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A B S T R A C T

Drained peatlands are greenhouse gas (GHG) emission hotspots. Where peatland restoration is not a suitable 
mitigation option, wet agriculture, i.e., agricultural production with a high water table, may provide an alter
native. One possible crop is rice, which is already grown in wet conditions in many parts of the world, but its 
cultivation is associated with high CH4 emissions. This systematic review aims to quantify whether or not paddy 
rice cultivation on degraded peatlands is, from the climate perspective, preferable to upland cropping. More 
specifically, it assesses whether a possible reduction in CO2 (and less importantly N2O) emissions offset the 
increase in CH4 emissions. Flux measurements from paddy rice cultivation on degraded peatlands were obtained 
from twelve publications, mostly outside of the tropics. Many studies provided fluxes also from an adjacent 
upland crop, enabling a direct comparison of fluxes. Across all studies, paddy rice cultivation resulted in on 
average higher CH4 emissions and significantly lower CO2 and N2O emissions than upland cropping. The com
bined changes of CH4 and CO2 could be compared for both cropping types in six studies. Five of these showed a 
reduction in global warming potential associated with paddy rice cultivation and we conclude that paddy rice 
cultivation of degraded peatlands is preferable, from the climate perspective, to drained cultivation of these soils. 
Using maps of global paddy rice production and of peatlands, we estimate that this mitigation measure could 
reduce emissions of degraded peatlands by 16.5 Mt CO2-eq. per year.

1. Introduction

Worldwide peatland ecosystems cover 460 – 640 Mha and store up to 
940 Pg C as peat in their soils (Leifeld and Menichetti, 2018; Widyastuti 
et al., 2025). More than 10% of this area is drained for agriculture, 
forestry or peat extraction, particularly in the tropical and temperate 
zones (UNEP, 2022). Draining peatland soils poses a range of problems 
such as high greenhouse gas (GHG) emissions from peat decomposition, 
physical subsidence, and loss of organic matter, meaning their use is 
unsustainable and additionally becomes difficult or even impossible 
over time (Erkens et al., 2016; Tanneberger et al., 2021). Furthermore, 
drained peatland use induces leaching of dissolved organic matter, nu
trients, and negatively impacts biodiversity (Paul and Leifeld, 2023; 
Temmink et al., 2026).

The GHG emissions from managed peatlands, mostly in the form of 
CO2, are approximately 2 Pg CO2eq. per year (UNEP, 2022). To 
contextualize, this is almost comparable in size to global CH4 emissions 
from livestock and manure (Saunois et al., 2025). To halt the loss of 
organic matter and drastically reduce GHG emissions, it is widely 

acknowledged that these soils have to be rewetted (Günther et al., 2020; 
Humpenöder et al., 2020; Tanneberger et al., 2021; Girkin et al., 2023). 
Furthermore, it has been shown that peatland rewetting and restoration 
are not only critical to reduce climate change, but also important for 
biodiversity (Parish et al., 2008), water retention, buffering and purifi
cation (Joosten and Clarke, 2002; Joosten et al., 2017), and their 
function as a carbon sink (Tanneberger et al., 2021). Rewetting however 
typically occurs at the expense of agricultural outputs (Freeman et al., 
2022) making it difficult to justify as a measure for GHG mitigation 
option in situations, for example, where alternatives for either food 
production or ensuring farmers’ livelihoods are not available. For such 
situations, a more suitable GHG mitigation scenario is therefore the use 
of these surfaces for “responsible agriculture” (Girkin et al., 2023). This 
encompasses several possible options but the most effective one is an 
increased water table (Girkin et al., 2023). This ties in with wet agri
culture, i.e., production with a temporary or permanent high water 
table.

