Workflow for data processed by Marc-André Giasson


Because the data sets varied substantially, most of the compilation of belowground data was done manually by Marc-André Giasson. The calculations are detailed in the Matlab scripts, and field methods for each study are detailed in their respective data archive posting (Harvard Forest number).

Calculations were done mostly in Matlab, and some in R.


DEAD WOOD

Coarse woody debris
Script for calculations: CWD_estimation.m
Input data file: hf-c-cwd_vol_28mar16_with_NaNs.csv
Metadata: hf-c-cwd_vol_28mar16_with_NaNs – metadata.csv
This is a file where the various Harvard Forest archived datasets containing relevant data were merged.

Biomass (g/m2) was converted to carbon content (gC/m2). Some quirks and mistakes contained in the original datasets were corrected. Means are calculated.


Fine woody debris
Script for calculations: FWD_estimation.m
Input data file: hf-c-fwd_all_updated25mar16_with_NaNs.csv
Metadata: hf-c-fwd_all_updated25mar16_with_NaNs – metadata.csv
This is a file where the various Harvard Forest archived datasets containing relevant data were merged.

Biomass (g/m2) was converted to carbon content (gC/m2). Means are calculated.


Snags (standing dead wood)
Script for calculations: Snags_estimation.m
Input data file: hf-c-snags_vol_updated24mar16_with_NaNs.csv
Metadata: hf-c-fwd_all_updated25mar16_with_NaNs – metadata.csv
This is a file where the various Harvard Forest archived datasets containing relevant data were merged.

Biomass (g/m2) was converted to carbon content (gC/m2). Some quirks and mistakes contained in the original datasets were corrected. Means are calculated.


Litterfall
Script for calculations: Litterfall_estimation.m
Input data files: 
hf-c-litter31mar2016_with_NaNs.csv
hf151-01-hem-litterfall.csv
1996-2010 transect litterfall ARCHIVE - Kathleen Savage.xlsx
Metadata: hf-c-litter-metadata.csv
hf-c-litter31mar2016_with_NaNs.csv is a file where the various Harvard Forest archived datasets containing relevant data were merged. The other two datasets were discovered at a later date and added to the synthesis. They are loaded in the Matlab script.


BELOWGROUND

Fine roots
Script for calculations: Fine_root_biomass_estimation.m
Input data file: Root_biomass.csv
Metadata: Root_biomass – metadata.csv
This is a file where the various Harvard Forest archived datasets containing relevant data were merged.

For studies where root biomass was measured in depth increments different from the ones used in the synthesis paper, we estimated the root distribution relative to depth so we could estimate root biomass in the depths of interest. Biomass (g/m2) was converted to carbon content (gC/m2). 

[bookmark: _GoBack]Also, for certain studies some information (e.g., root %C content) necessary to convert root biomass into root C mass was missing. In those cases, data from other studies performed at the same location, data from published papers, etc. were used in the conversion. Details are provided in the Notes (last column) of the data file.


Root exudates
Script for calculations: Root_exudates_estimation.m
Input data file: Root_exudates.csv
Metadata: Root_exudates – metadata.csv
This is a file where the various Harvard Forest archived datasets containing relevant data were merged.

Computes daily mean flux, and transform daily mean flux into annual flux by multiplying the daily flux by the number of days during the growing season.


Soil carbon
Script for calculations: Soil_C_estimation.m
Input data file: Soil_CN.csv
Metadata: Soil_CN – metadata.csv
This is a file where the various Harvard Forest archived datasets containing relevant data were merged.

For studies where soil carbon was measured in depth increments different from the ones used in the synthesis paper, we estimated the carbon distribution relative to depth so we could estimate soil carbon mass in the depths of interest.

Also, for certain studies some information (e.g., bulk density) necessary to convert soil %C into C content (gC/m2) was missing. In those cases, data from other studies performed at the same location, data from published papers, etc. were used in the conversion. Details are provided in the Notes (last column) of the data file.


Long-term change in soil carbon (PHOREST experiment)
Script for calculations: PHOREST_comparison.m
Input data file: PHOREST-soils139a2.xlsx

Compare bulk density, C content, and total soil C in 1992 and 2013 at the PHOREST experiment.


