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Seasonal methane emissions from natural wetlands in Nakhon Ratchasima 

province were estimated based on 12-month field works obtained from the actual 

methane flux measurements at a natural wetland. Methane gas was measured 

monthly with a static closed chamber technique and later analyzed by a gas 

chromatography equipped with a flame ionization detector (GC-FID). Results 

showed that methane fluxes varied widely in the range of 1.9-22.7 mg m-2day-1 

with the median ± SD of 10.1 ± 5.4 mg m-2day-1. Seasonally, the methane fluxes 

during wet season ranged from 5.2 to 22.7 mg m-2day-1 with the median ± SD of 

14.1 ± 5.0 mg m-2day-1 while the methane fluxes during dry season were between 

1.9 and 21.9 mg m-2day-1 with the median ± SD of 8.8 ± 5.2 mg m-2day-1 .The 

estimate methane fluxes of the wetland in wet and dry seasons were 1.5-3.1 kg m-2 

and 0.7-2.9 kg m-2, respectively. The estimated methane emission factor from the 

natural wetland in the province was 1.7 to 5.7 kg m-2year-1 compared to the 

default methane emission factor from IPCC, 0.0136 kg m-2year-1 .When 

considering global warming potential (GWP) of methane based on 100-year time 

horizon, the natural wetlands in the province may emit about 15.48 to 52.16 

million ton CO2equivalent a year based on the emission factor derived locally. 

With the IPCC default emission factor, the methane emission was as low as 0.03 

to 0.22 million ton CO2equivalent a year. 
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1
 1. INTRODUCTION 

Greenhous gases (GHGs) in the atmosphere play key 

roles on the Earth’s climatic systems—without them the 

Earth’s surface temperature could be -18°C [1]–[3]. 

Three main GHGs are of concern; carbon dioxide, 

methane, and nitrous oxide, which are emitted in 

different proportion from various sources. 

 Methane emissions from natural wetlands have an 

important role as source and sink of carbon [4]. 

Regardless of carbon dioxide, methane gas is very 

important for enhancing the greenhouse effects because 

it has the global warming potential (GWP) of 28 times 

with 100-year time horizon [5]. This gas is biologically 

produced from methanogenesis by methanogenic 

bacteria in anaerobic [6] or even aerobic environment 

[7]. 

 Methane emissions from wetlands vary temporally 

and spatially. Many factors influence the variations, 

such as, pH (Wang et al., 2009), temperature [9], water 

table level [10], soil texture [11], salinity [12], [13], 
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organic carbon content [14], and climatic conditions 

[15]. Several studies showed inconsistent relationship of 

these factors with methane emissions. Recent report 

indicated the rising of methane in the atmosphere by 150 

percent, from 722 ppb in 1750 to 1,874 ppb in 2020 

[16]. 

 To reasonably estimate local methane emission, 

data on the methane emission factor in the area are 

essential. The locally specific emission factor 

undoubtedly gives better emission estimation than some 

value taken from literatures elsewhere. Lack of site-

specific methane emission factor is often substitute by 

the default emission factor from literatures or 

international organizations, such as Intergovernmental 

Panel on Climate Change (IPCC)[17]. In Thailand, 

previous studies focused on methane emission from rice 

cultivation [18] and constructed wetlands [19], [20]; 

only two studies focused on natural wetlands [18], [21]. 

The latest “Thailand’s 2nd National Communication” 

excluded the GHGs emissions from natural sources [22], 

possibly from limited data on methane emissions from 

the natural wetlands in Thailand. Thus, this paper aims 

to examine the methane emissions based on field 

measurements in Nakhon Ratchasima province and 

compare the annual methane emissions calculating from 

recently developed emissions factor and the default 

emission factor compiled by IPCC. 
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2.  METHODS 

2.1  Study Area 

A natural wetland, named Baan San Kumphaeng 

reservoir, is located downhill from the Phanom Dong 

Rak’s mountain range in Wang Numkheaw district, 

Nakhon Ratchasima province (14°23’18” N 101°42’30” 

