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Modeling the Soil Moisture
Regime for Evaluation and
Prediction of Soil Hydrological
and Soil Degradation
Processes: Model “SOMORE?”

_



Water, that is often the main limiting factor of plant
growth, is also the main factor directly or indirectly
responsible for soil and land degradation processes

The soil moisture regime, determined by the changes
in soil water content with time, is the main single
factor conditioning plant growth and crop production

The processes of soil and water degradation,
leading to desertification, are strongly linked to
unfavorable changes in the hydrological processes
responsible for the soil water balance and for the
soil moisture regime

These are affected by the climate conditions and
variations, and by the changes in the use and
management of soil and water resources



Soil quality paradigm?

Soil quality assessments of degradation have been
using in many cases mostly subjective perceptions
and soil quality indices, scored from empirical
judgements, generally narrow in scope and with a
taxonomic bias, which do not allow to relate the
evaluation to the overall sustainability of alternate
land use systems (production, control of
environmental impacts, etc).

This would be only possible if they were based on
clear _and objective hydrological principles and
quantitative _measurements or estimations of
hydrological _parameters, aimed at problem
solving.




The evaluation of soil and water degradation
processes must allow to:

-design sustainable and productive land use
and management strategies, which guarantee
protection of the environment,

-previewing the effects of different
combinations of climate, slope and
management, including extraordinary events
with low return period.

That requires to change the present mostly
empirical subjective and qualitative
evaluations, by quantitative evaluations based
on hydrological processes



The evaluations must take into
consideration that soil degradation not
only causes problems in-site, but it may
cause serious probles off-site.

AN HYDROLOGICAL APPROACH DOES
FACILITATE A MORE INTEGRAL
EVALUATION AT BOTH LEVELS



The main objective must be to evaluate such
hydrological processes, and to select and
develop methodologies and techniques to
correct or to control them under different
conditions of soils, topography and climate.

This is required for suppressing or alleviating
the neqative effects of soil and water
degradation on __sustainable agricultural
production, on the supply of water in adequate
quantity and quality for the different potential
uses, and on catastrophic events such as
flooding, sedimentation, landslides, etc




Although the close interaction between the
conservation of the soil and water resources is
increasingly being accepted, still in most of the
cases they are evaluated separately, and
consequently the prediction and prevention of
the effects derived from their deqgradation are
inadequate in many situations.

This will become more important under the
previewed effects of global climatic changes,
which would mainly affect _hydrological
processes in the land surface.




Global climate change prediction, although still rather
uncertain, will increase rainfall in some regions, while
others might become drier, in a rather uneven spatial
and time distribution.

This may contribute to accelerate some land
degradation processes leading to larger runoff and
erosion, and to increased risks of floodings,
landslides, mass movements and mud-flows in tropical
regions, and to higher risks of crop production in
subtropical and temperate regions.

But in any case, land use changes, including deforestations, and
other human activities leading to soil degradation processes may
affect more the soil hydrological processes and their effects on
land degradation, than the previewed global climatic changes, or
may increase the influence of these changes.
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FRECUENCIA DE RIEGO EN SUELO NO SALINO Y
SALINO (CE:5 dS/m en Extr.Sat.) PARA UN
STRESS HIDRICO LIMITE DE 300 KPascales
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Figura 1




'INFILTRACION (TASA: |; ACUMULADA: IA) EN
SUELO SODICO Y NO SODICO, Y EVAPO-
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Figura 6. Requerimientos de riego (HR = HET-P+HD) y de drenaje (HD) para cultivos sensibles (STES: 40
meq/l) (HD4Q) y tolerantes (STES: 120 megq/l) (HD120) en un clima arido tropical
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Figura 6. Requerimientos de riego (HR = HET-P+HD) y de drenaje (HD) para cultivos sensibles (STES: 40
meq/l) (HD40) y tolerantes (STES: 120 megq/l) (HD120) en un clima mediterraneo semiarido

AGUA| (LFST40 = 0,48; LFST120 = 0,13; F = 0,6)
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Promoting the sustainability of irrigated
agriculture in semi-arid regions by:

-Conducting research to develop
methods for evaluating, predicting, and
managing the movement of water, salts
and nutrients in the root and vadose
zones

-Developing new soil-water management
strategies to make effective use of
limited water resources available to
agriculture



La adicion de agua de riego, junto con las sales disueltas, residuos y otros contaminantes al suelo puede
causar cambios drasticos en el régimen y balance de agua y solutos en el perfil del suelo. Estos cambios
y efectos también se presentan en condiciones de secano cuando ocurren alteraciones en la profundidad
y composicién de las aguas freaticas.

