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Abstract 
In boreal landscapes, large quantities of dissolved organic carbon (DOC) accumulated in 
soils are flushed into rivers and streams during snowmelt. These inputs supply energy to 
aquatic microbes, affect pH, and can promote the transportation of metals to streams and 
rivers. However, during the spring flood, changes in stream DOC are influenced by the 
structure of the catchment (e.g., forest vs. wetland cover), where different solutes are stored 
in soils, and snowmelt hydrology. While these mechanisms have been studied extensively in 
‘pristine’ boreal landscapes, the influence of agricultural and urban land use on DOC flushing 
during snowmelt is poorly understood in this region. To understand these influences, I 
measured DOC, along with pH, conductivity, and discharge, during snowmelt at three boreal 
streams draining agricultural and urban lands.  I analyzed chemical patterns using 
discharge-concentration curves that reveal whether solutes are stable (chemostatic) or 
change (chemodynamic) during floods. Similar to observations made in forested catchments 
elsewhere, DOC was chemodynamic at all sites, increasing with discharge; however, two sites 
did show dilution at the very highest flows. pH declined with discharge at one site, but did 
not change at the other two. Electrical conductivity declined (was diluted) with increasing 
discharge for all sites, coinciding with previous studies. These results indicate that the 
majority of these chemical patterns in boreal streams influenced by agriculture and urban 
land use are chemodynamic, either increasing or decreasing in concentration with discharge 
during snowmelt. However more studies are needed to further clarify if patterns human-
modified catchments are consistent with models based on boreal forested catchments.  
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1 Introduction 

 

1.1 Background 

In boreal regions, the spring snowmelt represents the single most important hydrological 
event of the year and is responsible for transporting large amounts of organic and inorganic 
material from soils to streams and lakes. An important component of this flushed material is 
dissolved organic carbon (DOC), which is operationally defined as all carbon compounds 
smaller than the size of a given filter (e.g., 0.45 µm). DOC in streams usually originates from 
plant material and soil organic matter and consists of many different molecules, including 
amino acids, fatty acids, carbohydrates, phenolics, and hydrocarbons, along with other 
biomolecules. Because boreal landscapes often store large amounts of soil organic matter 
(Bradshaw and Warkentin 2015), streams, rivers, and lakes in this region tend to have high 
concentrations of DOC (Laudon et al. 2012).  
 
When entering the stream, DOC can have different impacts on the ecosystem. For instance, 
DOC provides an energetic foundation for food webs and influences aquatic metabolism 
(Berggren et al. 2010). Along with this influence, pH also tends to decrease with increasing 
DOC; this due to the organic acids that are part of this pool. The sudden drop in pH could 
disturb sensitive species which in itself might play a key role in some streams (Ågren et al. 
2010). Naturally there are moderate levels of toxic metals in many rivers and streams; 
nonetheless, because of the chemical complexities in DOC, metals have a tendency to bind 
with organic molecules. This interaction facilitates the transportation of metals and can 
increase levels of toxicity to aquatic biota, especially near anthropogenic activity such as 
mines (Chakraborty and Chakrabarti 2006). Therefore, understanding how and when DOC 
is supplied to streams is important for a variety of reasons.  
 
During snowmelt, water moves through the soil, and this can initiate a flush of DOC which 
has accumulated during the wintertime. For example, in the studies of the Krycklan 
Catchment area, DOC originating from both wetlands and forested areas have been 
monitored extensively during spring flood (e.g., Laudon et al. 2011). In the forest dominated 
catchments, the levels of DOC increase as the rate of flow increases. However, in the wetland 
dominated catchments, DOC decreased as the discharge reached its peak. The explanation 
for this was that, in wetland outlet streams, meltwaters move along preferential flow paths 
rather than infiltrating the peat soils, and thus dilute the DOC signal in the stream. By 
contrast, in the forested catchment it is the riparian zone that is the main source of DOC to 
streams, and here meltwaters infiltrate soils and flush out dissolved materials along lateral 
flow paths (Laudon et al. 2011). Thus, both the pattern of soil organic carbon storage in the 
catchment and variation in snowmelt hydrology can cause large differences in DOC 
concentrations during snowmelt. While these factors influencing DOC flushing from boreal 
forests and wetlands are well studied, we know much less about how urban and agricultural 
land use influences these processes. 
 
