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Abstract 

Climate change is one of the greatest current challenges for humankind. We have pushed 

carbon dioxide (CO2) concentration in the atmosphere from preindustrial 280 ppm to 404.3 

ppm in July 2016. With the increase in greenhouse gases in the atmosphere, we experience 

more frequent and severe weather with devastating consequences to human lives and the 

environment. To tackle this issue, the United Nations Framework Convention on Climate 

Change (UNFCCC) initiated mitigation strategies to reduce emissions of CO2, which is one 

of the six greenhouse gases listed in the Kyoto Protocol. As a member country to the 

UNFCCC, Bhutan is obliged to monitor greenhouse gas emissions and report possible 

sources and sinks. There is a lack of comprehensive research on carbon (C) sinks and 

emissions in Bhutan, and this dissertation focusses on quantifying C stocks from the Eastern 

Himalayan forest ecosystems (biomass and soils) along an altitudinal gradient from 317 to 

3300 m. 

Firstly, this research investigates C and nitrogen (N) dynamics in soils under high altitude 

forests which potentially store a large pool of C and N. Nitrogen is an essential mineral 

nutrient for plants and therefore closely related to the C dynamics. Total soil C and N stocks 

significantly increased with altitude and decreased with soil depth. Carbon and N stocks were 

significantly correlated with altitude (as a proxy for environmental conditions) which 

accounted for 73% and 47% of the variation in C and N stocks, respectively. Temperature 

and altitude had similar correlation coefficients and temperature was ostensibly the main 

driver of soil C and N along the altitudinal gradient. Increasing soil C and N stocks were 

associated with forest composition, forest basal area (BA) and quantity of leaf litter which in 

turn was influenced by altitude and temperature. 



To elucidate the driving processes of C and N stocks, inputs, turnover and stability, C and N 

isotopes in soil and biomass were measured. It was established that overstorey vegetation 

contributes significantly to the soil C, as δ13C of overstorey and soil showed similar trends 

along the altitudinal gradient. δ13C and δ15N enrichment with soil depth was least for 

highest altitude forest. Additionally, the slope of soil δ13C versus the C concentration, which 

is indicative of organic matter decomposition, was also smallest at the highest altitude forest. 

This suggests slow turnover of C and N in the high altitude forest soils, which was further 

supported by increased C:N ratio and CEC with increasing altitude. 

The decomposition of OM proceeds via complex biological, physical and chemical processes 

and resulting in associations with minerals in the soil. Sequential density fractionation, 

DRIFT spectroscopy and IRMS were used to determine the different proportion and forms of 

C in forest soils. Lighter soil density fractions had a greater proportion of aliphatic C that 

were largely associated with phyllosilicates, while the heavier soil density fractions had a 

greater proportion of aromatic C that was usually associated with quartz. The larger 

proportion of aromatic C in the higher soil density fractions suggests that SOC in this fraction 

has been more processed, corroborated by the accompanied decreased C:N ratio and 

enrichment of δ13C with increasing soil density fractions. 

This study depicts reduced decomposition in soils at higher altitude forests with 

proportionally greater aliphatic C to aromatic C, than at lower altitudes, coupled with 

increasing C:N ratios for all soil density fractions with increasing altitude. In addition, the 

ratio of C to O functional groups, which is a measure of relative recalcitrance of organic 

carbon (OC), for the highest altitude is low, signifying limited decomposition even for easily 

decomposable carboxyl and polysaccharides. If global warming continues unabated, the large 

C stocks in mountainous regions that are predominantly in labile form could be an additional 

source of CO2 and further aggravate global warming. 

Soil organic carbon may be the largest terrestrial pool of C, but it is closely associated with 

land use and land cover. In a forest eco-system, the aboveground biomass is not only an 

important source of SOC, but also stores large amounts of C in the trunks and branches. 

Aboveground biomass (AGB) allometric equations were developed to estimate forest AGB C 

stocks for the study area as there are limited equations available for the Himalayas. To 



construct allometric equations, 144 trees were harvested with diameters ranging from 10 cm 

to 77 cm, from the five different forest types found along the altitudinal study transect. Model 

selection was based on the Akaike Information Criterion (AIC), root mean square error 

(RMSE), coefficient of determination (r2) of the regression and absolute average deviation 

from the measured AGB. Tree diameter at breast height (DBH), height and wood specific 

gravity (WSG) were the variables used to build the models. Two forms of models were 

identified that could predict AGB across a range of trees using DBH and tree height. 

Although the inclusion of WSG in the model improved the AGB prediction, it is 

recommended to use models that consider DBH and height of trees. Wood specific gravity is 

not collected during conventional forest inventory and data may not be available for all the 

tree species. For the five forest types in the study area, specific allometric biomass equations 

were developed. Using the best-fit models, estimated AGB C stocks increased with altitude 

from 57 to 207 Mg C ha-1. The use of measured C concentration rather than an assumed 50% 

C for biomass reduced estimated AGB C stocks between 6.8 and 8.6%. With this study, 

baseline data for soil C and N stocks and allometric equations for biomass C stock estimation 

were developed. The estimation of C stocks in the forest soils and biomass allometric 

equations for the different forest types in the Bhutan Himalayas will enable the region to 

better monitor its C stocks and emission to benefit from the United Nations REDD programs. 

 


