
Supplementary information for:

The effects of peat thickness and water

table depth on CO2 and N2O emissions

from agricultural peatlands - a

process-based modelling approach

Henri Kajasilta, Stephanie Gerin, Milla Niiranen, Miika Läpikivi,
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Figure S1: Leaf area index (LAI) in baseline scenarios.
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Figure S2: Soil moisture in baseline scenarios.
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Figure S3: Average annual heterotrophic respiration in each water table depth
(WTD) scenario for deep peat blocks (1,2,4) and shallow peat blocks (3,5,6) after
changing potential evapotranspiration and water use efficiency parameters. In
the baseline run the annual heterotrophic respiration was 1.14 kg C m−2 y−1

for deep peat blocks, 0.78 kg C m−2 y−1 and average of all blocks 0.96 kg C
m−2 y−1.
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2 Supplementary Tables

Table S1: Parameter values changed for the simulation runs and their differences
to the default parameter values in the model

Type Name Value Default

SITE FRUNOFF (time step dependent) 8 6
METRX KR DC HUM2 1.4e-3 1.2e-3
METRX KR DC HUM3 1.0e-3 2.5e-5
WCDNDC INCREASE POT EVAPOTRANS 1.7 1.0

PERG ALB 0.16 0.12
H2OREF A 1e-6 0.65
H2OREF GS 1e-6 0.33
SLAMAX 13 13.8
SENESCENCE AGE 7e-4 1e-2
SENESCENCE DROUGHT 5e-5 1e-2
SENESCENCE FROST 0.9 1e-2
WUECMAX 14 5.3

SBAR GDD FLOWERING 650 910
GDD GRAIN FILLING 780 930
GDD MATURITY 1350 1660
FRACTION FRUIT 0.66 0.5
SLADECLINE 0.65 0
SLAMAX 20 27
SENESCENCE AGE 7.4e-2 0
SENESCENCE DROUGHT 6.5e-2 0
SENESCENCE FROST 2.1e-2 0
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Table S2: Simulated autotrophic (Ra), heterotrophic (Rh) and total respiration
(TER) together with gross primary production (GPP) at the different blocks
during 2019-2022. Carbon related values are kg C m-2 y-1 and unit of N2O is
g N m-2 y-1.

Block Year Ra Rh TER GPP N2O

1 2019 0.501 1.102 1.602 1.070 1.209
1 2020 0.741 1.066 1.807 1.408 1.980
1 2021 0.777 1.047 1.825 1.504 1.780
1 2022 0.374 1.109 1.483 0.812 1.690
2 2019 0.591 1.272 1.863 1.228 2.010
2 2020 0.772 1.200 1.972 1.461 3.253
2 2021 0.796 1.188 1.984 1.541 2.522
2 2022 0.374 1.364 1.739 0.812 2.033
3 2019 0.537 0.680 1.217 1.124 1.001
3 2020 0.748 0.744 1.492 1.421 1.330
3 2021 0.769 0.662 1.431 1.494 0.881
3 2022 0.373 0.868 1.241 0.809 0.610
4 2019 0.561 1.167 1.729 1.163 1.421
4 2020 0.766 1.041 1.807 1.452 2.127
4 2021 0.785 1.105 1.891 1.521 1.692
4 2022 0.374 1.033 1.407 0.812 1.114
5 2019 0.677 0.763 1.440 1.281 1.172
5 2020 0.780 0.781 1.560 1.457 0.808
5 2021 0.721 0.747 1.468 1.384 0.502
5 2022 0.373 0.835 1.208 0.810 0.929
6 2019 0.658 0.792 1.450 1.247 1.057
6 2020 0.773 0.793 1.567 1.451 1.477
6 2021 0.698 0.753 1.450 1.343 0.675
6 2022 0.336 0.848 1.185 0.715 0.511

6



Table S3: Simulated NEE, N2O and NECB values for shallow and deep peat
blocks.

