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Abstract


Based on the status qua of water resources in Xi’an region, a commentary on many math models is given for water resources operation and management, and the visual model is provided to solve practical problems.  In this model, the information for decision is visible in GIS (Geographic Information Systems) and topological figures. With object orientation methods, the objects are described in proprieties, methods, relations and time periods. The simulation process of the model is developed with Delphi and MapInfo, and the real decision scheme could be examined and practice decision process can be simulated from which. Decision analysis conducted from visual conditions is believable. The exploration to visual model is a beginning of practice research, much more study of which still needs to do.
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1.
Status QUA Of Water Resources in  Xi'an Region

In Xi’an, the average annual rainfall is 774.2mm and the annual total precipitation is 7.729(109m3. Those are 427.9mm and 4.272(109m3 in 1995, which is one of the most arid years with 44% less than the average annual precipitation. The total annual surface runoff is 2.2812(109m3/yr, which includes 2.0938(109m3 from the Wei River and 6.1(106m3 from the South Luo Rivers in the Yellow River Catchment, 65.18(106m3 from the Xushui River and 12.42(106m3 from the Xun River in Hanjiang River Catchment. Under the influence of drought, that is 0.898(109m3, 54.6% less than that of the average year.

The groundwater mainly includes the total recharge of natural resources and the pumping water resources, the total of which is 1.5641(109m3, and 1.10(109m3 from pumping. The recharge comes from precipitation、seepage、river leakage、irrigation leakage、canal leakage、reservoir leakage and inter-catchment supplement etc. In 1995, the pumping amount was 1.094(109m3, occupying 95.36% of the exploitable amount of groundwater.

There are Wei River、Jing River and Shichuan River in Xi'an Region occupying over 1000 km2 of catchment area. The average annual runoff is 5.575(109 in Wei River at Xianyang Station、2.066(109 in Jing River at Zhangjiashan Station and 0.215(109 in Shichuan River.

 In 1995, the polluted water was reused in 22.30(106m3. The Dengjiacun sewage water treatment plant has been built with the treatment ability of 0.12 (106m3a day.

 There were 99 reservoirs in Xi'an area before 1995, with a total storage of 0.159(109m3、regulation storage of 0.104(109m and designed annual water supply of 0.207(109 m3. Water supply is only 70(106m3 in 1995. There were 570 ponds with storage of 6.95(106m3. All above was 0.162(109m3. There were 580 canals with designed annual water supply of 0.378(109m3. There were also 662 pumping stations with designed water supply of 0.148(109 m3.

There were 48107 wells for irrigation with designed water supply of 0.626(109m3. And there were 215 wells in 7 places of Xi'an with designed water supply of 0.63 (106 m3 each day and 0.230(109 m3 of annual water supply.  There were 520 private wells distributed in various places with designed water supply of 0.28(106 m3 and 0.102(109m3 of annual water supplement. The other amount of annual water supply is 0.1 (109 m3 for district-county or town.

In 1995, the total amount of actual utilization of water was 1.522(109 m3, in which 0.837(109 for agriculture, 0.477(109 for industry, 0.143(109 for domestic water supply in city and 0.065(109 in rural area. There occupied 54.99%, 31.34%, 9.40% and 4.27% of the total utilization respectively. The total utilization included 0.473(109m3 surface water and 1.049(109m3 groundwater. The properties were 31.08% and 68.92% respectively.

