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Climate Change: Global precipitation - NCAR 
model – MODERATE gas emission (IPCC)
https://carbonocracy.com/tag/climate-change/

Overpopulation

Potential vulnerability to climate change
http://www.finanzen.net/nachricht/fonds/Schroders-Climate-change-and-the-global-
economy-regional-effects-4448154

Environmental threat–
Waste water
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Projection of population in urbanized areas in 2050
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Industrialization and urbanization
• Modifications of the (land) surface

• vegetation clearing, 
• soil compaction, 
• ditching and draining, and
• covering the land surface with impervious roofs and roads. 

• Effects on processes affecting runoff (discharge)
• Surface water volume runoff increases due to precipitation increase;
• Time to peak and concentration time is shorter – the runoff process speeds up;
• Peak flow increases; 
• In the low flow period runoff decreases due to poor groundwater recharge;
• Surface water bodies quality decays due to wastewater- water temperature and 

pollutant concentration increase.
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• ‘Beginning ’: introduction of bioretention technology in Prince George's
County, Maryland, U.S.A. in the mid-1980s. 
• Initial steps: 

• Bioretention – removal of sediments and pollutants
(bioretention cells = raingardens)

• Green roofs
• Pervious (porous) pavements
• Grassed swales

• Continued:
• Tree box planters
• Disconnected downspouts

• Low Impact Development (LID)
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Text 
Low Impact 
Development (LID)

Sustainable Drainage 
Systems (SuDS, SUDS)

Water Sensitive Urban 
Design (WSUD)

Integrated 
Stormwater 
Management 
(ISWM)

Techniques 
Alternatives

Best Management 
Practice (BMP)

Urban stormwater management solutions/approaches
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Traditional vs. modern

Connect vs. disconnect
Large pipes vs. small pipes

Dispose vs. reuse
Far away vs. locally

Centralized vs. decentralized
* * *

Grey vs. green
Hard vs. soft
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Water balance
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WSUD objectives
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Planning

http://www.netregs.org.uk/library_of_topics/water/sustainable_urban_
drain_system/what_are_suds.aspx

Dickie, S, McKay, G, Ions, L, Shaffer, P (2010) Planning for SuDS – making 
it happen, C687, CIRIA, London (ISBN: 978-0-86017-687-9). 
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Key Measures in the system
1. Infiltration
2. Conveyance
3. Retention/Storage
4. Reuse

http://www.lifegreensystems.com/fast-sustainable-solutions-for-urban-flash-
flooding-control-and-solutions-for-water-logging-problems-in-industries-by-
life-green-systems/
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Role and function of WSUD elements

https://www.environment.gov.au/system/files/resources/1873905a-f5b7-4e3c-8f45-0259a32a94b1/files/wsud-guidelines.pdf
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Option evaluation – providing guidance to designers on how to 
evaluate a range of potential options.

Option assessment – providing guidance to a consent authority on 
how to evaluate a specific proposal submitted by a developer.

Evaluation perspective
• Key physical characteristics affecting stormwater management

(climate, geology and soils, groundwater, geomorphology);
• Water volume estimation, Measures and applications selection;
• Operational risks (public health, safety, environment)

• Element failure
• Site and design considerations, limitations, sizing of elements
https://www.environment.gov.au/system/files/resources/1873905a-f5b7-4e3c-8f45-0259a32a94b1/files/wsud-guidelines.pdf
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Site considerations

https://www.environment.gov.au/system/files/resources/1873905a-f5b7-4e3c-8f45-0259a32a94b1/files/wsud-guidelines.pdf
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Site constraints

https://www.environment.gov.au/system/files/resources/1873905a-f5b7-4e3c-8f45-0259a32a94b1/files/wsud-guidelines.pdf



Urban runoff modelling
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Drain capacity in stormwater drainage model

Despotović J. (2009) Stormwater drainage. University of Belgrade, Faculty of Civil Engineering. p.235

A storm drain,
storm sewer (US),
surface water drain/sewer (UK),
stormwater drain
(Australia and New Zealand), 
or simply a drain.
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EPA SWMM
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EPA SWMM – Atmospheric and climatological data 

Curricula innovation in climate-smart urban development based 
on green and energy efficiency with the non-academic sector www.smartwb.ucg.ac.me

