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1. Model Description 

The Dynamic Land Ecosystem Model (DLEM) is a highly-integrated process-based terrestrial ecosystem model. It aims at simulating the consequences of natural and anthropogenic disturbances on the structure and functions of terrestrial ecosystems and their responses to human and natural systems.  More specifically, the model has integrated biophysical and hydrological processes, biogeochemical processes including trace gases emissions such as N2O and CH4, vegetation dynamics, disturbances from natural or anthropogenic factors (e.g. land-use/land-cover change, intensive management on crops), and their interactions among this nature-human system. 
2. North American Model Simulation
Temporal coverage: 1979 - 2005
Temporal resolution: daily

Spatial coverage: Canada, Continental US, Mexico
Spatial resolution: 32 km
Long-term average climatologies (temperature, precipitation, humidity, and solar radiation) from 1979 to 2005, the atmosphere composition (CO2, ozone, and nitrogen deposition) in 1979, and the cropland distribution in 2000 were used to drive the model to equilibration stage (i.e. when the annual carbon, nitrogen, and water fluxes and pools did not change for 10 consecutive years). Then the detrended climatologies between 1979 and 2005 were repeated twice (i.e. 50 years in total) to drive the model for spin-up. Finally, the model was run in transient mode with daily temperature and tropospheric ozone inputs and annual CO2 and nitrogen deposition inputs from 1979 to 2005. The cropland distribution in 2000 was used for all years in this simulation. The monthly outputs from 1979 to 2005 were collected including: GPP, NPP, Ra and Rh, VEGC, and SOC.

2.1. Model Inputs
2.1.1. Land cover maps
Twenty two natural vegetation types and eleven crop types were identified in the study region based on the MODIS, GLC2000 (http://www-tem.jrc.it/glc2000/) and various other data sources using the majority rules (for spatial scaling) (except for the estimation of the wetland and C4 grassland land-types where the total vegetation area of the two groups were forced to be consistent with the field data in the North America). 

Natural vegetation (Figure 1) includes Tundra, Boreal Broadleaf Deciduous Forest, Boreal Needleleaf Evergreen Forest, Temperate Broadleaf Deciduous Forest, Temperate Broadleaf Evergreen Forest, Temperate Needleleaf Evergreen Forest, Tropical Broadleaf Deciduous Forest, Tropical Broadleaf Evergreen Forest, Tropical Needleleaf Evergreen Forest, Deciduous Shrubland, Evergreen Shrubland, C3 grass, C4 grass, Permanent inundate grass wetland, Permanent inundate woody wetland, Seasonal inundate grass wetland, Seasonal inundate woody wetland, Grass peat-land, Woody peat-land, Desert and barren, Mixture forest. 
The 2000 cropland map (Figure 2a) was based on the global land use dataset developed by History Database of the Global Environment (HYDE; Goldewijk et al., 2007, Journal of Land Use Science, 2: 167-190). The 5’ degree resolution cropland fraction map in 2000 from HYDE was projected and aggregated to 32 km resolution for this project. 
Cropping system database in NA (Figure 2b) includes nine crop categories (wheat, corn, potato, soybean, cotton, groundnuts, sugarcane, barley and sorghum), two rotation types (one harvesting and two harvesting) and crop phenology information, which was developed based on MODIS data, agricultural census data and global crop distribution map. The main crop categories in each grid were identified according to the global crop geographic distribution map ( with a spatial resolution of 5 minutes, about 10km) based on the work of Billie Leff et al.(2004, Global Biogeochemical Cycles, 18, doi: 10.1029/2003GB002108), modified  with regional agricultural census data that are available for every country in FAOSTAT and local agricultural census data such as USDA in US (http://usda.mannlib.cornell.edu/ MannUsda).The rotation type in each grid was developed by using phonological characteristics and census data in at the national level and state level. The phenology information obtained from MODIS LAI (with a spatial resolution of 1km) was used to help to identify the rotation type and also was calibrated by using census data and site data before application.
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Figure 1. Distribution of natural vegetation in the North America 
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Figure 2, The (a) cropland distribution (based on the HYDE dataset: Goldewijk et al., 2007, Journal of Land Use Science, 2: 167-190) and (b) crop system in the North America in 2000.

2.1.2. Climate
Variables: atmospheric temperature (minimum, maximum, and average), precipitation, relative humidity, and incipient solar radiation.

Source: North American Regional Reanalysis
Temporal resolution: daily

2.1.3. CO2 concentration

For years before 2003, standard IPCC CO2 concentration history data set (Enting et al. 1994) was used in this simulation. Annual CO2 dataset after 2003 is calculated based on the "Global Annual Mean Growth Rate of CO2" by Earth System Research Laboratory (ESRL). Website: http://www.esrl.noaa.gov/gmd/ccgg/trends/.
2.1.4. Ozone stress

In this study, spatial and temporal data for AOT40 (AOT40 is used as a standard to assess impacts of changing ozone concentration on plant productivity in this study) concentrations were derived from the global historical AOT40 data sets developed by Felzer et al. (2005 Climatic Change, 73: 345-373). This AOT40 index is calculated from combining geographic data from the MATCH model (Multiscale Atmospheric Transport and Chemistry) with hourly zonal ozone concentration from the MIT IGSM (Integrated Global Systems Model). The average monthly boundary layer of MATCH ozone values for 1998 are scaled by the ratio of the zonal average ozone from the IGSM (Integrated Global Systems Model), which are 3-hourly values that have been linearly interpolated to hourly values, to the zonal ozone from the monthly MATCH to maintain the zonal ozone values from the IGSM. 
2.1.5. Nitrogen Deposition

The nitrogen deposition datasets were reconstructed based on the three period (1860, 1993, and 2050) global nitrogen deposition maps generated by Dentener (2006 Global Maps of Atmospheric Nitrogen Deposition, 1860, 1993, and 2050; dataset available online http://daac.ornl.gov/). We cut out the study region from the global nitrogen deposition maps, and then rescale the maps into 32 km resolution using bilinear interpolation. To create the annual nitrogen deposition dataset from 1979 to 2005, we assume that the nitrogen deposition was positively correlated with the nitrogen emission in the study region. We then reconstructed annual dataset from Dentener’s maps of three time periods by using the annual nitrogen emission dataset developed by Aardenn et al. (2001 Global Biogeochemical Cycles, 15: 909-928) to control the interannual variation of nitrogen deposition rate.
2.1.6. Soil Inputs
The gridded datasets at 32 km×32 km resolution for soil depth, bulk density, pH, and texture (clay, silt, and sand content) were developed based on the Global Gridded Surfaces of Selected Soil Characteristics for the International Satellite

Land Surface Climatology Project (ISLSCP) Initiative II Data Collection.
2.1.7. Cropland management

(1) Nitrogen fertilization

County-level nitrogen fertilization for USA, provincial level nitrogen fertilization for Canada, and national level nitrogen fertilization for Mexico were derived from inventory data sources for the study period. Because it is difficult to develop long-term transient spatial dataset of fertilized croplands, we used the average fertilization intensity (i.e. total fertilization rate divided by the total cropland area) for this simulation.

(2) Irrigation map

The IWMI Global Irrigated Area Map (GIAM; http://www.iwmigiam.org) was aggregated to 32 km×32 km resolution while the total irrigated area in the North America was maintained.
2.2. Model Outputs

We output monthly total fluxes and average pool sizes for the following variables:
GPP, NPP, Ra, Rh, NEP, VEGC (vegetation carbon), and SOC (soil carbon, including litter carbon). All datasets are 32 km×32 km resolution spatial maps.
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