In terms of GHG balance, wet agriculture of drained peatland soils is 
a trade-off as it returns the soil to a mostly anaerobic condition and 
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therefore promotes CH4 emissions, whereas it will, for the same reason, 
curb aerobic peat decomposition and therefore CO2 emissions. In the 
past decade, several studies have shown that wet agriculture has a better 
GHG balance than agriculturally-used drained peatlands, even if carbon 
exports via. harvesting are taken into account (Bianchi et al., 2021; 
Bockermann et al., 2025) and under certain conditions, wet agriculture 
may even sequester carbon (Günther et al., 2015; van den Berg et al., 
2024; Bockermann et al., 2025). The cited studies, however, analysed 
the GHG balance of non-edible plants, i.e., wet cultivation of crops for 
biomass production such as reed, cattail or Sphagnum.

A food crop that might be promising for wet agriculture on degraded 
peatland soils is paddy rice, because it is a staple crop already grown in 
many parts of the world. Its consumption is approximately 19% of the 
world cereal market (FAO, 2026). One problem associated with paddy 
rice cultivation however is the high CH4 emissions, accounting for 
approximately 9% of anthropogenic CH4 emissions (Saunois et al., 
2025). Indeed, rice in general has a higher calorific GHG flux than 
other crops (Linquist et al., 2012; Poore and Nemecek, 2018). Most 
paddy soils are mineral soils. Whilst the GHG emissions from such soils 
have been the subject of many studies and systematic reviews (e.g. 
Ouyang et al., 2023, Zhang et al., 2024), only a few studies have 
investigated the GHG balance of paddy rice cultivation on degraded 
peatland soils. These findings have not yet been analysed systematically.

This systematic review aims to address this, additionally assessing 
whether paddy rice is better or worse, from a climate perspective, than 
upland cropping on degraded peatland soils. To do this, we extracted 
GHG flux information (CH4, N2O and CO2) from all studies reporting 
measured GHG fluxes from paddy rice cultivation on C-rich degraded 
peatland soils worldwide. Where studies reported GHG fluxes from 
paddy rice cultivation and from upland cropping, we compared both 
fluxes of individual gases and of the combination of GHGs (by applying 
the 100-year global warming potential, GWP100, for CH4 and N2O) for 
the two management scenarios. We additionally assess the global rele
vance of paddy rice cropping of organic soils using maps of global paddy 
rice cultivation and the global peatland surface.

2. Methods

2.1. Literature search

We searched for studies reporting field-based GHG (CO2, CH4, N2O) 
flux measurements from paddy rice cultivation on carbon rich soils 
(>12%, including soils with a mineral cover), from across the world, 
with measurements lasting a minimum of one growing season, and, 
where chamber measurements were used, a minimum measurement 
frequency of one month during the vegetation phase. A Google Scholar 
search “(peatland OR "organic soil") AND "paddy rice" AND greenhouse” 
yielded 2040 results. Based on the title and abstract, 29 articles were 
initially selected, and three further publications were located from 
within a review paper (Kajiura et al., 2018). Scopus and Web of Science 
searches using the same search terms yielded no additional relevant 
articles. Of the resulting 32 articles, articles were excluded for the 
following reasons: Article did not contain relevant data (either no GHG 
flux data reported, or study not relevant) (5 articles); too few mea
surements (less than once a month during growing season) (2); mea
surement period too short (less than one growing season) (2); incubation 
experiments (2); wet site not paddy rice (2); soil not carbon rich enough 
(<12%) (2); insufficient quality of the article (either methodology 
inadequate, or inadequately described) (3); data replicated from another 
(already-considered) study (2). This resulted in twelve articles from 
which flux data from paddy rice cultivation were extracted. Together, 
these articles revealed 22, 8, 13 data points (site-years) for CH4, CO2 and 
N2O, respectively, from paddy rice on organic soil. Seven of the 
above-mentioned twelve studies additionally included flux measure
ments from a (dry) upland crop on degraded peatland. For one addi
tional study that had only paddy rice flux data, a comparable upland 

crop flux data set i.e., measurements over a similar time period and from 
the same region, could be located (see Table S1).

2.2. Flux analyses

Flux measurements from multiple years at the same site were treated 
separately. Whereas average hourly CH4 and N2O fluxes are comparable 
between sites, the CO2 fluxes are only comparable to a certain extent; 
four studies reported net ecosystem exchange, NEE, whereas two studies 
reported ecosystem respiration, Reco (one on bare soil, one study with 
plants in the chamber).

