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Highlights 
• Using simple urban form to explore temporal and spatial flow and pollution dynamics 
• Robust and accurate flow model with effective impervious factor as a parameter 
• Flow-correlated pollutants well estimated, while nitrogen needs point-source method  

 

Introduction 
In the fast-changing world of today it is becoming increasingly difficult to predict uncertain future of urban 
water management. While significant work has been done in trying to model future climate change using 
long historical rainfall records (Nguyen et al., 2020), stormwater pollution prediction has been lacking, due 
to highly dynamic and fast changes in urban form, land-use and human activities in urban catchments (i.e. 
city development). Apart from simple mapping tools of potential hazards from diffuse pollution (Mitchell, 
2005), currently there are no models that can explore the impact of urban planning strategies on water 
pollution emissions at multitude of spatial and temporal scales.    
 
The complex nature of future city planning needs to account for multitude of stakeholders with different 
priorities, so tools that are addressing this problem need to be flexible, offering multiple scenarios for pre-
set criteria. To accomplish this, in a reasonable time, tools and models within need to be fast and usually 
simplify urban form, keeping relatively high level of model reliability. Recently, a novel tool has been 
proposed called UrbanBEATS, which utilizes a spatial urban planning model which uses abstract urban form 
characteristics for existing and new areas (Bach et al., 2018). This is done with high accuracy and limited input 
data, including common maps such as land-use, elevation and population density. However, while it explores 
future urban development well, currently it does not offer water flow and pollution transport. While water 
and pollution transport models in urbanized catchments have been either very detailed, accounting for most 
processes and requiring significant input data (Mannina and Viviani, 2010), or end-of-catchment, ignoring 
pollution distributions and changes throughout the catchment (McCarthy et al., 2011), if we want to model 
the behaviour of future cities, simplified models are needed which can accurately predict water and pollution 
transport throughout the catchment spatially and dynamically, without the need for significant input data.  
 
The aim of this work is to present on a novel flow and pollution transport models, which utilizes previously 
developed urban planning model to describe changes in distributed pollution. The conceptual model is 
presented with, calibration and sensitivity analysis of both hydrological (flow) and distributed (rainfall runoff) 
pollution models highlighted in the results, suggesting future development directions. 
 

Methodology 
Catchment characteristics 
Flow and pollution models have been applied and calibrated on the Upper Dandenong Catchment in 
Melbourne, Australia. The catchment area is approximately 8062 ha, with a mix of residential, commercial, 
industrial and green spaces. Measurement campaign for model calibration and validation has been done at 
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three different sites across the catchment, capturing areas that have dominant residential, industrial and 
mixed land-use, with final site at the lowest end of the catchment. Detailed, 6-minute measurements have 
been conducted for flow and rainfall, with continuous water quality sampling during rain events. Water 
quality is presented for total suspended solids (TSS), total nitrogen (TN) and a number of heavy metals. 
 
Model characterisation 
Flow and pollution models are designed to couple outputs of UrbanBEATS tool with EPA’s Storm Water 
Management Model (SWMM) (US EPA, 2015). Using land-use, population and elevation maps UrbanBEATS 
delineates catchment into 500x500m blocks (25ha) which contain averaged information on land-use 
percentage, impervious percentage, and slopes and flow direction (Fig. 1). These blocks are regarded as sub-
catchments in the SWMM model, which receive rainfall and cause runoff following Manning’s equation. Due 
to simplified nature of the model, and its need to be fast and robust, pits and pipes are not introduced, 
instead upstream sub-catchment (block B1 in Fig. 1) creates runoff onto the virtual copy of next downstream 
sub-catchment (block B2-virtual). These virtual blocks replace the non-existing drainage system, and they 
retain original blocks slope and size, but are 100% impervious and do not receive any rainfall or contribute 
to pollution accumulation. To account for disconnected impervious areas, during calibration of the flow 
model, in addition to sub-catchment depression storage, Manning’s coefficient and infiltration rate, effective 
impervious factor (EIF) was added, which presents a percentage of impervious area of the block which is 
directly connected to drainage. Water quality model is using SWMM’s pollution algorithm with linear buildup, 
with rate and power constant as calibration parameters, and exponential washoff function with washoff 
coefficient and exponent as calibration parameters (US EPA, 2015). Additional stochastic algorithm was 
implemented to account for point-source pollution, generated by human activities across different land uses. 
Water quality has been calibrated independently for each land-use using corresponding sub-catchments. The 
calibration results for the pollution model have been assessed for mixed residential/commercial and industry 
land-use, across different pollutants. All calibration optimisation has been done using Monte-Carlo approach 
with 10,000 simulations using Nash-Sutcliffe as a criterium function.  
 

 
Figure 1. Upper Dandenong Catchment with UrbanBEATS delineated block (right) and conceptual model water pathways (left) 

Results and discussion 
Flow model: The results of calibration show good fit between measured and modeled data with Nash-
Sutcliffe coefficient, E = 0.75 (Fig. 2), over 5-month continuous rainfall data set. This suggest that, even though 
this model represents simplified reality, it can predict rainfall runoff with high degree of confidence. 
Generally, model tends to slightly underestimate high-flow peaks, however, dynamics of short-intense and 
long-small rainfalls are well represented. Additionally, calibrated parameter values on the entire catchment 
(estimated at the lowest point of the Upper Dandenong catchment) were validated on three other smaller 
sub-catchments (where measurements were available) giving average E value of 0.73 (across 5-month rainfall 
series). This suggests that model predicts both spatial and temporal flow dynamics in this complex catchment. 
The results of parameter sensitivity of the model show only two sensitive parameters, with effective 
impervious factor (EIF) being catchment dependent (as seen in other studies, e.g. McCarthy et al. (2011)), 
while Manning’s coefficient of impervious surfaces (n_imp) showing low sensitivity to values below 0.005. 
This was expected since model utilizes entire block width for the runoff which would result in low velocities 
under higher coefficient values. Hence, the model has only one sensitive calibration parameter, EIF. 
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Figure 2. Flow model calibration results presented with extracted flow and rainfall events from a continuous series (right) and 
parameter sensitivity analysis (left)  

Pollution model: Generally, for TSS high calibration coefficients were found with E values around 0.74 (event-
based calibration), showing that TSS accumulation is well represented with linear buildup model, while TSS 
transport in the catchment positively correlates with catchment flow. Similar was found for major heavy 
metals iron, lead, manganese and zinc, which have been previously shown to have high correlation with TSS 
buildup (Shi et al., 2019). Nitrogen concentrations showed low E values (E=-2.7) across event-based 
calibration, but daily average concentrations highlighted a good model fit. The source of nitrogen in 
urbanized catchments are time-varied and often come from point-source polluters such as leaking septic 
tanks, cross-connections and emergency sewer overflows which time of occurrence stochastic model 
component cannot accurately predict, but daily average is targeted. Sensitivity analysis of model parameters 
showed sensitivity of buildup rate constant (KB), and both washoff parameters (Kw and Nw).  
 

Conclusions and future work 
This work highlighted calibration and sensitivity analysis of the new flow and pollution model, which utilizes 
simple catchment urban form (land-use, population, elevation) to explore temporal and spatial flow and 
pollution dynamics. While flow model with only one significant calibration parameter (EIF) achieved matched 
well with measured values in a continuous rainfall simulation, pollution model was more variable, with TSS 
and heavy metals showing high model efficiency, TN was not predicted well. This points to the future work 
needed to enhance the model, with the introduction of stochastic component which can simulate point-
source pollution in the catchment. Model will be validated on other catchments and different land-uses.  
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