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Abstract 

Major conventional and traditional public sanitation networks are out of date and 

have proven their limits to sustainably manage stormwater. Decentralized 

approach to stormwater management, whereby best management practices (BMP) 

are dispersed throughout the site project, has gained popularity in recent years. 

Stormwater BMPs provide an actual, alternative and more sustainable approach 

than the conventional practice of routing runoff through pipe systems. The 

selection of the appropriate stormwater BMP to a site project requires experiences 

and a fine appreciation of many selection criteria. BMPs may be selected 

according to a wide range of criteria regarding the land use characteristics, the site 

characteristics, the catchment characteristics, the quantity and quality performance 

requirements and the amenity, environmental, community and participation 

requirements. This paper gives a BMP selection aid tool based on a literature 

review of many public space projects designed with stormwater BMPs. BMPs are 

classified according to the land use and their position in the stormwater 

management train. The classification of BMPs proposed in the tool, and based on 

actually built project, is then compared to the BMPs selection guidelines found in 

the literature. It appears that, related to land use criteria for the selection of the 

appropriate BMP, the implementation of BMPs in developed projects is poorly 

correlated to the guidelines of the literature. 

Keywords: best management practices, land use criteria, literature guidelines, 

sustainable urban stormwater management. 
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1 Introduction 

Since a few decades, a new paradigm in urban stormwater management is 

translated into the integration of decentralized drainage management facilities 

trying to maintain the condition of drainage after development as closest as 

possible to the situation before development [1]. These measures are commonly 

referred as SUDs (sustainable drainage systems) [1], BMPs (best management 

practices) [2] or LID (low-impact development stormwater drainage systems) [3]. 

There are many BMPs that meet this new approach such as swale, bioretention 

garden, infiltration trench, green roof, stormwater trees, dry, wet and infiltration 

basins or permeable pavements. Many studies, guidelines and reports, such as [1, 

4–9], focussed on the design and performance of BMPs. 

     Selecting the appropriate BMPs for a development requires a fine appreciation 

of many decisive criteria. The opportunities and constraints of the site and the 

project have to be identified at the early stage of the selection process. BMPs may 

be selected according to a wide range of criteria regarding the land use 

characteristics, the site characteristics, the catchment characteristics, the quantity 

and quality performance requirements and the amenity, environmental, 

community and participation requirements. 

     Many studies classify the BMPs according to their quantity and quality 

performances (pollutant removal) related to the hydrologic processes active in the 

BMPs (storage, infiltration, evaporation) [1, 5, 7, 9–13, 14]. Other studies focus 

on the site constraints and characteristics (hydrogeology, soil features, slope, 

groundwater features) for selecting the most appropriate BMP [1, 4, 7, 11, 14]. A 

few studies consider the amenity, environmental and community requirements as 

relevant for the selection of BMPs, such as the ease of maintenance, the 

affordability and the safety [1, 7, 9, 11, 14]. The catchments characteristics or 

watershed factors are highlighted by many studies as criteria of selection for a 

BMP [1, 7, 9]. Finally, land use characteristics, developed in many studies [1, 4, 

6, 11–13, 15–17], are important to take into consideration while selecting a BMP. 

     Although BMPs are always presented as individual elements, they are often 

used in combination, forming a stormwater ‘management train’. The management 

train is composed by a BMP located at the source position, by a BMP located at 

the end position and by one or many BMPs located between the extreme positions. 

Some authors define the most adequate position of each BMP in the management 

train [4, 10, 12, 15, 18]. 

     This paper develops a BMP selection methodology based on a review of 288 

developed projects located worldwide. The scope of the paper is to give an 

overview of which BMP is used to be implemented, in which specific public space 

and at which position in the management train. The land use is the only criterion 

activated in the analysis because this criterion is the first to be considered by 

architects, urban planners and local authorities. 

     Firstly, a projects and BMPs database is created revealing the BMPs used to be 

integrated in many public space projects. Secondly, based on the database, the 

paper analyses the correlation between the stormwater BMPs and their 

implementation in developed projects according to their implementation in public 
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compares the results of the analysis to a literature review of decision guidelines 

concerning the determination of which BMPs are best suited to the proposed land 

use. Comparisons show that the implementation of BMPs in developed projects is 

poorly correlated to the prescriptions of the literature. 

