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Background
» B.Sc. (Agriculture) in Soil Science (East India; 2000 - 2004)
» M.Sc. (Agriculture) in Solil Science (South India; 2004 - 2006)

Soil Pedology (soil formation and development)
Soil Mineralogy (soil mineralogical composition)
Spatial Variability

> Ph D. in Soil Science (Canada; May 2007 — June 2011)

Soil Physics

Soil Hydrology (vadose-zone hydrology)

Spatial Variability

Pedometrics (Pedology + mathematics/statistics)

» Environmental Research Scientist (CSIRO; July 2011 — April
2013)

» Assistant Professor (McGill University; May 2013- Present)
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“Dirt on My Shirt
There’s dirt on my shirt

And leaves in my hair

There’s mud on my boots .

- But I don’t really care




Challenges
» Change In -
« Population
« Environment
 Weather and Climate
* Biodiversity
« Land use and Land management
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Opportunities

We can not control things beyond our reach (weather
events, changing climate).

What ever lost is lost and will not get back.

We should not let it go what we have.

We can manage natural resources better (soil, water).

A TH REATENEIJ RESUUHBE
times faster than it forms.

Without vegetation o
Banwart, Nature, 2005
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“Soils are fundamental to j ==
life on Earth but human ,' '
pressures on soil resources Statu_ )-‘of the——

are reaching critical limits. =1

Careful soil management is er bt O
one essential element of :SOII RESO r

sustainable agriculture and
also provides a valuable
lever for climate regulation
and a pathway for
safeguarding ecosystem
services and biodiversity.”

-




Sustainable Soil Management
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< Y Tweet

Q
* Asim Biswas
N @biswas_asim Asim Biswas

*

"short term sustainability is whether |
can stay in business while long term
sustainability is leaving the farm in
better shape than | get.’

We should manage soil for today and conserve for tomorrow.

Sustainability "meeting the needs of @biswas_asim

the present while improving the ability
of future generations..." 7ACSMtg
RodSnyder plannery session

“‘we did not inherit the earth from our ancestors, we borrow it
from our children”

Need quantitative information variability of soill
B McGill =
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Soil and its formation

Climate
Organisms /\
Relief Processes> Soil properties
Parent material \_/
Time

Soll properties vary from location to location

' -—  wwwamegillca
(4 MCGIH\

/ Asim Biswas | Quantifying soil spatial variability | 9




Characteristics of Soil Spatial Variability
Spatlal Slmllarlty Per|0d|c|ty

Soil Property
Soil Property

Distance Distance
Nonstationarity

Different mean
and variance. . —“end
" P é °

Soil Property

Distance
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Characteristics of Soil Spatial Variability

Nonlinearity

“No single medicine for all diseases”

WW
_—I—_I—' g Mg A LA A

« Methods to better analyze soil spatial variability.

« Use of the information to infer underlying solil processes.

* What does soil variability inform about soil development?
 Using information of soil variability for attribute prediction.

Water storage

-—  wwwamegillca
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Soil Spatial Variability
v What is the dominant scale of variation?
v' Where do | sample?
v' Where do | monitor?

v
v

How do | untangle complexity to produce better
oredictive relationship?
How do | assess soil function at multiple scales?

How do | meet user demand (farmers vs. catchment

managers)?

v' What do | know on the underling processes and the

development of soil?

-—  wwwamegillca
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Relationship b/w Soil Properties

+ Difficult to measure (e.g. K, water retention)
« Relatively easy to measure (e.g. particle sizes, OC)
* Predictive relationship (e.g. pedotransfer functions)

Variability in soil properties

Variablility in the relationship

CANADIAN JOURNAL OF

Spatial relationship between soil hydraulic and soil
SOIL physical properties in a farm field

SCIENCE

REVUE CANADIENNE DE LA SCIENCE DU SOL

Asim Biswas and Bing Cheng Si

Department of Soil Science, University of Saskatchewan, Saskatoon, Saskatchewan, Canada S7N 5A8.
Received 7 September 2008, accepted 6 May 2009.
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Geostatistical Analysis

Semivariogram of Ks Semivariogram of Sand

Semivariance

0 50 100 150 2000 50 100 150 200
Lag Distance (m)
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Relationship b/w Soil Properties
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Relationship b/w Soil Properties

. . 120 60
Principle component oc_ .o

What did we get?