Land use activity in catchments can influence both hydrology and biogeochemistry. For 
example, urban streams are often characterized by impervious surfaces caused by 
anthropogenic land use (e.g., parking lots, roads, roof tops, etc.). In addition to this, soil 
compaction is common in developed lands and complicates both infiltration and growing of 
vegetation; for example, a lack in vegetation interferes with the soils ability to retain water, 
leading to increased runoff levels (Booth and Jackson 1997). By preventing infiltration, these 
features may prevent meltwaters from mobilizing dissolved materials in soils.  However, in 
many cases, urban or agricultural streams are artificially created with the purpose of routing 
precipitation and storm-water (Hook and Yeakley 2005). Here, land use activities can cause 
an increased amount of DOC to enter through these constructed systems and the DOC 
originating there often has different characteristics in terms of lability and changed chemical 
composition (Oh et al. 2013). Given these changes, we might expect an increased DOC flux 
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during snowmelt in highly modified catchments. Overall, more studies are needed to 
understand how land use influences snowmelt hydrology and stream chemistry, particularly 
at high latitudes. 
 
A common tool for understanding how hydrological changes influence the delivery of solutes 
to streams is to extract information from concentration (C) versus discharge (Q) curves (i.e., 
C-Q analysis). This approach is beneficial for visualizing dynamics of various elements 
during changing hydrological conditions, but also provides quantitative metrics that describe 
how catchments function biogeochemically. C-Q analysis provides basic insight in solute 
dynamics as flow changes, which can be described as chemostatic or chemodynamic (Figure 
1). Chemostatic is defined by when concentrations remain at the same level even though 
discharge changes. A chemostatic pattern is an indication that a given solute is distributed 
evenly in the surrounding soils, such that changes in flow do not mobilize or dilute the 
chemical signal in the stream (Duncan, Band and Groffman 2017). The definition of 
chemodynamic is described as either ‘up’ or ‘down’ depending on how the concentration 
changes with flow. When a concentration is increasing with discharge it is termed as “up”, 
and this occurs when increases in the water table mobilize greater amounts of given solute. 
This is also called ‘transport limitation’, and is often observed for nutrients in agricultural 
lands, where excess fertilizer is applied to soils (Moatar et al. 2017).  The opposite scenario 
would be ‘down’ where concentrations decrease with discharge (i.e., are diluted) and this 
reflects a limitation of solute production by the soil source (Moatar et al. 2017). Widely used 
by hydrologists, this analysis provides a lot of information about catchment behavior in 
general (Godsey, Kirchner and Clow 2009). Yet, there are still areas where this relationship 
could be proven beneficial, perhaps it could rule out and clarify further of what is known 
about the dynamics of urban and agricultural streams.  
 

 
Figure 1. The concept of chemostatic and chemodynamic visualized where the “up” chemodynamic scenario is 
illustrated, left. The ‘down’ scenario is shown in the middle and the chemostatic behavior, right. The Y-axis is 
representing the log concentration and the X-axis represents log discharge (Q). 
 
1.2 Aim 

A substantial amount of research has been carried out the on concentrations of DOC during 
snowmelt in boreal forest, but questions about these dynamics in urban and agricultural 
watersheds remain (Hook and Yeakley 2005). In this thesis, I will ask how DOC and other 
simple chemical parameters (pH and conductivity) change during the spring snow melt in 
boreal streams influenced by agricultural and urban land cover. I will evaluate these patterns 
in the context of current models based on pristine boreal catchments (e.g., described by 
Laudon et al. 2011). As a second, related question, I also used these data to explore the 
drivers of acidity at these sites, in particular when trends in pH were driven by DOC as seen 
in many boreal forest streams.  
 
Due to previous studies on DOC in streams associated with agricultural, urban, forest and 
wetland dominated areas, I predicted that solute dynamics in this study will behave as a 
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“down” chemodynamic scenario (i.e., be diluted) with decreasing concentrations of DOC and 
conductivity that indicates source limitation. I expected this because greater impervious 
surfaces and storm-water drains in developed catchment will result in rapid flush of 
snowmelt that bypasses soils that are the main source of DOC and the solutes that drive 
conductivity.  
 
