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Abstract 
 
The aim of this thesis was to determine whether there has been a trend of increasing or 
decreasing water colour, absorbance, in Lake Mälaren during the last 35 years and whether it 
could be correlated with water discharge. The discharge was accounted for using regression 
analysis. The data material was analyzed for trends using a non-parametric test, the so-called 
seasonal Mann-Kendall test. The regression model could only account for a small (maximum 
of 24%) variation due to discharge. This indicates that discharge single-handedly can not 
explain the variation in absorbance. The trend analysis indicated a significant yearly increase 
in absorbance of 0.93% - 2.43% yr-1 for three out of four investigated sub-basins, namely, 
Galten, Ekoln and Skarven. This strongly implies that there has been an increase of 
absorbance and a change in the amount of organic material in Lake Mälaren during the last 35 
years. 
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1 Introduction 
Humic substances constitute a highly important element for the aquatic ecosystems in the 
northern hemisphere (Nordtest, 2003) which is based on several causal relationships. Humic 
substances consist of humic macromolecules which affect the colour of the water and 
considerable part is constituted of carbon (Nordtest, 2003). The key energy source within a 
stream ecosystem is dissolved organic carbon, DOC (Wetzel, 2001). The importance of DOC 
consists of its capacity to influence on acidity, impact on complexation and mobilization of 
metals, light penetration and thereby productivity of aquatic organisms (Aitkenhead et al., 
1999; Eckhardt & Moore, 1990). The origin of DOC is twofold, either autochthonous or 
allochthonous. The autochthonous DOC can be characterized by the low capacity to absorb 
light and has its origin in algae and macrophytes in the water (Reche & Pace, 2002). 
Allochthonous DOC on the other hand has a high capacity to absorb light and derives from 
terrestrial sources (Reche & Pace, 2002). When referring to colour the commonly used 
definition is the capacity of DOC to absorb light (Reche & Pace, 2002). The water colour and 
the particulate matter in the water can be measured as absorbance at a specific wavelength of 
420 nm (Löfgren, 1991; Andersson et al., 1991). 
 
The main driving force for increases in the humic substances is the amount, quality and 
intensity of precipitation (Nordtest, 2003). Indications that the colour in Lake Mälaren has 
changed and that these changes may be related to climatic variation have been reported 
(Wallin & Weyhenmeyer, 2002). In the year of 2001 extreme absorbance was found in the 
sub-basin of Görväln and it has been suggested that it may be dependent on the extreme 
precipitation in 2000 (Wallin & Weyhenmeyer, 2002). Studies have indicated that an increase 
in discharge is followed by an increase in DOC concentration (Correll et al., 2001; Grieve, 
1994). Other possible explanations for changes in water colour, caused by natural as well as 
anthropogenic sources, have been suggested in the literature. The explanatory factors are in 
great part related to the catchments characteristics such as differences in the soil composition 
and bedrock, land and water use changes, afforestation and deforestation, conductivity, pH, 
turbidity, and in-lake processes (see for instance; Grieve, 1994; Löfgren, 1991; Naden & 
McDonald, 1989; Nordtest, 2003; Wallin, 2000; Watts et al. 2001). 
 
Several studies have reported increasing water colour in lakes and streams in the Nordic 
countries, Northern UK and North-eastern US and parts of central Europe (Andersson, et al., 
1991; Löfgren, 1991; Nordtest, 2003; Wallin & Weyhenmeyer, 2002). Scientists emphasize 
the need for deeper knowledge about humic substances since an increasing amount of humic 
substances causes the water colour to increase which will be followed by an increase in the 
demand of water purification in the water treatment process. If the water colour actually 
changes the society need to consider the consequences on water quality and human health 
since it generates drinking water problems (Nordtest, 2003; Wallin & Weyhenmeyer, 2002). 
The demand on water quality from the society has already increased through EU: s directive 
on drinking water (Löfgren et al., 2003). A local example of measures for improving the 
water quality is the sewage treatment works of Norrvatten in the north of Lake Mälaren. Due 
to the expectations of a warmer and wetter climate causing increasing water colour new 
cleaning technologies have been adapted in order to reduce the amount of humic substances in 
the drinking water to the city of Stockholm (Ny Teknik, 2003). 
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In order to be able to make some conclusions about changes in water colour it is important to 
establish whether there has been an actual change or not. Since DOC influences acidity, 
mobility and transport of metals and productivity of aquatic organisms (Eckhardt & Moore, 
1990) it is of importance to investigate whether the colour in Lake Mälaren has increased over 
the last 35 years. Trend analysis may work as a tool for indicating such a change. Analysis of 
trend in water colour could be an important input to the decision- and policymaking.  
 
The aim of this thesis is to determine whether there has been a trend in the water colour in 
Lake Mälaren, if the trend is an increase or decrease and if the trend can be correlated with 
exogenous variables such as water discharge (Q). As a first step a statistical evaluation of the 
trend of water colour in Lake Mälaren during the last 35 years (1967-2002) was performed. 
Thereafter possible causes for the observed temporal and spatial patterns as well as seasonal 
variations, and their relationships to climate change was evaluated and discussed. 
 

1.1 Characteristics of Lake Mälaren catchment area 
A brief description of Lake Mälaren and the catchment area is given here. More detailed 
description can be found in Kvarnäs, 2001; Wallin, 2000 and Willén, 2001. 
 

 
Figure 1. Map of sub basins in Lake Mälaren. Printed with permission from SLU, Gesa Weyhenmeyer. 
 
