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Research Priority Area:  2016 Sub-Objective 1 

1) Title: Development of an Integrated Web-Based Decision Support Tool for Improving 
Use of Limited Water 

2) Investigators:   
Isaya Kisekka, Research Agricultural Engineer, KSU SWREC, Garden City  
Xiaomao Lin, State Climatologist KSU Agronomy, Manhattan 
Jonathan Aguilar, Extension Water Resources Engineer, KSU SWREC, Garden City 
Danny Rogers, Extension Irrigation Engineer, Biological and Agricultural Engineering Manhattan 
Ignacio Ciampitti, Cropping Systems, KSU Agronomy, Manhattan 
Robert Schwartz, USDA-ARS CPRL, Bushland, Texas 
 
Collaborators/Cooperators 
Steven A Mauget, USDA ARS Wind Erosion and Water Conservation Research, Lubbock, TX 
Daniel Devlin, KCARE, KSU, Manhattan 
 
3. Summary/Abstract:   

Diminishing well capacities across the Southern High Plains, coupled with inadequate and 
erratic rainfall increase risk to production of major irrigated crops such as corn. Decisions 
related to what crops to grow, how much land to irrigate and how to strategically apply limited 
water during the growing season are complex and involve risk management. Therefore, 
producers and crop consultants need dynamic/interactive decision support tools that integrate 
the entire farming system including soil (S) weather (E, environment), genetics (G), and crop 
production practices (M, management; e.g., irrigation and fertility management practices). 
Scientists have developed powerful biophysical or crop simulation models such as DSSAT-CSM 
that are capable of predicting crop yield as affected by S x G x E x M interactions. While the 
science of crop modeling has matured, farmers and crop consultants who are target end users 
for the crop models have shown little enthusiasm about adopting them and continue to avoid 
their use. To extend the utility of these models to farmers, we propose to develop an integrated 
web-based model-driven decision support tool called iCrop (integrated crop management 
decision support). iCrop will hide all the complexity of the crop model behind a user-friendly web 
interface. The crop model behind iCrop will be the DSSAT-CSM embedded in the RZWQM 
model and the initial version of this tool will include only corn. iCrop will be used by farmers to 
allocate water and to assess the effect of alternative strategic irrigation schedules on corn yield 
during the growing season as affected by limited well capacity, hybrid genetics, plant densities, 
and in-season weather which could help the farmers to avoid making unnecessary irrigations 
applications. iCrop will also allow the producers to virtually monitor the crop by providing near 
real-time information on growth stages, soil water and nitrogen stress.  

The target audience for this technology will be producers and their crop consultants who are 
experiencing declining water levels and are looking for ways to optimize water use. Unlike 
traditional decision support tools that are restricted to the developer’s problem definition and 
solution, iCrop will allow the farmer to more realistically define the unique problem in their fields 
by specifying each field’s soil physical properties from the SSURGO database or from field 
measurements and specifying initial soil water at planting, initial nitrogen, hybrid/genetics (e.g., 
long versus short season hybrid), plant denity, residue cover and other seasonal inputs.  
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The iCrop decision support tool software will be developed in Colorado State University’s 
eRAMS platform as a web application. iCrop will be hosted on CSU Cloud server. The biggest 
impact of the iCrop decision support tool will be helping producers by optimizing water allocation 
and also avoiding unnecessary irrigation applications during the season which would help 
conserve and extend the life of Ogallala aquifer. We expect that in 3 to 5 years, farmers will 
have gained confidence in iCrop to use it to alter management decisions. It is also expected that 
iCrop will improve producer incomes through minimization of risk by matching seasonal inputs 
(irrigation and nitrogen) to seasonal yield potential.  

4. Project Narrative 
 
a) Objectives: This project will address OAP overall objective 1 related to the development of 

water management strategies and technologies that could reduce water withdrawals by 20% 
by 2020 compared to 2012 while sustaining economic viability of agriculture in the region. 
Specific project objectives are listed below: 

1. Calibrate and validate DSSAT-CSM crop model embedded in RZWQM2 using existing 
experimental data for corn from three locations in Kansas: Garden City, Tribune and 
Colby and one location in Texas; Bushland. 

