




















Alex’s Preferred Pedometrics Papers

| thought it would be useful to write a short series on
my favourite pedometric papers. | guess it might stir
up others to do likewise. The selection of these will
be a bit idiosyncratic - some combination of clever-
ness, solution of a particular problem, seminality,
good examples, novelty, imagination and inspiration.
I’ve deliberately decided to take a historic view so
I’m only considering papers prior to 1980 - prior to
the appearance of geostatistics in the soil science
literature and before the birth of pedometrics as a
named entity. I’ll present my top six pre-
geostatistical pedometric papers in this and subse-
quent issues not in rank order, but rather chronologi-
cally.

| don’t know what could be generally regarded as the
first pedometric paper and I’m leaving it open for
others to nominate possible contenders. It will be in-
teresting to see what turns up. The first one might be
closer to the beginning than the end.

My top six most preferred pre-geostatistical pe-
dometrical papers (1)

Forbes, J.D., 1846. Account of experiments on the
temperature of the earth at different depths, and
in different soils, near Edinburgh. Transactions of
the Royal Society of Edinburgh 16, 189-236.

The first paper in my top six is from a long time ago.
The full text can be found at http://
tinyurl.com/223w47, and | commend everyone to read
it. It concerns the measurement of soil temperature
at various depths on a weekly basis for several years
at three sites, namely a soil developed in ‘traprock’,
one in sandstone and one in sand, in the environs of
Edinburgh. The work was done just prior to the classi-
cal Rothamsted field experiments being set-up. | like
the work because it combines good data gathering, a
listing of all the data, and state-of-the-art data analy-
sis to provide firm conclusions. Forbes demonstrated
experimentally, and modelled with physical theory
based on the prior work of Lambert, Quetelet, and
Fourier, both the annual temperature wave and its
variation with soil material and its attenuation with
depth. He gives some equations to describe the tem-
poral relationships (e.g., see his Table XVl —) - where
are the modern equivalents?

The nature of the soil data and their analysis is repre-
sentative of an area that has not really been investi-
gated in pedometrics much to date; namely that of
time-series analysis. The recent paper of Kuzyakova
et al. (2006) is a welcome exception. We have been
concerned with spatial variation and now we have
moved on to space-time variation but we seem to
have skipped, or deliberately avoided, a firm under-
standing of temporal variation of soil properties over
different time scales. So principally | rank this paper
not because of its elegance and depth, which it cer-
tainly has in good measure, but because from 160
years back it points the way forward! The Forbes pa-
per also suggests that we can look further back in
time to the work of the German physicist, Johann
Heinrich Lambert - which we’re still investigating.
Budiman and | present an analysis of the Forbes soil
temperature data in a separate note in this issue.

Kuzyakova et al. 2006. Time series analysis and mixed models for
studying the dynamics of net N mineralization in a soil catena at
Gondelsheim. Geoderma, 136, 803-818.

The author of the paper, James Forbes, was
Professor of Natural Philosophy at Edin-
burgh University. He was a leading physicist,
and was one of the first environmental
physicists. He was a Fellow of the Royal Soci-
ety of London and was awarded the Rum-
ford Medal in 1838 and the Royal Medal in 1843. He was
the teacher and mentor of James Clerk Maxwell who
stands in importance with Newton and Einstein. More de-
tails about James Forbes can be found at (http://
en.wikipedia.org/wiki/James_David Forbes).
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Before Pedometry there was Pyrometrie

Analysing the Forbes Soil Temperature Data

Introduction

What would you do if you were given Forbes’ soil tem-
perature time series? The data from a paper by Forbes
(1846) are weekly observations of soil temperature at
four depths for six years at three sites (Figure 1).
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Figure. 1. Soil temperature at different depths

Would we do we do an ARIMA, a Kalman Filter, a Fou-
rier transform, a spectral analysis, a transfer-function
model or a wavelet analysis? All of these are possibili-
ties for this kind of data. Let’s do a wavelet analysis
on the near surface temperature data (Figure 2).
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Figure 2. Discrete wavelet transform on the near-
surface temperature data.

