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1. Executive Summary 
The document summarizes data collected during the Campaign phase of the Land Surface Carbon 
Constellation Study. Data were collected at a local scale from three test sites: Sodankylä (Finland) 
representing a boreal forest biome; Majadas de Tietar (Spain) representing a savanna biome; and 
Reusel (the Netherlands), representing agricultural croplands. This document summarizes the data 
collected in Sodankylä. 
 
This document is meant as a reference of the collected in situ data regarding instrumentation, data 
processing and calibration (where relevant).  
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2. Definitions 

2.1. Acronyms and Abbreviations 
 

  

AGB Above ground biomass 

CIP Campaign Implementation Plan 

DBH Tree diameter at breast height (1.2m) 

ESA European Space Agency 

EO Earth Observation 
EUMETSAT European Organization for exploitation of 

Meteorological Satellites 

fAPAR fraction of Absorbed Photosynthetically Active 
Radiation 

FLD Fraunhofer Line Depth 

FMI Finnish Meteorological Institute 

FoV Field of View 
GPP Gross primary production 

ICOS Integrated Carbon Observing System 

LAI Leaf Area Index 

LMA Leaf Mass per Area 
MaNiP Large-scale manipulation experiment at Majadas 

de Tietar  

NASA National Aeronautics and Space Administration 
NEE Net Ecosystem Exchange 

SFM Spectral Fitting Method 

SIF Solar induced (chlorophyll) fluorescence 
SIP Study Implementation Plan 

SMOS Soil Moisture Ocean Salinity 

STSE Support to Science Element 

SWDR Short-wave incoming radiation 
SWP Soil Water Potential 

SZA Solar Zenith Angle 

TB Brightness temperature 
TLS Terrestrial Laser Scan 

VOD Vegetation Optical Depth 

VPD Vapor pressure deficit 

VWC Vegetation Water Content 

 

2.2. Definitions 
 

CAL-VAL Satellite calibration and validation 
Fresh biomass Total biomass (water and dry matter) per unit area (t/ha 

or kg/m2) 

Dry biomass (mostly used in forestry) Dry fraction only of biomass (t/ha) 

Moisture Ratio between VWC and fresh biomass (dimensionless) 
Vegetation Water Content (mostly used 
in agriculture) 

Difference between fresh biomass and dry biomass 
(kg/m2) 
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3. Site description 
 
The Sodankylä site (67.368°N, 26.633°E) represents a Northern boreal forest/taiga environment. 
Within an 80 km radius of the campaign site, 71% of the landscape is covered by forests. Open and 
forested wetlands (bogs) cover 18% of the area, with remaining land cover consisting of lakes, rivers 
and occasional bare tundra hills and areas of exposed bedrock. However, the landscape is relatively 
flat with the largest hills reaching 505 m.a.m.s.l. (metres above mean sea level). The most common 
tree species in the region are coniferous (pine and spruce). Soils in the region consist dominantly of 
haplic podzols (55%), with organic and semi-organic soils accounting for 18 and 14 %, respectively 
(Ikonen et al., 2016).  
The site of the campaign at the FMI Arctic Space Centre is located in an enclosed forest which has not 
been subject to forestry practices such as thinning at least for several decades (in this respect, it differs 
somewhat from forests in the region). The dominant tree species at the site is Scots pine (Pinus 
Sylvestris) growing on mineral soil (podzols), which are overlaid by a thin (5-20 cm) organic layer, lichen 
and small shrubs. The average tree age varies between 60 and 160 years with a mean canopy height 
of 12 m. 
The location hosts observations for the Integrated Carbon Observing System (ICOS) on a 24-m 
observation platform (Figure 1). The ICOS setup includes observations of CO2/CH4 background 
concentration, CO2 flux, meteorological measurements and surface measurements. In addition, 
several remote sensing instruments including an Elbara-II L-band radiometer (Schwank et al., 2010) 
and a frequency-stepping radar from L to X-band (Ruiz et al., 2020) are mounted on the tower platform 
overlooking the forest canopy. A second Elbara-II system is installed at ground level enabling an 
unambiguous retrieval of vegetation optical depth at L-band. 
 

 
Figure 1 ICOS tower and surrounding forest. 
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Figure 2 depicts an aerial image of the tower indicating the location of the main campaign 
instrumentation. A number of other observing systems are located in the surroundings of the ICOS 
tower, including a micrometeorological mast at a distance of 200 m. NEE using the eddy covariance 
method is also available from a wetland site located 1 km from the ICOS tower. A distributed network 
of soil moisture and temperature profile stations allows the assessment of soil conditions at the 
satellite scale (Ikonen et al., 2016). 
 

 
Figure 2 Aerial image of ICOS-tower and most relevant in situ measurements 

 
In this document, the collected data are broadly divided in two categories, based on the main use of 
the data in the project: assimilation/validation and process understanding. The data are summarized 
in the following tables. 
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Table 1: Summary of campaign data for Sodankylä for assimilation and validation 

Variable Unit 
Time Period 
Covered 

Temp. Resolution 
Data 
format 

SIF (VIS/NIR u.w. & d.w. 
radiance) 

- 
project 
campaign 

half hourly csv 

VOD (from L-TB)  - 09/2018 -  hourly csv 

VOD (from MW 
backscatter) 

- 09/2019 -  every 12 hours csv 

Surface soil moisture m3 m-3 06/2011 -  half hourly csv 

Leaf area index - 
project 
campaign & 
other 

monthly/seasonally custom 

FAPAR, fraction - 
project 
campaign 

half hourly csv 

Fine root biomass (to 1 
m depth) 

gC m-2 NA NA NA 

Soil organic C (to 1 m 
depth) 

gC m-2 historical seasonal/annual custom 

Litterfall (foliar, woody, 
roots) 

gC m-2 
t-1 

project 
campaign 

monthly/seasonally custom 

AGB, woody 
growth//mortality 

gC m-2 
project 
campaign & 
other 

seasonal/annual custom 

NEE & gross C fluxes 
mol m-2 
s-1 

2001 - 2021 half hourly csv 

Latent heat flux W m-2 2001 - 2021 half hourly csv 

Sensible heat flux W m-2 2001 - 2021 half hourly csv 
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Table 2: Summary of campaign data for Sodankylä for process understanding 