2. Develop iCrop software as a web-based model-driven decision support tool that will be 
used by farmers to optimize pre-season crop water allocation and to assess the effect of 
alternative strategic irrigation schedules on corn yield during the growing season as 
affected by limited well capacity, hybrid genetics and in season and historical weather on 
crop yield. 

3. Evaluate performance of iCrop onfarm and conduct trainings of farmers, crop consultants 
and extension personnel on the use of the decision support tool and interpretation of 
results e.g., probabilistic predictions of crop yield, develop user guide for iCrop and 
establish partnerships with private industry e.g., Servi-Tech, and Crop Quest to promote 
the use of iCrop. 

 
b) Rationale/Literature Review/ Conceptual framework: The Ogallala aquifer continues 
to decline despite a decrease in the number of irrigated acres (e.g., Kansas had 3.5 million 
acres in 1980 compared to approximately 3.0 million acres in 2013 [Rogers et al. 2008; 
Lanning-Rush, 2016]). There is uncertainty about the future of irrigation in major irrigated 
areas of western Kansas, e.g., in many parts of Kansas’s Groundwater Management District 
1, groundwater has already been depleted while other areas have only 25 to 50 years of the 
usable life of the aquifer (Buchanan et al., 2009). To cope with these limited water supplies 
coupled with inadequate and erratic rainfall, producers need innovative software and 
hardware irrigation technologies that can help them identify production risks and benefits 
related to management decisions to increase productivity per unit of water applied while 
extending the usable life of the aquifer. We propose to develop and evaluate an innovative 
decision support tool called iCrop (Integrated Crop management decision support tool). 

Need for agricultural systems-based decision support tools: Farmers in the Southern 
High Plains are faced with high variation in rainfall amounts and distribution and large year to 
year variations in crop water requirements, which are a major factor in decisions related to 
what crop to grow, how much land to irrigate and how to strategically manage irrigation with 
limited well capacity during the growing season. Making such decisions to minimize risk and 
optimize returns is not trivial and requires assessing the entire agricultural system. Therefore, 
there is need for decision support tools that integrate the entire agricultural system including 
soil, weather, seed genetics, and management. Scientists have developed powerful 
biophysical or crop simulation models such as DSSAT-CSM and APSIM that are capable of 
predicting crop yield as affected by inputs (e.g., seeding rates, and genetics), management 
(irrigation, fertilizer, crop rotation and tillage management) and environmental interactions. 
While the science of crop modeling has matured farmers, and crop advisers who are target 
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audiences for the crop models have shown little enthusiasm about adopting them and 
continue to avoid there use, despite the fact that the value of these models to assess risk 
and optimize irrigation management decision making has been demonstrated in several 
studies (DeJonge et al. 2011; Ma et al. 2012; Morell et al., 2016; Kisekka et a. 2016). 
Possible explanations for poor adoption of crop models outside the scientific community 
include the high level of complexity and skills required to properly apply these models and 
prediction uncertainty.  

Latest innovations in cloud computing have allowed scientists to develop model-driven 
decision support tools e.g., Yield Prophet, Hybrid Maize and a Web application for cotton 
irrigation management on the U.S. Southern High Plains.  Yield Prophet a web-based 
decision support tool has been widely adopted in Australia by both irrigated and dryland 
farmers as well as crop consultants. Yield Prophet is the front end of a powerful crop model 
called APSIM that allows the farmer to predict crop yields and also to evaluate the effect of 
alternative management decisions on yield and income (Hochman et al. 2009). Mauget et al. 
(2013) developed the web-based decision support tool that predicts profit from cotton 
production under irrigated and dryland conditions in the Texas High Plains.  Mauget et al. 
(2013) used the DSSAT crop model and historical weather data to generate yield outcomes 
based on a range of water levels from full to deficit irrigation.  

