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ABSTRACT

Measurements of actual greenhouse gases (GHG) 
like CO2, CH4 and N2O emissions from tropical 
peatlands in Malaysia are needed to understand 
the role of peatlands as carbon sequesters (sink) 
or source when establishing oil palm plantations 
on tropical peatland. Long-term eddy covariance 
(EC) measurements, together with carefully focused 
ecological measurements of meteorological and flux 
data, can potentially identify the relevant climatic 
factors and partition of the net GHG flux from 
the whole ecosystem into contributions from the 
various major components, and quantify the effects 
of climatic variations on seasonal and annual net 
uptake of CO2. 

Direct measurements of CO2 flux using the EC 
method involving air temperature, precipitation, 
windspeed, vapour pressure deficit (VPD), net 
radiation, photosynthetically active radiation 
(PAR) fluxes, sensible heat flux, latent heat and 
net ecosystem CO2 exchange (NEE), can define the 
magnitude of net CO2 fluxes and net ecosystem 
production on time scales ranging from hourly to 
seasonal, annual and inter-annual, for comparing 
intact and converted forest ecosystems into oil 
palm plantations. These observations are capable 
of elucidating the relationships between net CO2 
sequestration and underlying environmental and 
ecosystem parameters, on time scales long enough 
to be highly relevant to climate issues. Therefore, 
the flux measurements provide unique fundamental 
mechanistic, process and environmental data for 
evaluating ecosystem models, and for assessing the 
role of terrestrial ecosystems in the global carbon 
balance.

A sequence of actions are needed for a 
successful EC experimental set-up, data collection 
and processing, such as design of the experiment, 
implementation and data processing. A multi-
disciplinary, fully integrated and focused study 
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team is needed for each site in order to obtain 
the full suite of observations, and to acquire 
an understanding of the underlying processes 
through the correct data collection, processing and 
interpretation.

Some problems are anticipated during 
installation of an EC system on peatland, such as 
peat subsidence, varying peat depths and low bulk 
density as a result of the existence of a water table. 
The tower design should not obstruct air flow 
and affect the instruments’ sensors. The tower 
should be suitably placed at the study site so that 
the useful footprint from all winds is maximised. 
Instruments should be placed at a maximum 
height that still allows for a useful footprint. The 
maintenance plan should include periodic sensor 
cleaning and replacement, a calibration schedule, 
planned replacement of damaged cables and other 
repairs to the instrument system. 

Direct measurements of GHG such as CO2, 
CH4 and N2O fluxes from tropical peatlands 
in Malaysia can be done using the EC method, 
which must be supported by the chamber method 
to measure the influence of soil respiration on 
GHG emission and uptake rate from peatland 
converted to oil palm plantation. A suitable tower 
design with a strong tower foundation support can 
minimise damage to the study site. Together with 
a strict maintenance programme implemented 
during the duration of the study can ensure the 
successful collection of good data.

ABSTRAK

Pengukuran pelepasan gas rumah hijau (GHG) 
seperti CO2, CH4 dan N2O dari tanah gambut 
tropika di Malaysia perlu untuk memahami fungsi 
tanah gambut sebagai penyerap (penyimpan) atau 
pelepas karbon apabila ladang sawit dibangunkan 
di tanah gambut tersebut. Pengukuran jangka 
panjang sistem Eddy Covariance (EC) dengan 
pengukuran ekologi terperinci seperti data 
meteorologi dan data fluks, berpotensi untuk 
mengenal pasti faktor iklim yang penting serta 
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agihan bersih GHG dari keseluruhan ekosistem 
kepada  pelbagai bahagian penyumbang dan 
mengukur kesan kepelbagaian iklim terhadap 
pengambilan CO2 secara bermusim dan tahunan.