El diagnostico de los procesos y problemas de salinizacion y
sodificacion de los suelos es indispensable para precisar las
alternativas mas adecuadas y sostenibles de manejo de las tierras,
tanto en condiciones de regadio como de secano.

Para dicho diagndstico se requiere integrar a través de modelos los
factores de clima, cultivo, cobertura, calidad de agua de riego y de
agua freatica; procesos quimicos, fisicos y biolégicos involucrados;
y practicas de manejo del riego y del drenaje.

DESARROLLO DE SUELOS AFECTADOS POR SALES
(Salinos, Sodicos, Salino-acidos)
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Procesos de desarrollo asociados a
cambios en el régimen hidrico y de
sustancias en solucion de los suelos

|

Diagnéstico y prediccion a través de

agricultura de riego

Requiere:

1) Identificar y entender bien los
procesos en cada caso

2) Suficiente informacion de tipo
hidrolégico y sobre el origen,

modelos hidrolégicos, no extrapolables

Figura 1. Factores comunes en el desarrollo de suelos afectados
por sales en condiciones de riego o de secano.

caracterisiticas y reacciones
de las diferentes sales

G:
Suelo (ES):
Suelo (ES):

(meq/litro) Ca

Le=(Hp+ Hg)

ES: Extracto de saturacion

Mg Na B S CL RAS
2 2 8 6 2 4 5,6
2 2 32 12 8
2 2 128 36 32

Agua freatica (G)

(ascenso capilar)

Evaporacién (E)

Transpiracién (T)

l Lluvia (P)

4 Riego (R)

.F/H,

L : Fraccion de lavado; H : Lamina de agua; F : Eficiencia de lavado

(Hg: 0)

16 22,4 (H; : 160 mm; H, : 50 mm)
64 89,6 (H;:160 mm; H, : 10 mm)




The increased requirements of more quantitative results
in_probabilities and risks of soil degradation and its
influence on _crop production and environmental
damage, may be partially satisfied with the use of
modeling, where the large number of important variables
involved in the degradation processes, and their
interactions, may be integrated.

Direct measurements of runoff and soil loss
in the traditional erosion field plots, is a
slow and costly process, due to the high
variability of climate and soils in time and
space, which makes it not practical in places
where the resources are scarce and there are
required short term solutions.




The simple field technigues must be preferred,
because of operational considerations, and
because they are more able to be adapted to the
required sample volume and spatial variation -
there are possible more replicate measurements-
of soil hydraulic properties under field conditions.

Although modern indirect techniques like remote
sensing, computerized data processing, GIS and
simulation models may help in the required
evaluations, they will always require of actualized
and _accurate direct measurements or estimations of
soil hydraulic parameters .




The presently used empirical models must be
replaced with process based event models,
which require a better understanding of
changing hydrological properties as influenced
by soil management, cropping sequences,
vegetation, and climate.

Simulation models based on hydrological
processes may be very helpful to integrate and
to convert the measured or estimated soil,
climate, plant and management parameters into
predicted soil water balances and soil moisture

regimes for each particular combination of them,
actual or previewed.




These models may be very simple, or they can
be extremely complex.

Simulation errors derived from estimation
errors in soil properties and the sampling
costs are generally lower when simple models
are used for predicting water balance in space.

Additionally, simpler models require fewer
input data, and therefore they allow larger
samples and sampling densities for a given
field measurement.