The development of water resource in Xi'an area is 0.477 assessment points. The developing and utilizing status qua of surface water is shown in Table 1 and that of ground water is shown in Table 2, and from which the usage of groundwater is up to the limit. 
Table 1.  Status qua of surface water in Xi'an                   (108 m3 )

	
	Xi’an
	Changan
	Huxian
	Lintong
	Gaoling
	Liantian
	Zhouzhi
	Total

	Annual supply
	1.11
	0.66
	0.27
	1.01
	0.42
	0.12
	1.14
	4.73

	Amount of surface water
	1.47
	4.05
	2.84
	1.36
	1.11
	4.95
	6.00
	22.812

	Amount transient out of the region
	7.07
	14.61
	10.24
	12.03
	5.76
	0
	28.85
	78.56

	Degree of surface water developed (%)
	13.00
	3.54
	2.06
	7.54
	6.11
	2.42
	3.18
	4.72

	Total amount of storage project
	0.17
	0.26
	0.04
	0.71
	0
	0.26
	0.11
	1.55

	Usage of exterior water
	0.14
	0.30
	0.21
	0.24
	0.12
	0
	0.58
	1.59

	Control rate of surface water（%）
	11.56
	6.42
	1.41
	52.21
	0
	5.25
	1.83
	7.30


            Table 2.  Status qua of ground water in Xi'an               (108 m3 )  
	region
	Available developing amount of ground water
	Average pumping amount of ground water
	Degree of water usage and development

	Zhouzhi
	1.93
	0.90
	46.63

	Huxian
	1.32
	1.44
	109.09

	Changan
	1.76
	1.38
	78.41

	Lantian
	0.45
	0.14
	31.11

	Lintong
	1.01
	1.01
	100.00

	Gaoling
	0.64
	0.49
	76.56

	Xi’an urban
	3.89
	5.28
	135.73

	Xi’an 
	11.00
	10.64
	96.73

	IV5-9
	2.86
	2.12
	74.13

	IV5-11
	6.53
	6.92
	105.97

	IV5-12
	1.56
	1.58
	101.28

	IV5-10
	0.05
	0.02
	40.00


Shown from the data above, the total water shortage is clear, and the deficiency of regulating capacity and the low ratio of reused sewage water are the main factors to affect to the development of water resource in Xi’an region. We should pay more attention to water resources management and build the information system of water resources.
  As a whole, water demand is more than water supply, and the degree of coordination between them needs to be improved. It's difficult to mirror the practical conditions of the water resource demand and supply in whole region or in specified region. With the development of economy, the conflict between demand and supply of water is more exciting. Our most recent work should be in sustainable water resources management and development sustainability criteria. 
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                Fig.1 Water supply and demand situation in Xi’an region in 1995.

2.
Comments on Traditional Math Models

For more reasonable, with effective and sufficient development of water resources, the math model methods became the main methods to study the management and operation of water resources since the 1950s. With math models, many defects between theory and practice have been found, e.g., (1) it is difficult to establish, identify and solve the model. (2) The integration of models is unsatisfied. (3) The expression and organization of knowledge is unreasonable. (4) The model is apart from the data. (5) The relation between the analyzer and the decision-maker is no interactive. (6) The self-study and explanation functions are absent. (7) It lacks of reference process of uncertainty, and so on. There are so many problems in describing, solving and applying on the math model. Though a great deal of work has been done and a lot of results have been achieved, the practical problem hasn't still been solved. Considering the characteristics of water resources management and the decision-makers’ demands, the decision support system for water resource management therefore comes into being applied. 

3.
The Modern Information Technology and Water Resources Management

Combining the modern information technology with the new concepts of water resources management, some intersecting research subjects are given as follows: (1) The management and decision-making on water resources should be more knowledgeable and more intelligent. (2) With the visual technology, the visual DSS should be developed. (3) The theory about risk and benefit analysis should be applied. (4) An abundant of information and data network should be established. (5) The phenomena in stochastic, fuzzy, gray, chaos, and so on should be researched. 
The most recent work should focus on: (1) To balance the special development and the general application. (2) To standardize the description of data, knowledge and function on water resources problems and decision-maker demands. (3) To decide how much information should be involved in decision-making process. (4) To visualize the results and solutions of the problems. (5) To realize the stochastic requirements on information inquiry and statistics analysis. (6) To revise the knowledge regulations. (7) To induce the decision-making from the risk analysis and benefit evaluation. (8) To establish and revise the DSS by decision-maker themselves.

