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Abstract: In recent decades, wetlands have played a significant role in the global carbon 
cycle, making it essential to quantify their greenhouse gas (GHG) emissions at regional, 
national, and international levels. This study examines three dammed water bodies 
(Dalpatsagar, Gangamunda, and Dudhawa lake–wetland complexes) in Chhattisgarh, In-
dia, to estimate their GHG emission potentials. Methane (CH4) showed the highest emis-
sion rate, peaking at 167.24 mg m⁻2 h⁻1 at 29.4 °C in Dalpatsagar during the standard me-
teorological week of 21–27 May. As temperatures rose from 17 °C to 18 °C, CH4 emissions 
ranged from 125–130 mg m⁻2 h⁻1. Despite slightly higher temperatures, Dudhawa showed 
lower emissions, likely due to its larger surface area and shallower depth. Carbon dioxide 
(CO2) emissions from Gangamunda increased sharply from 124.25 to 144.84 mg m⁻2 h⁻1 as 
temperatures rose from 12 °C to 25 °C, while Dudhawa recorded a peak CO2 emission of 
113.72 mg m⁻2 h⁻1 in April. Nitrous oxide (N2O) emissions peaked at 29.11 mg m⁻2 h⁻1 dur-
ing the 8th meteorological week, with an average of approximately 10.0 mg m⁻2 h⁻1. These 
findings indicate that climate-induced changes in water quality may increase health risks. 
This study offers critical insights to inform policies and conservation strategies aimed at 
mitigating emissions and enhancing the carbon sequestration potential of wetlands. 
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1. Introduction 
Water bodies, including wetlands, ponds, reservoirs, tanks, dams, check dams, and 

rivers, play vital roles as sources or sinks of atmospheric greenhouse gases (GHGs), in-
cluding carbon dioxide (CO2), methene (CH4), and nitrox oxide (N2O) [1,2]. Wetland soil 
also acts as a sink, extending the wet period of any water body that captures a significant 
amount of carbon in the profiles. In mapping, the carrying capacity of wetlands at the 
terrestrial level opens a new window for real-time carbon assessment. Temporary and 
natural water bodies are another issue in trapping carbon in terrestrial water bodies, due 
to high fluctuations in the release of atmospheric GHG. Among the GHGs, wetlands can 
release small amounts of CO2, and human activities in catchment enhance methane emis-
sions, as the global warming potential (GWP) of CH4 is 25 times greater than that of CO2, 
and even warmer soil accelerates the release of CH4. Wetlands are recognized as carbon 
storage in the form of biomass [3]; however, they are prominent sources of GHGs (espe-
cially CO2, CH4) but negligible sources of nitrous oxide (N2O), which depends on nitrogen 
loading from the catchments. The IPCC [4] report indicates that the global mean temper-
ature will reach 1.5 °C between 2030 and 2050, and it is assumed that 90% of global warm-
ing is due to potent GHG through natural or anthropogenic activities. Notably, the GWP 
of CH4 and N2O are 28 and 310 times greater than that of CO2, respectively, based on a 
100-year IPCC horizon [5]. Wetlands occupy only 6% of the global land surface and act as 
major sinks for GHGs [6]. 

India has a diverse range of aquatic resources that comprise an extensive network of 
3.15 million ha of reservoirs, 2.36 million ha of ponds and tanks, and 1.2 million ha of 
floodplain wetlands and lakes [7]. The role of CO2 and CH4 in global climate change is 
widely known in the international scientific domain. Subsequently, the global carbon cy-
cle and indulgent carbon source emissions or sinks have become an interesting research 
topic; nutrient inputs, such as nitrogen and phosphorus, play critical roles in GHG emis-
sions [2]. Eutrophic water bodies have characteristic features and may exhibit a net influx 
of atmospheric carbon [2]. Wetlands are generally regarded as significant carbon sinks 
and account for one-third of universal soil carbon sequestration [8]. 

Surface waters are universally considered substantial emitters of CO2, CH4, and N2O 
in the atmosphere [9]. Large water bodies emit 9–27% (70–175 Tg CH4 yr−1) [10]. In gen-
eral, benthic sediments emit (diffusion and ebullition) a significant amount of CH4, and 
the high availability of organic carbon (OC) and anoxic conditions favor methanogenesis 
[11]. Typically, nearly 50% of CH4 emissions from large water bodies occur via diffusion 
rather than ebullition [9]. Reservoirs, particularly young reservoirs (aged <10 years), have 
the potential to produce high CO2 and CH4 emissions. Created reservoirs are important 
water bodies and are the largest anthropogenic source of CH4 (23%) emissions under sur-
face flow, whereas the organic matter (OM) of reservoirs is exhibited as a source of CH4 
and CO2. Kumar and Bijalwan [12] stated that methane emissions can be controlled by 
water depth, the chemistry of flooded soil, organic carbon, phosphorus concentrations, 
etc. Moreover, aquatic denitrification and nitrification change the nitrogen pool and pro-
ject higher N2O [13]. Recently, the emission rates of inland water enhanced the CO2 emis-
sion over 2 Pg C yr−1, of which the water body was estimated to be 0.32 to 0.50 Pg C yr−1 

[14]. Both ebullition and diffusion (flux) ranged from 0.01 to 52.1 mmol m−2 d−1, whereas 
the staged inland water released 0.583 Pg C yr−1; in fact, it accounts for 15.1% of CO2 emis-
sions and 40.6% of diffusive CH4 emissions [15]. 

