SoftwareX 6 (2017) 107-117

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

Contents lists available at ScienceDirect

SoftwareX g

MY SIRR: Minimalist agro-hYdrological model for Sustainable
IRRigation management—Soil moisture and crop dynamics

@ CrossMark

Raffaele Albano **, Salvatore Manfreda ", Giuseppe Celano ¢

2 University of Basilicata, School of Engineering, Potenza, Italy
b University of Basilicata, DICEM, Matera, Italy
¢ University of Salerno, DIFARMA, Salerno, Italy

ARTICLE INFO ABSTRACT

Article history:

Received 5 November 2015

Received in revised form 23 January 2017
Accepted 24 April 2017

The paper introduces a minimalist water-driven crop model for sustainable irrigation management using
an eco-hydrological approach. Such model, called MY SIRR, uses a relatively small number of parameters
and attempts to balance simplicity, accuracy, and robustness. MY SIRR is a quantitative tool to assess
water requirements and agricultural production across different climates, soil types, crops, and irrigation

strategies. The MY SIRR source code is published under copyleft license. The FOSS approach could lower
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the financial barriers of smallholders, especially in developing countries, in the utilization of tools for
better decision-making on the strategies for short- and long-term water resource management.
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1. Motivation and significance

Water supply is becoming more and more critical to meet
current and foreseeable water demands [1,2]. With vast regions
already experiencing water shortages, it is becoming imperative
to manage sustainably the available water resources, especially in
relation to agriculture. Globally, irrigated agriculture is the primary
user of freshwater, accounting for nearly 85% of total water con-
sumption [3], and providing about 40% of the total food produc-
tion [4]. Higher pressures on water for food production may be
expected to develop because large segments of the populations in
the emerging countries will tend to raise their living standards [5].
Hence, irrigation is projected to increase in face of climate change,
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population growth and increased food requirements. Therefore,
there is an increasing need to optimize water allocation in order to
maximize production and farm revenue. Hence, strategic choices
are needed to preserve productivity and profitability while en-
suring a sustainable water management, a nontrivial task given
rainfall unpredictability. In this context, it is particularly important
to develop simple, widely applicable agro-hydrological tools that
inform farmers for short- and long-term water-related agricultural
management. This is of particular importance given that agricul-
tural production systems are inextricably linked to the hydrologic
systems they rely upon (i.e. agro-hydrology). The on-farm agri-
cultural management decision-support tools should synthetically
provide the key irrigation quantities (volumes, frequencies, etc.)
for different irrigation schemes as a function of soil type, crop,
and climatic features. On one hand, significant progress has also
been made in developing models for optimal water allocation for
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Nomenclature Y =h-(b(t =Tsa)) crop yield, as a function of crop
. biomass at the end of the central part of the grow-
R(t) rainfall _ ing season
A mean frequency of rainfall events K. crop coefficient

I(s(t)) irrigation input to soil water balance
Tiean daily mean temperature

n/N daily relative sunshine duration

p mean daily percentage of annual daytime hours

€a mean daily ambient vapor pressure

Cn the numerator constant for the reference crop
type and time step

A slope of the saturated vapor pressure curve

Z; active soil depth

ET(s(t)) soil water losses through evapotranspiration

s* point of incipient stomatal closure, when plant
transpiration is reduced

Sw wilting point, corresponding to irreversible dam-
ages to plants

S1 soil moisture level at which deep percolation and
runoff losses take place

S soil moisture “intervention point” triggering an

irrigation application
ET geas total evapotranspiration over the growing season

Y crop yield

Qgmp steepness parameter the of the seasonal
evapotranspiration-yield function

apic Crop-specific response to water limitation

p (s(t)) maximum normalized evapotranspiration loss
rate

g(s(t)) simplified rate of crop biomass change

EW effective use of water

b (t) crop biomass

WP water productivity

o mean depth of rainfall events

Tseas length of the growing season

ETy reference evapotranspiration

RHnin minimum daily relative humidity

Ug daily mean wind speed

R, Net radiation flux

es mean saturated vapor pressure

Cd the denominator constant for the reference crop

type and time step
ET max evapotranspiration rate under well-watered con-

ditions
n soil porosity
En irrigation application efficiency coefficient
Stc soil field capacity, i.e. soil moisture level at which

deep percolation and runoff losses take place,
above which deep percolation is non negligible

s(t) relative soil moisture ranging from 0 (perfectly
dry soil) to 1 (soil saturation)