 

2 Method 
 

2.1 The study area 

The sampling location is situated in Röbäcksdalen, which is an agricultural research area 
operated by the Swedish University of Agricultural Sciences. The history of these agricultural 
lands goes back a long way and they have been a target for ditching throughout the years. In 
1912, the construction of Degernäsbäcken was initiated as an act of investment in 
agriculturally favored measures. The development of the stream took a lot of years and had a 
few legal issues along the way. In the 1940s there was a clean out of the stream and 
expansion of favored areas. Later, in the 1970s, a lowering of the stream had to be performed 
in order to withstand the runoff of the new residential area north of the stream. This 
introduced urban influences on the already agricultural stream. As of today, the stream is 
diverting runoff water from nearby areas and is connected to Röbäcken as seen near Site 4 in 
Figure 2. Röbäcken is a naturally formed stream with influences of both urban and 
agricultural characteristics. It has several inflows of groundwater water sources, which are 
responsible for its slightly colder temperatures than Degernäsbäcken (Lindström 1981). The 
community of Röbäck is situated a few kilometers upstream of sampling Site 6. Also, further 
upstream the stream flows through forest characterized land cover. 
 

 
Figure 2. The three study sites in the study area of Degernäsbäcken and Röbäcken.  
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2.2 Method 

This project was carried out by sampling agricultural/urban streams multiple times during 
the 2019 snowmelt. The research was conducted in collaboration with the ongoing 
monitoring program at the Röbäcksdalen research site, located near Umeå, Sweden. 
Röbäcksdalen is operated through the Swedish University of Agricultural Sciences (SLU) and 
supports a range of agricultural research activities. They also have multiple stream 
monitoring sites and are now part of the national ‘SITES Water’ program. Data was acquired 
from their sampling during the snowmelt and complemented with additional samples of my 
own.  

 
2.3 Sampling 

The sampling was performed at three locations, including one site on Degernäsbäcken 
(hereafter, Site 4), one in Röbäcken (Site 6), and one downstream where both streams merge 
(Site 5; Figure 2). The sampling days occurred on 27 and 30 March and then on 3, 7, 10, 12, 
15, 18, 21, and 24 April, during rising and falling limb of the snow hydrograph. On each 
sample date a width of the stream was measured in the same spot where water was collected. 
Stream depth was measured manually at five locations where the width had been measured. 
An orange was used to estimate flow velocity along a ten meter section. This was done three 
times in order to get a good estimation of average velocity. These values were necessary in 
order to estimate discharge (Q) for each site. On each date, samples for DOC, pH, and 
conductivity was obtained. Conductivity represents a measure of dissolved ions in waters, 
including anions and base cations. The sampling of the water was done in two plastic bottles. 
One sample was intended for pH and conductivity analysis and had to be filled under water 
to avoid bubbles; the other bottle was intended for DOC. Both bottles were rinsed at least 
three times with stream water before being sampled. Collected water samples were analyzed 
for DOC, pH, and conductivity at the analytical facility at SLU. DOC was analyzed using the 
combustion catalytic oxidation method on a Shimadzu TOCVCPH analyzer (Shimadzu, 
Duisburg, Germany). 
 
2.4 Analysis 

Stream width (w), average depth (d) and average velocity (V) were used to estimate 
discharge (Q) at each site and on each date through the formula: 
 

 𝑄 = 𝑑 ⋅ �⃗⃗⃗�  ⋅ �⃗⃗� 
 
Samples collected in the field were brought to the SLU analytical facility for analysis of DOC, pH 
and conductivity. To evaluate biogeochemical patterns during snowmelt, I regressed log discharge 
against log concentration for each site (Q-C analysis), following Godsey et al. (2009). Because pH 
is also on a log scale, this variable was not transformed in this analysis. Regressions were 
considered significant based on the p-value (p < 0.05). Results from the C-Q analysis were 
determined to be either chemodynamic or chemostatic depending on regression slope value (m). 
Specifically, if the slope exceeded ±0.2, it was considered to be chemodynamic (‘up’ or ‘down’). If 
the slope was within the limits of ±0.2, it was be considered chemostatic (with this cut-off 
following Meybeck and Moatar 2012). Slope values of pH were regarded as concentration of H+ 
ions, for example a negative slope value would be considered up chemodynamic, meaning an 
increase in H+ ions (i.e. more acidic) along with discharge. Q-C curves were constructed in Sigma 
Plot version 14.  Finally, one sample collected for pH and conductivity at Site 5 (18 April) 
appeared contaminated and was not used in this analysis.  
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3 Results 
 

