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Carbon emissions from land use
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From rainforests to oll palm plantations
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Forest

- Current oil palm
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Modeling oil palm monoculture and its associated impacts on land-atmosphere carbon, water and energy fluxes in Indonesia
(Fan 2016 Dissertation)



Theoretical framework
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Source: Lawrence et al., 2011; Oleson, et al., 2013; NCAR; Boulder, CO, USA



A new Plant Functional Type (PFT)
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New structure and processes in CLM-Palm
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Sub-PFT (phytomer) phenology

Expansion of phytomer at rank 1
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Compare with field data
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Fan et al. 2015, Geoscientific Model Development, 8, 3785-3800




Energy Hydrology Biogeochemistry

DIRECT SOLAR PHOTOSYNTHESIS

REFLECTED SOLAR

ABSORBED SOLAR b PHENOLOGY
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Canopy hydrology:

Caveat of forcing frequency

(a) Rain distribution

(b) Rainfall amount and frequency
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Degraded forcing frequency influences
canopy evaporation and transpiration

ET components
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evapotranspiration (ET), transpiration (T), soil evaporation (Eg) and canopy evaporation (E.) for tropical forest



Canopy evaporation over Indonesia
forests and oil palms

CLM4.5 forced with CRUNCEP 6-hourly data CLM4.5 forced with GSWP3 3-hourly data

canopy evaporation mm/s canopy evaporation mm/s
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Little canopy interception and evaporation
with observed half-hourly forcing
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evapotranspiration (ET), transpiration (T), and canopy evaporation (E.) for oil palm plantation
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PFT-dependent canopy interception
parameterization

Interception efficiency

fpi = X (1 — e 05X(LAIFSAD) jn CLMA4.5
fpoi = X tanh(LAI + SAI) in CLM5
Interception storage capacity
mx — X (LAI + SAI)

CLM-Palm uses PFT-dependent fpimx and dewmx, and
dewmx is separately modelled for leaf and stem

surfaces:
mx = X LAI + X SAI



Evapotranspiration, interception and energy flux

Sensitivity of ET partitioning to canopy interception
parameterization

ET (mm/day) T {(mm/day) Ec (%)
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Two-stream approximation

CLM default big- optional statistical
leaf model multilayer model
(1L-2S) (ML-2S)

Dynamic multilayer model
for radiative transfer and photosynthesis

Norman iterative
multilayer model
(ML-NM)

Fan, et al. In Preparation
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Improved diurnal pattern of ET partitioning
at oil palm site
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Water flux (mm h_1)

Only rainy days
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CLM5.0 with GSWP3 3-hourly forcing

canopy evaporation
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Impacts of rainforest to oil palm conversion
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Impacts of rainforest to oil palm conversion
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A brief summary
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