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Abstract

Peatlands have been discovered to sequester approximately 30% of the world's carbon,
despite being only 3-4% of the land cover on Earth. This makes them extremely effective carbon
sinks, however, due to humans draining peatlands, they are becoming a carbon source instead.
This threatens these ecosystems' stability and the world's climate. This paper reviews the effects
of draining and restoring peatlands on factors such as water table, greenhouse gasses (GHQG),
water quality, and ecosystem functions. It is found that in drained peatlands, the low water table
causes mass amounts of carbon dioxide, a major persistent GHG, to be expelled into the
atmosphere. Draining peatlands also lowers the quality of water flowing out of the peatland and
increases the nutrients in that water, potentially leading to harmful algal blooms downstream. On
the other hand, rewetting peatlands slows the amount of carbon dioxide being output, as well as
raises plant productivity, which helps reaccumulate peat and draw carbon dioxide out of the
atmosphere. Rewetting is also noted to improve water quality over time and reduce overland

flow, both of which are known to degrade soil structures and the environment as a whole.



Introduction

Throughout the world, there are nutrient-rich water-logged regions that are essential to
native flora and fauna. These lands fall under the broad category of peatlands. Peatlands are
defined as “with or without vegetation with a naturally accumulated peat layer at the surface.”
Peat, the namesake of peatlands, is composed of at least 30% dead organic matter (Joosten,
2003).

Across the Earth, 3-4% of the land surface is composed of peatlands, with the large
majority being defined as boreal forests (UNEP, 2022). Boreal forested peatlands are identified
by their semi-open canopy coverage and an organic layer deeper than 30 cm (Beaunle, 2021).
With Canada as one of the main locations of boreal forested peatlands, it is important to delve
into the damages caused to peatlands, along with the restoration processes peatlands require
(Joosten, 2003).

The main point of interest in peatlands is their natural ability to sequester carbon, creating
a carbon sink. Due to the anaerobic character of peatlands, organic matter from dead plants
accumulates faster than it can decay. This gradual build-up of organic carbon residing within the
decaying plants creates this carbon sink (Dunn & Freeman, 2014).

Many factors affect a peatland’s ability to sequester carbon, including draining the
peatland of its water and artificial rewetting of peatlands (Belye and Malmer, 2004). Not all
factors create negative change, but they are all connected through peatlands being influenced by

humans.



Discussion
The Draining of Peatlands

Primarily, peatlands are drained for economic reasons, specifically agriculture, peat
extraction, and land development. This is done by digging artificial ditches and channels,
allowing the water to drain from the soil (Haapalehto et al. 2014). As peatlands are full of
organic matter and nutrients, they are ideal ecosystems to convert into agricultural land, however,
the drainage of these wetlands can have many consequences.

Peat is impressive as it can act as a natural sponge, absorbing rainfall and preventing
flooding events in nearby streams and rivers (Prévost et al. 1999). Due to this water-holding
capacity, it can be helpful in droughts, as the stored water can be used by plants, and the wildfire
risk in peatland ecosystems is heavily reduced. In drained sites, however, the risk of wildfires is
higher. Not only is wildfire a concern in dry areas, but the loss of habitat as well. Unique plant
species such as mosses and sedges will be driven out and either killed off or forced to find a new
habitat that will support them (IUCN, 2024). Additionally, there are insects and other
invertebrates that need a specific wetland environment, and if these are affected along with the
plants, a severe loss of food sources would occur. Trophic cascades may happen, leading to a
detrimental hit on biodiversity and several species.

In a paper by Haapalehto et al. (2014), the authors found that water tables were
significantly lower in drained sites than those that were untouched. A lower water table causes
faster decomposition, therefore higher (GHG) emissions, and will prevent the soil from being a
carbon sink. In the same paper, it was found that the drained sites had higher levels of nitrogen
(N) and phosphorus (P) in the water, leading to a decrease in water quality coming out of the site.

