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Abstract: With the growing population and climate change, increasing demands for water
are intensifying competition between agricultural stakeholders. Since the mid-20th century,
numerous crop models and modeling techniques have emerged for the quantitative assessment of
cropping systems. This article introduces a collection of articles that explore current research
in model applications for sustainable agricultural water use. The collection includes articles
from model development to regional and field-scale applications addressing management effects,
model uncertainty, irrigation decision support systems, and new methods for simulating salt balances.
Further work is needed to integrate data science, modern sensor systems, and remote sensing
technologies with the models in order to investigate the sustainability of agricultural systems in
regions affected by land-use change and climate change.
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1. Introduction

Water is an essential, but limited, resource on Earth which is required to grow crops. The water
cycle on cropland is heavily influenced by the global and local climate as well as land management
activities. According to the Food and Agriculture Organization of the United Nations (FAO), the world’s
population is expected to grow to 10 billion by 2050 and significantly boost agricultural demand [1].
The increasing frequency of extreme climatic conditions, combined with agricultural intensification
occurring at different speeds, is making it more difficult to sustain agricultural water use [2].
Globally, agricultural water uses represent 70% of all water withdrawals [3]. To meet the goals
of feeding a growing world population while also mitigating the negative environmental effects of
agriculture, it is crucial to advance the science and knowledge of soil-water—crop systems in order to
provide information for efficient decision making by producers and water managers.

Crop simulation models (CSMs) are often used as research tools to help understand agronomic and
(or) environmental processes such as soil water flow, growth dynamics, and C/N balances. Process-based
CSMs simulate the growth and development of crops using historical (or projected) weather, local soil
properties, and management details such as planting/harvesting date, fertilizer/irrigation amounts,
and tillage dates. They have been widely adopted by the research community to evaluate the effects of
climate change, climatic anomalies, and management decisions upon crop yield and/or environmental
effects of cropping practices (e.g., [4-7]).

This article introduces the Model Application for Sustainable Agricultural Water Use Special
Issue, published in the Agronomy journal. This special collection includes ten peer-reviewed articles
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that present state-of-the-art model applications and developments to better understand the agronomic
and environmental effects of agricultural management, with an emphasis on agricultural water use.
The wide-spanning topics covered demonstrate the continuing development and versatility of CSMs,
which make them more predictively credible and fill gaps in knowledge and modeling capacity.

2. Agronomic and Environmental Effects of Agricultural Managements

CSMs are useful tools for research in understanding the effects of agricultural management.
For example, AquaCrop has been found to be a useful tool for predicting the growth of faba bean
under various management conditions [8]. Durigon and coauthors [9] found that irrigation deficit has
the most pronounced effect on shoot architecture in common bean plants. Zhao and coauthors [10]
used the Agricultural Policy Environmental Extender (APEX) model to simulate spring peanut under
various irrigation regimes and planting dates. The model successfully replicated the growth and yields
and identified the best management scenario based on water use efficiency. When the APEX model was
enhanced for estimating salt dynamics in the plant-soil-water system, Goehring and coauthors [11]
performed a long-term simulation and reported that growing quinoa—a halophyte—in saline soil
may provide more agronomic value (grain and biomass production) than environmental benefits
(the removal of salt from soils).

3. CSMs as a Decision Tool

Lopez-Ballesteros and coauthors [12] explored the applicability of best management practices
(BMPs) to mitigate the water quality effects of non-point source pollution in an ungagged catchment
with mixed land uses and distributed sources using the Soil and Water Assessment Tool (SWAT).
Results from the SWAT model, which was calibrated using remotely sensed (RS) evapotranspiration
data before being implemented for BMP scenario evaluation, demonstrate the efficacy of the tool to
inform watershed managers of the potential benefits of various BMP scenarios in reducing sediment
yield and N/P loads to streams. Chen and coauthors [13] evaluated a real-time decision support system
for irrigation scheduling (DSSIS) which was built with an agro-hydrological model. When applied
to a cotton field, the authors found that the DSSIS performed better than other methods that were
evaluated concurrently.

Notably, all CSMs and modeling tools published in this Special Issue are open-source to either a
full (both the source code and executable are publicly available) or partial (the model executable is
public domain but the source code is not freely available) extent. Due to the nature of open-source
software, the freedom of modification, reproduction and application of the model/source code allows
rapid adaptation by users. In the same context, the work by Camargo Rodriguez and Ober [14] on
delivering a R version of the AquaCrop model through GitHub repo demonstrates the significance of
the open-source approach in crop modeling for continuing model development and modification.

4. Uncertainty Analysis

Most process-based CSMs require parameterization for robust performance and replicability.
Fang and coauthors [15] showed that model uncertainty can be significant if limited types of reference
datasets (e.g., spatial or temporal dataset) are used during model parameterization. The authors
suggest that model users present outputs with confidence intervals. Equifinality is a term often used
in model simulation that indicates a situation where multiple sets of parameters produce similar or
acceptable results. Song and coauthors [16] suggest that the issue of equifinality can lead to flawed
decisions as a result of substantial uncertainty linked to equifinality.
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