One of the practical models of the water resources management is the visual decision-making support system (VDSS). Based on the object orientation theory and graphical interface, the data and information, modeling process and solution methods are visualized in the VDSS. The VDSS can be replanted and extended. It is satisfied to answer practice problems step by step, and makes the decision creditable. 

4.
Main Contents of VDSS for Water Resources Managment

      Based on the GIS and the past research results, the graphics model is built for the database of water resources;

With the object orientation method, the circumstance of water resources can be described with classification, objects and elements;

The objects described by four aspects: proprieties, method, relations and time periods, those are useful for new model construction, and make this model visualize in topological configuration; 

The inherent relationship between practical geological information and the abstract topological model is established to make visualization of water resources more smoothly;

 
Taking decision-making orientation as the basic method in visual model to solve the practical problems, the purpose of water resources operation can be simulated by means of objects, events, messages, triggers, respondent…

 
Combining with practical problems, the simulation process software continually expands and gradually perfects.

 
A set of new models system is a platform of computer application software.

5.
The Key Problems in Visual Visual Model

5.1 Dynamic link between the database and interactive graph: Graphic interface should be integrated with database. The information in database is contained in the graph with symbols, lines, coordinates, etc. With the graph changed, the data in database is also changed accordingly, and vice versa. Its computer software can be developed in Delphi and MapInfo tools.

5.2 To inherit the traditional analysis methods: Water resources operation decision models and management methods are based on topological figure abstracted from natural physics system of water resources. But the practical calculation still needs to be done by the traditional methods. In order to make the process visualize, we should inherit and develop traditional methods and turn them into visual methods.

5.3 The transmission, relationship, and reliability of database: The database in visual model needs to be managed to ensure integrality, coherence, and security. In practical application, it should be connected with real time monitor system, and connected with Internet for the data in real time, dynamic, and alternation. 

5.4 To build the topological model based on the object-oriented: Different from the math model, the abstract model with graphic elements in topological relationship is built. The relationship among elements of figure is anfractuous and dynamic, so the elements are divided into different purpose layers and object sets, and operated by different events.

5.5 To realize Rapid Application Development RAD: Not only is RAD the software developments tool but also it is the application environment, which is notably characteristic of visual model，and it is convenient, general and efficient to water resources operation and management.

5.6 The simulation process based on events-driven: According to topological relationship of graphic elements, the decision-making operation could be carried out by events-driven. In this way, the dynamic and changeful operation process can be simulated in visual abstract model.

5.7 The visual decision information and the visual orientation of decision-making: From past to present and to future, decision-making is much important to operation for water resources. How to orient the decision scheme is still a key step. Depending on the index system and the information of decision-making, the evaluation for development of water resources is reasonable, effective and reliable. 

6.
The Topological Structure Model

       According to object-oriented method and complex situation of water resource operation and management, the structure model can be divided into geography information model (GIS model) and abstract topological model (shown in Fig.2).
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                   Fig.2 Simple abstract topological model of water resources system

In Fig. 2, graphic elements include five: river, reservoir, ground water, city and irrigation area. The relations among them are difficult to describe by the math model. Now the abstract model is described by the object-oriented theory.

Class: According to impersonal existence, the class can be divided into river, reservoir, ground water, city and irrigation area. The task of the water resource management can be divided into power generation, water supply, irrigation, flood control, and environment protection.

Property and status: To the classes above, the properties of river are the amount of runoff, the area of river catchments, the typical time periods, the collection of branches, the silt and pollution, etc. The properties of reservoir are capacity, water level, regulation ability, developing type, installed capacity, and the silt and pollution, etc. The properties of water supply system include domestic water demand, water for industry, water-head projects, supply ability, water pumping, water quality, water quantity and guarantee rate, etc. The properties of irrigation include area, crops, irrigation system, water resources projects, guarantee rate, weather and seasons. The properties of ground water include the total volume store, depth under ground, seepage of surface water, evaporation, wells and there location, the amount of pumping water, water quality, sink and crack of ground, etc. The class associated with power generation is defined in installed capacity, available electricity quantity, guarantee power supply, operation scheme and etc. Water supply is in domestic water consumption, industrial water consumption, operation scheme of water supply, guarantee rate of water supply and demand, the price of water and water supply factory, etc. Irrigation is in irrigated area, water consumption, irrigation season, water level of ground water, salt in water, guarantee rate, etc. Flood control is in task, standard, capacity, rainfall, risk and benefit, etc.

