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Abstract. Contradiction between water demand and water supply have a huge impact 
on social and economic development. This paper presents the development of a water 

resources dispatch decision support system. The system integrates models related to 

water dispatch such as streamflow forecast model, water allocation model and water 
dispatch model. Each model runs as an independent service and is registered in the 

model platform. The model platform interacts with the service layer and data layer 

through the model adapter. The model adapter is designed for converting the model 
input data sent by the service layer and the basic data and observation data queried by 

the data layer into the format required by the model. In case study, we took the Fu 

River Basin as an example to demonstrate an application of the system. The system 
realizes the complete process of data collection, streamflow forecast, water demand 

declaration, water distribution and water dispatch. User can get the recommended 

operation plan of the reservoir and the corresponding water supply result through the 
user interface. Process variables can also be viewed through the system, such as 

streamflow forecast results and water distribution results, etc. The proposed system 

can provide technical support and assistance for the decision makers, which also 
provide an effective demonstration for water resources management in other rivers. 
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1.  Introduction 

Water supply is an essential service that any community need to securely provide [1]. With 

the development of industrialization and urbanization, the shortage of water resources will 

become more and more severe due to the growing population and worsening river 

ecological health [2]. The conflict of water allocation among competing municipal, 

industrial and agricultural interests is more and more prominent [3-4]. In order to realize 

the efficient use of water resources and alleviate the imbalance between the supply and 
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demand of water resources, it is necessary to carry out water resources dispatching to meet 

different needs [5].  

In recent years, although researches on water resource dispatching have been carried 

out, most advances in water resource dispatching models are concealed to the academic 

arena [6-7]. The usage of water resource dispatching model to actual scenarios remains to 

be explored [8]. Decision support system (DSS) is an effective way to apply these models 

to actual scenarios [9]. It helps dispatchers to solve water resource dispatch problems and 

make decisions through an interactive interface [10]. Researchers proposed the design of 

DDS based on their own research models [11-13], but most of them are more inclined to 

the model design. Other researches have improved DDS from the aspect of computer 

technology, such as [14-15]. 

In this paper, we focus on the integration of the water resource dispatching models 

and carried out the research on the development of water resources decision support 

system. Architecture of the DSS is described. And we also discussed how the model is 

integrated into the system through the model adapter. This DSS integrated regular 

scheduling and optimized scheduling models considering different dispatch objects such 

as flood control, irrigation, water supply, power generation and ecology. These DSS are 

applied to the water resource dispatching of Fu River in Jiangxi Province, China. In case 

study, we showed the user interface of the DSS. The system provides an effective means 

for dispatchers to solve water resource dispatch problems and make decisions. 

2.  Materials and Methods 

2.1. System Structure 

The water resource dispatch decision support system mainly serves the water resource 

management during the dry season. The system is designed based on a microservice 

architecture. Applications in the system are split into sub-services. Each service runs in a 

separate process, and the services use restful APIs to cooperate with each other. Models 

related to water resource dispatch are also run separately as services. Architecture of the 

system is shown in Figure 1.  
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Figure 1. Design of the DSS. 
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The system is divided into five parts, including Application, Service Center, Data 

Manager, Model Adapter and Model Platform. The Application provides users with a 

friendly User Interface, and offers a unified entrance for all users to access the system. 

The Service Center contains all the business services of the system, such as logical 

business services, log services, monitoring services, etc. Model calculation requests are 

also forwarded by the service center. Data Manager is an important component for the 

system to organize and manage data. Data in the database, Redis and file system is read 

through the data manager. Model Platform realizes the unified management of the model. 

Models related to water resource dispatch are registered and managed by the model 

platform. Model Adapter is the middleware between the model platform and the service 

layer. The responsibility of model adapter is to collect the necessary basic data and 

observation data for the model, and convert user input into the format required by the 

model. The data cleaning component is also implemented in the model adapter. 

2.2. Model Platform Design 

The Model Platform integrates the mathematical models involved in the water resources 

dispatch process, such as streamflow forecasting model, water allocation model and water 

dispatch model. The platform also provides model registration service if there are new 

models that need to be integrated. The platform will provide calling interface for the 

registered model. 

