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Vietnam now in the industrialization – modernization process. There have been degrading, exhausting, polluting water 

resources. Unsuitable exploitation, use as well as insufficient protection of water resources have been causing bad results on 
environment, and unsustainable development. There also have conflicts and disputes about exploitation, use of water resources, waste 
water among contiguous regions and different fields. In that situation, research and application of scientific-technological 
achievements, especially in information technology are one of great solutions.   

In nearly past 20 year, in the industrialization – modernization of Vietnam, many economic key regions play a very 
important role in development of Vietnam. In our country, there are 8 economic regions and 3 key economic regions have the socio- 
economy plans to the year 2010. However, development of a morden tool based on information technology for environment 
management is not mention. 

This paper focuses on construction of a tool for water and air pollution management of Central economic key region with 
scientific way and modern technology. As a result, the software called ECOMAP (Management software for Air Pollution for Central 
EConomic key regiOn). This software applies GIS, database technology and mathematical models with utilities of air pollution 
supervision for  Central economic key region.  
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1. Introduction 
 
 The Central Economic Key Region (CEKR) has been established on 1997 comprises of Da Nang city, three 
provinces of Thua Thien Hue, Quang Nam, Quang Ngai with the total natural area of 16,821.9 km2 and the population of 
about 3.3 million people. In the last years, under the impacts of the natural factors and the human activities, the 
environmental situation of the CEKR in particular has had the complicated happenings. Lots of urgent environmental 
questions that have been occuring in this area including the pollution caused by the domestic and industrial wastes, 
floods that eroded the river banks and the coastal areas. 
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 Before the demand on the sustainable development for the economy and society of the CEKR, the studies and 
applications of the information technology in the environmental management mission are essential and urgent. The 
modern information technology solutions will help to assess quickly the present condition as well as help to forecast the 
changing tendency and propose the projects of priority aiming at protecting and exploiting logically the resources in the 
area in the immediate instance and until the year 2010. The long term objectives of research are: 

 
- To establish the management tools for the environmental monitoring data for CEKR by strongly scientific 

methods and modern technology; 
- To build the database for the evaluation of the present condition and the forecasting relating to the 

environmental management task of the CEKR. 
 

The immediate objective of research are: 
 

- To apply infomatics in the process of input, access, producing of environmental monitoring data that relates to 
the environmental quality of the CEKR; 

- To establish the database aiming at helping the assessment of the environmental pollution due to the human 
activities upon the CEKR. 

 
To attain the above objectives, a number of contents below needs to be carried out: 

 
- To collect the data relating to the Industrial Zones situated in the CEKR: the location of the Industrial Zone 

located in Hue as Phu Bai, Chan May, Huong Son cluster and Tu Ha; in Da Nang: the Industrial Zones of Da 
Nang, Hoa Khanh, Lien Chieu, Hoa Cam, Tho Quang; in Quang Nam: Dien Nam, Dien Ngoc, Chu Lai, Dai Hiep, 
Trang Nhat, Tra Cai; in Quang Ngai: the Industrial Zones of Dung Quat, Quang Phu, Tinh Phong, Pho Phong. 

- To collect the meteorological data relating of Thua Thien Hue, Da Nang, Quang Nam, Quang Ngai. 
- To collect the report on the environmental present condition of the provinces of the CEKR. 
- To build the database for the problem of the air pollution management of the CEKR. 
- To process the meteorological data at the monitoring stations of Hue, Da Nang, Quang Ngai for the calculation of 

the horizontal and vertical coefficients of diffusion in the Berliand model for the point source. 
- To establish the ECOMAP software and to apply ECOMAP in the drawing of the pollution storage map for the  

CEKR according to the various scenarios. 
- To apply ECOMAP in the calculation of the pollution dispertion according to the Hanna – Gifford model and the 

Berliand model for a number of provinces of the CEKR. 
 

2. The present condition of the air environment of the urban area. 
 

The CEKR is situated within the coordination range from 14035’to 16042’of the Northern latitude and from 
107005’to 109005’of the Eastern longitude. It is adjacent to the East sea in the east, to Quang Tri province in the north, to 
Binh Dinh province in the south, to the West highland Tay Nguyen and Laos in the west. In the coming years, when 
implementing the liberalization of trade and investment in the ASEAN region, then the geographical location of the 
region is an major advantage creating the convenient condition for the expansion of the economic exchanges with other 
countries, to be the important premise to make the CEKR become one of the developing centers of the central part and 
the whole country. According to [1], the sources that have caused the air pollutions in the urban area are: 

- The industrial and handicraft production operations of the production establishments that are interposed in the 
inner city or along the city belt. 

