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ABSTRACT 
Stormwater is often discharged to receiving waters without any treatment. However, treat-
ment facilities are developed and are increasing in frequency but the question how to priori-
tise which discharges that should be treated still remains. The objective of this paper was to 
test a multicriteria analysis (MCA) method to be able to prioritise the need of stormwater 
treatment for different kind of stormwater discharges, where the quantity and quality of the 
stormwater as well as the status of the receiving water were considered. The study was con-
ducted as a case study where lakes of different status were selected and assumed to be receiv-
ing waters for two types of stormwater discharges. A linear additive MCA method was ap-
plied. Four indicators were selected and ranked by a reference group: Discharged quantities 
of pollutants, Maximum depth of lake, Water retention time of lake and Concentrations of 
discharged pollutants. The tested MCA method showed potential to be further developed and 
exemplified how negative impacts from stormwater discharges could be compensated for. 
The analysis also indicated which specific pollutants were most urgent to handle. However, 
the compensatory criteria may be too simplified and should be developed further. 
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INTRODUCTION 
Different kind of treatment facilities are increasing in frequency, used to lower the impacts of 
the stormwater on the receiving waters. In Sweden, there are no national regulations concern-
ing stormwater treatment but local recommendations have been developed locally and are 
based on criteria such as the traffic loads in an area or the land use in the area. The municipal-
ity of Stockholm has made an attempt to consider the quality of the receiving water when de-
termining which storm water discharges that need to be treated. However, none of the exist-
ing recommendations consider more than one aspect to determine whether the storm water 
needs to be treated or not. Therefore an approach is needed where the stormwater quality is 
related to receiving water status. Multi criteria analyses (MCA) have been used in the storm-
water context (e.g. Ellis, 2006; Martin, 2007), but not concerning evaluation of storm water 
discharges in relation to receiving water status.  
 
The objective of this paper was to test a multi criteria analysis method to be able to prioritise 
the need of stormwater treatment for different kind of stormwater discharges, where the quan-
tity and quality of the stormwater as well as the status of the receiving water were considered. 
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METHOD 
The study was conducted as a case study where three lakes of different status in Stockholm 
region were selected and assumed to be receiving water for two types of storm water dis-
charges, one from an industrial area and one from a newly built residential area. 
 
The multi criteria analysis method and selected criteria and indicators  
A linear additive MCA method was applied in this study where stormwater pollutant dis-
charges were assessed in relation to selected criteria representing both the status of the lakes 
and the stormwater. The selected method is a compensation MCA method (Dogson et al., 
2009) which means that low grades for one indicator can be compensated by high grades for 
another indicator. 
 
A reference group consisting of two limnologists, one chemist and one engineer at Stockholm 
Vatten AB and one ecologist at the municipality of Stockholm contributed to the study by 
choosing and ranking the criteria and indicators. 
 
Receiving water status and Quality of stormwater discharge were the two main criteria iden-
tified for the MCA. Two indicators were chosen for the criterion Receiving water status: Wa-
ter retention time of lake and Maximum depth of lake, since these have shown to have large 
impacts on the water quality (SEPA, 2007). For the criterion Quality of stormwater dis-
charge, Discharged quantities of pollutant (P, Cu, Pb, Cd and Zn) was selected as indicators 
since these can be related to eco-toxicity in the long term perspective. For short term toxicity, 
the concentration of the discharged pollutant is more relevant (Tuccillo, 2006), and therefore 
Concentration of discharged pollutant (Cu, Pb, Cd and Zn) was selected. Concentration of 
Phosphorus (P) was not included for the latter indicator since P seldom influences the direct 
toxicity of natural waters. 
 
Ranking and weighting the indicators 
The selected indicators were ranked by the reference group. The indicator Discharged quan-
tities of pollutants was considered most important for the receiving water status, followed by 
Maximum depth of lake, Water retention time of lake and Concentrations of discharged pollu-
tants. These indicators were then weighted according to the Rank Order Centroid (ROC) 
method (Dodgson, 2009) resulting in fixed weights, representing most important to least im-
portant. 
 
