE]  

WFFAC  WFTOL  [ IREGADJ]  

Variables in the ñregularisationò section of a PEST control file. 

The above figure shows the locations of all control variables occupying the ñregularisationò 

section of the PEST control file; optional variables are depicted in square brackets. The 

REGCONTINUE variable (shown in bold) is placed on the third data line of this section. Its 

location is interchangeable with that of the LINREG variable. In fact, if the LINREG variable 

is omitted from the regularisation section of a PEST control file (as it normally is), 

REGCONTINUE can be placed immediately following the value of the (mandatory) 

WFMAX variable. 

If present, REGCONTINUE must be supplied as either ñcontinueò or ñnocontinueò. If absent, 

it is assumed to be ñnocontinueò; in this case PEST ceases execution as soon as the 

measurement objective function falls below PHIMLIM. If it is set to ñcontinueò however, 

PEST will continue iterating, trying to improve the regularisation objective function, until 

some other convergence criterion is met. 

2.30 New Termination Criteria 

Two new (and optional) termination control variables named PHISTOPTHRESH and 

PHIABANDON have been added to the ñcontrol dataò section of the PEST control file. 

These are located on line 9 of the PEST control file, along with other termination variables. 

These, and another new variable named LASTRUN, are shown highlighted in the figure 

below. 

 

* control data  

RSTFLE PESTMODE 

NPAR NOBS NPARGP NPRIOR NOBSGP [MAXCOMPDIM] 

NTPLFLE NINSFLE PRECIS DPOINT NUMCOM JACFILE MESSFILE  

RLAMBDA1 RLAMFAC PHIRATSUF PHIREDLAM NUMLAM [JACUPDATE] 

RELPARMAX FACPARMAX FACORIG [IBOUNDSTICK UPVECBEND] 

PHIREDSWH [NOPTSWITCH] [DOAUI]  

NOPTMAX PHIREDSTP NPHISTP NPHINORED RELPARSTP NRELPAR [PHISTOPTHRESH] [LASTRUN]  [PHIABANDON] 

ICOV ICOR IEIG  

 

Variables in the ñcontrol dataò section of the PEST control file. 

If PHISTOPTHRESH is set to a positive number, PEST will cease execution if the objective 

function falls below this value at the end of any optimisation iteration. (This criterion is 

applied to the measurement objective function if PEST is run in ñregularisationò mode.) If it 
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is set to zero or a negative number it is ignored. Note that an error condition will occur if 

PHISTOPTHRESH is set to a positive number while PEST is asked to run in ñpredictive 

analysisò mode. 

Another new (integer) control variable can follow PHISTOPTHRESH on the 9
th
 line of the 

PEST control file; this is the LASTRUN variable. If LASTRUN is set to zero, then PEST will 

not undertake a final model run on the basis of optimised parameters upon termination of 

execution. If it  is not set to zero it must be set to one (its default value). 

PHIABANDON optionally follows LASTRUN. If, at the end of the first model run, and any 

optimisation iteration thereafter, the objective function (or measurement objective function if 

PEST is run in ñregularisationò mode) is above PHIABANDON, PEST will terminate 

execution. Set this to a very high number, or to a non-positive number (or omit it altogether), 

for it to have no effect. 

PHISTOPTHRESH, PHIABANDON and LASTRUN can be useful in conjunction with null 

space Monte Carlo analysis. Using PHISTOPTHRESH, the optimisation process can be made 

to cease (without the carrying out of a final model run if LASTRUN is set to 0) if the 

objective function is reduced to a level at which the user has deemed the model to be 

calibrated; PEST can then move on to its next run. On the other hand if, on undertaking the 

initial model run using a certain set of random parameters, the objective function is so high 

that it is unlikely to be lowered efficiently to a state at which the model can be considered 

calibrated, that PEST run can be immediately abandoned (using PHIABANDON) in the hope 

that the next random parameter set offers more hope. 

Note that if PEST abandons the parameter estimation process in response to the 

PHIABANDON setting, it will not undertake a final model run on the basis of ñoptimisedò 

parameters, irrespective of the user-supplied LASTRUNS setting. 

