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Supplementary Information 

Modeling of Drained and Undrained Cropping Systems 

We used the Agricultural Production systems simulation (APSIM), an open-source, field-

scale, process-based modeling platform that operates on a daily time step, to simulate crop-soil- 

atmosphere processes1. The APSIM platform contains several crop models together with soil-

atmospheric models and a flexible manager to simulate a variety of cropping systems. The 

platform is regularly used to predict and explain agronomic and environmental outcomes of 

production scenarios from field to regional scales2,3.    

The APSIM cropping systems model is capable of simulating shallow water table 

dynamics in fields with various drainage systems4. The model simulates root depth (and thus 

daily water and nitrogen uptake) as a function of soil moisture, temperature, soil constraints and 

plant cultivar factors. Nitrogen below the root zone can either be denitrified or leached to lower 

soil layers. The model has been calibrated and validated for maize response to N fertilizer and 

root response to water table depth in drained and undrained fields5–7. Currently, the prediction of 

root depth has an R2 of 0.94 across 18 datasets from drained and undrained locations with a 

range in depth to water table7, which indicates that final root depth, mass and length along the 

soil profile are emergent properties of the simulation process. APSIM simulates plant litter 

decomposition (including root) and formation of SOM as a function of potential decomposition 

rates for different chemical compounds (carbohydrates, cellulosic, lignin) along with soil water, 

temperature, and inorganic N availability as modifiers8. In each soil layer, part of the 

decomposed plant litter is incorporated into a fast decomposing soil organic matter (SOM) pool 

and part into the slow decomposing SOM pools while the remainder is lost to the atmosphere9. 

Based on current model function, plant litters and SOM pools in soil layers saturated with water 
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will decompose very slowly due to lack of O2. The model also simulates soil N mineralization 

and immobilization, nitrification, denitrification, and urea hydrolysis for each soil layer.  

Moreover, roots cannot enter soil layers that are saturated with water10,11 so that the plant’s 

ability to uptake water and N will be restricted in poorly drained treatments.  

For this analysis, we tested APSIM performance using a variety of data collected at a 

field experiment in Iowa USA (41o11’38.3”N 91o28’56.0”W) that includes replicated plots (1.2-

2.4 ha) with and without artificial subsurface drainage. In the drained plots, perforated 

polyethylene pipes were installed in 2007 at 1.2 m depth and 18 m spacing. The drainage 

intensity is 1.9 cm d-1 12. It is important to note that observed and simulated differences between 

drained and undrained plots should be considered conservative due to the unavoidable and 

pervasive effects of local and regional drainage systems on soil water dynamics in the undrained 

plots. In other words, ‘undrained’ plots have better drainage than they would in the absence of 

surrounding local and regional drainage systems13,14. As a result, the differences in key drained 

and undrained ecosystem properties and processes may be slightly underestimated.  

The replicated plots contain continuous maize cropping systems that are managed in eight 

subplots at eight N fertilizer rates from 0-400 kg N ha-1 applied as urea-ammonium-nitrate. All 

other nutrients and pH are maintained for agronomic optimum. We used various data from this 

experiment to further test APSIM before its application to simulate the continuous maize 

cropping system in drained and undrained treatments across 18 years of weather data from the 

experiment location. We used 18 recent weather-years because this range is enough to capture 

the inter-annual variability in weather and also because previous research has demonstrated that, 

in the Midwest US, about 20 weather years encompass sufficient inter-annual weather variability 

for accurate simulations of average cropping systems processes and properties15.  Data measured 
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in 2016 and 2017 include tile drainage flow and N leaching in drained plots, root depth, soil 

nitrate and ammonium pools sampled from 0-30 cm periodically during the two growing 

seasons, sub-daily soil moisture and temperature, biomass production and partitioning to leaves, 

stems and grains, tissue N concentrations and plant N dynamics (Figure S1). Grain yield in each 

of the eight N fertilizer rates was measured in 2017. Daily depth to water table was measured 

from 2011-2013 (Figure S2). Periodic N2O emissions were measured from 2013-2014 using a 

static chamber approach (Figure S3).  