What does Figure 2 show? It shows some kind of quasi-
periodic behaviour with a lot of noise superimposed on
it. This is helpful in an exploratory kind of a way, but
we want to understand the mechanism behind the
data. Are there physical processes we can model? The
variation of soil temperature with depth has attracted
scientists back to Lambert (1779) who wrote about it

in his book Pyrometrie. (We shall write a little more

about this, in a separate note, anon.) Lambert was the
first to show periodic variation in soil temperature
with depth. The greater the depth, the smaller the
fluctuation, and the greater the time-lag in tempera-
ture response.

We’ll model the data based on physical theory - we
probably prefer a mechanistic model to an empirical
one whenever we have the opportunity although from
the wavelet analysis we have seen that the data are
noisy - for us this represents the interface between
soil physics and pedometrics.

The model of temperature T as a function of depth z
and time t is (Carslaw and Jaeger, 1959):

T,=T,+ Aexp(—ij‘sin(a)(t—to)—i} @®

Zq Zg

This is the solution of general heat transport equation
under annual periodic fluctuation boundary conditions:

t=0 z20:T=T,
t20 z=0: T'=T, +A-sin(w(t-1,))
t20 z—oow:I=T,

where T,, is average temperature, temperature A is
the amplitude at the soil surface, @ is the angular
frequency of temperature oscillations, and t, is a
phase constant.

The damping depth z,, represents the reduction in
amplitude of the temperature variation with depth,
and is the depth at which the amplitude is e (0.37)
times its value at the surface. The damping depth is
related to the thermal properties of the soil:

2Dh 2111
z, = = [ (2
=\ ’/wch (2)

where Dy, is thermal diffusivity, Cp is volumetric heat
capacity, and A, is thermal conductivity.

The Forbes soil temperature data analysis

The Forbes data consist of soil temperature at four
depths (7.79, 3.90, 1.95, 0.97 m from the surface)
monitored weekly (generally on Monday) from Febru-
ary 1837 to 1842 for three sites: Observatory, Experi-
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mental Garden, and Craigleith. The temperature at
Observatory was taken immediately after noon, at the
Experimental Garden about 2 pm, and at Craigleith
Quarry between 11 am and 12 pm. The data are avail-
able at http://tinyurl.com/223w47, entered manually
by our colleague Paul McDougall.

Temperature (°Celsius)

Forbes calculated the time where maximum, and mini- 1837 1838 1839 1840 1841 1842 1843
mum temperature occurred and also the reduction in

temperature with depth. He observed the exponential
decrease of temperature with depth and thus fitted a
linear function:

log,AT=A+Bz (3)

where AT is the temperature range at depth z, and the
constant B is related to the thermal properties of the Figure 3. Temperature at the Observatory.
soil. The value of B is related to Poisson’s constant a

Residuals (°Celsius)

(which is the related to the damping depth):

Jr

a=—-
B

7

log,,e (4)

The constant a is related to the conductivity power k

Temperature (°Celsius)

and volumetric heat capacity c: 0 T T T T T ]
1837 1838 1839 1840 1841 1842 1843
k

a=,/— (5)
c

Forbes measured the density and thermal capacity of
the rock and sand, and deduced the value of k.

Residuals (°Celsius)

We converted the temperature data from degree
Fahrenheit to degree Celsius, and depths from French
feet into metres. We then fitted equation (1) to the
temperature series data for 4 depths (7.79, 3.90, 1.95,
0.97 m) simultaneously using nonlinear least-squares.
Since the average temperature is varying within years,
we fit a stiff spline to represent the average tempera-
ture with time.

The results

Temperature (°Celsius)

The results of our analysis and Forbes calculations are
given in Table 1. The goodness of fit is presented in
Table 2, and Figures 3-5 show the temperature data
and fitted time series. The model fits reasonably well
with an overall root mean squared error (RMSE) about
0.6 C°. From Table 1 we can see that Craigleith Grove
which is a sandstone has a higher thermal conductivity
than the other two sites.

T T T T T
1837 1838 1839 1840 1841 1842

Residuals (°Celsius)

There are still some trends in the residuals not ex-
plained by the model, especially at the lowest depth
(8 m). The model underpredicts the temperature at 8
m for the sites at Observatory and Craigleith.

