
https://agritechpublication.com               Article ID: ATT20250212013 

 

                                                             AgriTech Today: Volume 2, Issue 12 (March, 2025)   37 

Crop Simulation Models 
Yogesh Rajrana1*, Ankit Singh2, Muskan Yadav3 and Shivam4 

1Department of Agricultural Meteorology, CCS Haryana Agricultural University, Hisar 
2Department of Soil Science, CCS Haryana Agricultural University, Hisar 
3Department of Agronomy, CCS Haryana Agricultural University, Hisar 
4Department of Forestry, CCS Haryana Agricultural University, Hisar 
Corresponding Author: yogeshrajrana51@gmail.com 

Abstract 

Agriculture plays a crucial role in sustaining 
human life and technological advancements are 
continuously reshaping how we approach farming. 
Among these innovations, crop simulation models 
have emerged as powerful tools that enable 
researchers, policymakers and farmers to make 
informed decisions, optimize resources and address 
challenges posed by climate change. These models 
incorporate factors such as climate, soil properties, 
water availability and agricultural practices to 
simulate crop performance, optimize inputs and 
predict outcomes. While challenges such as data 
availability and model complexity remain, ongoing 
advancements in technology and machine learning 
aim to enhance their accuracy and accessibility, 
making crop models crucial for sustainable 
agricultural practices and food security.  
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Introduction 

A model is a simplified representation of a 
system, process or concept used to explain, predict, or 
analyse real-world phenomena. It describes the 
interactions and behaviours of crops and their 
environment to study or forecast outcomes under 
various conditions. Simulation refers to the use of 
models to mimic real-world processes or systems. It 
involves running experiments using mathematical 
techniques to observe potential outcomes or 
behaviour. 

Crop simulation models are mathematical 
representations of plant growth and development. 
These describes the process of crop growth and 
development as a function of weather, soil conditions 
and crop management. These model attempts to use 
the fundamental mechanism of plant, soil and process 
to simulate the crop growth and development. They 
play an important role in resource management in the 
agricultural field and have been used to understand, 

observe and experiment with crop systems for the last 
four decades. These models use a combination of 
biological, environmental and management data to 
simulate crop performance under various conditions. 
By integrating knowledge of plant physiology, soil 
science and meteorology, crop models provide 
insights into how different factors influence 
agricultural productivity (Shahhosseini et al., 2021). 

Key Components of Crop Simulation Models 

1. Plant Growth Dynamics: These models simulate 
the physiological processes of crops, including 
germination, photosynthesis, nutrient uptake and 
biomass accumulation. 

2. Soil-Plant-Atmosphere Interaction: Crop models 
incorporate soil properties, water availability and 
atmospheric conditions to understand their 
impact on crop growth. 

3. Management Practices: Factors such as irrigation, 
fertilization, pest control and crop rotation are 
considered to evaluate their effects on yield. 

4. Climate Data: Historical and projected climate 
data, including temperature, rainfall and solar 
radiation, are used to predict crop responses to 
changing weather patterns. 

Types of models: Models are of different types based 
on the purpose for which the model is designed. They 
have been categorized into different groups. 
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1) Statistical model: These models explain the 
relation between the yield or yield components 
and weather parameters. In these models’ 
relationships are quantifies in a system using 
statistical methods. E.g.: Step down regressions, 
Correlation. 

2) Mechanistic model: This model explains the 
mechanism of the models in addition to the 
relation between the yield and the weather 
parameters. These models are primarily based on 
physical principles.  

3) Deterministic model: This model predicts exact 
values for the dependent variable, such as yield, 
using predefined coefficients.  

4) Stochastic model: In these models, for each set of 
inputs different outputs are given along with 
probabilities. A probability element is attached to 
each output. They express yield or the state of a 
dependent variable as a probabilistic outcome.  

5) Dynamic models: In these models, time is 
included as a variable. The values will remain 
constant over a given period of time for both 
dependent and independent variables.  

6) Static model: In these models, time is not included 
as a variable. The values of dependent and 
independent variables remain constant during the 
analysed period.  

7) Simulation models: These models are a 
mathematical representation of a real-world 
system. One of the main goals of crop simulation 
models is to estimate agricultural production as a 
function of weather and soil conditions as well as 
crop management. Simulation models use one or 
more sets of differential equations to calculate rate 
and state variables over time, typically from 
planting to harvest (Sarkar et al., 2023).   

8) Descriptive model: A descriptive model 
simplifies the behaviour of a system without 
detailing the underlying causes. It often uses 
mathematical equations derived from 
observations, such as crop weights measured at 
different times, to estimate unobserved values 
quickly. 