The flux measurements of upland crops were used to calculate the 
effect sizes of the scenario ‘paddy rice cultivation’ as compared to 
baseline scenario ‘upland cultivation’. This (usually) within-study effect 
size was calculated as the absolute difference in mean hourly GHG fluxes 
between the paddy rice and the upland crop sites, for each measurement 
pair. For each gas, an intercept-only mixed-model (fit by REML) was 
used to test whether the distribution of measurement effect sizes is 
significantly different from zero. The random effect (“study”) was used 
to account for instances where fluxes from one paddy rice field were 
compared with fluxes from multiple upland crop fields or vice versa, or 
where multiple data points stemmed from one site (e.g., measurements 
across two years from the same site). A summary effect size i.e., the 
effect size across all studies, was not calculated because of the high 
expected variability between the between-study effect sizes, due to 
different gas sampling regimes. The GWP100 metric (CH4: 27; N2O: 273; 
Smith et al., 2021) was used to assess the combined climate impact of 
either all three gases, or CH4 and CO2 (where N2O measurements were 
missing), from six studies. Where fluxes from one paddy rice field were 
compared with fluxes from multiple upland crop fields or vice versa, the 
mean flux from the multiple fields was used to avoid pseudo-replication. 
Carbon losses through dissolved organic carbon (DOC) were considered, 
applying the emission factors (EFs) from IPCC (2014, chapters 2 and 3). 
More specifically, the EFs for rewetted peatlands were applied to paddy 
rice cultivation, and the EFs for drained peatlands to upland cropping.

2.3. Global distribution

The potential global distribution of paddy rice cultivation on 
degraded peatlands was estimated by calculating the overlap of peat
lands and paddy rice cultivation. More specifically, the Global Peatland 
Map 2.0 (1 km x 1 km, Greifswald Mire Centre, 2022) was overlain with 
a map showing global rice distribution (“GloRice-exten-phsc” maps from 
Xie et al., 2025). The Global Peatland Map identifies surfaces that are 
either “peatland dominated” or “peat in a soil mosaic”. Both categories 
were used, allowing an assessment of uncertainty. The GloRice maps 
show the surface (ha) of paddy rice cropping in each 5-arc-minute cell 
(equivalent to 55–86 km2, depending on latitude); these maps were 
re-sampled to 1.25 arc-minutes for analysis (equivalent to 3.5–5.4 km2). 
To minimise the impact of inter-annual variation of the rice cropping 
area, the overlap of peatlands and paddy rice was calculated for the 
years 2017–2021, and the mean surface considered. Because the spatial 
resolution of the GloRice maps is fairly low, the overlap of the two maps 
does not guarantee the co-occurrence of rice and peatland soils (with the 
exception of areas with high density of paddy rice cultivation and 
continuous peatland cover). We therefore consider the resulting map to 
represent the potential surface of paddy rice cultivation on degraded 
peatlands, rather than the status quo.

3. Results

The flux measurements for CH4 and N2O obtained from the twelve 
studies (Table S2) encompass the IPCC flux estimates for paddy rice 
cultivation on degraded peatlands in tropical regions (Fig. 1, IPCC flux 
estimates from non-tropical regions unavailable), with many fluxes 
higher than the corresponding confidence interval. Median fluxes for 
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paddy rice cultivation on degraded peatlands were 2.1 mg CH4-C m− 2 

hr− 1 and 10.3 µg N2O-N m− 2 hr− 1.
Methane fluxes from paddy rice cultivation were in general higher 

than those of their upland crop counterparts, whereas N2O fluxes and 
CO2 fluxes (NEE, 7 comparisons from 4 studies; Reco, 3 comparisons from 
2 studies) from paddy rice cultivation were significantly (α = 0.05) 
lower (Table 1, Fig. 2 and Table S3). The difference in GWP between 
paddy rice and upland crop cultivation was negative for five out of six 
comparisons (Table 2), meaning for these five cases, the cultivation of 
paddy rice had lower on-site GHG emissions.

