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• Large land–sea fluxes: inorganic sediments (from mineral soils), and
organic CDOM + DOC (from peatlands)

• Most peat-swamp forests in SE Asia have been deforested/drained &
converted for industrial cultivations (Wetlands International, 2016)

• Small-scale field studies suggest that disturbed peatlands lose more
DOC (Cook et al. 2018; Moore et al 2013)

• No time-series or large-scale studies available to confirm that
human disturbance has increased DOC fluxes

Sources of DOC in SE Asia
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Sarawak - Region of Interest
• Bio-optical measurements were used to develop regionally-tailored MODIS

remote sensing model to estimate CDOM and DOC from ocean colour
Objectives:

• Determine spatial and temporal distribution of CDOM and DOC

• Evaluate whether peatland disturbance since 2002 has caused long-
term increases in CDOM and DOC in downstream coastal waters

Find out more: Results from
several field programmes in the
area are published as a special
issue:
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Presentation Notes
CDOM : Chromophoric/Colored dissolved organic matterDOC: Dissolved organic CarbonaCDOM(440): Absorption coefficient of CDOM at 440nm
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• Based on spectral matching of MODIS reflectance and reflectance
modelled from specific inherent optical properties (SIOPs) in look-
up table (from in-situ measurements)

1. Select SIOPs (a*CDOM, a*particles,
bb*particles) from LUT in iterative
fashion

2. Vary DOC and TSM to simulate
reflectance spectra

3. Pick values that give best match
between modelled and MODIS
reflectance spectrum

(TSM, DOC, CDOM)
(SIOPs)

Methods – Remote Sensing Model
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Presentation Notes
a*CDOM: specific absorption coefficient of CDOMa*particles: specific absorption coefficient of sediments or particlesbb*particles: specific back-scattering coefficient of sediments or particlesCDOM : Chromophoric/Colored dissolved organic matterDOC: Dissolved organic CarbonTSM: Total suspended matter
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• CDOM is the optically active component of the dissolved organic
matter, absorbs strongly in UV and blue

• Terrestrially derived DOC is very rich in CDOM. Our in-situ data
show a strong relationship between CDOM and DOC in Sarawak

• CDOM spectral characteristics reflect DOM origin, molecular
weight, photo-oxidation

CDOM as Proxy for DOC
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𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 350𝑛𝑛𝑛𝑛 + 1
𝛾𝛾

• A CDOM source index, γ0, based on
acdom(350nm) and hyperbolic slope (γ)
distinguishes marine from terrestrial
DOC (Shanmugam et al 2011)

Presenter
Presentation Notes
aCDOM: Absorption coefficient of CDOMDOC concentration cannot be measured directly using ocean color sensors because not all the organic carbon is colored.However, colored dissolved organic matter (CDOM), a large component of the dissolved carbon pool, can be observed from space.
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MODIS-Aqua- derived climatological (2002-2018) distribution of absorption coefficient of
CDOM at 440nm (aCDOM) and dissolved organic carbon (DOC)

Climatology (2002-2018)
•High CDOM and DOC close to coast, esp. off-shore of peatlands
(Northern coastal waters, Central Bay, part of Indonesian waters).

• Indicates that peatlands are the main source of CDOM and DOC
• Note: optical model is based on SIOPs from waters close to coast, so DOC will be
underestimated in low-CDOM waters very far from shore

Presenter
Presentation Notes
High CDOM absorption (0.35-0.7 m-1) along with the substantial amount of DOC (65-100 μmolL-1) concentrations and γ0 between 0.8-1.0 mainly confined to the east and central Sarawak Bay. In contrast, low to moderate CDOM absorption (0.14-0.35 m-1) with reduced DOC (40-80 μmolL-1) load were detected in the west with γ0 values between 0.3-0.65.  
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MODIS-Aqua-derived climatological (2002-2018)
distribution of Source index (γ0)

• γ0> 0.7 close to coast
indicates a terrigenous
source of CDOM rather
than merely freshwater
planktons and
macrophytes