The river basin of lake Mälaren has a drainage area of 22 603 km2, a lake surface area of 1096 
km2 (Kvarnäs, 2001; Wallin, 2000) and a water volume of 14.4 km3 (Willén, 2001). The lake 
has ten large water courses which discharge into the lake and is comprised of six different sub 
basins (Figure 1 and Wallin, 2000). The water turnover time varies throughout the different 
sub basins, e.g., 0.07 years in Galten, 0.4 years in Görväln and 1.2 years in Ekoln/Skarven. 
The total water residence time of Lake Mälaren is 2.6 years (Wallin, 2000). The amount of 
inflow for the different sub basins varies which affects the direction of the flow. Of the total 
inflow to Lake Mälaren, 46 % goes through the catchment to Galten and 11% through the 
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catchment of Ekoln/Skarven. These sub-basins receive their main inflow directly from 
ambient land whereas the remaining sub-basins receive their main inflow from ambient sub-
basins (Figure 1). Consequently, the sub-basin of Görväln receives water from both directions 
leading to a merge of the water at this site (Wallin, 2000). 
 
The region of Lake Mälaren has a history of early settlements, industrial production such as 
iron production and agriculture which has lead to a gradual deterioration of water quality 
(Willén, 2001). Improvement of water quality has been achieved mainly through the 
improvement in sewage treatment works during the 1970’ies when the sewage treatment 
works were provided with chemical treatment and after 1989 when the outflow from Bromma 
sewage treatments works was drained directly into the Baltic Sea (Wallin, 2000). 
 
The surroundings of Lake Mälaren consist of fertile soils, where leakage from the cultivated 
farmland contributes to the eutrophication of the lake. The main part of the river basin 
consists of forest and bogs (70 %), 20 % consist of arable- and meadow land and 11 % consist 
of lakes (Wallin, 2000). The water chemistry of Lake Mälaren is strongly affected by its 
surrounding environment, especially the soil composition. In the north-eastern part of the lake 
the amount of nutrients is high while the water colour is low. In contrast, in the north-western 
part of the lake the amount of nutrients is low while the water colour is relatively high 
(Wallin, 2000).  

2 Methods 

2.1 Data 
Absorbance values of filtered and unfiltered water were downloaded from the Department of 
Environmental Assessment, Swedish University of Agricultural Sciences (2003) for the 
stations Ekoln Vreta Udd, Galten, Görväln South and Skarven. Absorbance was sampled on a 
monthly basis during the ice-free period and covers mainly the period from1967-2002 with 
exception of the years of 1996 and 1998.  
 
Absorbance can be measured from filtered or unfiltered water. The absorbance of unfiltered 
water gives a measure of both the water colour and the particulate matter in the water; the 
absorbance of filtered water only gives the water colour (Wallin & Weyhenmeyer, 2002). 
With help of a spectrometer and a five cm cyvette it is possible to measure the absorbance at a 
wavelength of 420 nm. The absorbance of filtrated water can be received if the water is 
filtrated through a membrane filter (pore size 0.45 µm) and then re-measured (Andersson et 
al., 1991; Bydén et al., 1996). 
 
Measurements of discharge (daily readings) and precipitation (daily readings and monthly 
totals) were provided by the Swedish meteorological and hydrological institute, SMHI. The 
data cover the period from 1967 to 2002. Measurements of precipitation included the 
monitoring stations Uppsala Airport, Västerås and Stockholm. Measurements of discharge 
(l * s-1 * km-2) in the sub-basin Galten included the monitoring stations Hammarby, Kåfalla, 
Odensvibron, and in the sub-basin Ekoln the monitoring stations Skällnora, Stabby and 
Vattholma. Discharge was summarized by sub-basin. Catchments characteristics for discharge 
monitoring station are given in Table 1. 
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Table 1. Catchments characteristics for discharge monitoring stations (SMHI, 1992a; SMHI, 1992b). 
Sub Station Staiton Water Lake% Catchment
basin number name course area (km2)
Galten 50108 Kåfalla Sverkesta ån 6.2 417

50115 Hammarby Dylta ån 11 891
50117 Odensvibron Kölsta ån 7 110

Ekoln/ 1742 Stabby Stabby bäcken 0 6.6
Skarven 1843 Skällnora Oxunda ån 10 59

50110 Vattholma Fyris ån 5 294  
 

2.1.1 Limitations 
The main focus lies on the sub-basins of Ekoln, Galten, Görväln and Skarven. Ekoln, Galten 
and Skarven were chosen because most of the inflow into Lake Mälaren is received from 
these basins (Weyhenmeyer et al., 2003), and Görväln, since the increasing amount of humus 
substances may imply a water quality risk for the drinking water to the supply of Stockholm 
city (Ny Teknik, 2003). 
 
The time period included in the analysis is limited by data availability. Continuous 
measurements of absorbance during the time period 1967-2002 were only found for two or 
three depths per station. Discharge data with continuous measurements could only be found 
for six monitoring stations, where each sub-basin is represented by three monitoring stations 
each. Hence, the total amount of water that discharges into Lake Mälaren is not accounted for. 
In this context it should be taken into consideration that it is the variation in water discharge 
which should be compared to the variation in absorbance and that the total amount of 
discharge is of minor importance. The choice of exogenous variables, precipitation and 
discharge, is motivated by the fact that both precipitation and discharge influences the amount 
of organic matter. 
 

2.2 Water colour classification 
The water colour of filtered surface water can be classified according to the Swedish 
Environmental Protection Agency Environmental Quality Criteria (EQC) for light condition 
in lakes and rivers (Table 2). The criteria are based on mean values of absorbance 
measurements during one season, here defined as May to October (Swedish Environmental 
Protection Agency, 2003). 
 
Table 2. Classification of water colour according to the environmental quality criteria for water (Swedish 
Environmental Protection Agency, 2003). 