C FLUXES AND OTHER DATA PROCESSING & ANALYSIS

Below are the Matlab scripts and functions that were used to process and analyze the flux (eddy covariance) data and others. Most need to be run in the order below, because results from some scripts are used by others.


Generate_met_data.m
Input data files:
	hf001-08-hourly-m.csv (Fisher Meteorological Station meteorological data)
	hf001-10-15min-m.csv (Fisher Meteorological Station meteorological data)
	hf072-01-eddy-2002-04.csv (LPH tower meteorological data)
	hf072-02-eddy-2005-2010.csv (LPH tower meteorological data)
	hf004-01-final.csv (EMS tower meteorological data)
	hf004-02-filled.csv (EMS tower meteorological and flux data)
	hf103-03-flux-2004-2013.csv (HEM tower meteorological and flux data)
	hf103-03-flux-2014-2015.csv (HEM tower meteorological and flux data)
	ClearcutTowerData7yr_HFArchive_2018_08_10.xlsx (CC tower meteorological and flux data)

Output file generated: Met_gapfilled_data.mat

This scripts loads all meteorological data from the towers included in the synthesis (EMS, HEM, CC) as well as from other sources and fills the gaps in the data series later used in the analysis.


Long_term_climate_trends.m
Input data files:
	Met_gapfilled_data.mat (created using Generate_met_data.m)
	hf000-01-daily-m.csv (Shaler Meteorological Station meteorological data)
hf001-08-hourly-m.csv (Fisher Meteorological Station meteorological data)
	hf001-10-15min-m.csv (Fisher Meteorological Station meteorological data)
	NOAA_met_data.csv (Meteorological data from weather stations located in the vicinity of the Harvard Forest, downloaded from https://www.ncdc.noaa.gov/cdo-web/datatools/findstation)
	NOAA_precip_hourly_data.csv (Precipitation data from weather stations located in the vicinity of the Harvard Forest, downloaded from https://www.ncdc.noaa.gov/cdo-web/datatools/findstation)

Output file generated: None; results used as is in the synthesis paper.

Analysis of the long-term trends in air temperature and precipitation at the Harvard Forest and surrounding region.



Prepare_EC_data_for_R_code.m
Input data files:
Met_gapfilled_data.mat (created using Generate_met_data.m)
	hf103-03-flux-2004-2013.csv (HEM tower flux data)
	hf103-03-flux-2014-2015.csv (HEM tower flux data)
	hf004-01-final.csv (EMS tower flux data)
	ClearcutTowerData7yr_HFArchive_2018_08_10.xlsx (CC tower flux data)

Output files generated:
HEM_data_YYYY.txt (Multiple files; one per year of measurements.)
EMS_data_YYYY.txt (Multiple files; one per year of measurements.)
EMS_data_GF_YYYY.txt (Multiple files; one per year of measurements.)
CC_data_YYYY.txt (Multiple files; one per year of measurements.)

Generate files that will be used as input for the REddyProc gap-filling algorithm R scripts.



EC_gapfilling_EMS.R
Input data files:
EMS_data_YYYY.txt (EMS tower flux and meteorological data. Multiple files; one per year of measurements. Created using Prepare_EC_data_for_R_code.m)

Output files generated: EMS_data-Results_YYYY (Multiple files; one per year of measurements.)

Fill gaps in eddy covariance data and partition fluxes from the EMS tower using the REddyProc gap-filling algorithm.



EC_gapfilling_HEM.R
Input data files:
HEM_data_YYYY.txt (HEM tower flux and meteorological data. Multiple files; one per year of measurements. Created using Prepare_EC_data_for_R_code.m)

Output files generated: HEM_data-Results_YYYY (Multiple files; one per year of measurements.)

Fill gaps in eddy covariance data and partition fluxes from the HEM tower using the REddyProc gap-filling algorithm.



EC_gapfilling_CC.R
Input data files:
CC_data_YYYY.txt (CC tower flux and meteorological data. Multiple files; one per year of measurements. Created using Prepare_EC_data_for_R_code.m)

Output files generated: CC_data-Results_YYYY (Multiple files; one per year of measurements.)

Fill gaps in eddy covariance data and partition fluxes from the CC tower using the REddyProc gap-filling algorithm.