- The operations on the urban communication and transport: the various kinds of vehicles running on the roads and 
in the streets and generating the pollutants as dusts, CO2, SO2, CO, NOx, the petrol and oil vapour, the noise, the 
concussion. 

- The construction operations: the new construction, repairs and house renovation, repairing and upgrading of the 
communication system, the water supply and drainage system and the underground technical systems in the urban 
area, all have caused the environmental pollution at  great level, especially the dust. 
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- The domestic waste source from the living of the city people. 

 
The air pollution caused by the urban traffic: 
 
 The specific traits of the urban traffic in the CEKR are presently inadequate and weak with the majority of the 
the small and narrow roads and streets, so the traffic jams are easily happended in rush hours in the large cities, 
especially in Da Nang city. At present, due to the demand of the infrastructure development, so, there are plenty of trucks 
in the cities to carry soil and rocks and other construction equipments such as the large trucks, pulldozers. Especially, in 
the recent years, the number of means participating in the communication has increased rapidly, in which the quantity of 
the motorbikes occupies an overwhelming ratio. All the means have caused the pollution of noise and other pollutants to 
the air [1]. 

 
The present condition of the air environment caused by the industrial operations: 
 
 The industry of the CEKR consists of the production establishments is situated in the industrial zones and the 
production establishments situated out of the industrial zones. The specific traits of the existing production 
establishments of the region are: 

- The backward production technology, equipments, machinery are old so that the volume of the wastes is high. 
- Most of the establishments have no treatment measures yet or mitigation of the wastes or the treatments are just 

cursory and the discharging rate are not at standard. 
- Most of the establishments lack of the investment capital for the waste treatment works and technological 

renovation. 
- The cadres specializing in the management are lacking in term of the technique at the production establishments 

and the lacking of knowledge in term of the environment. 
- The planning is situated interposing in the residential areas. 
- At the majority of the supervising points, the dust norms have exceeded the permissible standard. 
- The NO2, SO2 and CO norms are mostly not exceeding the permissible standard. 

  
The total results of the observation and measurement of the air quality of the environment of the  CEKR at a 

number of locations are cited in the Table 1 /[1]/.  
 

Table 1. The average concentration  of the pollutants in the air in the large cities in the Central Economic Key Region. 
 

No. The main point cities Dust 
mg/ m3 

NO2 
mg/ m3 

SO2 
mg/ m3 

CO 
mg/ m3 

1 Hue city 1.85 0.14 0.12 3.60 
2 Da Nang city  1.03 0.10 0.30 3.80 
3 Tam Ky – Quang Nam township 0.51 0.013 0.01 3.86 
4 Hoi An – Quang Nam township 0.42 0.015 0.02 5.51 
5 Quang Ngai – Quang Ngai township 1.44 0.04 0.06 6.45 
VIETNAM STANDARD 5937 – 1995 
(Average per hour) 0.3 0.4 0.5 40 

 
 

3. The Integrated Informational  –  Model System in the environmental management 
 

Before introducing this description, we should unify a number of terms that have been used largely in many 
recent scientific works. The Automatic Information Systems (AIS) have been built to integrate the various kinds of 
information with the different natures with the model which is called the Integrated Informational – Model System 
(IIMS). Regarding the nature, they are the information kernel in the Geographical Information System (GIS), regarding 
the idea, they are the combination of the data and knowledge bank (the Expert Systems)  and the Simulation Systems. The 
IIMS is considered as a prospective tool to solve the environmental problems in the regional scale as well as to increase 
the environmental quality. 
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    Therequirement of the practicality is considered as an element to cause the appearance of the EIS   
 
 The complicated rate of the environmental question today requires the application of the  AIS. This rate is 
increasing day by day. For this very reason, even the most cautious opinions have to recognize the necessity to continue 
the increase and expansion of the existing EIS as well as the construction of the new EIS with several global objectives 
and levels that are capable of supporting in the solving the problems raised up by the reality: From the questions  of the 
reference characters to the automatic questions  and demonstration of information, management, design, modification 
and forecast of the various processes /see [2] - [7]/: 
 