In studied peatlands, the amount of N and P is generally low, as it is taken up by the organisms in



the site (Silvan et al. 2004), so the effects of the increased nutrients are not completely known,
but it is likely to cause disturbances within the ecosystem and displace organisms, including
those that are at risk.

Water quality is affected not only directly after draining but also many years into the
future unless restoration efforts are put in place. It was found by Nieminen et al. (2021), that the
release of nitrogen and phosphorus from peatlands that had been drained in the past was
two-to-three times higher than that of peatlands that had never been drained, even 10 years after
drainage. These repercussions of draining can be mitigated through rewetting peat, which has the

potential to prevent or reverse damages done in the past.

The Rewetting of Peatlands

Rewetting a peatland is the process of blocking the drainage ditches and channels, and
allowing water to re-accumulate in the peatland. This process is important, not only for habitat
restoration and environmental restoration purposes but also for stopping the release of carbon
dioxide (CO,) and reaccumulating carbon from the atmosphere (Wilson et al 2016, Giinther et al
2020, Dunn & Freeman 2014) (Fig 1). However, this is not a guarantee and does not happen
automatically (Joosten, 2003). How a peatland responds to rewetting is dependent on climate,

foliar type, soil temperature, and method of rewetting (Wilson et al, 2016).
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Fig 1. Model of potential emission factor ranges based on five globe-wide peatland management
scenarios. Ranges are based on instantaneous radiative forcing from variations of drainage rates
(1000-8000 km?/year) and emission factors (10% and 20% uncertainty, shown by change of opacity)
(Giinther et al 2020).

Rewetting a peatland has been found to lead to higher amounts of biomass accumulation
and higher levels of plant production in these areas (Wilson et al 2016; Schweiger et al 2020).
Rewetting also showed higher water saturation for longer periods, as well as higher water tables

present than their drained counterparts (Schweiger et al 2020, Haapalehto et al 2014). This is



significant, as higher water tables mean that the temperature - a primary factor in decomposition
rates in peatlands - is far more regulated and stable (Schweiger et al 2020, Wilson et al 2016,
Haapalehto et al 2014, Hu et al 2017, Belyea & Malmer 2004). Not only that, but the high water
table in these areas will help plants growing here access water in dry years that are projected
using climate data.

In a paper by Wilson et al (2016), it was concluded that draining peatlands creates a
carbon source, however rewetting the same peatlands lowers the output of CO2 by 50%. It was
also found that in the rewetted peatland low emissions of CH4 were present, and dry peatlands
had no detectable CH4 outputs. Similarly, the Haapalehto et al (2014) study found that dissolved
organic carbon (DOC) concentration and losses were significantly higher in drained sites and
restored peatland DOC levels averaged that of an untouched peatland, however, it was noted that
DOC levels change seasonally. This is further supported by the findings of the paper by Giinther
et al (2020), where the levels of the major GHG that were studied - CO,, CH,, and N,O -
plateaued seemingly directly after rewetting occurred, whereas the levels of emissions continued
to climb in the peatlands that were left dry.

The Giinther et al (2020) paper also considers the radiative effects of CO,, CH,, and N,0O.
CH, may have a more potent warming effect than CO,, however, it is shorter-lived than CO,.
CO, causes more warming in the long term, especially with the added output from leaving
drained peatlands dry. This study stresses the importance of mitigating the release of CO, into
the atmosphere, stating “CH, radiative forcing does not undermine the climate change mitigation
potential of peatland rewetting. Instead, postponing rewetting increases the long-term warming
effect through continued CO, emissions.” The same is noted in the Dunn & Freeman paper

(2014).



Rewetting peatlands was also found to lower overland flow, a major factor in soil - and
subsequently ecosystem - degradation, as well as raise water quality of water outflow
(Haapalehto et al, 2014). The Haapalehto et al paper notes that rewetted peatlands, due to their
healthier and higher functioning plant ecosystems, have overall less overland than dry peatlands
because of higher rates of evapotranspiration taking place, as well as the establishment of new
surface peat due to raised plant productivity. As stated previously, water quality is higher in
rewetted peatlands, and is notably also impacted by the species growing in the peatland, and the

effects of seasonal changes (Schweiger et al 2021, Haapalehto et al 2014).