All model integrated in the model platform is designed based on the black box theory. 

As shown in Figure 2, coupling between models is prohibited. The interaction among 

differen  

 

Figure 2. Interaction among different models. 

2.3. Data source 

Data layer performs unified storage and management of the data in the system. Data from 

various sources is preprocessed and converted into a standard format, and then stored in 

the data warehouse. The data stored in the system contains 5 types: real-time observation 

data, basic information data, business data, spatial data and multimedia data. 

� Real-time observation data includes real-time data of monitoring objects such as 

hydrological stations, reservoirs, rainfall stations, and water users. Types of these 

data include flow data, water level data, rainfall data, temperature data, water 

intake data, etc. 

t models can only be done through input and output.
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� Basic information data contains basic information of model objects, such as the 

names, addresses, and characteristic values of the reservoirs, hydrological 

stations, rainfall stations, water users, models, etc. 

� Business data is the data generated when the system is running, such as 

configuration information, user information, operation logs, scheme information, 

scheme input, model results, etc. 

� Spatial data mainly includes basic geographic information data, graphics and 

remote sensing image data, etc. 

� Multimedia data is mainly audio and video data. 

2.4. Models Related to Water Dispatch 

The goal of water dispatch is to achieve a balance between water demand and water supply. 

Future water availability can be estimated through streamflow forecast model [16]. The 

water demand can be determined by user declaration. Then the water allocation model 

allocates water consumption according to the weights of different types, including 

domestic water, industrial water, agricultural water and ecological water. Finally, the 

operation plan of the reservoirs can be obtained by the water dispatch model. The goal of 

water dispatch model is to minimize the water supply shortage as much as possible by 

adjusting the outflow of each reservoir in each time period [17]. The adjustment is mainly 

in the dry season, while water levels of the reservoirs need to be kept at the flood limit 

water level during the flood season. Flowchart of water dispatch is shown in Figure 3. 

As shown in Figure 3, the parameters of the streamflow forecast model are calibrate 

based on the historical rain, temperature and flow data. After inputting the observation 

rainfall and flow data of each station read from the database, the forecast model can predict 

the streamflow in the future. The water distribution plan is obtained from water demand 

data and streamflow forecasts data. Then the water dispatch model tries to generate 

operation plan which meet the water allocation plan as much as possible.  

2.5. Model Adapter 

When the user uses the water dispatch model, the Service Center sends a model calculation 

request to the Model Adapter. The model calculation input set by the user will be sent to 

the Model Adapter as the input view object (VO) along with the request. Then Model 

Adapter reads the data object (DO) through the Data Manager, including basic information 

data objects (Basic Data Object) and observation data objects (Observe Data Object). After 

that, the Model Adapter converts the VO sent by the Service Center and the DO read from 

the Data Manager into the business objects (BO) required by the models in the Model 

Platform. Basic Data Object is assembled into Reservoir Object, Section Object, 

Catchment Object, Water User Object, River Object, etc. according to the different types 

of model objects. Other object, for example, a Topology Object representing the 

topological relationship among objects is also assembled. Observe Data Object is 

transformed into rain series, water level series, flow series, water demand series, etc. These 

series will be attached to the corresponding model object. After the Model Platform 

receives the BO, it executes the model calculation. Finally, the model results will be 

transformed into the VO required by the Service Center through the Model Adapter. 

Relationships among the system modules are shown in Figure 4. 
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Figure 3. Dataflow of water dispatch. 
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Figure 4. Relationship among the system modules. 
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3.  Results and Discussion 

In this section we present an DSS for the water resource dispatching of Fu River. The Fu 

River is located in the eastern part of Jiangxi Province, China. It is the second largest river 

in Jiangxi Province. The water resource dispatching involves the water supply of 11 

counties. There are two large reservoirs in the basin, with several hydrological stations 

shown in Figure 5. 
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Figure 5. Topology of the Fu River basin. 

