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SOFTWARE SUMMARY FORM 

01. Summary Date: 
8/22/97 

04. Software Date: 
8/22/97 

09. Processing Mode: 

0 Interactive 

0 Batch 

Combination 

02. Summary prepared by (Name and phone) 
Amit Armstrong 

05. Short Title: 

03. Summary Action: 
Ext . 5 182 

NEW 

PEST for UNIX 

06. Software Title: PEST - Model Independent Parameter Estimation 
NONE 

10. APPLICATION AREA 
a. General: 

ScientifidEngineering 0 Auxiliary Analyses 
0 Total System PA 

Subsystem PA 0 Other 

07. Internal Software ID: 

b. Specific: Non-Linear Parameter Estimation 

14. Computer Platform 
SUNSPARC 20 

18. Computer Memory 
Requirements: 

N/A 

~~~ 

12. Technical Contact(s) and Phone: 

15. Computer Operating 16. Programming 17. Number of Source 
System: Language(s): Program Statements: 

SunOslUNIX FORTRAN 4000 

19. Tape Drives: 20. DisklDrum Units: 2 1. Graphics: 

N/A N/A N/A 

Dr. John Doherty 
46 1-7-3379- 1664(Australia) 

23. Software Availability: 
Available 0 Limited 0 In-House ONLY 

24. Documentation Availability: 
W Available 0 Inadequate 0 In-House ONLY 

II 
Software Custodian: Date: /0 / /8 /p7 

CNWRA Form TOP-4-122 



Memorandum 

From: Amit Armstrong 

To: Bruce Mabrito 

CC: English Pearcy, Rebecca Sanchez 

Date: August 27, 1997 

Subject: PEST QA 

The PEST was installed on sisyphus under directory 
/export/home/sisyphus/aarmstr/PEST on August 22, 1997. PEST is a 
parameter estimation software that can be used for model 
independent parameter estimation. 

The installation test was performed for QA. Two test-cases were 
executed as per user' guide. The output results of test-case 
twoline and test-case poly exactly matched with the results given 
in the user' guide of PEST. The output results of both test-cases 
are enclosed with this memo. 

If you have any questions, please contact me at x5182. 
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PCf 
* con t ro l  data 
r e s t a r t  noderiv 

4 2 0  4 2 
3 3 s ing le  po in t  

5.0 2.0 0.3 0.03 10 
5.0 5 .0  0.001 
0.1 

30 0.01 3 3 0.01 3 
1 1 1  

* group d e f i n i t i o n s  and de r i va t i ve  data 
a r e l a t i v e  0.01 0.01 switch 2.0 outside-pts 
b r e l a t i v e  0.01 0.01 always-3 2.0 parabolic 
c r e l a t i v e  0.01 0.01 switch 2.0 bes t - f i t  
d absolute 0.05 0.00 switch 2.0 parabolic 
* parameter data 
a Log factor  1 .oooo 1.000000E-10 1.000000E+10 a 2.0000 -5.00 
b none r e l a t i v e  1 .OOOO -1.000000E+10 1.000000E+10 b 1 .OOOO 0.00 
c none r e l a t i v e  1 .OOOO -1.000000E+10 1.000000E+10 c 1 .OOOO 0.00 
d none r e l a t i v e  1.0000 -1.000000E+10 10.00000 d 0.5000 -6.00 
* observation data 
01 
02 
03 
04 
05 
06 
07 
08 
09 
01 0 
01 1 
01 2 
01 3 
01 4 
01 5 
01 6 
01 7 
01 8 
01 9 
020 

-3950.00 1 .o 
- 2790.00 1 .o 
-1880.00 1 .o 
-1 190.00 1 .o 
-690.000 1 .o 
-350.000 1 .o 
- 140.000 1 .o 
-30.0000 1 .o 
10.0000 1 .o  
10.0000 1 .o 

0.000000 1 .o 
10.0000 1 .o 
70.0000 1 .o 
210.000 1 .o 
460.000 1 .o 
850.000 1 .o 
1410.00 1 .o 
21 70.00 1 .o 
3160.00 
441 0.00 

* model command l i n e  
. /PO lymod > /dev/nu 1 
* model input/output 
PO ly-cl . t p  1 PO ly-cl 
PO ly-cz. t p  1 PO Ly-cZ 

.o 

.o 

i n  
i n  

PO Ly-c3. t p  L 

po l y l  . i n s  po l y l  .out 
po Ly2. i n s  po ly2 .out 
PO ly3. i n s  PO ty3.out 
* p r i o r  information 
p i 1  2 * log(a) = 1 1 
p i 2  2 * b +  3 * c +  -1 * d = -7 1 

PO ly-c3. i n 
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PESTMS RUN RECORD: CASE poly 

Case dimensions:- 

Number of parameters 

Number o f  adjustable parameters 

Number o f  parameter groups 

Number o f  observations 