We used APSIM version 7.8 with the following models: the maize crop model, the 

coupled soil N and C cycling model8, the SWIM water balance model with the Richard’s 

equation16, the soil temperature2 model that mechanistically simulates soil temperature using 

Campbell’s equations17, the SURFACEOM model that deals with surface and incorporated 

residue dynamics18,19, and the following management activities: planting, harvesting, tillage, N 

fertilization and tile drainage. Pests were assumed to be effectively controlled. Recent 

improvements made to the model for Midwest cropping system conditions such as denitrification 

by depth20 and root growth inhibition due to excessive moisture7 were included. The simulations 

used drained and undrained continuous corn systems managed at eight different N fertilizer rates 

planted 1st week of May every year with a 110 day cultivar at 8 plants/m2 and 76 cm row 

spacing. The model output consists of a number of variables per year that we used to calculate 

the agronomic optimum N fertilizer rate (AONR)21 by fitting quadratic-plateau regression 

models to mean 18-year maize grain yield where the joint point of the model was the AONR21 

(Table S1) and probability density plots using the geom_density function of ggplot2 in 

R22.  Figures S1-S3 illustrate model performance across a range of soil-crop-atmospheric 

variables.  
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Figure S1. Simulated and measured data from maize in drained and undrained treatments 

managed at the optimum N fertilizer rate. Measured data (N = 3) presented with standard error. 

Upper two panels: simulated and measured aboveground nitrogen uptake in total biomass and the 

grain fraction from drained and undrained treatments in 2016. Lower left: root depth from the 

undrained treatment in 2016. Lower right: soil NO3
- concentration from 0-30 cm in 2017.   
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Figure S2. Simulated and measured water table depth from drained (left) and undrained (right) 

treatments in 2011-2013 managed in continuous maize at the optimum nitrogen fertilizer rate. 

 

 

Figure S3. Simulated and measured N2O emissions from drained (left) and undrained (right) 

treatments in 2013 and 2014. 
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Table S1. Quadratic plateau model fitted to simulated grain yield response to N fertilizer (0-400 

kg N ha-1 y-1) in drained and undrained treatments of continuous corn systems across 18 weather-

years. 

 

Yield at 
Zero N 
(Mg/ha)         Regression Parameters 

Plateau 
N Rate 
(kg/ha) 

Yield at 
Plateau 
N Rate 
(kg/ha) 

Optimum 
N Rate 
(kg/ha) 

Grain 
Yield at 
Optimum 
N Rate  Model 

Dataset         a  b  c  kg/ha  Mg/ha  kg/ha  Mg/ha  R2  P>F 

Drained  5.24  5.24  0.0615  ‐0.000148  207.5  11.62  188.6  11.57  0.77  <0.001 

Undrained  4.78  4.78  0.0576  ‐0.000121  237.2  11.61  214.1  11.54  0.71  <0.001 

 

In addition to simulating the continuous maize system with and without drainage, we 

simulated an annual rotation of maize-soybean. In this case, the soybean model was calibrated 

and validated with a wide array of data from Iowa experiments (data not shown). However, 

unlike the continuous maize systems, we did not have a side-by-side replicated drained vs. 

undrained experiment with which we could calibrate and validate the model for maize-soybean 

rotation.  

Results from the maize-soybean rotation were consistent with results from the continuous 

maize simulation (Figures S4 and S5). In both the maize and soybean phases of the rotation, 

proportional changes in N mineralization, denitrification, N2O emissions and GWP were similar 

to continuous maize. However, because soybean receives no N fertilizer and the optimum N 

fertilizer input to maize rotated with soybean is lower than the optimum N fertilizer input to 

continuous maize (in both drained, 154 kg N ha-1, and undrained systems, 179 kg N ha-1), the 

absolute changes in these processes were smaller than in continuous maize. 
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Figure S4. Relative differences in ecosystem properties and processes between drained and undrained continuous corn (left) and corn-

soybean rotation (right) cropping systems. The differences between drained and undrained corn-soybean systems represent the mean 

difference across the two crops in rotation except for the AONR, which is only applicable to the corn phase of the rotation. All data 

represent the mean annual simulated value across 18 weather-years. GWP = global warming potential and AONR = agronomic 

optimum nitrogen fertilizer rate. 
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Figure S5. Relative differences in ecosystem properties and processes between drained and undrained corn (left) and soybean (right) 

phases of an annually rotated corn-soybean cropping system. All data represent the mean annual simulated value across 18 weather-

years. GWP = global warming potential and AONR = agronomic optimum nitrogen fertilizer rate. 
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Global Warming Potential Calculations 

Using the model simulation outputs, global warming potential was estimated as the sum 

of CO2 equivalents (CO2e) from the following processes: N2O emissions from the soil surface, 

downstream N2O emissions from NO3
- leaching, and greenhouse gas emissions associated with 

the synthesis, delivery and application of N fertilizer (Table S2). Because N2O has a long 

lifespan in the atmosphere, we used the 100-year warming potential where one kg of N2O traps 

298 times the heat of one kg of CO2 (1 kg N2O emission from the soil surface = 298 kg CO2e23). 