The potential surface of paddy rice cultivation on peatlands, as 
estimated by calculating the overlap of paddy rice cultivation and the 
global peatland surface (using the “peatland dominated” area only), is 
23,933 km2 (range 2017–2021: 23,111 km2–25,041 km2). This distri
bution is dominated by the tropical climate zone, with particularly high- 
density areas in southeast Asia (Fig. 3). Additional regions with wide
spread but less dense paddy rice cultivation are along the Congo River, 
Central America and northern South America, and Eastern Europe. The 
potential surface of paddy rice cultivation on peatlands increases to 
50,061 km2 (range 2017–2021: 49,373 km2–51,695 km2) if the peat
land surface with “peat in a soil mosaic” is additionally included.

4. Discussion

4.1. Paddy rice cultivation as a mitigation option

With this systematic review we aimed to test whether paddy rice 
cultivation of degraded peatland soils results in a lower GWP than up
land crop production. Summarising the results from 15 site-year com
parisons, an increase in CH4 release and significant reductions in CO2 
and N2O fluxes were associated with paddy rice cultivation. Out of the 
six studies for which a direct comparison of (at least) CO2 and CH4 fluxes 
—the two most important GHGs in this context— could be made, five 
showed a reduction in GWP (GWP100). Thus, for these five sites, a GWP 
reduction resulting from lower CO2 and N2O emissions from the paddy 

rice cultivation offset the increased CH4 release. Together, this suggests 
that in terms of GHG emissions, paddy rice cultivation is preferable to 
dry upland cultivation on managed peatlands under a wide range of 
climate conditions.

To evaluate the global significance of these findings in terms of 
agricultural practice and GHG mitigation potential, we estimated the 
potential extent of paddy rice production on peatland soils. This surface, 
using the more conservative approach, i.e., the (smaller) peatland- 
dominated surface from Greifswald Mire Centre (2022), is 2.4 Mha 
(Table S4). This is a small proportion of the paddy rice surface overall 
(approx. 2%; Xie et al., 2025), yet it is roughly 12.2% of the surface of 
degraded peatlands outside of the Boreal zone (Evans et al., 2021). This 
implies that the impact of GHG emissions’ savings from this agricultural 
practice could be relevant. Indeed, multiplying the average annual 
mitigation potential from Table 2 (6.9 t CO2-eq ha− 1, using only those 
values considering NEE) with the estimated potential surface of paddy 
rice cultivation on degraded peatlands shows that the mitigation po
tential could be as high as 16.5 Mt CO2-eq yr− 1 compared to if these soils 
were cultivated with upland crops. This is approx. 3.4% of current 
emissions from degraded cropped peatlands (Evans et al., 2021). A 
wider mitigation potential can likewise be identified by considering the 

Fig. 1. Histograms of fluxes from paddy rice cultivation on degraded peatlands.Hourly CH4 (left) and N2O (right) fluxes from paddy rice cultivation on organic soil 
with the respective IPCC default estimate for tropical regions indicated in blue (bold line, mean estimate; thin lines, 95% confidence intervals; from IPCC, 2014
chapter 2).

Table 1 
Minimum and maximum effect sizes, i.e., pairwise flux differences, for each of 
the three gases; a negative effect size denotes lower fluxes with paddy rice 
cultivation compared to upland cropping.

Gas Number of 
comparisons

Number of 
studies

Min. effect size, 
i.e., flux 
difference

Max. effect size, 
i.e., flux 
difference

CH4 13 8 − 0.8 mg CH4-C 
m− 2 hr− 1

9.7 mg CH4-C 
m− 2 hr− 1

N2O 6 4 − 20.4 µg N2O- 
N m− 2 hr− 1

− 150.0 µg N2O- 
N m− 2 hr− 1

CO2 (NEE, 
and Reco 

only)

