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MODELING OF ATMOSPHERIC WATER MANAGEMENT SYSTEM 

USING LID TECHNOLOGIES 
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Abstract: The previous practice of draining storm water has been oriented to classic draining models, roof 

rufaces and other elevated surfaces were vertically drained through gutters onto asphalt or concrete surfaces and 

later by gravity to the drain sewerage. Due to the tendency of the occurrence of high intensity rainfall, that is, 

heavy rain in a short period of time, congestion of storm drains and the appearance of spills both on the streets 

and in entire settlements may occur. In order to prevent such spillage, new water drainage methods such as green 

roofs, rain gardens, permeable asphalt, etc. should be approached. The justification for the introduction of new 
technologies can be determined by the use of software, where this paper will present one of the software 

solutions for the application of LID technologies and decentralized storm water management systems. 
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1. INTRODUCTION  (HEADING 2 STYLE) 

The process of urbanization is transforming the social and economic geography of almost every 

country in the world. Today, more than 50% of the world's seven billion people live in cities, and by 
2050, that number will rise to over 70% of the total global population, which is predicted to be nine 

billion people. Due to the absolute growth of the total population, as well as the absolute and relative 

growth of the population of urban areas, cities are physically expanding, which means the expansion 

of residential zones, business, trade and industrial zones, road and railway networks on natural and 
agricultural lands around cities. This usually involves the removal or reduction of vegetation and the 

extensive construction of impervious surfaces in the form of buildings, sidewalks, parking lots, roads. 

The expansion of impervious surfaces in the watershed as a result of urbanization is the primary 
driver of hydrological changes and leads to an increase and acceleration of stormwater runoff, as well 

as deterioration of its quality. 

The urban environment has characteristic biophysical features compared to rural areas. These are, 

first of all, changed energy exchange and a change in the hydrological regime, i.e. increased surface 
runoff of rainwater and deterioration of its quality. Such biophysical changes are partly the result of 

changing urban cover.  [Figure 1] 

Impermeable surfaces are: streets, roofs, parking lots, sidewalks, driveways; very compacted soil; 

large smooth surfaces above the terrain.  

Problems with increasing impervious surfaces 

• The risk of flooding increases 

• Base runoff problems in urban streams: accelerated rain runoff leaves the watershed in a short 

time as surface runoff. 

• Pollution increases (sediment and pollution spread downstream) 
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Figure 1: The effect of increasing impervious surfaces on the shape of the runoff hydrograph 

 

The task of managing atmospheric runoff is to improve the quality of life of people and maintain 

the capacity of the ecosystem. Objectives: 

• Reducing the risk of flooding 

• Reduction of pollution of water receivers 

• Improvement of the urban environment 

• Better use of resources 

Runoff in urban environments is different from runoff in natural environments. In natural 

environments, most of the water infiltrates into the underground, while in urban environments, 
surfaces of various uses (buildings, roads, parking lots and other impermeable surfaces) change the 

basic components of the runoff, so that a smaller part of the water infiltrates into the underground, the 

level of underground water decreases, decreases surface and underground runoff, and due to the lack 

of greenery, the amount of rainwater that evaporates into the atmosphere also decreases. [Figure 2] 

 

Figure 2: Hydrogram of outflow atm. water on developed and undeveloped land 

2.   STORM WATER MANAGEMENT 

The classic approach to storm water planning and management in urban areas is based on the 

collection of all storm water by the sewerage system and its removal by the fastest route to the nearest 

recipient. 
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The application of planning in the management of storm water is one of the most important issues 
that must be approached from several aspects, which must consider climate change, global warming, 

and therefore the increase in the amount of storm water, the increase in the intensity of precipitation, 

which must be considered in planning and design. Reducing the negative impact of increased rainfall 

can be regulated by finding an adequate solution that will contribute to the improvement of the 

ecological and economic aspect. [2] 