We propose to develop a similar decision support tool called iCrop.  The crop model behind 
iCrop will be the DSSAT-CSM embedded in the RZWQM model and the initial version of this 
tool will include only corn because it’s the dominant irrigated crop in the region. iCrop will be 
used by farmers and crop consultants to perform the following tasks:  

 Assessing water allocation decisions i.e., determining how much land to irrigate 
based on initial soil water at planting, hybrid/genetic attributes (both Phenological 
[e.g., days to anthesis and physiological maturity] and growth coefficients [e.g., grain 
filling rate]), residue cover, and historical weather data. 

 Predict the effect of alternative strategic irrigation schedules on corn yield during the 
growing season as affected by limited well capacity, hybrid genetics, nitrogen 
management, in season and historical weather on crop yield.  

 Virtual monitoring of crop and soil conditions through prediction of growth stages and 
soil water conditions and nitrogen stress. 

 Predict gross income based on probabilistic yield predictions and corn prices. 

iCrop in comparison to other decision support tools: Compared to traditional decision 
support tools designed to compare a range of standardized solutions for predefined 
problems, iCrop will allow the farmer to more realistically define the unique problem in their 
field by specifying each field’s soil physical properties by automatically retrieving them from 
the SSURGO database or from field measurements, specifying initial soil water, nitrogen 
content, residue cover, hybrid, and other seasonal inputs coupled with in season and 
historical weather data pulled from the nearest weather station. iCrop will also provide the 
farmers with a unique ability for virtual monitoring of the crop throughout the season. This is 
particularly important for in-season decision support for frequent reviewing of effects of 
previous management decisions and past weather events on yield. For example, producers 
will be able to evaluate the effect of making or delaying an irrigation application on crop 
development and future yield prospects based on seasonal weather from planting to the date 
on which a decision needs to be made and historical weather data. iCrop will be web-based 
and available for instant use similar to other K-State irrigation tools that the OAP program 
has supported in the past e.g., KanSched, Crop Water Allocator, and Crop Yield Predicator. 
iCrop will enhance the suite of K-State irrigation tools by introducing an integrated systems 
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approach to irrigation management decision support.  iCrop will be fully automated, and the 
user will only need to specify their field from a GIS environment, provide input and “What If” 
queries or management scenarios to generate a report on effects of management decisions 
on yield. Unlike many decision support tools that are based on nontransferable empirical 
models, iCrop will be based on process based biophysical models meaning that once 
calibrated it can be transferable from one location to another e.g., iCrop would work in 
Kansas as well Texas. A detailed conceptual framework of iCrop is described below: 

Conceptual framework: iCrop will be similar to a decision support tool called “Yield 
Prophet” (Hochman et al. 2009) that is currently used in Australia.  Unlike Yield Prophet that 
uses APSIM, the model behind iCrop will be DSSAT-CSM (Decision Support System for 
Agrotechnology Transfer – Cropping Systems Model) embedded in the RZWQM (Root Zone 
Water Quality Model).  In a nutshell iCrop will automate the process of executing DSSAT-
CSM and generating reports for the farmer or crop consultant. Users will gain access to 
iCrop from their desktops or mobile devices, they will need to sign up and provide information 
about their field (e.g., digitizing field boundaries, specifying soil type and nominating nearest 
weather station) only once. After the field is set up, the user will be able to request 
management reports by specifying “What if” queries or management scenarios. iCrop will 
use this information provided by the user to setup instruction files for running DSSAT-CSM. 
iCrop will use in season weather data from planting to the date at which the report is 
requested and from that date to the end of the season iCrop will use at least 30 years of 
historical weather data to provide probabilistic yield predictions. Simulation results from 
DSSAT-CSM will be converted to graphs and tables and posted to the iCrop website and 
also e-mailed to the user. A schematic of iCrop conceptual framework is shown in Fig. 1. 