Absorbance  
(at 420 nm)

1 Not or insignificant coloured water < 0,02
2 Weak coloured water 0,02–0,05
3 Moderate coloured water 0,05–0,12
4 Considerable coloured water 0,12–0,2
5 Strong coloured water > 0,2

Class Designation
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2.3 Statistical evaluation 
There are some characteristics that need to be taken into consideration when analyzing 
monthly water quality data since they may affect the outcome of the data analysis. The 
characteristics are a possible presence of seasonality, skewness, serial correlation, non-normal 
data and missing values (Hirsch et al., 1982; Hirsch & Slack, 1984). Because of these 
characteristics traditional parametric test statistics based on normal distribution could not have 
been used since they are sensitive to these specific characteristics. Therefore all following 
choice of test statistics are based on non- parametric tests that are insensitive to the 
characteristics of monthly water quality data. 
 
The colour of the water varies throughout the year therefore it is of importance to analyze the 
data seasonally in order to detect long term trends (Wallin & Weyhenmeyer, 2002; Helsel & 
Hirsch, 1992). Since the measurements of absorbance are collected on a monthly basis, the 
data should be divided according to the twelve months of the year (Helsel & Hirsch, 1992). 
Only analyzing yearly means would not utilize all information in the data. Through the use of 
monthly means, the monthly variations are kept and the loss of information may be prevented 
(Helsel & Hirsch, 1992). All statistical analysis was made in SPSS 11.5 (SPSS Inc., Chicago, 
Illinois), with the exception for the trend analysis. For the following analysis, all statistical 
tests are performed at the 5 % significance level. 
 
The first step in any statistical analysis is to plot the data. Through the use of graphs it is 
possible to receive a visual interpretation of the data material (Helsel & Hirsch, 1992). Graphs 
for absorbance over time and box plots for individual months were constructed for each of the 
four monitoring stations. This gave an overview of possible trends in absorbance as well as 
seasonal variations in the data material. When performing a statistical evaluation it is of 
importance to consider the fact that the variable of interest may be influenced by other 
variables than time. In statistical terms you remove the variation that could be accounted for 
by an exogenous variable from the dependent variable. For instance in the case of a 
concentration versus water flow it is desirable to remove the variation that is caused by 
discharge (Helsel & Hirsch, 1992). Graphs for the observed absorbance and monthly 
precipitation were constructed in order to visualise potential time delay between variables and 
the suitability of precipitation as an exogenous variable.  
 

2.3.1 Relationship between absorbance at different depths 
To determine whether observations at different depths can be aggregated into one series or 
need to be kept as individual series during the analysis, a correlation matrix of the absorbance 
measurements at each station was calculated between observations at different depth. Based 
on the correlation matrix the depths were chosen for further analysis. If the depths are to be 
summarized into one group, the depths need to have a linear relationship to each other, and 
therefore the correlation coefficient will be calculated according to Pearson. Pearson’s r is a 
parametric test that assumes bivariate normal distribution and a linear relationship between 
variables, and is the most commonly used correlation coefficient (Wheater & Cook, 2000; 
Helsel & Hirsch, 1992). The variation in the data material will decrease if values from 
different depths can be aggregated, which will increase the power of the statistical test. When 
calculating a correlation matrix, a correlation coefficient ranging from + 1 to – 1 is yielded. 
The correlation coefficient is an indicator of the strength of the relationship between different 
variables (Andersson, et al., 1994; Wheater & Cook, 2000; Helsel & Hirsch, 1992). It should 
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be noted that the data material is large, which may have affected the p-value since the 
significance of the correlation is affected by the amount of data (Wheater & Cook, 2000). 

2.3.2 Accounting for the influence of discharge on absorbance 
With regression analysis it is possible to remove the background noise caused by exogenous 
variables (Helsel & Hirsch, 1992), which in this specific case is the variation due to discharge. 
The simplest way of investigating the dependence of one variable upon another is through the 
fit of a straight line through the data material. The parameters of the model can be estimated 
through the least square method (Helsel & Hirsch, 1992). With the estimated parameters the 
model can be used to calculate residual variation. According to Helsel & Hirsch (1992, p. 
331) “residuals express the variation in Y over and above that due to the variation caused by 
changes in the exogenous variables.” In other words, the residuals are the differences between 
the observed values and the values estimated with the regression model. Analysis of the 
residuals can be used to evaluate whether the assumption of the regression analysis is correct. 
One test for residuals is the Durbin-Watson statistics which tests whether the residuals have a 
serial dependence (Jensen, 2001). This test indicates whether it is possible to predict the value 
of the residuals of tomorrow if the residuals of today are known. The Durbin-Watson statistics 
produce a value between zero and four. If the data is independent the test will give the value 
two. If the value is below two then a positive serial correlation is indicated and if the value is 
above two a negative serial correlation is indicated. The critical value for rejecting the null 
hypothesis at positive serial correlation is 1.65, which means that if the test statistics gives a 
value below the critical value there is a serial dependence. This critical value can be used if 
there are more than 100 observations, one explanation variable and a 5 % significance level 
(Jensen, 2001). A known phenomenon affecting the outcome of the regression analysis is the 
observations situated in the beginning and the end of the data material. Since these 
observations are given more weight in the regression analysis than the observations in-
between it may be suitable to continue with a non-parametric test for further analysis. 
 