Scales for the indicators 
The grades of the indicators were based on a scale (1-5) where grade 1 represented the most 
negative effect on the receiving water status (very negatively affected) and grade 5 the most 
positive effect on the water status (very positively affected). Grade 3 represented the case 
were the receiving water status was maintained. 
 
Water retention time of lake. To minimize the effects of metal pollution loads on the receiv-
ing water, a long water retention time of the lake was assumed to positively affect the receiv-
ing water quality status since sedimentation of particle bound pollutants is facilitated by long 
retention times, decreasing the metal concentrations in the water body. Based on that, a scale 
for Water retention time of lake related to metal pollutants was derived where grade 1 was 
defined as very short retention time (<0.2 years), grade 5 was very long retention time (>3 
years) and grade 3 was defined as medium long retention time (0.5-1 years).  
 



13th International Conference on Urban Drainage, Sarawak, Malaysia, 7-12 September 2014 

3 
 

For P it was assumed that a long retention time would imply a risk of increased dissolved P 
concentrations in the water body because of anoxic conditions in the sediments, which could 
increase the primary production. Therefore the scale for Water retention time of lake in rela-
tion to P was defined as: Grade 1 represented a very long retention time (>3 years) and grade 
5 very short retention time (<0.2 years). Grade 3 represented a medium retention time (0.5-1 
years). 
 
Maximum depth of lake. Concerning P it was assumed that it would be an advantage if strati-
fication appeared in the lake, because the primary production would then mainly appear in 
the upper part of the water mass, decreasing the effects of eutrophication. With increasing 
depth, stratification is more likely to occur. The metals are also affected by the depth of the 
lakes. In deeper lakes the water circulation is limited with more stable bottom sediments 
(Green et al., 1989) which is beneficial for the metal sedimentation. Therefore the scale for 
the indicator Maximum depth of lake was determined to be the same for P as for the metals: 
Grade 1 represented never stratification (<2 m) and grade 5 always stratification (>10 m). 
Grade 3 was defined as lakes with maximum depth of 4-6 m, representing lakes where some-
times stratification occurs. 
 
Discharged quantities of pollutants. The grades of the indicators Discharged quantities of 
pollutants (P, Cu, Pb, Cd and Zn) were based on mass balance calculations were the new pol-
lutant concentrations in the lake were calculated according to: 
 
cs · vs + (vL  -  vs) · cL = cn · vL         (Equation 1) 
  
cs = Pollutant concentration in the discharged stormwater; vs = discharged stormwater volume during the lake’s 
retention time; cL = pollutant concentration of the lake, cn = new pollutant concentration in the lake, vL = water 
volume of the lake. 
 
The calculated new pollutant concentration in the lake caused by the stormwater discharge 
was then compared with the original concentrations of the pollutants in the lake (Table 3) and 
the SEPA classification of pollutant concentration in lakes and rivers (Appendix 1). If the sta-
tus of the receiving water was determined to be maintained, grade 3 was given for this indica-
tor. If the receiving water status was determined to be negatively affected by the stormwater 
discharge by a changed (increased) pollutant concentration, the grade of this indicator was 
given 1-2 grades lower than the original, depending on the degree of deterioration. For the 
situation were the receiving water status was improved, the grades were the opposite. 
 
Example: The initial Cu concentration in a lake was 5µg/l, classified as 3 according to Ap-
pendix 1 (SEPA, 1999). The new Cu concentration achieved due to stormwater discharge was 
determined to be 11 µg/l (Equation 1) would be classified as 4 (Appendix 1). That implies 
that the receiving water status would be deteriorated one class, resulting in a grade 2 for the 
indicator Discharged quantity of Cu. If the stormwater discharge would cause even higher 
new Cu concentration in the lake, e.g. 50 µg/l, the new Cu concentration in the lake would be 
classified as 5 (Appendix 1), implying a deterioration of the receiving water status of two 
classes, resulting in a grade 1 for the indicator.  
 
