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Abstract

The productivity of agricultural and forest ecosystems in regions at higher
latitudes is to a large extent governed by low temperature and moisture
conditions. Environmental conditions are acting both above- and below-
ground and regulating carbon fluxes and evapotranspiration. However, the
understanding of various feedbacks between vegetation and environmental
conditions is still unclear. In this thesis, two studies were conducted to
understand the physical and biological processes. In the first study, the
aim was to simulate soil temperature and moisture dynamics in the bare
soil with seasonal frost conditions in China. In the second study, the aims
were to model seasonal courses of carbon and evapotranspiration and to
examine the responses of photosynthesis, transpiration and respiration on
environmental conditions in a boreal Scots pine ecosystem in Finland. In both
studies the CoupModel was applied to simulate the dynamic responses of the
systems. Both sites represented investigations from which a high number of
measurements were available. To understand to what extent the data could be
used to increase the understanding of the systems, the Generalized Likelihood
Uncertainty Estimation (GLUE) was applied. The GLUE method was useful to
reduce basic uncertainties with respect to parameter ranges, model structures
and measurements.

The strong interactions between soil temperature and moisture processes
have indicated by a few behavioral models obtained when constrained by
combined temperature and moisture criteria. Model performance on sensible
and latent heat fluxes and net ecosystem exchange (NEE) also indicated
the coupled processes within the system. Seasonal and diurnal courses
were reproduced successfully with reduced parameter ranges. However,
uncertainties on what is the most general regulation for transpiration and NEE
are still unclear and need further systematic investigations.
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