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a b s t r a c t

During the past decade, the application of agricultural production systems modelling has rapidly
expanded while there has been less emphasis on model improvement. Cropping systems modelling has
become agricultural modelling, incorporating new capabilities enabling analyses in the domains of
greenhouse gas emissions, soil carbon changes, ecosystem services, environmental performance, food
security, pests and disease losses, livestock and pasture production, and climate change mitigation and
adaptation. New science has been added to the models to support this broadening application domain,
and new consortia of modellers have been formed that span the multiple disciplines.

There has not, however, been a significant and sustained focus on software platforms to increase ef-
ficiency in agricultural production systems research in the interaction between the software industry and
the agricultural modelling community. This paper describes the changing agricultural modelling land-
scape since 2002, largely from a software perspective, and makes a case for a focussed effort on the
software implementations of the major models.

© 2015 Published by Elsevier Ltd.

1. Introduction

It has been just over a decade since Donatelli et al. (2002)
summarized the 2nd International Symposium on “Modelling
Cropping Systems” in the special issues of European Journal of
Agronomy. They presented a synopsis of the status of cropping
systems modelling at that time, with some indicators of possible
future developments. At that time, crop modelling was dominated
by DSSAT (Jones et al., 2003), APSIM (Keating et al., 2003), CropSyst
(St€ockle et al., 2003), EPIC (Izaurralde et al., 2006) and STICS
(Brisson et al., 2003).

Over the past decade, cropping systems models have expanded
in scope to become agricultural production systemsmodels that are
used in a range of applications:

a) climate change and adaptation (Elliott et al., 2014; Fraisse
et al., 2006; Kalaugher et al., 2013; Moore et al., 2014;
Pearson et al., 2008, 2011; White et al., 2011),

b) food security (Carberry et al., 2013),
c) policy assessment (Bezlepkina et al., 2010; Bryan et al., 2011;

Ittersum, 2009),
d) aiding the development of tools for farmers and/or policy

applications (Cichota et al., 2012; Hunt et al., 2013; Komarek
et al., 2012; Parsons et al., 2011; Shafiullah, 2012),

e) farmer advice (Adam et al., 2010; Carberry et al., 2002;
Hochman et al., 2009; Oliver et al., 2012),

f) resource use and efficiency (Liu, 2009; Qureshi et al., 2013;
Ranatunga et al., 2010; Salazar et al., 2012),

g) plant breeding (Hammer et al., 2010; Hoogenboom et al.,
2004; Messina et al., 2011),

h) bioenergy (Persson et al., 2010a, 2010b),
i) livestock and mixed crop-livestock systems (Berntsen et al.,

2003; Lilley and Moore, 2009; Rotz et al., 2005) and

* Thematic Issue on Agricultural systems modelling & software.
* Corresponding author.

E-mail address: Dean.Holzworth@csiro.au (D.P. Holzworth).

Contents lists available at ScienceDirect

Environmental Modelling & Software

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

http://dx.doi.org/10.1016/j.envsoft.2014.12.013
1364-8152/© 2015 Published by Elsevier Ltd.

Environmental Modelling & Software xxx (2014) 1e11

Please cite this article in press as: Holzworth, D.P., et al., Agricultural production systems modelling and software: Current status and future
prospects, Environmental Modelling & Software (2014), http://dx.doi.org/10.1016/j.envsoft.2014.12.013

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:Dean.Holzworth@csiro.au
www.sciencedirect.com/science/journal/13648152
http://www.elsevier.com/locate/envsoft
http://dx.doi.org/10.1016/j.envsoft.2014.12.013
http://dx.doi.org/10.1016/j.envsoft.2014.12.013
http://dx.doi.org/10.1016/j.envsoft.2014.12.013


j) yield gap analysis (Hochman et al., 2012; Liu et al., 2012; van
Ittersum et al., 2013; van Ittersum et al., 2003).

The breadth of applications demonstrates that agricultural
production system models are serving a societal need of evidence
provision and that they have grown to maturity from research
prototypes of the mid-1990s to application workhorses in the early
2000's. The last decade has also seen major investments from
research agencies and governments around the world, for example,
the commitment of three organisations in Australia to develop
APSIM, the European Commission's Joint Research Centre's (JRC)
commitment to develop yield forecasting applications with
WOFOST, and the International Food Policy Research Institute's
(IFPRI) use of DSSAT with the IMPACT model for policy analysis. In
the same period, many applications of models became embedded
within specific research or policy organisations, where they were
routinely used in policy or business decision making. For example,
applications for yield forecasting were part of the JRC's activity on
Monitoring Agricultural Resources (www.mars.info) and as part of
USAID's monitoring of Famine Early Warning Systems Network
(www.fews.net). Also, extensive publications on impact evaluations
with crop models were included as part of the IPCC's chapters on
impacts of climate change of agriculture (www.ipcc.ch). A com-
monality among these examples is that they use or interpret the
model outputs at larger regional scales, using either grid or
administrative-region based approaches. Some crop models were
incorporated in farm management advisory programs (www.
yieldprophet.com.au; www.agroclimate.org).