Information on scales of variations in soil properties

The scale-varying relationship among soll properties

D mED

240 300

—
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N-dynamics and Landscape Characteristics

Nonlin. Processes Geophys., 15, 397-407, 2008
www.nonlin-processes-geophys.net/15/397/2008/
© Author(s) 2008. This work 1s licensed

under a Creative Commons License.

Nonlinear Processes
in Geophysics

&

Spatial relationship between 5'°N and elevation in agricultural

landscapes

A. Biswas, B. C. Si, and F. L. Walley

Department of Soil Science, University of Saskatchewan, Saskatoon, SK, Canada

Received: 28 September 2007 —

Abstract. Understanding of the nitrogen (N) cycle and
its spatial variability i1s important for managing ecosystems.
Soil 8°N, as an important indicator of different soil ni-
trogen cycling processes, may provide critical information
about the spatial variability in soil N cycling. The objec-
tne of thls study was to examine the dommant landscape

-~ 18

MC/

Revised: 4 April 2008 — Accepted: 4 April 2008 — Published: 13 May 2008

Parry, 1989). Variations in the nature and magnitude of N-
cycling processes within a landscape ultimately control the
availability of mineral N (NHJr and NO3') which 1s essen-
tial for agricultural productlon and hkerse 1s the source of
serious environmental pollution (e.g., NO; contamination of
groundwater and emissions of N> O, an important greenhouse

\—
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N-dynamics and Landscape Characteristics

Nonlin. Processes Geophys., 15, 397-407, 2008
www.nonlin-processes-geophys.net/15/397/2008/

'ZE;f; Nonﬁnequrocesses

N- Dynamics
- Isotopes of nitrogen

- iIsotopic fractionation in physical, chemical and
biological processes

- nitrification
- denitrification
-ammonia volatilization

- favour lighter **N and depleted first
- N pool develops distinctly different 8°N signals

' : - wwwansgillca
B McGill _—
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N-dynamics and Landscape Characteristics
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N-dynamics and Landscape Characteristics

Nonlin. Processes Geophys., 15, 397-407, 2008 4 '* .

www nonlin-nrocesses-ceonhve net/15/397/200R/ / Y o Nonllnear Processes
-
= | |

Wavelet Transform
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N-dynamics and Landscape Characteristics

Nonlin. Processes Geophys., 15, 397-407, 2008 Ty ‘* .
www nonlin-nrocesses-ceonhve net/15/397/200R/ /bh-- Nonllnear Processes
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Wavelet Transform
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N-dynamics and Landscape Characteristics
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N-dynamics and Landscape Characteristics

o O

i Relativglﬁl\pvation,yiz . . /—|

)

What it does?

Rel Flevation

It provides explicit information on scales and locations of
variation.

= = 9 e o
]
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N-dynamics and Landscape Characteristics

Negative ——
o J 180 24 300
Distance (m)
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Asim Biswas | Quantifying soil spatial variability | 25




N-dynamics and Landscape Characteristics

What do we get?

Variability in environmental correlations.
Traditional correlation may not identify existing relationship.