9) Explanatory model: This model includes 
quantitative description of the mechanisms and 
processes that cause the behaviour of the system. 
To create this model, a system is analysed and its 

processes and mechanisms are quantified 
separately. 

Popular Crop Simulation Models: Several models are 
widely used in agricultural research and decision-
making: 

❖ DSSAT (Decision Support System for 
Agrotechnology Transfer): The Decision Support 
System for Agro-technology Transfer (DSSAT) is 
an application software program that includes 
crop simulation models for more than 42 crops to 
make more reliable predictions. DSSAT growth, 
development and yield, the soil and plant water, 
nitrogen and carbon balances. 

❖ APSIM (Agricultural Production Systems 
Simulator): Known for its modular design, APSIM 
is ideal for long-term simulations of cropping 
systems under varying environmental conditions. 
It is comprehensive model developed to simulate 
biophysical processes in farming systems, 
particularly as it relates to the economic and 
ecological outcomes of management practices in 
the face of climate risk. 

❖ Information on Crop (InfoCrop): is a dynamic 
crop-yield simulation model which was 
developed by Aggarwal and his coworkers from 
the Center for Application of Systems Simulation, 
IARI, New Delhi. The InfoCrop model is written in 
FORTRAN SIMULATION TRANSLATOR (FST) 
language. It encompasses 11 crops, including 
paddy, wheat, sorghum, millet, sugarcane, 
chickpea, pigeon pea, cotton, mustard, groundnut, 
potato and maize. The model simulates daily dry 
matter production based on irradiance, maximum 
and minimum temperatures, water, nitrogen 
availability and biotic stresses such as pests. It 
covers crop growth processes like phenology, 
photosynthesis, respiration, leaf area expansion, 
assimilate partitioning, source-sink balance, 
nutrient uptake and transpiration. 

❖ AquaCrop: AquaCrop is a crop growth model 
developed by the Land and Water Division of FAO 
to address food security and to assess the effect of 
environment and management on crop 
production. It simulates yield response to water of 
herbaceous crops and is particularly suited to 
address conditions where water is a key limiting 
factor in crop production. To be widely applicable, 
it uses only a relatively small number of explicit 
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parameters and mostly-intuitive input-variables 
requiring simple methods for their determination 
(Sharma and Singh, 2023). 

❖ CROPWAT 8.0: It is a computer program for the 
calculation of crop water requirements and 
irrigation requirements based on soil, climate and 
crop data. In addition, the program allows the 
development of irrigation schedules for different 
management conditions and the calculation of 
scheme water supply for varying crop patterns. 
Some more crop simulation models are WOFOST 
(World Food Study), DNDC (Denitrification-
Decomposition), DAISY and CropSyst (Cropping 
Systems Simulation Model). 

Applications of Crop Simulation Models 

1. Yield Prediction: By analysing variables such 
as soil type, weather patterns and management 
practices, these models predict crop yields 
with high accuracy. It can be done by 
improving management practices production 
of crop will improve. We can analyse the actual 
crop yield and predicted crop yield by using 
these crop simulation models (Kosamkar and 
Kulkarni, 2019). 

2. Climate Change Impact Assessment: Crop 
models help study the potential effects of 
climate change on agriculture, enabling the 
development of mitigation and adaptation 
strategies. Climate projections are model-
based descriptions of climate systems’ 
responses to the plausible scenarios of climate 
forcings, distinguished from “predictions” of 
what will happen in the future (Dubey 
et al., 2020). 

3. Resource Management: They play a pivotal 
role in resource management by optimizing 

the use of water, nutrients and other 
agricultural inputs. They help determine 
efficient irrigation schedules, reducing water 
wastage while maintaining crop health. These 
models also guide fertilizer application by 
predicting nutrient requirements, minimizing 
overuse and environmental pollution. Also, 
identifying the optimum level of management 
for attaining economically efficient yields 
remains problematic in agricultural 
production and crop simulation models are 
often found to be useful in this context (Kaur et 
al., 2023). 

4. Policy Development: Policymakers use crop 
models in policy development by providing 
data-driven insights into agricultural 
productivity, resource management and 
climate change impacts. They help 
policymakers assess the effectiveness of 
agricultural policies, predict the outcomes of 
different management strategies and optimize 
resource use under various environmental 
conditions. By simulating crop performance 
across diverse regions and climate scenarios, 
these models inform decisions on food 
security, sustainability and adaptation to 
climate change. 