If desired, a user can supply PHIABANDON values on an iteration by iteration basis. Thus, 

for example, a user may decide that if the objective function is lower than 10000 when 

calculated using initial parameters, then it is worth proceeding with the parameter estimation 

process. On the other hand if the objective function has not dropped to 2000 by the end of the 

second iteration, then the parameter estimation process should be abandoned. In this case, a 

filename can replace the value of the PHIABANDON variable on the 9
th
 line of the PEST 

control file; PEST then reads iteration-specific PHIABANDON values from the cited 

ñPHIABANDON schedule fileò, an example of which is shown below. 

10000.0  

10000.0  

2000.0  

An example PHIABANDON schedule file. 

Entries in a PHIABANDON schedule file should be listed one to a line. Each represents the 

PHIABANDON value pertaining to sequential iterations, starting with the zeroth iteration 

(i.e. the initial model run). The third entry thus pertains to the second iteration. Thus, in the 

above example, if the objective function is above 10000 at the end of the first model run or 

the end of the first iteration, PEST will abandon the parameter estimation process. 

Furthermore, if, at the end of the second iteration the objective function is above 2000, it will 

also take the opportunity to abandon the process. 

The following should be noted. 

¶ If there are more entries in the PHIABANDON schedule file than the maximum 
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number of iterations assigned to the current parameter estimation process (i.e. 

NOPTMAX), PHIABANDON will ignore lines after NOPTMAX+1. 

¶ If there are less than NOPTMAX+1 lines in the PHIABANDON schedule file, PEST 

will assign to missing iterations the last PHIABANDON value read from the file. 

¶ A zero or negative PHIABANDON value (or a very large value for that matter) can 

be used to signify that parameter estimation abandonment is not active during the 

pertinent iteration. 

2.31 PSLAVE Command-Line Option 

If PSLAVE is started using the command:- 

 pslave /n  

it will not cease execution upon termination of PEST execution. This can be useful in 

circumstances where many Parallel PEST runs must be undertaken in succession (for 

example in calibration-constrained Monte Carlo analysis). The runs can then be undertaken 

within a loop written to a batch or script file. Meanwhile, the slaves need only be started 

once, before the batch or script file is activated. 

2.32 New Jacobian Matrix Save Option 

The last line of the ñcontrol dataò section of the PEST control file holds three, maybe four, 

variables, namely ICOV, ICOR, IEIG (and maybe the optional IRES variable). An additional 

variable can now be placed on this line, this being named JCOSAVEITN. JCOSAVEITN is a 

character variable which should be supplied as either of two character strings, these being 

ñjcosaveitnò or ñnojcosaveitnò. If the former string is supplied, PEST will write a Jacobian 

matrix file (i.e. a ñJCO fileò) at the end of each optimization iteration, this containing the 

Jacobian matrix employed for that particular iteration. The name of each such file is 

case.jco.N where N is the iteration number to which the JCO file pertains. Alternatively, if 

JCOSAVEITN is set to ñnojcosaveitnò or omitted altogether, PEST will not save a 

progression of JCO files in this manner.  

The following should be noted: 

1. The JCO file containing the Jacobian matix corresponding to the iteration at which the 

best parameter set so far was computed, is saved to a file named case.jco in the usual 

manner, irrespective of the setting of JCOSAVEITN. 

2. The JCOSAVEITN variable can be placed anywhere on the 10
th
 line of the PEST 

control file. However it is recommended that it be placed after the values of ICOV, 

ICOR, IEIG (and IRES if the latter is present). 

JCOSAVEITN should be set to ñjcosaveitnò if it is desired that the MULJCOSEN utility be 

employed for monitoring of changes to composite parameter and/or observation sensitivities 

as the parameter estimation process undertaken by PEST progresses. 

2.33 Interim Residuals File Save Option 

In addition to the JCOSAVEITN variable, the last line of the ñcontrol dataò section of the 

PEST control file can now contain another variable, this variable having a function which is 

not too dissimilar from that of the JCOSAVEITN variable. The name of this variable is 

REISAVEITN. This is a text variable which can be set to either ñreisaveitnò or ñnoreisaveitnò 
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(or omitted altogether, which is equivalent to a setting of ñreisaveitnò). 