 Beside this, it is necessary to pay attention that many EIS have not been done yet. Even the idea of construction 
of such systems is just still the idea as there has been the intensive studies in the reasoning aspect. There are several 
causes that lead to this present condition.  One of the objective cause is the lack of the order of the various levels of the 
management authorities – that are the state competent agencies that are responsible for the coordination lots of the 
diversified information relating to the environment, as well as to be responsible for the introduction of the regulations on 
the environmental management. From the point of time of the establishment of the Ministry of Resources and 
Environment and the establishment of Services of Resources and Environment in the provinces, the situation has become 
brighter. The missions for the organs, boards and branches in the environmental protection domain have been formed. 
The state function as well as the urgent demands in the field of the protection of resources and environment has arisen the 
information systematization requirement and the information suitability is higher day by day. However, to be able to 
have the technology for the different local areas to choose, it is necessary to form the study topics of the technology and 
make out  the products of high quality. Since then, this process can be transferred to the local areas for use. 
 
 In the past time, the study of the model of IIMS for the regional level was considered in the /[5]/. The 
conceptual model has been taken shape and named as REIM the Regional Environmental Information Model / 
Figure 1/.  
 

MONITORING  BLOCK  

- Storage monitoring data
- Access, process and 
querry monitoring data, 
concerned soil, water, air 
environment 

BANK OF MODELS  

- Transport and diffusion 
models   
- Economic –
Environmental  models  
- Ecological models  

HANDBOOK, LOOK UP 
SYSTEM FOR 

ENVIRONMENTAL 
INFORMATION 

- Legal documents  
- Database of environmental 
research  mehtods  
- Statistical data  
- Database on Factories  

REIM

SUPPORTING 
ENVIRONMENTAL 
REPORT SYSTEM  

- Disseminating 
environmental information for 
local government  
- Disseminating 
environmental information for 
scientists and the public  

-  
 

Figure 1. Conceptual Regional Environmental Information Model  
  
 The key tasks of the REIM are /[5]/: 
 

- To link, gather the specific information for the state and the use of the natural resources of the region; 
- To support with the information at the maximum rate aiming at serving the various boards and branches in 

the implementation of the environmental control function; 
- To access the information quickly aiming at serving the assessment of the environmental state; 
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- To ensure the functional boards and branches, the scientific agencies, the design agency and the social and 
public organizations with the information of high reliability regarding the environmental state; 

- To develop and achieve the system of the exchanges of scientific and technical information, to apply the 
technical and economic solutions in the environmental protection field; 

- To ensure the preliminary data for the application problems that are relating to the environmental economy, 
to standardize the impacts that are harmful to the environment. 

 

With the requirements that are shown above and the other questions as well, the EIS has allowed to carry out: to 
gather and storage of information according to a method that is unified with the use of the modern information 
technology; has allowed to access quickly to database the environmental information to all the functional boards and 
branches that are relating to the environmental protection task and to other organizations as well /[4]/. 

 
    The functional blocks of the REIM  for CEKR 
 
 The characteristics of the environmental protection task in the present stage determine the structure of the REIM 
for the CEKR. The  blocks of the REIM are linked to each other:  

- The administrative management block consists of the regional management levels (in the   ECOMAP version 
1.0 including of 3 provinces that are Thua Thien Hue, Quang Nam, Quang Ngai and Da Nang city; 

- The environmental monitoring block performs the primary functions including collecting, storage, 
management and data processing of the environmental data (including the monitoring the large waste sources 
in the region); 

- The model bank: to integrate a number of the substantial transport models that have been studied to be 
suitable to the local conditions; 

- The supporting environmental report block including database about the research methods, database of the 
judiciary written texts, database about the production establishments;  

- The environmental performance and report block: making the various reports serving the management tasks. 
To provide with the information to different objects: the management cadres, the scientists, the people. 

- A number of other independent blocks as the synthetic program of the regional level, to survey the control of 
the environmental analysis and the environmental analysis center of the regional level. 

 
A number of the such structures will enable to carry out the supervision quickly the environmental state of the 

soil, water, air, the pollution sources, …. s well as the calculate of the influence of waste sources over the environment in 
the regional range. The information ground in the REIM is the environmental supervising systems that are existing (as 
well as the anticipation in the future) belong to the functional boards and branches, the official reports relating to the 
environmental protection tasks. The information system diagram of  the REIM is described on the Figure 1.   