Number o f  p r i o r  estimates 

4 

4 
4 
20 
2 

Mode 1 command t i  ne: ~ 

. Ipolymod > Idevlnu 11 

Model in ter face f i  1es:- 

Temp lates: 

PO ly-cl . t p  1 
PO ly-cz. t p  1 

PO 1y-c3. t p  1 
for  model input f i l e s :  

po ly-cl . i n  
po ly-c2 . i n  
PO ly-c3. i n  

(Parameter values w r i t t e n  using s ing le  prec is ion protocol . )  

(Decimal po in t  always included.) 

I ns t ruc t i on  f i  les: 

po l y l  . i ns  

po ly2. i ns  

PO ly3. i ns  

PO l y l  .out 

poly2.out 

PO 1y3. out 

f o r  reading model output f i l e s :  

Derivatives ca lcu l a t i on :  - 

Param Increment Increment Increment Forward or M u l t i p l i e r  Method 
group type low bound cen t ra l  (cent r a  1) (centra 1) 

a r e l a t i v e  1.0000E-02 1.0000E-02 switch 2.000 outside-pts 

b r e l a t i v e  1.0000E-02 1.0000E-02 always-3 2.000 parabolic 
c r e l a t i v e  1 .0000E-O2 1.0000E-02 switch 2.000 best-f i t 
d absolute 5.0000E-02 na switch 2.000 parabolic 

Parameter d e f i n i t i o n s : -  

Name Trans- Change I n i t i a l  Lower upper Group 

a log factor  1 .ooooo 0. 1.000000E+10 a 

b none r e l a t i v e  1 .OOOOO - 1 .000000E+10 1 .000000E+10 b 
C none r e l a t i v e  1 .OOOOO - 1 .000000E+10 1 .000000E+10 c 

d none r e l a t i v e  1 .OOOOO - 1 .000000E+10 10.0000 d 

formation l i m i t  va Lue bound bound 



Name Scale O f f se t  

a 2.00000 - 5.00000 
b 1 . 00000 0. 
C 1 . 00000 0. 
d 0.500000 - 6.00000 

P r i o r  i n fo rma t ion : -  

P r i o r  i n f o  Fac tor  

name 
p i  1 2.00000 
p i  2 2.00000 

3.00000 
- 1 . 00000 

Observat ions:-  

Observat ion name 

01 
02 
03 

04 
05 

06 
07 
08 

09 
01 0 
01 1 
01 2 
01 3 

01 4 
01 5 
01 6 
01 7 
01 8 

01 9 
020 

Parameter P r i o r  Weight 

- 1 . 00000 1 .ooo 
in fo rma t ion  

* Logta1 
n 

n 

b + 

d - - 7.00000 1 .ooo 
C + 

* - 

Observat ion 

-3950 .OO 
- 2790.00 
-1 880.00 
-1 190 .oo 
- 690.000 
-350.000 

-140.000 
-30.0000 
10.0000 
10.0000 

0. 
10.0000 
70.0000 
210.000 
460.000 
850.000 
141 0.00 
2170.00 
31 60.00 
4410.00 

Weight 

1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 

Inve rs ion  c o n t r o l  s e t t i n g s : -  

I n i t i a l  lambda : 5.0000 
Lambda adjustment f a c t o r  : 2.0000 

S u f f i c i e n t  new/old ph i  r a t i o  per op t im isa t i on  i t e r a t i o n  : 0.30000 
L i m i t i n g  r e l a t i v e  ph i  reduc t ion  between lambdas : 3.00000E-02 

Maximum t r i a l  lambdas per i t e r a t i o n  : 10 

Maximum f a c t o r  parameter change ( f a c t o r - l i m i t e d  changes) : 5.0000 
Maximum r e l a t i v e  parameter change ( r e l a t i v e - l i m i t e d  changes) : 5.0000 

F r a c t i o n  o f  i n i t i a l  parameter values used i n  computing 
change l i m i t  f o r  near -zero  parameters : 1 . OOOOOE -03 

R e l a t i v e  ph i  reduc t ion  below which t o  beg in  use o f  

cen t ra  1 d e r i v a t i v e s  : 0.10000 

R e l a t i v e  ph i  reduc t ion  i n d i c a t i n g  convergence : 0.10000E-01 
Number o f  ph i  values requ i red  w i t h i n  t h i s  range : 3  



Maximum number o f  consecut ive f a i l u r e s  t o  lower ph i  : 3  
Maximum r e l a t i v e  parameter change i n d i c a t i n g  convergence : 0.10000E-01 
Number o f  consecut ive i t e r a t i o n s  w i t h  minimal param change : 3 
Maximum number o f  op t im isa t i on  i t e r a t i o n s  : 30 

OPTIMISATION RECORD 

INITIAL CONDITIONS: 
Sum o f  squared weighted res idua ls  ( i e  p h i )  = 1.7434E+08 

Current parameter values 

a 1 . 00000 
b 1 . 00000 
C 1 . 00000 
d 1 . 00000 

OPTIMISATION ITERATION NO. : 1  