Peat depth Scenario Year NEE (kg C m-2) N2O (g N m-2) NECB (kg C m-2)

Shallow Baseline 2019 0.152 1.077 0.469
Shallow Baseline 2020 0.097 1.205 0.397
Shallow Baseline 2021 0.043 0.686 0.437
Shallow Baseline 2022 0.434 0.683 0.577
Shallow WTD 50 cm 2019 0.085 0.953 0.413
Shallow WTD 50 cm 2020 0.034 0.903 0.413
Shallow WTD 50 cm 2021 -0.055 0.451 0.350
Shallow WTD 50 cm 2022 0.476 0.513 0.610
Shallow WTD 30 cm 2019 0.063 0.901 0.401
Shallow WTD 30 cm 2020 -0.022 0.788 0.287
Shallow WTD 30 cm 2021 -0.090 0.270 0.318
Shallow WTD 30 cm 2022 0.453 0.525 0.587
Shallow WTD 15 cm 2019 -0.112 0.827 0.246
Shallow WTD 15 cm 2020 -0.122 0.503 0.193
Shallow WTD 15 cm 2021 -0.173 0.188 0.240
Shallow WTD 15 cm 2022 0.254 0.359 0.404
Deep Baseline 2019 0.578 1.55 0.851
Deep Baseline 2020 0.422 2.45 0.737
Deep Baseline 2021 0.378 2.00 0.810
Deep Baseline 2022 0.731 1.61 0.880
Deep WTD 50 cm 2019 0.499 1.76 0.790
Deep WTD 50 cm 2020 0.203 1.81 0.521
Deep WTD 50 cm 2021 0.260 1.43 0.693
Deep WTD 50 cm 2022 0.729 1.57 0.878
Deep WTD 30 cm 2019 0.393 1.92 0.698
Deep WTD 30 cm 2020 0.049 1.37 0.371
Deep WTD 30 cm 2021 0.052 0.72 0.490
Deep WTD 30 cm 2022 0.565 1.12 0.714
Deep WTD 15 cm 2019 -0.040 1.14 0.275
Deep WTD 15 cm 2020 -0.052 0.903 0.277
Deep WTD 15 cm 2021 -0.139 0.395 0.301
Deep WTD 15 cm 2022 0.342 0.945 0.491
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Table S4: Annual NEE and N2O from EC measurements. NECB calculated by
the sum of NEE and carbon from harvest as no manure was applied in years
2020–2022.

Year NEE (kg C m-2) N2O (g N m-2) NECB (kg C m-2)

2020 0.106 0.484 0.429
2021 0.179 0.687 0.551
2022 0.512 1.31 0.691
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Table S5: Soil-related parameters used in the simulations: bulk density (bd;
kg dm−3), pH, organic carbon content (corg; g g−1), nitrogen content (norg;
g g−1), α and n as used in the van Genuchten functions for water retention
curves, saturated hydraulic conductivity (sks; cm min−1), porosity (m3 m−3),
silt content (g g−1), and minimum water filled pore space (m m−3). The layer
split indicates how many sublayers each initialised layer contains with similar
attributes. The initialisation of C and N pools is based on extrapolating the C
and N contents measured in Yli-Halla [yli2022thickness] supplement to the
beginning of the spin-up simulation. The extrapolated carbon and nitrogen
amounts are distributed into the topmost soil layers to account the depletion
during spin-up years. The hydrological parameters were iteratively determined
relying on literature values and the model response compared to the observed
values on the site.

Block Stratum Stratum(mm) Layers(num) bd pH corg norg alpha n sks porosity silt wfpsmin

