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Soil — Earth’s life support system

Soil is arguably the most biologically active compartment

of the biosphere hosting largest pool of biodiversity

Soil is a giant recycling system providing human
needs for food and supports global biomass stocks

Soil functions as Earths' life support body, a thin
film of life covering terrestrial surfaces

Nearly all contemporary societal challenges
(from climate change to food security)
involve a significant “soil” component

In the past few years the soil and critical zone
community is reaching out to other disciplines
and to cross-disciplinary scientific platforms
(e.g., GEWEX) to improve integration and
provide better context for interdisciplinary
consideration of key soil processes

~ -
________

\

\

)
P
-4
]

]

/

'I
7

Engineering
medium |




Potential GEWEX-SoilWat synergism - examples

Integration of Critical Zone Observatories (CZ0O) and %

similar eco-hydrological observatories within GEWEX PN
(eLTER-H2020 - European Long-Term Ecosystem Research e =
Infrastructure; TERENO; ICOS; CUAHSI) — design; sensors; \A;; V&f
monitoring protocols; data repository [in coordination with GHP] \b

Formation of a global lysimeter network — to inventory, standardize,
and expand coverage of lysimeter observations; links with CZO’s (lead — FZ
Julich and Wageningen) [in coordination with GHP]

Integration of the International Soil Modelling Consortium — coherence and
better links between climate and soil modelers with respect to models, data
sets for model testing, etc. (lead — FZ Julich) [in coordination with GLASS]

Development of linkages with the Global Soil Map initiative [all panels]

Simple and low-cost soil moisture monitoring networks (e.g., TXSON) for
highly resolved soil moisture information [GHP and GDAP]

Integrating human interactions affecting soil-water processes [GLASS, others]

Incorporation of near surface and small-scale soil processes (evaporation
physics; plants-soil interactions; biogeochemical processes) [GLASS]



Potential GEWEX-SoilWat synergism - examples

GEWEX Data and Assessment Panel (GDAP) — Annual Report
Reporting Period: January 2015 — December 2015

GDAP Projects and Products
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Figure 1: Potential contribution of GDAP activities to GEWEX science questions; y = yes, n=no,

c=contribute, u=unknown, p=potential.



Core group of highly motivated professionals: a wide
range of people from all over the world were contacted
and expressed keen interest and enthusiastic support

Professional and scientific societies: the Soil Science
Society of America (SSSA) — the primary dedicated
professional society for soil science. Interest groups
formed at AGU (Soil systems and critical zone processes
Technical committee); The Geological Society of
America - Soils and Soil Processes Interdisciplinary
Interest Group); EGU-Soil Systems Section; others

National agencies and projects: USDA/ARS; existing
and future US-NSF, China and European CZO networks;
eLTER H2020; Global soil map initiative

Academic centers and industry: for example - Water
for Food — NE; World Food Centers — ETH and UC Davis);
Soil water sensor manufacturers (Decagon; RainBird,
Campbell Scientific; Delta-T)
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How to move forward with GEWEX-SoilWat initiative?

In early 2014 a document outlining potential synergism between the Soil/CZ and
the Climate communities was circulated receiving enthusiastic feedback from the
(evolving) core group expressing willingness to become engaged in GEWEX efforts

We were invited as observers to the 7t GEWEX meeting in the Hauge (July 2014) to
pitch the idea and identify potential synergies with existing Climate-Soil activities
(in particular with the GLASS, GHP and GDAP panels)

The recommendation was to identify most
pressing gaps, formulate and prioritize areas of
interactions via a dedicated planning workshop
(Leipzig 2016 — next slide) and develop a “white
paper” (published on GEWEX website)

Establish joint sessions or discussions in future
conferences (EGU, AGU, SSSA and other forums)

Potential formation of integrated GEWEX-SoilWat
activities by including core group and others




Planning workshop: GEWEX-SoilWat UFZ Leipzig 28-30 June 2016

* To provide a scientific basis, scope and integration of SoilWat initiative with existing
GEWEX structures and activities, we plan a dedicated planning workshop hosted by
UFZ in Leipzig-Halle (June 28-30, 2016) - the objective is to engage the GEWEX and
Soil community members in the planning and in the workshop

* Discussion areas/potential topics and core group (tentative):

1.