It is a common assessment that the benthic zone emits (via diffusion and ebullition) 
a significant amount of CH4, where the high availability of OC and the anoxic conditions 
favor methanogenesis. Methane diffusion from benthic deposits in large water bodies is 
extremely constant in space and time. Diffusive CH4 fluxes across water columns vary 
both diagonally and within structures [16]. To further understand the variability in the 
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emission of greenhouse gases, the experiment was framed to study the quantity of their 
contributions by releasing CO2, CH4, and N2O during the times of the year with the lowest 
release and the peak release and their responsible factors. Thus, we quantified the magni-
tude and variability of the emissions over daily timescales. The overall aim was to deter-
mine the best method for measuring and quantifying with minimum sampling effort. 

2. Materials and Methods 
2.1. Study Area 

In this study, three water bodies, namely, the Dalpatsagar, Gangamunda, and 
Dudhawa Dams situated in the Bastar and Kanker districts and the larger water body of 
Chhattisgarh, were chosen to estimate GHG potentials. The location and base map of the 
study area is illustrated in Figure 1. Field campaigns were conducted in 2020 to collect 
water, sediment, and GHG samples. The mean average annual rainfall (1404 mm) in the 
study area and the recorded rainfall were 1121.5, 114.8, 45.3, and 124.8 mm with the aver-
age rainy days being 55, 7, 4, and 9, respectively [17], for the Dalpatsagar, Gangamunda, 
and Dudhawa Dams. The salient features of the study area are listed in Table 1. 

 

Figure 1. Base map and location map of the study area. 

Table 1. Salient characteristics of the selected water bodies. 

Characteristic Parameter Dalpatsagar Gangamunda Dudhawa Dam 
Area (ha) 143.90 30.95 1882.10 

Mean depth (m) 1.85 2.01 3.58 
Secchi Depth (m) 0.55 2.13 1.64 

pH 6.12 6.77 7.68 
Surface DO (mg L−1) 3.89 4.78 6.53 
Bottom DO (mg L−1) 0.19 0.24 0.41 

Surface temperature (°C) 21.75 22.18 22.46 
Bottom temperature (°C) 17.35 18.07 19.28 
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2.2. Mapping of Wetlands 

This study utilized specialized software customized to perform processing and anal-
ysis using ArcGIS 10.3. Spatial information, such as latitude, longitude, and altitude, were 
coordinated using handheld global positioning system (GPS) receivers. Portable GPS-
based spot information was also collected. Google Earth images have been widely used to 
label the classes and validate the demarcation of water bodies (Figure 2 and Table 2). The 
spectral bands of the Landsat 8 Thematic Mapper sensor are also provided with descrip-
tions. The Indian Meteorological Department (IMD) Viewer is the source of the annual 
rainfall and temperature for 2023 (Figure 3a,b). The current study used multispectral sat-
ellite data, Shuttle Radar Topographic Mission (SRTM), Digital Elevation Model (DEM), 
and topographical sheets (SOI) to create a database (Figure 4). The digitized map was 
modified and saved as an ArcView GIS software line coverage. Each water body had five 
spots for recording data on observation spots (Figure 2). The data were recorded at inter-
vals of 7 days. 

 

Figure 2. Inlet and outlet georeferencing of selected water bodies: Site I.: Dudhawadam (water 
body), Site II.: Dalpatsagar, and Site III.: Gangamunda water body). 

 
(a) 
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Figure 3. (a) Rainfall and (b) temperature pattern of the study area. 

 

Figure 4. Digital elevation map of the study area. 

Table 2. Information about the parameters, data types, and dataset used in the present study. 

Parameter Data Type Resolution/Scale Sources 

Geological Polygon 1:25,000 Geological survey of India/ 
Data.gov 

Rainfall Gridded  India Meteorological Depart-
ment 

Tempera-
ture  

Gridded  India Meteorological Depart-
ment 

Elevation  Raster  1 arc second (30 m) SRTM data Dem (USGS 1 arc second),  
UTM-45, WGS 1984 

Slope Raster 1 arc second (30 m) SRTM data Dem (USGS 1 arc second),  
UTM-45, WGS 1984 

Satellite  
Landsat 8 

2022 

OLI (Operational Land Imager)/ 
TIRS (Thermal Infrared Sensor) 

30 m 
USGS 
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2.3. Greenhouse Gas Analysis 

The closed chamber method used to carry out the collection of gas samples was fitted 
7.5 cm deeper into the bottom, which is consistent with the established protocols for GHG 
flux measurements in soil and wetland environments [18]. At all the sites, a plastic base 
with a diameter of 20 cm was inserted approximately 15 cm into the soil in five replicates 
for each water body and was installed 2 days before sampling. It also aligns with standard 
guidelines, such as those from the USDA’s GRACEnet project, which recommends a 5–10 
cm depth for reliable measurements [18]. In wetland systems, shallow insertion depths 
are particularly appropriate, as they better capture the gas exchange near the soil–water 
interface without disrupting redox-sensitive processes [19]. In situ, gas samples were 
drawn (8:30 to 15.00 h) and a detailed methodology was opted for by Yvon-Durocher et 
al. [20]. The available gases in the gas samples were analyzed using a gas chromatograph 
(GC; Model 450-GC, Varian Inc., Walnut Creek, CA, USA). 