1 1 200 10 0.475 5.8 0.257 0.014 0.785 1.4 0.004 0.23
1 2 300 10 0.21 5.8 0.584 0.029 0.975 1.3 0.004 0.7 0.21
1 3 100 2 0.15 5.8 0.691 0.036 3 1.4 0.004 0.7 0.3
1 4 100 2 1.64 4.9 0.01 0.0007 4.5 1.35 0.004 0.48 0.7 0.25
1 5 300 5 1.35 4.4 0.007 0.0004 0.41 0.7
1 6 1000 10 1.32 4.9 0.01 0.0008 0.7
2 1 200 10 0.49 5.6 0.339 0.021 0.795 1.4 0.004
2 2 200 10 0.22 5.6 0.595 0.032 0.925 1.3 0.004
2 3 100 4 0.81 5.2 0.083 0.0049 6 1.5 0.004
2 4 100 2 1.63 4.9 0.006 0.0006 6 1.5 0.004 0.39 0.7
2 5 400 4 1.63 4.9 0.01 0.0005 0.004 0.7
2 6 200 2 1.65 4.9 0.025 0.0012 0.7
2 7 800 4 1.32 4.9 0.008 0.0005 0.7
3 1 200 10 0.36 5.8 0.259 0.015 0.795 1.4 0.004
3 2 100 10 0.89 5.8 0.088 0.0050 0.925 1.3 0.004
3 3 300 10 1.63 4.9 0.005 0.0002 6 1.5 0.004 0.38 0.7
3 4 400 10 1.41 4.4 0.003 0.0002 0.002 0.5 0.7
3 5 600 10 1.27 4.4 0.008 0.0007 0.7
3 6 400 10 1.32 4.9 0.013 0.0008 0.7
4 1 300 15 0.62 5.6 0.265 0.016 0.795 1.4 0.0045 0.2
4 2 200 10 0.23 5.6 0.509 0.027 0.825 1.3 0.004 0.2
4 3 100 4 1.63 5.2 0.002 0.0004 6 1.5 0.004 0.4 0.3
4 4 400 10 1.41 4.9 0.007 0.0003 0.005 0.3
4 5 600 10 1.27 4.9 0.012 0.0006 0.3
4 6 400 5 1.32 4.9 0.007 0.0006 0.3
5 1 100 5 0.61 6.1 0.301 0.017 0.75 1.4 0.0045 0.7 0.16
5 2 100 5 0.21 6.1 0.471 0.029 0.95 1.3 0.0045 0.7
5 3 100 4 1.62 5.6 0.0062 0.0006 6 1.4 0.004
5 4 100 4 1.33 5.4 0.0024 0.0002 6 1.5 0.00054 0.45 0.7
5 5 400 10 1.33 4.9 0.0024 0.0002 0.00045 0.7
5 6 200 4 1.33 4.4 0.0024 0.0002 0.00045 0.7
5 7 800 8 1.48 4.4 0.0054 0.0004 0.7
5 8 200 2 1.32 4.4 0.0063 0.0004 0.7
6 1 100 5 0.696 6 0.216 0.011 0.8 1.35 0.0025 0.72 0.2
6 2 100 4 0.644 6 0.221 0.011 0.975 1.20 0.0025 0.2
6 3 100 2 1.65 6 0.01 0.0009 6 1.46 0.004 0.45 0.6 0.3
6 4 700 7 1.33 5 0.003 0.0002 2 1.35 0.0005 0.4 0.7 0.2
6 5 900 3 1.48 4 0.004 0.0001 2 1.35 0.002 0.4 0.7 0.2
6 6 100 1 1.32 5 0.005 0.0003 2 1.35 0.002 0.7 0.2
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Table S6: Statistics for soil moisture and leaf area index (LAI). Simulated soil
moisture was compared with manual chamber measurements (2019–2021), and
simulated LAI with satellite observations (2019–2022).

Block Soil moisture Leaf area index
NSE (Nash Sutcliffe Effciency) R2 R2

1 –0.41 0.45 0.61
2 0.25 0.37 0.65
3 –0.03 0.38 0.66
4 0.40 0.41 0.63
5 0.75 0.78 0.64
6 0.63 0.70 0.58

Table S7: Monthly and yearly total precipitation and air temperature mean
from January 2019 to December 2022 in comparison to the long term average
of 1991-2020 (Jokinen et al. 2021).

Time Total precipitation (mm) Air temperature mean (◦C)
period 2019 2020 2021 2022 1991-2020 2019 2020 2021 2022 1991-2020
January 22 45 32 15 36 -12.1 -1.9 -10,0 -7.6 -8.0
February 37 69 35 56 30 -6.0 -4.1 -12.7 -7.2 -8.2
March 44 23 31 13 28 -3.7 -1.9 -3.9 -2.7 -4.0
April 3 14 53 24 24 4.2 0.1 1.8 0.3 1.9
May 60 31 57 32 42 7.6 6.0 7.5 8.1 8.0
June 55 37 45 58 53 14.3 16.4 15.6 14.8 13.3
July 2 165 32 40 77 14.6 14.3 17.7 16.0 16.2

August 104 30 127 121 70 13.7 13.6 12.8 14.9 14.0
September 44 95 45 27 53 8.9 9.7 7.3 7.7 9.0
October 59 92 87 69 54 2.0 4.9 5.2 4.7 3.0
November 56 87 22 18 47 -3.0 1.5 -2.8 -1.7 -1.6
December 35 44 14 42 42 -2.0 -1.8 -9.7 -6.1 -5.2

Year 519 732 580 514 555 3.2 4.7 2.4 3.4 3.2
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Table S8: Management event from 2019 and 2020.
Block Date Crop Event Additional information
5, 6 2019-05-13 G Fertilization N80-P8-K48 kg/ha
2 2019-06-02 B Sludge N57-P6-K51 kg/ha
1 2019-06-06 B Harrowing
1 2019-06-07 B Sowing + Fertilization Sowing density: 200kg/ha

Fert.: N57-P5.6-K33.6 kg/ha
3 2019-06-08 B Sludge N57-P6-K51 kg/ha
2-4 2019-06-10 B Harrowing
2, 4 2019-06-10 B Sowing + Fertilization Sowing density: 200kg/ha