 

Figure 1. The conceptual iCrop decision tool (adapted after Yield Prophet). 

c) Approach and Research Procedures: The general approach will involve i) calibration 
and validation of corn models in DSSAT-CSM using existing data from prior field studies in 
Kansas and from Bushland Texas, ii) the second phase will involve software development of 
the web-based iCrop decision support tool that will function based on the calibrated and 
validated models, and iii) iCrop will be evaluated under actual on-farm field conditions using a 
network of at least four farmers in western Kansas.  

Model calibration and validation: Experimental data from Garden City, Colby, Tribune and 
Bushland will be used to calibrate and validate the model. Calibration and validation will focus 
on yield response to water. Following initial manual calibration of cultivar coefficients, all soil 
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and plant parameters, will be fitted using an automated parameter optimization algorithm 
(PEST: Parameter ESTimation) embedded in the RZWQM2 model (Doherty et al., 2003). 
The PEST algorithm is model independent and minimizes an objective function based on 
least squares by searching for a parameter set that produces the least difference between 
measured and predicted values. Cultivar coefficients for some of the main corn hybrids used 
in Southern High Plains will be determined. The calibrated model will be validated against 
independent data sets of measured yield and goodness-of-fit statistics such as Willmott index 
of agreement, root mean square and coefficient of determination will be used to evaluate 
model performance.  

Software development and architecture 
The environmental Resource Assessment and Management System (eRAMS): eRAMS 
is a Colorado State University platform for developing models, web applications and decision 
support tools (erams.com). eRAMS will be used to develop a GIS-enabled iCrop web 
application. eRAMS harnesses open source technologies to provide geospatial data 
analysis, presentation, processing, and visualization to build custom tools. The ‘backend’ of 
the iCrop web application will be developed using Python and Django Python programming 
languages. The ‘front end’ of the iCrop website user interface (UI) will be developed using 
HTML, JavaScript, and CSS coupled with associated libraries to improve functionality and 
access to UI elements. The iCrop web application will be setup to run within an Ubuntu Linux 
virtual environment to improve speed and efficiency. Based on the capabilities of eRAMS, 
iCrop will be designed to work on both desktop and mobile applications.  

Cloud Services Implementation Platform (CSIP): iCrop will be hosted by the Cloud 
Services Implementation Platform (CSIP) at Colorado State University this will be more 
efficient than purchasing a server to host the application at Kansas State University. CSIP is 
the cloud software for implementation of web applications in eRAMS. The CSIP software 
technology was developed at CSU in collaboration with the USDA Natural Resources 
Conservation Service (NRCS) and Agricultural Research Service (ARS). The CSIP APIs 
conform to the design principles of RESTful web services. CSIP supports development of 
software services in any language, including Java, C++, FORTRAN, MATLAB, and R. The 
CSIP software stack will enable dynamic auto-scaling of cloud resources based on load 
demand, an essential feature to support the anticipated large number of iCrop users. eRAMS 
and CSIP are being used for other irrigation management decision support tools such as the 
Colorado WISE Irrigation Scheduler (http://wise.colostate.edu/). 