2 Method 

Our purpose is to study the integration of stormwater BMPs into public space 

projects. The author concentrates his study on eleven stormwater BMPs 

(stormwater trees, infiltration basin, wet basin, dry basin bioretention garden, 

swale, infiltration well, porous pavement, infiltration trench, storage roofs and 

green roofs) defined by Bruxelles Environnement [19, 20] and on five typologies 

of public spaces (roads, parking lots, residential areas, open spaces such as parks, 

sport areas, etc. and squares). 

2.1 Projects and BMPs database 

The author collects data from 288 projects worldwide from many studies, reports 

and existing database [7, 14, 21–31]. The International Stormwater BMP Database 

[24] furnishes the majority of the projects inventoried (183/288). Projects were 

selected according to their data concerning the BMPs and the public spaces 

typologies chosen for this study. 

     Data the author has collected concern the site of the project, the description of 

the BMPs management train and the costs of the drainage system (out of the scope 

for this paper). The information concerning the site are the name of the project, 

the spatial typology (among roads, parking lots, squares, open spaces or residential 

areas), the fact that the project is a new one or a retrofit one, the urban areas 

(urban/high density, sub-urban/low density or rural/sparse), the area of the 

watershed and the area of the BMPs. The information concerning the BMPs 

management train make references to the type, the volume of storage and the area 

for the BMP considered as a source, as a conveyance or as the end position in the 

management train. For the BMP located at the end position, the number of inflow 

points is mentioned, the distinction between the fact that the BMP is designed to 

bypass or to overflow is mentioned and the presence of an upstream treatment is 

mentioned. 

2.2 Literature summary of BMPs selection based on land use criteria 

Many studies or reports and urban planners and architects consider the land use as 

a primary criterion in order to select an adequate BMP for stormwater 

management. Land use reviewed in the literature concern the residential lots, the 

roads and highways, the rural areas, the high density or ultra-urban or commercial 

areas, the sidewalks, the parking lots and the open space areas (parks, sport and 

recreation areas, etc.). 

     Table 1 reports the most frequently appeared classification of many stormwater 

BMPs and the associated land use from many references [1, 4, 6, 8, 9, 13, 16, 17]. 
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the BMP is a good option for the land use; middle, i.e. the BMP is suitable for the 

land use; low, i.e. the BMP is suitable under certain conditions; (empty), i.e. the 

BMP is not suitable or not mentioned as suitable in the literature. 

Table 1:  Literature summary of compatibility between BMPs and land use. 
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Stormwater trees    + +  

Infiltration basin +/- - +/- +/- +  

Wet basin + - + +/- +  

Dry basin  - + -   

Bioretention garden +/- +/- +/- +/- + + 

Swale + +/- +/- +/- + + 

Infiltration well +/- +/- +/- -   

Porous pavement  +/- + + + + 

Infiltration trench +/- +/- +/- +/- + + 

Storing roof   +    

Green roof  +/- +    

+ = high compatibility (BMP is a good option); 

+/- = middle compatibility (BMP is suitable); 

– = low compatibility (BMP is suitable under conditions); 

(empty) = not compatible or not mentioned. 

 

     BMPs are also classified according to their most suited location in the 

management train (source, conveyance or end). The source position is the most 

upstream position in the management train, closest as where the rain falls. The end 

position is the most downstream position in the management train, before the 

outlet. A BMP located at the conveyance position aims to convey runoff from 

upstream to downstream. 

     Table 2 reports from many references [1, 4, 12, 15, 18, 32] the classification of 

some stormwater BMPs according to their location in the drainage management 

train, i.e. source, conveyance or end position. 

3 Results 

3.1 Analysis of the database 

Two statistical analysis, based on the frequency of occurrence and its attached 

standard deviation , of the database are produced. 
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 $!  Literature summary of suitable positions of BMPs in the drainage train. 

 Source Conveyance End 

Stormwater trees +   

Infiltration basin   +/- 

Wet basin +/-  + 

Dry basin +/-  + 

Bioretention garden +   

Swale  + +/- 

Infiltration well +  +/- 

Porous pavement + +/-  

Infiltration trench +/- +/-  

Storing roof +   

Green roof +   
+ = suitable; 

+/- = more or less suitable; 

(empty) = not suitable. 