To account for N2O emissions that are produced from NO3
- after it is leached from the field, we 

used the Intergovernmental Panel on Climate Change (IPCC) EF5 emission factor of 0.0075 kg 

N2O-N kg−1 NO3
-–N leached23. The synthesis, delivery and application of nitrogen fertilizers 

emits large amounts of greenhouse gases and we used a factor of 3.9 kg CO2e kg-1 of N fertilizer 

input to account for these emissions 24. However, we are aware of similar analyses that have used 

values as high as 4.5 kg CO2e kg-1 of N fertilizer25. Our goal was to make a conservative estimate 

of GWP mitigation potential.  

We also estimated the total amount of CO2e that are emitted upon soil drainage from the 

oxidation of soil organic carbon (SOC). Changes in land use, such as drainage, lead to a new 

equilibrium SOC pool size. As a result, the GWP associated with SOC loss is finite whereas the 

GWP associated with N fertilizer use and losses accrue every year of crop growth. There are no 

reports of total SOC loss due to the drainage of mineral soils. However, a comprehensive meta-

analysis of total SOC loss upon cultivation of soil (including tillage, drainage, changes in net 

primary productivity, etc.) indicates a mean loss of 27%26. Mineral soils in drained regions store 

~100,000 kg C ha-1 to the depth of drainage27. Thus, we estimated a total loss of 27,000 kg C ha-1 

or 100,000 kg CO2e ha-1 (1 kg CO2 = 0.27 kg C) with the installation of new drainage systems. 
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In contrast, to the installation of new drainage systems, the intensification of drainage systems is 

likely to create a much smaller loss of SOC. In this case, we arbitrarily selected what would be a 

relatively small SOC loss due to a change in management26: 2,727 kg C ha-1 or 10,000 kg CO2e 

ha-1. In most drained soils, this would be less than a 5% loss of SOC.  

We excluded GHG emissions associated with potential effects of drainage on CH4 

emissions, surface albedo, and fuel use for farm operations because we are unaware of research 

to constrain the effect of drainage on these sources and sinks of greenhouse gases in mineral 

soils. Nevertheless, drainage would almost certainly mitigate GWP from all these sources 

because drainage is likely to cause or enhance soil CH4 consumption28, increase the albedo of 

bare soil29, and reduce the energy required for field traffic due to lower rolling resistance. Thus, 

our estimates of reduction in GWP with drainage are conservative. We also excluded the effect 

of soil erosion on GWP because it is likely net neutral due to balancing effects30.        

Table S2. Cropping systems processes and properties included in the calculations of global 

warming potential for undrained and drained continuous corn cropping systems. The agronomic 

optimum N rate (AONR) and thus emissions from N fertilizer is fixed at the average annual 

AONR across 18 simulated weather years.  

   

Grain Yield at 
AONR*  AONR 

NO3
‐ 

leaching  
Downstream 

N2O  
Soil Surface 

N2O  
N 

Fertilizer 

    (Mg ha‐1 y‐1)  ‐‐‐‐‐(kg N ha‐1)‐‐‐‐‐  ‐‐‐‐‐‐‐‐‐‐(kg CO2e ha‐1 y‐1)‐‐‐‐‐‐‐‐‐‐ 

Undrained  Mean  11.2  214  15.8  55.56  4669  834.6 

  SD  1.02  ‐‐  16.1  56.43  1398  ‐‐ 

Drained  Mean  11.2  189  22.9  80.53  2748  737.1 

  SD  1.03  ‐‐  18.6  65.40  832.8  ‐‐ 

*15% moisture; AONR is agronomic optimum nitrogen rate 
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Sensitivity Analysis 

