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Extended Abstract 

Introduction 
Urban areas in cold regions with extended periods of snow cover accumulate significant amounts of precipitation 
which are later released as snowmelt runoff during relatively short periods. A considerable amount of this runoff 
is usually conveyed through the urban drainage system to the receiving surface waters, as the infiltration capacity 
of pervious areas is likely to be reduced in frozen soils. Thus, rainfall during snowmelt periods imposes 
additional hydraulic loading on the drainage system. 

Runoff volumes and pollutant loads released during snowmelt are significant, and some authors (e.g. Matheussen 
2004) also identified high runoff peaks as primary causes of combined sewer overflows or even flooding, 
particularly during rain-on-snow events. Changes of snowpacks and rainfall characteristics as a consequence of 
climate change might increase the likelihood and/or severity of such rain-on-snow events. Snow management by 
removal from roads and other surfaces, and storage elsewhere, in or outside the catchment, has a major effect on 
the spatial distribution of the catchment snowpack, and might therefore also be used to mitigate potential risks 
during snowmelt periods. Therefore, there is great interest in investigation of snowmelt runoff and rain-on-snow 
events. 

Some indications of maximum daily snowmelt rates for different Swedish cities and geographical regions are 
given in the Swedish guideline P110 for dimensioning sewer systems (SWWA 2014). Rain-on snow events, 
however, are not addressed in the guideline, as maximum runoff peaks are expected during summer storms. 

Assessment of discharges into the receiving waters or flood risks during snowmelt and rain-on-snow events 
requires investigations on the scale of the urban area, or a (sub-)catchment, preferably using a suitable simulation 
model. However, only a few studies (Valeo & Ho 2004; Matheussen 2004; Heineman et al. 2010) have been so 
far published on this scale. This might be related to the lack of suitable modelling tools, as highlighted in a 
recent review by Moghadas et al. (2015). On the scale of an urban catchment, factors influencing the snowmelt 
(as modifications of snow properties, shape of the snowpacks, additional energy inputs from buildings) are 
difficult to quantify. Furthermore, full energy balance models, even though in principle capable of describing the 
relevant processes, require large amounts of input data, which is rarely available. 

In this work, we present an approach to model the total runoff during rain-on-snow events for different scenarios 
on the catchment scale. The City of Kiruna in Northern Sweden (67.9° N, 20.2° E) is used as a case study site. 

Materials and methods 
The study catchment has an area of 1,372 ha with an estimated imperviousness of 15.7%. The storm sewer 
system drains through 23 storm sewer outfalls discharging into a small receiving water body (The Luossajoki 
river). Snow cover in Kiruna lasts from mid-October till mid-May. The municipality uses four snow storage 
sites, three of which are located outside the catchment. The maximum daily snowmelt rate according to the P110 
guideline is 31.5 mm/day (SWWA 2014). 

The meteorological data from Kiruna is only available in a low temporal resolution and thus unsuitable to be 
used as a model input. 15-minute rainfall and temperature data from weather stations in the surrounding region 
were thus analysed and a set of rainfall events was selected to be used in modelling. These represent rather large 
rainfall events observed during the main melting period (end of April till mid-May). Meteorological data was 
also used to analyse the frequency of the joint occurrence of snowmelt and significant rainfall events. 

The catchment is represented in the semi-distributed urban drainage model EPA SWMM Version 5 (Rossman 
2010), which also includes a snowmelt routine. The latter combines the conceptual temperature index method for 
dry (no rain) periods and a simplified energy balance method during rain. 
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To eliminate uncertainties related to the build-up of the snow pack, the model was applied for the main melting 
period only. The initial snow cover depth was estimated from actual measured data. Different snow management 
measures in various parts of the city were accounted for by categorizing sub-catchments on the basis of their 
main land use as residential or commercial areas. Different snow packs were then assigned to each category. The 
parameters affecting snowmelt, i.e. the melt coefficients in the temperature index method, were adopted from 
literature (Valeo & Ho 2004; Heineman et al. 2010) and chosen to account for typical snow properties during the 
melting period. An approximate verification was achieved by simulating entire melting periods and comparing 
the end of the modelled snow cover period to data from actual snow depth measurements. 

To account for different snow and soil conditions, a set of three simulation scenarios was defined: A high 
(180 mm) and low (10 mm) initial snow water equivalent (SWE) represented different dates, i.e. early and late in 
the main melting period. They were combined with medium and low infiltration capacities, mimicking different 
soil moisture conditions at the onset of freezing before winter. 

Results and discussion 
The frequency analysis of daily precipitation data from Kiruna shows that maximum daily rainfall depths during 
the snowmelt period are considerably smaller than the annual maxima. This is illustrated in Figure 1 showing the 
distribution of the annual maxima of daily precipitation during the average snowmelt period with a fitted 
Gumbel distribution. For comparison, both the empirical and theoretical distributions of the annual maximum 
daily precipitations are also shown. Furthermore the analysis showed that combinations of high rainfalls and 
elevated temperatures are rather unlikely during the snowmelt period, and that the larger rainfalls tend to occur 
towards the end of the melting period. 
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Figure 1: Empirical and theoretical distributions of annual maximum daily rainfall depths in Kiruna: annual 
maxima and annual maxima-during-the-snowmelt-period (SMP). 

The model results suggest that the snow cover storage capacity is more influential with respect to runoff volumes 
than the infiltration capacity. The latter has, however, also a significant effect. Figure 2 shows exemplarily 
results for a 38.4 mm rainfall event and a combination of 10 mm initial SWE and low infiltration capacity. As 
can be seen, the rainfall virtually removes all the remaining snow cover. The total surface runoff volume is 42.1 
mm. With an initial SWE of 180 mm, the total simulated surface runoff for the same event was 30 mm; it 
reduced to 25.9 mm when combining 180 mm initial SWE with a medium infiltration capacity. 

With regard to the distribution in Figure 1, the larger events among those selected (for example in Figure 2) 
exhibited low frequencies of occurrence. The simulated runoff volume also exceeded the maximum snowmelt 
runoff listed in the Swedish guideline P110. Surcharged pipes and flooded nodes were noted in most of the 
simulations. However, as these results are very case specific and the model is not calibrated, they should be 
interpreted just as indications that rain-on-snow events can cause runoff flows exceeding the capacity of the 
urban drainage system. 
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Figure 2: Time series of rainfall, air temperature, snow water equivalent (SWE), and total catchment runoff and 
outflow for one of the selected rain-on-snow events (This scenario combines 10 mm initial SWE, with a low 
infiltration capacity). 

Conclusions 
• Mathematical modelling of snowmelt and rain-on-snow events in urban catchments requires a lot of 

input data which is rarely available for practical applications. An approach to develop plausible 
scenarios was therefore applied. The scenarios represented different combinations of snow cover, soil 
conditions, and rainfall, considering the seasonal pattern of precipitation. 

• Depending on the snow cover depth, it may either store or release liquid precipitation, thus increasing 
surface runoff in the latter case. 

• In the presented case study, the capacity of the urban drainage system may be exceeded during rain-on 
snow events, under adverse initial and antecedent conditions. These are likely to occur at the end of the 
melting season. 
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