Variable Unit 
Time Period 
Covered 

Temp. Resolution 
Data 
format 

SWDR W m-2 2001 - 2021 half hourly csv 

Vapour pressure deficit kPa 2001 - 2021 half hourly csv 

Air temperature °C 2001 - 2021 half hourly csv 

Windspeed m s-1 2001 - 2021 half hourly csv 

Precipitation mm t-1 2001 - 2021 half hourly csv 

Relative humidity % 2001 - 2021 half hourly csv 

Soil moisture profile m3 m-3 06/2011 -  half hourly csv 

Soil temperature profile °C 06/2011 -  half hourly csv 

Canopy temperature 
profile 

°C 
project 
campaign 

hourly csv 

Vegetation water 
content 

m3 m-3 
project 
campaign 

hourly csv 

Plant geometry - NA NA NA 

Soil water potential Mpa 
project 
campaign 

half hourly csv 

Leaf/vegetation water 
potential  

Mpa NA NA NA 

Stomatal conductance, 
mmol  

m-2 s-1 NA NA NA 

Sap flow 
g m-2 s-
1 

campaign half hourly csv 

Background reflectance - NA NA NA 

Leaf  colour - 
04/2016 - 
12/2021 

daily (TBC) custom 

Leaf mass per area  - 
project 
campaign 

once custom 
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4. Database structure and datafiles 

4.1. Database structure 
 
The database directory structure in the LCC Project database on the tWiki platform at 
https://lcc.inversion-lab.com/do/view/LCCWeb/. 
 
The database is organized by sites, including Satellite observation data, Model data as well as the 
Campaign data presented here (see Figure 3 below). 
 

 
Figure 3. Screenshot of LCC project database at https://lcc.inversion-lab.com/do/view/LCCWeb/. 
 
For the Sodankylä site, the database is arranged as follows (see screenshot below): 
 

https://lcc.inversion-lab.com/do/view/LCCWeb/
https://lcc.inversion-lab.com/do/view/LCCWeb/
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Figure 4. Screenshot of Sodankylä campaign data at https://lcc.inversion-lab.com/do/view/LCCWeb/. 

https://lcc.inversion-lab.com/do/view/LCCWeb/
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4.2. Datafiles 
 
The filenames and content of datafiles for Sodankylä are given in Table 3. 
 
Table 3: File names, file format and description for Sodankylä datafiles 

Filename Format Description 

ALL_INDEX_AGGREGATED_Sodankyla_60 min CSV includes hourly average of FloX 
measured values + datetime in 
Sodankylä 

ALL_INDEX_AGGREGATED_SD_Sodankyla_60 
min 

CSV includes hourly standard 
deviation of FloX measured values 
+ datetime in Sodankylä 

FI-Sod_LCC_annual_and_less-frequent XLSX Historical data including 
measured  Aboveground biomass, 
Belowground biomass, Leaf mass 
per needle area, Soil carbon 

FI-Sod_LCC_daily CSV Daily observations of GCC of 
crown and canopy + FAPAR 

LCC_Sodankylä_Fluxes_Hourly CSV Hourly flux measurements (RECO, 
GPP, NEE, LE 

LCC_Sodankylae_Litter_-
_Weekly_or_seasonal_data 

XLSX Periodic litterfall data 

LVOD_sod_2020-2022_220621 CSV VOD from Elbara-II in Sodankylä 

SAR_VOD_20201016_20210809 CSV VOD from SodSAR in Sodankylä 
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5. Detailed data description 
 
This section is meant as a reference for instrumentation and data processing methods for each 
variable. For each variable, the following are given (as applicable): 

• Instrument: the physical instrument (model and manufacturer, as applicable) used to collect 

the raw data. 

• Calibration: steps performed to convert raw observations into the required variable 

• Processing: additional processing done to generate dataset (data averaging, filtering, model 

inversion) 

• Data format: the data format (txt, csv etc). If not self-explanatory, datafile contents are 

described.  

 

5.1. Assimilation and validation data 

5.1.1. SIF (VIS/NIR u.w. & d.w. radiance) 

Instrument: 
FloxBox (FloX Manual by JB-Hyperspectral Devices GmbH) 
The instrument includes two spectrometers with wavelength ranges 650-800 nm (QE Pro) and 400-
950 nm (Flame). Both spectrometers have one optical fiber pointing upward and the other pointing 
downward, and they measure downwelling solar irradiance and reflected radiance from ground, 
respectively. The measured reflected radiance also includes emitted solar-induced fluorescence signal. 
Since QE Pro has better spectral resolution it is used to retrieve SIF, and Flame is used to retrieve 
vegetation indexes because of the broader wavelength range. 
 
Calibration: 
Measured raw data is converted into upwelling radiance and downwelling irradiance using 
spectrometer specific radiometric and spectral calibration coefficients determined in a laboratory 
calibration 
 
Processing: 
SIF is retrieved from radiance using iFLD and SFM methods (Cendrero-Mateo et al., 2019) at O2A and 
O2B bands. Vegetation indexes are calculated from the measured reflectance by their definition. The 
measurements which were retrieved with too high SZA or in unstable illumination conditions are 
filtered out. Data is hourly averaged, and the uncertainty is calculated as a standard deviation. 
 