2.3.3 Trend analysis 
Two different trend analyses will be performed to enable comparison between an uncorrected 
and corrected scenario. The first trend analysis, the uncorrected scenario, is performed on the 
absorbance values without accounting for any exogenous variables. In the second trend 
analysis, the corrected scenario, the residuals from the regression are used since the residuals 
represent the y variable when the exogenous variable, the discharge, has been accounted for 
(Helsel & Hirsch, 1992). In this way it is possible to investigate whether the trend in 
absorbance has increased or decreased after accounting for discharge. The trend analysis is 
performed according to the non-parametric Seasonal Mann-Kendall test for trend which is 
robust against non-normal data and the presence of seasonality in the data (Hirsch & Slack, 
1984). The size of the trend, the so called slope, is calculated according to the Seasonal 
Kendall Slope Estimator (Hirsch et al., 1982). Through the use of the Seasonal Mann-Kendall 
test it is possible to receive results for each and every month separately, i.e. March is only 
compared to March in the following years (Helsel & Hirsch, 1992; Hirsch & Slack, 1984). 
The trend analysis gives a slope which describes an increase or a decrease in trend per year. 
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3 Results 
The results that follow will be presented with a reference to a figure or table to illustrate the 
results. If differences between sub-basins are at hand, these will be presented in the text. 

3.1 Classification of water colour  
The water colour in Lake Mälaren was classified according to the environmental quality 
criteria for light conditions in lakes and rivers (Table 3). The sub-basins Galten, Ekoln and 
Skarven could be classified to have moderately coloured water. The water colour in Görväln 
is somewhat lower than in the other sub-basins. Observe the smaller number of observations 
in the sub-basin of Skarven  
 
Table 3. Classification of water colour in Lake Mälaren (classes according to Table 2). 

Station Depth Median N Class
Filtered water
Galten  0.5 0.10 180 3
Ekoln 0.5 0.10 189 3
Skarven 0.5 0.08 151 3
Görväln S 0.5 0.05 180 2 or 3  

3.2 Characteristics of data 

3.2.1 Time series of absorbance 
The graphs indicate an increasing trend in absorbance throughout the data material in all sub-
basins during the last 35 years. During this period of record both periods of increasing and 
decreasing absorbance were observed. In Ekoln, there are seasonal cycles, with month-to-
month variations, as well as year-to-year variations (Figure 2). Generally, absorbance had a 
tendency to decrease before 1977 and to increase after 1977. The other stations show similar 
tendencies. In Galten the peaks in absorbance becomes more frequent during the1990´s and 
onwards. In Ekoln, Görväln and Skarven the absorbance on filtrated water seems to decrease 
during 1990-1995, and the absorbance peaks appear first during 1999-2002.  
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Figure 2. Absorbance of filtrated water for the monitoring station Ekoln, at 0.5 m depth. Solid line represents a 
simple gridline for facilitating the visual interpretation of the data material. 
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3.2.2 Time series of discharge 
The discharge at all six monitoring station indicates no trend that is visible to the eye, as 
examplified by Stabby (Figure 3). There might be a slightly decreasing trend during the end 
of the time period. 
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Figure 3. Yearly discharge (l * s-1 * km-2) at monitoring station Stabby. 

3.2.3 Seasonal variation in absorbance 
The seasonal variation in absorbance between months is illustrated for Ekoln (Figure 4). The 
first four months, February to May, had higher values than the following months. This was 
not seen in the other sub-basins were no pattern could be found.  
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Figure 4. Box plot of the seasonal variation in absorbance on filtrated water, at 0.5 m depth, for the monitoring 
station Ekoln. The box plot describes the total spread of the data material. The vertical central line of the box 
shows the median. At the ends of the line that goes through the whole box additional vertical lines indicate 
maximum and minimum, respectively. The skewness of the data, the so called quartile skew, is the relative size of 
the box halves. The box height shows the variation of the spread, the so called interquartile range. The circle 
outside defines a value that lies more than 1.5 times outside the interquartile range.  
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3.2.4 Relationship between precipitation and absorbance  
When comparing the variation in precipitation and absorbance all sub-basins showed a time 
delay between variables, i.e., there was an obvious phase displacement. For instance, in Ekoln 
precipitation peaked in September 1969 and the absorbance in May 1970 (Figure 5), 
indicating that there is a time delay between precipitation and absorbance. Precipitation might 
therefore, not be a suitable variable for explaining trends in absorbance.  
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Figure 5. Time series of absorbance for the monitoring station Ekoln and precipitation in sub-basin Ekoln. 
Dashed line represents absorbance and solid line represents precipitation. 

3.3 Relationship between depths 
The correlation matrix for the different depths showed that the correlation coefficients varied 
substantially and were generally quite low (Table 4). Overall the absorbance of unfiltered 
water generated lower correlation coefficients than absorbance of filtered water. Because the 
intermediate depths are strongly correlated with surface and bottom water (the highest r-
values) the chosen depths for further analysis will only be surface and bottom water. 
 
Table 4. Correlation matrix showing the correlation between depths in the different sub-basins. 
Station Depth

Depth 10 10
Galten  0.5 0.868 0.829

Depth 15 30 15 30
Ekoln 0.5 0.921 0.818 0.758 0.383
Ekoln 15 0.913 0.608

Depth 15 30 15 30
Skarven 0.5 0.868 0.771 0.809 0.596
Skarven 15 0.933 0.668

Depth 15 40 15 40
Görväln S 0.5 0.878 0.839 0.789 0.590
Görväln S 15 0.929 0.692

Filtered Unfiltered
Pearsons r Pearsons r

 



10 

3.4 Accounting for the influence of discharge on absorbance 
When establishing a relationship between water discharge and absorbance over time the 
scatter plot showed a considerable scatter. Despite this scatter, there seems to be an increase 
in absorbance when discharge increases in Ekoln (Figure 6). This relationship could be seen 
in all sub-basins with some variable amount of scatter. 
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Figure 6. Absorbance of filtered water plotted against water discharge for the monitoring station Ekoln, at depth 
0.5 m.  
 
