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Supplementary text 1 

This supplementary text presents the fundamental equations governing the biogeochemical 2 

processes that influence CO2 and CH4 concentrations in the ditch water. These equations are adapted 3 

from peat soil simulations described in detail by Qiu et al. (2018) and Salmon et al. (2022). 4 

Oxic decomposition: 5 

The amount of carbon per volume unit that undergoes oxic decomposition (𝑑𝐶𝑜𝑥𝑖𝑐 in g C m-3 water) 6 

in a time step, limited by the availability of oxygen in water, is: 7 

𝑑𝐶𝑜𝑥𝑖𝑐  =  𝑚𝑖𝑛( [𝐶]
𝛥𝑡

𝜏
, [𝑂2]

𝑀𝐶

𝑀𝑂2
),   (S1) 8 

where [𝐶]  [g C m-3 water] is the carbon concentration in the organic carbon pool undergoing 9 

decomposition, [𝑂2] [g O2 m-3 water] is the oxygen concentration in the ditch water, 𝛥𝑡 [s] is the model 10 

time step, and 𝜏 [s] is the residence time of the corresponding carbon pool. 𝑀𝐶 and 𝑀𝑂2 are the molar 11 

masses of carbon and oxygen, respectively.  12 

The corresponding amount of CO2 produced per unit water volume over one model time step 13 

(𝑑𝐶𝑂2 in g CO2 m-3 water) is calculated as: 14 

𝑑𝐶𝑂2  =  𝑑𝐶𝑜𝑥𝑖𝑐  
𝑀𝐶𝑂2

𝑀𝐶
𝐹𝐶𝑂2,    (S2) 15 

where 𝑀𝐶𝑂2 and 𝑀𝐶 are the molar masses of CO2 and carbon, respectively, and 𝐹𝐶𝑂2 is the fraction of 16 

decomposed carbon released as CO2. The remaining fraction is transferred to other organic carbon pools. 17 

Anoxic decomposition (i.e. methanogenesis): 18 

The amount of carbon per volume unit that undergoes anoxic decomposition (𝑑𝐶𝑀𝐺 in g C m-3 19 

water) over a time step is: 20 

𝑑𝐶𝑀𝐺 =  [𝐶] 𝑘𝑀𝐺  𝑒−[𝑂2]𝑝/[𝑂2]𝑎𝑛𝑜𝑥𝑖𝑎  𝛥𝑡,   (S3) 21 

where [𝐶]  [g C m⁻³ water] is the carbon concentration in the organic carbon pool undergoing 22 

decomposition, 𝑘𝑀𝐺 [s⁻¹] is the methanogenesis rate constant, [𝑂2]𝑝 [g O₂ m⁻³ water] is the dissolved 23 

oxygen concentration in the ditch water, [𝑂2]𝑎𝑛𝑜𝑥𝑖𝑎 [g O₂ m⁻³ water] is the oxygen concentration at 24 

which anoxic conditions are reached and methanogenesis is enabled, and 𝛥𝑡 [s] is the model time step. 25 

The corresponding rate of change in CH4 concentration (𝑅𝑀𝐺 in g CH4 m-3 s-1) is: 26 

𝑅𝑀𝐺  =
𝑑𝐶𝑀𝐺

𝛥𝑡
 
𝑀𝐶𝐻4

𝑀𝐶
 𝐹𝐶𝐻4,    (S4) 27 

where 𝑀𝐶𝐻4 and 𝑀𝐶 are the molar masses of CH4 and carbon, respectively, and 𝐹𝐶𝐻4 is the fraction of 28 

decomposed carbon converted to CH₄. The remaining fraction is transferred to other carbon pools. 29 

Methane oxidation (MOX) 30 

The rate of change in the ditch CH4 concentration due to CH4 oxidation (𝑅𝑀𝑂𝑋 in g CH4 m-3 s-1), 31 

limited by dissolved oxygen availability, is calculated by:  32 

𝑅𝑀𝑂𝑋  =  𝑚𝑖𝑛 (𝑘𝑀𝑇 [𝐶𝐻4],  𝑘𝑀𝑇
1

2
[𝑂2]

𝑀𝐶𝐻4

𝑀𝑂2

),    (S5) 33 

where 𝑘𝑀𝑇  [s⁻¹] is the rate of methanotrophy, retaining the same values as in the terrestrial soil 34 

methanotrophy simulation which is calibrated for the pre-drained period. [𝐶𝐻4] [g CH₄ m⁻³ water] and 35 