Riot = aMtsess total rainfall over the growing season

S “Target level” to which soil moisture is replen-
ished by an irrigation application

n = ETmax/(nZ;) maximum normalized evapotranspira-
tion loss rate

Etseassoz,  total seasonal evapotranspiration corresponding

to Ymax/2
Yimax maximum crop yield
WF Water footprint
z (t) plant water stress

bo = b (t = 0) crop biomass at the beginning of the central
part of the growing season

g4 crop development rate under well-watered condi-
tions

agricultural management at spatial scales ranging from the single
field level to regional scales [6-9]. On the other hand, smallholders
need reliable, parsimonious and flexible tools to support them to
decide the management strategy more useful for their needs. At
on-farm level, the tool complexity should be set into relation to
the effort required to apply that model and should reflect farmers’
flexibility in coping with uncertainty to maximize yields and profit.

A (FOSS) free and open source approach could lowering the
financial barriers of smallholders to utilize tools and software that
can lead to better decision-making especially in developing coun-
tries [10,11]. FOSS tool could promote leanings generate a guided
discovery for the smallholders that can examine and experiment
with software. Moreover, these tools are typically published for
free and their source code is open with end-user rights to run
the program for any purpose, to study how the program works,
to adapt it, and to redistribute copies including modifications. The
availability of the source code and the right to modify it is very
important. It enables the unlimited tuning and improvement of
a software product. It also makes it possible to port the code to
new hardware, to adapt it to changing conditions, and to reach a
detailed understanding of how the system works.

2. MY SIRR model

In this paper, we present a decision support tool at farm scale,
called MY SIRR (Minimalist agro-hYdrological model for Sustain-
able IRRigation management), based on the description of the soil
water balance and crop development, explicitly accounting for the
randomness in the hydro-climatic forcing and the essential non-
linearities of the soil-plant-atmosphere system. This tool incor-
porates simple and widely applicable formulae with parsimonious
inputs clearly showing the effects of climate, irrigation strategy,
crop, and soil features on agro-ecosystems. The relatively few,
physically based parameters make MYSIRR suitable for designing
and assessing the feasibility of new agricultural initiatives and
investigating the effect of climate change on existing agricultural
practices. MY SIRR is based on the methods developed by stochastic
ecohydrology [12] in order to realize a simple, widely applicable
agro-hydrological tool designed to inform farmers, especially from
the developing countries or smallholders, for water-related agri-
cultural management. The ecohydrological approach, traditionally
focusing on natural ecosystems, has the potential to offer a quan-
titative tool to assess and compare agricultural enterprises across
climates, soil types, crops, and irrigation strategies, accounting for
nonlinear interactions and temporal stochasticity, while smooth-
ing out spatial heterogeneities through spatially lumped represen-
tations. In this manner, MYSIRR hopes to achieve predictions that
are robust to parameter uncertainties and are easily transferable
to future climatic conditions. On one hand, MYSIRR have similar
functions to other available software, such as CROPWAT [13], that
can be used to predict water availability and crop response to
current and future agro-climatic conditions. On the other hand, in
this respect, MYSIRR has the peculiarity to developing optimized
irrigation schedules, maximizing Water Productivity, (that is con-
sidered, according to [14], the inverse of Water Footprint), for
different climate scenarios carrying out future climate scenario
analyses. This could help drive strategic action toward sustainable,
efficient and equitable water use with reference to water produc-
tivity, yields, water requirements, and their variability (a crucial
element for food security and resource allocation planning).
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