0 oUW 180 240 300 360

Distance (m)
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Similarity of the Spatial Pattern

Journal of Hydrology 408 (2011) 100-112

Contents lists available at ScienceDirect k

JOURNAL OF

 HYDROLOGY

Journal of Hydrology

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

Scales and locations of time stability of soil water storage in a hummocky landscape

Asim Biswas, Bing Cheng Si ™

Department of Soil Science, University of Saskatchewan, Saskatoon, Saskatchewan, Canada S7N5A8

ARTICLE INFO SUMMARY
Article history: Different factors and processes operating in different intensities and at different space-time scales result
Received 16 October 2010 in strong spatio-temporal variability in soil water storage. However, there is similarity between the over-

Received in revised form 8 July 2011
Accepted 19 July 2011
Available online 31 July 2011

all spatial patterns of soil water storage measured at different times, which has been identified as time
stability. The objective of this study was to examine the scales and locations of time stability of soil-water
This manuscript was handled by Philippe storage spatial patterns at different seasons and_depth_s infq hummoc_ky landscape. Soil water storage was
Baveve, Editor-in-Chief, with the assistance measured up to 140 cm depth over a 4-year period using time domain reflectometry and a neutron probe
of Juan V. Giraldez, Associate Editor along a transect in the St. Denis National Wildlife Area, Saskatchewan, Canada. The transect was 576 m
long with 128 sampling points (4.5 m sampling interval) and traversed several knolls and depressions.

-_— wwwamegillea
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larity of the Spatial Pattern
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Similarity of the Spatial Pattern

v Slmllar relationship cafi"be"déveioped over time. .
season inter-sedsor; &titf inter-afinual. WIS SE
¥ The wet locations stayPWae'sHd¥#iPi8Bations stay dry over time.

[al)

Such representative locations can be used to monitor or
validate remote sensing measurements.

antiat different space-time scag®yresult
R _‘ ‘___,th "e is similarity betwg over-
sines,/which has been ider Ned as time

Article hist

Received +b'8LtDbE'[ 20\
Received folr VISedf 1S July 2011

Q;fﬂﬁi t1)2ljul]11y 21 Q, 2011 shb]]]ty The objective of th]s 5 ations of time st1b1]|@)f soil-water
This m musutm& handled by “ . storage spatial patterns at different seasons ths in a hum mnocky landscape. Soi I storage was
Baveye, Editor-in-Chief, with the 155[51:][](_ 'qgu( U ? 0 140 cm depth over a 4-year period using til Q;IZESt metry Mgfa neutron probe
of Juan V. Giraldez, Associate Editor a t in the St. Denis National Wl]d]lfe Area m he transect was 576 m

long with 126 sampling points (4.5 m snnplln@] t traversed several knolls and depressions.
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Similarity between depths

Soil & Water Management & Conservation

Depth Persistence of the Spatial Pattern of Soil Water
Storage in a Hummocky Landscape

Asim Bi Information on surface soil water is readily available either from satellite images or from other surface
sim biswas measurements. Understanding the relationships between soil water at the surface and subsurface layers can help
1 1% . . . . o e

Bi ng C.Si understand hydrological processes at depth. The objective of this study was to examine the similarities in the

Dep. of Soil Science overall and scale specific spatial patterns of soil w~rar «nr>m= at differ=-- ' ~+hs. Soil water content was measured
Univ. of Saskatchewan

at the 20-cm depth increments, from the surface to a depth of 1 cm, using  eutron probe and time-domain
Saskatoon, SK, S7N 5A8, Canada

reflectrometry along a transect traversed over several knolls and depressions a . Denis National Wildlife Area
(SDNWA), Saskatchewan, Canada. High soil water storage was observed * depressions and low water storage
on knolls creating an inverse spatial pattern relative to elevation. Hif  spearman rank correlation coefficients
between the surface and subsurface soil layers indicated strong similarity in the overall spatial pattern of soil water
at different depths. Soil water contents in layers close in vertical distanc - __ad stronger similarity than that of layers

SSSAJ ) 2011 ) 75:1099-1109 far apart. Wavelet coherency analysis indicated strong similarity in the large-scale (>72 m) spatial patterns of soil

water at the surface layer and deeper layers duning recharge period. However, large-scale similarity was weaker

- wwwmcgillea
‘fﬁ McG>
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Similarity between depths
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Similarity between depths

10-20 cm

o oy A i

60-80.cm

'80-100 cm

100-120,c .