As is documented in the PEST manual, PEST writes an ñREI fileò (this being an ñinterim 

residuals fileò) at the end of every optimisation iteration. This records observations and 

corresponding model outputs computed for the best parameters achieved in the optimisation 

process up to that iteration. Regardless of the setting of REISAVEITN, this file is saved (and 

the previous one overwritten) at the end of every iteration; its name is case.rei where case is 

the filename base of the current PEST control file. However if REISAVEITN is set to 

ñreisaveitnò, then this same file is also saved as case.rei.N where N is the current iteration 

number. Thus at the end of the parameter estimation process, a sequence of files remains in 

the PEST working directory which collectively document the history of model-to-

measurement misfit for every observation within the PEST input dataset. 

The JCOSAVEITN variable can be placed anywhere on the 10
th
 line of the PEST control file. 

However it is recommended that it be placed after the values of ICOV, ICOR, IEIG (and 

IRES if the latter is present). 

2.34 Group-Specific Target Measurement Objective Functions 

2.34.1 General 

When PEST is run in regularisation mode a value must be supplied for the PHIMLIM 

variable in the ñregularisationò section of the PEST control file. This is the target 

measurement objective function. As described in the PEST manual, when running in 

regularisation mode the parameter estimation problem is re-formulated as a constrained 

minimisation problem. In this problem PEST is asked to minimise the regularisation 

objective function subject to the constraint that the measurement objective function rises no 

higher than PHIMLIM. In practice PHIMLIM may not be attainable, in which case PEST 

lowers the measurement objective function as far as it can. If it is obtainable, PEST ceases 

execution as soon as the measurement objective function falls below PHIMLIM. 

Alternatively, PEST can be asked to continue the inversion process until the regularisation 

objective function is as small as it can be while the measurement objective function is 

simultaneously made as close as possible to its target; this is effected through setting the 

REGCONTINUE variable to ñcontinueò. 

In some instances it can be useful to set the target measurement objective function on an 

observation group by observation group basis. When this is done, PEST is asked to monitor 

the performance of the inversion process in lowering each group-based component of the 

measurement objective function to its group-specific target. If one such target it not being 

met, PEST raises the weights assigned to members of the pertinent observation group is that 

the overall objective function penalty incurred through not meeting that target is greater, thus 

providing PEST with more incentive to actually meet it. This, of course, provides no 

guarantee that the target will be met. However it does place greater emphasis on the meeting 

of as yet unmet targets than would otherwise be the case. 

When weights are altered, so too does the current value of the measurement objective 

function, as indeed do target measurement objective functions. However when undertaking 

observation weights adjustment in the manner described above, PEST ensures that the overall 

target measurement objective function (which is equal to the sum of group-specific target 

measurement objective functions expressed in terms of original measurement weights as 

supplied in the PEST control file) does not change. While reporting the revised current 

measurement objective function to the screen and to its run record file at all stages of the 
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parameter estimation process, it also reports the measurement objective function, and 

group-specific components thereof, as calculated from original weights, both during and after 

the parameter estimation process. The metric by which success of the constrained 

optimization process is judged is that these individual measurement objective function 

components approach (or are less than) their group-specific measurement objective function 

targets (which, as is stated above, are calculated on the basis of original weights as supplied 

in the PEST control file). In the meantime, if the measurement objective function, as reported 

on all attempts to upgrade parameters using different Marquardt lambdas, is lower than the 

initial target (obtained through summation of individual group-specific targets) then so too 

will  be the measurement objective function calculated using initial weights. 

The following should be noted. 

1. Group-specific measurement objective function targets must be supplied for all non-

regularisation observation groups, or for none of them. 

2. A group-specific measurement objective function target must not be supplied for a 

regularisation group. 

3. Group-specific measurement objective function targets can only be supplied if PEST 

is run in ñregularisationò mode. 

4. If group-specific measurement objective function targets are supplied, values for 

PHIMLIM and PHIMACCEPT as supplied in the ñregularisationò section of the 

PEST control file are ignored. PHIMACCEPT is internally set to 1.05 times the total 

measurement objective function target value. 