3.1 Discharge 

Discharge for all sites started off with a low flow during the first day of sampling around 0.14 
m³/s, and then increased strongly for Site 5, intermediate for Site 4 and to a less extent in Site 6 
during the 30th of March due to an increase in air temperature (Figure 3). Site 6 displayed a minor 
increase at this time. On the next sampling date (4th of April) all sites receded back to almost base 
flow levels and discharge remained relatively steady at around 0.25-0.35 m³/s until the 15 of 
April. From this date, both sites 5 and 6 started to display elevated discharge levels and reached a 
smaller peak with values around 1.25 m³/s. With the exception of the early peak, Site 4 remained 
almost unchanged throughout the sampling period. Overall, discharge levels ranged between 0.11 
and 2.02 m³/s, the latter occurred the 30th of March. 

 

 
Figure 3. Upper figure visualizes temperature in Celsius taken two meters above ground during the sampling 
period. The bottom panel shows discharge in m³/s vs date. Each site is indicated with different colors. 
 
3.2 Patterns of stream concentration 

Overall, concentrations of all parameters varied among sites and over time (Figure 4a-c). For 
example, DOC started off at different concentrations (5.7-7.03 mg/l) among sites. None of 
the sites displayed any significant increase in DOC during the initial high peak flow, but after 
this the concentrations increased in similar ways at all sites, before leveling out the 4th of 
April. Site 4 experienced a short drop around mid-point of sampling (Figure 4a). By 
comparison at Site 5, DOC levels stayed relative stable but then increased along with 
discharge during the second peak in the end of sampling. Finally, DOC concentrations at Site 
6 showed similar patterns as Site 5 but in a higher concentration, reaching 20.21 mg/l which 
was also the peak concentration of DOC. 

pH-values tended to decrease over time but this pattern differed among sites. For example, 
Site 4 started off with the highest level (6.65), and only showed a slight decline over time, 
and was the most basic site throughout the sampling (Figure 4b). Site 5 displayed a similar 
pattern as Site 4 but had a slightly lower value towards the end of the study (pH = 5.74). 
Lastly, pH at Site 6 declined slowly throughout snowmelt until the 12th of April where it 
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increased by 0.3 units, then later ending at pH= 5.42. With an average pH-value of 5.54, Site 
6 remained the most acid site throughout the sampling. 

Conductivity declined strongly at all sites during the high flow on 31th of March, reaching 
approximately 95 µS/cm for all sites. On the next sampling date, conductivity at all sites 
increased (Figure 4c). Conductivity for Site 4 displayed a small peak around the mid-point of 
sampling (10th of April) and ended with a peak concentration of 313.2 µS/cm. By 
comparison, conductivity at Site 5 was more constant throughout the sampling, ranging from 
212.2 µS/cm to 98.0 µS/cm. Finally, conductivity at Site 6 was also relative stable throughout 
the sampling period, but did decline during the final two dates, with a value of 59 µS/cm at 
the end of the study.  
 

 
Figure 4. a) DOC concentration in mg/l versus date. b) pH-value versus date. c) Conductivity in µS/cm versus 
date. Each site is indicated with different colors. Note that the sample for pH and conductivity at Site 5 on 18th of 
April appeared compromised and was not used in this analysis. 
 
3.3 Concentration-discharge curves 

The log-log plotted concentration-discharge relationship of DOC showed that only Site 6 was 
positive chemodynamic with a slope of 0.28 (R2 = 0.56) considering all sampling dates 
(Figure 5, Table 1). The other two sites were chemostatic, with Site 5 having a slope of 0.17 
(R2 = 0.19) and Site 4 only 0.07 (R2 = 0.05). However, if Sites 5 and 6 are analyzed without 
including the peak discharge sampling (30 March), then DOC at both sites were also positive 
chemodynamic. In this case, the regression at Site 4 had a slope of 0.42 (R2 = 0.58) and Site 
5 had a slope of 0.44, with an exceedingly high r²-value of 0.92.  
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Figure 5. To the left, a log-log concentration-discharge relationship for DOC (mg/l) versus discharge m³/s for all 
sites. To the right, log-log concentration-discharge relationship for Sites 4, 5 and 6 without the high flow the 30th 
of March. Slope-value (m) and r²-value is shown within each site.  

