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Highlights 
• Urban Morphology directly affects the design and conception of drainage systems. 
• The use of LIDs can increase the provision of Ecosystem Services in urban areas. 
• Continuous simulation using SWMM had lead to interesting results assessing the provision of 

Ecosystem Services. 
 

Introduction 
The increasing demand for urban space is bringing massive changes and losses of natural resources (Das & 
Das, 2019). Several studies demonstrated that urban growth brings negative impacts on the environment 
and ecosystem services (Castro et al., 2019; Leitão et al., 2019). Assessing these impacts is fundamental to 
urban planning actions.  
Mapping urban areas using morphology characteristics has led to a more detailed analysis of the built 
environment and a better understanding of its impacts, in comparison to traditional land use maps. Urban 
Structure Types method consists on identifying areas with homogeneous characteristics which are identified 
by specific disposal of buildings, open and paved spaces, density, constructive materials of constructed 
dwellings, and socioeconomic attributes (Wickop, 1998). Researches have demonstrated and revealed that 
USTs can express environmental impacts and urban resilience. 
Urban form plays a key role in the performance, adaptability, and effectiveness of urban drainage systems. 
However, there is a lack of researches that evaluate the configuration of the urban fabric and its influence 
on stormwater systems design (Jia et al., 2019).  
Castro et al. (2019) developed a new approach to the urban mapping process in Brazilian Federal District 
(FD), integrating decision-makers and agencies views, analyzing the spatial relations of the urban form aiming 
to improve data analysis, communication capacities and stakeholder’s strategies for public policies in urban 
areas and human settlements.  
Selecting two different multifamily residential USTs, one with a major percentage of open spaces (RB2), and 
the other with a high percentage of impervious surfaces (RB1), this study aimed to assess how the urban 
morphology impacts the drainage system on convex-convergent geomorphology, and two different types of 
soils. Scenarios were performed to evaluate the peak flows at the outfalls, water balances and evaluation of 
water ecosystem services, such as groundwater recharge and water quality improvement using LIDs devices. 
 

Methodology 
The studied area is Brasilia, Federal District, Brazil’s Capital, located in Brazil, with nearly 3 million inhabitants 
in an area of approximately 6000 sqkm. The climate is tropical with two seasons, one rainy from between 
October and April, an the other very dry, from May to September. In recent years this region has 
experiencedwater availabity crisis, and thus, under such scenario, preserving water resources in quantity and 
quality is of extreme importance. 
The Federal District has two predominant types of soils, a very porous Latossol representing 54.5% of the 
area, and a more impervious Cambissol, representing 30.98% (Reatto et al., 2004). These two types of soil 
were used in the modelling. Latossol can be characterized as in Hydrological Soil Group (HSG) A, of Soil 
Conservation Service Method, Curve Number (CN) with high infiltration capacity, and the Cambisol as HSG B 
with lower infiltration capacity.  
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The convex-convergent hillslope studied has an average slope of 2,68% and altitudes variating in a range of 
1,150 m to 1,150 m. The topography of the surface is shown in Figure 1. 

 
Figure 1. Convex-convergent Surface. 

 
The original design of the constructed blocks in Brasilia, the planned portion of FD, Was incorporated in the 
study by a map provided by the Urbanistic and Cartographic Documents System (SISDUC/SEDUH-DF), and 
images with high spatial resolution,  such an orthomosaic photography. Using computer-aided design 
software, the blocks were incorporated using the metrics and urban fabric details obtained from the original 
plants and orthomosaic images. Figure 2 shows the low-density multifamily apartment buildings (RB2) design, 
and the medium density multifamily apartment buildings (RB1), both typical of Brasília.  

 
Figure 2. Design of the Square. 

 
In the simulations two rainfalls were used.The first was based on Brasilia intensity-duration-frequency curve 
with ten years of return period and 24 hours of duration to dimension the drainage system. The rainfall were 
discretized in 5 minutes using the alternate block method, leading to a total precipitation depth of 91.7 mm. 
The second rainfall was a continuous rainfall,  selected from the registersof all the years of rainfall 
measurement carried out by the station of INMET (National Institute of Meteorology), as a representative 
rainfall of a regular year intending to evaluate  ecosystems services. The total rainfall of the continuous year 
was 1,457 mm discretized in 1 hour. 
LIDs were implemented in the model to reduce runoff peak flows and intending to lead to pre-development 
conditions. The Federal District regulations require maximum peak flow of 24.4 l/s.ha. The parameters of the 
infiltration trenches considered in this study are shown in Table 1.  

Table 1. LIDs conception parameters. 
Parameter Value 

Berm Height 1.00 m 

Manning’s Roughness 0.15 

Swale Side Slope 1:1 

Longitudinal Slope Follow Terrain 

Storage Height 2.50 m 

Infiltration Soil A 25.4 mm/h 

Infiltration Soil B 2.54 mm/h 
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Void Ratio 0.6 

Clogging Factor 0 

 
Effective groundwater recharge was estimated considering the infiltration and evapotranspiration in a 
continuous simulation. The assumption is that the active parcel of the water that reaches the groundwater 
level is a balance of infiltration and evapotranspiration. Superficial water quality was evaluated considering 
the effect of the first flush in urbanized areas, as discussed by CONCREMAT (2009) and ADASA (2018), 
calculating the runoff depth in continuous simulation, in the LIDs and conventional systems scenarios to 
quantify pollutant percentage reduced by the use of LID controls. The modeling was developed using PC-
SWMM (CHI Water, 2018). 
 

Results and discussion 
Runoff peak flow results of USTs and different scenarios (with LIDs or Conventional) are shown in Figure 2.  
 

 
Figure 2. Peak Flow Results. 

 

It can be seen that the urban pattern RB2 led to less impact than the UST RB1, for both soils. The LIDs 
efficiency was also higher for UST RB2, reducing the peak flow in 71% for soil A, almost achieving the pre-
development conditions, and 72% for soil B.  
In Table 2 are shown the results of groundwater recharge and water quality improvement. 
 

UST 
Effective 

Groundwater 
Recharge(mm) 

Water Quality 
Improvement 

RB1 A 473,80 - 

RB1 A LIDs 771,76 58,8% 

RB1 B 346,24 - 

RB1 B LIDs 516,89 31,8% 

RB2 A 626,64 - 

RB2 A LIDs 812,94 65,1% 

RB2 B 289,17 - 

RB2 B LIDs 664,20 42,1% 

 
The results shown in Table 2 highlights that the use of Low Impact Development devices could increase the 
groundwater recharge and superficial water quality for both urban morphologies studied.  
 

Conclusions and future work 
The study of urban morphology had led to interesting relations between stormwater infrastructure and 
ecosystem services. In this paper, we assessed the impact of two residential Urban Structure Types in the 
drainage systems and water ecosystem services, proposing an approach based on the development 
planning restrictions in the Federal District. Further studies are being developed to assess the impact of 
different urban patterns and geomorphologies on urban drainage system performance, cost, and 
adaptability using LIDs.  
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