Model c a l l s  so f a r  : 1  
S t a r t i n g  ph i  f o r  t h i s  i t e r a t i o n :  1.7434€+08 

Lambda = 5.000 - - - - - >  

ph i  = 1.2542€+06 ( 0.007 o f  s t a r t i n g  p h i )  

No more lambdas: p h i  i s  now less  than 0.3000 o f  s t a r t i n g  ph i  

Lowest phi t h i s  i t e r a t i o n :  1.2542€+06 

Current parameter values 

a 5.00000 
b 4.65325 
C -1.02994 
d 1.51136 

Maximum f a c t o r  parameter change 
Maximum r e l a t i v e  parameter change 

Maximum r e l a t i v e  parameter change 

Previous parameter values 

a 1 . 00000 
b 1 . 00000 
C 1 . 00000 
d 1 .ooooo 

( f a c t o r - l i m i t e d  changes): 5.000 
( r e l a t i v e - l i m i t e d  changes): 3.653 
( a l l  changes): 4.000 

OPTIMISATION ITERATION NO. : 2  
Model c a l l s  so f a r  : 7  
S t a r t i n g  ph i  f o r  t h i s  i t e r a t i o n :  1.2542E+06 

Lambda = 2.500 - - - - - >  

ph i  = 253.5 ( 0.000 o f  s t a r t i n g  p h i )  

No more lambdas: ph i  i s  now less  than 0.3000 o f  s t a r t i n g  ph i  
Lowest ph i  t h i s  i t e r a t i o n :  253.5 

Current parameter values Previous parameter values 
a 4.99924 a 5.00000 
b 10.071 1 b 4.65325 
C -4.82373 C - 1 .02994 

d 1.51136 d 3.44976 
Maximum f a c t o r  parameter change ( f a c t o r - l i m i t e d  changes): 1.000 
Maximum r e l a t i v e  parameter change ( r e l a t i v e - l i m i t e d  changes): 3.684 
Maximum r e l a t i v e  parameter change ( a l l  changes): 3.684 

9 



OPTIMISATION ITERATION NO. : 3  
Model c a l l s  so far  : 13 
S ta r t i ng  phi  for  t h i s  i t e r a t i o n :  253.5 

Lambda = 
phi = 

Lambda = 
phi = 

Lambda = 
phi = 

Lambda = 
phi = 

Lambda = 
phi = 

Lambda = 
phi = 

Lambda = 
phi = 

Lambda = 
phi = 

1.250 - - - - - >  

226.7 ( 0.895 o f  s t a r t i n g  p h i )  

0.6250 - - - - - >  

211 .o ( 0.832 o f  s t a r t i n g  ph i )  

0.3125 - - - - - >  
186.9 ( 0.737 o f  s t a r t i n g  p h i )  

0.1562 - - - - ->  

156.3 ( 0.617 o f  s t a r t i n g  ph i )  

7.8125E-02 - - - - - >  

125.5 ( 0.495 o f  s t a r t  

3.9062E-02 - - - - - >  

101.1 ( 0.399 o f  s t a r t  

1.9531E-02 - - - - - >  
85.10 ( 0.336 o f  s t a r t i n g  p h i )  

9.7656E-03 - - - - - >  

75.90 ( 0.299 o f  s t a r t i n g  ph i )  

No more lambdas: ph i  i s  now Less than 0.3000 o f  s t a r t i n g  phi 
Lowest phi t h i s  i t e r a t i o n :  75.90 

Current parameter values Previous parameter values 
a 4.99962 a 4.99924 
b 10.0389 b 10.0711 
C -4.90843 C -4.82373 
d 7.31467 d 3.44978 

Maximum factor  parameter change ( f a c t o r - l i m i t e d  changes): 1.000 
Maximum r e l a t i v e  parameter change ( r e l a t i v e - l i m i t e d  changes): 1.120 
Maximum r e l a t i v e  parameter change ( a l l  changes) : 1 .120 

OPTIMISATION ITERATION NO. : 4  
Model c a l l s  so far  : 26 
Star t ing phi  f o r  t h i s  i t e r a t i o n :  75.90 

Lambda = 4.8828E-03 - - - - - >  
phi = 24.20 ( 0.319 o f  s t a r t i n g  ph i )  

Lambda = 2.4414E-03 - - - - - >  

phi = 24.25 ( 0.319 o f  s t a r t i n g  p h i )  

Lambda = 9.7656E-03 - - - - - >  

phi = 24.11 ( 0.318 o f  s t a r t i n g  p h i )  

No more lambdas: r e l a t i v e  phi reduction between lambdas less than 0.0300 
Lowest phi t h i s  i t e r a t i o n :  24.11 



Current parameter values Previous parameter values 
a 5.00004 a 4.99962 
b 10.0000 b 10.0389 
C -5.00579 C - 4.90843 
d 10.0000 d 7.31 467 

Maximum factor  parameter change ( f a c t o r - l i m i t e d  changes): 1.000 

Maximum r e l a t i v e  parameter change ( r e l a t i v e - l i m i t e d  changes): 0.3671 

Maximum r e l a t i v e  parameter change ( a l l  changes): 0.3671 