Concentrations of discharged pollutant: The grade of the indicator Concentration of dis-
charged pollutants (Cu, Pb, Cd and Zn) were based on a comparison similar as described 
above. If the pollutant concentration in the stormwater would be the same as in the lake (ac-
cording to the classes in Appendix 1), the status of the receiving water would not change, and 
therefore the indicator would achieve grade 3. If the concentration of the pollutant would be 



13th International Conference on Urban Drainage, Sarawak, Malaysia, 7-12 September 2014 

4 
 

one class higher according to Appendix 1, the indicator would be grades as 2. If the pollutant 
concentration in the discharged stormwater would be two classes higher, the indicator would 
be given grade 1.  
 
Total scores for the stormwater discharges 
To determine the total influence of the indicators on specific pollutant discharges in relation 
to the receiving water status, a weighted total score was calculated for each stormwater pollu-
tant discharge according to Equation 2. 

TSp = w1 g p1 + w2 g p2 +…+wn gpn= pI

n

I gw
1I
∑
=

    (Equation 3) 

TS = Total score for the discharge of pollutant p, g = the specific grade of indicator for a certain pollutant,  
I = Indicator, wI  = relative weight for the specific indicator, p = pollutant 
 
Description of the stormwater discharges 
The characteristics of the two assumed stormwater discharges included in the analysis are 
seen in Table 1.  
 
Table 1. Annual average total concentration of metals and phosphorus in the assumed 
stormwater discharges and assumed annual discharged storm water volumes. The concentra-
tions were based on Ekvall et al. (2001). 
  Pollutant Discharge 
  P-tot 

(µg/l) 
Cu-tot 
(µg/l) 

Pb-tot 
(µg/l) 

Cd-tot 
(µg/l) 

Zn-tot 
(µg/l) 

 
(m3/year) 

Type of area Residential 200 40 8 0.5 150 7,500 
Industrial 350 100 100 1 300 5,000 

 
Description of the lakes and their catchments 
The characteristics of the three lakes (A, B and C) and their catchments evaluated in the case 
study are summarised in Table 2.  
 
Table 2. Description of the lake catchments, characteristics of the lakes, and water quality 
status of the lakes. 1(Stockholm City Council and Stockholm Water, 2006) 
 Type of catchment 

 
Water quality 

status1 
 

Volume 
 
 

(106 m3) 

Max 
depth 

 
(m) 

Water  
retention 

time 
(years) 

Lake A:  
Lake Flaten 
 

Forest land, high 
 natural values 

Relatively good 4.6 14 4 

Lake B: 
Lake Judarn 

Forest land, roads,  
residential areas 

Natura 2000,  

Relatively good 0.18 3.7 0.92 

Lake C: 
Råksta Träsk 

Industries, 
Hazardous  

activities, excava-
tions masses 

Not good 0.047 2.3 0.058 

 
According to Swedish EPA (SEPA 1999) the concentrations of phosphorus and heavy metals 
in the three lakes have been classified, see table 3. 
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Table 3 Classification of lake status according to metal or phosphorus concentrations. A five 
graded scale was used where 1 represented very low concentration and 5 very high concentra-
tions (Stockholm City Council and Stockholm Water, 2006; Appendix 1).  
 P-tot Cu-tot Pb-tot Cd-tot Zn-tot 
Lake A 2 2 3 1 1 
Lake B 3 2 2 1 1 
Lake C 5 2 3 2 2 
 
 
RESULTS AND DISCUSSION 
Below the grades for the different indicators are presented for each lake, the weights for the 
indicators as well as the calculated total score for each pollutant discharge. A low total score 
indicates a higher negative influence from the stormwater pollutant discharge on the receiv-
ing water quality and subsequent a higher need for stormwater treatment with respect to the 
specific pollutant compared to pollutant discharges with higher scores.  
 
