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Abstract 
As air temperatures in arctic and subarctic environments increase, permafrost thawing is 

becoming more widespread. This report focuses on how permafrost thawing will affect dissolved 

organic carbon (DOC) concentrations in streams, lakes, and rivers. I found that in areas with 

uphill soil containing an organic layer overlaying mineral soil, such as the Yukon River Basin in 

Alaska/Canada and in central Siberia, there has been a decrease in DOC in surface waters 

associated with permafrost thawing. However, in areas dominated by peatland, such as in 

northern Sweden and western Siberia, there has been an increase of DOC with permafrost 

thawing. These differing results are likely due to the nature of the soil. In areas with uphill soil, 

when permafrost is present it acts as a barrier that confines the soil water to the organic layer, 

allowing high export of DOC. However, when permafrost thaws it increases the active layer of 

the uphill soil and the DOC is able to reach the mineral soil where it becomes adsorbed. In areas 

with peatland the increased active layer allows for the soil water to infiltrate deeper into the peat 

layers and increases the DOC export to surrounding surface waters. In some areas of the arctic 

there has been no change of DOC concentration with permafrost thawing. Some possible 

explanations for this are that permafrost thawing will only affect particulate organic carbon 

(POC) and not DOC, or that the vegetation changes in the arctic will have a stronger influence on 

DOC changes than permafrost thawing.  
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1 Introduction 

Climate change is expected to cause increasing air temperatures in the future and areas north of  

65    latitude are especially sensitive with an increase of 2-3   C since the 1950’s (Åkerman and 

Johansson 2008). Permafrost temperatures in the northern hemisphere have also been shown 

to increase along with increased air temperatures (O’Donnell et al. 2012). Models have projected 

permafrost thaw to spread across arctic and subarctic regions in the next century and direct 

measurements of permafrost thawing have been made locally and regionally across Alaska 

(O’Donnell et al. 2012, Striegl et al. 2005) and Scandinavia (Åkerman and Johansson 2008, 

Olefeldt and Roulet 2012). The active layer thickness of permafrost has been shown to increase 

with increasing temperature and a thicker active layer may increase groundwater discharge 

(Åkerman and Johansson 2008, Sjöberg et al. 2013). Also, during the winter months, arctic 

stream flow discharge comes mainly from deep groundwater flow under layers of permafrost, so 

thawing permafrost may change winter discharge patterns as well as increasing winter 

streamflow (O’Donnell et al. 2012, Sjöberg et al. 2013). Under a moderate air temperature 

warming scenario, over the next century is it estimated that as the active layer thickness 

increases, 61-399 Pg of carbon (C) previously stored in permafrost will thaw and become 

available (Harden et al. 2012). Permafrost thawing may also release a large amount of carbon to 

the surface waters and atmosphere which has the potential to accelerate the effects of climate 

change (Schuur and Abbot 2011).   

The Arctic Ocean has the highest terrestrial input of freshwater organic matter based on volume 

(Dittmar and Kattner 2003). This is because the land area that drains to the Arctic Ocean has 

more than half of the global store of organic carbon (Dittmar and Kattner 2003). The large 

amount of organic matter in these soils makes them especially sensitive to a changing climate. 

Also, about half of the organic matter exported from the soils is either emitted from lakes as a 

gas or stored in the lake sediments (Ask et al. 2012). With permafrost thawing likely to increase 

with increasing temperatures, and the soil in areas with permafrost containing one of the 

world’s largest stores of organic matter, it is important to find out how this permafrost thawing 

will affect dissolved organic carbon (DOC) concentrations exported to surface waters.  

In this report I review studies that focus on permafrost thawing and its effects on DOC 

concentrations in surface waters by: i) first providing a general overview of temporal trends in 

DOC concentration in streams draining boreal and arctic systems; ii) reviewing studies 

providing evidence for effects (positive or negative) or no effects upon DOC concentration in 

streams following permafrost thaw. The objective is to synthesize whether permafrost thawing 

due to increased temperatures will decrease, increase, or have no effect on DOC concentrations 

in the surrounding streams, rivers, and lakes.  
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2 General temporal trends in DOC in temperate, boreal 

and arctic systems 

In areas where the mean annual temperature (MAT) is above zero, such as in mid to high 

latitudes, DOC concentrations in surface waters decreased whereas areas with MAT below zero 

saw an increase in DOC in surface waters (Laudon et al. 2012). However, how DOC 

concentrations change vary quite a lot between catchments, and the underlying cause is still, for 

the most part, unknown (Laudon et al. 2012). 