O P T I M I S A T I O N  I T E R A T I O N  NO. : 5  

Model c a l l s  so far  : 34 
Star t ing phi f o r  t h i s  i t e r a t i o n :  24.11 

Lambda = 9.7656E-03 - - - - - >  
parameter I1d1l frozen: gradient and update vectors out of bounds 

phi = 12.45 ( 0.516 o f  s t a r t i n g  ph i )  

Lambda = 4.8828E-03 - - - - - >  
phi = 12.45 ( 0.516 o f  s t a r t i n g  p h i )  

No more lambdas: r e l a t i v e  ph i  reduction between lambdas Less than 0.0300 
Lowest phi t h i s  i t e r a t i o n :  12.45 

Current parameter values Previous parameter values 
a 5.00063 a 5.00004 
b 10.0177 b 10.0000 
C -5.07338 C -5.00579 

d 10.0000 d 10.0000 
Maximum factor  parameter change ( fac to r - l im i ted  changes): 1.000 

Maximum r e l a t i v e  parameter change ( r e l a t i v e - l i m i t e d  changes): 1.3502E-02 

Maximum r e l a t i v e  parameter change ( a l l  changes): 1.3502E-02 

OPTIMISATION ITERATION NO. : 6  
Model c a l l s  so fa r  : 41 

Star t ing phi  f o r  t h i s  i t e r a t i o n :  12.45 

A l l  frozen parameters freed 

Lambda = 2.4414E-03 - - - - - >  
parameter "dI1 frozen: gradient and update vectors out of bounds 

phi = 12.45 ( 1.000 o f  s t a r t i n g  ph i )  

Lambda = 1.2207E-03 - - - - - >  

phi = 12.45 ( 1.000 o f  s t a r t i n g  p h i )  

No more lambdas: r e l a t i v e  phi reduction between lambdas less than 0.0300 

Lowest phi t h i s  i t e r a t i o n :  12.45 
Relat ive phi  reduction between optimisation i t e r a t i o n s  less than 0.1000 
Switch t o  cen t ra l  der ivat ives ca l cu la t i on  

Current parameter values Previous parameter values 
a 5.00065 a 5.00063 
b 10.01 77 b 10.01 7 7  
C -5.07525 C -5.07338 
d 10.0000 d 10.0000 

Maximum factor  parameter change ( f a c t o r - l i m i t e d  changes): 1.000 



Maximum r e l a t i v e  parameter change ( r e l a t i v e - l i m i t e d  changes): 3.6879E-04 

Maximum r e l a t i v e  parameter change ( a l l  changes): 3.6879E-04 

OPTIMISATION I T E R A T I O N  NO. : 7  
Model c a l l s  so f a r  : 48 

S t a r t i n g  ph i  f o r  t h i s  i t e r a t i o n :  12.45 

A l l  f rozen parameters f reed  

Lambda = 6.1035E-04 - - - - - >  
parameter Itdt1 f rozen: g rad ien t  and update vec tors  out o f  bounds 

p h i  = 12.45 ( 1.000 t imes s t a r t i n g  p h i )  

Lambda = 3.0518E-04 - - - - - >  

ph i  = 12.45 ( 1.000 t imes s t a r t i n g  p h i )  

Lambda = 1.2207E-03 - - - - - >  
p h i  = 12.45 ( 1.000 t imes s t a r t i n g  p h i )  

No more lambdas: r e l a t i v e  p h i  reduc t i on  between lambdas less than 0.0300 

Lowest ph i  t h i s  i t e r a t i o n :  12.45 

Current parameter values 

a 5.00065 

b 10.01 77 

C -5.07521 

d 10.0000 

Previous parameter values 

a 5.00065 

b 10.0177 

C -5.07525 
d 10.0000 

Maximum f a c t o r  parameter change ( f a c t o r - l i m i t e d  changes): 1.000 

Maximum r e l a t i v e  parameter change ( r e l a t i v e - l i m i t e d  changes): 8.6498E-06 
Maximum r e l a t i v e  parameter change ( a l l  changes): 8.6498E-06 

Opt imisa t ion  complete: t he  3 lowest p h i ’ s  a r e  w i t h i n  a r e l a t i v e  d is tance 

o f  eachother o f  1.000E-02 

T o t a l  model c a l l s :  59 

OPTIMISATION RESULTS 

Parameters - - - - - >  

Parameter Est imated 95% percent conf idence l i m i t s  
va lue  lower l i m i t  upper l i m i t  

a 5.00065 4.9941 3 5.0071 7 
b 10.0177 10.0050 10.0305 

C -5.07525 -5.24200 - 4.90850 
d 10.0000 9.00358 10.9964 

Note: conf idence l i m i t s  p rov ide  on ly  an i n d i c a t i o n  o f  parameter unce r ta in t y .  