Total CO2, CH4, and N2O emissions were assessed during the observation period, and 
fluxes were computed using the following equations [21]: 

CO2-C flux (mg m−2 h−1) = (ΔX × EBV (STP) × 12 × 103 × 60)/(106 × 22,400 × T × A) (1)

N2O-N flux (µg m−2 h−1) = (ΔX × EBV (STP) × 28 × 103 × 60)/(106 × 22,400 × T × A) (2)

where ΔX denotes the variation in fluxes at 60 min and 0 min (in ppm for CO2 and ppb 
for N2O), EBV (STP) is the volume of the chamber at standard temperature and pressure, 
T is the time (60 min), and A is the area covered by the chamber (m2). 

2.4. Estimation of Global Warming Potential 

The global warming potentials (GWPs) of CH4 and N2O (based on a 100-year time 
horizon) were 21 and 310, respectively, and CO2 was considered for calculating the carbon 
equivalent emissions. The GWP (kg CO2 equivalent ha−1) for each water body was calcu-
lated using the following formulae [22]: 

GWP (kg ha−1 CO2 eq. h−1) = CH4 (kg h−1) × 21 + N2O (kg h−1) × 310 + CO2 (kg h−1) (3)

Carbon equivalent emissions (CEE) were calculated using the following equation: 

CEE = GWP × 12/44 (4)

On average, 44% of the total biomass is carbon, as found by Del Sontro et al. [23]. 

2.5. Statistical Analysis 

Statistical analyses were conducted using the XLSTAT software (Microsoft Excel ver-
sion, 32-bit and 64-bit). Depending on the distribution of the datasets, parametric or non-
parametric inferential statistical tests were used to evaluate the degrees of variability in 
GHG emissions among the water bodies. Data were analyzed using ANOVA. Significant 
differences among the mean values were plotted in graphical form, with the least signifi-
cant difference (LSD) at a 5% probability level in the linear regression graphs. 

3. Results 
3.1. Dalpatsagar Water Body 

3.1.1. Greenhouse Gases Influenced by Temperature 

The Dalpatsagar water body is deep and nutrient-rich, and is regularly used for 
aquatic and human activities. The temperature difference between winter and hot sum-
mer is more than 10 °C, leading to a drastic change in GHG (CH4, CO2, and N2O) emissions 
throughout the year. Methane was observed to be highest (167.24 mg m−2 h−1) at 29.4 °C 
during a standard meteorological week (21st May to 27th May); when the temperature 
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was in the range of 17.0 °C to 18.0 °C, the methane released was almost 125 to 130 mg m−2 
h−1, which showed that the temperature was significantly elevated by 2 to 3 °C when Jan-
uary and February demonstrated a rapid change in CH4 levels. Higher temperatures were 
recorded from April to the first fortnight of June owing to high sunshine hours and rain-
less periods. Even the Dalpatsagar water body shrank and had a higher concentration of 
decomposed materials, and the column of the water body was also reduced, which helped 
in the rapid penetration of sun rays. However, in March (12th to 25th SMW), methane had 
fewer emissions owing to slightly less disturbance of the water body and less sewage en-
try, although methane emissions increased on sunny days until they reached the highest 
peak. 

The period from the beginning of January to the first week of February showed a 
lower rate of CO2 emissions than the rest of the month because the mild temperature did 
not influence more emissions, but the rate was slightly higher during the rest of February, 
declining slightly in March from the slightly lowered temperature (up to 17 °C). The tem-
perature shifted from 17 °C to an upward emission rate of more than 35 mg m−2 h−1. As the 
temperature increased during the first half of June, CO2 emissions peaked at 128.15 mg 
m−2 h−1. Furthermore, the decreasing trend of the temperature also decreased the emission 
of CO2 when the emission of CO2 was lower, and a similar pattern of release was observed 
at normal temperatures up to 30 °C. A sudden increase in CO2 emissions (124.25 to 144.84 
mg m−2 h−1 at 12 to 25 °C) occurred within two weeks. November and December were the 
coolest months. Nitrous oxide (N2O) fluctuated in two major phases (i.e., higher and lower 
levels of emission), which were distinct in the observations recorded. From January to 
March, the N2O emissions were maintained, ranging from 5 to 8 mg m−2 h−1, with a higher 
rate of emission (29.11 mg m−2 h−1) during the 8th standard meteorological week, which 
was slightly higher than the phase of lower emissions. From March onward, emissions of 
N2O were higher till 25th August with a pace of 37 to 43 mg m−2 h−1, and later, N2O declined 
from 24th September onward with a lower emission rate of 23.60 mg m−2 h−1. 