The results from the regression model indicated that only small parts of the variation were 
explained by water discharge (Table 5). The explanation rate went from 0.4 % (Skarven, 
filtrated water at > 29 m depth) to 24 % (Ekoln, filtrated water at 0.5 m depth). The values 
from the Durbin-Watson residuals indicated serial correlation since all values were below the 
critical value of 1.65. This result puts serious doubt in the assumption of independent 
residuals. Therefore the chosen method in the trend analysis is not based on the assumption of 
independent observations. 
 
Table 5. Model summary from the regression analysis. The variation explained by discharge (r square) and the 
occurrence of serial correlation in the residuals (Durbin-Watson) for filtered and unfiltered water is shown. 
Station Depth

R Square Durbin- R Square Durbin-
Watson Watson

Galten  0.5 0.122 1.197 0.077 1.455
Galten  10 0.040 1.614 0.044 1.397
Ekoln 0.5 0.242 0.864 0.196 1.526
Ekoln 30 0.090 0.672 0.007 0.974
Skarven 0.5 0.145 0.871 0.131 1.209
Skarven 30 0.004 0.417 0.025 0.790
Görväln S 0.5 0.067 0.650 0.095 0.911
Görväln S 40 0.104 0.559 0.006 1.035

Filtered Unfiltered
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In the histograms of residuals for all sub-basins seemed to have skewed data, not following 
the normal distribution (examplified by Ekoln in Figure 7), which motivates the choice of the 
Seasonal Mann-Kendall test for the following trend analysis. 
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Figure 7. Histogram of residuals indicates deviation from the normal distribution. The example shows 
monitoring station Ekoln at depth 0.5 m. 
 
The seasonal variation after accounting for discharge can be seen in the box plots of the 
residuals (Figure 8). No obvious differences were found when comparing the box plot of the 
residuals with the box- plots of the original absorbance values. 
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Figure 8. Box plot of the residual by month is based on linear regression. The example shows depth 0.5, for 
monitoring station Ekoln. For explanation of box plot see figure 4. 
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3.5 Trend analysis 
Two different trend analyses were performed for comparison between an uncorrected and a 
corrected scenario. The uncorrected scenario describes whether there are trends in the data 
material without accounting for discharge and the corrected scenario describes the trend in 
absorbance when the variation due to discharge is accounted for. The trend analysis gives a 
slope which describes an increase or a decrease in absorbance per year. 

3.5.1 Trend over the whole year 
Generally all stations showed an increasing absorbance for uncorrected and corrected values 
(Table 6). The degree of increase varies spatially between sub-basins and at some locations 
trends could not be found at all. Although all slopes showed a positive trend, not all of them 
were significant (Table 6). About half of the cases gave a significant p-value. The absorbance 
of filtered water gave indications of a significant trend more often than the absorbance of 
unfiltered water. This ought to be related to the fact that filtered water only measures the 
water colour. Therefore the trend analysis indicates that the particulate matter in the water has 
not increased. 
 
The interval for the significant increase per year ranged from 0.91 % yr-1 to 2.5 % yr-1 for 
uncorrected absorbance and from 0.93 % yr-1 to 2.43 % yr-1 for corrected absorbance. The 
highest percent change per year was found for filtered bottom water in the sub-basin of 
Galten. Notice that when the slope is less than 1% (0.0010) the p-value turns insignificant.  
 
Table 6. Trend analysis results presenting station, depth, uncorrected and corrected p-value and slope, median 
absorbance, yearly change (slope/median) and number of observations. The group of ‘Uncorrected’ indicates 
trends in the data material without accounting for discharge and the group of ‘Corrected’ indicates trend in 
absorbance when the variation due to discharge is accounted for. Numerals that are marked with bold text 
shows significant p-values. 
Station Depth Median %change %change

abs p value Slope /year p value Slope /year N
Filtrated
Galten  0.5 0.1040 > 0.0001 0.0023 2.21 > 0.0001 0.0023 2.21 217
Galten  10 0.1000 > 0.0001 0.0025 2.50 > 0.0001 0.0024 2.43 213
Ekoln 0.5 0.0980 0.0037 0.0013 1.36 0.0003 0.0014 1.46 227
Ekoln 30 0.1150 0.0084 0.0015 1.34 0.0032 0.0016 1.43 216
Skarven 0.5 0.0780 0.0156 0.0010 1.30 0.0051 0.0010 1.32 217
Skarven 30 0.0810 0.1720 0.0007 0.88 0.1255 0.0008 0.97 159
Görväln S 0.5 0.0440 0.2201 0.0003 0.71 0.2372 0.0003 0.64 217
Görväln S 40 0.0480 0.3231 0.0003 0.68 0.2908 0.0003 0.66 213
Unfiltrated
Galten  0.5 0.2560 0.0086 0.0023 0.91 0.0073 0.0024 0.93 217
Galten  10 0.2900 0.0018 0.0044 1.51 0.0016 0.0044 1.53 213
Ekoln  0.5 0.1560 0.3394 0.0006 0.36 0.1624 0.0010 0.61 227
Ekoln  30 0.2370 0.0064 0.0032 1.35 0.0047 0.0032 1.34 216
Skarven  0.5 0.1240 0.1797 0.0008 0.60 0.1824 0.0008 0.63 217
Skarven 30 0.1760 0.2675 0.0014 0.82 0.1528 0.0019 1.09 159
Görväln S 0.5 0.0710 0.3763 0.0003 0.47 0.5146 0.0002 0.34 217
Görväln S 40 0.0970 0.1466 0.0007 0.73 0.1548 0.0007 0.72 213

Uncorrected Corrected
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3.5.2 Trends during individual months 
Examining the trend test for individual months revealed that there were seasonal variations in 
the trends (Table 7). For example, in the bottom water in the sub-basin of Galten the trend 
slope ranged from 0.0041 in March to 0.0029 in October.  
 