5. If a value is supplied for FRACPHIM in the ñregularisationò section of the PEST 

control file, this is respected. Thus if FRACPHIM times the current objective function 

is greater than the overall target measurement objective function, the former is 

accepted as the temporary target for the current optimisation iteration. 

6. Internal weights re-assignment by PEST will never be such that weights for any 

observation group are increased by a factor of more than 128 or reduced by a factor of 

128 from their original values. The increase/reduction factor per iteration is never 

greater than 2.0. 

7. Unless IREGCONTINUE is set to ñcontinueò PEST will cease execution when the 

total measurement objective function falls below the total target measurement 

objective function; no account is taken of whether groups-specific measurement 

objective functions are below their group-specific targets. 

The use of group-specific measurement objective function targets cannot in themselves 

guarantee that these targets are all simultaneously met. However they can certainly provide 

some assistance to the optimization process in achieving this result. The user should try, 

however, to minimize the need for measurement weights adjustment by choosing original 

weights and group-specific targets in a manner that is considered optimal prior to 

commencement of the optimisation process. For example, if it becomes apparent that a 

group-specific measurement objective function is very easily met, then that target should be 

reduced rather than being a source of unnecessary ñtarget headroomò contributing to the 

total measurement objective function target. 

2.34.2 Implementation 

Group-specific measurement objective function targets must be supplied in the ñobservation 
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groupsò section of the PEST control file. Each such target must be placed immediately 

following the name of a non-regularisation observation group. If a covariance matrix is 

supplied for that group, the name of the pertinent covariance matrix file must follow the value 

of the group-specific measurement objective function target. The following figure shows an 

example. 

* observation groups  

obs_gp_1 45.00  

obs_gp_2 67.00 covmat.dat  

obs_gp_3 67.00  

regul1  

regul2  

regul3  

The ñobservation groupsò section of a PEST control file, showing the use of group-

specific measurement objective function targets. 

2.35 Bad Derivatives Damage Mitigation - 1 

2.35.1 General 

Use of the Gauss-Marquardt-Levenberg method on which PEST is based is predicated on the 

assumption that model outputs are differentiable (or at the very least continuous) with respect 

to model parameters. However often, because of poor model performance, this is not the case. 

Lack of differentiability can be incurred by at least the following (and many other) aspects of 

model behaviour:- 

1. lack of convergence of iterative solvers; 

2. adaptive time stepping (particularly for models which simulate groundwater/surface 

water interaction); 

3. dry cells (if using the USGS MODFLOW groundwater model); 

4. particles (if using the USGS MODPATH particle tracking model). 

The JACTEST, POSTJACTEST and MULJCOSEN utilities can be used to explore the 

existence (or otherwise) of this problem.  

Bad derivatives express themselves in various ways during a PEST run. More often than not 

however, a sudden refusal by PEST to lower the objective function any further (possibly 

accompanied by a ñbouncing aroundò of the objective function between different Marquardt 

lambda) is a sign of its presence. 

For many models, analysis using JACTEST reveals that contamination of derivatives by 

numerical noise is not necessarily purely random. The first of the following two figures 

illustrates a graph of one line of a JACTEST output table in which derivatives are 

contaminated by purely random noise; the second part however shows the more common 

situation, in which a plot of model outputs against incremented parameter value shows 

segments in which derivatives do indeed have integrity. It is only in the vicinity of points (a) 

and (b) in this figure that derivatives are not useable; elsewhere they are indeed fit for use in 

the parameter estimation process. Furthermore, it is common experience that such aberrations 

in slopes exist only between neighbouring pairs of points, and do not occur over parameter-

space distances comprised of two or more inter-point segments. 
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Plots of model output vs. parameter value from a JACTEST output file. 

For situations described by the second of the above figures, aberrant derivatives behaviour 

may be easily recognised where three-point derivatives computation is taking place. For a 

particular parameter, three-point derivatives computation will occur from the beginning of the 

parameter estimation process if FORCEN is set to ñalways_3ò for the group to which the 

parameter belongs. However more commonly PEST commences the parameter estimation 

process with two-point derivatives for all parameters and switches to three-point derivatives 

for all parameters only if the parameter estimation process is proceeding very slowly. This 

behaviour occurs when FORCEN for all parameter groups is set to ñswitchò. 