5. Breeding Programs: Simulation models 
support plant breeding by enabling the 
identification of desirable traits for improving 
yield, resilience and stress tolerance. By 
simulating crop growth and responses to 
factors like climate change and water stress, 
breeders can accelerate the development of 
more robust and high-yielding varieties. 
Additionally, these models facilitate the 
optimization of breeding strategies, reducing 
the time and resources required for traditional 
breeding methods. 

Challenges and Future Directions: Despite their 
potential, crop simulation models face challenges such 
as: 

❖ Data Requirements: A significant challenge is 
the unavailability of reliable historical data for 
model calibration. Often, the input data such 
as climate, soil, farm management practices 
and cultivar characteristics are incomplete, 
poor in quality and not easily accessible, which 
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hampers the effective use of crop models. 
While accurate simulations demand high-
quality, site-specific data, which can be costly 
and time-consuming to collect (Mirpulatov et 
al., 2023). 

❖ Model Complexity: Understanding and 
applying these models often require technical 
expertise. Increased complexity in crop models 
can sometimes improve model skill, but often 
does not lead to better predictability across 
large areas. This suggests that complexity 
should be added cautiously, especially at 
regional or global scales. 

❖ Uncertainty: Variability in climate projections 
and biological responses can introduce 
uncertainty into simulations. When scaling 
models from plot-level to regional 
applications, issues such as spatial and 
temporal variability and aggregation biases 
arise. These challenges can lead to 
uncertainties in predictions when models are 
applied over larger areas (Li et al., 2024). 

Future advancements aim to address these 
challenges by: 

❖ Incorporating machine learning to enhance 
model accuracy. 

❖ Expanding the accessibility of models through 
user-friendly interfaces. 

❖ Integrating real-time data from IoT devices 
and remote sensing technologies. 

Conclusion 

Crop simulation models serve as tools for 
research, decision-making and education/training. 
While primarily used by researchers to organize and 
analyse experimental knowledge, there is a growing 
need to align models with real-world applications and 
ensure effective dissemination of findings to 
stakeholders. These models support a wide range of 
applications, including identifying knowledge gaps, 
optimizing research planning and quantifying 
temporal and spatial variability. They enable cost-
effective investigations of various management 
strategies and are essential for assessing the impacts of 
global climate change, aiding in policy formulation. 
Additionally, they support yield forecasting, industry 
planning, operations management and environmental 

impact assessment. Despite some limitations, crop 
models remain invaluable for advancing agricultural 
innovation and sustainability. As technology evolves, 
these models will continue to play a pivotal role in 
ensuring global food security in an era of increasing 
challenges. 

References 

Dubey, R., Pathak, H., Chakrabarti, B., Singh, S., 
Gupta, D.K. and Harit, R.C. (2020). Impact of 
terminal heat stress on wheat yield in India 
and options for adaptation. Agricultural 
Systems, 181: 102826. 

Kaur, P., Sandhu, S.S., Kothiyal, S. and Kaur, J. (2023). 
An assessment of adaptation measures to 
enhance wheat productivity under climate 
change during early, mid and end of 21st 
century in Indian Punjab. The Journal of 
Agricultural Science, 161(4): 477-487. 

Kosamkar, P.K. and Kulkarni, V.Y. (2019). Agriculture 
Crop Simulation Models Using Computational 
Intelligence. International Journal of Computer 
Engineering and Technology, 10(3): 134-140. 

Li, Z., Nie, Z. and Li, G. (2024). Integrating Crop 
Modeling and Machine Learning for the 
Improved Prediction of Dryland Wheat 
Yield. Agronomy, 14(4): 777. 

Mirpulatov, I., Gasanov, M. and Matveev, S. (2023). 
Soil Dynamics and Crop Yield Modeling Using 
the MONICA Crop Simulation Model and 
Time Series Forecasting 
Methods. Agronomy, 13(8): 2185. 

Sarkar, S., Ray, K., Garai, S., Banerjee, H., Haldar, K. 
and Nayak, J. (2023). Modelling nitrogen 
management in hybrid rice for coastal 
ecosystem of West Bengal, India. PeerJ, 11: 
e14903. 

Shahhosseini, M., Hu, G., Huber, I. and Archontoulis, 
S.V. (2021). Coupling machine learning and 
crop modeling improves crop yield prediction 
in the US Corn Belt. Scientific reports, 11(1): 
1606. 

Sharma, V. and Singh, P.K. (2023). Performance of 
AquaCrop model for predicting yield and 
biomass of okra (Abelmoschus esculentus) 
crop. Indian Journal of Agricultural 
Sciences, 93(8): 899-905. 

* * * * * * * * *   

https://agritechpublication.com/