We conducted a sensitivity analysis to demonstrate how different combinations of 

drainage-induced N fertilizer reductions and SOC losses affect net GWP over the duration of 50-

year and 100-year drainage design-lives. Most drainage systems have a design-life of 100 

years31. For this analysis, we simulated (see above) continuous corn in drained and undrained 

systems at five different N fertilizer inputs and five different SOC losses. For N fertilizer inputs, 

we used optimum N rates in undrained and drained systems (214 & 189 kg N ha-1) as a baseline 

and increased and decreased these rates by 15 and 30% (for example, a 30% decrease results in 

N rates of 150 and 132 kg N ha-1 in the undrained and drained systems; Table S3). Simulations 

were repeated for 18 years and results were averaged to calculate N-rate impacts on various 

processes. All other factors were kept the same in the model. To estimate sensitivity due to SOC 

loss, we used SOC losses of 5, 15, 27, 35 and 45% which can also be interpreted as 5, 15, 27, 35 

and 45 Mg C ha-1 assuming a baseline SOC stock of 100 Mg C ha-1 (Table S4). We used 27% as 

the median loss estimate because this was the mean SOC loss in a comprehensive meta-analysis 

of the effect of land conversion to agriculture26 while 5 and 45% represent the potential range we 

estimate that might be attributed to drainage across a wide range of scenarios (e.g., improved and 

new drainage systems). To estimate the net mitigation of GWP for each combination of N 

fertilizer reductions and SOC losses, we subtracted the GWP generated from SOC losses from 

the product of the drainage system design life (50 or 100 years) and the annually recurring GWP 

mitigation due to lower N inputs in the drained system (Table S4).       
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Table S3. Reductions in global warming potential (GWP) due to lower N fertilizer inputs with 

drainage. The baseline N fertilizer input is the output from model simulations (Table S1). The 

GWP at each N fertilizer rate is the sum of CO2e from N fertilizer inputs, N2O emissions and 

downstream NO3
- leaching.   

  Undrained    Drained   
% Change           
in N fertilizer      
from baseline 

N Fertilizer 
Rate          

(kg N ha‐1 y‐1)  
GWP         

(CO2e ha‐1y‐1) 

  N Fertilizer 
Rate           

(kg N ha‐1 y‐1) 
   GWP       

(CO2e ha‐1 y‐1) 
Net Reduction in 

GWP (CO2e ha‐1 y‐1) 

    ‐30%  150  3351    132  1970  1381 
    ‐15%  182  4498    161  2686  1812 
  Baseline  214   6031    189  3473  2559 
    +15%  246  7423    217  4176  3248 
    +30%  278  8612    246  5135  3477 
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Table S3. Net global warming potentials (GWP) due to drainage system reductions in N 

fertilizer rate (mitigation of GWP) and reductions in soil organic carbon (source of GWP) over 

50- and 100-year drainage design-lives. Note that the GWP source due to soil organic C loss 

does not change with length of design-life because the SOC loss occurs in the first 10-15 years 

following drainage installation or intensification, but the GWP mitigation due to a reduction in N 

fertilizer input increases with length of design-life because it is annually recurring. A negative 

net reduction represents a net increase in GWP. Mitigation is highest at +30% N fertilizer rates 

because the absolute difference between optimum N fertilizer rates in drained and undrained 

systems increases with fixed proportional increases from the baseline.  

Net Reduction in Global Warming Potential Over 100 Years (1000s CO2e) 

N Fertilizer Rate   
Soil Organic Carbon Loss                                  

(% reduction) 

5  15  27  35  45 

‐30%  120  83  39  10  ‐27 

‐15%  163  126  82  53  16 

Baseline   238  201  157  128  91 

+15%  306  270  226  196  160 

+30%  329  293  249  219  183 

 

Net Reduction in Global Warming Potential Over 50 Years (1000s CO2e) 

N Fertilizer Rate   
Soil Organic Carbon Loss                                  

(% reduction) 

5  15  27  35  45 

‐30%  51  14  ‐30  ‐59  ‐96 

‐15%  72  36  ‐8  ‐38  ‐74 

Baseline  110  73  29  0  ‐37 

+15%  144  107  63  34  ‐3 

+30%  156  119  75  46  9 
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Historical changes in crop systems and drainage 

In the Midwest U.S. Corn Belt, the total area of cropland has remained relatively constant 

over the last 100 years32. However, there was a major change in cropping systems from 1960-

1980. During that time, soybeans (Glycine max) replaced alfalfa (Medicago sativa) and small 

grains such as oats (Avena sativa). Now, two crops dominate Midwest land use: maize (Zea 

mays) and soybean33 (Figure S6).  