Data format: 
Data is given in two csv files per measurement site. One of the files includes hourly average of 
measured values and the other file includes standard deviation of the values. Additionally, both include 
timestamps and other meta information.  Timestamps, column names and order of the columns are 
identical. 
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Table 4: Datafiles ALL_INDEX_AGGREGATED_Sodankyla_60 min.csv and 

ALL_INDEX_AGGREGATED_SD_Sodankyla_60 min.csv contents  

Column Label Description 

1 datetime.UTC. date and time (UTC) 
2 doy.dayfract day of year 

3 SZA solar zenith angle 

4 Lat latitude 

5 Lon longitude 

6 A_sfm_conv indicating if sfm method is converged (here 
always 0) 

7 B_sfm_conv indicating if sfm method is converged (here 
always 0) 

8 Incoming.at.750nm.Full..W.m.2nm.1sr.1. Incoming radiance at wavelength 750 nm 
measured with Flame spectrometer 

9 Reflected.750nm.full..W.m.2nm.1sr.1. Reflected radiance at wavelength 750 nm 
measured with Flame spectrometer 

10 PAR.inc..W.m.2. Photosynthetically Active Radiation 
11 PAR.ref..W.m.2. Reflected Photosynthetically Active 

Radiation 
12 APAR..umol.m.2.s.1. Absorbed Photosynthetically Active 

Radiation 
13 NDVI670 a=780; b=670; (a-b)/(a+b) 
14 NDVI680 a=780; b=680; (a-b)/(a+b) 
15 RDVI a=800; b=670; (a-b)/sqrt(a+b) 
16 NIRv a=800; b=680; c=840; ((a-b)/(a+b) - 0.08)*c 
17 mNDVI705 a=750; b=705; (a-b)/(a+b) 
18 mNDI705 a=750; b=705; c=445; (a-b)/(a+b-(c+c)) 
19 MTCI a=754; b=709; c=681; (a-b)/(b+c) 
20 CI_re a=779; b=709; (a/b) - 1 
21 PRI a=531; b=570; (a-b)/(a+b) 
22 Incoming.at.750nm..W.m.2nm.1sr.1. Incoming radiance at wavelength 750 nm 

measured with QE Pro spectrometer 
23 Reflected.750..W.m.2nm.1sr.1. Reflected radiance at wavelength 750 nm 

measured with QE Pro spectrometer 
24 SIF_B_ifld..mW.m.2nm.1sr.1. SIF at O2B band (687 nm) calculated with 

iFLD method 
25 SIF_A_ifld..mW.m.2nm.1sr.1. SIF at O2A band (760 nm) calculated with 

iFLD method 
26 SIF_B_sfm..mW.m.2nm.1sr.1. SIF at O2B band (687 nm) calculated with 

SFM method 
27 SIF_A_sfm..mW.m.2nm.1sr.1. SIF at O2A band (760 nm) calculated with 

SFM method 
 
 
 

5.1.2. VOD (from L-TB)  

Instrument: 
Elbara-II 1.4 GHz dual-pol microwave radiometer (Schwank et al., 2010) 
 
Calibration:  
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ELBARA-II was calibrated using internal calibration targets; these consist of a resistive noise source 
thermally stabilized to the instrument's internal temperature (ranging from 10 °C in winter to 35 °C in 

summer) and an active cold source (ACS) at  40 K. The exact value of the ACS noise temperature was 

calibrated using zenith observations Tsky = TB
p(k = 180°) of sky radiance which is well known and stable 

( 5 K) at the L-band (Pellarin et al., 2003). Observations of Tsky showed a standard deviation of less 
than 0.4 K at both polarizations throughout the entire campaign, indicating the good stability of the 
instrument. As described by Schwank et al., (2010) and (2012), thermal emission of the lossy feed-
cables connecting the antenna ports to the receiver was compensated based on a priori 
characterization of cable losses and cable temperature measured in situ.  
 
Processing: 
VOD is calculated from upward-looking TB measurements through canopy and from sky TB 
measurements above the canopy using methodology by Mätzler (1994). 
Elevation angles from 120-140 degrees (0 = nadir, 90 = horizontal 180 = zenith) have differing effective 
biomass in radiometer FOV. Moreover, azimuth direction changed on 18-09-2021, causing difference 
in effective biomass and absolute level of VOD for all elevations.  
 
Estimated average biomass (+/- uncertainty) in front of Elbara-II at different elevations: 
until 17-09-2021: 5 kg m-3 +/- 2 kg m-3 
from 18-09-2021: 15 kg m-3 +/- 5 kg m-3 
 
Estimated uncertainty of VOD, based on a measurement uncertainty of 1 K of the Elbara II TB, 5 K of 
the canopy temperature (accounting for lag of canopy temperature vs. measured air temperature) 
gives the following uncertainties for different levels of VOD: 
VOD of 0.3 +/- 0.008 (3 %) 
VOD of 0.5 +/- 0.02 (3 %) 
VOD of 0.8 +/- 0.03 (4 %) 
 
NOTE: Data gives indications of local scale temporal variability in VOD. Due to measurement geometry 
close to the canopy, leading in an uncertainty of biomass in the estimated FoV of Elbara-II, the results 
should not be used for assessment of absolute value of VOD against e.g. biomass. 
 
Data format: 
Table 5: Datafile LVOD_sod_2020-2022_220621.csv contents  

Column Label Description 

1 dateTime date and time (UTC) 
2 L_VOD_H120 VOD at 120 degree elevation, H-pol 
3 L_VOD_V120 VOD at 120 degree elevation, V-pol 
4 L_VOD_H130 VOD at 130 degree elevation, H-pol 
5 L_VOD_V130 VOD at 130 degree elevation, V-pol 
6 L_VOD_H140 VOD at 140 degree elevation, H-pol 
7 L_VOD_V140 VOD at 140 degree elevation, V-pol 

 
 

5.1.3. VOD (from MW backscatter)  

Instrument: 1-10 GHz frequency stepping radar (Jorge Ruiz et al., 2020) 
 
Calibration: Radiometric stability monitored using internal calibration loop + response from trihedral 
corner reflector. Instrument absolute calibration based on theoretical response of corner reflector. 
Stability assessed to be better than +/- 0.5 dB. Absolute calibration better than   +/- 1 dB over the 
whole 1-10 GHz frequency range. 
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Processing: Vegetation optical depth (VOD) is retrieved at L-, S-, C-, and X-bands from measured 
backscatter. VOD is calculated by comparing backscattering intensity from an unobstructed corner 
reflector, comparing this to reflectors under the canopy, following methodology by Lemmetyinen et 
al. (2022). This provides VOD estimates unaffected by changes in the background (soil) contribution.  
VOD is provided in two directions (from two corner reflectors). VV (vertical-vertical)-polarized SAR 
images were used in the VOD retrieval.  
 