E), shown in Figure 1. The small dike had been built, 

creating a reservoir to ease drought in the area. Soil 

texture is sandy and contains small pebbles. Lam 

Prapleng stream discharges water into the reservoir year-

round. The stream flow is almost stagnant during dry 

season with no natural discharge. Average annual 

rainfall is 1,136 mm. The area of the wetland is about 

1.6 km2. Biologically, the dominant plant species 

includes water lettuce (Pistia stratiotes), cattail (Typha 

latifolia), common frogbit (Hydrocharis morsus-ranae), 

swamp cabbge (Ipomoea aquatica), sunrose willow 

(ludwigia adscendens), and water chestnut (Eleocharis 

dulcis). In wet season, the wetland’s edge is dominated 

by wedelia (Sphagneticola trilobata), grass (Phalaris 

arundinacea), and weeds (e.g. Heliopsis helianthoides). 

 

 

Fig. 1. Study area and appearance during wet and dry 

seasons. 

 

2.2  Methane Flux Measurements  

A static closed rectangular chamber was used for 

collecting evolved methane gas [23]. The chamber was 

made from clear acrylics with a dimension of 0.25 m x 

0.25 m x 1.20 m (width x length x height). A 

thermometer was attached inside the chamber to 

determine the temperature and a small fan was installed 

to provide uniform mixing of gases in the chamber [24]. 

A rectangular base was made of aluminum with groove 

to allow the acrylic chamber fitting inside. A chamber 

base was firmly inserted in the soil at 0.05 m depth. 

After two hours, the acrylic chamber was placed in the 

groove of the aluminum base and water was filled in the 

groove to prevent any leak. Five replicated chambers 

were used for methane gas sampling. The gas sampling 

intervals began at 2, 22, 42, 62, and 82 minutes between 

8.30 and 11.00 AM. Gas collection was carried out once 

a month during December 2018 and November 2019. 

 Plastic syringes were used to draw the gas from the 

chambers and transferred into the evacuated glass vials. 

The vials contained gas samples were kept and stored 

under 4°C until they were analyzed in our laboratory. 

 A gas chromatography (Agilent®, Model 7890A, 

USA), equipped with a flame ionization detector and a 

stainless steel packed column, was used for quantifying 

the methane concentrations against the certified 19.5 

ppmv standard methane gas (Air Liquid Co. Ltd., 

Thailand) under the optimum conditions of the GC-FID. 

2.3  Methane Flux Determinations  

Methane emission rates were calculated based on a 

linear change of gas concentrations over time, converted 

to flux rate (mg m-2day-1), and corrected for the chamber 

temperatures [25]. Gas flux rate (mg m-2day-1) was 

calculated by the following Equation (1) at standard 

temperature and pressure (STP) conditions [19]. 

E =  XhM(1440)/RT (1) 

 Where E = emission on the aerial basis (mg m-2day-

1), X= rate of change in gas concentration (ppmv/min), 

h= chamber height (m), M = molecular weight of the 

methane gas (g/mol), 1441 = conversion factor for 

emission per day, R = universal gas constant (0.0821 

atm.L.K-1mol-1), and T = absolute temperature (K). 

2.4  The Annual Methane Emissions from Natural 

Wetlands in Nakhon Ratchasima 

The methane emissions from natural wetlands in the 

province were estimated based on Equation (2) [5]: 

Em = ΣAw x EFw (2) 

 Where Em = annual methane emission, Aw = total 

area of wetland, and EFw = emission factor of wetland. 

2.5  Statistical Analysis 

Statistical analysis was performed using R with packs 

“base” and “ggplot2” and Microsoft Excel® for 

Windows®. Data were tested for normal distribution by 

Shapiro-Wilk’s Test. If the data were normally 

distributed, one samples t-test was carried out. 

Otherwise non-parametric Mann-Whitney test was 

applied. All results were considered statistically 

significant with 95% confident interval. 

3.  FINDINGS 

3.1  Methane Fluxes 

Three hundred and fifteen gas samples were quantified 

for methane concentrations and the fifty-two fluxes were 
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calculated. Methane fluxes varied from 1.9 to 8,634.9 

mg m-2 day-1, with the mean ± SD of 467.0 ± 1,544.6 mg 

m-2day-1 and the median of 13.2 mg m-2 day-1 (n=52). A 

histogram showed distribution of methane fluxes (Figure 

2). 

 

 

 

Fig. 2. Histogram of methane fluxes (n=52). 

