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Abstract: In order to simulate growth and yield of crop in field scale, crop simulation 
models always require a lot of initial parameters. WebGIS is a powerful tool 
for obtaining, managing and analyzing spatial data on the Web. With the 
support of WebGIS, crop models based on web services can be easily run on 
the web by remote client and provide decision information and measures for 
crop production. In this paper, a remote crop production management system 
based on crop models and WebGIS is discussed. After the input variables for 
the crop model are obtained by WebGIS tool, the model will be run and the 
database will be updated with the results of the simulation. Spatial analysis 
and representation of crop model input data and output results can be done 
effectively on the web.  Both the input data for the model and outputs from the 
model can be displayed on a map. 
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1. INTRODUCTION 

Crop production, farm management and decision making are influenced by a 
lot of uncertain factors, such as biological and technological ones. Some 
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important decisions in agricultural production, such as irrigation application 
dates and amount, fertilizer application dates and amount, the choose of crop 
variety are depended heavily on the existing knowledge base of current 
environment conditions like soil and climate, water resource(Wang Shiqi,1998). 
Cropping inputs such as fertilizer are applied at varying rate across a field in 
response to variations in crop needs.  Spatial variability of crop production such 
as different soil conditions, weather conditions and water conditions needs 
different agricultural production management practices within a target-region. 

Crop model simulates growth and yield of crop in field scale and can be 
used to provide useful field information for farmers. Due to the complexity 
of crop-environment system, the limit of agricultural data collection and 
some technology restrictions, crop model techniques have not been widely 
applied in agricultural production. Researchers have used crop models for 
many years, but have had limited success in packaging these complex 
models in a framework that make them easy for producers to use. 

Web-based applications provide an efficient and powerful way for 
delivering crop models to crop producer. An important issue in crop 
simulation model is that the basic units (water, soil and weather data) have a 
spatial distribution. WebGIS is a powerful tool for spatial data management 
on the web. With the support of WebGIS tool, crop models can be easy for 
agricultural producers as well as policy makers to use via the Internet. 

This paper describes the application of integration WebGIS with web-
based crop models for crop production management. An integrated system of 
WebGIS and crop modeling helps people know the impact of differences 
between input and output spatially from one place to other, provide better 
management information from productivity and profitability viewpoint 
quickly. The design and implementation of the remote crop production 
management system are also introduced in this paper. 

2. CROP SIMULATION MODEL 

Crop model simulates growth and yield of crop in field scale, and requires 
a lot of initial conditions and parameters as input data such as soil, water, 
climate data etc.  There are many crop models nowadays in the world. But 
few can be run on the web. In order to implement remote crop production 
management, we need the model to be run on the web.  

Intelligent Wheat and Corn Management System is the result of many 
years’ research in wheat and corn simulation by Yeping zhu, Shiqi Wang in 
CAAS (Chinese Academy of Agricultural Science). The research was 
supported by Chinese Academy of Agricultural Science and National 863-
306 project of China. 

The wheat and corn models simulate growth and yield of crop in field 
scale, and they also require initial conditions and parameters. The inputs for 
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the model include environmental conditions (soil type, daily maximum and 
minimum temperature, rainfall, and solar radiation) and management 
practices (variety, row spacing, plant population). The simulation result 
includes daily growth of vegetative, stage, and water and nitrogen stress. 
Some decision information can also be given to assist producers in their 
management. 

In order to be used on the web environment, wheat and corn crop models 
are both packaged with web service and XML technology. Web service is a 
technology that designed to support interoperable Machine to Machine 
interaction over a network. Web services are frequently just Web APIs that 
can be accessed over a network, such as the Internet, and executed on a 
remote system hosting the requested services. By using web services 
technology, the wheat and corn models can be run on the web by remote 
client. The data exchange format is XML. 

3. WEBGIS 

WebGIS is a powerful tool for obtaining, managing and analysing spatial 
data on the Internet. WebGIS holds the potential to make distributed 
geographic information available to a very large worldwide audience. 

It is possible to add GIS functionality to web-based crop model 
applications by WebGIS tool. It makes data access including model inputs 
and model results more conveniently. Both the input data for the model and 
outputs from the model can be displayed on a map. It helps effective use of 
GIS for the spatial analysis and representation of input data and output 
results of crop model. By this way, we can get a more clear impression on 
the spatial distribution of those environment elements and simulation results. 

GeoBeans software is WebGIS software which is developed by network 
technology department, Institute Of Remote Sensing Application, CAS. In 
our research, we use GeoBeans Map Server for map function and model data 
management. 

4. DESIGN AND IMPLEMENTATION OF REMOTE 
CROP PRODUCTION MANAGEMENT 

4.1 Design of the system 

In order to make the system more robust, flexible, we adopt the popular 
three-tier architecture in our system design. The architecture of the system is 
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composed of three layers: the user interface layer, the application logic layer 
and the database layer. The architecture makes our development and 
integration work easily and efficiently. 

Before users run the model on the Internet, the crop variety and simulation 
location must be pointed out. For each cell of the grid where remote client 
lives on, WebGIS tool will extract  the input variables (climate, crop, soil, …) 
for the crop model from the corresponding data layers,  then the model will 
be run and the database will be updated with the results of the simulation. 

The workflow and architecture of the system are as follow: 
User chooses   crop variety  and   the location 
where crop model will be applied

WebGIS tool extract the input variables (climate, 
crop, soil, …) for the crop model from the 
corresponding data layers

the model is run and the database is updated with 
the  results of the simulation.

The result is sent to the user who requested

 
Fig.1 showing the work flow of the system 
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Fig.2 showing the architecture of the system 
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4.2 Implementation 

The remote crop management system is implemented by the integration of 
WebGIS and crop simulation model. The communication between WebGIS 
service and crop model services is the key part of the system. Web services, 
XML technology are applied to the communication. XML is exchange data 
format. 

After connecting WebGIS and crop models successfully, users can run the 
model easily through internet in their convenience. The delivering crop 
models to crop producer has achieved in our system. It helps crop producer a 
lot to know the impact of different measurement in crop production. 

Some of running results of the system are as follow: 

 
Fig.3 showing the main window of the system 

 
Fig.4 showing simulation results on the map 
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Fig.5 showing corn simulation results  

5. CONCLUSIONS  

WebGIS based crop models are expected to give a new approach in order 
to provide agricultural managers with a powerful tool to assess 
simultaneously the effect of farm practices to crop production. In this study, 
a system framework is designed using three-tier architecture, while crop 
models are packaged with web services and Geobeans software acts as a pre 
and post processor for model data. The graphical display of inputs and 
outputs of wheat and corn model (CAAS) are also supported by Geobeans 
Map Server. Spatial analysis and representation of crop model input data and 
output results can also be done effectively by the system. 

The study successfully demonstrated the integration of crop model with 
WebGIS and its application in remote crop production management. With 
the support of WebGIS tool, crop models will be easy to use in crop 
production.  
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