The Long-term Effects and Future of Peatlands

As peatlands are drained and rewet, it is possible to record changes to the peatland along
with the surrounding area. This timeline allows researchers to identify patterns and predict how
changes in the environment will affect the peatlands in years to come. By comparing drained
peatlands, pristine peatlands, and peatlands that were restored 5 and 10 years ago, Haapaletho et
al. (2014) found a considerable difference in many factors such as water chemistry. When
comparing water chemistry between the four peatlands, the largest difference found was between
the pristine peatland and the drained peatland.

Haapaletho et al. (2014) used principal component analysis (PCA), principal components
(PC) correlate to pH, calcium, electrical conductivity, sodium, phosphorus, iron, nitrogen, and
DOC, to compare and contrast the water quality in the peatlands over the 10 year restoration
period. This led to the discovery that while the pristine peatland and the drained peatland were
exceedingly different in water chemistry, the restored peatlands were considerably more similar
to the pristine peatlands compared to the drained peatlands. As the restored peatland aged, it was

found that the water chemistry only improved in health.



While it is imperative to measure the changes that drainage and restoration of peatlands
cause over time, it is also pertinent to take a step back and look outside the box. One way to
achieve this is by considering peatlands as a tool to fight global warming. As Dunn and Freeman
(2011) analyzed, restoring drained peatlands could be the forward-thinking technique humans
need to offset carbon emissions. This duo investigated the possible use of peatland restoration to
offset GHG emissions for individual countries, specifically countries in the United Kingdom. By
restoring and rewetting drained peatlands, Dunn and Freeman found that the carbon sink created
by the restored peatlands could reduce the carbon credits countries are allotted in the Kyoto
Agreement. These carbon credits are allotted to each country in the agreement, with nations
trading the credits to other nations if they do not require their allotted credits (Dunn & Freeman,
2011).

While Dunn and Freeman focused on the effect of restored peatlands on the near future,
Belyea and Malmer (2004) analyzed the carbon sequestration of peatlands over 500 years. Using
exponential and logarithmic functions, Belyea and Malmer estimated the change in carbon
sequestration in the Stone Mosse mire, a peatland in northern Sweden, throughout multiple
centuries. While the rate at which carbon was sequestered varied over the years, there was an
incline in the amount of carbon being sequestered, as shown in Figure 2. When combining Dunn
and Freeman’s GHG emission goals with the carbon sequestration increase predicted by Belyea
and Malmer, it is clear that by implementing peatland restoration to combat GHG emissions, the

effects will improve as the peatlands.
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Figure 2. Plots a and b represent the age of the peatland versus the depth of the peat and plots ¢ and d
represent the age of the peatlands versus the mass of carbon stored per meter squared. With plots a and ¢
from Core A and plots b and d from Core B (Belye and Malmer, 2004).

The increasing health of rewet peatlands and the decline of GHG emissions were
confirmed in the paper by Wilson et al. (2016) as the authors found that the GHG emissions had
reduced by 50% annually over a decade. While the paper by Wilson et al. was over a shorter
period than Belyea and Malmer (2004), it still reached the same conclusion as the research

provided by Belyea and Malmer along with Haapaletho et al. (2014).



Conclusion

Peatlands are unarguably important regarding carbon sequestration, habitat for plants and
animals, and biodiversity. As these systems are affected by humans, restoration efforts must be
introduced. It was found that the draining of peatlands has adverse side effects such as loss of

species, increased wildfire risk, nutrient leaching, and negative impacts on water quality.

Recommendations

Future research could be conducted on flora and fauna interactions with peat, the
long-term effects of draining and rewetting, and the effects on ecosystems’ macro and

micro-climates to better protect these beneficial environments.
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