Integrating (sub-) surface modeling in hydrological and climate models (Conveners: Dani Or, Harry
Vereecken, Eleanor Blyth, Matthias Cuntz, Bill Kustas)

Model complexity and utility (simple vs complex models) (Conveners: Martin Best, Gab Abramovitz,
Aaron Boone, Jan Vanderborght, Jasper Vrugt, Alex Mcbratney)

Groundwater-surface-atmosphere interactions (Conveners: Marc Bierkens, Remko Uijlenhoet, Gerrit
de Rooij, Stephan Kollet)

Human interactions affecting soil-water processes (Conveners: Taikan Oki, Howard Wheater, Katja
Frieler, Jacob Schewe, Shmuel Assouline, John Crawford, Michael Young)

Soil observations for hydro-climate research (Conveners: Jan Hopmans, Sonia Seneviratne, Steffen
Zacharias , Hendricks-Franssen Harrie-Jan, Colin Campbell, Todd Caldwell)

* Potential outcomes:

vk W

to establish working groups for each of these to further develop the themes above

to provide a scope and a first set of priority topics for the themes

to develop modes of interactions and active collaborations on these topics

to form a liaison group for exchange with related societies and communities — soil, GSA
plan joint projects, white paper, interfacing with other initiatives (listed in the examples)



Workshops: ISMC Austin April 2016; GEWEX-SoilWat UFZ Leipzig June 2016

The International Soil Modelling Consortium: inaugural conference in Austin (March
29 to April 1, 2016 - https://soil-modeling.org/austin-workshop/program); A white
paper on challenges and perspectives in modelling soil processes (45 authors)
submitted to VZJ (a basis for WGs discussions) — abstract submissions now open!

WG 1: ISMC Structure and Governance (Conveners: Dani Or, Sonia Seneviratne, Rainer Horn, Harry Vereecken)
WG 2: Mission of ISMC and its links to other communities (Conveners: Michael Young, Jan Hopmans)

WG 3: Model inter-comparison and modelling platforms (Conveners: Andrea Schnepf, Jan Vanderborght)

WG 4: Linking data to modelling (Conveners: Yakov Pachepsky, Harry Vereecken)

WG 5: Cross-cutting topics (Conveners: Lead Gerrit De Rooij, Kurt Roth, Peter van Oevelen, Mathieu Javaux)

* To provide a scientific basis, scope and integration of SoilWat initiative with

existing GEWEX structures and activities, we plan a dedicated planning workshop
hosted by UFZ in Leipzig-Halle (June 28-30, 2016) - the objective is to engage
GEWEX and soil community members in the planning and in the workshop

The subjects below provide a basis (additional topics are welcome):
1. Integrating (sub-) surface modeling in hydrological and climate models

Model complexity and utility (simple vs complex models
Groundwater-surface-atmosphere interactions

Human interactions affecting soil-water processes

LA

Soil observations for hydro-climate research


https://soil-modeling.org/austin-workshop/program

Interest group (GEWEX)

. Sonia Seneviratne (ETH Zurich) — GEWEX co-chair (extremes, land-atmosphere interactions

Peter van Oevelen, IGPO — GEWEX, hydrology, subsurface processes

Eleanor Blyth (CEH — Wallingford) — land surface modeling (GLASS)

. Aaron Boone (URA CNRS & Météo-France) - land-atmosphere feedbacks (GLASS co-chair)

- Gab Abramowitz (UNSW) — PALS, climate model structure and evaluation (GLASS)

. Taikan Oki (Univ. Tokyo) — global hydrology, sustainability

Remko Uijlenhoet (Wageningen UR) — hydrology, water management

- Wolfgang Wagner, Wouter Dorigo (TU Wien) - soil moisture remote sensing, soil moisture network
. Eric Wood (Princeton) - land surface remote sensing, land hydrology