DOC has been increasing in freshwater in Arctic regions over the past few decades as well as in 

areas in the U.K. (Freeman et al. 2001). Along with the overall increase of DOC, there have also 

been DOC fluctuations on a seasonal basis with a large increase during spring flood (Bagard et 

al. 2011). In the last couple decades, Swedish lakes have become darker with increased humic 

materials, which was thought to be caused mainly by increased precipitation, but precipitation 

cannot explain all of the observed  increase in organic matter (Forsberg 1992). Proposed 

mechanisms to explain changing DOC concentrations in surface water have been hydrology, 

temperature, and changes in sulfate and chloride deposition (Erlandsson et al. 2008). The long 

term increase of DOC in the peatland rich area of the U.K. was associated with an increase in 

temperature (Worrall and Burt, 2004).  

 In Arctic regions, when permafrost melts and forms thaw lakes, it will increase microbial 

transformations which will increase the emission of CO2 and CH4 (Tranvik et al. 2009). When 

the DOC reaches the Arctic Ocean it will also return CO2 and CH4 to the atmosphere by 

mineralization (Frey and Smith 2005).  This also means that the chemistry and nature of the 

DOC exported from the thawed soil will be expected to change as temperatures increase (Striegl 

et al. 2005). If permafrost thawing changes the flow paths to an increased percentage of 

groundwater flow then the DOC will likely change from terrestrial sources to aquatic and marine 

ecosystem sources (O’Donnell et al. 2012). The percentage of peatland in areas with permafrost 

may also influence DOC export. Peatlands contain 1/3 of the global store of carbon (Frey and 

Smith 2005). When permafrost is present in these carbon rich peatlands it has an impact on 

hydrology, vegetation, and DOC chemistry (Olefeldt et al. 2014). As permafrost thaws, 

permafrost areas with peatlands may react differently in their DOC export than permafrost areas 

without peatlands. However, although research in this field is increasing, it is still uncertain 

what is causing these changes in DOC concentrations. Since DOC has increased in many areas it 

is expected that DOC export will continue to increase with increased air temperatures (Striegl et 

al. 2005). As air temperatures increase though, permafrost will continue to thaw which could 

alter DOC export (Striegl et al. 2005). DOC in surface waters can influence the depth of the 

photic zone, can alter food webs, and is an important part of the global carbon cycle (Haei 2011). 

DOC can also affect transport of metals in surface waters (Haei 2011). 
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3 Studies showing decreasing DOC with permafrost 

thawing 

In DOC studies in the Yukon River Basin (YRB) in northwest Canada and Alaska, and in central 

Siberia there has been a decrease in DOC associated with permafrost thawing (Kawahigashi et 

al. 2006, O’Donnell et al. 2012, Prokushkin et al. 2007, Striegl et al. 2005). This decrease in 

DOC concentration in surface waters has been explained by hydrology and DOC chemistry.  

3.1 Processes behind decreasing DOC concentrations 

The type of soil in the YRB mostly consists of a thin organic layer overlaying a thicker mineral 

soil (Striegl et al. 2005). When permafrost is present, it acts as a barrier that prevents the 

movement of water from reaching the mineral soil, confining it to the organic layer (MacLean et 

al. 1999). In the YRB there is discontinuous permafrost with less than 30% wetlands (O’Donnell 

et al. 2012). In multiple studies (MacLean et al. 1999, O’ Donnell et al. 2012, Striegl et al. 2005), 

DOC concentrations in watersheds containing permafrost, and watersheds without permafrost, 

were measured and compared. In all of these studies they found lower DOC concentrations in 

surface waters in areas without permafrost then in areas with permafrost. The main explanation 

for this is that when permafrost thaws, the active layer increases which causes the water to begin 

to flow in deeper channels in the mineral soil (Parham et al. 2013). This increases the hydraulic 

residence time of the soil water and DOC, which then increases the microbial mineralization and 

the DOC undergoes adsorption by the mineral soil (Maclean et al. 1999, Striegl et al. 2005). This 

adsorption decreases the DOC that is exported to the surface waters. Even though the YRB 

mineral soil has a low clay content, which usually means a low sorption capacity, it contains very 

fine silt which allows for DOC to be retained (Maclean et al. 1999). 