ELSEVIER Soil Technology 11 (1997) 17-30

A soil water balance model for monitoring soil
erosion processes and effects on steep lands in the
tropics

Ildefonso Pla Sentis °

Farultad de Agronomin. Universidad Central de Venezuela, Apartadn 1131 {Las Araciac), Mararay,
Venezuela
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The simulation model SOMORE simulates the
evolution of the soil water balance and regime in the
soil

The predictions may be used to identify the more
probable soil degradation processes, and for the
selection of the best alternatives of soil and water
conservation practices for each combination of soils,
climate and topography

The main output of the model is the soil moisture
regime at root depth, and the water losses by
runoff and internal drainage

The predicted soil moisture regime may be
interpreted in relation to problems of drought, at
different times and growth stages of natural
vegetation and crops
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Model “SOMORE” (l. Pla 1997)

REQUIRED INFORMATION (DAY BY DAY)

R: Total rainfall (mm)

VR : Rainfall intensity (mm/hour)
V) : Infiltration rate (mm/hour)
ET: Evapo-transpiration (mm/day)

P: Effective depth of the soil (mm) (depth with the 90% of the root development
if the main interest is the soil water regime in relaltion to plant development;
depth to the limiting layer for internal drainage in case of studies related with
groundwater level or with processes of mass erosion)

Kss : Saturated hydraulic conductivity of the soil at depth P (mm/hour)
Osart : Volumetric moisture of the soil P at saturation (m®/ m®)

Lsat (mm): Ogar . P (L : Water depth)

OLL : Volumetric moisture of the soil P at liquid limit (m®/ m?)

L|_|_ (mm) @LL . P

Occ: Volumetric moisture of the soil P at field capacity (m®/ m®)

Lcc (mm) G)CC .P

Opmp : Volumetric moisture of the soil P at wilting point (m®/ m®)

LpMp (mm) epMp .P

Os;i : Volumetric moisture of the soil P at the beginning of the day (m®/ m?®)
Lsi (mm): Og . P




INFORMATION TO BE CALCULATED (DAY BY DAY)

E, : Surface runoff due to reduced infiltration (mm/day)

Esat : Surface runoff due to soil saturation by water (mm/day)

D, : Internal drainage (mm/day)

To: : Time with soil moisture above Occ: (hours/day)

Dss : Sub-surface runoff (mm/day)

L ai : Surface waterlogging due to reduced infiltration at the beginning of the day (mm)
Las : Surface waterlogging due to reduced infiltration at the end of the day (mm)

L s (saT) : Surface waterlogging due to soil saturation at the end of the day (mm)

Ta : Time with waterlogging due to reduced infiltration (hours/day)

Ta (sam) : Time with waterlogging due to soil saturation (hours / day)

Ls: : Soil moisture (depth) in P at the end of the day (mm)




PLA
PLA

CALCULATIONS (SLOPING LLAND)

Ei=R-10) - ((R.V)) /Vg) (mm) if E;j (calculated) > 0

E;=0 (mm) if Ej(calculated) <0

Lss=Lsi+ (R-E;)) —ET (mm) if Lgr (Calculated) <Lcc

Lss=Lpvp (mm) if Lgr(calculated) < Lpwp

Lsf =Lcc  (mm) if Lgr (calculated) > Lec and < Lec + 24K,
LSf = LSi + (R — EI) -24 KSs -ET (mm) if LSf (Calculated) > LCC + 24KSs

LSf = LSAT (mm) if LSf (calculated) > Ls AT

ESAT + Dss = LSf (Calculated) — LSAT (mm) if LSf (Calculated) > LSAT

Esat + Dss =0 (mm) if Lgr(calculated) < Lgat P L A

D; = Lg¢(calculated) — Lcc  (mm) if Dy (calculated) > 0 and < 24Kg,
D =24Kgs, (mm) if Dy (calculated) > 24K g
D=0 (mm) if Dy (calculated) <0

Tpr=Di1/Kgs (hours / day)




PLA

CALCULATIONS (FLAT LAND)

Lar=Lai t R-24V;—ET (mm)
LAr=0 (mm)
Lai = Las (from the previous day) (mm)

Ta=(@Lai+ R—ET)/V; (hours/day)
Ta =24 (hours/day)
To =0 (hours/day)