They r e l y  on a l i n e a r i t y  assumption which may not extend as f a r  i n  
parameter space as the  conf idence l i m i t s  themselves - see PEST manual. 

Observat ions - - - - - >  

Observat ion Measured Ca l c u  l a t e d  Residua 1 
va lue va lue  

01 - 3950.00 -3949.77 -0.228000 

02 -2790.00 -2789.83 -0.168000 

Weight 

1 .ooo 
1 .ooo 



03 
04 
05 
06 
07 

08 
09 
01 0 
01 1 
01 2 

01 3 
01 4 
01 5 
01 6 
01 7 
01 8 

01 9 
020 

-1 880 .oo 
-1 190.00 
- 690.000 
- 350.000 
-140.000 
-30.0000 
10.0000 
10.0000 

0. 
10.0000 
70.0000 
210 .ooo 
460.000 
850.000 
1410.00 
21 70.00 
31 60.00 
4410.00 

P r io r  in format ion - - - - - >  

P r io r  Provided 
in format ion va lue 

p i  1 1 .ooooo 
p i  2 - 7.00000 

-1 879.93 
-1 190.05 
-690.190 
- 350.343 
-1 40.498 
- 30.6497 
9.21 103 
9.091 68 

- 1 .ooooo 
8.94377 
68.9308 
208.969 
459.066 
849.229 
1409.47 
2169.79 
3160.20 
4410.70 

Ca l cu  la ted 
va Lue 
1 .39805 

-5.19030 

-7.280000E-02 
4.940000E-02 
0.190430 
0.343000 
0.498000 
0.649700 
0.788970 
0.908320 

1 . 00000 
1 .05623 
1 .06923 
1.03122 

0.934420 
0.771 060 
0.533300 
0.21 3600 

-0.196300 
-0.703600 

Residua 1 

-0.398053 
- 1 .a0970 

Object ive funct ion - - - - - >  

Sum o f  squared weighted res iduals  ( i e  ph i )  = 12.45 

Covariance Matr ix  - - - - - >  

7.2613E-08 6.0443E-07 -1.9513E-05 -3.1726E-05 
6.0443E-07 3.6791E-05 -1.3622E-04 -1.9909E-03 

-1.9513E-05 -1.3622E-04 6.2994E-03 8.4771E-03 
-3.1726E-05 -1.9909E-03 8.4771E-03 0.2249 

Corre la t ion Coe f f i c i en t  Ma t r i x  - - - - - >  

1 .ooo 0.3698 -0.9124 -0.2483 
0.3698 1 .ooo -0.2830 -0.6921 

-0.9124 -0.2830 1 .ooo 0.2252 
-0.2483 -0.6921 0.2252 1.000 

Normalized eigenvectors o f  covariance matr ix  - - - - - >  

1 .ooo -7.3170E-03 3.0600E-03 -1.4410E-04 
-7.3481E-03 -0.9999 9.9265E-03 -8.8556E-03 
2.9879E-03 -1.0284E-02 -0.9992 3.8689E-02 

-3.6601E-05 -8.4645E-03 3.8777E-02 0.9992 

1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .DO0 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 

Weight 

1 .ooo 
1 .ooo 

Eigenvalues - - - - - >  

1.1026E-08 1.8541E-05 5.9718E-03 0.2253 
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s i n g l e  p o i n t  

a 5.000648 2.000000 
b 10.01773 1 . 000000 
c -5.075251 1 .oooooo 
d 10.00000 0.5000000 

-5.000000 
0 .  

0 .  
-6.000000 
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PCf 

* c o n t r o l  data 

r e s t a r t  

4 1 3  4 0 
1 1 s i n g l e  p o i n t  

5.0 2.0 0.3 0.03 10 
3.0 3.0 0.001 
0.1 
30 0.01 3 3 0.01 3 

1 1 1  
* group d e f i n i t i o n s  and d e r i v a t i v e  da ta  

s l  r e l a t i v e  0.01 0.0 sw i t ch  2.0 pa rabo l i c  

s2 r e l a t i v e  0.01 0.0 sw i t ch  2.0 pa rabo l i c  

y l  r e l a t i v e  0.01 0.0 sw i t ch  2.0 pa rabo l i c  

xc r e l a t i v e  0.01 0.0 sw i t ch  2.0 pa rabo l i c  

s l  none r e l a t i v e  0.300000 -1 .00000E+10 1 .00000E+10 s l  1 . 0000 0.00000 
s2 none r e l a t i v e  0.800000 -1.00000E+10 1.00000E+10 ~2 1 . 0000 0.00000 
y l  none r e l a t i v e  0.400000 -1 .00000E+10 1 .00000E+10 yl  1 .oooo 0.00000 
xc none r e l a t i v e  0.300000 - 1 .00000E+10 1 .00000E+10 xc 1 .oooo 0.00000 

01 0.501000 1 .o 
02 0.521000 1 .o 
03 0.520000 1 .o 
04 0.531000 1 .o 
05 0.534000 1 .o 
06 0.548000 1 .o 
07 0.601000 1 .o 
08 0.626000 1 .o 
09 0.684000 1 .o 
010 0.696000 1 .o 
011 0.706000 1 .o 
012 0.783000 1 .o 
013 0.832000 1 .o 

model command l i n e  

parameter da ta  

observat ion da ta  

. / two l i n e  

* model i npu t /ou tpu t  

i n . t p l  i n .da t  

ou t . i ns  ou t .da t  

* p r i o r  i n fo rma t ion  