Pengukuran secara terus fluks CO2 dengan 
menggunakan kaedah EC merangkumi suhu 
udara, hujan, kelajuan angin, defisit tekanan wap, 
radiasi net, radiasi aktif fotosintesis (PAR), fluks 
haba sensibel, haba laten dan pertukaran ekosistem 
CO2 net (NEE), boleh menentukan magnitud 
fluks bersih CO2 dan pengeluaran bersih ekosistem 
mengikut skala masa bermula dari jam ke musim, 
tahunan dan silih tahun, untuk membandingkan 
ekosistem hutan utuh dengan hutan yang 
telah dibangunkan sebagai ladang sawit. 
Pemerhatian ini mampu menjelaskan hubungan 
antara penyerapan bersih CO2 yang berasaskan  
persekitaran dan parameter ekosistem pada skala 
jangka masa panjang untuk mendapatkan data 
yang cukup untuk dikaitkan dengan isu perubahan  
iklim. Oleh itu, pengukuran fluks ini menyediakan 
maklumat asas yang unik bagi mekanisasi, proses 
dan persekitaran untuk menilai model ekosistem 
dan potensi ekosistem daratan dalam keseimbangan 
karbon dunia.

Bagaimanapun, beberapa langkah perlu 
diambil untuk menjamin kejayaan menggunakan 
EC seperti pengumpulan dan pemprosesan 
data, reka bentuk eksperimen dan pelaksanaan 
data. Kepelbagaian disiplin yang bersepadu dan 
kumpulan  kajian yang terperinci amat diperlukan 
bagi setiap tapak kajian untuk memenuhi 
kehendak pemerhatian penuh, pemahaman proses 
asas melalui pengumpulan, pemprosesan dan 
pentafsiran data yang betul.

Sesetengah masalah yang dijangka semasa 
pemasangan sistem EC di tanah gambut, 
seperti penyusutan gambut, pelbagai kedalaman 
gambut dan ketumpatan pukal yang rendah 
akibat kewujudan air gambut. Reka bentuk 
menara tidak seharusnya menghalang aliran 
udara dan menjejaskan sensor peralatan. 
Menara harus diletak di tapak kajian yang 
sesuai supaya faktor daripada semua arah 
angin adalah dimaksimumkan. Peralatan harus 
diletak di had ketinggian yang maksimum untuk 
menggambarkan keadaan sebenar kawasan 
kajian. Pelan penyelenggaraan yang diperlukan 
termasuk pembersihan dan penggantian sensor, 
jadual kalibrasi, penggantian kabel yang rosak dan 
pembaikan lain untuk sistem peralatan.

Pengukuran secara langsung GHG seperti 
fluks CO2, CH4 dan N2O  dari tanah gambut 
tropika di Malaysia boleh dijalankan dengan 

menggunakan kaedah EC, dibantu oleh kaedah 
kebuk untuk mengukur pengaruh respirasi 
tanah terhadap pelepasan GHG dan kadar 
pengambilannya dari tanah gambut yang telah 
dibangunkan sebagai ladang sawit. Reka bentuk 
menara yang sesuai dengan sokongan asas menara 
yang kuat boleh meminimumkan kerosakan di 
tapak kajian manakala program penyelenggaraan 
yang dilaksanakan secara tegas sepanjang tempoh 
kajian boleh memastikan pengumpulan data yang 
baik.

Keywords: eddy covariance (EC), greenhouse 
gasses (GHG), net ecosystem exchange (NEE), 
carbon dioxide (CO2), methane (CH4).

