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Summary

This research aims to increase the understandings of the potential feedbacks
between climate change and carbon cycles in the Arctic, with particular em-
phasis on modelling methane (CH4) emissions from three major permafrost
wetland sources: peatlands, river floodplains, and thaw lakes.

The study starts by investigating the CH4 emission mechanisms. Factors
controlling those biogeochemical processes are analyzed (Chapter 1). The
above analysis results in several mechanistic improvements to a wetland CH4
emission model, PEATLAND-VU. The model is tested using data collected
at a Siberian tundra site; the sensitivity of the model has been quantified
(Chapter 2). PEATLAND-VU is then up-scaled and applied to tundra areas
across the northern high latitudes. The correlations between sea-ice cover,
CH4, and climatic elements are analysed within geographical sectors of the
Arctic area (Chapter 3). Furthermore, a snowmelt-driven runo� and flooding
model for permafrost catchments is designed and tested. CH4 emissions due to
flooding have been estimated using this model (Chapter 4). Finally, a stochastic
thaw lake dynamic model, THAWLAKE, is applied to four Arctic areas. The
evolution of thaw lake coverage along a climatic gradient during the last 50
years are quantified; the future trends over the coming decades under various
anticipated climate scenarios are projected. The implications for the future
greenhouse gas exchange are discussed (Chapter 5).

PEATLAND-VU has been improved by: 1) including a hydrological module; 2)
addition of a gross primary productivity module; 3) improving the soil-freezing
scheme. The simulations show that PEATLAND-VU is able to capture both
the annual magnitude and seasonal variations of the water table position, soil
temperature, and CH4 flux. However, large uncertainty in the data prevents
more rigorous testing. The adoption of two GPP calculation methods shows
that improvements can be gained, although they are not very large, and for
di�erences in between the GPP algorithms, marginal only. Further model
improvements should include small-scale variability in wetlands.

Increases in CH4 emissions from Arctic land over the past decades are connected
to Arctic sea-ice retreats; the significances of the correlations are not evenly
distributed - the largest e�ects occur along the eastern Arctic Ocean margins.
A long-term (2003-2010) data-constrained model simulation of CH4 emissions
from a Northeastern Siberian tundra site confirms this correlation with sea-ice
cover (p=0.02). The sea-ice cover is strongly correlated with air temperature,
which also regulates CH4 emissions. The model simulations have not considered
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the physical e�ects of permafrost thaw. Therefore the e�ects of sea-ice decline
on terrestrial wetland CH4 emissions may have been underestimated.

The Malaya Kuonapka basin in Northern Siberia is selected to evaluate the
floodplain inundation model. The Nash-Sutcli�e e�ciency coe�cients are
0.81 and 0.62 for calibration (1969-1973) and validation (1974-1995) periods
respectively, demonstrating that the model captures both the magnitude and the
timing of runo�. The simulated spatial and temporal variations of inundation
pattern are clear. Extrapolation from previous measurements at a Northeastern
Siberian river floodplain gives a yearly average release of 3.10 Gg CH4. Further
model evaluation could be performed when more data become available.

The THAWLAKE model simulations of the current thaw lake cycles and
expansion rates match with available data. Future changes in air temperature
and precipitation lead to a significant decline in lake coverage due to lake
drainage, which has the potential to reduce the positive feedback on the climate
system from thaw lake CH4 emissions significantly. Further improvement of
the model can be achieved by introducing new features, such as including the
probability of subsurface drainage, partial drainage of lakes, and a scenario for
complete permafrost thaw.