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PESTMS RUN RECORD: CASE t w o f i t  

Case dimensions:. 

Number o f  parameters 

Number o f  adjustable parameters 

Number o f  parameter groups 
Number o f  observations 

Number o f  p r i o r  estimates 

4 
4 

4 
13 

0 

Mode 1 command t i  ne: - 

. / twol ine 

Model i n te r face  f i  1es:- 

Templates: 

for  model input f i l e s :  
i n . t p l  

in.dat 

(Parameter values w r i t t e n  using s ing le  prec is ion protocol . )  

(Decimal po in t  always included.) 

I ns t ruc t i on  f i  les: 

out . ins 

for  reading model output f i l e s :  
out .dat 

Derivatives ca lcu l a t i  on: - 

Param Increment Increment Increment 

group type low bound 

s l  r e l a t i v e  1.0000E-02 none 

s2 r e l a t i v e  1.0000E-02 none 

y l  r e l a t i v e  1.0000E-02 none 
xc r e l a t i v e  1.0000E-02 none 

Forward or M u l t i p l i e r  Method 

cen t ra l  (centra l) (centra 1) 

switch 2.000 parabolic 

switch 2.000 parabolic 

switch 2.000 parabolic 
switch 2.000 parabolic 

Parameter d e f i n i t i o n s : -  

Name Trans- Change I n i t i a l  Lower Upper Group 
formation L i m i t  va lue bound bound 

s l  none r e l a t i v e  0.300000 -1 .000000E+10 1 .OOOOOOE+I 0 S l  

s2 none r e l a t i v e  0.800000 - 1 .000000E+10 1 .000000E+10 S2 

y l  none r e  l a t i v e  0.400000 -1 .000000E+10 1 .000000E+10 y l  

xc none r e l a t i v e  0.300000 -1.000000E+10 1.000000E+10 XC 

Name Sca Le O f f  set 

s l  1 . 00000 0. 
s2 1 . 00000 0. 

Y l  1 . 00000 0. 
xc 1 . 00000 0. 

P r io r  in format ion: -  



No p r i o r  information supplied 

Observations:- 

Observation name 

01 
02 

03 
04 
05 

06 
07 
08 
09 

01 0 
01 1 
01 2 
01 3 

Observation 

0.501 000 
0.521 000 
0.520000 
0.531 000 

0.534000 
0.548000 
0.601 000 
0.626000 
0.684000 
0.6g6000 
0.706000 
0.783000 
0.832000 

Weight 

1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 

Inversion con t ro l  set t ings: -  

I n i t i a l  lambda : 5.0000 
Lambda adjustment factor  : 2.0000 
Su f f i c i en t  new/old phi r a t i o  per optimisation i t e r a t i o n  : 0.30000 
L im i t i ng  r e l a t i v e  phi reduction between lambdas : 3.00000E-02 
Maximum t r i a l  lambdas per i t e r a t i o n  : 10 

Maximum factor  parameter change ( f a c t o r - l i m i t e d  changes) : na 

Maximum r e l a t i v e  parameter change ( r e l a t i v e - l i m i t e d  changes) : 3.0000 
Fract ion o f  i n i t i a l  parameter values used i n  computing 

change l i m i t  f o r  near-zero parameters 

Relat ive phi  reduction below which t o  begin use o f  

cen t ra l  der ivat ives 

Relat ive phi reduction i nd i ca t i ng  convergence 

Number o f  phi values required w i t h i n  t h i s  range 
Maximum number o f  consecutive f a i l u r e s  t o  lower ph i  

Maximum r e l a t i v e  parameter change ind i ca t i ng  convergence 
Number o f  consecutive i t e r a t i o n s  w i th  minimal param change 

Maximum number o f  opt imisat ion i t e r a t i o n s  

OPTIMISATION RECORD 

I N I T I A L  CONDITIONS: 

Sum o f  squared weighted residuals ( i e  p h i )  = 0.2580 

: 1 . OOOOOE -03 

: 0.10000 

: 0.10000E-01 
: 3  
: 3  
: 0.10000E-01 
: 3  
: 30 

Current parameter values 
s l  0.300000 
s2 0.800000 
Y l  0.400000 
xc 0.300000 



OPTIMISATION I T E R A T I O N  NO. : I  
Model c a l  1s so far  : 1  
S ta r t i ng  phi  f o r  t h i s  i t e r a t i o n :  0.2580 

Lambda = 5.000 - - - - - >  
phi = 3.3932E-03 ( 0.013 o f  s t a r t i n g  ph i )  

No more lambdas: ph i  i s  now less than 0.3000 o f  s t a r t i n g  phi 
Lowest phi t h i s  i t e r a t i o n :  3.3932E-03 