Figure 5. Temperature at the Craiglieth.
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Table 1. Physical and Thermal properties of Forbes’ experiments.

Observatory Experimental Craigleith

Symbols Units (Porphyritic Garden (Sand) Quarry
Height above sea level m 107 21 46
Bulk density Yo, gcm? 2.562 1.547 2.408
Specific heat capacity Cp kcal kg™ °C™! 0.2062 0.19432 0.19205
Volumetric heat capacity c cal cm?°C”’ 0.5283 0.3006 0.4623
Forbes’ calculations
B B m’’ -0.168 -0.147 -0.096
Poisson’s Constant a m 4.588 5.242 8.04
Conducting power k 10* cal cm™ °C™ 11.12 8.26 29.884
Reinterpreted Forbes’ calculations’
Specific heat capacity C kd kg' K 0.862 0.812 0.803
Volumetric heat capacity Ch MJ m? K 2.208 1.257 1.933
Damping depth Z4 m 2.589 2.957 4.536
Thermal Conductivity o wWm'K’ 1.474 1.095 3.962
Our calculations
Average temperature Tov °C 7.788 8.211" 7.655
Amplitude A °C 5.822 7.147 5.318
Phase constant to year 0.322 0.314 0.335
Damping depth Z4 m 2.649 2.910 4.727
Thermal Diffusivity Dy, m? yr’! 22.048 26.610 70.188
Thermal Conductivity An Wm'K' 1.5439 1.0603 4.3024

* Our recalculation of his units and renaming of some of his terms into SI units and commonly accepted modern soil
physics terminology
** Which explains why one of the authors moved from Scotland to Australia.

Table 2. The goodness of fit for the mechanistic temperature wave model to Forbes data.

All depths T4 T3 T2 T1

1m 2m 4m 8m

Observatory n 1071 264 269 269 269
RMSE (C°)  0.583 0.725 0.448 0.426 0.677
R? 0.919 0.943 0.954 0.934 0.314

Craigleith n 1051 260 259 266 266
RMSE (C°)  0.544 0.737 0.562 0.407 0.406
R? 0.945 0.948 0.953 0.949 0.839

Exp. Garden n 1199 300 300 299 300
RMSE (C°)  0.551 0.847 0.527 0.291 0.365
R? 0.726 0.769 0.845 0.593 0.056
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Relationship between Forbes parameters and con-
temporary parameters

No units for heat capacity and conductivity were
given in Forbes’ paper. Based on “standard” values of
heat capacity (http://www.engineeringtoolbox.com/
specific-heat-solids-d_154.html), we were able to de-
duce the units of specific heat capacity he used as
kcal kg™ °C™, thus the units of other properties can be
inferred. Here we deduce the contemporary values
for Forbes calculations so we can compare it with our
own.

The sine term in equation (1) has maximum and mini-
mum values at +1 and -1, and so equations for Ty,a
and T, become :

T.=T, 6 +Aexp (iJ

Zy

Tmin :Tav _Aexpﬂij

Z4

Subtracting the above two equations gives :

AT=T, —T, =2dexp (zj

Zy
Taking logarithms:
log AT =log2A4+ =
Zy

which is the same as Eq. (3).

From Equations (2) and (5) we can see that Poisson’s
constant is related to damping depth:

\F
Z; =0a,|—
0]

After converting the units to SI and adjusting for the
damping depth we now have Forbes’ estimates in con-
temporary units which can be compared with our cal-
culations (Table 3).

As can be seen the relative differences are about 2-4%
for the damping depth and 3-8% for the thermal con-
ductivity. So amazingly, Forbes’ calculations in the
1840’s are comparable with our own calculations us-
ing a state-of-the-art computer and a nonlinear least
squares analysis.

The measurement of heat capacity, and estimation of
thermal conductivity compares well with values re-
ported in contemporary books and references. It
should be noted that from the bulk density (Table 1),
the data of Observatory and Craigleith are for consoli-
dated material rather than soil.
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Table 3. Comparison between damping depth and thermal
conductivity calculated by Forbes (1846) and our calcula-
tions.