Considering a measurement uncertainty (standard deviation) of 0.5 dB of the SodSAR backscattering 
intensity (established from observations of the unobstructed corner reflector), the following indicative 
uncertainties are estimated for different levels of VOD: 
 
VOD of 0.3 +/- 0.1 (35 %) 
VOD of 0.5 +/- 0.1 (20 %) 
VOD of 0.8 +/- 0.1 (12 %) 
 
Data format:  
Table 6: Datafile SAR_VOD_20201016_20210809.csv contents  

Column Label Description 
1 L_VOD1 L-band (1-2 GHz) VOD at location 1 

2 S_VOD1 S-band (2.5-3.5 GHz) VOD at location 1 

3 C_VOD1 C-band (5-6 GHz) VOD at location 1 
4 X_VOD1 X-band (9-10 GHz) VOD at location 1 

5 L_VOD2 L-band (1-2 GHz) VOD at location 2 

6 S_VOD2 VOD2 S-band (2.5-3.5 GHz) VOD at location 2 

7 C_VOD2 C-band (5-6 GHz) VOD at location 2 
8 X_VOD2 X-band (9-10 GHz) VOD at location 2 

 
 

5.1.4. Soil Moisture (SMb005, SMb010, SMb020, SMb050) 

Instrument: 
ML-2x; Delta-T; The letter “b” refer to the position of sensors (same as for soil temperature) and three 
digits to the measurement depth 5, 10, 30, 50, and 100 cm. 
Calibration: 
The ML-2x sensors use a factory derived cubic function for calculating the soil moisture content.  
Processing: 
Data are averaged to 30-minute averages. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.1.5. Leaf area index 

Instrument: 
PENDING 
Calibration: 
PENDING 
Processing: 
PENDING 
Data format: 
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PENDING 
 
 

5.1.6. FAPAR, fraction 

Instrument: 
PQS1 (Kipp & Zonen; Netherlands) 
Calibration: 
Factory calibration applied 
Processing: 
Four PQS1 sensors were installed in a row below canopy at different distances from a tree. The average 
(PARb) for these sensors was calculated and compared to above canopy PAR measurement (PARa). 
FAPAR was calculated  as (PARa-PARb)/PARa. Data was then calculated as daily averages from daytime 
data (8.00-14.30 UTC). 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.1.7. Soil organic C (to 0.5 m depth) 

Instrument: 
Manual sampling 
Calibration: NA 
Processing:  
About 100 soil-core samples (0-50 cm) were taken using a manually-operated sampling device 
(Westman 1995). Each core was 5 cm in diameter and 50 cm in depth (where possible). Stones were 
sieved out from the soil and samples were pulverized and the soil C content was measured with an 
elemental analyzer. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.1.8. Litterfall (foliar, woody, roots) 

Instrument:  
Manual sampling 
Calibration:NA 
Processing: 
Litter from 20 litter traps located at 4 different parts of the forest were collected 1-2 times a month 
during the growing season. The litter were separated into three components, needles, twigs and other 
(including cones, bark and other material from the trees). The samples were dried in an oven at 70 C 
for 24-48 hours. The dry weight of different litter components was measured. The carbon content was 
estimated to be approximately 50% of the dry weight, according to the literature values.  
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.1.9. AGB 

Instrument: 
Manual sampling. 
Processing: 
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The AGB is modelled based on tree height and diameter data (measured in 2011) [tnDW/ha]. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.1.10. Net Ecosystem Exchange (NEE_uStar_f) 

Instrument: 
Sonic anemometer: METEK USA-1 (2002-2018)/Gill HS-50 (2018-2021); Gas analyzer Li-Cor LI-7000 
(2002-2018)/ Li-Cor LI-7200 (2002-2018) 
Calibration: 
Sonic anemometers were factory calibrated when purchased. The LI-7000 was calibrated every 2-6 
months for zero and span of CO2 and H2O. The LI-7200 was factory-calibrated every 2 years according 
to ICOS protocol.  
Processing: 
Sodankylä: The sampling frequency for the EC flux data was 10 Hz. Standard methods were used for 
calculating the half-hourly turbulent fluxes (Aubinet et al., 2012), with block averaging and a double 
rotation of the coordinate system. Additionally, the high-frequency signal attenuation flux losses were 
taken into account using experimental transfer functions (Laurila et al., 2005). In post-processing data 
was screened for low turbulent conditions (u*criterion), non-stationarity (Foken and Wichura, 1996) 
and instrument failures. The NEE time series was then partitioned and gapfilled by utilizing standard 
nonlinear regressions (temperature/PPFD) (e.g. Aurela et al. 2015). 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.1.11. Gross Primary Production (GPP) 

Instrument: 
Based on NEE measurements 
Processing: 
The  NEE was partitioned into GPP and Reco by using standard nonlinear regressions (NEE = GPP(PPFD) 
+ Reco (Air temperature); e.g. Aurela et al. 2015). 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.1.12. Ecosystem Respiration (Reco) 

Instrument: 
Based on NEE measurements 
Calibration: 
Processing: 
The  NEE was partitioned into GPP and Reco by using standard nonlinear regressions (NEE = GPP(PPFD) 
+ Reco (Air temperature); e.g. Aurela et al. 2015). 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.1.13. Sensible heat flux (H) 

Instrument: 
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METEK USA-1 (2002-2018)/Gill HS-50 (2018-2021)  
Calibration: 
The METEK USA-1 and Gill HS-50 were factory calibrated when purchased.  
Processing: 
The sampling frequency for the EC flux data was 10 Hz. Standard methods were used for calculating 
the half-hourly turbulent fluxes (Aubinet et al., 2012), with block averaging and a double rotation of 
the coordinate system (McMillen, 1988). In post-processing, data was screened for low turbulent 
conditions (u*criterion), non-stationarity (Foken and Wichura, 1996) and instrument failures and then 
partitioned to GPP and R and gapfilled with temperature and radiation relations. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.1.14. Latent heat flux (LE) 