[𝑂2]  [g O₂ m⁻³ water] are the dissolved methane and oxygen concentrations in the ditch water, 36 
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respectively, with ½ accounting for the stoichiometric mole ratio of CH4 to O2. 𝑀𝐶𝐻4
 and 𝑀𝑂2

 are the 37 

molar masses of CH4 and oxygen, respectively.  38 

Ebullition flux 39 

The ebullition transports methane from deep layers upward, moving it sequentially from one layer 40 

to the next. The rate of change of the ditch CH4 concentration due to ebullition from soil below the ditch 41 

(𝑅𝑒𝑏𝑢𝑙 in g CH4 m-3 s-1) is calculated from bubbles leaving the top soil layer: 42 

𝑅𝑒𝑏𝑢𝑙  = 𝑘𝑒𝑏𝑢𝑙([𝐶𝐻4]𝑡𝑜𝑝 𝑠𝑜𝑖𝑙  − [𝐶𝐻4]𝐸𝑇 ) 𝑝𝑒𝑏𝑢𝑙𝜀
𝛥𝑧 

𝐷
,   (S6) 43 

where 𝑘𝑒𝑏𝑢𝑙 is the ebullition rate constant, set to 1 h⁻¹. [𝐶𝐻4]𝑡𝑜𝑝 𝑠𝑜𝑖𝑙 and [𝐶𝐻4]𝐸𝑇 [g CH₄ m⁻³ air] are 44 

the methane concentration in the uppermost ditch-soil layer and the ebullition threshold concentration, 45 

respectively, both expressed on an air-volume basis. The threshold depends on temperature, pressure, 46 

and the methane mixing ratio in the bubbles. The effective methane porosity, 𝜀  [m³ air m⁻³ soil], 47 

accounts for methane in both air-filled and water-filled pores under the assumption of gas–water 48 

equilibrium (Khvorostyanov et al., 2008). It converts methane concentrations from an air-volume basis 49 

to a soil-volume basis.  𝑝𝑒𝑏𝑢𝑙  is the dimensionless, soil-moisture-dependent probability of bubbles 50 

escaping a soil layer, 𝛥𝑧 [m] is the thickness of the uppermost ditch-soil layer, and 𝐷 [m] is the effective 51 

ditch-water depth. 52 

Diffusion flux 53 

Methane diffusion between soil layers is simulated using Fick's second law: 54 

𝜕[𝐶𝐻4]

𝜕𝑡
 =  𝐾(𝑧)

𝜕2[𝐶𝐻4]

𝜕𝑧2 ,     (S7) 55 

where [𝐶𝐻4] [g CH₄ m⁻³ soil] is the methane concentration in the ditch soil, 𝑡 [s] is time, 𝑧 [m] is soil 56 

depth, and 𝐾(𝑧) [m² s⁻¹] is the methane diffusion coefficient at depth 𝑧. The upper boundary permits 57 

methane exchange between the uppermost ditch-soil layer and the overlying ditch water. 58 

The change in total soil CH4 content after solving the tridiagonal diffusion matrix gives the 59 

diffusion flux between the ditch soil and the ditch water (positive for flux from soil to water): 60 

𝑅𝑑𝑖𝑓𝑓  =
1

𝐷 ∆𝑡 
∑ 𝛥𝑧𝑖  ( [𝐶𝐻4]𝑖,𝑎𝑓𝑡𝑒𝑟  −  [𝐶𝐻4]𝑖,𝑏𝑒𝑓𝑜𝑟𝑒)𝑠𝑜𝑖𝑙 𝑙𝑎𝑦𝑒𝑟 ,  (S8) 61 

where 𝐷  [m] is the effective ditch-water depth, ∆𝑡  [s] is the model time step, and ∆𝑧𝑖  [m] is the 62 

thickness of soil layer i. [𝐶𝐻4]𝑖,𝑏𝑒𝑓𝑜𝑟𝑒 and [𝐶𝐻4]𝑖,𝑎𝑓𝑡𝑒𝑟 [g CH₄ m⁻³ soil] are the methane concentrations 63 

in layer i before and after the diffusion calculation, respectively. The summation extends over all ditch-64 

soil layers, and 𝑅𝑑𝑖𝑓𝑓 is expressed in g CH4 m⁻³ water s⁻¹. 65 

 66 
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Supplementary figures 67 