 
 

In contrast to DOC, pH was chemostatic for 
Site 4 and marginally so for Site 5 (p = 0.09), 
with slopes of -0.15 and -0.42, respectively 
(Figure 6). Even though Site 5 showed a 
slope-value greater than -0.2, I considered 
this chemostatic because this regression was 
not significant (Table 1) Site 6 showed to be 
‘down’ chemodynamic with a slope value of -
0.74 (R2 =0.56). In this case, the negative 
slope indicates that Site 6 became increasing 
acidic (increasing hydrogen ions) with 
greater discharge during snowmelt. 

 
 

 Log-log concentration-discharge 
relationships showed that all sites were 
negative chemodynamic for conductivity 
(Figure 7, Table 1). Site 4 showed a slope-
value of -0.38 (R2 = 0.67), Site 5 was -0.32 
(R2 = 0.86), and Site 6 was -0.47 (R2 = 0.65). 
These patterns, for all sites, show that 
conductivity was diluted by greater discharge 
during snowmelt. 
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Table 1. Summary of results from discharge-concentration analyses at each site (n = 9 or 10 per regression).  
Parameters are derived from log-log regression analysis between flow and each variable. Pattern refers to whether 
relationships were chemostatic (CST), chemodynamic with enrichment (CDM+), or chemodynamic with dilution 
(CDM-). Since lower pH is indicated by higher concentration of H+ ions a negative slope is interpreted as positive 
regarding chemodynamic. Asterisks refer to analyses with the highest discharge observation removed at Sites 4, 5 
and 6. 

 

 
3.4 Drivers of stream acidity 
I used regression analysis to ask what chemical factors were correlated with changes in pH at 
all three sites (Figure 8, Table 2). Overall, results show that, at Site 6, pH was negatively 
associated with DOC (R2 = 0.91) but positively associated with conductivity (R2 = 0.48). 
Similarly, at Site 5, pH declined with DOC (R2 = 0.69 and increased with conductivity (R2 = 
0.6). By comparison, neither DOC (R2 = 0.01) nor conductivity (R2 = 0.01) were correlated 
with pH at Site 4.  

 

 
Figure 8. To the left, pH versus DOC (mg/l). To the right, pH versus conductivity (µS/cm). Each displayed in 
different color accompanied with its respective r²-value. 

 

 

 

 

Site Parameter m (slope) R² p-value Pattern

4 DOC 0.07 0.05 0.54 CST

4* 0.42 0.58 0.02 CDM+

5 0.17 0.19 0.21 CST

5* 0.44 0.92 <0.001 CDM+

6 0.28 0.56 0.01 CDM+

6* 0.32 0.83 <0.001 CDM+

4 pH -0.15 0.06 0.51 CST

5 -0.42 0.36 0.09 CST/CDM-

6 -0.74 0.56 0.01 CDM+

4 Conductivity -0.38 0.67 0.004 CDM-

5 -0.32 0.86 <0.001 CDM-

6 -0.47 0.65 0.005 CDM-
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Table 2. Summary of results from regression analysis between relationships pH vs. DOC and pH vs. conductivity 
at each site.   

 
 

 

4 Discussion 
The main goal of this this thesis was to assess changes in DOC and other parameters, such as 
conductivity and pH, during spring snowmelt in boreal streams influenced by agricultural 
and urban land cover, and to compare these patterns with current models of snowmelt 
chemistry in boreal forest catchments (e.g., described by Laudon et al. 2011). Overall, results 
from this study show that DOC behaved chemodynamic at all sites, with the exception of the 
early peak flow which indicated dilution for two of the sites. As for pH, chemostatic patterns 
were found in two sites (Site 4 and 5), but positive chemodynamic responses (increasing in 
acidity) were observed for the remaining site. Finally, electrical conductivity was ‘down’ 
chemodynamic at all sites, representing a dilution of dissolved ions with increasing discharge 
during snowmelt. 
 