In areas where permafrost is still present and has not thawed, the soil water is only able to 

follow shallow flow paths through the organic rich soil overlaying the permafrost (Frey and 

McClelland 2009, O’Donnell et al. 2012). The organic layer in the YRB has high hydraulic 

conductivity and low mineral content so very little of the DOC is adsorbed which means most of 

it is quickly exported to the surface waters (Striegl et al. 2005). Also, the organic soil layer 

contains more carbon than the mineral layer so it allows a higher concentration of DOC to be 

exported. 

In central Siberia a similar trend was seen as in the YRB in Alaska and Canada. Central Siberia is 

a watershed that is dominated by permafrost and that has similar soil characteristics to the YRB 

with a thin organic layer on top of mineral soil (Prokushkin et al. 2007). Kawahigashi et al. 

(2006) looked at differed active layer depths in central Siberia and found that in areas where the 

active layer was thin (permafrost is present), there was a higher concentration of DOC in the 

surrounding waters than in areas where the active layer was thicker (thawed permafrost). When 

the active layer was thicker it allowed the DOC to migrate into the deeper mineral soils, just like 

the results in the YRB.  

Permafrost thawing has been measured using hydrological measurements in the field and then 

using recession analysis and it has been discovered that as permafrost is melting and thawing, it 

increases the percentage of groundwater flow (Lyon and Destouni 2010). This increase in 



4 
 

groundwater flow is due to both a change in aquifer permeability and the uptake of soil water 

into aquifer storage when hydraulic heads underneath the permafrost rise (Bense et al. 2012). As 

the groundwater flow increases, more DOC will flow through mineral soils and be adsorbed, 

decreasing the DOC concentration in surrounding waters (Striegl et al. 2005). An example of the 

effect of groundwater on DOC concentrations in surface waters can be seen in seasonal changes. 

In areas with permafrost, during the summer and autumn DOC concentrations are higher than 

in the winter. This is because in the winter most of the water flows through the mineral soil as 

groundwater, increasing adsorption (O’ Donnell et al. 2012). Then in the summer and autumn 

there is a higher rate of flow through the soil so the lateral flow of the soil water shifts to the 

uppermost layers of the soil, increasing DOC export (Schelker et al. 2011). In boreal landscapes 

in the riparian zone, DOC concentrations in the soil decrease with depth so as water begins to 

flow through deeper layers it comes into contact with smaller concentrations of DOC (Schelker 

et al. 2011). This means that as permafrost begins to thaw, the summer and autumn will be most 

affected. This is because the soil water will begin to switch from flowing through the organic 

layer to flowing through the mineral soils as groundwater where there is a smaller concentration 

of DOC as well as increased adsorption (O’ Donnell et al. 2012).  

In central Siberia, a study by Parham et al. (2013) looked at the effect of wildfires on DOC 

concentrations in an area with discontinuous permafrost. Wildfires increased permafrost thaw 

in these areas, so they were able to see the effect of thawing permafrost on a shorter time scale 

using fires (Parham et al. 2013). They found a decreasing concentration of DOC in areas where a 

fire had been present in the last 60 years (Parham et al. 2013). One reason for this was similar to 

why permafrost thawing decreases DOC concentrations: because there was an increased active 

layer and exposure of DOC to the mineral soil (Parham et al. 2013). However, this decrease in 

DOC concentration is also likely due to the combustion of the organic layer which lowers the 

DOC concentrations in the watersheds (Parham et al. 2013). Increased air temperatures increase 

the likelihood for wildfires, so they may have an effect on permafrost thawing and DOC export in 

the future (Parham et al. 2013). 

Even though in the long run in central Siberia , Alaska, and Canada it is expected that DOC in 

streams will decrease due to permafrost thawing, there may be an initial increase of DOC from 

the permafrost meltwater (Frey and McClelland 2009, Striegl et al. 2005). This is because 

discharge is expected to substantially increase which would increase export of DOC. Permafrost 

thawing is not the only thing that may cause an initial increase in DOC concentrations, glaciers 

melting due to increased air temperatures in areas such as the Yukon River Basin in Alaska will 

also likely increase flow as well as DOC concentrations (Balcarczyk et al. 2009). However, these 

increases in discharge and DOC concentrations will not be a permanent change and once 

discharge starts to decrease then DOC concentrations will be expected to decrease due to 

sorption by the deeper mineral soil. 