 

     Firstly, for each public space typology, i.e. roads, parking lots, residential, open 

spaces and squares, BMPs are classified according to the frequency they are used 

in the projects database. Four levels of classification are employed to characterize 

the relevance of the use of the BMPs for the specific public space typology. The 

levels reveal the compatibility of the BMP with the land use and are established 

according to the standard deviation  of the frequency of use of the BMP, as 

follow: Level 1 reveals a high compatibility, i.e. the BMP is the most frequently 

used; Level 2 reveals a middle compatibility, i.e. the frequency of use of the BMP 

is higher than the standard deviation  and lower than the frequency of the most 

frequent BMP; Level 3 reveals a low compatibility, i.e. the frequency of use of the 

BMP is lower than the standard deviation  and higher than zero; Level 4 reveals 

that the BMP is not compatible, i.e. the BMP was never met in the database. 

     The analysis of the database shows that swales represent nearly one quarter of 

the BMPs used in roads public space projects. Porous pavement is the most 

frequently used BMP for parking lot projects. In residential public space projects, 

wet basins are the most frequently used BMP. One third of the BMPs used in open 

space projects are wet basins. Dry basins and wet basins are equally used for 

squares. Table 3 summarizes the results of the level of compatibility analysis of 

BMPs with specific public spaces, i.e. the land use, within developed projects. 

     The second analysis of the database concerns the frequently allocated position 

of the BMPs in the drainage management train. The level of compatibility, based 

on the standard deviation  of the frequency of use, is employed to classify the 

BMPs allocated to the source position, or the conveyance position or the end 

position in the management train. 

     Results show that nearly one half of the BMPs used as the most upstream 

position in the management train are porous pavements. Swales and porous 

pavements are widely used for conveyance in the management train. Wet basins 

are the most frequently used BMPs for the end control position. 
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 %!  Compatibility between BMPs and land use (based on developed 

projects). 

 Road Parking Residential Open space Square 

Stormwater trees -     

Infiltration basin - - - -  

Wet basin +/- +/- + + + 

Dry basin +/- - - +/- + 

Bioretention garden +/- +/- - - +/- 

Swale + +/- +/- +/- +/- 

Infiltration well - -   - 

Porous pavement +/- + +/-  +/- 

Infiltration trench +/- - - - - 

Storing roof   -  - 

Green roof   +/- -  
+ = high compatibility (most frequently used); 

+/- = middle compatibility (higher than the standard deviation); 

– = low compatibility (lower than the standard deviation, higher than zero); 

(empty) = not compatible or not mentioned (never used). 

 

     Table 4 summarizes the results of the classification of many stormwater BMPs 

according to their location in the management train. 

Table 4:  Adequate position of BMPs in the drainage management train (based 

on developed projects). 

 Source Conveyance End 

Stormwater trees -   

Infiltration basin   - 

Wet basin   + 

Dry basin   +/- 

Bioretention garden +/- - +/- 

Swale - + +/- 

Infiltration well  - - 

Porous pavement + +/- - 

Infiltration trench - - - 

Storing roof -   

Green roof +/-  - 
+ = high adequacy (most frequently used); 

+/- = middle adequacy (higher than the standard deviation); 

– = low adequacy (lower than the standard deviation, higher than zero); 

(empty) = not adequate (never used). 
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3&' Comparison between guidelines and developed projects 

Two comparisons are proceeded, in order to verify if the BMPs guidelines and 

selection tools encountered in the literature are useful when designing public space 

projects with BMP. 

     In both comparisons, symbols used to notify the compatibility of the BMP ‘+’, 

‘+/-’, ‘-’ and ‘(empty)’ in Tables 1 to 4 are translated into numeric value, as follow: 

(empty) = 1; - = 2; +/- = 3 and + = 4. By this way, we may calculate the relative 

bias (RB) between the data of the guidelines and the data of the developed projects; 

i.e. between Tables 1 and 2 and Tables 3 and 4. RB is expressed as a percentage 

representing the difference of evaluation between an experimented variable Xexp 

and a reference variable Xref. 

                                                    (1) 

     In our comparisons, the experiment variable represents the results of the 

analysis of the database (Tables 3 and 4) and the reference variable represents the 

results of the summary of the literature review (Tables 1 and 2). 