Damping depth Thermal conductivity

(m) (W m™K7)
Forbes  This note Forbes This note
(1846) (2007) (184¢) (2007)
Observatory 2.589 2.649 1.474 1.544
Exp. Garden 2.957 2.910 1.095 1.060
Craiglieth 4.536 4.727 3.962 4.302

The model fits reasonably well even though the as-
sumptions of uniform volumetric heat capacity and
thermal conductivity are not met and the periodic
boundary condition is somewhat more erratic. We
could improve the model by taking into account some
of the unexplained variation - we could for example
make the model stochastic - this is commonplace in
hydrology, and perhaps this is the role of the pe-
dometrician on the soil physics-pedometrics inter-
face. Nevertheless the analysis captures the main
source of variation.

Conclusions

(1) Given a set of data the first question we would ask
is, ‘is there any physical or chemical or biological
mechanism that could describe these data?’ If there
is, we should try to incorporate it into the model, if
not and that is often the case, we have to move to
exploratory data analysis with techniques dependent
on the nature of the data (spatial, temporal, multi-
variate etc.).

(2) Forbes’ analysis and ours are essentially the same.
We think this suggests two things. First, Forbes was
particularly advanced - after all he was one of the
finest physicists in the world at the time and we are
fortunate that he turned his attention to the soil. Sec-
ondly, theoretically soil science seems to be languish-
ing - we desperately need some innovation.
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Pyrometrie
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Post-Doc - Geospatial Digital Soil Modeling / Soil Car-
bon Sequestration (University of Florida). A highly
motivated applicant is sought to conduct research on
"Rapid Assessment and Modeling of Changes in Soil
Carbon Storage and Turnover in a Southeastern U.S.
Landscape (Florida)". Deadline: 30/01/2008. For more
info contact: Sabine Grunwald http://
grunwald.ifas.ufl.edu

Ph.D. Assistantship: Soil Landscape Analysis
(Everglades, FL). Deadline to apply: 30/09/2007.Ph.D.
Graduate Studies. Research interests: Geostatistics,
statistics, geospatial analysis, ecosystem properties

and processes, and wetlands. Requirements: M.S. in
natural resources, environmental science, geospatial
science or related field. For more info contact: Sabine
Grunwald http://grunwald.ifas.ufl.edu

M.S. Assistantship: Remote-sensing supported digi-
tal soil mapping. M.S. Graduate Studies at the Univer-
sity of Florida. Research interests: GIS, remote sens-
ing, soil mapping, and quantitative analysis. Study
area: Water Conservation Area 2A, Everglades, Flor-
ida. Deadline: 30/09/2007. http://
grunwald.ifas.ufl.edu

=
i .

Looking for: Articles, photos, information about your work, theses, upcoming
events, pictures, art works, poems, etc.

Send to: vchair@pedometrics.org.

An early, and cartographically naive
(abysmal), colour digital soil map. It’s simply a
nearest-neighbour interpolation of 121 pH
values on a 10-metre grid. Photograph of
screen of Intergraph terminal on a Unix sys-
tfem — circa 1983. The software to do this was
home-made. Intergraph released the first
computer graphics terminal o use raster
tfechnology in 1980. The data shown in the
map were analysed more fully in G.M. Laslett,
A.B. McBratney, P.J. Pahl and M.F. Hutchinson
(1987). Comparison of several spatial predic-
fion methods for soil pH. Journal of Soil Sci-
ence 38, 325-341. (http://dx.doi.org/10.1111/
[.1365-2389.1987.1b02148 )

Alex
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Pedometrician profile

Suk Young Hong &4

Non-Pedometrician profile

David Powlson

National Institute of Agricultural Science and
Technology (NIAST), Korea.

) B

How did you first become interested in soil science?

| studied agronomy for my undergraduate and graduate
(Master’s). After finishing Ph.D. coursework, | became a
researcher at Soil Management Division, National Institute of
Agricultural Science and Technology (NIAST), Rural Develop-
ment Administration (RDA), in 1995, Korea. At work, |
started my job with reflectance measurement of crops and
soils, and cropland classification using remotely sensed im-
ages. The reason | became interested in soil science was
from the frustration, why remote sensors can’t see the soils
but only the very soil surface. That brought questions in my
mind, ‘what are the soils’, ‘what is the relationship be-
tween soil horizons’, ‘which factors affect soil reflectance
and why’, etc.. An article, ‘Reflectance properties of soil’
written by Marion F. Baumgardner (1985, Advances in Agron-
omy) helped for soil reflectance part.