The chemistry of DOC in surface waters is also expected to change along with decreased 

concentrations of DOC (Balcarczyk et al. 2009, Striegl et al. 2005). These chemical properties 

can also be used as evidence to explain how permafrost melting is changing DOC export from 

the soil. Specific ultraviolet absorbance (SUVA) for a water sample is the ultraviolet (UV) 

absorbance at a given wavelength which is normalized for DOC concentration and SUVA  is also 

correlated with DOC aromaticity (O’Donnell et al. 2012, Weishaar et al. 2003). SUVA in stream 
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water where permafrost was present in the YRB and central Siberia was found to be the highest 

during spring floods and lowest during the winter (Parham et al. 2013). SUVA values were also 

lowered in areas where permafrost was thawed by wildfires (Parham et al. 2013).  

A high SUVA in the spring indicates that the source of the DOC was mostly from unaltered, 

nonbiodegraded terrestrial plants (O’Donnell et al. 2012, Striegl et al. 2005). As permafrost 

begins to thaw, it is expected that the chemical properties of DOC in stream water in the spring 

will change from relatively unaltered DOC (higher SUVA) to microbioally degraded DOC (lower 

SUVA)(Balcarczyk et al. 2009, Striegl et al. 2005). This supports the explanation earlier of why 

DOC has been found to decrease in areas with less permafrost due to it being degraded and 

adsorbed by the deeper mineral soils.  Also, if DOC in streams begins to become older (lower 

SUVA values) then that would be an indication that older carbon is being released from deeper 

in the soil due to permafrost thawing (Frey and McClelland 2009). This change in age of DOC 

has already been seen in its seasonal changes, in spring time DOC originates from younger 

terrestrial sources whereas in the winter when DOC contribution is mainly from groundwater, 

DOC is older (Frey and McClelland 2009). This could provide another method of detection using 

DOC chemistry to monitor how permafrost thawing is changing its origin and concentrations. 

Also in areas with permafrost, DOC was composed mainly of hydrophobic acids (HPOA) with 

the largest amount being found in the summer and autumn (O’Donnell et al. 2012). HPOA is 

connected to terrestrial organic matter as a source of DOC (O’Donnell et al. 2012). However, 

when permafrost thaws and the percentage of groundwater discharge increases, hydrophilic 

(HPI) organic matter become the higher fraction of DOC instead of HPOA (O’ Donnell et al. 

2012). O’Donnell et al. (2012) explained the change from HPOA to HPI DOC as a result of the 

sorption of DOC by the mineral soil eliminating most of the HPOA fraction. This agrees with the 

current explanation of why DOC has been shown to decrease in the YRB and central Siberia due 

to a transition from flowing through the organic layer to flowing through the deeper mineral 

layer.  

 

4 Studies showing increasing DOC with permafrost 

thawing 

4.1 Increasing DOC concentrations in surface waters 

Not all places around the globe have shown the same decrease of DOC in stream water 

associated with permafrost thawing that was seen in the Yukon River Basin and central Siberia. 

In western Siberia and in western Canada there has been an increase in DOC concentrations 

associated with thawing permafrost.  

Western Siberia is the location of a large area of peatlands, 592440 km2, with a carbon pool of 

70.21 Pg C (Frey and Smith 2005, Sheng et al. 2004). 26 % of all the terrestrial carbon that has 

been accumulated since the last glacial maximum is located in western Siberia (Sheng et al. 

2004). When the DOC concentrations in 96 watersheds in western Siberia (43 with permafrost 

and 53 without permafrost) were compared, the streams in areas with permafrost had lower 
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concentrations of DOC regardless of the percentage of the watershed that was covered by 

peatland (Frey and Smith 2005). But in watersheds without permafrost, the DOC 

concentrations were much higher and were positively correlated to the percentage of peatland 

cover (Figure 1) (Frey and McClelland 2009, Frey and Smith 2005).  

 

 

Figure 1. Response of DOC to percentage of peatland cover in WPF (warm permafrost-free) and CPI (cold permafrost-

influenced) watersheds. (From Frey and Smith 2005). 

When the mean annual temperature reaches -2  C, an isotherm forms where DOC export and 

production changes from a decrease in DOC in streams above the isotherm to an increase of 

DOC below the isotherm (Frey and Smith 2005). This isotherm also corresponds to the 

permafrost line where permafrost is present above the isotherm but not below it. In western 

Canada there is also a very peatland rich area with discontinuous permafrost (Olefeldt et al. 