INTRODUCTION

Peat is the last arable land for agricultureal 
development in Malaysia. Therefore, the 
understanding of greenhouse gas (GHG) emissions 
from this type of soil is still very limited and 
needs to be stepped up. The concentration of 
CO2  (a major GHG) in the atmosphere has risen 
from 280 parts per million (ppm), prior to the 
industrial revolution, to the present values which 
exceeds 360 ppm (Conway et al., 1994; Keeling 
et al., 1995). Presently, it is at 380 ppm (IPCC, 
2007) and  the long-term increase in atmospheric 
CO2 concentration is expected to continue into 
the future. The magnitude of future growth 
in concentration, and the associated effects on 
climate and vegetation, depend critically on the 
fate of the carbon released. Only 40% to 60% of 
anthropogenically released CO2 remains in the 
atmosphere (Tans et al., 1990; Conway et al., 1994). 
Current estimates of the fraction of the missing 
half of CO2 being emitted or sequestered in the soil 
and plant biomass of terrestrial ecosystems are still 
very uncertain, despite relatively few constraints 
based on observations that  are available from 
measurements of the partial pressure of CO2 over 
the earth’s oceans. We also do not understand 
the large-scale changes in the global system 
that modulates the inter-annual increments in 
atmospheric CO2. If a significant part of the 
missing CO2 is being sequestered by terrestrial 
vegetation, as inferred from several analyses of the 
atmospheric records (e.g. Tans et al., 1990; Ciais et 
al., 1995), we have yet to  identify the underlying 
causes and therefore cannot project whether this 
uptake will accelerate, decelerate, or even reverse 
in the future. Thus, when peatlands are converted 
to oil palm plantations, studies are required to 
understand the effects of drainage and compaction 
on the GHG fluxes, whether they become a net 
sink or source.
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Peatlands, covering 2%-3% of the earth’s land 
surface, store approximately one-third of all soil 
carbon (C), and they currently act as sinks for at-
mospheric C (Moore, 2002; Smith et al., 2004). The 
ability of peatlands to sequester atmospheric C re-
sides in their long-term accumulation of partially 
decomposed organic matter (i.e., peat). Indeed, the 
acidic water conditions, low soil temperature, fre-
quent waterlogging situations, and the low nutri-
ent quality of the plant litter impair decomposition 
of this organic matter, favouring its accumulation 
(van Breemen, 1995).

Long-term eddy covariance (EC) measurements, 
together with carefully focused ecological measure-
ments, can potentially identify the relevant climatic 
factors,  and the data allows for partitioning the net 
GHG flux from the whole ecosystem into contribu-
tions from major components, and quantify the ef-
fects of climatic variations on seasonal and annual 
net uptake of CO2 by a forest. Particularly signifi-
cant is the capability of these measurements to de-
fine the influence of soil processes. In boreal forests 
(Grelle, 1997; Goulden et al., 1998), tundra (Oechel 
and Billings, 1992) and wetlands (Gorham, 1995), 
enhanced CO2 production from increases in miner-
alisation rates for soil organic matter overwhelms 
the enhanced CO2 uptake from increased vegeta-
tion growth associated with warming, an interac-
tion very difficult to quantify by other methods. 

There is limited published data on soil C flux in 
the tropics. The understanding of soil C flux based 
on boreal and temperate peats is not fully applica-
ble to the tropics. Studies have demonstrated that 
long-term, direct measurements of CO2 flux using 
the EC method can define the magnitude of CO2 
fluxes and net ecosystem production on time scales 
ranging from hourly to seasonal, annual and inter-
annual, for intact forest ecosystems. When associ-
ated with measurements of environmental condi-
tions, ecological and physiological studies, and 
modelling, these observations appear to be capable 
of elucidating the relationships between CO2 se-
questration and the underlying environmental and 
ecosystem parameters, on time scales long enough 
to be highly relevant to climate issues (inter-annual 
to decadal). The flux measurements therefore pro-
vide unique fundamental mechanistic, process and 
environmental data for evaluating ecosystem mod-
els, and for assessing the role of terrestrial ecosys-
tems in the global carbon balance. This article looks 
at some of the changes in peatland from C sinks to 
C sources, by reviewing the C fluxes into the net 
CO2, CH4 and N2O emissions. 

OBJECTIVES

The objectives of this protocol are:
• to investigate the magnitude of GHG emissions 

associated with the C sources/sinks such as 
CO2, CH4 and N2O with oil palm for peatland 
ecosystems, in regard to climate, species, age 
and geographical locations; 

• to understand the effect of inter- and intra-
annual climate variations on the magnitude 
of  emissions from C, N2O, water and energy 
exchanges in peatland ecosystems;

• to investigate the role of soil, wood and leaf 
biomass respiration on the partitioning of the 
peatland ecosystem C and N2O exchanges; and

• to verify the effectiveness of the biometric 
approach versus the micro-meteorological 
method for measuring peatland ecosystem C 
and N2O exchanges. 