 68 

 69 
Figure S1. Site-level seasonal variation in simulated methane gas exchange velocity (𝑘𝐶𝐻4, cm h-70 
1) compared with Peacock-derived benchmarks. Colored lines show monthly simulated results for 71 

the three drainage scenarios at each of the 10 peatland sites. Dashed lines and shaded ranges show the 72 

median and interquartile range of derived 𝑘𝐶𝐻4 from Peacock et al. (2017) for semi-natural fen, restored 73 

grassland fen, and cropland fen ditches. 74 

 75 

 76 
Figure S2. Site-level seasonal variation in simulated ditch-water depth (D) across drainage 77 

scenarios. Colored lines show the ditch-water depth for the 20-, 50-, and 80-cm lower-WTD drainage 78 

scenarios at each of the 10 peatland sites. Monthly values represent the mean seasonal cycle averaged 79 

over 5 years, starting 20 years after drainage initiation. 80 

 81 
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 82 
Figure S3. Seasonal variation in simulated ditch-water-table depth and discharge for all 10 sites under the three drainage scenarios. The upper row 83 

shows the ditch water-table depth below the local peat surface, calculated as ℎ − 𝐷, where ℎ is the ditch depth and 𝐷 is the ditch-water depth (Fig. 2). The 84 

lower row shows the ditch discharge 𝐹𝑜𝑢𝑡. Lines represent the 20-, 50-, and 80-cm lower-WTD drainage scenarios. Monthly values represent the mean seasonal 85 

cycle for the 5-year period starting 20 years after drainage initiation. 86 

 87 

 88 
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 89 
Figure S4. Seasonal contributions to simulated ditch discharge (𝐹𝑜𝑢𝑡) for all 10 sites under the three drainage scenarios. Rows correspond to the 20, 50, 90 

and 80 cm lower-WTD drainage scenarios, and columns correspond to the 10 simulated peatland sites. Colors show the discharge components defined in 91 

Section 2.2 and Fig. 2: the rainfall input (𝐹𝑝𝑟𝑒), the saturated-soil drainage (𝐹𝑑𝑠), the unsaturated-soil drainage (𝐹𝑑𝑢), and the water carried over from the 92 

previous timestep. Values are monthly means expressed per unit ditch length in m3 day-1 m-1 of ditch. 93 
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 94 
Figure S5. Site-level ditch CH4 and CO2 emissions and ditch-water DOC concentrations under 95 

different drainage scenarios. (a) Ditch CH4 emissions, (b) ditch CO2 emissions, and (c) ditch-water 96 

DOC concentrations. Field measurements from Peacock et al. (2017) and meta-analysis estimates from 97 

Gan et al. (2024) are shown as observational context.98 
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 99 
Figure S6. Site-level temporal variation in component fluxes of the ditch-water CH4 balance under different drainage scenarios. The upper three rows 100 

show the CH4 oxidation in the ditch water (𝑅𝑀𝑂𝑋), CH4 inputs associated with saturated- and unsaturated-peat drainage, methanogenesis in the ditch water 101 

(𝑅𝑀𝐺), diffusion from the ditch soil (𝑅𝑑𝑖𝑓𝑓), and the ebullition from the ditch soil (𝑅𝑒𝑏𝑢𝑙) under the 20-, 50-, and 80-cm lower-WTD scenarios, respectively. 102 

The two drainage-related CH4 inputs from saturated soil (𝑅𝑑𝑠) and unsaturated soil (𝑅𝑑𝑢) together constitute 𝑅𝑑𝑟𝑎𝑖𝑛 in Eq. (6). Positive values indicate transport 103 

of the CH4 inputs to the ditch water, whereas negative values indicate CH4 consumption or removal. The bottom row shows the corresponding net ditch CH4 104 

emissions to the atmosphere for the 5-year period starting 20 years after drainage initiation.105 
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 106 
Figure S7. Site-level temporal variation in the ditch CO2 production components and the net ditch–atmosphere CO2 exchange for different drainage 107 

scenarios. The upper three rows show the CO2 production from the DOC respiration (𝑅𝑒𝑠𝑝𝐷𝑂𝐶), the SOC respiration (𝑅𝑒𝑠𝑝𝑆𝑂𝐶), the CH4 oxidation in the ditch 108 

water (𝑀𝑂𝑋𝑤𝑎𝑡𝑒𝑟), and the CH4 oxidation in the ditch soil (𝑀𝑂𝑋𝑠𝑜𝑖𝑙) under the 20-, 50-, and 80-cm lower-WTD scenarios, respectively. The bottom row shows 109 

the corresponding net ditch–atmosphere CO2 fluxes, with positive values indicating CO2 emission to the atmosphere and negative values indicating atmospheric 110 

CO2 uptake by the ditch water. Values are shown for the 5-year period starting 20 years after drainage initiation. 111 
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