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The Scientific Community and Scientific Standards

* Universalism

e Communality

* Disinterestedness

* Organized Skepticism
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Model and Modeling

« What is a Model? Beality

Albert Einstein:
“Everything should be made as simple
as possible, but not simpler.”

> odel#1 4 Model#2
* What does modeling seek to do? To find truth!

* Models and the Real World
George Box: "All models are wrong but some are u
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Preface

“Modeling soil system: complexity under vour feet”

S. De Bartolo', W. Otten®, Q. Cheng’, and A. M. Tarquis®

* Soil as a complex 3-phase SYSTEM
* Soil from natural to human-natural body
* Soil and Modeling

Leonardo da Vinci:

“We know more about the celestial bodies
than about the soil underfoot!”




Review and Analysis
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Fundamental soil processes and their interactions remain lacking and deficient
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Sources of Error in Modeling

**Oversimplification and ignoring the vital processes
Einstein: 'Everything should be as simple as possible, but not simpler ...

“*Applying an inefficient and incorrect mathematical model for the
desired process

H. L. Mencken: “For every complex problem there is an answer that is clear, simple, and
wrong...

**Inaccurate observations, measurements and model fit
Einstein: “The only source of knowledge is experience”

**Incorrect evaluation of model accuracy

***Misinterpretation of results



Example#l

Soil Physics:
Inappropriate Underlying Conceptual Model

# Oversimplification
# incorrect mathematical model
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Soil Science lssues

What's Wrong with Soil Physics?

Soil physics has a dual identity—it is both a branch of physics and a branch
of soil science—but its legitimacy as a science depends on ils claim to be
physics; this implies a self-consistent structure of definitions and concepts
underlying the equations we actually use. Upon examining some of our core
concepts—specifically those relating the water retention curve to the pore
size distribution, the unsaturated hydraulic conductivity relationship, and the
convection-dispersion model—we find that all three are built on the notion
that soil is composed of bundles of capillary tubes. This underlying conceptu-
al model lacks both self-consistency (threatening our claim to be a legitimate
science) and a firm connection to reality (threatening our ability to reason
and predict successfully). We argue that many of our struggles during the last
decades are artifacts of building from the flawed conceptual model of soil as
a capillary bundle, We propose in its place a pore network concept, which
can be applied using the mathematics of percolation theory, We must build
on a sound and self-consistent conceptual model, in teaching, research, and
application, so soil physics can be firmly based in both soils and physics, and
meet society's many challenges in food production, hydrology, water quality,
bio-energy, and climate change.

Abbreviations: CDE, convection-dispersion equation; PSD, pore size distribution; WRC,
water retention curve



The Covert Capillary Concept

* Engelmann and Huntoon (2011):

Students—and often those who teach them—come to class with
preconceptions and misconceptions that hinder their learning.
For instance, students and their teachers believe groundwater
exists in the ground in actual rivers or lakes. Such misconceptions
need to be addressed before students can learn scientific
concepts correctly.

* Progress in soil physics is hindered by an analogous

misconception held by many of the scientists, namely that _

capillary bundle models adequately describe water retention,
flow, and transport properties of a porous medium.

full of ground water

Water (not ground water) held by molecular attraction
surrounds surfaces of rock particles

All openings below water table

How ground water occurs in rocks.
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Dullien (1992):

The danger inherent in such models is that, owing to their simplicity, they
become popular and some people may believe that they closely
approximate reality, in this case, the actual pore structure. In fact, nothing
could be further from the truth.

Capillary bundle model Tomuras capillary bundle model
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What’s Wrong with Soil Physics?

* The underlying “wrongness” is the construction of soil physics
on capillary bundle models, whether overt or covert.

* We must be prepared to think critically about even our most
commonly used models and their associated mathematical
methods.

* We must inquire whether our conceptual models are consistent
across related phenomena; where they are not, we must
consider that the inconsistency may be a flaw and an
opportunity.

* The sooner we embrace these challenges, the sooner we will
begin to enjoy the benefits of the resulting clearer perspective.

11



Band bangth

The “useful ordering of things” made possible by
capillary bundle models has run its course, but
fortunately the model is not an unalterable given.

A more sensible ordering becomes possible using the
connection-based perspective of percolation theory.

We also expect that improving our foundational mgnm
concepts will yield unexpected benefits, as some of o 0“1\0“
our current difficulties will turn out to be simple ?E“C

artifacts of the flawed tools in current use.