 

 

About 87% of methane fluxes grouped between 0 

and 150 mg m-2 day-1. It was important to note that 

methane fluxes over the upper fence of 40.7 mg m-2day-1 

were considered as outliers and thus excluded from 

statistical analysis. 

 The total number of monthly gas samples was 41 

(n). Wet and dry seasons were classified by the water 

levels in the wetland and meteorological conditions, 

observed during the sampling period. Wet season started 

from mid-June to mid-September (3 months), while dry 

season started from mid-December to mid-June (7 

months). The water levels in the wetland reached the 

maximum capacity in wet season and the water levels 

gradually decreased during dry season. The methane 

fluxes varied in the range of 1.9-22.7 mg m-2day-1 with 

the mean ± SD of 10.6 ± 5.4 mg m-2day-1 and the median 

of 10.1 mg m-2day-1. The lowest methane flux was found 

in December 2018 while the highest methane flux was in 

July 2019 (Figure 3). 

 The methane fluxes during wet season ranged from 

5.2 to 22.7 mg m-2day-1 with the median ± SD of 14.1 ± 

5.0 mg m-2 day-1 (n=14) while methane fluxes during dry 

season were between 1.9 and 21.9 mg m-2day-1 with the 

median ± SD of 8.8 ± 5.2 mg m-2day-1 (n=31). The 

methane fluxes from the natural wetland seemed to 

increase from the beginning of dry season in 2018 to 

February 2019. From mid-December 2018 to February 

2019, increasing in temperature from 25.0 to 29.0°C 

may cause the methane producing microbes at the lower 

soil layers to become active leading to more methane 

production [26], [27]. The decreasing of methane fluxes 

in March 2019 may attribute by the lower water levels 

causing more oxic conditions in the lower soil layers, 

less favorable conditions for active microbial activity 

[28], [29]. These conditions may cause the lower rate of 

methane fluxes. After February, the methane fluxes 

increased continuously and peaked in April 2019. This 

dry period had slightly higher temperatures, in the range 

of 29.0-31.0C, than the previous period with the lower 

water level. The methane fluxes decreased about 1.7 

times from April when entered the wet season in mid-

June 2019. During this period, the level of water in 

wetland remained near the lowest capacity of water 

storage. The gradually increase in methane fluxes 

potentially resulted from more available substrates with 

higher water level that methane producing microbes 

consume while they degrade organic matters. During 

wet season, the water from the stream continuously 

discharged into the wetland. The water level of the 

wetland increased and reached the maximum storage 

capacity in July 2019. Additionally, the rainstorm from 

July to August 2019 led more water input into the 

wetland. The wetland, during this period, had high 

median methane fluxes with the number of 14.1 mg m-2 

day-1. The flooded conditions of the wetland provided 

the ideal conditions for methanogenesis. The organic 

matters increased as a result of decomposed grass, thus 

more substrate for methanogenesis [4], [30]. 

 Many studies indicated that methane fluxes varied 

temporally and spatially. When comparing the results to 

those of previous studies, shown in Table 1, it can point 

out that large difference of methane fluxes potentially 

originated from spatiotemporal variation. 
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Fig. 3. Time-series Box-Winkler plot of seasonal methane fluxes from the natural wetland (n=41). 

 

 

Table 1. Methane emissions from some wetland. 

Country Climate Wetland type Flux (mg/m-2/day) Authors Year 

Thailand Tropical Natural reservoir  10.6 ± 5.4 (mean ± SD) This study 2019 

Thailand Tropical Mangrove area 0.19 (cold), 0.27 (summer), 0.52 

(rainy); (mean) 