Current parameter values Previous parameter values 
s l  0.371563 s l  0.300000 
s2 0.823509 s2 0.800000 

0.400000 
xc 0.18701 1 xc 0.300000 
Y l  0.498323 Y l  

Maximum r e l a t i v e  parameter change: 0.3766 

OPTIMISATION I T E R A T I O N  NO. : 2  
Model c a l l s  so fa r  : 6  
S ta r t i ng  phi  f o r  t h i s  i t e r a t i o n :  3.3932E-03 

Lambda = 
phi = 

Lambda = 
phi = 

Lambda = 
phi  = 

Lambda = 
phi = 

Lambda = 
phi = 

2.500 - - - - - >  
1.8057E-03 ( 0.532 o f  s t a r t i n g  ph i )  

1.250 - - - - - >  
1.6299E-03 ( 0.480 o f  s t a r t i n g  phi )  

0.6250 - - - - - >  
1.4116E-03 ( 0.416 o f  s t a r t i n g  p h i )  

0.3125 - - - - - >  

1.1630E-03 ( 0.343 o f  s t a r t i n g  ph i )  

0.1562 - - - - - >  
9.5480E-04 ( 0.281 o f  s t a r t i n g  ph i )  

No more lambdas: ph i  i s  now Less than 0.3000 o f  s t a r t i n g  phi  
Lowest phi t h i s  i t e r a t i o n :  9.5480E-04 

Current parameter values 
s l  0.338786 
s2 0.93361 7 
Y l  0.483399 
xc 0.168814 

Maximum r e l a t i v e  parameter change: 0.1337 

Previous parameter values 
s l  0.371563 
s2 0.823509 

0.498323 
xc 0.18701 1 
Y l  

OPTIMISATION I T E R A T I O N  NO. : 3  
Model c a l l s  so far  : 15 
S ta r t i ng  phi  f o r  t h i s  i t e r a t i o n :  9.5480E-04 

Lambda = 7.8125E-02 - - - - - >  
phi = 8.0590E-04 ( 0.844 o f  s t a r t i n g  ph i )  

Lambda = 3.9062E-02 - - - - - >  

ph i  = 7.9747E-04 ( 0.835 o f  s t a r t i n g  ph i )  



No more lambdas: r e l a t i v e  ph i  reduc t ion  between lambdas less  than 0.0300 
Lowest ph i  t h i s  i t e r a t i o n :  7.9747E-04 

Current parameter values Previous parameter values 

s l  0.3301 61 s l  0.338786 
s2 0.963591 s2 0.93361 7 
Y l  0.48941 6 Y l  0.483399 
xc 0.189793 xc 0.168814 

Maximum r e l a t i v e  parameter change: 0.1243 

OPTIMISATION ITERATION NO. : 4  
Model c a l l s  so f a r  : 21 
S t a r t i n g  ph i  f o r  t h i s  i t e r a t i o n :  7.9747E-04 

Lambda = 1.9531E-02 - - - - - >  
ph i  = 6.9803E-04 ( 0.875 o f  s t a r t i n g  p h i )  

Lambda = 9.7656E-03 - - - - - >  
ph i  = 7.0067E-04 ( 0.879 o f  s t a r t i n g  p h i )  

Lambda = 3.9062E-02 - - - - - >  
ph i  = 6.9879E-04 ( 0.876 o f  s t a r t i n g  p h i )  

No more lambdas: p h i  r i s i n g  

Lowest ph i  t h i s  i t e r a t i o n :  6.9803E-04 

Current parameter values Previous parameter values 
s l  0.250915 s l  0.3301 61 
s2 0.962708 s2 0.963591 
Y l  0.494596 Y l  0.48941 6 
xc 0.171786 xc 0.189793 

Maximum r e l a t i v e  parameter change: 0.2400 

OPTIMISATION ITERATION NO. : 5  
Model c a l l s  so f a r  : 28 
S t a r t i n g  ph i  f o r  th is  i t e r a t i o n :  6.9803E-04 

Lambda = 1.9531E-02 - - - - - >  

ph i  = 6.7177E-04 ( 0.962 o f  s t a r t i n g  p h i )  

Lambda = 9.7656E-03 - - - - - >  
ph i  = 6.7153E-04 ( 0.962 o f  s t a r t i n g  p h i )  

No more lambdas: r e l a t i v e  ph i  reduc t i on  between lambdas less  than 0.0300 
Lowest ph i  t h i s  i t e r a t i o n :  6.7153E-04 
R e l a t i v e  ph i  reduc t ion  between op t im isa t i on  i t e r a t i o n s  less  than 0.1000 
Switch t o  c e n t r a l  d e r i v a t i v e s  c a l c u l a t i o n  

Current parameter values Previous parameter values 
s l  0.241698 s l  0.25091 5 
s2 0.963653 s2 0.962708 
Y l  0.496231 Y l  0.494596 
xc 0.174499 xc 0.171 786 

Maximum r e l a t i v e  parameter change: 3.6732E-02 



O P T I M I S A T I O N  I T E R A T I O N  NO. : 6  
Model c a l l s  so f a r  : 34 
Star t ing phi f o r  t h i s  i t e r a t i o n :  6.7153E-04 

Lambda = 4.882%-03 - - - - - >  