2014). When 65 rivers were sampled for DOC concentrations, higher DOC concentrations were 

found in surface waters without permafrost, similar to in western Siberia (Olefeldt et al. 2014). 

In northern Sweden, in the Stordalen peatland area, permafrost thaw also created an increase of 

DOC in streamwater (Olefeldt and Roulet 2012). 

An explanation for why DOC increased in surface waters without permafrost in western Siberia, 

western Canada, and northern Sweden but decreased in central Siberia and the Yukon River 

Basin is due to differences in soils. In the YRB and central Siberia the soil profile consists of a 

thin organic layer overlaying permafrost with mineral soil underneath, while in western Siberia, 

western Canada, and Stordalen in northern Sweden the soil is mostly peatland with peat layers 

that can be between 1 and 5 meters deep (Frey and McClelland 2009, Sheng et al. 2004). When 

permafrost is present, it creates a barrier preventing flow of water through the deeper peatlands, 

limiting the amount of DOC that can be exported to surface waters (Frey and Smith, 2005). But 

when the permafrost thaws it allows the water to reach the deeper peat layers, increasing the 
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amount of DOC that is exported to streams (Frey and Smith 2005). Also, as discontinuous 

permafrost begins to thaw, it is expected to create large areas of thermokarst terrain (Lyon and 

Destouni 2010). Thermokarst terrain increases the number of small, young lakes in the 

landscape (Shirokova et al. 2013). DOC concentrations are negatively correlated with the size 

and age of lakes so these small lakes have an increase concentration of DOC (Shirokova et al. 

2013). This means that the formation of thermokarst due to thawing permafrost may be an 

important part of transforming old peat into DOC (Shirokova et al. 2013).  

Thawed peatlands create an increase of DOC in streams because they have huge stores of DOC 

in their organic rich soils and peatlands are so deep they prevent the soil water from coming into 

contact with mineral soils that sorb DOC (Olefeldt et al. 2014). Warmer temperatures and 

thawing permafrost may also warm the peat, increasing decomposition and DOC production 

when microbial respiration increases (Frey and Smith 2005). This also explains why DOC 

concentrations increase when percentage of peatland cover increases because there is a larger 

supply of DOC able to be exported. It is expected that as temperatures increase the isotherm will 

move northward, exposing more peatlands to permafrost thawing (Frey and Smith 2005). 

Peatland has a lower conductivity than, for example, the organic layer of the soil in the YRB 

which means that the water has a long residence time regardless of whether permafrost is 

present or not (Frey and McClelland et al. 2009, Striegl et al. 2005). Increasing the residence 

time of water in the soil increases decomposition of DOM. But peatlands also have anoxic to low 

oxygen conditions which limits decomposition and creates increases of DOC (Frey and 

McClelland 2009).  

In northern Sweden the explanation for increased DOC concentrations in streams within areas 

without permafrost was due to whether the peatland was a palsa, bog, or fen (Olefeldt and 

Roulet 2012). A palsa is a mire where permafrost is present (Fronzek et al. 2009). Streams near 

palsas have lower DOC concentrations because runoff from palsas is restricted by the 

permafrost. Bogs, although they do not have permafrost, showed similar DOC concentrations as 

the palsas whereas fens, which allow flow through, had higher DOC in streams (Olefeldt and 

Roulet 2012). The reason bogs did not increase DOC concentrations in streamwater was that 

bogs may be the in between state for a palsa and a fen, so bogs may not allow enough export and 

degradation of DOC to be significantly different from palsas (Olefeldt and Roulet 2012).  

4.2 Increase of TOC in old peat and lake sediments with warming 

In order to see how warming air temperatures and thawing permafrost have affected organic 

carbon concentrations in surface waters in the past, some studies (Rosén 2005, Rosén et al. 

2009, Ryberg et al. 2010) have looked at old lake sediments. In northern Sweden in an area 

covered with mires, near-infrared spectroscopy (NIRS) was used to analyze lake sediments 

during the Holocene (Rosén 2005). During the past 3000 years, temperatures have decreased 

and this was accompanied by decreasing total organic carbon (TOC)  in all of the 8 lakes (Rosén 

2005). However, now that the tree line in this region of northern Sweden is rising and the mires 

are expanding due to an increase in temperature, TOC is expected to increase (Rosén 2005). 