 
DESIGN OF A LONG-TERM CO2 FLUX 

SYSTEM

Currently, commercially available sonic 
anemometers and infrared gas analysers are 
sufficiently rugged and reliable to measure fluxes 
of CO2 and water vapour over and under forest 
canopies for long periods (Saleska et al., 2003), thus, 
extending the techniques developed for studies of 
shorter duration (Baldocchi et al., 1988). Strenuous 
efforts are required, however, to reduce or eliminate 
systematic errors (Goulden et al., 1996a) and to 
insure inter-comparability of the data. 

Long time scales apply most clearly to soil 
C and moisture budgets, and to tree growth. 
Appropriate flux, climate, soil and biological 
measurements must be made that will allow 
scientists to operate and test a hierarchy of concepts 
that underlie C balance models. The time duration 
of flux measurements must be sufficiently long to 
observe the various time scales that are associated 
with the processes that control the fluxes of CO2 
and water vapour into and out of the systems. 
Measurements of appropriate flux, climate, soil 
and biological parameters must therefore be made 
on time scales ranging from hours to years, with 
meticulous attention being given to the procedures 
for data aggregation to avoid the accumulation of 
error.

Many of the processes driving CO2 and water 
vapour exchange are strongly dependent on 
seasonal changes in climate and on phenology. 
Extreme climate events (extreme temperature, 
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winds, drought and fire) and biotic stresses 
(insect and pathogen infestations) are usually 
not considered in field experiments or in models, 
but these events influence the C cycle and net 
production of an ecosystem on both long and short 
time scales. Short-term (hours, days and weeks) flux 
measurements can miss out vital environmental 
interactions. For example, measurements made 
during a wetter than normal year would be of 
little value in characterising the system’s response 
to drought. Such short-term measurements 
would also lead to inaccurate estimates of the C 
sink strength of ecosystems. Long-term (months, 
seasons and years) flux measurements increase 
the likelihood of observing extreme events, while 
defining the response of longer-lived C reservoirs. 
Such data provide unique information for testing 
and improving ecosystem models. 

In order to characterise the key factors which 
modulate C exchange in ecosystems, multi-year 
investigations, as continuous as possible, are 
planned. Thus, a five-year data set appears to be 
needed to obtain first-order information on the 
response of the system to climate variability. 

The common sequence of actions needed for a 
successful experimental set-up, data collection and 
processing is shown in Figure 1. The work-flow can 
be divided into three major parts, i.e., design of the 
experiment, implementation and data processing. 
Setting out the objective of the experiment would 
be to determine the list of variables, which in turn 
will help to determine what instruments should 
be used, what measurements should be conducted 
and how. The objective may also help to determine 
the requirements for the specific site, location of the 
instrument tower within the site and instrument 
placement at the tower. Detailed information 
from the tropical peatland site characteristics, 
such as peat type, vegetation and land use is still 
lacking. When peatland is converted to oil palm 
plantations, the underlying factors affecting soil 
CO2 flux such as the water-table, needs to be 
studied. This type of comparison is vital. Once the 
objective is adequately defined, data collection and 
processing programmes can be written or adjusted 
to accommodate the previously outlined steps, and 
to process the data. 

SCOPE OF MEASUREMENTS

An EC flux system mounted on a tower measures 
net CO2 fluxes between the biosphere and 
atmosphere. To understand the processes that 
are responsible for this integrated value, it is 
vitally important to define the fluxes from the 
components of the system, e.g. leaves, boles, roots 
and soil. Chamber or EC measurements over the 

soil are a means of assessing respiratory fluxes of 
C from the rhizosphere. Soil CO2 concentration is 
determined using CO2 infra-red gas analyser while 
soil CH4 and N2O concentrations is determined 
using gas chromatography equipped with a flame 
ionisation detector. Cuvette measurements on 
leaves can assess photosynthetic and stomatal 
conductance model parameters, and can determine 
the physiological status of the leaves. Periodic 
and concurrent measurements of soil respiration 
and leaf physiological function are required to 
complement ecosystem-level observations. 