3.1.2. Greenhouse Gases Influenced by Sediment Carbon 

Sediment carbon contains a significant amount of methanogenesis materials, CO2, 
and N2O, which directly influence the emissions studied in water bodies by monitoring 
year-round observations. Dalpatsagar is rich in sediment carbon because of the long-term 
storage of sewage in large areas. Another reason for detritus deposition is aquatic flora, 
which is more than 50 cm thick at the bottom of Dalpatsagar. The emission of methane 
ranged from 24.59 to 51.72 mg m−2 h−1 during the 44th standard meteorological week 
(SMW). Monthly changes in sediment carbon caused drastic changes in the level of CH4 
emissions from benthic sediments. The sediment carbon that fell between 0.75 and 0.82 
percent had 40 ± 5 mg m−2 h−1 carbon emissions, and the emission rate ranged 35 to 40 mg 
m−2 h−1, which showed an increase under anaerobic conditions that changed the emission 
of methane. A distinct increasing rate was noticed in April and May, when a distinctly 
higher rate of methane emissions was apparent during monitoring. Otherwise, a mixed 
trend of varying sediment carbon changed the rate of methane emissions. Spontaneous 
changes in sediment carbon were also monitored during the 16th, 29th, 30th, 34th, 38th, 
43rd, and 44th standard meteorological weeks; from November onward, the sediment car-
bon levels decreased due to the lowered temperature. Carbon dioxide emissions ranged 
from 192 to 490 mg m−2 h−1 at 0.66, and 0.82% sediment carbon was noticed during moni-
toring. In January, carbon dioxide emissions increased or decreased further as sediment 
carbon fluctuated with the morphological condition of the Dalpatsagar water body. Sedi-
ment carbon levels greater than 300 mg m−2 h−1 were measured at 0.72, 0.73, 0.72, 0.70, 0.73, 
0.78, 0.72, 0.76 and 0.81 percent and CO2 emissions were recorded as 389, 366, 372, 351, 
388, 365, 376, 33, 354 and 371 mg m−2 h−1, respectively. The emission of N2O is a major 
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threat among GHGs, and the monitoring of emissions was observed from the Dalpatsagar 
water body, with an emission rate range from low to high (20.38 to 31.51 mg m−2 h−1). A 
higher rate of N2O emissions was recorded at 32.36 mg m−2 h−1 with 0.75 percent sediment 
carbon CH4 and CO2, whereas N2O varied slightly from the validation set due to few ob-
servations at the Dalpatsagar water body. Sediment carbon also showed a sparse pattern 
of CH4 and CO2 as well as over-increased and decreased levels of carbon (Figure 5). 

  

  

  

Figure 5. Regression model of the emission of GHGs influenced by the temperature and sediment 
of the Dalpatsagar wetland. 

3.2. Gangamunda Water Body 

3.2.1. Greenhouse Gases Influenced by Temperature 

Jagdalpur city is known for water harvesting practices since ancient times owing to 
its topography and rainfall variability; when available, surface water from the Gan-
gamunda water body is used throughout the year as storage water for people’s use. Its 
water quality and GHG emissions change drastically throughout the year because anthro-
pogenic activity is very common. Temperature and sediment carbon influence the emis-
sions of CH4, CO2, and N2O from water bodies. However, the Gangamunda water body 
was assumed to be an older water body among the water 
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bodies selected for this study. Methane emissions from Gangamunda were dynamic in 
response to temperature fluctuations, and the rate of emission was widely governed by 
temperature increases and declines throughout the year. In the beginning months of this 
study, methane emissions were lower than those of the other months (110.21 to 118.47 mg 
m−2 h−1) because the temperature range was within 17.0 to 18.86 °C; higher temperatures 
raised the emission rates (113.50 to 142.60 mg m−2 h−1). The increment was higher, from 22 
°C onward, and reached its highest level (185.3 mg m−2 h−1) at 29.61 °C, which was rec-
orded from the 16th SWM (16 April to 22 April) to 25th SMW (18 June to 24 June) under 
slightly higher temperature. 

Carbon dioxide levels were greatly influenced by temperature variations in January, 
when the lowest level of CO2 loss was observed. The levels were accelerated by the rising 
temperatures after January; the emission of CO2 was 10 mg m−2 h−1 higher than that in 
earlier months (2–3 °C more). A light shower of 80 mm in March reduced the temperature, 
resulting in the emission of CO2, which gained momentum from April onward. Emissions 
reached their highest peak of 113.72 mg m−2 h−1, which was later maintained at a slightly 
lower level until August. They declined more sharply in September and increased in No-
vember along with the temperature. Otherwise, emissions remained static until Decem-
ber. Sewage discharged by industries that cover a large volume of organic materials tends 
to produce GHG emissions. With the discharge of sewage into water bodies, the release 
of CH4 and N2O in the water is indirectly affected. 