Soil water storage (cm)

120-140,C

e m e age W N MW 0

O 90 180 270 360 450 540
Distance (m) Distance (m)

R
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Similarity between depths

1
10-20 cm -
WV\I\M""V\,MN\/""A'\ é
20-40 ¢m =
W\/‘/\W Q
- , , , 0

= AO OO

What does it enable?

Whole profile hydrological dynamics from surface measurements.

120-140.cMm. -~ =y N
: 0 90 180 270 360 450 540 °

Distance (m) Distance (m)
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Separating Scale-Specific Variations

» Scale-specific spatial variations

» ldentify dominant scales and their relative
contribution to overall variability

Empirical mode decomposition

-—  wwwamegillca
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Empirical Mode Decomposition

Residue
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Separating Scale-Specific Variations

Soil Physics

Revealing the Controls of Soil Water Storage at
Different Scales in a Hummocky Landscape

. . Soil water storage is controlled by topography, soil texture, vegerarion, water routing processes, and the depth to
Asim Biswas i FIOpOSTER ; 5 P

Bing Cheng Si parterns in soil warer storage. The objectives of this study were to identify the dominant scales of variation of
Dep. of Soil Science

Univ. of Saskatchewan
Saskatoon, SK S7TN5AB8, Canada

the warer table. Interactions among these factors may give rise to scale-dependent nonstationary and nonlinear

nonstationary and nonlinear soil water storage and delineate the dominant controls ar those scales in a hummocky
landscape using the Hilberc—-Huang transform (HHT ). Soil water storage (up to 140 cm) was measured along a
128-point transect established at St. Denis National Wildlife Area, Saskatchewan, Canada, using time domain
reflectometry and a neutron probe. Empirical mode decomposition was used to decompose the measured soil warer

SSSAJ. 2011. 75° 1295-1306 storage series into six different intrinsic mode functions (IMFs) according on their characteristic scales. The first
) . . . . . - . .

IMF represented the variations ar small scales, the second IMF mighr characterize the variations associared with
microtopography and the landform elements. The IMF 3 was highly correlated with elevation and had the largest
variance contribution toward the total variance among all the IMFs. The fourth IMF was correlated to organic C
(OC), showing the long-term history of water availability, which may be a reflection of topographic setting or the
clevation, The ffth and sixth IMFs were associated with elevation, soil texture, and OC bur they contribured a
small fraction of the total variance. Therefore, decomposition made through HHT was physically meaningful and
provided improved prediction of soil water storage from topography, soil texture, and OC.

Abbreviations: EMD, empirical mode decomposition; HHT, Hilbert—Huang transform; HSA,

- wwwmcgillea
‘fﬁ McG>
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Separating Scale-Specific Variations

What does it enable?

Scale-specific correlation.
Dominant controlling factors at different scales.

r -~ U.UJ, r ~ U.UL

Var. Cont.- variance contribution, Re. Ele.-relative elevation,
OC- organic carbon

' : - wwwancgilla
B McGill =
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Separating Scale-Specific Variations

0.02 -0.08 0.8

011 010 0.03

0.07 000 0.12
6 -022* -0.26" 0.11 0.26*

5  055%  -0.59%* 0.43* (.36

4 037  -057** 038" 0.39%

S O &~ W

*P<0.05 *P<0.01

Var. Cont.- variance contribution, Re. Ele.-relative elevation,
OC- organic carbon

-0.01
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Scale-Specific Variations- Multiple Factors

Catena 113 (2014) 377-385

Contents lists available at ScienceDirect

Catena

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

Application of multivariate empirical mode decomposition for revealing @Cmsm
scale-and season-specific time stability of soil water storage
Wei Hu !, Asim Biswas >2, Bing Cheng Si **