Similar measurements were made using NIRS in the Stordalen peatland area of northern 

Sweden using peat and lake sediments (Ryberg et al. 2010). Using paleo-reconstructions of the 

lake sediments, it was found that around the 1300-1500’s TOC was increasing in lakes as the air 
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temperatures were also increasing, but by the early 1700s TOC concentrations had become 

stable due to a cooling effect and permafrost becoming more widespread (Ryberg et al. 2010). 

Permafrost constricts water to the upper soil layers as well as uplifts dry palsa hummocks 

(Ryberg et al. 2010). By the early 1990’s TOC had increased again, and so had the thaw depth of 

permafrost (Ryberg et al. 2010). The thawing permafrost created a wetter mire and increased 

the thermokarst erosion (Ryberg et al. 2010). Both of these studies in northern Sweden had 

results that showed a correlated trend between air temperatures (and indirectly in permafrost 

thawing) and TOC in lake sediments. 

Another study (Rosén et al. 2009) in the Abisko Valley of northern Sweden compared TOC 

concentrations, using sediment records from the last 45 years, in a lake connected to a mire and 

in a lake not connected to any mires. The lake connected to a mire had increased TOC 

concentrations when temperatures and permafrost thawing increased (Rosén et al 2009). In the 

lake sediments of the lake that was not connected to a mire, there were no significant changes in 

TOC (Rosén et al. 2009). This provides more evidence that peatlands and mires being present in 

an environment have a significant impact on transport of organic matter from thawing 

permafrost. 

4.3 Changes in DOC chemistry in peatlands 

The chemistry of the DOC was also measured in western Canada and northern Sweden, where 

there is a high percentage of peatland cover, in order to see if the chemistry changed with 

permafrost cover or percentage cover of peatland (Frey and McClelland 2009, Olefeldt et al. 

2014). Increased peatland cover was correlated with decreased DOC aromaticity which indicates 

microbially degraded DOC (Olefeldt et al. 2014). There are two proposed possibilities of why 

increased peatland cover lowers aromaticity of DOC. First, peatlands may be places where 

regional groundwater is discharged or, secondly, due to the long residence time in peatlands, the 

degradation of aromatic DOC may be increased (Olefeldt et al. 2014). 

How permafrost affects DOC aromaticity and SUVA values in peatland areas had conflicting 

results. In western Canada, SUVA was measured and the DOC SUVA measurements and 

aromaticity were lower in permafrost areas than in permafrost free areas, which differs from the 

results in the YRB and central Siberia (Olefeldt et al. 2014, Striegl et al. 2005). A lower 

aromaticity (lower SUVA values) in areas with permafrost indicate higher DOM biodegradability 

(Olefeldt et al. 2014). In the peatland area of Stordalen in northern Sweden, areas with 

permafrost had higher aromaticity than areas without permafrost, similar to what was seen in 

the Yukon River Basin (Olefeldt and Roulet 2012). 

 The reason for permafrost areas in peatlands to have higher biodegradability in western Canada 

is still uncertain and more studies are needed.  Fire, bedrock, and surface geology were ruled out 

as potential causes (Olefeldt et al. 2014). However, differences in peatland types may be 

responsible for the differences in aromaticity between permafrost and permafrost free areas 

(Olefeldt et al. 2014). One proposed solution was that the increased photochemical processing in 

permafrost areas may be due to the low DOC concentrations (Olefeldt et al. 2014). In northern 

Sweden, the DOC aromaticity was higher in permafrost areas and was likely due to the 

hydrology of the type of peatland area (Oldefeldt and Roulet 2012). While palsas with 
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permafrost and bogs had similar high aromatic DOC from terrestrial sources, fens which allow 

higher export of soil water had lower DOC aromaticity (Olefeldt and Roulet 2012). The reason 

fens without permafrost have lower aromaticity is likely due to fens acting as potential sites for 

degradation and transformation of DOC due to their increased residence time and higher 

temperatures (Olefeldt and Roulet 2012). 

 

5 Studies showing no change in DOC with permafrost 

thawing 

How DOC will respond to climate change and permafrost thawing may be more complicated 

than increasing or decreasing. In many cases, the effect permafrost thawing has on DOC 

concentrations in streams may not even be measureable compared to other natural and 

anthropogenic forces. DOC concentrations in surface waters are heavily influenced by seasonal 

changes and precipitation events where heavy precipitation and spring floods increase DOC by 

increasing export (Douglas et al. 2013).  While permafrost may have some effect on DOC 

concentration by increasing DOC export from an increasing active layer thickness, it is may not 

be the most important control (Douglas et al. 2013). Laudon et al. (2013), when measuring the 

effect of increasing temperature on DOC concentrations in Sweden, Scotland, Canada, and the 

U.S., found that with warmer winters, instead of an increase or decrease of DOC,  the seasonality 

of DOC export became more evenly distributed across all the seasons. Even though permafrost 

was not measured as the cause of DOC export in Laudon et al. (2013), increased temperatures 

are usually correlated with increased thawing of permafrost (O’Donnell et al. 2012).  