Instrument: 
METEK USA-1 (2002-2018)/Gill HS-50 (2018-2021) and Li-Cor LI-7000 (2002-2018)/ Li-Cor LI-7200 
(2002-2018) 
Calibration: 
The METEK USA-1 and Gill HS-50 were factory calibrated when purchased. The LI7200 was calibrated 
every half year for zero and span of CO2 and H2O. 
Processing: 
The sampling frequency for the EC flux data was 10 Hz. Standard methods were used for calculating 
the half-hourly turbulent fluxes (Aubinet et al., 2012), with block averaging and a double rotation of 
the coordinate system (McMillen, 1988). Additionally, the high-frequency signal attenuation flux losses 
were taken into account using experimental transfer functions (Laurila et al., 2005). In post-processing 
data was screened for low turbulent conditions (u*criterion), non-stationarity (Foken and Wichura, 
1996) and instrument failures, then partitioned to GPP and R and gapfilled with temperature and 
radiation relations. 
Data format: 
The variables are found in the csv file with the campaign data. 
 

 

5.2. Process understanding 

5.2.1. Short wave incoming radiation (SWDR) 

Instrument: 
CM11/CM21 (Kipp & Zonen; Netherlands) or similar 
Calibration: 
Factory calibration applied 
Processing: 
Data are averaged to 30-minute averages. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.2. Vapor pressure deficit (VPD) 

Instrument: 
Calculated from air temperature and relative humidity 
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Calibration: 
Processing: 
Data are averaged to 30-minute averages. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.3. Air temperature (Tair) 

Instrument: 
Pentronic PT100 thermometer 
Calibration: 
Calibrated every 2-5 years in FMI calibration laboratory 
Processing: 
Data are averaged to 30-minute averages. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.4. Wind speed (wind-speed) 

Instrument: 
Vaisala VAA25 cup-anemometer 
Calibration: 
Calibrated every 2-5 years in FMI calibration laboratory 
Processing: 
Data are averaged to 30-minute averages. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.5. Precipitation (rain) 

Instrument: 
Hourly data: Pluvio 2 (OTT HydroMet) 
Daily data: manual rain gauge 
Calibration: 
Calibration every 2 years 
Processing: 
Data are added to 30-minute sums. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.6. Relative humidity (rH) 

Instrument: 
Vaisala HMP series (35, 45, 155) 
Calibration: 
Calibrated every 2-5 years in FMI calibration laboratory 
Processing: 
Data are averaged to 30-minute averages. 
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Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.7. Soil temperature profile (STa005, STa010, STa030, STa050, STa100, STb005, 

STb010, STb030, STb050, STb100) 

Instrument: 
PT100 thermometer. The letters “a” and “b” refer to positions and three digits to the measurement 
depth 5, 10, 30, 50, and 100 cm. 
Calibration: 
Factory calibration 
Processing: 
Data are averaged to 30-minute averages. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.8. Canopy temperature profiles (T1_T1, T1,T2, T2_T1, T2_T2, T3_T1, T3_T2, 

T1_Tt1, T1_Tt2, T3_Tt4, T1_Tt5) 

Instrument: 
METER Group AG (formerly Decagon Inc.) GS3 sensor. T1_T1 – T3_T2 are the temperatures from the 
tree moisture measurement sensors. T1_Tt1 – T1_Tt5 are temperature sensors inserted below the 
bark to sample the surface temperature of the branches. 
Calibration: 
Factory calibration applied 
Processing: 
Data are averaged to 30-minute averages. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.9. Vegetation water content 

 
Instrument :  
METER Ggroup AG (formerly Decagon Inc.) GS3 sensor based on Frequency-Domain reflectometry 
(FDR). Frequency used by GS3 is 70 MHz. Measures the dielectric properties of medium. 
Calibration :  
Factory calibration. Apparent permittivity (real part). Validation and calibration for water storage in 
tree trunks studied in Hao et al., 2013 : Investigating xylem embolism formation, refilling and water 
storage in tree trunks using frequency domain reflectometry. https://doi.org/10.1093/jxb/ert090  
Processing :  
Dielectric constant values were extracted directly from the sensors (SDI-12 bus) to a CSV file.  
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.10. Soil water potential (SWP) 

Instrument:  

https://doi.org/10.1093/jxb/ert090
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EQ3 equitensiometer  
Calibration: 
Factory calibration applied 
Processing: 
Data are averaged to 30-minute averages. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.11. Sap Flow (sap) 

Instrument: 
SFM1 (ITC, Australia)  
The sap flow meter is using the heat ratio method to determine the sap flow. 
Calibration: 
Processing: 
Based on sap wood area and sap flux measurements the total sap flux is estimated.  
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.12. Leaf color (gcc) 

Instrument: 
NetCam SC-5MP (StarDot Technologies, USA) 
Calibration: 
Processing: 
The processing is following the standardized Phenocam network processing routine for calculating the 
green chromatic coordinates. Data are provided for each single day when data were present. 
Data format: 
The variables are found in the csv file with the campaign data. 
 
 

5.2.13. Leaf mass per area  (LMA) 

Instrument: 
Calibration: 
Processing: 
Leaves of trees and grasses were sampled, scanned and weight to get the area and weight. From these 
data the LMA was calculated for both PFTs. 
Data format: 
The variables are found in the csv file with the LMA data. 
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1. Executive Summary 
The document summarizes data collected during the Campaign phase of the Land Surface Carbon 
Constellation Study. Data were collected at a local scale from three test sites: Sodankylä (Finland) 
representing a boreal forest biome; Majadas de Tietar (Spain) representing a savanna biome; and 
Reusel (the Netherlands), representing agricultural croplands. This document summarizes the data 
collected in Majadas de Tietar. 
 