[21] 2005 

Thailand Tropical Freshwater marsh 7.1-29.7 (mean ± SD) [18] 2001 

Brazil Tropical Lake/reservoir 13.8 (mean) [31] 2006 

France Tropical reservoir 44.8 (mean) [32] 2006 

India Tropical reservoir 116.6 (mean) [33] 2015 

U.K. Temperate Natural pond 1.0-22.5 (range) [34] 2000 

U.S. Temperate reservoir 4.4 (mean) [35] 2004 

Finland Boreal reservoir 33.6 (mean) [36] 2003 

Canada Boreal reservoir 27.36 (mean) [37], [38] 2005 

China Subtropical Lake 0.06-5.5 (range) [39] 2005 

China Subtropical Meadow 270.5 ± 271.0 (mean ± SD)* 

71.8 ± 40.1 (mean ± SD)** 

[40] 2018 

Australia Subtropical reservoir 93.5 (mean) [41] 2013 

China Subtropical reservoir 5.12 (mean) [38] 2013 

Taiwan Subtropical reservoir 4.8 (mean) [42] 2013 

Carex cinerascenswetland was dominated by Note: *   =  

          ** = wetland was dominated by Artemisia selengensis    

 Data from Thailand in Table 1 showed range of the 

methane flux. Khemjaroen (2001) used the measurement 

for 4 months, February to May, while this study and 

Lekphet et al. (2005) were observed throughout the 

year. Discrepancies on the methane fluxes may come 

from various factors such as different area, time, and 

even specific properties of the wetlands. On the other 

hand, the results from Lekphet et al. (2005) may indicate 

that the methane fluxes fluctuated seasonally [21]. 

 In China, the methane fluxes were largely different 

between two different plants dominated in a wetland 

[40]. 

 Similarly, spatial dynamics of methane fluxes can 

be observed from various wetlands in China [38]-[40].   
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 Additionally, methane flux variation could be 

attributed to the difference in climate zone of a wetland 

(Table 1) that affected the balance between methane 

production and methane reduction, thus spatiotemporal 

of methane emissions. 

3.2  Seasonal Estimates of Methane Emissions 

According to the official records for season 

classification, the time span of the dry season was 204 

days and 161 days for the wet season. Seasonal 

estimates of methane emissions from the natural wetland 

were shown in Table 2. Despite dry season covered 

more months (Figure 2), the methane emissions during 

dry season were lower compared to the wet season due 

to high methane fluxes during wet season. 

 
Table 2. Seasonal estimates of methane emissions. 

Period Day 

Methane emissions 

(kg m2 period -1) 

lower upper median 

Wet season 161 1.5 3.1 2.3 

Dry season 204 0.7 2.9 1.8 

Annual 365 1.7 5.7 3.7 

 

3.3  Estimating the Methane Emissions from the 

Natural Wetlands in Nakhon Ratchasima  

The approximate area of natural wetlands was calculated 

from a geospatial database. The area of natural wetlands 

in Nakhon Ratchasima province was about 298.7 km2. 

The methane emission factor of the natural wetland in 

this study was 1.7 to 5.7 kg m-2year-1 (Table 2) while the 

methane emission factor of the natural wetland from 

IPCC (mean ± SD) was 0.0037-0.0235 kg m-2year-1. 

When considering 100-year time horizon, the natural 

wetlands in the province emitted about 15.48 to 52.16 

million ton CO2equivalent year-1 based on our locally 

derived emission factor while estimation using the IPCC 

default emission factor yielded 0.03 to 0.22 million ton 

CO2equivalent year-1 (Figure 4). 

 

 

Fig. 4. Estimated methane emissions in Nakhon 

Ratchasima by two different emission factors. 

  

The difference of the estimated methane emissions 

showed that locally derived emission factor gave 241-

454 times higher estimate than the IPCC emission 

factor. It was possible that the default emission factor 

was a global average (IPCC, 2014) and methane 

emissions vary temporally and spatially [43]–[45]. 

4.  CONCLUSION AND RECOMMENDATION 

The methane fluxes from a natural wetland in Nakhon 

Ratchasima varied widely, 1.9–22.7 mg m-2day-1 with 

the mean ± SD of 10.6 ± 5.4 mg m-2day-1. The methane 

fluxes during wet season had the mean ± SD of 13.2 ± 

5.0 mg m-2 day-1 and 10.3 ± 5.8 mg m-2day-1 in dry 

season. Annual methane emission rate from a natural 

wetland in Nakhon Ratchasima during December 2018 

to November 2019 ranged between 2,015 and 6,169 mg 

m-2year-1 with the mean of 4,092 mg m-2year-1. Estimate 

of methane emissions from the natural wetlands in 

Nakhon Ratchasima was 601,880,500 to 1,842,680,300 

kg year-1. Estimate of methane emissions from the 

natural wetlands with the IPCC emission factor led to 

much lower emissions. 
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