Crop Simulation Models 

RZWQM: The Root Zone Water Quality Model (RZWQM) was developed in the 1990’s by a 
team of USDA Agricultural Research Service (ARS) scientists. A majority of the team 
members are part of the present Agricultural Systems Research Unit, Fort Collins, CO. The 
next generation, RZWQM2 has been revised and enhanced to include the DSSAT 4.0 
Cropping System Models with the cooperation of the University of Georgia and DSSAT 
modeling group.  Additional crops and model enhancements for applications are done in 
cooperation with users nationally and internationally. RZWQM2 simulates major physical, 
chemical, and biological processes in an agricultural crop production system. RZWQM2 is a 
one-dimensional (vertical in the soil profile) process-based model that simulates the growth 
of the plant and the movement of water, nutrients and pesticides over, within and below the 
crop root zone of a unit area. It responds to agricultural management practices including 
irrigation, planting and harvest practices, tillage, pesticide, manure and chemical and nutrient 
applications (Source:  http://www.ars.usda.gov/Research/docs.htm?docid=17740).  
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DSSAT-CSM: DSSAT-CSM (Decision Support System for Agrotechnology Transfer-
Cropping Systems Model) is a software application program that comprises crop simulation 
models for over 42 crops (Jones et al. 2003). DSSAT is supported by database management 
programs for soil, weather, and crop management and experimental data, and by utilities and 
application programs. The crop simulation models in DSSAT simulate growth, development, 
and yield as a function of the soil-plant-atmosphere dynamics. DSSAT-SM has been used for 
many applications ranging from on-farm and precision management to regional assessments 
of the impact of climate variability and climate change. It has been in use for more than 20 
years by researchers, educators, consultants, extension agents, growers, and policy makers 
in over 100 countries (Source: www.DSSAT.net). 

Specific Procedures: 
 

Schedule and Timelines:   
October 1, 2016 through October 31, 2017:   

Calibrate and validate DSSAT-CSM model embedded in RZWQM2 model for corn. 
January-October 2017:   

Software development for iCrop. 
 Software architecture: CSU will provide a prototype that demonstrates the 

architecture of web services and web-interfaces. The project sponsor at KSU 
shall provide feedback and approval on the prototype in a timely fashion to 
enable development of the data analytic and modeling components. 

 Web interface: A web tool in eRMAS will be developed for the iCrop decision 
support tool. The iCrop tool will include the following features 

o Heads-Up Digitization: This feature will enable the user to digitize/edit 
field boundaries using the web-based eRMAS GIS. Figure 2 
illustrates the digitization capacities in eRAMS. 

o Design data access and retrieval for iCrop from a single point of 
access, iCrop will be able to access NRCS SSURGO and STATSGO 
databases, K-State Mesonet or use farmers weather station, NOAA-
National Climatic Data Center GHCND.  

o Management Operations: A user-friendly interface will be developed 
for entering management operations for the field of interest (Figure 
3). Scenario analysis will be done by changing management 
operations e.g., irrigation schedules. 

 Software testing by CSU computer programmers will focus on report 
generation accuracy, and formatting. 

 Rigorous testing of iCrop will be done by project team members at Kansas 
State University and a co-PI at USDA ARS Bushland Texas. 

 
November 2017 through April 2018:   

Write the first publication on development of iCrop. 
Develop a user’s guide documentation for accessing the modeling services and the 

web tool. 
May-October 2018 

Onfarm evaluation of the performance of iCrop predictions against measured data. 
Make improvements in iCrop based on feedback from onfarm evaluation. 

November 2018 through December, 2018 
Conduct one extension training on iCrop at Garden City. 
Write second publication on field validation of iCrop. 
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Figure 2. Illustration of the digitization and data extraction capacitates of eRAMS GIS. 
 

 
Figure 3. An example user interface for entering management operations for a field in eRAMS. 

d) Expected Outcomes: 
An integrated model-driven web-based decision tool (iCrop) will be developed. It is expected 
that this innovative systems based irrigation management decision support tool will help 
producers optimize water allocation and also avoid unnecessary irrigation applications by 
assessing the effect of alternative management decision on corn grain yield before and 
during the season. The ability of the decision support tool to provide virtual monitoring of the 
soil and crop conditions on both desktop and mobile platforms will encourage adoption. We 
also intend to target crop consultants that work for multiple farmers during extension 
trainings. We expect that in 3 to 5 years’ farmers will have gained confidence in iCrop to use 
it to alter management decisions thus conserving and extending the usable life of the 
Ogallala aquifer. Other direct out puts will include at least two peer reviewed publications 
and an extension training on iCrop. It is also expected that iCrop will improve producer 
incomes through minimization of risk by matching seasonal inputs to seasonal yield 
potential. 
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