PEST: Parameter conversion
from unsatfit document: https://sekika.github.io/unsatfit/pest-conversion.html

Building on the basic workflow described in Using unsatfit
with PEST, this page describes atechnique for stabilizingop-
timization by reducing the number of free variables. By con-

verting standard hydraulic parameters (e.g.,

q
or $$r$$) into the slope parameter $$a$$ of the hydraulic
conductivity function (HCF) in the adsorption range, $$a$$
can be fixed to its theoretical value of 1.5 or constrain it
within a narrow permitted range.
Sekietal. (2023) showed that:

a;

of a $$\1og h - \1log K$$ plot of a multi-BC model in which

$$1$$-th subcurve is predominant can be approximated by

ai=(p+r)Xi+aqr (9)
a;
having a positive value.

The followingdiscussionwas included inanearlier draft of

the paper but was removed to maintain focus:

—a

inthe PEmodel and by $$a_2$$inEq. (9), is 1.5, as theoret-

ically predicted (Peters, 2013; Tokunaga, 2009) . For the DBC

and KBC models, Eq. (9) gives the relationship between $$q%$$
and $$p$$ as

g=(a—pA)/r+ Ay (10)
az
is written as $%$a$$. For the DVC model, from Eq. (9)
and replacing $$\lambda_2%$$ with the equivalent expression
$$n_2-q%$%$, we obtain $$r$$ as a function of $$p$$:

r=(a+pg)/nz—p (11)
K,

, $%p%$, $%a$$) are the model parameters. By setting
$$a=1.5%%, only ($$K_s$3$, $$p$$) remain as free parameters.
The HCF curve optimized using this method has a slope of 1.5
inthe adsorptionrange, consistent with the theoretical pre-
diction. Figure 7 illustrates this method for sample L4780
using DVC and KBC fitting. The curves obtained with fixed
$%$a$$=1.5 were similar to the PE model with $$a$$=1.5 and op-
timized $$K_s$$, $$p3$$, and $$\omegass$.

a

=1.5.
As illustrated in this excerpt, by substituting the vari-
able

q
or $$r$$ with the parameter $$a$$, $$a$$=1.5canbe treated
as a constant, effectively reducing the number of free para-

meters in your optimization by one.

The following describes how to apply this parameter conver-
sion technique to optimize the free variables defined in un-
satfit using PEST.
0.1.Modifying the PEST template

If we take the DVC model as an example, we use the relation-

ship

r=(a+pq)/ny —p

. First, you need to modify your standard DVC model.tpl
file.
The original template looks like this:

ptf#
bvC
#qs
#qr
#wl
#al
#ml
#m2
#Ks
#p
#q
#1
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To implement the conversion, change the model name (e.g., to
DVCA to indicate the modified version) and replace the para-

meter

with $$a$$:

ptf#
DVCA
#qs
#qr
#wl
#al
#ml
#m2
#Ks
#p
#q
#a
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Inyour PEST control file (.pst), youwill set

a

as a fixed parameter with a value of 1.5. When PEST runs, it
will generate an intermediate input file from this template.
Let's configure PEST to save this generated file as model-con-
v.inp.
0.2.Python script for parameter conversion

Next, youneedaPythonscript toconvertbetweenPEST's out-
put and unsatfit. This script will read model-conv.inp, cal-

culate the actual value of

T

, generate a standard model.inp file, and then instruct un-
satfit tocreateMater.in.
Save the following script asmat.py (replacing the standard

one used in the basic workflow) :

importunsatfit
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print('Converting parameters')

#1. Read the input file generated by PEST
withopen('model-conv.inp', 'r')asf:
lines =f.readlines()

#Extract parameters based on the DVCA template order (line 2 onwaxd)
gs, qr, wl, al, ml, m2, Ks, p, q, a=map(float, lines[1:11])

#2. Calculaterbasedon therelationshipr=(a+pq)/n2-p

# For the van Genuchtenmodel, m=1-1/n, thereforen=1/(1-m)
n2=1/(1-m2)

r=(a+p*q)/n2-p

#3. Write the standardmodel.inp file forunsatfit
parameters = [gs, qr, wl, al, m1, m2, Ks, p, q, r]
withopen('model.inp', 'w') as f:
f.write("DVC\n")
for paraminparameters:
f.write(f"{param}\n")

#4. GenerateMater.inusingunsatfit

f=unsatfit.Fit()

print('CreatingMater.in")

f.load_input(filename="model.inp")
f.save_mater(filename=r'C:\Users\Public\Documents\PC-Progress\Hydrus-
1D 4 .xx\Projects\Test\Mater.in")

By including this script in your runmodel.bat execution se-
quence, PEST will successfully optimize the model while ad-
hering to the theoretically predicted slopeof 1.5 for the ad-
sorption HCF, effectively stabilizing the inverse analysis
by reducing the degrees of freedom. Alternatively, it is also

possible to set

a

=1.5 as an initial value and assign it a narrow permitted
range (tight upper and lower bounds) in PEST, allowing formi-
nor adjustments during the optimization process.

This parameter conversion approachis not limited to the DVC
model; it can also be readily applied to other bimodal or tri-
modal models. For trimodal models tri-VG and BVV, simply re-

place

n2

with $$n_3$$ and use the relation $$r = (a +pq)/n_3 - p$$.
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