Description of the Terrestrial Ecosystem Model output for the North American Carbon Program Regional Model-Data Intercomparison Project

1. The Terrestrial Ecosystem Model
The Terrestrial Ecosystem Model (TEM) is a process-based ecosystem model that uses spatially referenced information on atmospheric chemistry, climate, elevation, soils, and land cover to estimate monthly terrestrial carbon, nitrogen, and water fluxes and pool sizes. TEM is well-documented and has been used to examine patterns of terrestrial C dynamics across the globe, including how they are influenced by multiple factors such as CO2 fertilization, climate change and variability, row-crop agriculture, wildfire and ozone pollution (Melillo et al. 1993; McGuire et al. 1997, 2000a,b, 2001, 2004; Tian et al. 1998, 1999, 2000, 2003; Xiao et al. 1998; Prinn et al. 1999; Reilly et al. 1999, 2007; Clein et al. 2000, 2002; Webster et al. 2003; Zhuang et al. 2003, 2006, 2007; Felzer et al. 2004, 2005, 2007; Brovkin et al. 2006; Euskirchen et al. 2006; Balshi et al. 2007; Sokolov et al. 2008).  For this study, we used a version of TEM that has been modified from Felzer et al. (2004), which simulated ozone pollution effects, to also include the influence of permafrost dynamics (Zhuang et al., 2003; Euskirchen et al., 2006), atmospheric nitrogen deposition, dissolved carbon (DOC) leaching, wildfire, pastures and timber harvest on terrestrial carbon dynamics.  

The TEM is calibrated to site-specific vegetation parameters (Raich et al. 1991; McGuire et al. 1992; Clein et al. 2000, 2002, 2007; Euskirchen et al. 2006) and extrapolated across the study area based on spatially-explicit time series data organized on a 0.5o latitude by 0.5o longitude grid. The model uses a monthly time-step to simulate ecosystem dynamics for each “cohort” in a non-spatial mosaic of cohorts representing unique vegetation types and disturbance histories within each grid cell. In this study, we simulate terrestrial carbon dynamics under four different land uses (natural, row-crop agriculture, pasture, timber harverst) along with the influence of wildfire and the conversion of land from one use to another on these dynamics.  The simulation of these land cover and land use (LCLU) dynamics by TEM have been described previously for natural ecosystems (e.g., Melillo et al. 1993; Tian et al. 1999), row-crop agriculture (Felzer et al. 2004), wildfire (Balshi et al. 2007), and the conversion and abandonment of land to/from row-crop agriculture (McGuire et al. 2001; Felzer et al. 2004).  

2. Driving Data Sets


To extrapolate TEM across the arctic and boreal regions of the North American continent (north of 45oN), we incorporated driving data sets that have 1) spatial variability, but no temporal variability (elevation and soil texture); 2) temporal variability, but no spatial variability (atmospheric CO2 concentration); and 3) temporal and spatial variability (air temperature, precipitation, solar radiation, AOT40 ozone index, atmospheric nitrogen deposition, and land cover including fire disturbance). The non-temporal-varying spatial datasets were aggregated to 0.5o spatial resolution, with elevation based on the TerrainBase v1.1 data set the National Geophysical Data Center, Boulder, CO (NGDC, 1994) and soil texture from the Global Gridded Surfaces of Selected Soil Characteristics data set (Global Soil Data Task Group, 2000).