The number of cases giving a significant p-value decreased when accounting for individual 
months, as a consequence of decreasing number of observations that the test statistics is based 
on. The absorbance of filtered water still gave significant trends more often than the 
absorbance of unfiltered. In the month of March the slope decreased when the trend was 
corrected for water discharge, e.g., in the sub-basin of Ekoln the absorbance of unfiltered 
surface water went from a slope of 0.0060 to a slope of 0.0045. 
 
In the sub-basin of Skarven the maximum depth was only sampled for March during the years 
1967-1976. This could possibly have affected the p-value since the number of observations 
were much smaller for this depth than for the other stations and can explain the insignificant 
p-value. Notice that the two negative slopes found for the bottom water in Skarven are 
insignificant. 
 
Table 7. Trend analysis results for the different station and depth for the months of March and October. For 
further explanations, see Table 6. 
Station Depth

p value Slope p value Slope N p value Slope p value Slope N
Filtrated Mar Oct
Galten  0.5 > 0.0001 0.0034 0.0001 0.0032 32 0.0038 0.0030 0.0002 0.0030 29
Galten  10 > 0.0001 0.0040 0.0001 0.0041 31 0.0147 0.0026 0.0005 0.0029 29
Ekoln 0.5 0.0081 0.0025 0.0193 0.0020 33 0.1432 0.0008 0.0322 0.0010 30
Ekoln 30 0.0810 0.0013 0.2684 0.0008 29 0.1237 0.0012 0.0256 0.0015 29
Skarven 0.5 0.0256 0.0015 0.1328 0.0014 33 0.0631 0.0009 0.0126 0.0009 29
Skarven 30 0.0055 0.0014 0.0042 0.0013 33 0.8792 -0.0001 0.8202 -0.0003 18
Görväln S 0.5 0.2231 0.0003 0.4082 0.0002 32 0.3569 0.0003 0.3387 0.0003 32
Görväln S 40 0.2273 0.0006 0.2920 0.0005 31 0.4304 0.0002 0.3986 0.0002 31
Unfiltrated
Galten  0.5 0.0033 0.0046 0.0011 0.0039 32 0.4757 0.0022 0.4418 0.0025 29
Galten  10 0.0003 0.0093 0.0001 0.0098 31 0.4643 0.0019 0.4644 0.0020 29
Ekoln  0.5 0.0185 0.0060 0.0289 0.0045 33 0.2460 0.0007 0.2609 0.0008 30
Ekoln  30 0.8072 0.0004 0.9253 0.0001 29 0.0606 0.0033 0.0409 0.0030 29
Skarven  0.5 0.0256 0.0020 0.1328 0.0020 33 0.0777 0.0008 0.1891 0.0006 29
Skarven 30 0.3897 0.0014 0.1679 0.0019 33 0.6494 -0.0015 0.7619 -0.0006 18
Görväln S 0.5 0.4455 0.0003 0.9612 0.0000 32 0.0839 0.0006 0.2227 0.0005 29
Görväln S 40 0.1632 0.0007 0.2341 0.0006 33 0.1027 0.0010 0.1287 0.0009 30

Uncorrected CorrectedUncorrected Corrected
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4 Discussion 

4.1 Water colour classification 
Environmental quality criteria for light conditions in lakes and rivers from the Swedish 
Environmental Protection Agency were used to classify the water colour in Lake Mälaren. All 
sub-basins except one, Görväln, had moderately coloured water. Due to the different sub- 
basins within lake Mälaren the water quality varies (Kvarnäs, 2001), which can affect the 
absorbance. Görväln had a lower water colour than the other sites. One reason for this 
observation could be that Görväln is located in the central part of Lake Mälaren where the 
influence of the catchment area is relatively small. At Görväln, the water comes mainly from 
other parts of the lake (Figure 1) and not directly from land. When the organic material comes 
to Görväln it may be affected by a number of processes such as lake internal processes,       
uv-deterioration etc. This leads us back to the fact that water chemistry in Lake Mälaren is 
strongly affected by its surrounding environment, especially the soil composition and that the 
amount of nutrients is high. Aitkenhead et al. (1999) have suggested that the soil environment, 
absorption of DOC in mineral soils and flow paths through different soil horizons could affect 
the stream water DOC. It should also be taken into consideration that the specific point in 
time when the amount of humic substances peaks is affected by the total water residence time 
(Löfgren et al., 2003).  
 

4.2 Trend analysis 
All analysed monitoring stations show an increase in absorbance, both before and after 
correction of the water discharge, which indicates an increase in organic material in Mälaren 
during the last 35 years. All slopes in the trend analysis indicate a positive trend but not all of 
them are significant. Statistical factors that could influence the p-value are the number of 
observations that may be too few, the size of the change, i.e. the slope could be too small, or 
that the variation in the data material is too large. 
 