If we accept the challenge to rebuild our foundation,
soil physics will have a bright future.

12




Example#2

Fitting process-dependence performance of the
vG SWRC model to simulate the soil water flow
and calculate the soil physical quality

#Inaccurate model fit
#Incorrect evaluation of model accuracy
#Misinterpretation of results

13



Soil & Tillage Research xxx (xxxx) 104952

Contents lists available at ScienceDirect Soil & Tillage
Research

Soil & Tillage Research

journal homepage: www.elsevier.com/locate/still

Fitting process-dependence performance of the van Genuchten soil water
retention model to simulate the soil water flow

Amirreza Sheikhbaglou 2, Habib Khodaverdiloo ® +, Kamran Zeinalzadeh ®, Hossein Kheirfam ¢,
Nasrin AzadP

A Department of Soil Science, Faculty of Agriculture and Natural Resources, Urmia University, Urmia, 57135-165, Iran
® Department of Water Engineering, Faculty of Agriculture and Natural Resources, Urmia University, Urmia, 57135-165, Iran
¢ Department of Range and Watershed Management, Faculty of Agriculture and Natural Resources, Urmia University, Urmia, 57135-165, Iran

How varies the expected accuracy of water content measurements at different pressure

heads in typical SWRC measurement experiments?

How does the consideration of a different uncertainty of measured water contents affect

the fit of hydraulic functions to the measured data (ULS vs. WLS)?

How does the variability of the resulting SWRC then affect parameters that are
commonly derived from it?

What is the impact of using different hydraulic functions on the simulation of water
movement (under different simulation scenarios)?

14
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Example#3

Comparison of alternative models: effects of used
efficiency criteria

#Incorrect evaluation of model accuracy
#Misinterpretation of results

J. Hydrol. Hydromech.. 67,2019, 2. 179-190
DOLI: 10.2478/j0hh-2018-0009

Comparison of alternative soil particle-size distribution models and their
correlation with soil physical attributes

Fatemeh Afrasiabi’, Habib Khodaverdilool*, Farrokh Asadzadeh', Martinus Th. van Genuchten®’

! Department of Soil Science, Urmia University, Urmia 57135-165, Iran.
: Department of Earth Sciences, Utrecht University, Utrecht, Netherlands.
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Objectives

o To evaluate the performance of 19 models for describing PSD
data of selected soils,

o To provide a functional evaluation of the models to predict
selected practically-important PSD points or parameters using
different efficiency criteria,

o To compare results obtained with the general and functional
evaluations

18



Table 1. Particle-size distribution models, Fid), testad in this stady.

Table 2. Efficiency criteria used to evaluate the accuracy of the

PSD models.

Model Reference Equation” Paramaters
d
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(-]
& (Gompertz) Ilemes et al. (1999) Fid) = & + y exp{—exp[—§5&{d — u )]} afu,
{ 0.001
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Fred-3p (Fredlund with 3 . . P 1 - b a7y [, mom
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Table 4. Rankings of the six most accurate PSD models in terms of various statistical criteria.

=
oo
= R? AIC RMSE Er d MAX,., NSE STDEV GMER MAX, MAEP
0
1 AD Wei AD Fred-4p Fred-4p Fred-4p VG Fred-4p ONL Fred-4p AD
2 Wei Fred-3p Fred-4p MLG Wei Wei Fred-4p AD ORL Fred-3p Wei
3 Fred-4p AD Wei Fred-3p Fred-3p MLG Wei Wei AD MLG Fred-4p
4 Fred-3p MLG Fred-3p AD MLG Fred-3p AD Fred-3p Wei AD ONL
5 MLG Fred-4p MLG ONL ONL AD Fred-3p MLG VG Wei Fred-3P
6 ONL ORL ONL ORL ORL ONL MLG ONL Log ORL MLG
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Example#4

Sorption Studies and Mass Transport Simulations

#Inaccurate Measurements
#Oversimplified Models
#Misevaluation
#Misinterpretation

21



PRINCIPLE OF THE METHOD

Rotary agitation
(e.g. 24 hours)

Filtration

Solid sample CD

Sample Analysis

q. (mgg™")

1. Known volumes of solutions of the test substance at known concentrationsina | v is
BG solution are added to soil samples of known dry weight.

2. The mixture is agitated for an appropriate time.

G, (mgdm_s)
(G=C)xV |
Te = 7000 = m ®)

where g, is the equilibrium sorption capacity (mg/g),

the volume of phosphate solution (ml), m is the

mass of peat used (g), and C; and C. are the initial
and final (equilibrium) concentrations (mg/1).