10 6 − 12.0 mg CO2- 
C m− 2 hr− 1

− 247.5 mg CO2- 
C m− 2 hr− 1

Fig. 2. Flux differences i.e., effect sizes, between each paddy rice site and its 
associated upland crop site.Negative number denote lower emissions from 
paddy rice relative to the upland crop, positive numbers higher emissions; 
where one paddy rice site was associated with more than one upland crop site 
(or vice versa), the fluxes from that paddy rice site (or upland crop site) are 
used in multiple comparisons, i.e., each comparison is shown as a point in the 
graph. The p-values are the result of the random effects model testing whether 
the flux differences between paddy rice and the upland crop cultivation are 
significantly different or not.
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entire cropped peatland surface minus that potentially already used for 
paddy rice cropping. Because paddy rice cultivation in the temperate 
zone is partly constrained by climate, we calculated this for the tropics 
only. Here, the cropped peatlands surface (9.4 Mha, from Evans et al., 
2021), minus that potentially already used for paddy rice cropping 
(2.1 Mha), yields a potential emission saving of 50.1 Mt CO2-eq yr− 1, or 
12.7% of current emissions from tropical cropped degraded peatlands 
(7.3 Mha not yet managed with rice). It must however be noted that the 
uncertainty associated with both mitigation potentials is huge and 
difficult to quantify at the same time, in part because the surface esti
mate of paddy rice production on peatlands has been calculated using 
maps of medium (peatland surface) to low (paddy rice extent) spatial 
resolution, and in part because the emissions saving estimate is based on 
so few studies. Aside from this loosely constrained estimate there is, 
however, ample evidence in the literature that paddy rice is produced on 
organic soil in different regions of the world (Allamah et al., 2019; Liu 
et al., 2021; Qin et al., 2024; Anon, 2025).

It must additionally be noted that not all peatlands are suitable for 
agricultural management and rice production. An alerting example was 
the Mega Rice Project in the 1990s in Central Kalimantan, Indonesia 
where about 1.5 Mha of wetland, mainly peatland, were deeply drained 

and converted into rice fields. Owing to unfavourable peat properties 
(nutrient poor, acidic, unsuitable hydraulic properties), rice did not 
prosper and the area became a wasteland subject to flooding in the rainy 
season and drought in the dry season, emitting large amounts of C 
(Rieley et al., 2008). This well-known example points towards the need 
to carefully study site properties before converting agricultural peat into 
rice production, particularly in the tropics. More recent examples indi
cate that, with appropriate management interventions, rice cropping is 
partially suitable on these soils (Barchia et al., 2021; Alwi et al., 2022). 
Furthermore, there are further edible plants that can be cultivated as 
paludicultures in the tropics (e.g., sago (Metroxylon spp.), illipe nut 
(Shorea spp.) water spinach (Ipomoea aquatica) and kelakai (Steno
chlaena palustris), Prastyaningsih et al., 2019; Uda et al., 2020), meaning 
that agricultural production on managed but wet peatlands could be 
maintained with crops other than rice. Lastly, it is important to consider 
peatland restoration as an alternative where socio-economic factors 
allow (Yuwati et al., 2021; Girkin et al., 2023).

4.2. Emission factors

In spite of the small data set (43 data points for 3 gases, from twelve 

Table 2 
Global warming potential (GWP100) of the difference in emissions between paddy rice upland crop cultivation in the six cases where at least CO2 and CH4 were 
measured, with and without dissolved organic carbon, DOC; a negative value indicates a lower GWP for paddy rice cultivation.

Reference Country Temporary drainage in rice? MAT (◦C) Chamber-based or eddy-covariance measurements ΔGWP between paddy rice and 
upland crop cultivation (t CO2-eq 
ha− 1 yr− 1)

​ ​ ​ ​ Without DOC Incl. DOC
Furukawa et al., (2005)§ Indonesia no 25.8 Chamber − 52.1 − 53.4
Hadi et al., (2005)§ Indonesia no information 26.4 Chamber − 46.9 − 48.2
Widmer et al., (2026) Switzerland mid-season drainage 9.8 Chamber − 19.1 − 19.4
Knox et al., (2015)* USA no, except for fertilisation 14.9 Eddy-covariance − 15.4 − 15.7
Hatala et al., (2012)* USA no, except for fertilisation 14.5 Eddy-covariance − 14.3 − 14.7
Naser et al., (2005)+ Japan mid-season drainage 7.3 Chamber + 21.2 + 20.9

§ CO2 fluxes represent Reco only (dark flux); * no N2O measurements, ΔGWP based on CO2 and CH4 only; + CO2 fluxes represent daytime NEE only.