In Lake Mälaren, most trends in Galten and Ekoln, some trends in Skarven, but no trends in 
Görväln, were significant (Tables 6 & 7). A possible explanation for this difference on the 
spatial scale could be that in the sub-basins of Görväln other factors than water discharge may 
affect the amount of organic material, and that these factors become more important than in 
the sub-basins of Galten and Ekoln. One parameter that affects the absorbance for filtrated 
water is the direction of the water flow (Wallin, 2000). In Lake Mälaren it seems that the most 
part of the significant trends are observed for sites that have a strong influence of inflow from 
land, namely Galten and Ekoln. The main inflows from land to Lake Mälaren come to Galten 
and Ekoln. Other parameters which also could contribute to variation in water colour are 
differences in the soil composition and bedrock that exist between the different sub basins in 
Lake Mälaren (Wallin, 2000). The water chemistry of Lake Mälaren is especially influenced 
by the soil composition. In the north-eastern part of the lake the amount of nutrients is high 
and the water colour is low, while in the north-western part of the lake the amount of nutrients 
is low and the water colour relatively high (Wallin, 2000). The non existing trends at Görväln 
and Skarven may be explained by the mean water colour which is somewhat lower than in the 
other sub-basins. Reasons for the insignificant trend could be that these slopes that are too 
small. When the yearly increase in absorbance is less than 1% (0.0010) the p-value turns 
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insignificant. Negative insignificant slopes were found for Skarven which might be explained 
by the lower number of observations in this sub-basin. 
 
The motivation for using the time period for which data were available is based on the 
following premise. If the time period for analysis would have been set differently the result 
may have turned out differently. For instance in Figure 2, the absorbance seems to have a 
tendency to decrease before 1977 and to increase afterwards. If the trend analysis were to be 
performed on a time period starting 1977 the trend slope would have been larger. Extraction 
of a certain time period, based on visual inspection of the data material, could introduce a bias 
in the results. It is incorrect in the sense that the data material controls the test practician since 
another starting point will affect the result statistically.  

4.3 Seasonal variation 
There is a clear seasonal variation in the absorbance measurements in Lake Mälaren (Figure 
4). The lowest absorbance values were observed during the summer months, and the highest 
values were found in the winter and spring periods. The seasonal variation remains after 
removing the variation due to discharge, which can be seen in the residual box plot (Figure 8). 
The time of the year clearly affects the amount of colour. When investigating trends in 
specific months it is found that the increase in slope seems to be dependent on the specific 
month since there are variations in slope between months. This was exemplified for March 
where the slope generally was higher compared to the slope found over the whole year and 
October where the slope was generally lower.  
 
Seasonal variation in concentration of DOC is a known fact. Possible causes for this 
seasonality are found to be leaching from deciduous litter causing autumn peaks. The 
increasing amount of DOC may be caused by aggregation of organic material during the 
previous year, or it may be a result from a possible drought period causing larger amounts of 
DOC to be accumulated in the ground and flushed out after this drought period (Hongve, 
1999; Watts et al., 2001). In the study from Hongve (1999) it was found that the highest 
leaching rate occurred during the period from leaf fall to early spring. Considering that water 
colour reaches its highest levels during spring it can be expected that climatic changes during 
that time are most critical for the water colour. Since it is especially the winter and spring 
period that experience climatic changes it is most likely that water colour continues to change. 
 

4.4 Influence of water discharge on absorbance 
The scatter plot of absorbance and discharge indicates considerable scatter, which could 
indicate a non-linear relationship. There seemed to be an increase in absorbance parallel with 
an increase in discharge that would imply that there is a relationship between discharge and 
absorbance (Figure 5). The effect of discharge on the trend in absorbance is, however, small. 
The regression model showed that no more than 24 % (Table 5) of the variation in absorbance 
could be explained by the water discharge. This indicates that discharge single-handedly can 
not explain the variation in absorbance and that the trend is more complex than what a simple 
linear trend may explain. 
 
A number of possible mechanisms controlling the organic carbon transport have been 
suggested in the literature. Transport of organic matter in watershed goes mainly through the 
groundwater flow (Grip & Rohde, 2000). Temporal variation may be predicted through runoff 
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density which in turn can cause the hydrological pathways to change (Nordtest, 2003). The 
pathways of the water are suggested to strongly affect DOC concentrations (Hongve, 1999). 
The catchments sources and sinks together with transport of DOC in stream through the 
hydrologic pathways are seen as a controlling mechanism for DOC concentrations in streams 
(Eckhardt & Moore, 1990). Another important mechanism controlling organic carbon 
transport, leaching and buffering of DOC into surface waters is the organic absorption in 
mineral soils (Mattson & Kortelainen, 1998). The amount of precipitation, vegetation and 
leaching from soil organic horizons and relations to the mass balance of DOC in the lake is 
suggested to determine the DOC concentration and colour (Eckhardt & Moore, 1990; Reche 
& Pace, 2002). Climatic change influence and changes the soil carbon pools (Aitkenhead et 
al., 1999). It is suggested that these changes are regulated through the riverine flux of organic 
carbon. Important indicators for the control of riverine carbon flux are slope, peat cover and 
soil carbon content (Aitkenhead et al., 1999). Butturini and Sabater (2000) found a positive 
relationship between discharge and stream DOC concentration in sub catchments of a river in 
north-east Scotland, were the prediction of concentration could be related to percentage peat 
cover. This relationship between discharge and stream DOC concentration has also been 
previously indicated by Eckhardt and Moore (1990) who investigated streams in Southern 
Quebec, although with percentage of wetland as prediction variable. The above suggested 
mechanisms controlling the organic carbon transport may be used as prediction variables, and 
could possibly contribute to a higher explanation rate for the variation in absorbance. 
 