This document is meant as a reference of the collected in situ data regarding instrumentation, data 
processing and calibration (where relevant).  
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2. Definitions 

2.1. Acronyms and Abbreviations 
 

  

AGB Above ground biomass 

CIP Campaign Implementation Plan 

DBH Tree diameter at breast height (1.2m) 

ESA European Space Agency 

EO Earth Observation 
EUMETSAT European Organization for exploitation of 

Meteorological Satellites 

fAPAR fraction of Absorbed Photosynthetically Active 
Radiation 

FLD Fraunhofer Line Depth 

FMI Finnish Meteorological Institute 

FoV Field of View 
GPP Gross primary production 

ICOS Integrated Carbon Observing System 

LAI Leaf Area Index 

LMA Leaf Mass per Area 
MaNiP Large-scale manipulation experiment at Majadas 

de Tietar  

NASA National Aeronautics and Space Administration 
NEE Net Ecosystem Exchange 

SFM Spectral Fitting Method 

SIF Solar induced (chlorophyll) fluorescence 
SIP Study Implementation Plan 

SMOS Soil Moisture Ocean Salinity 

STSE Support to Science Element 

SWDR Short-wave incoming radiation 
SWP Soil Water Potential 

SZA Solar Zenith Angle 

TB Brightness temperature 
TLS Terrestrial Laser Scan 

VOD Vegetation Optical Depth 

VPD Vapor pressure deficit 

VWC Vegetation Water Content 

 

2.2. Definitions 
 

CAL-VAL Satellite calibration and validation 
Fresh biomass Total biomass (water and dry matter) per unit area (t/ha 

or kg/m2) 

Dry biomass (mostly used in forestry) Dry fraction only of biomass (t/ha) 

Moisture Ratio between VWC and fresh biomass (dimensionless) 
Vegetation Water Content (mostly used 
in agriculture) 

Difference between fresh biomass and dry biomass 
(kg/m2) 
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3. Site description 
 
[39.94N, 5.77W] 
The ecosystem is a typical ‘Iberic Dehesa’, with an herbaceous stratum of native pasture and a tree 
layer of scattered oak trees, with 98% of the trees being Quercus ilex.  The tree density is about 20 
trees ha-1 with a mean DBH of 46 cm and a canopy height of about 8 m. The canopy fraction of the 
trees is about 20%. The herbaceous layer consists mostly of various annual native species such as 
Vulpia bromoides (L.), Vulpia geniculate (L.), Trifolium subterraneum (L.), Ornithopus compressus (L.) 
with often more than 20 species within 4 m². The fractional cover of the three main functional plant 
forms within the pasture (grasses, forbs and legumes), varies spatially but also seasonally according to 
their phenological status (Perez-Priego et al., 2015). The LAI of the trees is around 0.35 m² m-2 

(1.5 - 2.0 m²m-² on a tree basis) while the spring peak green LAI of the herbaceous layer ranges 
between 2 - 4 m²m-² depending on the season. The savanna is managed and used for continuous 
grazing of extensive livestock with a low density of <0.3 cows ha-1. During the driest summer months 
(July - Sept) most of the cattle is usually moved to nearby mountain grasslands. Mean annual 
temperature is 16.7 °C and annual precipitation is ca. 650 mm with large inter-annual variability 
(El-Madany et al., 2018). The prevailing wind directions are West-Southwest and East-Northeast. The 
experimental facility (MaNiP experimental site in Figure 1) is divided in three different plots subject to 
different fertilization regimes (Luo et al., 2020). Each plot is equipped with two eddy covariance 
systems to measure carbon, water and energy fluxes, and a series of sap flow sensors to characterize 
the water fluxes of the trees as shown in Figure 1 (El-Madany et al., 2020). 
 
The project focused on the plot in the northern part of the experimental facility as denoted as NT in 
Figure 1. 
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Figure 1 - Upper panel: Map of the MaNiP experimental site and location of the 3 EC sites in Majadas del Tietar (ES-LMa, 
Courtesy of Burchard-Levine Vicente). Black lines represent the mean footprint climatology. Bottom panel: below is 
reported a sketch of the instrumental set up at the MaNiP site. 
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Table 1: Summary of campaign data from Majadas de Tietar for assimilation and validation 

Variable Unit 
Time Period 
Covered 

Temp. Resolution 
Data 
format 

SIF (VIS/NIR u.w. & d.w. 
radiance) 

- 
project 
campaign 

half hourly csv 

VOD (from L-TB)  - 04/2021 -  hourly csv 

Surface soil moisture m3 m-3 04/2014 -  half hourly csv 

Leaf area index - 
project 
campaign & 
other 

monthly/seasonally custom 

FAPAR, fraction - 
project 
campaign 

half hourly csv 

Fine root biomass (to 1 
m depth) 

gC m-2 historical monthly/seasonally custom 

Soil organic C (to 1 m 
depth) 

gC m-2 historical seasonal/annual custom 

Litterfall (foliar, woody, 
roots) 

gC m-2 
t-1 

project 
campaign 

monthly/seasonally custom 

AGB, woody 
growth//mortality 

gC m-2 
project 
campaign & 
other 

seasonal/annual custom 

NEE & gross C fluxes 
mol m-2 
s-1 

04/2014 half hourly csv 

Latent heat flux W m-2 04/2014 half hourly csv 

Sensible heat flux W m-2 04/2014 half hourly csv 
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Table 2: Summary of campaign data from Reusel for process understanding 