Other studies (Guo et al. 2007, McGuire et al. 2009) found that thawing permafrost did not 

affect DOC concentrations, only particulate organic carbon (POC) concentrations. DOC 

measured from streams in areas with permafrost thaw and permafrost in the YRB was relatively 

young (390-1440 yr BP), so DOC from permafrost thaw was not correlated with old soil organic 

carbon because if it was then the DOC in rivers would become older in permafrost free areas 

(Guo et al. 2007). However, as mentioned earlier in this report, DOC has been found to change 

its chemistry and aromaticity in areas with permafrost thaw to lower SUVA values indicating 

older DOC, so this creates some conflicting information and requires further research. McGuire 

et al. (2009) mentioned that some differences in measurements across different areas may be 

due to inadequate sampling across all of the seasons, especially in spring floods where discharge 

–weighted DOC has been underestimated.  

Studies such as MacLean et al. (1999), O’Donnell et al. (2012), and Striegl et al. (2005), found 

DOC to decrease with increased permafrost thawing. A study in Alaska by Koch et al. (2013) also 

measured DOC in areas with discontinuous permafrost that had similar soils to the articles 

mentioned above, it was composed of a top organic layer overlying a silty mineral layer. While 

Kock et al. (2013) also found that DOC decreased due to infiltration into the mineral soil with an 

increasing active layer thickness, this result was only found to occur during the summer season. 

At the beginning of the summer flow paths remained fairly shallow, due to high runoff and low 

hydraulic conductivity of the silty deeper mineral soil, so DOC export was high (Koch et al. 
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2013). Then during the summer, DOC export decreased as soil water flow decreased and 

changed to flowing through the deeper mineral soils, however, DOC was still exported in large 

rain events during late summer (Koch et al. 2013). Overall, during the entire year, Koch et al. 

(2013) found that DOC export remained about the same as in areas with permafrost and without 

permafrost because even though DOC export decreased during summer, the large flow events 

exported enough DOC to counteract the sorption by the mineral soil.  

DOC has also been seen to  increase with permafrost thaw in areas that contain large amounts of 

peatlands (Frey and McClelland 2009, Olefeldt and Roulet 2012). Peatlands generally have low 

export of DOC due to their high acidity (Evans et al. 2012). However, as atmospheric acid 

deposition is decreasing in many areas in Europe, it may decrease the acidity of the peat which 

would increase DOC export as seen in the U.K. (Evans et al. 2012). Whether permafrost thawing 

or acidity plays a stronger role in DOC export in peatlands could be a useful subject for future 

research. Also, peatlands differ from the uphill soils in their response to large storm events. 

Even though a large precipitation event will likely cause an increased flux of DOC, the 

concentration of DOC from peatlands decreases during these storm events (Clark et al. 2007). 

This means that DOC concentrations may be overestimated if these storm events are not being 

monitored. 

Most DOC measured by Guo et al. (2007) was relatively young, as previously mentioned, which 

would indicate that DOC is influenced mainly by changes in primary production and not in 

changes to permafrost. When the climate warms, shrub abundance in the arctic will likely 

increase which would also increase spring runoff, winter soil temperatures, and DOC export 

(Frey and McClelland 2009, Sturm et al. 2001). This means that future changes in DOC export 

may depend on altered plant ecology (Frey and McClelland 2009). Anthropogenic changes to 

plant ecology may also affect DOC. Clear cutting has been shown to increase DOC from 15.9 to 

20.4 mg/L, which in some cases may overshadow permafrost thawing contributions (Schelker et 

al. 2011). However, even if all this is true, when permafrost thaws it increases the active layer 

thickness and soil temperature which may make it easier for shrubs to grow, causing permafrost  

to indirectly increase DOC export to surface waters. This effect has been seen in Alaska where 

areas with permafrost  had reduced plant activity and slower organic matter decomposition rate 

compared to areas without permafrost (Balcarczyk et al. 2009). 