Contrary to my predictions, DOC concentrations tended to increase with discharge at all 
sites, particularly at Site 6. This positive chemostatic pattern suggests that meltwater is 
infiltrating soils and mobilizing stored DOC, a pattern that is consistent with observations 
made in more pristine boreal forests. For example, studies in the Krycklan Catchment have 
shown large increases, and a positive chemodynamic patterns, for DOC in forest-dominated 
catchments (Laudon et al. 2011). However, in contrast to boreal forested catchments, the 
study area of Röbäcken and Degernäsbäcken is strongly influenced by both agricultural and 
urban land cover, and Site 4 is also influenced by industrial activity. In addition, the 
background DOC concentrations at Röbäck streams were considerably lower than those 
observed in Krycklan streams (5.7-20.21 mg/l vs. 10-30 mg/l) (Laudon et al. 2011). This 
difference could be a direct consequence of land use (tilling surface soils) but could also 
relate to the composition of soils and underlying geology. The soil of Röbäck mainly consists 
of fine particles such as clay and silt, once deposited as marine sediment (Fredén, 1994, 
Sohlenius 2011). The Krycklan area mainly consist of glacial till with highly-organic surface 
horizons that contribute to stream DOC inputs (Laudon et al. 2011). However, despite these 
differences, my results suggest that the basic mechanisms driving DOC dynamics during 
snowmelt are not qualitatively altered by land use activities at these study sites.  
 
While the overall patterns suggest that DOC was chemodynamic across a broad range of flow 
conditions, I did observe dilution at Sites 4 and 5 during the very highest flow early in the 
snowmelt period. Importantly, these are the sites connected with Degernäsbäcken, which is 
the more highly modified catchment compared to Röbäckdalen. Similar, non-monotonic 
chemical responses to changing discharge have been reported elsewhere (Moatar et al. 2017); 
however, these patterns are complicated to interpret in a catchment with both urban and 
agricultural cover. What caused this dilution might have to do with a lack of infiltration and 
altered hydrological connectivity (e.g., via storm water drains) in the most highly developed 
areas of upstream of Site 4 (e.g., urban and industrial surfaces). In other words, this very 
early flush of meltwater to Sites 4 and 5 may not have interacted with catchment soils, and 
therefore simply diluted the stream chemistry. In addition, when the high flow occurred 

Site Parameter R² p-value Significant

4 DOC vs. pH 0.01 0.8 No

5 DOC vs. pH 0.69 0.006 Yes

6 DOC vs. pH 0.91 0.03 Yes

4 Cond. vs. pH 0.01 0.74 No

5 Cond. vs. pH 0.6 0.01 Yes

6 Cond. vs. pH 0.48 <0.001 Yes
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early on during the sampling, the concentration of DOC might not have responded to 
discharge because a large proportion soils were still frozen and melt water was perhaps not 
able to infiltrate. However, when the next peak occurred (primarily at Sites 5 and 6), warmer 
temperature may have increased the accessibility of the soil, allowing more DOC to be 
mobilized and transported. However, because I did not observe this dilution at Site 6, it 
seems more likely that it was caused by land use activities (or associated built structures) 
that are unique to Degernäsbäcken.  
 
Unlike DOC, conductivity was universally diluted across all sites. These results suggest that 
the source of these solutes in Röbäck soils was not large enough to keep pace with 
hydrological flushing during snowmelt. Overall, this is not an unusual pattern for nutrients 
and major cations. For example, Moatar et al (2017) conducted a study over a massive area 
in France influenced by agricultural land use. Their findings suggested a ‘down’ 
chemodynamic relationship for conductivity as well as for chlorine, calcium and magnesium, 
which are often important contributors to conductivity. However, another study done by 
Godsey, Kirchner and Clow (2009) found chemostatic patterns for sodium, magnesium and 
calcium. Their study was conducted from various sites around the US, and they concluded 
that minerals were evenly distribute throughout the soil and therefore leading to chemostatic 
patterns along with elevated discharge levels. Nonetheless, the dilution of conductivity in 
Degerbäcken and Röbäcken suggests that cations throughout the soil are not evenly 
distributed. Specifically, this heterogeneous soil composition indicates that there is a greater 
amount of base cations further down the soil horizon (e.g. in the mineral soils). A similar 
pattern of dilution for conductivity was also observed by Moatar et al. (2017), as well by 
Buffam et al. (2008) for the Krycklan Catchment. Site 4 achieved the highest concentration 
on average; this might reflect the relatively low discharge of the site, and/or the contribution 
of industrial wastewater from upstream. 
 