• Progressively lower values
of γ0 further from shore
reflect mixing between
terrestrial CDOM with
marine waters (with typical
γ0 of 0.2 to 0.7

• mixing between terrestrial
CDOM and CDOM from
aquatic primary
production with typical γ0
of -0.2 to 0.2

Source Index of CDOM
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• DOC extends
further off-shore
during northeast
monsoon (Nov-Feb),
the season with
highest rainfall

• During the drier
southwest monsoon
(Jun-Aug), DOC
concentrations are
higher close to shore
but decrease more
strongly with
distance from the
coast

• This pattern is
expected, given the
seasonal variation in
rainfall

Monthly Climatology (2002-2018)

Presenter
Presentation Notes
DOC concentrations were ranged between 55-90 μmolL-1 stretched over a wider extent towards offshore during the northeast monsoon. Prevailing wind-driven strong ocean surface currents promoted offshore transport of the water from November to February . While it remained mainly confined within the continental margins between 40-110 μmolL-1 (DOC) during the southwest monsoon. South-westerlies typically drive westward currents on the shelf and promote alongshore transport.
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Long-term trends (2002-2018)

MODIS-Aqua derived spatial distribution of annual trend (2002-2018)
and trend percentage of the absorption coefficient of CDOM at 440nm
(aCDOM) and dissolved organic carbon (DOC). Blue and black contours
delineate areas where trends are significant with p<0.1 and p<0.05,
respectively.

• CDOM & DOC concentrations increased significantly in three
regions downstream of the main peatland areas

• Theil-Sen trend is
statistically significant
(p<0.05) in 1) Northern
coastal waters, 2)
Eastern Bay, and 3)
Indonesian coastal
waters

Average increase of
0.12 m-1 (~27.5%) in
CDOM and 15.4 μmol L-1

(~17.6%) in DOC from
2002 to 2018

Presenter
Presentation Notes
On average, 0.007 m-1 (~2.06%) annual increase of aCDOM corresponds to a rise in DOC by 0.9 μmol L-1 yr-1 (1.18% yr-1) for CDOM-rich coastal waters.
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Trend - Land Transformations

Expansion of industrial plantation and associated deforestation on
peatlands and mineral soil forests in the study-domain

- Compared trends in DOM with changes in land-cover reported by
the Centre for International Forestry (CIFOR, Gaveau et al.
2016, https://atlas.cifor.org/)

Industrial
plantations at the
expense of :

• 2.5% to 66%
peat-swamp
forest loss from
2001-2018

• 1% to 17% of
mangrove and
mineral-soil
forest loss
between 2001 to
2018

Presenter
Presentation Notes
CIFOR: Center for International Forestry Research

https://atlas.cifor.org/
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Time-series of mean DOC
and CDOM in the three
patches with significant
trends show a clear
increase over time

The annual mean DOC and
CDOM are strongly
correlated with the
cumulative deforested
peatland area

Our data provide the first
large-scale confirmation
that disturbance of tropical
peatlands in SE Asia has
increased fluxes of DOC
through rivers to the
coastal sea

Time-series (2002-2018) of MODIS-derived annually-
averaged aCDOM and DOC

MODIS-derived aCDOM and DOC correlation with CIFOR-
derived peatland deforestation (2002-2018)

DOC Deforestation correlation
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 Extensive influence of peat-draining riverine discharges observed
in spatial and seasonal distribution of CDOM and DOC in
coastal waters of Sarawak Bay,

 Terrigenous source of CDOM is further confirmed by high values
of the source index, γ0 which is consistent with a predominantly
peatland source of coastal DOM

 Trend analysis shows significant long-term increases in CDOM
and DOC in coastal waters downstream of areas of peatland
disturbance

 Overall average increases from 2002 to 2018 are 0.12m-1, or
~27.5%, in CDOM and 15.4 μmol L-1, or ~17.6%, in DOC; these
increases are highly correlated with the cumulative deforestation
of peatlands

 This study provides the first large-scale confirmation, using time-
series observations, that peatland disturbance in SE Asia has
increased the fluvial loss DOC to coastal waters

Summary

Thank you!
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