Nitrous oxide is another GHG among the gases responsible for climate change and 
is mostly governed by the limnological dynamics of the water body. Gangamunda is a 
confined water body that is changed by the shuffling of water either through natural out-
flow or anthropogenic activities that are common to the water body. The N2O fluctuation 
rate increased from 26.0 to 47.68 mg m−2 h−1 over the year and from April to the last week 
of August and into September, quickly reducing the level of emissions to almost 10.0 mg 
m−2 h−1. The change in the emission of nitrous oxide was synchronized more with a tem-
perature range between 25 °C and 30 °C; hence, the emission rate was highly influenced 
by the sharp change in temperature. 

3.2.2. Greenhouse Gases Influenced by Sediment Carbon 

The bottom of Gangamunda had varied levels of sediment carbon ranging from 0.48 
to 0.85%, showing a wider range of carbon deposited into the bottom via the process of 
the decomposition of the organic waste that remained in Gangamunda, which was influ-
enced positively by the variation in sediment carbon throughout the year. The emission 
rate was higher with higher (>0.50%) sediment carbon CH4, CO2, and N2O emissions. 
Hence, methane emissions were very slow with less sediment carbon, but they increased 
more intensively as the carbon level increased. As sediment carbon ranged from 0.70 to 
0.75, the CH4 emissions were more than 120 mg m−2 h−1, and the 125.61 mg m−2 h−1 of me-
thane emissions were accelerated by 0.76% sediment carbon. On the other hand, when 
sediment carbon was 0.80% or more, the emission rate was 138.84 mg m−2 h−1 during the 
46th standard meteorological week (12th November to 18th November). Below 0.60% sed-
iment carbon, the emission rate was less than 100.0 mg m−2 h−1, which was accelerated until 
it rose above the limit (0.70%) of sediment carbon and later increments were sluggish.  

Carbon dioxide (CO2) emissions were influenced by sediment carbon more effec-
tively in the Gangamunda aquatic system. Due to the shallow depth of its water, the sed-
iment carbon fluctuated significantly over the study months, even changing the CO2 emis-
sion level. It was observed that less sediment carbon (<0.65%) released nearly 220 mg m−2 
h−1 CO2, and an increase of more than 0.60% in sediment carbon drastically increased the 
emission, which was almost 20–25 mg m−2 h−1 during February. More CO2 emissions coin-
cided with a range of 0.70 to 0.75% sediment carbon curbing of 256.50 mg m−2 h−1 during 
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March, which may have been due to the increased decomposition rate. A prominent level 
of emission was noticed from mid-March to mid-April, whereas a moderate level of CO2 
emission (230 to 246.24 mg m−2 h−1) was observed later in October. More than 270.0 mg m−2 
h−1 emission was observed with higher sediment carbon (0.79 to 0.83%). 

Nitrous oxide (N2O) was more influenced by sediment carbon, with 2 to 30 mg m−2 
h−1 recorded in the initial months of January and February. With the increasing sediment 
carbon, N2O was enhanced between 30.0 and 32.0 mg m−2 h−1 because of drastic trophic 
level changes in the denitrification and nitrification processes in the varied depth of the 
water body, which directly correlated with sediment carbon levels. Temperature some-
how controlled the emission rate of CH4 linearly; however, CO2 and N2O were found in a 
scattered pattern during the temperature fluctuations. Sediment carbon exhibited a simi-
lar trend in response to CH4, CO2, and N2O in the linear model of the Gangamunda water 
body (Figure 6). 

 

  

  

Figure 6. Regression model of the emission of GHGs influenced by the temperature and sediment 
of the Gangamunda wetland. 
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3.3. In Dudhawa Dam 

3.3.1. Greenhouse Gases Influenced by Temperature 

The Dudhawa Dam is a manmade reservoir constructed for irrigation purposes that 
recycles water and changes the emissions of CH4, CO2, and N2O by replacing water from 
the dam. The quality of the water body is greatly influenced by seasonal temperatures and 
sediment carbon. The initial temperature, up to 20 °C, affected CH4 emissions by approx-
imately 97.24 to 104.52 mg m−2 h−1 as the temperature shifted from 19 to 20 °C. Further-
more, the temperature’s shift from 20 °C to 24 °C raised the emission rate to about 20 mg 
m−2 h−1, which was observed later from the 43rd SMW until December. The change in the 
emissions was more significant at higher temperatures. In warmer months, i.e., mid-
March to June, the temperature rose to over 30 °C and increased CH4 to 164.05 mg m−2 h−1 
due to the greater activity of carbon in the bottom-enhanced CH4 emissions. The lowest 
CO2 emission was observed in this study’s initial month, as rising temperatures from 10 
°C to 12 °C increased the carbon dioxide emissions, which still remained below 83.74 mg 
m−2 h−1. However, a considerable increment was noticed with April (14th SMW) onward, 
ranging from 120.39 mg m−2 h−1 to 130.72 mg m−2 h−1, and was maintained till the 25th 
SMW. The higher water column of the Dudhawa Dam and the disturbance of the water 
body influenced the emission of N2O, and the highest emission was recorded as 66.86 mg 
m−2 h−1 on the 23rd SMW (4th to 10th June), whereas the lowest emission (39.84 mg m−2 
h−1) was recorded in January. 