Object: When the properties of a certain class have been given, the object about this class is also fixed. For example, on normal water level of the reservoir, water supply demand is corresponding to 6 million people, and so on.

Method and operation: We can operate a certain object by object-oriented method or other traditional methods. There are many traditional methods in water resource management, for example, the water balance, the regulation with the same discharge in different periods and so on.

Event and task: The purpose of the object-oriented operation is the task of water resources management, and the requirement of purpose is the main event of the model. Decision-maker can carry out the decision and evaluation of water resources management through interactive orientation of different visual conditions.
7.
The Event-Driven Process in Topological Model

In the abstract model of water resources operation and management based on the object-oriented method, the characteristics of independent class or a set of classes of object are still in encapsulation, inheritance and multi-status. For instance, the learning and training rules can be encapsulated, and the knowledge updating process can be inherited, etc. When the message of water demand is submitted (event), every kinds (including parent kinds and son kinds) of objects respond simultaneously, and the demand is satisfied by delivering from a reservoir or by pumping from ground water. The exterior interferes in Fig. 3 refer to some changes of decision conditions, for example, the run-off in reservoir, severe drought, rainstorm, flood and so on.
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                              Fig.3 The event driven process in topological model

When total task for water resources management is given, the main objects respond, and then sub-objects respond, one step associated with another step. The messages transmit step by step coordinately. This process can be realized interactively by object-oriented method in abstract visual model.

8.
The Event-Driven Process in Topological Model

According to common situation and decision purpose of water resources, decision-maker could solve the given problem. The basic decision process is in three ways: artificial-aided、semi-automatic aided、automatic, in which the decision can be carried out step by step.

The solution of the problem is concealed in the model, but its visualization for decision-maker is still very complicated. In order to simulate the decision process and the solution of the problem and dynamic display, a lot of works still have to be done. The simple process of decision can be described as follows.

1). According to the intention of decision-maker, the objects are selected and marked in topological graph.

2). Decision-maker puts the decision tasks.

3). Display the results of decision, and calculate the related index.

According to the condition and principle given by decision-maker, the set of objects is decided step by step. The decision-maker can also determine the operation scheme by him-self. For example, if the water demand is 100km3 within a month from A (start point) to D (end point), the decisions about how to supply water are made in the visual environment. Firstly, the route of water supply is decided: A(B(C(D. Then how much water to be supplied and how to supply the water from A to D are decided. For example, the reservoir A supplies 150 km3, and the channel B supplies 140 km3 considering the loss and compensation. The factory C of water treatment carries out the other for city D’s demand.

 After given the start point、end point and object, a series of operation schemes are obtained by the system automatically, which are feasible for decision-maker. And the optimal scheme can be decided.

For example, the decision-maker can decide how to supply 100km3 of water demand from A (start point) to D (end point). Selected the start point A and the end point D through calculation, the possible scheme 1、2 or 3 from the feasible schemes are chosen. Based on a series of indexes included in each point respectively. For example, how much water to be supplied, how to supply water, etc, the final scheme is decided.

During the process of selection and decision in the VDSS, all results are displayed on the map of topological model in bright、glittery、moving pictures and table list etc in order to emphasize the process and results. The complex analysis indexes and reports can be given directly and compared with the operation situation in the past、now and future. In a word, the decision support is visual. 