FCRN_gapfilling.m
Input data files:
Met_gapfilled_data.mat (created using Generate_met_data.m)
CC_data-Results_YYYY (CC tower uStarTH and potential radiation from the REddyProc gap-filling. Multiple files; one per year of measurements. Created using EC_gapfilling_CC.R
HEM_data-Results_YYYY (HEM tower uStarTH and potential radiation from the REddyProc gap-filling. Multiple files; one per year of measurements. Created using EC_gapfilling_HEM.R
EMS_data-Results_YYYY (EMS tower uStarTH and potential radiation from the REddyProc gap-filling. Multiple files; one per year of measurements. Created using EC_gapfilling_EMS.R)

Output file generated: FCRN_gapfilled_data.mat

Fill gaps in eddy covariance data and partition fluxes using the Fluxnet-Canada Research Network gap-filling algorithm.



Compare_EC_data.m
Input data files:
FCRN_gapfilled_data.mat (created using FCRN_gapfilling.m)
Met_gapfilled_data.mat (created using Generate_met_data.m)
CC_data-Results_YYYY (CC tower uStarTH and potential radiation from the REddyProc gap-filling. Multiple files; one per year of measurements. Created using EC_gapfilling_CC.R
HEM_data-Results_YYYY (HEM tower uStarTH and potential radiation from the REddyProc gap-filling. Multiple files; one per year of measurements. Created using EC_gapfilling_HEM.R
EMS_data-Results_YYYY (EMS tower uStarTH and potential radiation from the REddyProc gap-filling. Multiple files; one per year of measurements. Created using EC_gapfilling_EMS.R)
	hf004-02-filled.csv (EMS tower flux data)


Output files generated: 
EC_annual_sums.mat
EMS_NEP_R_GEP_PI.mat

Compute annual totals of NEP, Re, and GEP for the three flux tower sites gap-filled and partitioned using the PI-preferred, FCRN, and ReddyProc algorithms.



Process_data.m
Input data files:
EC_annual_sums.mat (created using Compare_EC_data.m)
EMS_NEP_R_GEP_PI.mat (created using Compare_EC_data.m)
Met_gapfilled_data.mat (created using Generate_met_data.m)
FCRN_gapfilled_data.mat (created using FCRN_gapfilling.m)
	CurveFittingToolbox_Amax_EMS_2014.mat (Light-response regression parameters generated using Matlab’s Curve Fitting Toolbox)
	hf150-01-hem-lai.csv (HEM site LAI data)
	hf069-02-LAI-site.csv (EMS site LAI data)
	EMS_LAI_Urbanski.csv (EMS site LAI data from Urbanski et al. 2007; grabbed using DataThief)
	Rs_vegetation_type_daily.csv (Daily soil respiration for different vegetation types. Data used to prepare Giasson et al. 2013)
Vegetation_type_cover_in_footprint.csv (Percent area of flux tower footprint represented by different vegetation types during different seasons. Data used to prepare Giasson et al. 2013)
Re_Rs_daily.csv (Daily soil and ecosystem respiration for the EMS and HEM towers. Data used to prepare Giasson et al. 2013)
hf223-02-li6200.csv (CC tower soil respiration)
hf223-01-li6400.csv (CC tower soil respiration)
	hf003-03-spring.csv (Spring phenology data)
	hf003-04-fall.csv (Fall phenology data)
Litterfall_HEM_EMS.mat (Litterfall data, created using Litterfall_estimation.m)
hf069-09-trees.csv (EMS site tree diameter data)
Soil_CN_hemlock.csv (Soil C data from the HEM site; now available as hf293)

Output file generated:  Process_data_all_data.mat

Calculate daily, monthly, and cumulative NEP, Re, and GEP.
Determine spring and fall phenology dates and growing season length.
Determine the day the sites turn into a net C sink for the ecological year.
Compute light-response curves.
Prepare plant area index (PAI) data.
Load soil respiration data for the 1991–2009 period used in Giasson et al. 2013.
Estimate soil respiration for 2010-2015.
Calculate/estimate soil respiration for the CC tower, which was not included in Giasson et al. 2013.
Determine dates of budbreak, full leafout, and leaf coloration from the O'Keefe dataset.
Calculate mean DBH increment per day.
Calculate fine root NPP.
Do soil C power analysis.