Fert. block 2: N27-P0-K1 kg/ha
Fert. block 4: N57-P5.6-K33.6 kg/ha

3 2019-06-11 B Sowing + Fertilization Sowing density: 200kg/ha
Fert. block 2: N27-P0-K1 kg/ha

1-4 2019-06-13 B Rolling
5, 6 2019-06-24 G Harvest Block 5: 6871.2 kg DW/ha

Block 6: 5486.1 kg DW/ha
5, 6 2019-07-05 G Fertilization N51.48-P0-K53 kg/ha
5, 6 2019-08-20 G Harvest Block 5: 4250.1 kg DW/ha

Field block 6: 4131.9 kg DW/ha
1 2019-08-26 B Harvest 8647.1 kg DW/ha
4 2019-09-24 G Harvest 4442.5 kg DW/ha
2, 3 2019-09-25 B Harvest Block 2: 2449 kg DW/ha

Block 3: 3005.3 kg DW/ha
6 2019-10-15 G Sludge N57-P6-K51 kg/ha

1-6 2020-05-29 G Fertilization N80-P8-K48 kg/ha
5, 6 2020-06-17 G Mowing + Harvest Block 5: 3934.3 kg DW/ha

Block 6: 4200.1 kg DW/ha
1-4 2020-06-20 G Mowing
1-4 2020-06-24 G Harvest Block 1: 1548.0 kg DW/ha

Block 2: 250.6 kg DW/ha
Block 3: 1778.4 kg DW/ha
Block 4: 1267.6 kg DW/ha

1-6 2020-06-30 G Fertilization N66-P0-K36 kg/ha
5, 6 2020-08-11 G Mowing
5, 6 2020-08-12 G Harvest Block 5: 3473.7 kg DW/ha

Block 6: 3420.9 kg DW/ha
1-4 2020-08-14 G Mowing
1-4 2020-08-21 G Harvest Block 1: 4178.3 kg DW/ha

Block 2: 6673.4 kg DW/ha
Block 3: 5180.7 kg DW/ha
Block 4: 5458.5 kg DW/ha
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Table S9: Management event from 2021 and 2022.
Block Date Crop Event Additional information
1-6 2021-05-26 G Fertilization N70-P7-K42 kg/ha
5, 6 2021-06-22 G Mowing + Harvest Block 5: 5055.7 kg DW/ha

Block 6: 4613.1 kg DW/ha
1-4 2021-06-28 G Mowing
1-4 2021-07-02 G Baling Block 1: 6240.8 kg DW/ha

Block 2: 5885.8 kg DW/ha
Block 3: 6455.0 kg DW/ha
Block 4: 5422.2 kg DW/ha

1-6 2021-07-07 G Fertilization 2 N66-P0-K36 kg/ha
1-4 2021-08-16 G Mowing 2
5, 6 2021-08-17 G Mowing + Harvest Block 5: 3966 kg DW/ha

Block 6: 3616.8 kg DW/ha
1-4 2021-08-17 G Harvest Block 1: 5264.3 kg DW/ha

Block 2: 3935.6 kg DW/ha
Block 3: 5280.6 kg DW/ha
Block 4: 4039.1 kg DW/ha

5, 6 2021-09-26 G Herbicide Glyphosate
1-4 2021-09-27 G Herbicide Glyphosate
1-6 2021-11-15 G Ditch work Ended on 2021-11-15

6 2022-06-01 B Ploughing
5 2022-06-02 B Ploughing
3, 4 2022-06-04 B Ploughing
1, 2 2022-06-05 B Ploughing
1-4 2022-06-09 B Sowing + Fertilization Sowing density: 200kg/ha?

Fert.: N60 - P6 - K36 kg/ha
5, 6 2022-06-10 B Sowing + Fertilization Sowing density: 200kg/ha?

Fert.: N60 - P6 - K36 kg/ha
3-6 2022-07-05 B Herbicide Tribenuron-methyl
1, 2 2022-07-06 B Herbicide Tribenuron-methyl
All 2022-09-09 B Harvest Block 1: 5275.3 kg DW/ha

Block 2: 4349.6 kg DW/ha
Block 3: 5038.0 kg DW/ha
Block 4: 4986.1 kg DW/ha
Block 5: 4177.5 kg DW/ha
Block 6: 4140.6 kg DW/ha

All 2022-09-21 B Herbicide Glyphosate
5, 6 2022-10-11 B Ploughing Ended on 2022-10-11
1-4 2022-10-12 B Ploughing Ended on 2022-10-14
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