More recently, there has been a northward expansion of the U.S. Corn Belt into South 

Dakota and North Dakota. Unlike other intensively drained states in the Corn Belt (e.g., Iowa, 

Illinois, Indiana and Ohio), South Dakota and North Dakota require permits for most 

installations of field drains (Box 1). However, these records are not easily accessible because 

they must be collected from various municipal organizations. Finocchiaro34,35 assembled these 

records for different periods in each state. We determined the increase in the area planted to 

maize and soybean in these states from 2000-2011 using the USDA National Agriculture 

Statistics Service online database 36. We selected this period to match the report of wetland loss 

in these states due to land conversion to agriculture37. During this time, maize area increased 

from 2.2 Mha to 3.0 Mha while soybean increased from 2.5 Mha to 3.3 Mha.  
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Figure S6. Historical cropping system change in Iowa USA as an example of general trends in 

the Midwest USA36.  

 

 

 

 

 

 

 

 



16 
 

References 

1. Holzworth, D. P. et al. APSIM - Evolution towards a new generation of agricultural 

systems simulation. Environ. Model. Softw. 62, 327–350 (2014). 

2. Lobell, D. B. et al. Greater sensitivity to drought accompanies maize yield increase in the 

U.S. Midwest. Science (80-. ). 344, 516–519 (2014). 

3. Archontoulis, S. V., Miguez, F. E. & Moore, K. J. Evaluating APSIM maize, soil water, 

soil nitrogen, manure, and soil temperature modules in the Midwestern United States. 

Agron. J. 106, 1025–1040 (2014). 

4. Malone, R. W. et al. Evaluating and predicting agricultural management effects under tile 

drainage using modified APSIM. Geoderma 140, 310–322 (2007). 

5. Puntel, L. A. et al. Modeling long-term corn yield response to nitrogen rate and crop 

rotation. Front. Plant Sci. 7, 1630 (2016). 

6. Puntel, L. A. et al. A systems modeling approach to forecast corn economic optimum 

nitrogen rate. Front. Plant Sci. 9, 436 (2018). 

7. Ebrahimi, E. et al. Enhancing APSIM to simulate excessive moisture effects on root 

growth. F. Crop. Res. 236, 58-67 (2019). 

8. Probert, M. E., Dimes, J. P., Keating, B. A., Dalal, R. C. & Strong, W. M. APSIM’s water 

and nitrogen modules and simulation of the dynamics of water and nitrogen in fallow 

systems. Agric. Syst. 56, 1–28 (1998). 

9. Probert, M. E., Delve, R. J., Kimani, S. K. & Dimes, J. P. Modelling nitrogen 

mineralization from manures: Representing quality aspects by varying C:N ratio of sub-



17 
 

pools. Soil Biol. Biochem. 37, 279–287 (2005). 

10. C.D., S., Kaspar, T. C. & Taylor, H. M. Soybean Top and Root Response to Temporary 

Water Tables Imposed at Three Different Stages of Growth. Agron. J. 72, 341–346 

(1980). 

11. Ordóñez, R. A. et al. Maize and soybean root front velocity and maximum depth in Iowa, 

USA. F. Crop. Res. 215, 122–131 (2018). 

12. Craft, K. J., Helmers, M. J., Malone, R. W., Pederson, C. H. & Schott, L. R. Effects of 

subsurface drainage systems on water and nitrogen footprints simulated with RZWQM2. 

Trans. ASABE 61, 245–261 (2018). 

13. Baker, J. M., Ochsner, T. E., Venterea, R. T. & Griffis, T. J. Tillage and soil carbon 

sequestration — What do we really know ? Agric. Ecosyst. Environ. 118, 1–5 (2007). 

14. Meersmans, J. et al. Changes in organic carbon distribution with depth in agricultural soils 

in northern Belgium, 1960-2006. Glob. Chang. Biol. 15, 2739–2750 (2009). 