Modern technologies and various software solutions for the design of canalization systems enable 

a wider range of hydrological phenomena to be considered and enable an integrated approach to 

solving the problem of draining storm water from free surfaces.[3] 

Solving the problem of stormwater drainage in developed countries is given a lot of attention, 

using planning and design techniques called Low Impact Development (LID). An integral LID 
approach to solving the problem of stormwater drainage implies a precise arrangement of natural and 

engineering technologies that foresee: water reuse, retention, underground infiltration, evaporation, 

filtration and plant purification, in a comprehensive system with the aim of: peak runoff control, runoff 

volume reduction, improvement quality of runoff and water storage.[4] 

2.1. Integral (LID) stormwater management solution for the children's institution complex in 

the Novo Selo settlement. 

The kindergarten is located in the 9. Maj settlement in the area of the Palilula municipality in the 
Niš district. The facility of the children's institution Naselje 9. Maj represents the lowest area in the 

city of Niš. Drainage of stormwater is planned using LID technologies, which will be elaborated on a 

concrete example of different variant solutions. 

Several approaches to the problem of draining storm water from the building, asphalt and green 

areas using unconventional methods have been addressed. 

The program processed a large number of variant solutions, among which the following were 

selected according to the above-mentioned criteria. 

As variant solution number 0, which is used to evaluate the effectiveness of other variant 

solutions, stormwater removal from the complex without the application of any technologies is 

defined. 

All solutions were modeled in SWMM v5.1.013. [1] The picture shows the scheme of the 

catchment areas of the complex with the most likely runoff route, given the topographical 

characteristics of the terrain.(Figure 3) 
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Figure 3: Scheme of catchment areas of the kindergarten complex 
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The use of any technologies is not foreseen. This variant solution is used to evaluate the effectiveness 

of other variant solutions. 

The program achieved the following results:  

 

Graph 1: Runoff from the roof of the building            Graph 2: Runoff from the parking lots 
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Figure 4: Runoff from surfaces at maximum rainfall 

 

 

Graph 3: Total runoff from all surfaces 

2.1.1. Alternative solution number 1: 

It envisages the use of a combination of permeable asphalt, a green roof and a rain garden on the 
entire surface of the construction plot and building. 
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The program achieved the following results: 

 

 

 

 

       

 Graph 4: Runoff from the roof of the building        Graph 5:Runoff from the building's parking lot 

        

 Graph 6: Runoff from the rain garden                    Graph 7: Runoff from all surfaces where LID  
        technologies have been applied 

 

 

Table 1: Numerical display of runoff from all areas where LID technologies were applied 
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Figure 5: Runoff from surfaces at maximum rainfall 

3. CONCLUSION 

By observing the obtained results and comparing them with the diagrams calculated by the 

program, we can conclude that the runoff is reduced by the application of variant 1 and the application 

of a rain garden in combination with a green roof and waterproof asphalt. It is evident that when 
applying different LID technologies to retain runoff from larger areas, both the peak runoff (by about 

45% compared to the peak runoff when no technologies are applied) and the total runoff volume are 

significantly reduced. We can come to the conclusion that only through the interaction of several 
different approaches to stormwater removal can an adequate and optimal solution to the problem of 

stormwater removal from a given surface be reached. 

Due to global warming and climate change in the world, as well as in our country, we are faced 

with increased intensity of precipitation and increased intensity of heavy rains of short duration and 
high intensity, therefore it is necessary to approach modern stormwater drainage methods that can 

collect and retain significant amounts of precipitation. In this way, the access to the building is not 

threatened, as well as the possibility of storm water spilling over the surface of the terrain or flooding 
of buildings. The application of modern water drainage technologies is supported by software 

solutions that enable the determination of efficient and technologically justified dimensions and types 

of adequate facilities for the removal or absorption of atmospheric precipitation, so that the application 

of such technologies is competitive with the classical approach to the management of atmospheric 
runoff not only in terms of the quantity and quality of the runoff, but also by and financial 

investments. 
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