 

4.  The ECOMAP software version 1.0 as the realization of REIM    
 

 
 The ECOMAP software is established on the basis of a number of the new technologies that have been 
performed in the recent time /see [2] - [7]/. The digital map data of the CEKR provinces  are processed by the GIS 
Mapinfo software to be suitable to the ECOMAP standard. The horizontal  and vertical diffusion coefficients that have 
been established for Thua Thien Hue, Quang Ngai, Da Nang city basing on the approach method of Berliand /[12]/ and 
have been applied to various local areas of Vietnam by using meteorological data from CEKR provinces /[9] - [11]/. 
ECOMAP is basing on the integrated technology of GIS, environmental database and mathematical models aiming at 
assisting the management tasks of the air pollution of the  CEKR. In essence, ECOMAP is the IIMS, is the service to the 
assessment of the human effect over the quality of the air environment on the basis of the environmental information. 
 

ECOMAP version 1.0 /the main menu is shown on  Figure 2/ consists of the main modules as follows:  
 

- Module for the electronic map management /Figure 4/ 
- Module for the data management.  
- Model module including the Berliand  and the Hanna – Gifford models. 
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- Module for analysis, querry and report making. 
                            -         Module for the looking up of the environmental documents. 
   
        General structure of  ECOMAP software version 1.0 is shown on Figure 4. 
 

 
Figure 2. Main menu of ECOMAP version 1.0 (2005) 

ECOMAP 
SOFTWAREGIS

ENVIRONMENTAL 
DATABASE  

MODEL

USER 
INTERFACE  

 
Figure 3. General structure of  ECOMAP software version 1.0 

 
 Database is the soul of a software of the information management that ECOMAP is not an exception. In the 
ECOMAP, there have been the built-in of the following databases to face up to the monitoring objective and the the 
assessment of the environmental impact. 
 

- Database about the industrial zones. 
- Database about the production establishments. 
- Database about the environmental situation at the production establishments and the industrial zones. 
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- Database about the conform to the environmental regulations. 
- Database relates to the operations and plannings on the pollution mitigation. 
- Database about the observation and measurement locations (water, air, soil, the large waste sources, ….) 

 

Management by 
provinces  

Province layer 

Management by layer

Stack layer  

Meteorology station layer  

Monitoring stattion (sampling) layer  

Industrial zone layer 

Traffic layer 

River stream layer 

Commune layer 

District layer 

Da Nang

Quang Ngai

Quang Nam

MODULE FOR THE ELECTRONIC 
MAP MANAGEMENT  

Thua Thien Hue 

 
Figure 4. Diagram structure of electronic map management    

 
5. Application of ECOMAP for CEKR air pollution simulation  

 
 With the input data that have been calculated above, the author has carried out the calculation, modification of 
the air pollution due to the regional sources following the Hanna – Gifford. In this section, it is introduced a number of 
the received results. 

 
 

Figure 5. Automatic emission mapping for SO2 by ECOMAP version 1.0 
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     The automatic emission mapping by ECOMAP using  
 
 When choosing the item of the Drawing the emission map  on the ECOCAP main menu we will receive the 
emission spatial distribution of the pollutants chosen for the conversion into µg/(s.m2) unit under the contour form  ( 
Figure 5). Owing to the tools in the item Displaying attribute   we can add/ erase the same lines, colour and type of the 
drawing, the applying colour, the size and value of the contour …. to receive the desired display.  In general, the dust 
emission in the CEKR is not high, the emission area of the dust pollution is less than 0.01 µg/(s.m2) occupying the 
majority of the area in the CEKR. The locations having the large pollution tonnage are mainly situated near the industrial 
zones such as Phu Bai, Chan May (Thua Thien – Hue), Lien Chieu, Hoa Khanh, Da Nang, Hoa Khuong, Hoa Cam (Da 
Nang city), Dung Quat, Pho Phong (Quang Nam, Quang Ngai) /[11]/. 
 
 

 
 

Figure 6. Automatic pollution mapping for NO2 by ECOMAP version 1.0 
 

  

 
 

Figure 7. Automatic pollution mapping for dust by ECOMAP version 1.0 
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     The automatic pollution  mapping by using ECOMAP and dispertion models   
  
 When using the Calculation result item in the main menu of ECOMAP we can see the calculation value of the 
emission of the pollutants converted into µg/(s.m2) unit at each cell and the concentration value of the calculated 
pollutant caused by the various regional sources in the form of table as well as the greatest, smallest values in the region 
as shown on the Figure 6. These values can help the users acquire the quantitative values to use for other evaluations. 
 