15. Van Wart, J., Grassini, P. & Cassman, K. G. Impact of derived global weather data on 

simulated crop yields. Glob. Chang. Biol. 19, 3822–3834 (2013). 

16. Huth, N. I., Bristow, K. L. & Verburg, K. Swim3: Model Use, Calibration and Validation. 

Trans. ASABE 55, 1303–1313 (2012). 

17. Campbell, G. S. Soil Physics with BASIC. (Elsevier, 1985). 

18. Thorburn, P. J., Probert, M. E. & Robertson, F. A. Modelling decomposition of sugar cane 

surface residues with APSIM-residue. F. Crop. Res. 70, 223–232 (2001). 

19. Thorburn, P. J., Meier, E. A. & Probert, M. E. Modelling nitrogen dynamics in sugarcane 



18 
 

systems: Recent advances and applications. F. Crop. Res. 92, 337–351 (2005). 

20. Martinez-Feria, R. A. et al. Linking crop- and soil-based approaches to evaluate system 

nitrogen-use efficiency and tradeoffs. Agric. Ecosyst. Environ. 256, 131–143 (2018). 

21. Poffenbarger, H. J. et al. Maximum soil organic carbon storage in Midwest U.S. cropping 

systems when crops are optimally nitrogen-fertilized. PLoS One 12, (2017). 

22. Wickham, H. ggplot2: Elegant Graphics for Data Analysis. (Springer-Verlag, 2016). 

23. IPCC. Climate change 2013: the physical science basis. Contribution of Working Group I 

to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 

(Cambridge University Press, 2013). 

24. Camargo, G. G. T., Ryan, M. R. & Richard, T. O. M. L. Energy Use and Greenhouse Gas 

Emissions from Crop Production Using the Farm Energy Analysis Tool. Bioscience 63, 

263–273 (2013). 

25. Gelfand, I. et al. Carbon debt of Conservation Reserve Program (CRP) grasslands 

converted to bioenergy production. Proc. Natl. Acad. Sci. 108, 13864–13869 (2011). 

26. Davidson, E. A. & Ackerman, I. L. Changes in soil carbon inventories following 

cultivation of previously untilled soils. 20, 161–193 (1993). 

27. Russell, A., Parkin, T. B. & Mallarino, A. Impact of Nitrogen Fertilization and Cropping 

System on Carbon Sequestration in Midwestern Mollisols. Soil Sci. Soc. Am. J. 69, 413-

422 (2005). 

28. Topp, E. & Pattey, E. Soils as sources and sinks for atmospheric methane. Can. J. Soil Sci. 

77, 167–177 (1997). 



19 
 

29. Kaye, J. P. & Quemada, M. Using cover crops to mitigate and adapt to climate change. A 

review. Agron. Sustain. Dev. 37, 1 (2017). 

30. Van Oost, K. et al. Legacy of human-induced C erosion and burial on soil-atmosphere C 

exchange. Proc. Natl. Acad. Sci. 109, 19492–19497 (2012). 

31. R. S. Kanwar, Johnson, H. P., D. Schult, Fenton, T. E. & Hickman, R. D. Drainage Needs 

and Returns in North-Central Iowa. Trans. ASAE 26, 0457–0464 (1983). 

32. Waisanen, P. J. & Bliss, N. B. Changes in population and agricultural land in 

conterminous United States counties, 1790 to 1997. Global Biogeochem. Cycles 16, 84–1–

84–19 (2002). 

33. Hatfield, J. L., Mcmullen, L. D. & Jones, C. S. Nitrate-nitrogen patterns in the Raccoon 

River Basin related to agricultural practices. 64, 190–199 (2009). 

34. Finocchiaro, R. G. Agricultural Subsurface Drainage Tile Locations by Permits in South 

Dakota: U.S. Geological Survey data release. (2014). at 

<http://dx.doi.org/10.5066/F7KS6PNW> 

35. Finocchiaro, R. G. Agricultural Subsurface Drainage Tile Locations by Permits in North 

Dakota U.S. Geological Survey data release. (2016). doi:10.5066/F7QF8QZW 

36. USDA. United States Department of Agriculture National Agriculture Statistics Service. 

(2019). at <https://www.nass.usda.gov/Statistics_by_State/> 

37. Johnston, C. A. Wetland losses due to row crop expansion in the Dakota prairie pothole 

region. Wetlands 33, 175–182 (2013). 

 