Where three-point derivatives computation is activated, PEST has the opportunity to compare 

the slopes of two neighbouring segments on the curve of model output vs. parameter value. If 

slopes of these neighbouring segments are markedly different, this indicates that points (a) or 

(b) of the above graph may have been encountered. If this is the case, the derivative should be 

computed on the basis of only one of the neighbouring segments defined on the basis of the 

three parameter values, rather than on both of them. Alternatively, perhaps both segments 

should be abandoned and the local slope of the model output vs. parameter value curve 

approximated in a way that does not necessarily achieve progress of the parameter estimation 

process, but does not harm it either. 
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2.35.2 Implementation 

ñSpit slope analysisò is implemented according to new settings supplied in the ñparameter 

groupsò section of the PEST control file. Variables that can appear on each line of this 

section are illustrated in the following diagram. 

 

* parameter groups  

PARGPNME INCTYP DERINC DERINCLB FORCEN DERINCMUL DERMTHD [SPLITTHRESH SPLITRELDIFF SPLITACTION]  

 

( one such line for each of NPARGP parameter groups )  
 

Variables appearing in the ñparameter groupsò section of the PEST control file. 

The SPLITTHRESH, SPLITRELDIFF and SPLITACTION variables are optional. However 

if one of them is supplied for a particular parameter group then all of them must be supplied 

for that group. 

SPLITTHRESH must be zero or greater. If it is set to zero (or omitted), then split slope 

analysis is not performed for that particular parameter group. If it is set to a positive value, 

then split slope analysis for all observations for all parameters belonging to the group is 

potentially undertaken. However it will only be actually undertaken for a particular 

observation/parameter pair if the absolute value of the slope of at least one of the 

neighbouring segments employed  in three-point derivatives calculation for that 

observation/parameter pair is greater than the value supplied for SPLITTHRESH. Thus the 

analysis (and possible omission of individual slope segments) is not undertaken where 

derivatives are very small. 

SPLITRELDIFF defines another threshold. This variable must be provided with a value that 

is greater than 0.0. If the absolute difference in slopes of neighbouring segments, divided by 

the smaller of these two slopes, is greater than this threshold, then segment rejection is 

activated. 

The SPLITACTION variable defines the manner in which segment rejection is undertaken. 

This is a text variable which must be set to either ñsmallerò, ñzeroò or ñpreviousò. If it is set 

to ñsmallerò, then the slope segment with higher absolute slope value is rejected, and the 

derivative is taken as the slope of the segment of lesser absolute slope. If it is set to ñzeroò 

then the derivative of the current observation with respect to the current parameter is assigned 

a value of zero for the current iteration. If it is set to ñpreviousò, then the derivative obtained 

in the previous iteration is retained for the present iteration as well. 

The following should be noted. 

1. If, for a particular parameter group, SPLITACTION is set to ñpreviousò, and three-

point derivatives computation is being undertaken on the first iteration of the 

parameter estimation process, the ñpreviousò derivative of the pertinent observation 

with respect to the pertinent parameter is taken as zero. 

2. The same thing happens if PEST is restarted mid-run, for on a restart PEST does not 

read its previous Jacobian matrix. 

A further variable has been introduced to the ñcontrol dataò section of the PEST control file 

which can affect the way in which split slope analysis is implemented. This is an optional 

variable. If present, it must immediately follow the NOPTSWITCH variable on the eighth 

line of the PEST control file. If present, the NOPTSWHICH variable must also be present. If 
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the DOAUI and/or DOSENREUSE variables are present, they must follow SPLITSWH. 

This is illustrated in the control data specification list below. 

pcf  

* control data  

RSTFLE PESTMODE 

NPAR NOBS NPARGP NPRIOR NOBSGP [MAXCOMPDIM] 

NTPLFLE NINSFLE PRECIS DPOINT [NUMCOM] [JACFILE] [MESSFILE]  

RLAMBDA1 RLAMFAC PHIRATSUF PHIREDLAM NUMLAM [JACUPDATE] 

RELPARMAX FACPARMAX FACORIG [IBOUNDSTICK UPVECBEND] 

PHIREDSWH [NOPTSWITCH] [SPLITSWH]  [DOAUI] [DOSENREUSE]  

NOPTMAX PHIREDSTP NPHISTP NPHINORED RELPARSTP NRELPAR [PHISTOPTHRESH] [LASTRUN] [PHIABANDON]  

ICOV ICOR IEIG [IRES] [JCOSAVEITN] [REISAVEITN]  

Specifications for ñcontrol dataò section of PEST control file. 