     For example, if a BMP receives the symbol ‘+’, i.e. the value 4 in the numeric 

system, for the compatibility with a particular land use in the literature review and 

receives the symbol ‘-’ , i.e. the value 2 in the numeric system, according to the 

analysis of developed projects, . A negative relative bias 

means that the BMP is underused in the developed projects than it is advised in 

the guidelines. A positive relative bias means that the BMP is overused in the 

developed projects than it is advised in the guidelines. A null relative bias means 

that the BMP is equally used in the developed projects than it is advised in the 

BMP. 

     Based on the numerical values of the correlated symbols in Tables 1–4, the 

authors evaluates the coefficient of linear correlation R between the results of the 

analysis of the database and the guidelines of the literature review. 

                                                       (2) 

     As expressed in eqn (2), the coefficient or linear correlation R is the covariance 

between two vectors X and Y divided by the multiplication of the standard 

deviation of both vectors. In both comparisons realized in this section, X 

represents the results of the analysis of the database (Tables 3–4) and Y represents 

the results of the literature review (Tables 1–2). 

     The first comparison is between Table 1 and Table 3 and concerns the 

implementation of BMPs according to the land use. 

     Figure 1 shows that regarding road projects, the implementation of infiltration 

wells, s and wet basins (and of course storing and green roofs) follows the 

recommendation of the guidelines (RB = 0%). Stormwater trees, infiltration basins 

and porous pavements are less implemented in developed projects than 

recommended in guidelines (RB < 0%). Dry basins and swales are more 

implemented than expected in guidelines (RB > 0%). 
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Figure 1: Relative bias of compatibility of BMPs with roads between guidelines 

and developed projects. 

     Figure 2 shows that regarding parking lot projects, the implementation of 

porous pavements and stormwater trees (and of course green and storing roofs) 

follows the recommendation of the guidelines (RB = 0%). Bioretention gardens, 

swales and infiltration trenches are less implemented in developed projects than 

recommended in guidelines (RB < 0%). Dry, wet and infiltration basins and 

infiltration wells are more implemented than expected in guidelines (RB > 0%). 

 

 

Figure 2: Relative bias of compatibility of BMPs with parking lots between 

guidelines and developed projects. 

     Figure 3 shows that regarding residential projects, the implementation of 

swales, wet basins and stormwater trees follows the recommendation of the 

guidelines (RB = 0%). All other BMPs are less implemented in developed projects 

than recommended in guidelines (RB < 0%). 

     Figure 4 shows that regarding open space projects, the implementation of 

storing roofs, infiltration wells and wet basins follows the recommendation of the 

guidelines (RB = 0%). Infiltration trenches, porous pavements, swales, 

bioretention gardens, infiltration basins and stormwater trees are less implemented 

in developed projects than recommended in guidelines (RB < 0%). Green roofs 

and dry basins are more implemented than expected in guidelines (RB > 0%). 

     Table 5 gives the coefficient of linear correlation R between the developed 

projects and the literature regarding the land use criteria. 
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Figure 3: Relative bias of compatibility of BMPs with residential projects 

between guidelines and developed projects. 

 

 

Figure 4: Relative bias of compatibility of BMPs with open space projects 

between guidelines and developed projects. 

 

Table 5:  Correlation between the implementation of BMPs in developed projects 

and the selection guidelines of BMPs, based on land use criteria. 

Land use R 

Roads 0.55 

Parking lots 0.6 

Residential areas 0.58 

Open spaces 0.18 

 

     Table 5 reveals that, concerning open space land use, the implementation of 

BMPs in developed projects is positively but very poorly correlated (R < 0.2) to 

the recommendations of the literature guidelines. Otherwise, concerning roads, 

parking lots and residential areas land use, the implementation of BMPs in 

developed projects is positively and relatively well correlated (R  0.5) to the 

recommendations of the literature guidelines. 
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location of the BMPs in the management train. 

     Figure 5 shows that regarding the source control position in the management 

train, the implementation of infiltration basins and porous pavements follows the 

recommendation of the guidelines (RB = 0%). Stormwater trees, wet and dry 

basins, bioretention gardens, infiltration wells, infiltration trenches, storing and 

green roofs are less implemented in developed projects than recommended in 

guidelines (RB < 0%). Swales are more implemented than expected in guidelines 

(RB > 0%). 

