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ABSTRACT

The Naban River Watershed National Nature Reserve lies at 500 to 2304
m.a.s.l. and is subject to the rapid expansion of rubber plantations that mainly replace
forests. The land use change in the region affects carbon stocks and dynamics that
need to be better studied. This thesis is based on a literature review that was used to
parameterize the LUCIA model, and to evaluate the biomass accumulation of the
area’s primary and secondary forest types, grasslands, orchards/tea, and maize and
paddy rice fields. Published and field data are used for the development of allometric
equations to estimate rubber biomass accumulation at the reserve’s different elevation
ranges. The model Land Use Change Impact Assessment provides outputs necessary
for the estimation of carbon stocks and carbon balance of these land uses during the
simulation period from 1992 until 2003. The reserve’s elevation gradient significantly
influences temperature and thus rubber tree biomass development. The total biomass
of rubber is significantly higher (< 0.05) at low (530 to 650 m) > medium (680 to 800
m) > high (870 to 1050 m) elevation ranges. Separate organ biomasses of rubber are
significantly different (< 0.05) at the different elevation ranges. Stem biomass is
higher at low > medium > high elevations, while the area’s winter temperature
inversion possibly leads to branch and leaf biomasses that are higher at medium > low
> high elevations. The biomass accumulation in mature rubber and forests is highest
in primary tropical seasonal rainforests, followed by primary evergreen broadleaf
forests, rubber at low elevations or primary montane rainforests, rubber at medium
elevations, secondary evergreen broadleaf forests, secondary seasonal and montane
rainforests, and rubber at high elevations. The simulated biomass carbon stocks



correspond to experimental estimates of the study area, and are highest for primary
forests, followed by secondary forests, 11 year old rubber at low and medium
elevations, 11 year old rubber at high elevations, grasslands, orchards/tea, maize, and
paddy rice. Secondary forests have been mainly replaced by rubber, maize and paddy
rice plantations, thereby yearly reducing the watershed’s biomass. Soil carbon
dynamics at the watershed level is mainly defined by the amount and difference

between litter inputs and exported carbon. Soil erosion and carbon input from
manure have less influence on carbon balance at a watershed level. The share of
carbon dioxide emissions in the watershed increases for primary forests, rubber and
the remaining land uses, except for secondary forests that experience a reduction due
to deforestation. The carbon balance of all land uses becomes less negative
throughout the simulation period, except for mature rubber that becomes more
negative due to latex tapping. Rubber cultivation at low and medium elevations can
increase the watershed’s biomass carbon stocks, as at the middle of its life cycle it can
compensate for the biomass carbon loss of replacing secondary forests. This and the
lower carbon dioxide emissions of rubber can have positive effects on the study area’s
carbon balance.

Key word:Land Use Change Impact Assessment (LUCIA) model, carbon stock,
highland agricultural system, Soil Carbon, Soil Carbon Dioxide Emissions
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