Variable Unit 
Time Period 
Covered 

Temp. Resolution 
Data 
format 

Photosynth active 
radiation PAR 

mol m-2 
s-1 

04/2014 half hourly csv 

Shortwave, longwave, 
incoming, outgoing, 
radiation, Net radiation 

W m-2 04/2014 - Half hourly csv 

Vapour pressure deficit kPa 04/2014 half hourly csv 

Air temperature °C 04/2014 half hourly csv 

Windspeed m s-1 04/2014 half hourly csv 

Precipitation mm t-1 04/2014 half hourly csv 

Soil moisture profile m3 m-3 11/2015 half hourly csv 

Soil temperature profile °C 04/2014 half hourly csv 

Canopy temperature 
profile 

°C 
project 
campaign 

hourly csv 

Vegetation water 
content 

m3 m-3 
project 
campaign 

once custom 

Plant geometry - 
project 
campaign 

static custom 

Soil water potential Mpa 
project 
campaign 

half hourly csv 

Leaf/vegetation water 
potential  

Mpa 
project 
campaign 

irregular NA 

Stomatal conductance, 
mmol  

m-2 s-1 NA NA NA 

Background reflectance - NA NA NA 

Leaf  colour - 
04/2016 - 
12/2021 

daily (TBC) custom 

Leaf mass per area  - 
project 
campaign 

once custom 

Photosynth active 
radiation PAR 

mol m-2 
s-1 

04/2014 half hourly csv 
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4. Database structure and datafiles 

4.1. Database structure 
 
The database directory structure in the LCC Project database on the tWiki platform at 
https://lcc.inversion-lab.com/do/view/LCCWeb/. 
 
The database is organized by sites, including Satelilte observation data, Model data as well as the 
Campaign data presented here (see Figure 2 below). 
 

 
Figure 2. Screenshot of LCC project database at https://lcc.inversion-lab.com/do/view/LCCWeb/. 
 
For the Majadas site, the database is arranged as follows (see screenshot below): 
 

https://lcc.inversion-lab.com/do/view/LCCWeb/
https://lcc.inversion-lab.com/do/view/LCCWeb/
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Figure 3. Screenshot of Majadas campaign data at https://lcc.inversion-lab.com/do/view/LCCWeb/. 
 

4.2. Datafiles 
 
The filenames and content of datafiles for Majadas de Tietar are given in Table 3. 
 
Table 3: File names, file format and description for Majadas de Tietar datafiles 

Filename Format Description 

https://lcc.inversion-lab.com/do/view/LCCWeb/
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ALL_INDEX_AGGREGATED_Grass_60_min.csv CSV Flox data for grass layer with SIF 

and vegetation indices at hourly 
time stamps 

ALL_INDEX_AGGREGATED_SD_Grass_60_min.csv CSV Standard deviation of Flox data 
for grass layer. SD based on 
hourly data aggregation 

ALL_INDEX_AGGREGATED_Tree_60_min.csv  CSV Flox data for trees with SIF and 
vegetation indices at hourly time 
stamps 

ALL_INDEX_AGGREGATED_SD_Tree_60_min.csv  CSV Standard deviation of Flox data 
for trees. SD based on hourly data 
aggregation 

ES-LM1_FluxBiometData.csv CSV Hourly carbon-, water-, and 
energy fluxes including 
meteorological-, radiation-, and 
soil data 

AGB_Grass.csv CSV Above ground biomass of grass 
layer 

AGB_Tree_Allometric.csv CSV Above ground biomass of trees 
based on allometric relationships 
with DBH 

LAI_Grass.csv CSV LAI samples of the grass layer for 
different dates during the 
experiment 

LAI_Tree.csv CSV LAI samples of the trees for 
different dates during the 
experiment 

LeafColorGrass.csv CSV Green Chromatic Coordinates for 
Grass 

LeafColorTree.csv CSV Green Chromatic Coordinates for 
Tree 

LMA_Grass.csv CSV Leaf Mass per Area for grass for 
different dates during the 
experiment 

LMA_Tree.csv CSV Leaf Mass per Area for trees for 
different dates during the 
experiment 

LWP_Tree.csv CSV Leaf water potential 
measurements for the trees for 
different dates during the 
experiment 

SapFlow.csv CSV Sap flow data from trees at the 
experimental site 

SoilBackgroundReflectance.txt TXT Soil background reflectance 
matrix for different soil moisture 
contents 

Soil_Carbon.csv CSV Soil carbon content at different 
depth 

SoilWaterPotential.csv CSV Daily soil water potential based 
on tensiometers within lysimeter 
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5. Detailed data description 
 
This section in meant as a reference for instrumentation and data processing methods for each 
variable. For each variable, the following are given (as applicable): 

• Instrument: the physical instrument (model and manufacturer, as applicable) used to collect 

the raw data. 

• Calibration: steps performed to convert raw observations into the required variable. 

• Processing: additional processing done to generate dataset (data averaging, filtering, model 

inversion). 

• Data format: the data format (txt, csv etc). If not self-explanatory, datafile contents are 

described.  

 

5.1. Assimilation and validation data 

5.1.1. SIF (VIS/NIR u.w. & d.w. radiance) 

 
Instrument: 
FloxBox (FloX Manual by JB-Hyperspectral Devices GmbH) 
The instrument includes two spectrometers with wavelength range 650-800 nm (QE Pro) and 400-950 
nm (Flame). Both spectrometers have one optical fiber pointing upward and the other pointing 
downward, and they measure downwelling solar irradiance and reflected radiance from ground, 
respectively. The measured reflected radiance also includes emitted solar-induced fluorescence signal. 
Since QE Pro has better spectral resolution it is used to retrieve SIF, and Flame is used to retrieve 
vegetation indexes because of the broader wavelength range. 
 
Calibration: 
Measured raw data is converted into upwelling radiance and downwelling irradiance using 
spectrometer specific radiometric and spectral calibration coefficients determined in a laboratory 
calibration 
 
Processing: 
SIF is retrieved from radiance using iFLD and SFM methods (Cendrero-Mateo et al., 2019) at O2A and 
O2B bands. Vegetation indexes are calculated from the measured reflectance by their definition. The 
measurements which were retrieved with too high SZA or in unstable illumination conditions are 
filtered out. Data is hourly averaged, and the uncertainty is calculated as a standard deviation. 
 