Howard Wheater (Univ. Saskatchewan) Global institute for water security, Sask. River Basin Project



Interest group (SoilWat)

Harry Vereecken — Julich, Germany (CZO activities, sensors)

. Jan Hopmans — UC Davis, USA (SSSA links, food security)

Michael Young — UT Austin, USA (GSA and water resources-climate)

David Robinson — Bangor, UK (Ecosystem services & climate)

Binayak Mohanty — Texas A&M, USA (Remote sensing — soil)

. Steve Evett — ARS Bushland, USA (Irrigation, energy balance, sensor development, lysimetry)
- Josh Heitman — NC State University, USA (evaporation/instruments methods)
Dani Or — ETH Zurich, Switzerland (Surface processes/sensor development)

. Jasper Vrugt — UC Irvine, USA (Upscaling strategies — linking soil processes)
Nurit Agam — Sede Boker, Israel (Remote sensing and processes in arid regions)
Isabelle Braud — Cemagref Lyon, France (soil ET partitioning hydro-isotopes)

. Jérome Ogée/Lisa Wingate — INRA Bordaux, France (plant-soil interactions, stable isotopes)
- Shmuel Assouline/Shabtai Cohen — Volcani Ctr., Israel (soil & micrometeoroloy)
Bill Kustas - USDA, USA (Thermal and other remote sensing methods)

- John Baker - USDA/Univ. Minnesota, USA (Soil fluxes and instrumentation)

. Colin Campbell — Decagon, USA (soil moisture and other sensors)

. John Crawford — Rothamsted Research, UK (Sustainable soil systems)

. Gerrit de Rooij— UFZ, Germany (Soil and hydrological processes)

.- Todd Caldwell — UT Austin, USA (soil water fluxes and land data assimilation)
Dominique Arrouays — ISRIC-INRA, France (Global soil map)

. Alex McBratney — Univ. of Sydney, Australia (Global soil map)
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Linking processes — groundwater-soil-atmosphere

MONITORING AND MODELING
THE TERRESTRIAL SYSTEM
FROM PORES TO CATCHMENTS

The Transregional Collaborative Research Center on
Patterns in the Soil-Vegetation—Atmosphere System

BY CLEMENS SIMMER, INsA THieLe-EicH, MaTTHIEU Massou, WuULF AMELUNG, HEYE BOGENA,
SusanNE CREWELL, BERND DIEKKRUGER, FRANK EWERT, HARRIE-)JAN HENDRICKS FRANSSEN,
JoHAN ALEXANDER HuisMAN, ANDREAS KEMNA, NORBERT KLITzscH, STEFAN KOLLET,

MaTTHIAS LANGENSIEPEN, ULRICH LOHNERT, A. S. M. MosTAQUIMUR RaHMAN, UWE R ASCHER,
KARL SCHNEIDER, JAN SCHWEEN, YAPING SHAO, PRABHAKAR SHRESTHA, MAik STiEBLER, MAURO SuLs,
JAN VANDERBORGHT, HARRY VEREECKEN, JAN VAN DER KRUK, GUIDO VWALDHOFF, AND TANJA ZERENNER

Observing and modeling the water and energy fluxes from soil pores

to catchments and from groundwater to the atmosphere

AMERICAN METEOROLOGICAL SOCIETY OCTORER 2015 BAIS | 1765
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Linking processes — modeling groundwater to atmosphere

TerrSysMP - -
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Configuration File

= Coupling Frequency

» Two way data exchange
> Data Transformation
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Fic. SBI. (a) Schematic of TerrSysMP [modified after Shrestha et al. (2014)] showing the fluxes and
state variables exchanged between the three model components: COSMO (atmosphere), CLM (land
surface and subsurface), and ParFlow (subsurface hydrology) via the OASIS coupler. SW, LWdn, Rain,
T, P, QV, and U are passed from COSMO to CLM, while CLM passes back SH, LH, TAU, LWup, and
albedo. CLM shares the upper soil layers with ParFlow within which q_, and q, are passed from CLM
to ParFlow, which transmits back S§_ and Y. (b) Turbulent eddy heat flux and relative soil saturation
E'H (nondimensional) along the Rur catchment. (c) Main land-use classes in the catchment. (d) Meridional