* University of Saskatchewan, Department of Soil Science, Saskatoon, SK S7N 5A8, Canada
b Department of Natural Resource Sciences, McGill University, 21111 Lakeshore Road, Ste-Anne-de-Bellevue, QC H9X 3V9, Canada

ARTICLE INFDO ABSTRACT
Article history: Spatial patterns of soil water storage (SWS), the total amount of water stored in soil at a given depth interval,
Received 13 January 2013 tend to be similar if we measure at different times. This is characterized as time stability and can be used to

Received in revised form 30 August 2013

optimize sampling design. The objective of this study was to examine the scale- and season-specific time stability
Accepted 30 August 2013

of SWS spatial patterns at seven depth intervals (at every 20 cm down to 140 cm) in a hummocky landscape. Soil

.\
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1

ARTICLE INFO

Article history:

Received 13 January 2013

Received in revised form 30 August
Accepted 30 August 2013

—_— Jsoil at a given depth interval,
- F stability and can be used to
- II season-specific time stability

n a hummocky landscape. Soil

P o ba e
Il
B —_
=

ok B o

e/

i Mc@‘ : =

Distance (m) il spatial variability | 40




Scal¢€

Applicatif
scale-and

Wei Hu *!

* University of Saskq
b Department of Nal

ARTICLE

Article history:

Received 13 Januar
Received in revised
Accepted 30 August
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Scalg
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What does it enable?

Revel the matched scale of variations among factors
Scale specific predictions are improved from multiple factors

ARTICLE

Article history:

Received 13 Januar
Received in revised
Accepted 30 Augus
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Scale-Specific Variations in 2D

One property may vary at one scale, while
others at other scales

Bi-dimensional empirical

mode decomposition

Separating Scale-Specific Spatial Variability in Two
Dimensions using Bi-Dimensional Empirical

Mode Decomposition
SSSAJ, 2013, 77: 1991-1995

Empirical mode decomposition (EMD) has been used to separate the spatial

. . ”
Asim Blsfwas I ‘ variability in soil properties at different scales in one dimension. The objective
Ee%,ﬁ Sa‘t”ra {EERITEE SEITEE: of this note is to illustrate the use of a two-dimensional extension of the EMD

cll niv.

(known as bi-dimensional empirical mode decomposition or BEMD) to sepa-
rate the spatial variability at different scales. A digital elevation model (DEM)

tmm svmned an A Avrasmanla $a dasansentuata tlan siantla A Tha DEAATY nntmavwatad th o

)
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Separatmg 2D vanatlons
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Separating 2D variations

Scale: 7509 m Scale: 705 m Scale: 2896 m  Scale: 3905 m Scale: >8839 m
DEM Var.: 2% Var.: 7 % Var.: 14 % Var.: 77 %
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Separating 2D variations

Wetness Scale: <1 km Scale: 1-2.5 km Scale: 2.5-5 km Scale: >5 km
Index Var.: 36 % Var.: 25 % Var.: 13 % Var.: 26 %

_____

¥ ete — e Veters
0 2,500 5,000 0 2,500 5,000 0 2,500 5,000 0 2,500 5,000

Var.: 23 % Var.: 54 %
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Separating 2D variations

Wetness Scale: <1 km Scale: 1-2.5 km Scale: 2.5-5 km Scale: >5 km
Index Var.: 36 % Var.: 25 % Var.: 13 % Var.: 26 %
N S 8 e 8 L 8 S 8 &

What does it enable?

Scale-separation: meets user data demand
Scale-specific predictions
Multi-scale digital soil mapping
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Summary
» Optimize sampling strategy and experimental design

V V V

>

« Scales of hydrological processes

dentify representative locations for monitoring
Previously hidden predictive relationship
nfer at depth from surface measurements

dentify environmental controls at different scales

» Scale-specific prediction

» Multi-scale digital soil mapping
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