3.3.2. Greenhouse Gases Influenced by Sediment Carbon 

The weekly monitoring of sediment carbon varied with the changing months and 
ultimately revealed that the emission levels of the GHGs were more noticeable in the 
Dudhawa Dam. A higher magnitude of fluctuation was observed in CH4 than in CO2 and 
N2O, but both CO2 and N2O were considered as direct and indirect changes under the 
influence of sediment carbon. However, the lowest (0.44%) and highest (0.74%) sediment 
carbon levels had almost a 0.30% difference in all observations, triggering emission differ-
ences in GHGs. 

The CH4 emission was about 91.54 mg m−2 h−1 and increased further in 1st week of 
March, ranging from 101.40 to 107.03 mg m−2 h−1, and a lower quantity of sediment was 
also influenced by the lower emissions. Moreover, the variation in sediment carbon was 
mostly the same, owing to the lower decomposition level. The sediment decomposition 
rate was similar throughout the year because of less variation in the carbon level. There-
fore, methane emissions fluctuated slightly because of the other associated factors that 
were a little varied. Carbon dioxide (CO2) emissions were higher from March to April 
when the temperature rose up to 60–66 mg m−2 h−1 over the exiting pattern under higher 
sediment carbon, which was similar to the emission levels from mid-July to late Decem-
ber; otherwise, the remaining period’s emission was almost 50.03 mg m−2 h−1 while still 
<60.0 mg m−2 h−1. The nitrous oxide (N2O) emissions of the Dudhawa Dam are exhibited 
according to sediment carbon, and the highest N2O emission was recorded as 43.02 mg 
m−2 h−1 under a sediment carbon level of 0.74% in the last week of December, whereas the 
lowest level was 28.48 mg m−2 h−1 at 0.44% in the 21st SMW (21 May to 27 May). A similar 
trend was observed throughout the year with slight variations in emissions, but a higher 
rate of N2O emission was observed from mid-November to December. 

The precise model showed a conglomerated linear representation of temperature and 
sediment carbon with CH4, CO2, and N2O emissions. Regarding temperature, this factor 
governed the linear pattern. When the regression line was generated from the model de-
velopment of the Dudhawa Dam, the model showed a linear increase in CH4, CO2, and 
N2O in response to the temperature of the water body studied. Methane showed little 
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variation in the training set over the validation set of the model as compared with CO2 
and N2O. In contrast, sediment carbon was assumed to be an independent factor which 
significantly influenced gas emissions. Among these gases, CH4 emissions were highly 
influenced by sediment carbon as compared with those of CO2 and N2O, an almost linear 
model with a training set (Figure 7). 

 

  

  

Figure 7. Regression model of the emissions of GHGs, influenced by temperature and sediment. 

3.4. Global Warming Potential of Water Bodies 

The Dalpatsagar water body released higher rates of CO2, CH4, and N2O, which fur-
ther accumulated as high global-warming potential and carbon equivalent emissions to 
the environment, which were significantly higher than the Dudhawa Dam’s emissions but 
on par with the Gangamunda water body’s emissions. However, Gangamunda had a min-
imum emission of CO2, which was not found significant, unlike the Dalpatsagar water 
body’s emissions (Table 3). The essential characteristics of the dam as a larger water body 
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and irrigation dam frequently used for storing recycled  rainwater from Dudhawa are 
the reasons for the lower rate of emission; even at its lowest depth, it was higher than the 
rest of the two water bodies. 

Table 3. Emissions of CO2, N2O, CH4 and the global warming potentials of the water bodies. 

Water Body 
CO2  

(mg m−2 h−1) 
N2O  

(mg m−2 h−1) 
CH4  

(mg m−2 h−1) 

Global  
Warming Potential 

(mg m−2 h−1) 

Carbon  
Equ. Emission  

(mg m−2 h−1) 
Dalpatsagar 59.48 ** 36.92 ** 90.76 ** 13,410 ** 3657 ** 

Gangamunda 47.06 34.90 ** 85.03 ** 12,658 ** 3452 ** 
Dudhawa Dam 40.48 23.38 62.31 8597 2344 

Note: **= significant at p < 0.01. 

4. Discussion 
4.1. Dalpatsagar Water Body 

4.1.1. Greenhouse Gases Affected by Temperature 

The results suggest that there is a positive relationship between concentrations of 
GHGs and temperature as well as the sediment contents of the Dalpatsagar water body. 
Higher temperatures lead to decreased concentrations of dissolved oxygen and increased 
levels of dissolved CO2 levels that enhance CH4 production, especially in eutrophic sys-
tems [2,9,15]. The elevated temperature lowers the dissolved-oxygen levels, which in turn 
encourages conditions conducive to methanogenesis; moreover, the variation in the me-
thane output is increased during the warmer months [24]. These processes show how sed-
iment carbon forms and interacts with temperature and oxygen to release gases, including 
methane, iron, and other phenomena contributing to GW. The high values noted during 
the peak production rate of methane are attributed to the sediment’s temperature influ-
ences, particularly the microbial effects noticeable at 29.4 °C; this is supported by other 
studies on emission variations related to temperature fluctuations. Similarly, methane 
emissions also decreased with lower temperatures, thereby implying a temperature-de-
pendent emission circulation. Indeed, CO2 emissions were highest in warmer months due 
to the increasing microbial actions that favor the respiration of organic matter. The in-
crease in nitrous oxide N2O emissions during higher temperatures are attributed to in-
creased nitrification and denitrification, which are regulated by sediment nutrients and 
organic matter content. 