In the DSS, every calculation of the model will generate a scheme, which saves the 

inputs and outputs of the model. The complete water dispatching process starts with 

streamflow forecasting. Then choose one of the three available water calculation methods 

provided by the system including the positive algorithm, the reciprocal algorithm and the 

empirical formula method to calculate the available water. After the water demand is 

declared and the water allocated is done, the water dispatch model is used to optimize the 

reservoir operation. If multiple schemes have been made, comparison among these 

schemes can be done through the system. Flowchart of the water dispatch is shown in 

Figure 6. 
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Figure 6. Flowchart of the water dispatch. 

3.1. Streamflow Forecast Module 

In streamflow forecast module, user can set the type of forecast model for each catchment 

area and the parameters of the corresponding model. After clicking the forecast button, the 

system automatically collects observation data from the data layer and then do the 
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prediction. The forecast results are displayed in the form of graphs and tables, such as 

forecast streamflow, streamflow of the previous year and average annual streamflow. 

Figure 7 shows one of the user interfaces of the streamflow forecast module. In Figure 7, 

we can see the monthly streamflow of each section predicted by the forecast model, while 

some statistical information is also provided. 

 

 

Figure 7. User interface of the streamflow forecast module. 

 

 

Figure 8. User interface of the water demand declaration module. 

 

3.2. Water Demand Declaration Module 

In water demand declaration module, user needs to enter the water demand of each water 

user unit in each time period. User downloads the excel template for water demand 

declaration, then fill in the corresponding information in the template, and finally upload 
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it to the system. The system will make statistics for each water user unit and water type. 

As shown in Figure 8, the system displays the statistical information of domestic, 

industrial, agricultural and ecological water requirements for each county. Statistical 

information for the entire basin is also given. 
 

3.3. Water distribution module 

In water distribution module, system will allocate the available water according to the 

priority of water user and water type if the available water cannot meet the water demand. 

Figure 9 shows one of the user interfaces of the water distribution module. The system 

lists the distribution results of domestic water and ecological water for each water use unit 

in each month. In general, domestic water demand and ecological water demand have 

higher priority than that of industrial water demand and agricultural water demand. 

 

 

Figure 9. User interface of the water distribution module. 

 

 

Figure 10. User interface of the water dispatch module. 
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3.4. Water dispatch module 

In water dispatch module, user can set the control section constraints and reservoir 

constraints such as maximum water level, minimum flow, etc. After clicking the calculate 

button, system will run the water dispatch model to generate a reservoir scheduling scheme. 

Including the discharge process of the reservoir at each time period, as well as the water 

supply of each water unit. Figure 10 shows one of the user interfaces of the water dispatch 

module. In figure 10, the operation process of Hongmeng Reservoir is given, such as water 

level process, outflow process, etc.  

4.  Conclusion 

This paper discussed the design of a water resources dispatch decision support system. 

The DSS is designed as five parts, including Application, Service Center, Data Manager, 

Model Adapter and Model Platform. Model Adapter and Model Platform are the featured 

designs of this article. Model platform integrates mathematical models and provides 

computing services. The interaction between the model and the system is realized through 

the Model Adapter. The Application provides users with a friendly User Interface, and 

offers a unified entrance for all users to access the system. The Service Center contains all 

the business services of the system, such as logical business services, log services, 

monitoring services, etc. Data Manager performs unified storage and management of the 

data in the system. Data from various sources is preprocessed and converted into a 

standard format, and then stored in the data layer. The system realizes the complete process 

design from data to water dispatch model calculation.  

In case study, we implemented the Fu River Basin Water Dispatching System 

according to these designs. Using the hydrological and meteorological observation data 

collected by the system, it is possible to predict the future streamflow of the river. After 

declaring the water demand of each county and city, the system can apply the water 

allocation model to allocate water resources to each water user reasonably. Then the 

operation plan of the reservoir can be obtained by the water dispatch model. User can get 

the recommended operation plan of the reservoir and the corresponding water supply 

result. The proposed system can provide technical support and assistance for the decision 

makers, which also provide an effective demonstration for water resources management 

in other rivers. 
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