Eidgendssische Technische Hochschule Ziirick cross section of turbulent eddy heat flux and relative soil saturation.
Swiss Federal Institute of Technology Zurich



Soil observations - Lysimeter network (actual evap., infiltration)

S. Gebler et al.: Actual evapotranspiration and precipitation measured by lysimeters

silicon carbide porous cups rake
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hydraulically connected discrete pores at the
soil surface (vaporization plane at the surface)

e Spacing between active pores (“dry” surface)
increase with reduced surface water content

* The pore-scale analytical model couples surface
temperature dynamics with pore evaporative
flux (as BC) considering feedbacks between
surface temperature and vapor pressure

a=r=bh
ko ary 1 ar
ror\"ar) ok or
Conduction Radiation Convection  Soil Heat Flux ar
ar

k
r=b

r=a
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e During stage-1, evaporation occurs from Raotre R
/ N

I EEVEVES]

e temperature dynamics

Convective Flux

T
X V- Aminzadeh and Or WRR 2013

Evaporative Flux
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= = Homogeneous Surface

Net Radiom
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Heterogeneous Surface
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Data Logger
g | _J
Al | ‘
Heat Sensors A j‘ . q
Balance .
% [ i

e Evaporation experiments from initially-
saturated sand under different BC (wind speed
and shortwave radiation) - monitoring surface
temperatures, mass loss rates, and heat fluxes
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I Results — drying of sand surfaces (shortwave radiation)
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Results — predicting the Bowen Ratio for evaporating surfaces

_ ho(T—Ty)

0 Qevap

S
Ty

1—aS
B: S
Ys¥y

Priestley and Taylor (1972)

S
MPE=a—(R,—G).
S+

* The prediction of surface evaporation rate and temperature simultaneously enables
estimates of surface energy partitioning, thus the Bowen ratio (B) and Priestley-

Taylor “constant” (a)

e Unclear “surface temperature” even in the original P-T data (Tair as surrogate)

* Experimental data constrained by model predictions across a wide range of R values
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I From pore scale evaporation to surface resistance model

[
—‘ . . . . .
Bl ° Haghighi et al. [2013] have used a pore diffusion model to estimate surface
E evaporative resistance as a function of surface water content (6,,,,) and
. mean pore size <R,> (from pore scale [0 surface representation)
|
I Pa— PsalTy) Rttt t
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lspL = i z\460\\ 46
| o D i
I LAND SURFACE
: ) PARTICLES Haghighi et al. WRR 2013
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1 % Surface Resistance
M ) Model
-% 0.2 i
"q':' Experimental
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—; ol E 0.1 ....................
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||
I Water losses from partially covered reservoirs

. Evaporative losses from reservoirs and other water
bodies may exceed 20% of water used in irrigated
agriculture (in some regions >40%)

- One option for reducing evaporative losses from
reservoirs is to use of partial floating covers — do we
want large or small “pores” for the floating cover?

; _— 7
Assouline, Narkis & Or (WRR 2010; 2011)
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Potential evaporation (

E, is key to the complementary relationship (CR)
Bouchet (1963) linking E, with actual evaporation E

Schematic of CR feedbacks between drying land
surface (low E) and air properties affecting E,

E -E

N b= _—P W
i E,—E
Z 3
é_ b=1 (Bouchet,1963)
&
T 2
B

U

0 -

0.8 1

Figure 1. E. =E/E, andE , =E /E,, as functions of the evaporative moisture

index E,, =E/E,. The curves were obtained with Egs. (4a) and (4b), respectively,
for different values of the effectiveness parameter, b [Kahler and Brutsaert, 2006].