If SPLITSWH is provided with a zero or negative value, it is ignored. If not, it can be used to 

determine the point within a PEST run at which operation of split slope analysis begins. 

Suppose that this is set to 1.10. Then split slope analysis will begin when the following 

conditions have been met. 

1. Central derivatives are computed for at least one parameter group. (This can be 

delayed by setting FORCEN for respective parameter groups to ñswitchò). 

2. If switching in this manner occurs, at least one iteration has elapsed since this switch 

has taken place. (This gives central derivatives without split slope analysis a chance to 

lower the objective function.) 

3. The ratio of the best objective function achieved during a certain iteration to that 

achieved in the previous iteration is 1.10. 

Note that SPLITSWH can be set to less than 1.0 if desired. For example, if it is set to 0.95, 

then the use of split slope analysis is triggered when the new-to-old objective function ratio is 

0.95 or above.  

At the time of writing, use of split slope analysis appears to be moderately successful in 

allowing the parameter estimation process to progress, even where derivatives are of poor 

quality. Suitable settings for SPLITTHRESH, SPLITRELDIFF and SPLITACTION are still 

being acquired from experience. The JACWRIT utility can be employed to learn of the 

expected values of model output derivatives with respect to various parameters to help in the 

setting of these variables. Values of 1.0E-4, 0.5 and ñsmallerò appear to work well. However 

the author would welcome suggestions from user experience. 

2.36 Bad Derivatives Damage Mitigation - 2 

2.36.1 General 

Corrupted derivatives are often recognised by the fact that their values are unusually high. 

However it is very difficult to know how high these values must be to qualify as being such. 

Another feature of corrupted derivatives is that if variation of one particular parameter causes 

a certain aspect of model functionality to cross an internal threshold that causes a 

discontinuity to arise in the relationship between that parameter and model outputs, then an 

entire column of the Jacobian will thus be corrupted because all model outputs will be 

affected. It follows that if this column is removed from the parameter estimation process for 

the current iteration, progress in lowering the objective function can still be made as the 

presence of this corrupted column will then not impede the ability of other parameters to alter 

their values in ways that lower the objective function. 
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One possible manner in which mitigation of bad derivatives may then proceed during any 

particular iteration of the parameter estimation process is as follows:- 

1. Attempt a parameter upgrade. 

2. If the objective function does not improve, identify the parameter with maximum 

composite sensitivity and remove that parameter from the upgrade calculation 

process. 

3. Attempt another parameter upgrade. 

4. Repeat steps 2 and 3 until either the objective function is lowered, or until it becomes 

obvious that it will not be lowered through a continuation of this process. 

5. During the next optimisation iteration (when a fresh Jacobian matrix is available) 

repeat this process. 

This sequence of steps is very similar to that employed by PESTôs ñautomatic user 

interventionò functionality and, in fact, can be implemented with very few alterations to that 

algorithm. The major difference is that instead of temporarily removing parameters from the 

parameter upgrade process in order of increasing composite sensitivity (starting from that of 

lowest composite sensitivity), parameters are removed in order of decreasing composite 

sensitivity, starting from that of highest composite sensitivity. (Hence it is important that 

PEST be presented with a well-posed inverse problem for which traditional automatic user 

intervention is not required.) 

2.36.1 Implementation 

The above process is most easily implemented simply by setting the DOAUI variable in the 

ñcontrol dataò section of the PEST control file to ñauidò. However this is not allowed if the 

SVD or LSQR solution schemes are invoked, because present PEST functionality is such that 

automatic user intervention is disallowed under these circumstances. Note, however, that 

automatic user intervention can presently be used successfully if PEST is undertaking SVD-

assisted parameter estimation. 