Lsf = Lsi + (R + Laj). (Vi/ VRr)) - ET (mm)

Lst = Lcc (mm)

Lsr =Lsi+ (R + LAi)- (VI/ VR)) —24Ks- ET (mm)
Lst = Lsar (mm)

Lss = Lpmp (mm)

Lt sat) = Lst (calculated) — Lsat (mm)

Ta sat) = (Lst (calculated) — Lsat) / Kss (hours)

TA (SAT) = 0 (hOlll'S)
“PLA

Tpr =D/ Kgs (hours/day)
Tpr =24 (hours/day)

D1 = (Lst- Lec) / Kss
D=0 (mm)

PLA

if Lar (calculated)> 0
if Lar (calculated)< 0

if Ta (calculated) >0y <24
if T (calculated) > 24
if T4 (calculated) < 0

if Lgsr(calculated) < Lcc

if Lgr (calculated) > L¢c and < Lec + 24K
if Lgr (calculated) > L¢c + 24K

if Lgr (Calculated) > Lsar

if Lgr (calculated) < Lpyp

if LagsaT) (calculated) >0

if TasaT) (calculated) > 0
if Taesar) (calculated) <0 P L A
if Di(calculated)> 0

if Dj(calculated) <0

if Tp(calculated) < 24
if Tpj(calculated) > 24




SOMORE (SOIL MOISTURE REGIME MODEL)
Version 3,0 (August 1991)

A computer simulation model and program for predicting the
moisture regime of agricultural soils in relation to crops, tillage,
irrigation and drainage practices, under specific (average,
extreme or probable) climatic conditions, various management
systems, and different processes and degrees of soil physical
degradation.

Developed by: )
Prof. Dr. ILDEFONSO PLA SENTIS*

Programmed by:
Carlos A. Pla Burgos

*Facultad de Agronomia, Universidad Central de Venezuela
Maracay, Venezuela
(All rights reserved. Copies of this program could be made only with the
permission of the authors)




This program and model calculates the daily
soil moisture regime, including the degree and
duration of water-logging, and the amounts of
water losses by runoff or internal drainage, or
stored in the soil, making a classification of the
days with different levels of soil moisture
deficits or excesses for each growing period of
the crop, giving the irrigation water
requirements. It incorporates easily measured
physical properties and rooting depths, for
different climates and soil physical conditions,
representative or product of various soil
management practices and degradation
processes.



EXAMPLE OF INPUT OF THE MODEL

Water regime in dryland vinevards )
NON-LEVELED, WITHOUT COVER, SLOPING LAND IN ALT PENEDES (SPAIN)

Location, Climate and Crop:

Location: Masquefa Latitude: 41°29° N Longitude: 1° 48" E Altitude : 260 m. asl
Annual rainfall : 400-700 mm/year

Rainy season (period) : September-February Rainfall: 250-500 mm

Dry season (period) : March-August Rainfall: 150-200 mm
Type of year: Humid Return period: 5 years
Slope: 20 % Crop: Vineyards for wine and cava production (Chardonay)

Interval: October 1996 — September 1997

Given Conditions and Values
Possibilities of runoff or surface drainage: Yes
Effective rooting depth of the soil: 800 mm
Average of predominant rainfall intensities: 40 mm/hour
Average infiltration rate: 20 mm/hour
Saturated hydraulic conductivity of the subsoil: 3 mm/hour
Soil moisture (vol/vol) of soil DS at saturation: 0.40
Soil moisture (vol/vol) of soil DS at liquid limit: 0.38
Soil moisture (vol/vol) of soil DS at plastic limit: 0.30
Soil moisture (vol/vol) of soil DS at field capacity: 0.28
(
(
(

Soil moisture (vol/vol) of soil DS at a tension of 0.15 Mpa: 0.12
Soil moisture (vol/vol) of soil DS at a tension of 1.5 Mpa: 0.08
Soil moisture (vol/vol) of soil DS the first day: 0.12

N N N N N
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Identification of Variables

HR : Rainfall in mm

HET : Evapo-transpiration in mm

HSD: Water losses by runoff ort surface drainage in mm
HWL: Water-logging in mm

TWL.: Duration of water-logging in hours

HID: Water losses by internal drainage in mm

TID: Duration of water losses by internal drainage in hours
TLI: Duration of viscous fluid consistence in hours

HAS: Runoff after saturation in mm

HDS : Soil moisture at rooting depth interval (DS) in mm
HDS/DS: Soil moisture (vol/vol) at rooting depth

HIR : Irrigation water requirement (net) in mm.