Accurate and reliable observations are needed 
for a wide range of environmental and ecological 
variables, including air and soil temperatures, 
humidity, soil moisture, incident and reflected 
solar radiation (PAR, total) and long-wave 
incoming and outgoing radiation, rainfall and 
rain composition. Tables 1 and 2 summarise the set 
of parameters identified to be required (core) or 
desired by Baldocchi et al. (1996). Undisturbed soil 
core  samples were collected to determine soil bulk 
density and moisture content.

A multi-disciplinary, fully-integrated and 
focused study is needed for each site in order to 
obtain the full suite of observations, and to acquire 
an understanding of the underlying processes. 
Without definition of the environmental factors and 
improved mechanistic understanding, observations 
at a particular site cannot be extended to assess CO2 
sequestration, or response to climate forcing, on the 
large spatial scales needed for analysis of global 
CO2 concentrations.

Other meteorological, soil and canopy 
parameters are also required to help validate 
and interpret eddy flux data. The main variables 
include net radiation and soil heat flux to construct 
a full energy budget, shortwave radiation and PAR 
(photosynthetically active radiation) to quantify 
the incoming light, leaf-level photosynthesis 
measurements to help interpret eddy flux patterns, 
soil flux measurements and total green leaf area 
measurements. Some examples of such variables 
and the instruments to measure them are given in 
Table 3.

EDDY COVARIANCE

EC is a technique whereby high frequency 
measurements of atmospheric CO2 concentration 
at a fixed height above the ground are made by an 
infra-red gas analyser (IRGA), along with micro-
meteorological variables such as wind velocity, 
temperature and relative humidity (Baldocchi et 
al., 1988; Gouldin et al., 1996b) (Figure 1). It must 
be borne in mind that differences in the water- 
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Source: Burba and Anderson (2010).

Figure 1. Example of work-flow for the eddy covariance method.  
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Figure 2. Schematic diagram of an eddy covariance (EC) instrument tower to measure surface CO2 flux. (A) an open-path IRGA, 
(B) high frequency response sonic anemometer, and (C) a box containing the power source and datalogger/PC.

Figure 3. Example of an eddy covariance (EC) tower and instruments.
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Table 1. Recommended coRe and desiRed meTeoRological and flux measuRemenTs

a. core measurements b. desired measurements 

I. Eddy flux densities  1. sensible heat. 
2. latent heat (evapotranspiration). 
3. CO2. 
4. Momentum.  

-
-
-
-

II. Storage fluxes 1. CO2 storage in canopy air layer 
(CO2 profile).  

1.  Heat storage in canopy air 
(temperature profile).  

III. Soil fluxes 1. CO2 flux.
2. Heat flux.

1. Water vapour flux.  

IV. Meteorology  1. Air temperature (ventilated, 
shielded). 

2. Net radiation. 
3. Global radiation or 

photosynthetically active photon 
flux density (PPFD). 

4. RH, or dewpoint temperature, or 
wet bulb temperature. 

5. Precipitation. 
6. Wind speed and direction.

1. Diffuse radiation or PPFD. 
2. Absorbed PPFD.
3. Long-wave radiation.
4. Canopy wetness. 
5. Pressure. 

Source: Baldocchi et al. (1996).

Figure 4. Example of an eddy covariance (EC) tower in a 
mixed forest vegetation.