Phosphorus discharges to the receiving waters 
The calculated total scores for stormwater P discharges from residential and industrial areas 
to the different lakes are presented in Table 4. The calculations showed that the total scores 
for Lake B were the lowest, indicating highest impacts from the stormwater on the water 
quality status and a subsequent higher need for treatment of the stormwater discharges with 
respect to P.  
 
For Lake A, with naturally low P concentrations, the discharged quantity of P from the resi-
dential area was not influencing the water quality status (grade 3) because of the large lake 
volume. The water quality status for Lake C was neither influenced by the P discharge (grade 
3), but for another reason; Lake C was already very eutrophic with very high P concentrations 
which resulted in marginal effects from the stormwater P discharge on the water quality of 
the Lake B. 
 
Table 4. Grades and weights for the different indicators for P discharges from residential and 
industrial areas to Lake A, B and C and the calculated total score for each stormwater dis-
charge. 
 

Criteria Weight Lake A Lake B Lake C 
  residential 

area 
industrial 

area 
residential 

area 
industrial 

area 
residential 

area 
industrial 

area 
Quantity 0.61 3 2 2 2 3 3 
Max depth 0.28 5 5 2 2 2 2 
Reten. time  0.11 1 1 3 3 5 5 
Total score 1 3.34 2.73 2.11 2.11 2.94 2.94 

 
Metal discharges to the receiving waters 
The calculated total scores for metal discharges from residential and industrial areas to the 
different lakes are presented in Table 5-7. The calculated total scores for Lake A (Table 5) 
were the highest, indicating lower impacts on the water quality status compared to the other 
lakes. One reasons for that was the large lake volume of Lake A which influenced the quanti-
ties of metal discharges with a dilution effect. Other reasons were that the larger lake could 
further compensate for the metal discharges into the lake because of the large depth which 
was considered to give more stable sediment conditions (criterion Maximum depth of lake) 
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and a long water retention time, improving the sedimentation of particle bound metals (indi-
cator Retention time of lake). 
 
Table 5. Grades and weights of the different indicators for Cu, Pb, Cd and Zn discharges 
from residential and industrial areas to Lake A and the calculated total score for each storm-
water pollutant discharge. 
Criteria Weight Residential area  Industrial area 
  Cu Pb Cd Zn  Cu Pb Cd Zn 
Quantity 0.52 3 3 3 3  2 2 2 3 
Maximum depth 0.27 5 5 5 5  5 5 5 5 
Retention time 0.15 5 5 5 5  5 5 5 5 
Concentration 0.06 1 2 2 1  1 1 1 1 
Total score 1 3.72 3.78 3.78 3.72  3.20 3.20 3.20 3.72 
 
Lake B, a small lake with rather low original metal concentrations, obtained the lowest total 
scores, both for stormwater discharges from residential and industrial areas. This indicated 
the largest impacts from the stormwater discharges on the water quality status and suggested 
the highest need for stormwater treatment. Looking at specific metals, Cu and Pb discharges 
resulted in the lowest scores both for Lake B and C, indicating that the focus of the treatment 
might be on these pollutants. 
 
Table 6. Grades and weights of the different indicators for Cu, Pb, Cd and Zn discharges 
from residential and industrial areas to Lake B and the calculated total score for each storm-
water pollutant discharge. 
Criteria  Weight  Residential area  Industrial area 
  Cu Pb Cd Zn  Cu Pb Cd Zn 
Quantity 0.52 2 2 2 2  1 1 2 2 
Maximum depth 0.27 2 2 2 2  2 2 2 2 
Retention time 0.15 3 3 3 3  3 3 3 3 
Concentration 0.06 1 1 1 1  1 1 1 1 
Total score 1 2.09 2.09 2.09 2.09  1.57 1.57 2.09 2.09 
 
Lake C, a very small lake with highly deteriorated water quality, did not obtain as low total 
scores as Lake B because the extra metal input to Lake C from the stormwater discharge had 
only marginal effects on the water quality status. 
 