Although these applications demonstrate that agricultural pro-
duction systems models are able to serve particular needs, there
remains a large untapped potential for further application and
development, especially in domains that are currently underserved,
including food security, policy assessment, farmer advice, and hu-
man health and nutrition. Robust applications in these new do-
mains require that models are further developed. Much remains to
be done on improving the quality and/or scope of the underlying
science of plant responses to elevated CO2 and temperature ex-
tremes and the flow-on effects of these to soil carbon and nutrient
dynamics. A more detailed representation of spatial heterogeneity
and its impacts on crop and environmental performance is also of
crucial importance. In these domains, it is important that the crop
models link to models of other disciplines (such as pests and dis-
eases, economics, hydrology and supply chain management) and
include a broad representation of all sorts of crops present on the
farm. The models must be broadened to include the livestock
components that are critical parts of many production systems and
food security globally and at the smallholding level, as well as
speciality and underutilized crops, such as vegetables and tree
fruits.

The objective of this paper is to outline our positioning for the
next phase of agricultural systems modelling, defined as the pro-
duction elements (and constraints) of a farming enterprise (e.g.
cropping, livestock, pastures). We will evaluate developments over
the last ten years, both from a modelling and Information and
Communications Technology (ICT) perspective; and by proposing
a research agenda and approach for the decade to come. In our
view, there is an opportunity to rethink past strategies, as ICT is
opening up massive opportunities for further development that
will benefit model users through more robust models or models
that are more efficient or more agile to develop and apply. These
opportunities include improved computational performance (e.g.
via cloud computing techniques or parallel processing methods),
and rapid community-driven application development with a
focus on mobile devices, equipped with sensors and positioning
possibilities.

In Section 2, we present examples of what the agricultural
modelling community has accomplished in the past decade. We
have seen advances in broadening the application domain, the
modelling scale and the formation of new research coalitions for
addressing international and global challenges. At the same time,
we identify some long-standing software problems and failures
that we detail in Section 3. Research has been hampered by legacy
code and the lack of good software engineering principles. We still
struggle to obtain robust datasets to be used for benchmarking. In
Section 4, we present new and emerging areas of research. Based on
the papers submitted in this Thematic Issue and other relevant
literature, we explore recent innovations in agricultural models and
frameworks. Then, in Section 5, we attempt an overview of new
challenges and opportunities for research. The paper concludes
with a vision outlining the activities needed to shape the short to
medium term future.

2. Strengths and achievements

The application domain for agricultural models has evolved
significantly in the past decade. As the title of this paper suggests,
the emphasis is now on agricultural systems rather than cropping
systems. A decade ago the focus was on improving on-farm crop
productivity. This is still important today but the modelling com-
munity has become increasingly interested in greenhouse gas
(GHG) emissions, levels of soil carbon storage, food security, risks of
pest and disease losses, livestock production, and climate change
mitigation and adaptation. While models addressing these issues
existed a decade ago, integration across domains is new. This
expanding application domain has led to additions to existing
models; new algorithms, processes and capabilities have been
added, where each of the models include more crops, more envi-
ronmental outputs. Outside of the existing models, several new
models have been developed to address different aspects of these
themes; Rivington and Koo (2010) found that there were about 250
models available. Most prominent were the developments of APES
(Donatelli et al., 2010), AQUACROP (Hsiao et al., 2009; Raes et al.,
2009; Steduto et al., 2009), INFOCROP (Aggarwal et al., 2006).
New modelling frameworks have also been created; OMS (David
et al., 2013), RECORD (Bergez et al., 2014), BioMA (https://en.
wikipedia.org/wiki/BioMA) as an extension of APES; and OpenMI
(Gregersen et al., 2005; Knapen et al., 2013).

The expanding application domain has also necessitated a
change in modelling scale. Large area scenarios of agricultural
productivity at the farm, country, continental and global scale are
now commonplace and have required a spatial, parallel simulation
capability to be added to the models and frameworks or the con-
struction of model wrappers that provide this capability. Interest-
ingly, all of the models and frameworks are still point based (1D
models) although some models now allow multiple points to be
run simultaneously with dynamic interactions (APSIM, CropSyst).
This capability is important for grazing system applications (Snow
et al., 2014), whole farm management (Moore et al., 2014;
Rodriguez et al., in press), and water movement and storage
within properties (Brennan et al., 2008) or across landscapes
(Paydar and Gallant, 2008). The scale of applications has also
moved to the small scale, with crop improvement programs
seeking to incorporate genetic models for traits into biologically
dynamic crop models to predict geneephenotype relationships
(Cooper et al., 2009; Hammer et al., 2010; Messina et al., 2011;
White et al., 2008a).

The last decade has also seen the development of a large con-
sortium of agricultural, climate and economic modellers, working
together to improve adaptive capacity for major agricultural re-
gions around the world. The Agricultural Model Intercomparison
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