Data format: 
Data is given in two csv files per measurement site. For Majadas de Tietar the files are additionally 
separated by plant function al type. In total four files are available: two of the files includes hourly 
average of measured values for tree and grass and the other file includes standard deviation of the 
values. Additionally, both include timestamps and other meta information.  Timestamps, column 
names and order of the columns are identical. 
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Table 4: Datafiles: 

ALL_INDEX_AGGREGATED_Grass_60_min.csv 
ALL_INDEX_AGGREGATED_SD_Grass_60_min.csv  
ALL_INDEX_AGGREGATED_Tree_60_min.csv  
ALL_INDEX_AGGREGATED_SD_Tree_60_min.csv  
contents  

Column Label Description 

1 datetime..UTC. date and time (UTC) 
2 doy.dayfract day of year 

3 SZA solar zenith angle 

4 Lat latitude 

5 Lon lognitude 

6 SIF_A_sfm_conv indicating if sfm method is converged (here 
always 0) 

7 SIF_B_sfm_conv indicating if sfm method is converged (here 
always 0) 

8 Incoming.at.750nm.Full..W.m.2nm.1sr.1. Incoming radiance at wavelength 750 nm 
measured with Flame spectrometer 

9 Reflected.750nm.full..W.m.2nm.1sr.1. Reflected radiance at wavelength 750 nm 
measured with Flame spectrometer 

10 PAR.inc..W.m.2. Photosynthetically Active Radiation 
11 PAR.ref..W.m.2. Reflected Photosynthetically Active 

Radiation 
12 APAR..umol.m.2.s.1. Absorbed Photosynthetically Active 

Radiation 
13 NDVI670 a=780; b=670"; (a-b)/(a+b) 
14 NDVI680 a=780; b=680"; (a-b)/(a+b) 
15 RDVI a=800; b=670"; (a-b)/sqrt(a+b) 
16 NIRv a=800; b=680; c=840; ((a-b)/(a+b) - 0.08)*c 
17 mNDVI705 a=750; b=705"; (a-b)/(a+b) 
18 mNDI705 a=750; b=705; c=445; (a-b)/(a+b-(c+c)) 
19 MTCI a=754; b=709; c=681; (a-b)/(b+c) 
20 CI_re a=779; b=709; (a/b) - 1 
21 PRI a=531; b=570; (a-b)/(a+b) 
22 Incoming.at.750nm..W.m.2nm.1sr.1. Incoming radiance at wavelength 750 nm 

measured with QE Pro spectrometer 
23 Reflected.750..W.m.2nm.1sr.1. Reflected radiance at wavelength 750 nm 

measured with QE Pro spectrometer 
24 SIF_B_ifld..mW.m.2nm.1sr.1. SIF at O2B band (687 nm) calculated with 

iFLD method 
25 SIF_A_ifld..mW.m.2nm.1sr.1. SIF at O2A band (760 nm) calculated with 

iFLD method 
26 SIF_B_sfm..mW.m.2nm.1sr.1. SIF at O2B band (687 nm) calculated with 

SFM method 
27 SIF_A_sfm..mW.m.2nm.1sr.1. SIF at O2A band (760 nm) calculated with 

SFM method 

 
 

5.1.1. VOD (from L-TB)  

Instrument: 



Page 17 
 

 
Land Surface Carbon Constellation Study 

Campaign Data User Manual 

Version 1.0 

29 November 2022 

 
Elbara-II 1.4 GHz dual-pol microwave radiometer (Schwank et al., 2010) and PolRa. 
 
Calibration:  
PENDING 
 
Processing: 
PENDING 
 
Data format: 
PENDING 

 

5.1.2. (Surface) Soil Moisture (SMa005, SMa010, SMa020, SMa030, SMa050, 

SMa100, SMb005, SMb010, SMb020, SMb030, SMb050, SMb100, SMc005, 

SMc010, SMc020, SMc030, SMc050, SMc100, SMd005, SMd010, SMd020, 

SMd030, SMd050, SMd100) 

Instrument: 
SMx005 (ML-2x; Delta-T) 
SMx010 – SMx100 (enviroSCAN SDI12-100; Sentek)  
The letters “a”, “b”, “c”, “d” refer to positions, where “a” and “d” are located below trees and “b” and 
“c” in open grass land. The top level at 5 cm is measured with ML-2x at 5 cm while the profile probe 
has measurement levels at 10, 20, 30, 50, and 100 cm. 
Calibration: 
The ML-2x sensors use a factory derived cubic function for calculating the soil moisture content. The 
enviroSCAN have no calibration 
Processing: 
Data are averaged to 30-minute averages. 
Data format: 
The variables are found in the csv file “ES-LM1_FluxBiometData.csv”. 
 
 

5.1.3. Net Ecosystem Exchange (NEE_uStar_f, NEE_uStar_fsd, NEE_uStar_fqc, 

NEE_uStar_f_obs) 

Instrument: 
Gill R3-50 ultrasonic-anemometer (Gill; UK) and LI-7200 infrared gas analyser (Licor Bioscience, USA) 
applying the eddy covariance technique 
Calibration: 
The Gill R3-50 is factory calibrated in a wind tunnel. The LI7200 was calibrated every half year for zero 
and span of CO2 and H2O. 
Processing: 
Eddy covariance data were collected at 20 Hz with a R3-50 (Gill) and a LI-7200 CO2 and H2O gas 
analyser (Licor Bioscience) at 15m above ground. Raw data were processed with EddyPro (Fratini and 
Mauder, 2014) to calculate fluxes of H2O and CO2 at half hourly intervals. Raw data processing steps 
include de-spiking, planar fit coordinate rotation, lag corrections with default windows and for H2O 
based on relative humidity classes, high and low frequency corrections were performed. Subsequently, 
u*-threshold estimation and gap-filling was applied using REddyProc (Wutzler et al., 2018). For details 
of the processing see El-Madany et al., (2018; 2021). 
_fsd contains the standard deviation of the flux based on the marginal distribution sampling. 
_fqc contains the quality flag with 0 =derived from measured data, 1 = from good gap-filled data, 2 and 
3 from bad gap filled data. 
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