4.5 Climatic variation 
The water colour and transport of organic carbon are influenced by climatic variation. 
Previous studies for evaluating changing climate during the last 30 years indicate that there 
has been a change in the winter temperature, which in recent years has caused the ice in Lake 
Mälaren to melt one month earlier (Wallin, 2000). The yearly runoff patterns of precipitation 
may be altered by the increase in winter temperature (Nordtest, 2003). Consequences of an 
increasing temperature could create redistribution in time which would allow the water of the 
snow melt to be flushed through the soil layer, causing the degradation of organic material in 
soil to start much earlier (Nordtest, 2003). Also the degradation of organic material in surface 
litter is temperature dependent (Correll et al., 2001), which could induce a higher production 
of DOC and stronger water colour. Increases in DOC in rivers have also been related to 
increasing average summer temperatures (Worall et al., 2003). An increasing climatic 
variation with increasing temperature may very well lead to consequences for the ecosystem 
as such since it increases the supply of humic substances. The results for Lake Mälaren 
suggested there has been a yearly increase for three out of four sub-basins of 0.91% yr-1 – 
2.5% yr-1, uncorrected scenario, and 0.93% yr-1 – 2.43% yr-1, corrected, which very well could 
be a consequence of the change in temperature. As previously stated DOC influences acidity, 
mobility and transport of metals and productivity of aquatic organisms (Eckhardt & Moore, 
1990). This may lead to implications for the drinking water supply. 
 
Even though no significant long term trend is found in the sub-basin of Görväln, one single 
extreme precipitation event, as in the year of 2000 (Weyhenmeyer et al., 2003), was able to 
increase the absorbance to extreme values (Wallin & Weyhenmeyer, 2002). This indicates 
that there are some insecurity of what the society can expect and what measures to take since 
extreme events may change the expected conditions. 
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The relation to climatic variation is described in numerous articles. Nordtest (2003) has stated 
that the observed changes in water colour and humic substances are mainly affected by 
fluctuation in climate. In northern temperate lakes the DOC maximum are connected to the 
rainy seasons and it is suggested that rainy periods may increase the humic compounds which 
in turn may affect DOC concentrations and, particularly, colour (Reche & Pache, 2002). It is a 
known fact that rainy seasons are connected to the seasonal variation during the year. The 
trend analysis during the year confirms that the strongest trends are found during period with 
the highest precipitation. Studies of over 200 lakes in Sweden over a time period of 15 years, 
between 1972 -1986, showed that the monthly means of absorbance had increased (Andersson 
et al., 1991). The increase of colour appeared to be connected with periods of high 
precipitation and runoff. During this time period there was an increase in the concentration of 
coloured substances of 50 % in running waters. They found an average increase in colour of 
28 % which could not solely be related to the monthly mean runoff and implied that the 
temporal variation in absorbance must be explained by other factors.  
 
Not only may the consequences of climatic variation be an increasing water colour, there may 
also be other consequences. Naden and McDonald (1989) observed that the climatic 
conditions in specific years affected the amount of colour in the water when they studied the 
measurements of colour during a time period of ten years. They found that an increase in 
colour is followed by increases in dissolved iron, aluminium and manganese. This could 
indicate that the water colour is not always the same as an amount of coloured organic 
substances (Löfgren, 1991) and therefore it is important to remember that absorbance at the 
wavelength 420 nm could also have other sources than DOC.  
 

4.6 Further research 
If the climatic variation is the main reason for the increase of absorbance in Lake Mälaren 
was not within the limits of this thesis. We only know that discharge seems to explain some of 
the variation and that amount of organic material increases. Since an increasing amount of 
humic substances are seen as a possible risk for the quality of drinking water it is important to 
further investigate other variables that may influence the absorbance. 
 
With a yearly increase in absorbance of 0.93 - 2.43 % yr-1, the question is what rate of change 
we can expect in future. This trend could just be a part of a natural variation in a longer time 
period. The time period investigated here was limited to 35 years. A more comprehensive 
study may indicate what effects such changes may imply, and what economic and health 
related consequences the society may expect. 
 
Further analysis to resolve the complex problem could be the use of models. Another idea to 
follow up could be the impact degree of one single extreme climatic event on an ecosystem 
were one approach could be whether absorbance responds in a non-linear way to changes in 
the weather. 
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5 Conclusion 
The trend analysis on the monthly water quality data reveals that water discharge does at least 
to some extent affect the absorbance since trends in absorbance generally increase in 
percentages after accounting for discharge. A significant yearly increase in absorbance of 
0.93% - 2.43% yr-1, corrected, was found in the sub-basins of Galten, Ekoln and Skarven, 
which strongly implies an increase of absorbance in Lake Mälaren. There are differences in 
the trends found between different sub-basins. No significant trends are found in Görväln, 
some in Skarven, and most in Ekoln and in Galten. A major part of the significant trends is 
found for sites that have a strong influence of inflow from land, namely Galten and Ekoln. 
The lower water colour found in Görväln may depend on location in the central part of Lake 
Mälaren where the influence of the catchment area is relatively small. The non existing trends 
at Görväln and Skarven may depend on the lower mean water colour or that the trend slopes 
are too small. A yearly increase in absorbance that is less than 1% (0.0010) gives an 
insignificant p-value. 
 
A common pattern is the existence of seasonality in absorbance. The trend analysis during 
individual months (March and October) confirms that the strongest trends are found during 
periods that are known to have the highest precipitation. It is not possible to say whether the 
variation in the climate is the main reason for the increase of absorbance in Lake Mälaren 
since the water colour is affected by many variables and the sources of the colour may be 
other particular organic/inorganic material than what can be measured by absorbance. This 
was elucidated by the fact that the variation in discharge only explained a maximum of 24% 
of the variation in absorbance. This indicates that discharge single-handedly can not explain 
the variation in absorbance and that there is a need for other prediction variables in order to 
receive a higher explanation rate. Because of the causal relationship between an increasing 
climatic variation and its consequences for the ecosystem when the supply of humic 
substances increases together with the characteristics of DOC to influence acidity, mobility 
and transport of metals and productivity of aquatic organisms it may lead to implications for 
the drinking water supply. 
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