9.
The Practical Scheme an The Test of Feasibility

The application software for water supply in Xi’an has been developed with visual topological model. Under the Windows 98, Delphi and MapInfo are main developing tools. Graphical interfaces are composed of different windows in several layers, and the information floating in every layer, which could wander and zoom smoothly. In abstract topological model, the objects are described in different colors and symbols with different properties, methods, relation, and time periods. 

With LP (Linear Programming) and POA (Progressive Optimal Algorithm) as the main optimize methods, the problems can be solved simply and effectively under the hierarchical control circumstance. The decision-maker can participate in the process of solution in visual model and then the decision-making could be oriented. The knowledge rules of learning、training and revising are used intelligently. Cooperated with manager actively and consulted from experts often, the “design → probation → modification → re-use → perfect” will be realized. And the functions of the model will be perfected gradually before the realization of real emulation.

Water resources environment graph is based on the water resources information, such as water-head, river, channel, etc in geography map. The integration visual graph can be drawn and managed by words, graphs, audio, and video, etc.

Under the RAD, the abstract topological model is built by following steps.

1). Choose the elements (reservoir, city, irrigation area, ground water, river or channel) from classes’ toolbar.

2). Describe the objects:

     (1) Property, corresponding to the database especially.

(2) Method, describing the calculation method for objects, for example, to dispatch in the same outflow, to balance in quantity of total water, and so on. 

     (3) Describe the dynamic process, corresponding to given years and time periods.

(4) Establish the relations among the inflow, outflow, and inter-relations to the objects.

(5) Arrange the layout of every object in visual graph.

All of above are showed in Fig.4.

 In the Fig.4, the visual model and object-oriented method are developed with application software together. The simple test for water supply in Xi’an region has demonstrated that the theory is feasible and flexible.


                             Model management 
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    Fig.4 Visual model platform of water supply in Xi’an region

10.
Bearing Capacity Analysis of WaterWATER RESOURCES SUPPLY IN XI’AN REGION

The bearing capacity of water resources can be analyzed and evaluated by the visual model. Through the application of the software, we can obtain the following decision results.

From 1995 to 2020, the main large hydraulic projects are Hei River project, Wangchan project, Ba River and Northeast water resources project, Zhouhou water resources project, etc. The new increasing amount of water supply is 1.6185(109 m3 (75%), 3.53(109 m3 (75%) in 2020. The bearing population is 6.6353, 6.9879, 4.838(106 in 2000, 2010, and 2020 respectively. Because of the limit of water resources, before 2010 or so, the bearing capacity of water resources will be up to the limit. In order to ensure the continuous development of economy and sociality in the future, it is necessary to consider utilizing the water outside rivers about 0.2~0.4(109 m3. Up to 2020, the shortage of water is 0.1592(109 m3. With the further development of industry and agriculture, the water demand will increasing rapidly during 2020-2030. Limited by bearing capacity of water resources, the continuous development of sociality and economy will be restricted. Therefore, the optimal operation and management of water resources is useful to ensure the continuous development of Xi’an in 21century.

11.
Conclusion

The visual model is different from the math model, which is powerful for the practical application. Based on the modern information techniques, the visual theory in computer software is combined with the decision of water resources development and management. The practical exploration of visual model in this paper is a beginning of visual method research. All solutions and results are feasible and flexible.
There are special research methods, database system, interactive interface of software in developing DSS for water resources operation and management. But the visual DSS will be the major direction of real application. The visual information of data, model, method, and index etc in DSS can be realized by object orientation method, and the decision research will be in a new form and process in a new way.
Based on the status qua of water shortage in Xi’an region, the real application software is developed. The bearing capacity of water resources is analyzed and evaluated for continuous support development. The practical decision process has been simulated, which is believable under the performance in visual circumstance (GIS and topological figures). 

The decision is complicated and delicate, and the decision analysis is more difficult. It is with the visual model that the decision-maker can make the decision efficiently. The test with this methodology is a first step of research, and much more work still needs to be done. 
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