Table 7. Grades and weights of the different indicators for Cu, Pb, Cd and Zn discharges 
from residential and industrial areas to Lake C and the calculated total score for each storm-
water pollutant discharge. 
Criteria  Weight Residential area  Industrial area 
  Cu Pb Cd Zn  Cu Pb Cd Zn 
Quantity 0.52 3 3 3 3  2 2 3 3 
Maximum depth 0.27 2 2 2 2  2 2 2 2 
Retention time 0.15 1 1 1 1  1 1 1 1 
Concentration 0.06 1 2 1 1  1 1 1 1 
Total score 1 2,31 2.37 2,31 2,31  1.79 1.79 2.31 2.31 
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Methodology discussion 
This study is a first attempt to develop a MCA tool to be used to prioritise treatment needs of 
different stormwater discharges in relation to the receiving water status. One indicator in-
cluded in the analysis was solely linked to the stormwater quality (Concentration of discharge 
pollutant) and two of the indicators were solely related to the receiving water status (Depth of 
lake and Retention time of lake) which could compensate for an increased load of pollutants. 
The indicator Discharged quantity of pollutant) considered the discharged quantity of pollu-
tant into the receiving water in relation to the concentration of the original pollutant concen-
tration in the lake. 
 
The designs of the compensatory criteria used in this study are simple and can be further de-
veloped. For example, stable sediment conditions (Maximum depth of lake), here classified 
as negative for phosphorus and positive for metals, are valid only if the particle bound metals 
are not influenced by redox conditions. Additionally, both dissolved and solid phases of the 
pollutants could be included as indicators and a subsequent adaptation of the compensatory 
criteria to these phases, since the compensating factors can have different impacts on the dif-
ferent phases. The reason for including the dissolved fractions of the metals is that these are 
more labile and bioavailable that the particle bound metals (Lithner et al., 2003). Other pollu-
tants could also be included as indicators, e.g. polycyclic aromatic hydrocarbons.  
 
Although the proposed methodology can be developed further, the study indicates how MCA 
can be used to evaluate and prioritise stormwater discharges for treatment measures. In the 
analysis it was also shown how higher flows of low pollutant stormwater could be evaluated 
and compared with lower flows of high pollutant stormwater. MCA methods are based on 
certain subjective assumptions and therefore the results are not definitive. However, the use 
of the ROC method for weighting the criteria lowered the risk of subjectivity since the 
weights are calculated according to a fixed equation.  
 
 
CONCLUSIONS 
The tested MCA method showed potential to be further developed to become a decision tool 
for prioritizing different pollutant stormwater discharges in relation to the receiving water 
status. The study exemplified how negative impacts from stormwater discharges could be 
compensated for, by including compensatory criteria for the lake in the analysis. The analysis 
also indicated which specific pollutants were more urgent to handle compared to others. 
However, the compensatory criteria may be too simplified and should be developed further. It 
may also be good to include other types of pollutants in the analysis, e.g. organic compounds 
such as PAH. 
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APPENDIX 1 
Swedish Environmental Protection Agency’s classification of pollutants in lakes and rivers. 
(SEPA, 1999) 
Pollutant Total concentrations µg/l 
 Class 1  

(very low con-
centrations) 

Class 2  
(low concentra-

tions) 

Class 3  
(moderately high 
concentrations) 

Class 4  
(high concentra-

tions) 

Class 5  
(very high con-

centrations) 
P <12.5 12.5-23 23-45 45-96 >96 

Cu <0.5 0.5-3 3-9 9-45 >45 
Pb <0.2 0.2-1 1-3 3-15 >15 
Cd <0.01 0.01-0.1 0.1-0.3 0.3-1.5 >1.5 
Zn <5 5-20 20-60 60-300 >300 
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