3. The soil suspensions are then separated by centrifugation and the aqueous

phase is analysed.

4. The amount of test substance adsorbed on the soil sample is calculated as the
difference between the amount of test substance initially present in solution and

the amount remaining at the end of the experiment (indirect method).

22
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Description of sorption data with isotherm
equations

Christoph Hinz

Carl H. Bolster*
USDA-ARS
230 Bennett Lane
Bowling Green, KY 42104

Joel Tellinghuisen
Dep. of Chemistry
Vanderbilt Univ.
Nashville, TN 37235

Nutrient Management & Soil & Plant Analysi>

On the Significance of Properly Weighting
Sorption Data for Least Squares Analysis

In this study, we examined the role of proper weighting in the least squares (LS) analysis of P sorption data when
both the dependent (y) and independent (x) variables contain heteroscedastic errors. We compared parameter
estimates and uncertainties obtained with unweighted LS (ULS) regression with those obtained using two different
weighted LS (WLS) regression methods. In the first WLS method, we weighted the data by the inverse of the
variance iny. In the second WLS method, we included the variance inxwhen calculating the weights. This method,
commonly referred to as the effective variance method, has primarily been applied to data with uncorrelated errors
inxand y, conditions not representative of sorption studies where values of y are calculated from measured values
of x. Therefore, in this study we tested a modified version of the effective weighting function that specifically
accounts for correlated errors in x and y. The accuracy of the different weighting methods was assessed using Monte

23



Arabian Journal of Geosciences (2021) 14:53
https://doi.org/10.1007/s12517-020-06444-x

ORIGINAL PAPER

Functional evaluation of linearized Langmuir equations
to characterize cadmium sorption and transport in selected
calcareous soils

Habib Khodaverdiloo® ) - Fatemeh Ahmadi' - Roghayeh Vahedi' - Joseph A. Kazery?

o We compared the performance of the nonlinear and linearized Langmuir models to fit the
experimental data of Cd sorption to soils.

o Using HYDRUS program, we functionally evaluated if the sorption parameter values obtained,
either by nonlinear fitting of the Langmuir model or by its linearized alternatives, will affect

the simulation of Cd transport in soil.

24




S XK XC

1+ K xC

Table 1. Different linearized forms of the Langmuir equation. The commonly used

name is in parentheses.

Limitations

Equation Equation form
c 1 C
Linearization | ¥ £ EF®
(Hanes—Woolf)
Linearization Il 1 i 1
(Lineweaver— 5 KE+5
Burke)
i 4
Linearization Il ey _E[E]
(Eadie—Hofstee)
L R
Linearization IV g

(Scatchard)

Because x (C) and y (C/S) are not independent,
the correlation between x and vy is overestimated,
i.e., equation may provide good fits to data that
do not conform to the Langmuir model.

Transformation leads to clumping of data points
near origin—extremely sensitive to variability at
low values of S (high values of 1/5).

Abscissa is not error free; x (5/C) and y (5) data
are not independent. In this case, correlation
between x and y is underestimated, i.e.,
equation may provide poor fit to data that do
conform to the Langmuir model.

x (5) and y (5/C) are not independent. In this case,
correlation between x and y is underestimated,

i.e., equation may provide poor fit to data that do
conform to the Langmuir model. 55




Table 3. Fitted sorption parameters, RMSE and R for different Langmuir isotherm models (n =

19).
Langmuir K (L mg™) Sm (mg kg™) R? RMSE (mg kg™
models™
NL 0.6484° 396.652 0.892632 14.58°¢
-1 1.64952 220.99°¢ 0.892112 37.42°¢
L-11 1.3571° 250.91°¢ 0.954742 27.53¢
[-II1 1.34762 274.56"¢ 0.70211° 250.36°
L-IV 0.8771° 323.17° 0.70211b 1518.46a

Means followed by the same letters in the each column are not significantly different according to
Duncan's multiple range test at the level p<0.05.
" NL specifies nonlinear and L-I to L-IV specifies linearized Langmuir models (see Table 1).
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ENVOI

(JWe should use models but not have absolute trust in them.

JWe, as teachers, need to shift from the passive “Sage-on-the-Stage” teaching
approach to the more active “Guide-on-the-Side” method.

JAIl of us, both as teachers or students, must critically think about the existing
models/methods/principals and try to rebuild a more realistic and scientificly-
sound pillars for the soil science.
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