table may influence the soil CO2 fluxes that may 
be small when compared with large differences of 
CH4 fluxes when the variation of the water-table is 
large. All the variations on GHG fluxes need to be 
quantified besides the water-table. The soil CO2 flux 
and CH4 flux in the peat swamp forest and in oil 
palm plantations on peat due to living root biomass 
all need to be quantified. Finally the application of 
nitrogen fertiliser to oil palm plantation will affect 
the N2O emission and the overall EC measurements. 
The integration of these measurements provides 
a gross conservation of energy and mass over an 
area of land (the EC footprint) from which net CO2 
flux is derived. The method essentially involves 
time averaging the product of the time series of 
fluctuating CO2 concentration and vertical wind 
velocity. Under steady-state conditions and for 
sufficiently long averaging time, this converges 
to the ensemble mean flux. The measured vertical 
CO2 flux is an integral of the surface flux over the 
upwind footprint (typically m2 to km2), the size of 
which scales with the measurement height, and 
is also dependent on meteorological conditions. 
One advantage of EC is that it provides a 
spatially and temporally averaged measurement, 
potentially providing more representative flux 
data and allowing for more efficient monitoring 
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Table 2. Recommended coRe and desiRed enviRonmenTal, soil and biological 
measuRemenTs foR foResTed ecosysTems foR daTa inTeRpReTaTion and model execuTion 

and TesTing and applicaTion

a. core measurements b. desired measurements 

forested ecosystems 

I. Stand characteristics  1. Species composition: single. 
2. Above-ground biomass: single (basal area, 

sapwood area, stem density; by species). 
3. Root biomass: single (soil cores). 
4. Canopy height: single. 
5. Maximum leaf area index: annual  (direct - 

annual litterfall and/or indirect – IPAR). 
a) Seasonal change in canopy LAI: annual. 
b) Understory LAI: annual. 

6. Maximum IPAR: annual. 
7. Seasonal litterfall: annual. 
8. Site history: single. 
9. Atmospheric N deposition: annual. 

1. LAI profile: single. 
2. Ground (soil and litter) albedo and canopy 

albedo: single. 
3. High resolution, multi-spectral satellite 

image: annual. 
4. Aerodynamic roughness length and zero 

plane distribution: single.  

II. Stand physiology 1. Annual above-ground growth increment: 
annual. 

2. Bole temperature: repeated.
3. Leaf total nitrogen and carbon content: 

repeated. 
a) Specific leaf area: repeated. 
b) Total woody tissue and sapwood 

nitrogen and carbon content: annual.  

1. Stomatal conductance: repeated (maximum, 
leaf water potential or VPD at closure). 
a) Minimum spring leaf water potential. 
b) Sap flow: repeated. 

2. Annual below-ground growth increment: 
repeated (in-growth cores, mini-rhizotron 
tubes). 

3. Leaf photosynthesis: repeated. 
a) Light response curves: annual (Ic, Amax). 
b) A/Ci curves: annual. 

4. Foliar and bole respiration: repeated. 
5. Leaf and woody tissue total non-structural 

carbohydrate content: repeated. 
a) Tissue 13C/12C ratio: annual. 
b) Atmospheric 13C/12C ratio: repeated. 

III. Soil characteristics 1. Soil temperature profiles: repeated .
2. Soil moisture: repeated (content, capacity). 
3. Soil bulk density and porosity: single. 

a) Soil texture (clay, sand, silt): single 
b) Root depth: single 

4. Soil CO2 flux: repeated. 
5. Litter decomposition rate: annual (bags). 

1. Litter carbon, nitrogen, lignin: single.
2. Soil carbon and nitrogen: single. 
3. Nitrogen mineralisation rate: single. 
4. Soil thermal and hydraulic conductivities: 

single. 
5. Cation exchange capacity: single.  

other vegetation 

I. Vegetation    
characteristics 

1. Species composition: single. 
2. Above-ground biomass: single, (basal area, 

sapwood area, stem density; by species). 
3. LAI. 
4. Canopy height.

1. Root biomass. 
2. Ground (soil and litter) albedo and canopy 

albedo: single. 
3. High resolution, multi-spectral satellite 

image: annual. 
4. Aerodynamic roughness length and zero 

plane distribution: single.

Oil Palm Bulletin 65
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II. Stand physiology 1. Annual above-ground growth increment: 
annual. 

2. Leaf total nitrogen and carbon content: 
repeated. 
a) Specific leaf area: repeated.  

1. Stomatal conductance: repeated (maximum, 
leaf water potential or VPD at closure). 
a) Minimum spring leaf water potential. 
b) Sap flow: repeated. 