Fig. 3. The potential distribution and density of paddy rice cultivation on peatlands. Black dots show the locations of sites measuring greenhouse gas emissions from 
paddy rice cultivation on degraded peatland soils included in this study; the distribution of paddy rice is from 2021.
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studies), we identified a lot of variation in the CH4 and N2O flux rates 
from paddy rice cultivation, indeed more than is captured by the IPCC 
estimate of flux uncertainty. The IPCC 2013 flux estimates are at the 
lower end of the CH4 and N2O distributions identified in this study. This 
is surprising, because the IPCC flux estimates are for tropical regions, 
and due to the temperature dependence of CH4 and N2O emissions 
(Yvon-Durocher et al., 2014; Pärn et al., 2018; Ouyang et al., 2023), 
lower flux estimates in our study, that includes sites outside the tropics, 
would be expected for these gases as compared to IPCC 2013. The fact 
that the opposite is found suggests the higher variation identified in this 
study cannot simply be due to the wider climatic range of the studies we 
considered. This in turn implies that there is room for improvement for 
the IPCC flux estimates, possibly by the incorporation of other factors (e. 
g., water regime, straw addition) for the estimation of CH4 emissions, as 
is already implemented for mineral paddy soils (IPCC et al., 2019). 
Additionally, many of the publications used in this study were not yet 
available at the time of the IPCC report, calling for revised IPCC emission 
factors for paddy rice on organic soils in the future.

4.3. Limitations of the analysis

Our systematic review is the first to bring together evidence on a 
possible climate mitigation effect of paddy rice cultivation on degraded 
peatland soils compared to the cultivation of upland crops. The analysis 
however faces a number of limitations, particularly with respect to CO2 
fluxes.

Firstly, the representativeness of the reported gas fluxes for paddy 
rice cultivation on peatlands is limited, partly due to the small number of 
studies and partly due to a geographical bias in these studies, which 
increases the risk that global trends cannot be identified. Although 93% 
of the potential paddy rice cultivation on peatlands is in the tropics 
(Beck et al., 2023), only two studies (both in Indonesia) reported fluxes 
from these climate regions. Furthermore, no measurements were found 
from Central or South America, or the African continent, all of which 
contain widespread areas of potential paddy rice cultivation on 
degraded peatlands.

Secondly, the CO2 flux measurements, and thus the type of flux 
measured, varied between references. Fluxes were obtained either i) by 
eddy-covariance, thus incorporating daytime and night-time fluxes; ii) 
by chamber measurements together with modelling continuous fluxes 
using calibrated temperature- and global radiation-models (night-time 
and daytime fluxes estimated explicitly); iii) as a mean of Reco mea
surements; or iv) as a mean of daytime NEE measurements. The het
erogeneous nature of these measurement campaigns means studies 
estimated different CO2 flux compartments. A related issue is that an 
accurate CO2 flux estimate requires measurements from a wide range of 
conditions, including day- and night-time measurements, as well as 
different weather conditions. Capturing this temporal heterogeneity 
requires either eddy-C measurements (e.g., Knox et al., 2015) or a dense 
measurement campaign, with continuous (modelled) NEE and Reco es
timates (e.g., Widmer et al., 2026). Having only daytime measurements 
is particularly limiting for C-rich soils, because the CO2 flux differences 
between the daytime (when CO2 uptake due to photosynthesis will 
partially compensate CO2 emissions due to soil respiration) and 
night-time (when only soil and plant respiration occurs) are different for 
the two systems investigated, i.e., flooded vs. drained systems, because 
drained peatland soils have such high soil respiration rates. In short, 
daytime-only NEE measurements lead to an underestimation of CO2 
emissions in upland cultivation but not in the paddy rice cultivation. 
Therefore, for the study where daytime NEE was measured (see Table 2), 
the GHG emission savings calculated for paddy rice cultivation (vs. 
upland cultivation) is an underestimate. We reduced the impact of these 
problems by limiting calculations where CO2 was involved to the pair
wise (typically within-study) comparisons of GHG fluxes from paddy 
rice and upland crop cultivation. It must also be noted that measuring 
only daytime fluxes is also an issue for CH4, as night-time and daytime 