4.1.2. Greenhouse Gases Affected by Sediment Carbon 

This study shows how the quantified sediment carbon is fundamental to GHG emis-
sions on account of its influence on microbial decomposition. Furthermore, the 50-cm de-
tritus layer in Dalpatsagar demonstrates the extension of the organic matter deposition, 
which supports more methanogenesis and CO2 liberation [1,25]. Data analysis demon-
strated that changes in the sediment carbon concentration were coordinated with changes 
in methane and CO2 production, with greater production rates under anaerobic conditions 
in warmer months. These data therefore stress the role of sediment content and microbial 
processes in controlling GHG dynamics. A sudden spurt in methane emissions was ob-
served during April and May when the water temperature was increasing and the water 
volume was decreasing, which increased light penetration and led to more efficient de-
composition of the sediment. Concurrently, CO2 emissions also followed a seasonal trend, 
reaching their highest level at 490 mg m−2 h−1 when sediment carbon was also at its highest 
level (0.66–0.82%). Nitrous oxide emissions also increased with depth, displaying a 
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maximum value of 32.36 mg m−2 h−1, suggesting that nitrogen cycling influences the sedi-
ment processes. 

4.2. Greenhouse Gases: Temperature and Sediment in the Gangamunda Water Body 

The Gangamunda water body revealed a temporal change in GHG flux under rising 
temperatures, with methane emissions varying between 110.21 ± 22.6 and 185.3 ± 28.1 mg 
m−2 h−1. Notably, the emission rate was augmented when the temperature surpassed an 
average of 22 °C, as the activities of microbes and the decomposition of OM were further 
amplified. Rainfall events intensified CO2 emissions in several ways by replacing the 
pockets of soil and air charged with CO2, which released the gas into the ambient air in 
abundance. The emission rates of nitrous oxide in Gangamunda were highly influenced 
by temperature and had the highest release rate of 47.68 mg m−2 h−1 in the period between 
April and August. This pattern suggests that trophic interactions and processes of deni-
trification control N2O emissions [26]. Higher sediment carbon content (>0.75%) was as-
sociated with elevated CH4 and CO2 emissions, highlighting the role played by sediment 
organic matter in maintaining metabolic activity. 

4.3. Sediment Carbon in the Gangamunda Water Body 

Fluctuations in sediment carbon content within the range of 0.48–0.85% were key in 
influencing the emissions of GHGs in Gangamunda. Methane emissions increased with 
the increase in sediment carbon content to above 0.70% and a maximum of 3.3 mg m−2 h−1 
at 0.80% sediment carbon. Similar trends were observed for the CO2 emissions, which, like 
the CH4 emissions, were found to be above 270 mg m−2 h−1 during periods of C sediment 
carbon , high microbial decomposition, and high rate of organic matter turnover. N2O 
emissions had a positive correlation with sediment carbon maximizing at 32.0 mg m−2 h−1. 
These observations readily demonstrate how temperature and sediment characteristics 
act together to modulate the effluxes of GHGs, especially in shallow water bodies with 
high loading of organic matter. 

4.4. Greenhouse Gases Influenced by Temperature and Sediment at Dudhawa Dam 

The overall GHG emissions from the Dudhawa Dam were also considerably lower 
than those from Dalpatsagar and Gangamunda because the Dudhawa Dam is wider and 
has a greater water column. Methane emissions, in general, ranged from 97.24 to 164.05 
mg m−2 h−1, and the highest emission rates were observed during the warmer months, from 
March–June. There are clear trends in both microbial activity and sediment decomposi-
tion, in response to temperature changes across the study area, especially where organic 
loading favored methanogenic conditions. The flux density of carbon dioxide depicts an 
upward trend with increasing temperature and the highest recorded value was 130.72 mg 
m−2 h−1 during April. Altogether, the obtained results show that N2O emissions were char-
acterized by a quite different pattern: the highest value of 66.86 mg m−2 h−1 was observed 
in June in connection with the rise of the N inputs and the denitrification activity. These 
findings reveal that temperature, sediment type, and hydrological fluctuation play key 
roles in determining the level of GHG emissions. 

The C content of sediments (0.44–0.74%) in the Dudhawa Dam were characteristic 
and showed relatively constant C parameters, indicating the engagement of sediments in 
the decomposition of organic matter and nutrient cycling. Total methane emission rates 
rose with sediment carbon levels and reached their peak of 107.03 mg m−2 h−1 with high 
organic carbon content values. In a similar pattern, seasonality was observed in the CO2 
emissions, with heightened values relative to microbial activity. Fluxes of N2O reached 
43.02 mg m−2 h−1 during the wet season under conditions of higher sediment-carbon char-
acteristics. These results suggest that sediment and microbial activities play important 
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parts in controlling the release of gases that cause the greenhouse effect, especially in large 
water bodies where hydrological conditions remain more or less consistent. 