2. Annual below-ground growth increment: 
repeated (in-growth cores, mini-rhizotron 
tubes). 

3. Leaf photosynthesis: repeated. 
a) Light response curves: annual (Ic, Amax). 
b) A/Ci curves: annual. 

4. Foliar respiration: repeated. 
5. Leaf total non-structural carbohydrate 

content: repeated. 
a) Tissue 13C/12C ratio: annual. 
b) Atmospheric 13C/12C ratio: repeated. 

III. Soil characterisation 1. Soil temperature profiles: repeated. 
2. Soil moisture: repeated (content, capacity) 
3. Soil bulk density and porosity: single. 

a) Soil texture (clay, sand, silt): single. 
b) Root depth: single. 

4. Soil CO2 flux: repeated.
5. Litter decomposition rate: annual (bags).

1. Soil carbon and nitrogen: single.
2. Nitrogen mineralisation rate: single. 
3. Soil thermal and hydraulic conductivities: 

single. 
4. Cation exchange capacity: single. 

Table 2. Recommended coRe and desiRed enviRonmenTal, soil and biological 
measuRemenTs foR foResTed ecosysTems foR daTa inTeRpReTaTion and model execuTion 

and TesTing and applicaTion (continued)

Source: Baldocchi et al. (1996).

Table 3. examples of auxiliaRy measuRemenTs To suppoRT inTeRpReTaTion 
of eddy flux daTa

no. variable instrument

1 Net radiation Net radiameter based on thermopile sensor

2 Shortwave radiation and PAR LI-200, LI-190SA

3 Soil heat flux Soil heat flux plate and thermometer

4 Leaf photosynthesis Portable gas analyser LI-6400

5 Soil CO2 flux Automated soil CO2 flux system LI-8100, LI-8150

6 Leaf area Leaf area meter LI-3000C, plant canopy analyser LI-2000

Note: PAR – photosynthetically active radiation.
Source: Munger and Loescher (2006). 

Protocol for Measuring Greenhouse Gas Emissions from Peatlands in Malaysia
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strategies than point measurements can otherwise 
provide. A limitation of the EC method is that it 
assumes a horizontal and homogeneous surface, 
and violations of this assumption can introduce 
significant error into the measurements. Estimates 
of the precision of EC vary from ± 5% to 30%. 
Short-term error has been estimated to be ± 7% 
during the daytime and ± 12% during night-time, 
while long-term error is on the order of ± 5%. The 
cost of the EC equipment ranges from ~RM 400 000 
to RM 500 000. This does not include the cost of the 
instrument tower and the solar power array.

PROBLEMS WORKING ON PEATLANDS

Some problems are anticipated during installation 
of an EC system on peatland because of the unique 
peat properties such as peat subsidence, high 
acidity, varying peat depths and poor infrastructure 
foundation support due to its low bulk density. 
The use of heavy machineries such as cranes is not 
possible in order to prevent any disturbance at the 
study site and its surrounding areas.  Electrical 
power for the instruments can be supplied by 
solar-powered battery banks, with reserves for at 
least three days without sunlight. However, the 
solar panels must be sited above the vegetation 
canopy, i.e., mounted on the instrument tower. The 
instrument tower design should not obstruct air 
flow and affect the instruments’ sensors. The tower 
should be placed so that the useful footprint from 
all the winds is maximised. Instruments should be 
placed at a maximum height that still allows for a 
useful footprint. Data collection should be done 
by wireless, wired or other methods that allow for 
daily checks or even real-time checks. Maintenance 
should be kept up throughout the duration of the 
entire project to avoid collecting bad data over 
long periods, or large data gaps. The maintenance 
plan should include periodic sensor cleaning 
and replacement, a calibration schedule, planned 
replacement of damaged cables and other repairs 
to the instrument system. 

CONCLUSION

Direct measurements of CO2 flux from tropical 
peatlands in Malaysia can be done using the EC 
method. However, a suitable tower design with a 
strong tower foundation support should be chosen 
to minimise damage to the study site. A strict 
maintenance programme has to be adhered during 
the duration of the study in order to collect good 
data.   
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