Most of the temporally varying datasets have been used in previous studies, but needed to be extended from 2000 or 2002 to 2006, as well as “backcasted” to year 1000 of the model initialization period,  for use in this study. Global annual atmospheric CO2 data are from the Mauna Loa station (Keeling and Whorf, 2005). Atmospheric CO2 concentration for the time period of years 1000 to 1900 was held constant at the year 1901 level (296.3 ppm). Monthly air temperature (TAIR, oC), precipitation (PREC, mm), and incident short-wave solar radiation (NIRR, Wm-2) data derived from observations for the period 1901–2002, gridded at 0.5o resolution, were obtained from the Climate Research Unit (CRU; University of East Anglia, UK; Mitchell and Jones, 2005). The CRU climate variables were extended to 2006 with NCEP/NCAR Reanalysis 1 data sets (NOAA-ESRL Physical Sciences Division, Boulder CO) using a regression procedure based on data anomalies from a ten-year (1993 – 2002) mean for each variable (see Drobot et al., 2006). These data sets were backcasted to year 1000 by a repeating 30-year cycle of the 1901 – 1930 monthly data to initialize the carbon pools with climate variability (except for the simulation without climate variability, where 1901 – 1930 monthly means were used to drive the model in for each year). The ozone (O3) pollution data set used in this study, represented by the AOT40 index (a measure of the accumulated hourly ozone levels about a threshold), is based on Felzer et al. (2005) and covers the time period from 1860 to 2006. Before 1860, the ozone level in each 0.5o grid cell was assumed to equal the AOT40 of 1860 (which is equal to zero). The atmospheric nitrogen deposition (Ndep) data were based on Van Drecht et al. (2003), extended from 2000 to 2006 by adding the difference in annual N deposition rate from 1999 to 2000 to succeeding years, for each 0.5o grid cell (e.g. 2001 N deposition rate = 2000 + (2000-1999), etc.).  For years 1000 to 1859, annual N deposition was assumed to equal the per grid cell rates in 1860.
To enable the evaluation of different LCLU dynamics, we have developed a number of spatially explicit time series data sets to prescribe the timing, area and distribution of historical LCLU, including wildfire.  The distribution of vegetation types was derived from the 1km Global Land Cover Characterization (GLCC; Loveland et al., 2000) data set, which was translated to the upland arctic, boreal and temperate ecosystem types for which the TEM is calibrated. The translated vegetation map was aggregated to the 0.5o grid matching the input climate data sets, but the area represented by each unique vegetation type within a grid cell was retained as an individual, non-spatial cohort. TEM initially assumes a grid cell is covered by undisturbed natural vegetation, which is represented by initial cohorts that collectively sum to the entire land area of the grid cell.  When a disturbance occurs, a new cohort is formed and a certain amount of land area within the grid cell is then subtracted from the potential vegetation cohort and assigned to the new disturbed cohort, which is then tracked through the remaining years in the data set.  The location and timing of disturbances are determined from data sets on fire occurrence, area burned, fire severity, and fire return interval, as well as modeled data for rates of forest harvest and crop and pasture establishment and abandonment. For North America, we used fire data based on Kasischke et al. (2002), the Bureau of Land Management (2005) and (Flannigan and Little, 2002). For a complete description of the historical fire data set, fire return interval calculation, and backcasting approach, see Balshi et al. (2007). Additonally, forest harvest and land use (crops or pasture) cohorts were created in the input data set, derived from 1o x 1o gridded, annual land use transitions data for years 1700 through 2000, modeled by Hurtt et al. (2006). The data were extended by simply using the 2000 rates for year 2001 to 2006. 

3. Description of the Output Data Sets (NACP Regional Model-Data Intercomparison)

The data provided are extracted from TEM version 6 simulations for the pan-arctic / pan-boreal region (described above) to include results from grid cells over North America, north of 45oN latitude. Each data set, provided in net CDF format, covers 9,843 half-degree grid cells, which for each variable represents the area-weighted average value over all cohorts in a given grid cell. All values are given in units of kg C m-2 for each month over a seven year period (2000 to 2006). The variables GPP, NPP, NCE, NECB, and RH represent the net flux of C for each month, while SOILC and VEGC represent the standing C stocks for each month. A brief description of each variable:
GPP: gross primary production

NPP: net primary production, or GPP minus autotrophic respiration

RH: heterotrophic respiration, or decomposition of soil organic matter

NCE: net exchange of C from the land to the atmosphere, including RH plus conversion fluxes from disturbance. Negative values represent C losses from the ecosystem. 

NECB: net ecosystem C balance of the ecosystem (see Chapin et al., 2006), which is NCE minus additional losses through the stream export of dissolved organic carbon (DOC) from the soil. Negative values represent C losses from the ecosystem
SOILC: total stocks of C in the soil, including reactive and non-reactive soil C in addition to DOC pools.

VEGC: total live C stocks, above and below ground

(total ecosystem C stocks are equal to the sum of SOILC and VEGC).
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