Due to the insufficient data, so in this works, we have only carried out a few calculations for the air pollution 
dispersion caused by the stacks for the meteorological conditions in January 2002 for Thua Thien Hue province. The 
obtained calculation result is the map of the dust pollution caused by the stacks Figure 7.  
 

6. Assessment of the simulation by ECOMAP result 
 
 The simulation results by Hanna – Gifford model 
 

The simulation result according to the various scenarios by the Hanna – Gifford model CEKR   has shown that 
the concentration value is still not very high. It is shows that the maximum concentration value of the pollutant obtained 
in the region depend entirely on the pollutant emission   in the region. 

 Therefore, when all the industrial zones are in simultaneous operation, the discharging pollutant emission 
caused by the industrial operation does not increase so much and the concentration caused by the pollutants discharged in 
the region does not increase significantly. It is note that the increase of the emission caused by the living and 
communication increases, but it is not significant compared with the emission caused by the tonnage from the industrial 
zone operations. 
 Indeed, according to the estimations, to the year 2010, the increase of the dust emission   caused by the living 
and traffic attain 202 mg/s at the maximum in each mesh cell, that is about 0.002 µg/(s.m2), while the maximum dust 
emission of 2002 is 10 µg/(s.m2).   
 To the SO2 and NO2 we have the same state. The maximum increase of the emission of SO2 in each mesh cell 
compared with the year 2002 respectively is 150.1 mg/s to the year 2010. This will make the maximum concentration of 
the SO2 in the region caused by the discharge to the year 2020 only increases about 0.003 µg/ m3. To the NO2, if we 
make a comparison with the year 2002, then the increase of the emission in maximum cell until 2010 will reach 266 
mg/s, and the concentration of NO2 in the CEKR caused by the discharge only increase up to about 0.003 µg/m3. 

The simulation results have shown the greatest emission are situated in the industrial zones. All the greatest 
emission value are belonged to the storage cell of the Dung Quat industrial zone – the largest industrial zone of the whole 
CEKR. 

 Simulation by ECOMAP shows that the distribution map of the tonnage and the pollutant concentration in the 
CEKR as well has the rather complicated shape. However, it is shown that the   cells that contain the industrial zones and 
the national highway are the cells that have the high emission.   
  
         The simulation  results by the Berliand model 
 
 In general view, the simulation result has shown the operational conditions of the stacks as given out, these 
stacks do not cause the dust pollution to the surrounding air. In case of having the wind, the area of the dust concentration 
caused by these stacks is higher 0.001 mg/m3 is only a narrow strip along the wind direction. The maximum dust 
concentration obtained in January 2002 to Hue is 0.077 mg/m3; to Da Nang is 0.014 mg/m3. When the wind is calm, the 
maximum dust concentration is 0.24 mg/m3 to Hue and  0.045 mg/m3 to Da Nang. The calculation for other 
meteorological conditions have given out the same results for the reason that these chimneys have the tonnage that is not 
too high and compared with the size of the mesh cells (2000m) then the influence of these stacks to the air quality over 
the regional range is still small. 
 
      To assess the presently result 

 
 The ECOMAP software enables us to perform a number of functions as follows:  
 



 10

- To renew the environmental monitoring locations and the objects relating to the environmental pollution as the 
stacks, sewers,…. 

- Enable to enter the environmetal data according to the time as: the figures of the environmental data monitoring, the 
parameters relating to the discharge of the discharging stacks, sewer,… 

- Enable to calculate the air pollution diffusion according to the Berliand location source and Hanna – Gifford regional 
source. 

- Enable to quickly draw the emission and pollution map, on which basis we can know which region will discharge 
most the pollutants in the region.   

- View the result from database: for example, to see the information of the meteorology, of the results of the 
observation and measurement of air quality at a number of locations. 

- Construct the Reports according to a number of the specified patterns. 
 

7.   Conclusion 
  

The ECOMAP software is the integrated tool basing on the database technology, mathematical model and the 
Geographical Information System (GIS). ECOMAP is the information management system that has been established to 
service the organs, organisations working in the environmental observation and measurement field and the environmental 
resources information organisation. The immense capacity in the supply of the processing functions and analysis of the 
different figures that has turned ECOMAP into a powerful tool in the environmental management and research. 
ECOMAP is also a tool that assists in the calculation and modification as well as assists the leaders through the 
management decision. Through this article, the authors have proposed an application solution of the information 
technology for the management task at the regional level, especially for the Economic Key Regions of the whole country. 
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