How were you introduced to pedometrics?

While | am interested in soils in space and time in relation
to remote sensing, | found an announcement for the ‘First
Global Workshop on Digital Soil Mapping(Montpellier,
France)’ in 2004. | went there, met Pedometricians
(Philippe Lagacherie, Alex McBratney, Budiman Minasny,
Marc Voltz, David Rossiter, Inakwu Odeh, and many more),
and became to know of the concept of pedometrics. Talk-
ing and working with Budiman, Raphael and Alex for a short
time in Australia in early 2007, | am learning and getting
more interested in pedometrics.

What recent paper in pedometrics has caught your at-
tention and why?

McBratney, Minasny, Viscarra Rossel. 2006. Spectral soil
analysis and inference systems: A powerful combination for
solving the soil data crisis. Geoderma 136, 272-278.

An idea for the soil inference system the authors suggested,
are progressive and refined. SPEC-SINFERS will help to make
the digital soil mapping happen practically.

What problem in pedometrics are you thinking about at
the moment?

That would be ‘data’ and ‘scale’. There might be different
quantity and quality of dataset from place to place, to map
soils digitally for different purposes. That is also related
with scale matters.

What big problem would you like pedometricians to
tackle over the next 10 years?

How real the soils predicted by digital soil mapping tech-
niques are and how useful the results for the assessment of
agriculture and environment.
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Rothamsted Research, UK.

Professor David Powlson leads research at
Rothamsted Research (UK) on the dynamics of
organic carbon in soil, the role of soil carbon 4
within the global carbon cycle and interactions &
with climate change. His Ph.D. research was 3
the development of a technique for measuring
the soil microbial biomass. After a post-
doctoral period in Malaysia working on the
management of acid sulphate soils, he re-
turned to Rothamsted and conducted research
on various aspects of carbon and nitrogen
cycling in soils and interactions between agri-
culture and the wider environment.

How did you first become interested in soil science?

During my degree course in chemistry | decided that |
wanted to take part in agricultural efforts to increase food
production worldwide.

What are the most pressing questions at the moment in
your area of soil science?

Managing land in the face of climate change. This includes
identifying strategies to mitigate climate change through
land management but also utilising land for a range of pur-
poses whilst minimising net greenhouse gas emissions and
maintaining a wide range of soil functions.

Making efficient use of plant nutrients to achieve required
levels of food production but with tolerable environmental
impacts. There are different challenges in regions of the
world with intensive agriculture and in developing regions,
where it is essential to increase fertilizer inputs. But the
same soil science principles apply.

What statistical and mathematical methods are used in
your area of soil science?

Models are now essential tools in research on carbon cy-
cling, especially to attempt quantification of long-term
trends. In some of my work | use long-term field experi-
ments; in these a major challenge is disentangling effects of
inherent soil variability from trends between treatments
and changes in soil properties over time.

Are you aware of any work by pedometricians that might
be relevant to your science?

There has been much work on ways of sampling to cope with
soil heterogeneity.

What big problem would you like pedometricians to
tackle over the next 10 years?

Converting their knowledge of soil heterogeneity into sam-
pling strategies that are realistic in terms of resources nor-
mally available and achieving greater predictive ability, so
that knowledge learned in one situation is more readily ap-
plicable to others.

Dealing with up-scaling, especially devising rational means
of estimating soil properties or functions over large areas
(inevitably using inadequate date) and providing means of
expressing uncertainty ranges when this has to be done.



Third announcement and important dates for the first

Global workshop on

High resolution digital soil sensing & mapping www.iuss.org
5 — 8 February 2008 ‘| '
Sydney — Australia
CSIRO

A workshop for those developing and using proximal sensors and digital soil maps where there is a
particular need for high spatial resolution (10 m or less) information.