If no ñautomatic user interventionò setting is present in the PEST control file, control 

variables that affect the operation of the automatic user intervention process when used in this 

manner for mitigation of problems caused by bad derivatives are assigned the values shown 

in the following table. 

 

Variable name Default Value 

MAXAUI 3*NESPAR/4  

AUISTARTOPT 1 

NOAUIPHIRAT 0.9 

AUIRESTITN 0 

AUISENSRAT 1 

AUIHOLDMAXCHG 0 
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AUINUMFREE 1 

AUIPHIRATSUF 0.8 

AUIPHIRATACCEPT 0.99 

NAUINOACCEPT 3*MAXAUI/4 

Default values used for automatic user intervention control variables when the DOAUI 

variable is set to ñauidò.  NESPAR in the above table is the number of adjustable 

parameters. 

Note that the AUIPHIRATSUF variable takes on a slightly different role when DOAUI is set 

to ñauidò from that which it assumes when DOAUI is set to ñauiò. In the latter case it refers 

to the ratio of the current objective function to that achieved on the current iteration with no 

parameters temporarily frozen; in the former case it is the ratio of the current objective 

function to the that prevailing at the commencement of the current iteration. 

Both normal and parallel PEST can employ automatic user intervention. In the latter case the 

efficiency of the process is greatly increased if the PARLAM variable in the PEST run 

management file is set to a value that allows parallelisation of the Marquardt lambda search. 

If you feel that PEST is trying to do too much automatic user intervention during any 

particular optimisation iteration, the easiest way to reduce the time spent on progressively 

freezing parameters and re-attempting upgrade calculations is to place an ñautomatic user 

interventionò section in the PEST control file, assigning the above default values to all 

variables contained therein except for MAXAUI which can be set to an appropriately low 

number. PEST will then limit its progressive removal of Jacobian matrix columns to 

MAXAUI before abandoning automatic user intervention for that optimisation iteration and 

moving on to the next iteration. 

2.37 Kullback-Leibler (K -L) Information Loss Statistics 

PEST now computes AIC, AICc, BIC and KIC statistics. These are recorded on its run record 

file, just before the parameter covariance matrix. Formulae used by PEST are as follows. 

(These are the same as those employed by Poeter and Hill, 2007). 

( ) kn 2lnAIC 2 += s  

( ) ( )
öö
÷

õ
ææ
ç

å

--

+
++=

1

12
2lnAICc 2

kn

kk
kn s  
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where: 

 n is the number of non-zero-weighted observations and prior information 

equations employed in the parameter estimation process; 

k is equal to m+1 where m is the number of adjustable parameters involved in 

the parameter estimation process; 

ů
2
 is the residual variance, calculated as ʌmin/n, where ʌmin

 
is the minimized 
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objective function; 

X is the Jacobian matrix computed on the basis of optimised (or almost 

optimised) parameters; 

Q is the weight matrix employed by PEST. 

The following should be noted. 

1. The above statistics are calculated only if PEST is run in ñestimationò mode; they are 

not calculated if PEST is run in ñpredictive analysisò or ñregularisationò modes. Nor 

are they computed if solution of the inverse problem is achieved using truncated 

singular value decomposition or LSQR. 

2. If a problem is so ill-determined that the covariance matrix cannot be calculated (by 

virtue of the fact that X
t
QX cannot be inverted), then these statistics will not be 

calculated either. 

The author must confess that in contexts where highly parameterised inversion and 

concomitant uncertainty analysis can be carried out using efficient, state-of-the-art 

regularisation methodologies described herein, he can see little use for these statistics, for 

they ignore the fact that the world is a complex place and that ñmaximum likelihoodò cannot 

be computed without recognition of this complexity (as encapsulated in the C(p) matrix used 

elsewhere in this document). Statistics such as those computed by the PREDVAR1 utility 

described herein recognise this complexity; they also recognise the fact that regularisation of 

one kind or another is required for unique solution of an inverse problem and that the ñcost of 

uniquenessò is a significant loss of resolution in representing hydraulic properties in a 

calibrated model. The PREDVAR methodology thus provides a more coherent approach to 

estimation of the optimum number of parameters to employ in solving an inverse problem, as 

loss of system detail incurred by using too few parameters is played against amplification of 

observation noise incurred by using too many. Furthermore, methodologies such as Null 