Clasification of days

DW: Day with water-logging > 12 hours

DS : Day with soil saturated with water > 12 hours

DL : Day with soil at viscous fluid consistence > 12 hours
DA: Day with adequate soil moisture (CC — 0,15 MPa)
DT: Day with moisture stress (0,15 MPa — 1,5 MPa)

DP: Day with defficit of soil moisture (< 1,5 MPa)

DI Day with irrigation requirement
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SOME
APPLICATIONS
OF "SOMORE"
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Fig. 3. Water balance in the rooting zone during the growing period of sorghum, in a sandy-loam Alfisol, bare
(B) or covered with plant residues {C), under high (H), average (A) and low (L) annual rainfall, and effective

rooting depths of 10, 20 and 40 cm. There are shown, for each combination, the total volume in mm of the
moisture deficit (Moist. Deficit), evapotranspiration {Evapo-Transp.), surface runoff (Runoff), internal drainage

(Int. Drainage) and change in soil moisture (Ch. Soil Moist.).
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Soil erosion; Landslides: Forest, Cof
Costa Rica (volcanic soils)
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Fig. 5. Soil moisture regime in the surface 30 cm of a clay-loam Ultisol with 30-100% slope gradient,
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Application of the model SOMORE:

-to study the effects on the soil moisture
regime of the soils of the changes in land
and crop management in three of the main
regions

Alt Penedeées (Barcelona)
Priorat (Tarragona)
Costers del Segre (Lleida)

with vineyards dedicated to the production
of high quality wines and cava in Catalonia



The main changes in land management in
those two regions include:

-levelling and use of green cover in
rainfed vineyards of the Alt Penedés

-terracing and tillage in rainfed
vineyards (ocassionally with a limited
complementary irrigation) of the Priorat



The soils in Alt Penedés and Costers
del Segre:

-mainly silty-loam textures
-derived of calcareous lutites

The soils in the Priorat:

-very stony (>50% coarse fraction)
-derived of slates

-calcareous only in the deeper soil
where the clay (smectites) content
slightly increases



PENEDES
NON LEVELED
LEVELED

PRIORAT
SLOPES
TERRACES

Slope| Coarse | Effective AWC Rainfall K sat
% | fraction | rooting mm Infiltration (subsoil)
% depth mm/hour mm/hour
cm No cover| Cover
10 <5 20— 80 200 20 50 3
6 5-10 15— 60 120 5 20 0.4
50 | 50-60 0— 40 61 >200 | >200 | >200
0 | 30-60 10—70 110 | >100 | >100 | >100

(AWC: Available water capacity)
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Figure 3. Simulated soil moisture lu:-glnw in six (1999-2005) consecutive agricultural years
htaltlng in October and finishing in September) with different plantation densities and

different effective rooting depths. (A: 60 cm rooting depth; B: 80 ¢m rooting depth).
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It may be concluded that:

The processes of soil and water degradation are
closely linked through unfavorable alterations In
the hydrological processes determining the soil
water balance and the soil water regime.

They are also conditioned by the climatic
conditions and by the use and management
of the soil and water resources.

Therefore, an_hydrological approach to the evaluation and
prediction of the conservation of soil and water against
degradation processes would be essential for an adequate
development, selection, and application of sustainable and
effective use and management practices.




New research approaches based on the
evaluation of the hydrological processes, under
different _scenarios on changing climate, soil
properties, and soil and crop management,

with the use of practical and flexible
models and computer based programs
like SOMORE,

would help to select or develop more adequate packages
of technologies to reduce soil and water degradation,

and to control their growing negative effects on crop
productivity, degradation of ecosystems, and on derived
catastrophic events in the whole World
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