Eidgendssische Technische Hochschule Ziirick

Swiss Federal

Institute of Technology Zurich

E,) is used as a reference
state for non-limiting evaporative conditions

I A new look at E, and complementary relationship (CR)

R+ R

R, in
B, S —
Wet ' Dry
U, Ua
”—j ~~~~~ . : u //,_ E, .
H ,'I I};P = Il \“aR,+R.L,,., : |' ﬁ - \IaR + Ry, ou
i A 4 " ‘ !
1 I I
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e A generalized form of the CR employs an
empirical parameter (b>1) to account for
different rates of potential evaporation
increase with declining actual evaporation
from drying surfaces (Kahler and Brutsaert 2006)

(1+b)E, =bE+E,

E, = “Wet” surface evaporation
(often P-T with fixed a!)

E, = Potential evaporation

(often Class A pan)

E = Actual (surface) evaporation




I Representing the CR on the vapor-temperature plane

» Schematic representation of actual (E), potential (Ep) and wet surface
evaporation (E,,) in terms of temperature and vapor pressure given as:

(dashed-line), z and x, respectively, for a drying surface L+o

E -E

p W

E, K

e The parameter b is estimated from “dry” surface condition (where E=0) I:> b=

(Car Tl ) =C)~(Caa T, )-C) 2,
(Caa (Tl )-C. ) x Cu
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Scaled Evaporation

“‘ o — b=4.33 [Kahler and Brutsaert, 2006]
Vo @ aeee be=75.95 Model Predicted
.
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I The origins of the CR asymmetry

Cae
Cor (T,5|6=0)
Input energy
) (Zg-x)

Coar (T

Coor (Ti|®) / Zp
¥y
Coae TelOud 7
T
& > S Ca
Surface properties
T(6:d T, T.9) T,,(6=0)
Temperature

 The surface temperature range on the horizontal axis is defined by surface
properties and climatic variables determine the origins of the CR asymmetry
(thus different values of the parameter b) where surface properties define the
temperature range and the energy input the location (position) of hatched area

Eidgendssische Technische Hochschule Ziirick
Swiss Federal Institute of Technology Zurich

Aminzadeh, Roderick & Or (2015, WRR)



I The revised CR framework - predicting actual evaporation

N
N
N
L
i
H° ¢ Key steps for estimating b and actual evaporation, E: !
o Eu
i A Ey
I parameter calculation | = 31 — b,"=10.7 Model Predicted
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I b, =4.9 Eq. (19) (b in Eq. 20) J Y , Data - WC13 of Yang et al. (2013)
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| 20 .
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. 16 °
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. . = 14 4 A
for the calculation in the table above) - o
i - A
4 RS /
o 10 4
e Limitations: complex surfaces (containing non- : .l *e —n
. . . . E ® Davies and Allen [1973]
drying regions — forests, lakes) require special 26l o o Konza Prairie: station 40
upscaling considerations (e.g., to estimate b) o] aA o R a0
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E'H Measured evaporation (mm/day)

Eidgendssische Technische Hochschule Ziirick
Swiss Federal Institute of Technology Zurich



w=0.35 m's
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e The gradual drying of a porous surface resembles
a drainage process - pore drying sequence is
entirely predictable from capillary considerations

e We assume a spatially uniform distribution of pore
sizes (pore clustering could also be considered)
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g and temperature adjustment
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I Potential evaporation at steady surface temperature

* A new definition for potential evaporation - ) DL[Cu(T)-C.]
considers radiative and advective conditions (1—a)Rs+oeaT;‘—osJ;‘—E(Ts—Tz)=M -
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* Interestingly, data show that class A pan
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evaporates at rates predicted E4(T,) implying
(typically) H=0 for (summer) pan evaporation

Predicted Evaporation (mm/day)

e The new E.(T,) was used in the CR framework to
analytically predict b and actual evaporation E
based on standard meteorological data
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I Surface temperature-based potential evaporation

_ Da L [Csat (Tss ) - Ca:l

o(l+®d)

LER (Tss) = %[Csat (Tss ) - Ca]

@ E;(T,): RMSE= 1.2 mm/day
O P-T with ¢y =1.26 : RMSE= 3.9 mm/day
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