Space Monte Carlo allow a modeller to avoid having to commit him/herself to a unique set of 

parameters at all, and to analyse the uncertainty of model predictions with full account taken 

of the fact that the calibration process can normally capture very little of the true complexity 

of real-world systems. The need for ñmodel averagingò techniques, especially in contexts 

where the very existence of discrete models whose relative worth must be analysed is an 

artificial outcome of an inability on the part of older-style parameter estimation software to 

accommodate complex but continuous parameter fields, is highly questionable in these 

circumstances. 

2.38 Subspace-Enhanced Tikhonov Regularisation 

2.38.1 General 

Use of Tikhonov regularisation in the inversion process often results in parameter fields that 

ñlook goodò from a geological or other perspective. This will be especially the case if 

Tikhonov constraints have been formulated in such a way that the ñdefault parameter 

conditionò that they express represents an expertôs encapsulation of pre-calibration 

parameterisation maximum likelihood. However not only should the preferred condition 

express parameterisation reasonableness; in addition to this, weights and/or covariance 

matrices applied to regularisation constraints should be such that violation of these 

constraints in order to allow model outputs to fit field data takes place in a reasonable, or 

ñleast-unlikelihoodò fashion. In the groundwater modelling context, this will result in the 
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introduction of heterogeneity that is of a scale and disposition that ñmakes senseò in the 

geological setting under consideration. 

A practical problem that often arises when using Tikhonov regularisation is that neither the 

ñdefault conditionò of real-world parameters, nor the covariance matrix of spatial or temporal 

parameter heterogeneity that describes their potential variability, is known (or even very 

applicable). Another problem is that, as the optimisation process advances and PEST pursues 

a good fit with field data in areas of high spatial data density where there may be strong 

evidence for the existence of parameterisation heterogeneity, it ñlets goò of Tikhonov 

regularisation constraints in order to achieve these fits, and to therefore express the 

heterogeneity which they suggest. ñLetting goò takes place through reduction of the 

regularisation weight factor. However an unfortunate consequence of ñletting goò is that 

numerical instability of the inversion process may be incurred, for the consequential lack of 

constraints on parameters in data-poor parts of the model domain may result in 

nonuniqueness in estimation of parameters in those areas. Condition numbers then rise, and 

the consequential numerical instability will almost certainly hamper further progress of the 

parameter estimation process. 

This problem can be partially overcome through applying differential weighting to 

regularisation constraints, with weights being weaker on parameters (and/or parameter 

combinations) that are relatively estimable on the basis of the current calibration dataset, 

while being stronger on constraints that pertain to parameters (and/or parameter 

combinations) that are relatively inestimable. Thus the information content of the calibration 

dataset can be transferred to parameters (and parameter combinations) of which this dataset is 

informative, without the need to relax application of default conditions on parameters (and 

parameter combinations) for which information in the calibration dataset is weak or absent. 

PEST is given license to adopt differential weighting for regularisation prior information 

equations and regularisation observations through use of the IREGADJ regularisation control 

variable. Differential weighting is computed and applied on a group-by-group basis if 

IREGADJ is set 1, 2 or 3. If it is set to 4 or 5, regularisation weights adjustment takes place 

on an item-by-item basis, where an ñitemò is an individual regularisation prior information 

equation, or an individual regularisation observation. These latter options will now be 

described. 

2.38.2 Solution Space Projection 

Let X represent the Jacobian matrix for the current parameter estimation problem, and let p 

represent parameters that are featured in this problem. Let Q represent the observation weight 

matrix. Let singular value decomposition of the weighted Jacobian matrix lead to the 

following equation: 

 Q
1/2

X = USV
t
        (2.38.1) 

where, as usual, the columns of V comprise orthogonal unit vectors which collectively span 

parameter space. On the basis of a user-selected singular value threshold, V can be 

subdivided into submatrices V1 and V2 such that: 
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Often the threshold will be chosen such that V1 spans the ñcalibration solution spaceò 

(combinations of parameters to which model outputs corresponding to observations 










































































































































































































































































































































































































