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Highlights 
• The relations between user-defined parameters and network characteristics were investigated. 
• Networks characteristics and variability were affected by aspect ratio and stream order. 
• The findings of this study can be used to generate synthetic networks with high variability. 

 

Introduction 
Sewer related research, especially when model based, benefits from a wide variety of case studies. The use 
of real-world case studies is usually limited by the relatively small number of models available, which can be 
explained by the complexity and time consuming of setting up such models. The possibility to generate 
multiple synthetic network models allows obtaining cases with different predefined characteristics. This 
study analyses the effects of user-defined parameters on the characteristics of the generated synthetic 
drainage networks.  The networks were generated in DrainNetGen1 a drainage network generation tool 
(Muranho et al., 2016) It should be noted that even though the conclusions presented in this work were 
obtained using DrainNetGen, the methodology can be applied on other existing or newly developed 
drainage network generators.  
 

Methodology 
In this study we generated 55 synthetic networks of a separate sewer system using the DrainNetGen tool. 
Eleven user-defined parameter combinations were defined (batches #1-11, Table 1) in order to investigate 
the effects of user-defined parameters on the networks’ characteristics. For each set of parameters, five 
networks were automatically generated. Two comparative analysis were performed: the first compared the 
characteristics between different sets of user-defined parameters, while the second compared the 
characteristics of the five networks generated with the same user-defined parameters. 
 
The network generation process in DrainNetGen starts by defining the Height (H) and Width (W) of a 
rectangular area that represents the catchment area. Then, the number of nodes, the range of link lengths, 
and the range of link slopes are defined. The software automatically assigns suitable link diameters based 
on inflow generated by the user-defined population, per capita demand and wastewater inflow factor (i.e., 
proportion of the water usage discharged as wastewater). 
 
The effect on the networks characteristics was examined using two user-defined parameters: (i) Aspect 
ratio (H/W) (using batches #1-9), and (ii) number of nodes (n) (using batches #1, 10 and 11). In order to 
isolate the effect of these parameters, all other user-defined parameters remained constant: outfall 
position assigned as bottom; slope range of 0.3-10%; link length of 20-30 m; node maximal depth of 
1±0.25; 40,000 inhabitants; per capita demand of 120 liters/day; wastewater inflow factor of 0.8, and a 
constant domestic diurnal water usage pattern (pattern 1 in the software). The area of the study also 
remained constant as 2.7 km2 in order to obtain a constant population density of ρ = 14.8 km-2, which 
reflects large cities around the world, such as Barcelona in Spain and Buenos Aires in Argentina. 
 
 

                                                           
1 DrainNetGen tool is freely available at: http://drainnetgen.dec.uc.pt/drainnetgen.html 
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Table 1. User-defined parameters and properties of each network batch 
 

 DrainNetGen user-defined parameter  Network properties Batch sample size 
Batch 
number 

H [m] W [m] n  Aspect ratio [-] 
(H W-1) 

SO FP 

1 1500 1800 150  0.833 745 74 
2 600 4500 150  0.133 745 62 
3 675 4000 150  0.169 746 68 
4 900 3000 150  0.300 746 69 
5 1643.2 1643.2 150  1.000 745 76 
6 1800 1500 150  1.200 746 78 
7 3000 900 150  3.333 746 76 
8 4000 675 150  5.926 745 67 
9 4500 600 150  7.500 745 68 
10 1500 1800 1000  0.833 4995 1121 
11 1500 1800 50  0.833 246 24 

 
The two characteristics chosen to assess the impact of the DrainNetGen user-defined parameters include: (i) 
Shreve stream order, 𝑆𝑆𝑆𝑆 [-] (indicating the links level of branching): (ii) flow paths lengths, 𝐹𝐹𝐹𝐹 [m], 
corresponding to the length of paths from the most upstream to the output of the system. These two 
characteristics were chosen as they can have a significant impact on the hydrograph and pollutograph 
diurnal patterns in different locations of the networks. Changes in these patterns can, in turn, affect the 
physical and biochemical processes within sewers and wastewater treatment plants, affecting its 
maintenance and operation. The comparative analysis between batches was based on the means and 
standard deviations of the two characteristics (i.e., SO and FP). The sample size in each batch was the sum of 
samples available for each network in the corresponding batch (Table 1). To assess the variability between 
networks within a batch, the distribution of the two network characteristics was compared separately for 
each batch.  
 

Results and discussion 
Effects of DrainNetGen user-defined parameters on network characteristics 
Both user-defined parameters, aspect ratio and number of nodes, were observed to influence the networks 
characteristics (Figure 1). As can be seen in Figure 1, the median of SO is similar between batches. However, 
the spread of its values is different. Larger spreads of SO values are observed for elongated areas with higher 
aspect ratios. Elongated areas with low aspect ratios are characterized by a lower spread, but still higher than 
that observed for a square aspect ratio (W/H = 1). The asymmetrical location of the median in the box for all 
tested aspect ratio values shows that most of the network pipes are located upstream, i.e. with a low SO value. 
The FP box plots show the large spread of this network characteristic in each batch and that the median 
increases as the area becomes elongated shape. The elongated networks are characterized by a single long 
pipe with several short pipes connected. The spread of FP values also increases as the area becomes more 
elongated. The number of nodes affect both the SO and FP. Both characteristics means and their spread 
increase with the increase in the number of nodes. Larger differences can be observed for the FP.  
 

 
Figure 1. Effects of aspect ratio and number of nodes on the SO (stream order) and FP (flow path length) of the sewer networks 
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Comparison between topologies for a certain set of user-defined parameters 
In Figure 2, the characteristics of the networks of an elongated batch (B2) and of a square batch (B5) are 
presented. For these sets of user-defined parameters, FP showed a higher variability between topologies than 
SO. The SO medians were relatively similar, however their spread presented differences. The FP of the 
networks within the two batches showed relatively large differences between networks, both in terms of 
median and the variability. 

 
Figure 2. Comparison between networks within a set of user-defined parameters (B2) aspect ratio = 0.133, number of nodes = 150; 
(B5) aspect ratio = 1, number of nodes = 150 

 

Conclusions and future work 
It was observed that the user-defined parameters, namely aspect ratio and number of nodes, affected the 
characteristics of the networks generated using DrainNetGen. A more substantial effect was observed for 
the FP than the SO, both in their median and their spread of values. Significant differences in these 
characteristics among networks generated for the same set of user-defined parameters (i.e. within the 
same batch) were also observed. The findings of this work can be used for generating synthetic drainage 
networks with pre-defined characteristics and high variability. It should be noted that for generalizing the 
preliminary findings of this study, a larger sample is required. More networks and a statistical analysis 
comparing the networks in all the batches are needed to evaluate the accuracy of these results.  
 
Future work will include the investigation of the effects of other user-defined parameters, such as slope and 
node density. It may also include the investigation of additional network characteristics, such as pipe 
diameter, node degree. Additionally, for a better generalization, a larger sample of networks in each set of 
user-defined parameters should be considered. A statistical analysis should be included to examine the 
soundness of the observations. 
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