 

6 Synthesis: how will permafrost thaw affect DOC? 

The question of whether DOC will increase when permafrost thaws is more complicated than a 

simple yes or no answer. If we look at only how DOC responds to permafrost thawing and no 

other factors, then the type of soil seems to be the most important driver (Table 1). In the YRB, 

central Siberia, and central Canada the soil had a thin organic layer with thicker mineral soil 

whereas in western Siberia, northern Sweden, and western Canada there was a large percentage 

of peatland cover. The type of soil affects how the soil water moves once the permafrost thaws. 

In both cases the soil water is able to flow deeper in the soil, but in one scenario it flows in the 

deeper mineral soil and the other scenario it flows in the deeper peat layers (Figure 2). Since 

mineral soils have low DOC concentrations and they sorb DOC, when permafrost thaws they 



11 
 

decrease DOC concentrations whereas in peatland the soil water accumulates DOC stored in the 

peat and increases DOC concentrations in surrounding surface waters. 

Table 1. Summary of references and their study site characteristics and results.  

References Studied 

system 

Scale of 

catchment 

Effect on DOC Location 

Douglas et al. 2013 Uphill Large 0 Alaska 

Frey and Smith 2005 Peat Large + West Siberia 

Guo et al. 2007 Uphill Large 0 Alaska and N. Canada 

Kawahigashi et al. 2006 Uphill Small - Central N. Siberia 

Koch et al.2013 Uphill Small 0 Alaska 

McGuire et al. 2007 Both Large 0 Arctic 

O’Donnell et al. 2012 Uphill Large - Yukon River Basin 

Olefeldt and Roulet 

2012 

Peat Small + Northern Sweden 

Olefeldt et al. 2014 Peat Large + Western Canada 

Prokushkin et al. 2007 Uphill Small - Central N. Siberia 

Striegl et al. 2005 Uphill Large - Yukon River Basin 

Note: A small catchment was defined in this study as <20 km2. Uphill study systems represent soil with defined 

organic and mineral layers. Effect on DOC shows the overall response of DOC to thawing permafrost with + being 

increase, - being decrease, and 0 being no effect. 
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Figure 2. Simplified diagram demonstrating how uphill soil and peat soil respond to permafrost thawing. Arrows 

represent soil water flow patterns. 

The chemistry of the DOC in the YRB and central Siberia also support the conclusion that the 

soil type is the reason DOC concentrations decreased with permafrost thawing. The SUVA 

measurements were lower in areas with permafrost thaw because the mineral soil microbially 

degraded the DOC. However, the SUVA measurements in areas with permafrost showed 

conflicting results, so more research to determine how exactly peatland responds to permafrost 

thawing will be important in the future. Peatlands are also very acidic, as mentioned earlier in 

the report, and a decrease in acidity caused by decreased deposition may also contribute to 

increased DOC release. Many different soil types, not just peatlands, will alter how permafrost 

thawing responds to warming air temperatures and therefore how DOC will react. In the YRB, 

certain areas have thick yedoma soil which is an ice rich loess silt (O’Donnell et al. 2012). These 

areas have low hydraulic conductivity, as well as a high latent heat content, which makes them 

respond slower to warming and thawing than other soil types (O’Donnell et al. 2012). This is just 

another example of how important soil characteristics are and will be in the future when 

determining how permafrost thawing will change DOC concentrations. 

I think that even though permafrost thawing will impact DOC concentrations in some way 

depending on the soil properties, it is not the only factor to consider when trying to estimate 

changes in DOC concentrations in surface waters. Results that showed increasing or decreasing 

DOC concentrations were usually found by looking at large catchments that contained areas 

with and without permafrost (Table 1). However, when using such large areas such as central 

Siberia or the Yukon River Basin, the results are likely to be very heterogeneous just based on 

the different landscapes and catchment characteristics. It would be interesting if future studies 
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went back to areas where these previous measurements have been taken to see if there are any 

temporal change as permafrost thaws, instead of just looking at spatial differences. There are 

probably lots of factors that will contribute to how DOC responds to climate change, and 

permafrost is just one part of this puzzle. However, it is important to continue to research how 

permafrost thawing will impact DOC concentrations because areas with permafrost contain 

large amounts of stored carbon and much is still unknown about long term effects as well as how 

each season will be affected. When permafrost is present there is large variation between DOC 

export in each season, so a loss of permafrost will definitely have an effect on seasonal 

distribution of DOC which may not only change the carbon cycle but also may have ecological 

effects. 
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