 

 

 

Figure 5: Relative bias between guidelines and developed projects regarding 

the source control position of BMPs in the management train. 

     Figure 6 shows that regarding the conveyance control position in the 

management train, the implementation of all BMPs follows the recommendation 

of the guidelines (RB = 0%), excepted for the bioretention gardens, the infiltration 

wells and the infiltration trenches. Infiltration trenches are less implemented in 

developed projects than recommended in guidelines (RB < 0%). Bioretention 

gardens and infiltration wells are more implemented than expected in guidelines 

(RB > 0%). 

 

 

 

Figure 6: Relative bias between guidelines and developed projects regarding 

the conveyance control position of BMPs in the management train. 
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the implementation of stormwater trees, wet basins, swales and storing roofs 

follows the recommendation of the guidelines (RB = 0%). Infiltration and dry 

basins and infiltration wells are less implemented in developed projects than 

recommended in guidelines (RB < 0%). Bioretention gardens, porous pavements, 

infiltration trenches and green roofs are more implemented than expected in 

guidelines (RB > 0%). 

 

 

 

Figure 7: Relative bias between guidelines and developed projects regarding 

the end control position of BMPs in the management train. 

     The coefficient of linear correlation is calculated for each location in the 

management train, considering the level of compatibility of all BMPs in the 

evaluation. Table 6 gives the coefficient of linear correlation R between the 

developed projects and the literature regarding the position criterion. 

 

Table 6:  Correlation between the drainage location of BMPs in developed 

projects and the selection guidelines of BMPs, based on land use 

criteria. 

Land use R 

Source 0.39 

Conveyance 0.80 

End 0.60 

 

     Table 6 reveals that, concerning the source position, the implementation of 

BMPs in developed projects is positively but poorly correlated (R < 0.5) to the 

recommendations of the guidelines. Concerning the end position, the 

implementation of BMPs in developed projects is positively and relatively 

strongly correlated (R  0.5) to the recommendations of the guidelines. Finally, 

concerning the conveyance position the implementation of BMPs in developed 

projects is positively and strongly correlated (R  0.8) to the recommendations of 

the guidelines. 
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d Discussion 

The selection of the most adequate stormwater best management practice to a 

specific public space project requires to take into consideration lots of criteria. 

Among these criteria, the land use criterion is directly related to the design process. 

     Many publications (articles, reports or manuals) give recommendations and 

guidelines for the selection of a BMP regarding the land use criteria and the 

projected public space. The paper gives a summary of the literature review for the 

selection of the most appropriate BMP for roads, parking lots, residential areas, 

open spaces and squares projects. Often, a BMP is not implemented alone but it is 

incorporated into a stormwater management train. The position of the BMP within 

the management train depends on its quantity and quality control characteristics. 

The paper gives a summary of the literature review for the most suitable position 

of a BMP in a stormwater management train. 

     The analysis of a project and BMPs database, based on 288 worldwide projects 

of public spaces implementing BMPs, reveals that swales are the most frequently 

used BMPs for road projects; porous pavement is the most frequently used BMP 

for parking lots and wet basin is the most frequently used BMP for residential 

areas, open spaces and square projects. Moreover, the analysis of the database 

shows that wet, dry or infiltration basins are widely used in developed projects as 

end control position facilities in the management train. Swales and porous 

pavements are mainly implemented as conveyance BMPs. Porous pavements, 

bioretention gardens and green roofs are mostly located as source control BMPs 

in the management train. 

     It appears that the implementation of BMPs in developed projects is poorly 

correlated to the recommendations of the literature guidelines; except for the 

correlation for the conveyance BMPs for which the selection of the BMPs in 

developed projects are highly correlated to the literature review. This result means 

that, based on land use criteria, implementing BMPs in actual developed projects 

differs from the selection process expressed in the literature. 

     This difference between the literature and the actual projects may come from 

the fact that this paper focuses only on the land use criteria. Still keeping the 

method proposed in this paper, a further research should reveal the correlation 

between the guidelines and the developed projects considering the whole spectra 

of criteria (land use characteristics, catchment characteristics, site characteristics, 

quantity and quality performance requirements and amenity, environmental, 

community and participation requirements). 
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