phi = 6.7123E-04 ( 1.000 o f  s t a r t i n g  ph i )  

Lambda = 2.4414E-03 - - - - - >  

phi = 6.7123E-04 ( 1.000 o f  s t a r t i n g  p h i )  

No more lambdas: r e l a t i v e  phi reduction between lambdas less than 0.0300 
Lowest phi t h i s  i t e r a t i o n :  6.7123E-04 

Current parameter values Previous parameter values 
sl 0.23891 8 sl 0.241 698 
s2 0.963833 s2 0.963653 
Yl 0.496506 Yl 0.496231 
xc 0.174195 xc 0.174499 

Maximum r e l a t i v e  parameter change: 1.1501E-02 

OPTIMISATION ITERATION NO. : 7  
Model c a l l s  so f a r  : 44 
Sta r t i ng  phi  f o r  t h i s  i t e r a t i o n :  6.7123E-04 

Lambda = 1.2207E-03 - - - - - >  
phi = 6.7142E-04 ( 1.000 times s t a r t i n g  p h i )  

Lambda = 6.1035E-04 - - - - - >  
phi = 6.7142E-04 ( 1.000 times s t a r t i n g  ph i )  

Lambda = 2.4414E-03 - - - - - >  
phi = 6.7142E-04 ( 1.000 times s t a r t i n g  ph i )  

No more lambdas: phi r i s i n g  

Lowest phi t h i s  i t e r a t i o n :  6.7142E-04 

Current parameter values Previous parameter values 
sl 0.24ooa6 sl 0.23891 8 
s2 0.964087 s2 0.963833 
Yl 0.49641 7 Yl 0.496506 
xc 0.1 74428 xc 0.1741 95 

Maximum r e l a t i v e  parameter change: 4.8898E-03 

Optimisation complete: the 3 Lowest ph i ' s  are w i t h i n  a r e l a t i v e  distance 

o f  eachother o f  1.000E-02 
Tota l  model c a l l s :  55 

O P T I M I S A T I O N  RESULTS 

Parameters - - - - - >  

Parameter Estimated 
value 

sl 0.23891 a 

95% percent confidence l i m i t s  
lower l i m i t  upper l i m i t  

0.145245 0.332592 



s2 0.963833 0.828790 1 .09887 
Y l  0.496506 0.480607 0.51 2405 
xc 0.174195 0.132463 0.21 5928 

Note: conf idence l i m i t s  p rov ide  on ly  an i n d i c a t i o n  o f  parameter unce r ta in t y .  

They r e l y  on a l i n e a r i t y  assumption which may not extend as f a r  i n  

parameter space as the  conf idence l i m i t s  themselves see PEST manual. 

Observations - - - - - >  

Observation 

01 
02 
03 
04 
05 

06 
07 
08 
09 
01 0 
01 1 
01 2 
01 3 

Measured 
va lue 

0.501 000 
0.521 000 
0.520000 
0.531 000 
0.534000 
0.548000 
0.601 000 
0.626000 
0.684000 
0.696000 
0.706000 
0.783000 
0.832000 

Ca l cu  l a ted  
va lue 

0.508929 
0.512752 
0.521 114 
0.527087 
0.537600 
0.5581 76 
0.59191 1 
0.635283 
0.673836 
0.690222 
0.707570 
0.777930 
0.840579 

Residua 1 

-7.929400E-03 
8.247900E-03 

-1.114200E-03 
3.91 2800E-03 

-3.599600E-03 
-1.017640E-02 
9.089400E-03 

-9.283100E-03 
1.016360E-02 
5.778500E-03 

-1.570500E-03 
5.069700E-03 

-8.579400E-03 

Ob jec t i ve  func t i on  - - - - - >  

Sum o f  squared weighted res idua ls  ( i e  p h i )  = 6.7123E-04 

Covariance Ma t r i x  - - - - - >  

1.7149E-03 3.4282E-07 -2.6217E-04 5.0465E-04 
3.4282E-07 3.5641E-03 -4.8064E-08 5.8176E-04 

-2.6217E-04 -4.8064E-08 4.9402E-05 -5.8503E-05 
5.0465E-04 5.8176E-04 -5.8503E-05 3.4038E-04 

Cor re la t i on  C o e f f i c i e n t  Ma t r i x  - - - - - >  

1 .ooo 1.3866E-04 -0.9007 0.6605 
1.3866E-04 1 .OOO -1.1454E-04 0.5282 

-0.9007 -1.1454E-04 1.000 -0.451 2 
0.6605 0.5282 -0.451 2 1 .ooo 

Normalized eigenvectors o f  covar iance ma t r i x  - - - - - >  

0.2055 0.2468 -0.9458 4.721 3E-02 
3.2456E-02 0.1547 9.6475E-02 0.9827 
0.9578 -0.2497 0.1426 -6.3233E-03 

-0.1986 -0.9235 -0.2752 0.1790 

Weight 

1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 

Eigenvalues - - - - - >  

5.2833E-06 9.2220E-05 1.9013E-03 3.6701E-03 
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s i n g l e  p o i n t  
sl 0.2389182 1 .oooooo 
s2 0.9638327 1 . 000000 
yl 0.4965057 1 .oooooo 
xc 0.1741952 1 .oooooo 

0.  

0 .  
0 .  

0 .  