CH4 fluxes can differ systematically. For example, higher fluxes have 
been recorded either during the daytime (Morin et al., 2014) or 
night-time (e.g., Dooling et al., 2018), and in some cases the bias is 
temperature- and/or water-level dependent (e.g. Bansal et al., 2018; Li 
et al., 2024). All chamber-based studies we identified (Table S1) 
measured only daytime CH4 fluxes.

Lastly, a full C balance is required to fully assess differences in C 
flows between the two management scenarios. This requires, in addition 
to the complete CO2 and CH4 flux, information on the amount of C 
imported (through organic amendments such as straw or farmyard 
manures) and exported (through harvest). Several studies have shown 
that non-CO2-C imports and exports form a substantial part of the C 
balance of peatlands (e.g., harvest exports, Knox et al., 2015; Widmer 
et al., 2026). For several reasons however, we do not expect that the 
finding, that paddy rice cultivation on peatland soils is associated with a 
lower GWP than upland cultivation, would be changed if full C balances 
were included. Firstly, for the two studies where a full C balance was 
reported, a recalculation of the ΔGWP values (as in Table 2) using the C 
balance instead of NEE still led to negative ΔGWPs (− 7.1 t CO2-eq ha− 1 

for Knox et al., 2015; − 20.6 t CO2-eq ha− 1 for Widmer et al., 2026), 
meaning paddy rice cultivation still reduced emissions. Secondly, for the 
other studies for which an emission saving was calculated, the C losses 
(from C imports and exports in combination) would have to be consid
erably greater in paddy rice cultivation (at least 4 t C greater; 14.3 ÷
3.67) than in the upland cultivation for a reduction in GWP associated 
with paddy rice cultivation to disappear. Lastly, we used IPCC values to 
account for CO2 emissions caused by losses of DOC. More recent studies 
(Moore et al., 2013; Evans et al., 2016) indicate that the differences 
between DOC losses in drained and undrained sites might be greater 
than that indicated by the IPCC i.e., DOC losses from drained sites are 
probably even greater – compared to losses from undrained sites – than 
we have assumed. This implies that the GWP savings incurred by paddy 
rice cultivation might even be greater than indicated in this study.

5. Conclusions and outlook

Our results identify paddy rice cultivation on organic soils as a 
promising GHG mitigation strategy compared to drained upland crop
ping, as the reductions in CO₂ emissions —and to a lesser extent N₂O— 
offset the increase in CH₄ release. At the global scale, GHG emission 
reductions on degraded peatlands are already being realized by the 
cultivation of paddy rice, and this approach has the potential to further 
substantially reduce GHG emissions from managed peatlands if existing 
upland crops were to be replaced. Care must be taken to evaluate site 
properties beforehand as not all environmental settings are suitable for 
paddy rice cultivation, as highlighted by past failures of rice cultivation 
projects on organic soils unsuitable for this purpose. The number of 
studies we identified was very limited, and suffered from a strong 
geographical bias. The estimates reported in this review should there
fore be considered ‘first estimates’ and we urge further research to 
broaden the basis for these estimates. A focus should lie in the tropics, in 
part because this is where the mitigation option could be —in terms of 
surface— most promising. Methodologically we urge full GHG balances 
to be carried out, including CO2 and CH4 at a minimum, with CO2 es
timates based on either continuous flux data or partitioned fluxes (NEE 
and Reco), and lastly, the including of C imports and exports to and from 
sites. Finally, from a broader environmental perspective, we stress that 
rewetting aimed at restoring a wider range of ecosystem functions 
provides additional benefits beyond GHG mitigation, such as biodiver
sity, water filtration, and buffering of the water-cycle, and should be 
preferred where socio-economic conditions allow (Girkin et al., 2023).

Supplementary information

The list of studies identified in this systematic review is given in the 
file “Supplementary information”.
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