Nutrients are not the only thing that influences aquatic ecosystems, and maintaining 
circumneutral pH-levels are often critical for aquatic fauna. An abrupt increase in organic 
material (i.e., DOC) can cause acidic conditions, leading to the disappearance of certain 
species (Ågren et al. 2010). However, inorganic sources such as soils or low weathering 
capacity in bedrock may also cause acidification to these vulnerable systems (Ågren et al. 
2008). Regarding pH in Röbäck, values appeared to be chemostatic in all sites but Site 6, 
which was positive chemodynamic (i.e., acidity increased with discharge). Site 6 also 
remained the most acid almost throughout the sampling. The reason for this is probably the 
connection between Site 6 and the forests upstream, which contains abundant coniferous 
trees that release organic compounds that contributes to the slightly lower pH (Ågren and 
Löfgren, 2012). Another explanation for decreasing pH-levels could be nearby sulphide soils, 
which have been observed in the area of Röbäcksdalen (Sohlenius 2011). However, the pH-
values for all sites combined were relatively high for this region, with an average of 5.83 
units. Indeed, compared to values observed in the Krycklan catchment (4.2-6.1; Buffam et al. 
2008), pH in Röbäck streams would be considered intermediate/high. The reasons for this 
are complex and may include a variety of factors, such as smaller accumulation organic 
horizons in urban and agricultural soils, as well as differences in the flow paths that feed the 
streams. For example, water flowing through eskers might make the pH slightly more basic 
(Tiwari et al. 2017), while water flowing through sulphide enriched areas tend to make more 
acid. Another factor could be the fine particles of silt and clay that compose the agricultural 
area of Röbäcksdalen, which have a high surface of contact area and potential buffering 
capacity when interacting with bypassing melt water (Buffam et al. 2008, Sohlenius 2011). 
 
Relationships between pH and other chemical variables provide some insight to the drivers 
of acidity during this study. For example, at Site 6, pH was negatively correlated with 
discharge, suggesting that organic acids were driving changes in acidity during snowmelt. 
These results are similar to those reported by Buffam et al. (2008), who observed the pH 
dynamics during spring flood in the Krycklan Catchment and found that pH dropped with 

https://sv.glosbe.com/en/sv/homogeneous
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discharge, although some sites changed more than others. They also found that DOC was 
negatively correlated with pH. However, pH at Site 4 and 5 either remained quite stable, or 
declined at times not always accordingly to discharge. Conductivity appeared to be another 
contribution factor for pH in Sites 5 and 6, this pattern was confirmed in the Krycklan 
studies by Buffam et al. (2008) as well. However, neither DOC nor conductivity was 
correlated with pH at Site 4. This suggests that Sites 6 and 4, despite being located very close 
to each other, operate under very different sets of drivers. Site 6 behaved more like a boreal 
forest stream, with increases in DOC and declines in conductivity during snowmelt driving 
changes in stream pH. In contrast to Site 6, I suggest that Site 4 has more of a distinct urban 
character, with potentially more industrial influences that deserve further research.  
 
Interestingly, Site 5 receives water from both of these upstream sources (Sites 4 and 6) and 
this caused a distinct set of temporal patterns in terms of discharge and stream chemistry 
during snowmelt. For example, Site 5 was unique in having two very clear peaks in 
discharge, the first one driven by a large flood at Site 4, and one later one driven by high 
flows at Site 6. However, chemically speaking, Site 5 tended to behave more like Site 6, in 
that the trends in pH were correlated with both DOC and conductivity. This suggests, that at 
least for the variables considered here, the chemical effects of land use in Degernäsbäcken 
might be very local, and damped by the confluence with Röbäcksdalen downstream.  These 
observations highlight a key challenge to working in highly modified streams networks, 
where very different hydrological and chemical patterns emerge from local sources (e.g., 
agricultural or industrial activities) and then mix downstream. 
 