Important dates in 2007

29 June — 400 word abstracts due at the conference website
http://www.digitalsoilmapping.org/2008/DSM_2008.html

01 July — registration opens

01 October — notice of acceptance

30 November — six-page paper due

01 July — 31 October AU$ 550

After 01 November AU$ 650

Student AU$ 450

Workshop dinner AUS$ 120 Depending on numbers

Broad topics for submission of abstracts

Proximal soil sensor development Signal processing

Applications of proximal soil sensing techniques Soil inference systems

Proximal soil sensor calibrations Prediction methods for large data sets
Keynote speakers

Jaap de Gruijter (NL) Soil sampling Noel Cressie (US) Spatial stats for large data sets

Bosse Stenberg (SE) Soil spectroscopy Viacheslav Adamchuk (US) Soil sensors

Local organising committee

Alex McBRATNEY (Chair) Neil McKENZIE (Vice-chair)

Raphael VISCARRA ROSSEL (Secretary) Budiman MINASNY (Treasurer)

Linda GREGORY David JACQUIER

James TAYLOR Dahmon SORONGAN

Dr Viacheslav Adamchuk (US) UNL Dr Neil McKenzie (AU) CSIRO

Dr Stuart Birrel (US) ISU Dr Budiman Minasny (AU) USyd

Dr David Brown (US) WSU Dr Abdul Mouazen (BE) KULeuven
Dr Dick Brus (NL) Alterra Prof. Sakae Shibusawa (JP) UTokyo
Dr Florence Carre (IT) EU JRC Dr Bo Stenberg (SE) SLU

Dr Gilles Grandjean FR) BRGM Dr Ken Sudduth (US) USDA ARS
Dr David Lamb (AU) UNE Prof. Yurui Sun (CN) ChinaAgUni
Prof. P. Schulze Lammers (DE) UBonn Dr James Taylor (AU) USyd

Dr Murray Lark (GB) RothR Dr Marc van Meirvenne (BE) UGent
Prof. Alex McBratney (AU) USyd Dr Raphael VISCARRA ROSSEL (AU) USyd

Sponsors (to date
csro ()

CSIRO

Environmental & Earth Sciences International gﬁgﬁ,ﬂg‘g;‘g,ﬁggg

For more information contact Raphael VISCARRA ROSSEL



Pedomathemagica

Return your answers in person to Murray Lark no less
than half an hour before the Conference Dinner and
you will be in with a chance to win a First Edition
(Second Impression) of Jenny's Factors of Soil Forma-
tion, rescued from Rothamsted Library's waste bin by
the Chair of Pedometrics himself. In the event of a
draw the Chair will take responsibility for random se-
lection of the winner. If the best entry is inadequate
the Chair will retain the book until next time. The
Chair's decision is final.

1. Spatial sampling and Sample space.

A pedologist is studying a landscape in which the only
soils are Rendzinas and Calcareous Brown Earths, and
these occur with exactly equal frequency. You pro-
vide her with independently and randomly drawn sets
of coordinates for two sites which she visits and at
each of which she digs a pit. She comes into your of-
fice and says "At least one of the profiles was a
Rendzina". What is the probability that one of her
pits was in a Calcareous Brown Earth?

2. Label the axes.

The Figure below might look like a variogram (with a
spot of local drift), but it isn't. In fact it has nothing
to do with the soil, but it illustrates an interesting
and, for some, counterintuitive result in probability.
Can you give the correct labels for the ordinate and
the abscissa? A clue: while the function (y) is very
close to 1 when x is larger than about 70, it reaches
exactly 1 (its upper bound) only at the maximum
value of x as plotted (x=366).

0.8

0.6

0.4 -

0.2 1

0 50 100 150 200 250 300 350
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3. Catena Aurea. All five of the expressions below
are equal to each other, and each is associated with
one of the pictured individuals. With which individual
is each expression associated? What do the expres-
sions equal?

} = F(c',o 7" s1,89,...) =

E[Z(x) - Z(x+h] = s*(bC R)—3*(bC B)—3* (B C R)

THE KNACK

Every mystery
Has at least
One unravelling
Every enigma
Has an inverse
And an even more
Miraculous solution
There is no square
No box no hypercube
Only an unbounded compass
Of opportunities
And expeditions powered
By ingeniously unfurled
Oblique sails
Of the intellect
To fatefully espy
Some offbeat isle
- David van der Linden