Rainfall data

Realistic rain gauge(s)
Input hytograph definition

Event-based
Gauged rainfall
Design rainfall

Long-term simulations

2016 – Add-in Tool for climate projections –
The SWMM Climate Adaptation Tool
(SWMM-CAT) = monthly adjustment factors
for climate-related variables at the location
of interest

Rossman, L. SWMM-CAT User’s Guide. U.S. EPA Office of 
Research and Development, Washington, DC, EPA/600/R-
14/428, 2014

Ireland (SUDS)
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Catchment and subcatchments

Subcatchment definition
Outlet point (a node of the drainage network or
another subcatchment)
Structure boundaries
Terrain characteristics – elevation

Defining runoff conditions
Hydraulic roughness (surface)
A share of pervious and impervious surfaces
Slopes
Connection to surroundings
Soil (land) characteristics
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LID elements

No
.

LID Element

1 Bio-Retention cell
2 Rain garden
3 Green roof
4 Permeable pavement
5 Infiltration trench
6 Rain barrel
7 Roof disconnection
8 Vegetative swale
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LID elements

No
.

LID Element

1 Bio-Retention cell
2 Rain garden
3 Green roof
4 Permeable pavement
5 Infiltration trench
6 Rain barrel
7 Roof disconnection
8 Vegetative swale



LID elements (controls) in SWMM
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• Concept: layer combination
• Characterics per unit area – typization option
• Layers:

• Surface – ground (or pavement)
– receives direct rainfall and runon from upstream land areas,
– stores excess inflow in depression storage, 
– generates surface outflow that either enters the drainage system or flows onto 

downstream land areas. 
• Pavement

– porous concrete or asphalt used in continuous permeable pavement systems
– the paver blocks and filler material used in modular systems. 



LID elements (controls) in SWMM
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• Layers (cont’d):
• Soil – the engineered soil mixture in:

– Bio-retention cells – to support vegetative growth
– Pavement – a sand layer placed beneath a pavement layer to provide bedding and filtration.

• Storage – a bed of crushed rock or gravel in:
– bio-retention cells, 
– porous pavement,  
– infiltration trench systems
– a rain barrel (the barrel itself)
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Projektovanje/analiza sistema

• Layers (cont’d):
• Drain system – conveys water out of the gravel storage layer into a common 

outlet pipe or chamber:
– In bio-retention cells, permeable pavement systems, and infiltration trenches (typically 

with slotted pipes). 
– In rain barrels - the drain valve at the bottom.
– In rooftop disconnection- the roof gutter and downspout system.

• Drainage mat – a mat or plate
– Green roof - placed between the soil media and the roof 
to convey any water that drains through the soil layer off of the roof.
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Layers used to model different types of LID units

x - required, o - optional
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Important considerations for the performance of LID elements

• Evaporation of stored water is calculted for all LID elements (except for rain barrels) due to 
some amount of rainfall/runoff storage.

• Infiltration into native soil occurs in vegetative swales . 
– Additionally, if these systems do not employ an optional impermeable bottom liner:

» bio-retention cells, 
» rain gardens, 
» permeable pavement systems, and
» infiltration trenches. 

• Reduced hydraulic conductivity over time in infiltration trenches and permeable pavement
due to clogging (proportional to the cumulative hydraulic loading ).
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The performance of the LID controls placed in a subcatchment

– LID Performance Summary - an overall water balance for each LID control placed in each 
subcatchment (mm):

• total inflow, 
• infiltration, 
• evaporation, 
• surface runoff,
• drain flow and 
• initial and final stored volumes

– Optionally, the entire time series of flux rates and moisture levels for a selected LID control in a 
given subcatchment (txt file).



The cost of conventional and LID approaches
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EPA LID study (2009)

https://www3.epa.gov/region1/npdes/stormwater/assets/pdfs/
AddressingBarrier2LID.pdf



The design and evaluation tools
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Example: Seestadt Aspern, Vienna, Austria
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Example: Benthemplein Watersquare, Rotterdam, Netherlands
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‘Conclusion ’ 
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NbS focused on urban water cycle:

1. Interdisciplinary approach is necessary.

2. Standards and guidelines are available worldwide.

3. Free Tools and software exist.

4. Data availability still critical for many countries/regions.

5. Specialized Courses offered.

6. Prefabricated elements available.

7. Substantial scientific evidence about NbS benefits.



Questions?
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Thank you!

borislava.blagojevic@gaf.ni.ac.rs 

UNI Niš, Serbia
Faculty of Civ.Eng. & Arch. 
Preliminary design: Vojislav Nikolić