  

5 Conclusion 
The effects of agricultural and urban development on stream chemistry during snowmelt 
displayed positive chemodynamic pattern for DOC at all sites. The pH-levels appeared to be 
chemostatic in two sites while being ‘up’ chemodynamic in the remaining site. Finally, 
conductivity showed ‘down’ chemodynamic patterns (e.g. dilution) at all sites. In comparison 
to pristine boreal catchments, Site 6 clearly displayed characteristics of a typical boreal forest 
stream. This included increases in DOC, declining pH, and declining conductivity with 
increasing discharge. Site 4 however was suggested to be somewhat of urban/industrial 
influence with dissimilar patterns compared to Site 6. Because it is influenced by stream 
water from both upstream sites, Site 5 showed intermediate patterns of chemistry during 
snowmelt. 
 
Overall, this study of Degerbäcken and Röbäcken shows that, given a modest amount of 
agricultural land use (e.g., at Site 6), streams can share some features of snowmelt 
biogeochemistry that are observed elsewhere in the boreal region (Laudon et al. 2011). 
However, with more highly urban or industrial land cover (e.g., Site 4), these patterns can be 
very different.  Further studies are needed to confidently state if stream chemistry dynamics 
on agricultural and urban catchments in boreal regions truly align or not. 
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8 Appendix 
Table 1. Raw data for all sites. Note that the sample for pH and conductivity data for Site 5 on April 18 was 
compromised and these data not included in this analysis.  

Date Site 
Discharge 
(m³/s) Time 

DOC 
(mg/l) pH 

Conductivity 
(µS/cm) 

2019-03-27 4 0,143516667 12:29 5,70 6,65 247,62 

2019-03-30 4 1,222875669 13:50 5,79 6,2 104,38 

2019-04-03 4 0,259411765 09:59 7,77 6,25 174,73 

2019-04-07 4 0,240747063 10:25 8,77 6,24 181,44 

2019-04-10 4 0,105119594 09:17 5,60 6,38 255,14 

2019-04-12 4 0,361856743 15:10 8,78 6,37 195,83 

2019-04-15 4 0,178660983 10:13 6,44 6,13 217,56 

2019-04-18 4 0,221971465 09:21 5,38 6,09 261,49 

2019-04-21 4 0,320690384 16:17 8,07 6,18 255,37 

2019-04-24 4 0,181516949 08:02 5,25 6,02 313,15 

              

Date Site 
Discharge 
(m³/s) Time 

DOC 
(mg/l) pH 

Conductivity 
(µS/cm) 

2019-03-27 5 0,1622487 11:02 7,03 6,53 212,22 

2019-03-30 5 2,018700057 12:55 7,78 6,24 97,98 

2019-04-03 5 0,372670683 09:05 10,95 6,21 146,7 

2019-04-07 5 0,324219838 09:45 11,35 6,21 143,56 

2019-04-10 5 0,299447666 08:50 10,50 6,27 187,31 

2019-04-12 5 0,396998369 14:30 10,09 6,36 185,73 

2019-04-15 5 0,419341882 09:54 9,87 5,96 136,40 

2019-04-18 5 0,63442434 09:01 13,80 Na Na 

2019-04-21 5 1,344051322 14:31 17,96 5,90 101,03 

2019-04-24 5 0,995966197 08:14 17,43 5,74 106,97 

              

Date Site 
Discharge 
(m³/s) Time 

DOC 
(mg/l) pH 

Conductivity 
(µS/cm) 

2019-03-27 6 0,106357405 11:47 9,50 6,29 181,33 

2019-03-30 6 0,611631966 14:28 10,48 6,21 82,19 

2019-04-03 6 0,295186676 10:01 14,70 6,1 122,69 

2019-04-07 6 0,405784076 11:10 13,96 6,08 117,97 

2019-04-10 6 0,254762288 09:49 14,10 5,97 130,34 

2019-04-12 6 0,341753515 14:40 11,15 6,27 134,66 

2019-04-15 6 0,341165946 10:36 12,78 6,08 180,18 

2019-04-18 6 0,634883094 09:50 16,92 5,92 143,19 

2019-04-21 6 1,143510247 15:26 19,96 5,52 63,09 

2019-04-24 6 0,899829814 09:21 20,21 5,42 59,00 