4.5. Water Bodies’ Global Warming Potential 

The present study depicts the global warming potentials of the studied water bodies 
and their varying contributions to emissions of atmospheric GHGs. Our results show that 
Dalpatsagar has the highest GWP of 13,410 mg m−2 h−1, Gangamunda has a GWP of 12,658 
mg m−2 h−1, and Dudhawa Dam has a GWP of 8597 mg m−2 h−1. These variations demon-
strate the impacts of temperature, sediment type, and runoff on the control of GHG emis-
sions. The higher emissions of Dalpatsagar were due to nutrient-rich sediments and more 
frequent anthropogenic inputs, while Gangamunda’s emissions were directly propor-
tional to its sediment carbon and temperature. The Dudhawa Dam had lower emissions 
due to its larger surface area and deeper water column, in addition to the fact that the 
water flow through the dam is recycled periodically, thus decreasing the accumulation of 
organic matter and microorganisms. 

This study highlights the significant role of small, dammed wetland systems in con-
tributing to regional GHG emissions, emphasizing their relevance to global carbon budg-
eting, particularly within tropical regions. The observed high CH4 and CO2 fluxes, influ-
enced by temperature variations, suggest that climate change may intensify biogeochem-
ical processes in these ecosystems. These results support the need for incorporating small 
reservoirs in both national and international GHG inventories [27,28]. Additionally, the 
correlation between water quality degradation and heightened emissions points to poten-
tial public health risks, underscoring the importance of integrated water management and 
climate adaptation policies. However, this study is constrained by a limited short-term 
temporal scale, restricted spatial coverage, and insufficient mechanistic understanding of 
the emission drivers behind GHG emissions [29]. The absence of control sites and insuffi-
cient extrapolation to annual or global scales further restricts its broader applicability. To 
address these gaps, future research should prioritize long-term, multi-seasonal monitor-
ing, the inclusion of comparative control systems, and the development of mechanistic 
and predictive models [30]. Additionally, articulating targeted mitigation strategies (e.g., 
improved wetland management, aeration interventions, and nutrient load reductions) 
would enhance the practical relevance of the findings for policy design and implementa-
tion [31]. 

This study highlights the influence of seasonal temperature fluctuations and sedi-
ment OC on GHG emissions from three freshwater bodies in Central India. However, 
three key limitations have been highlighted. First, the temporal resolution may not fully 
capture the interannual variability [32]. Second, the spatial scope is limited to three water 
bodies, which may cause potentially restrictive generalization across heterogeneous fresh-
water environments [33]. Third, this study focuses on surface sediment properties without 
considering vertical sediment profiles or porewater chemistry that may harbor significant 
biogeochemical gradients that influence gas production [34]. Additionally, the absence of 
a microbial community analysis limits our understanding of the microbial mechanisms 
underlying GHG emissions [34]. Hydrological factors like water level fluctuations, sedi-
ment resuspension, and aquatic vegetation dynamics were also not explicitly considered 
[35]. In light of these, future research should integrate high-frequency, year-round moni-
toring to capture temporal variability more comprehensively and combine microbial, ge-
nomic, and sediment core analyses to elucidate key drivers of GHG dynamics [36]. Pro-
cess-based modeling approaches (e.g., DNDC, SWAT-GHG) can help simulate emissions 
under various climate and land-use scenarios [37]. These findings also call for the inclu-
sion of freshwater GHG fluxes in national inventories and the development of adaptive, 
climate-resilient water resource management strategies [38]. Strengthening ecosystem-
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scale mitigation efforts through stakeholder engagement and targeted interventions will 
be crucial for protecting water quality and reducing health risks caused by rising CO2 
levels and global warming. 

5. Conclusions 
This study reveals that seasonal temperature changes and sediment organic carbon 

content significantly influence CH4, CO2, and N2O emissions across three freshwater bod-
ies: the Dalpatsagar, Gangamunda, and Dudhawa dams. Methane emissions were highest 
in Dalpatsagar (167.24 mg m⁻2 h⁻1) during warmer months (~29.4 °C), while Gangamunda 
showed moderate emissions (125–130 mg m⁻2 h⁻1) even at lower temperatures, pointing to 
localized biogeochemical influences. CO2 fluxes correlated with rising temperatures and 
higher sediment carbon, reaching up to 490 mg m⁻2 h⁻1 in Dalpatsagar. The Dudhawa 
Dam, despite similar thermal profiles, had lower CH4 but higher N2O emissions (66.86 mg 
m⁻2 h⁻1) in the early summer, which declined with cooling temperatures, highlighting the 
sensitivity of nitrogen cycling to temperature. These findings underscore the critical roles 
of benthic processes and environmental conditions in regulating greenhouse gas dynam-
ics in freshwater ecosystems. As climate variability increases, these emissions contribute 
meaningfully to regional carbon and nitrogen budgets, with broader implications for eco-
system health and public well-being. Targeted, climate-resilient water resource manage-
ment is essential to mitigate risks, protect water quality, and ensure the sustainable use of 
these vulnerable aquatic systems. 
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