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Abstract

The objective of this project was to collect detailed information on topography and structure of 
vegetation surrounding three well-established flux towers. Within the EU10-01 project, the NERC 
Airborne Research and Survey Facility (ARSF) flew surveys over three sites in the Netherlands 
(2010), in Germany (2010), and in Sweden (2010 / 2011), collecting LiDAR, hyperspectral, and 
digital aerial photography data at high spatial density. Ecological field data and carbon dioxide 
and water vapour exchange fluxes were collected at the same time at all three sites. Two Leica 
GPS Systems (provided by the NERC Geophysical Equipment Facility, GEF) were deployed to 
these sites in support of the airborne and ground based surveys, providing highly essential GPS 
base station and rover data during the time of the data collection. Further, the NERC Field 
Spectroscopy Facility (FSF) provided equipment for calibration of the airborne hyperspectral 
imagery. The above data has been processed to derive maps of digital elevation, tree height, 
canopy height, fractional cover of vegetation, and leaf area index. 

Background 

Flux-tower measurements are increasingly used to quantify the exchange of carbon dioxide 
(CO2) and water vapour (H2O) between the Earth’s surface and the atmosphere. Uncertainty in 
the source area (footprint) of these measurements leads to large errors in the calculation of the 
CO2 and H2O budgets; at present only 60-80% of the signal measured by flux towers can be 
accounted for. Detailed information on topography and structure of vegetation surrounding flux 
towers allows for reducing these errors. 

For this project, three well-established European flux towers have been selected. These long-
term flux-tower sites represent three typical European forest biomes and are located in Germany 
(Tharandt), the Netherlands (Loobos), and in Sweden (Norunda); see Figures 1 and 2 and 
Table 1 for survey location and maps. The dataset collected within this project combines 
spaceborne and airborne LiDAR, hyperspectral imagery, aerial spectral photography, historic 
and coincident eddy-covariance measurements from the three flux towers, and ecological data 
from the tower areas. A method for reducing uncertainty in the upscaling of greenhouse gas 
fluxes to a regional or even global scale is improved and evaluated based on this dataset. 

The two GEF GPS systems were used to provide static real-time mode base station data for the 
airborne survey and to position the ground-based calibration measurements (flux tower, 
ecological measurements) with high accuracy relative to the airborne data. 
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Fig. 1. Overview of the location of the three survey sites: Tharandt Anchor 
station (DE), Loobos (NL), and Norunda (SE) (map source: Google Earth). 

Fig. 2. Tharandt (left), Loobos (centre), and Norunda (right) survey sites. The orange square displays the 
main survey area (3 km x 3 km). The red square denotes the flux-tower location. Map coordinates are in 
UTM, zones 33/31/33 (map source: Google Earth). 
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Flux Tower Tharandt (DE) Loobos (NL) Norunda (SE)

Latitude 50° 57' 45.3473" N 52° 09' 59.6151" N 60° 05' 11.1880" N

Longitude 13° 33' 54.9797" E 5° 44' 36.8874" E 17° 28' 46.0368" E

Sd Latitude 0.053 m 0.001* m 0.102 m

Sd Longitude 0.060 m 0.001* m 0.081 m

Ellip. Height 424.030 m 69.996 m 45.891 m

Sd Height 0.095 m 0.005* m 0.123 m

Tab. 1. Details of instrument deployment. Given are recorded WGS84 coordinates of the flux-tower 
locations within the three survey sites. Within an area of 3 km x 3 km centred at the flux towers, a total of 
153 positions of ecological calibration measurements were determined. (* Note that these figures suggest 
that the GPS system has reached the highest possible accuracy of centimetre level data.) 

Survey Procedure 

At all three survey sites, the GEF system was set up as follows. One Leica system 1200 GPS 
with GX 1230 receiver and AX1202 SmartTrack Antenna was set up in static real-time mode as 
base station while the other Leica System 1200 GPS was used as rover. During the airborne 
survey, the base station was set up at a survey point as close as possible to the flux-tower 
location and within the airborne survey area (within 2 to 4.5 km from flux tower). Data collection 
started at least 1 hour before takeoff of the ARSF aircraft and the system was kept running for a 
minimum of 1 hour after the aircraft landed. Data was recorded at 2 Hz temporal resolution. The 
data was backed up on a laptop PC and external hard drives every night. The rover system was 
used to determine the position of ground calibration measurements nearby the base station. 

For calibration of airborne data, the position of the ecological measurements needs to be known 
at very high accuracy. However, the survey points were located too far from the flux-tower sites 
to allow for such high-accuracy positioning within a forest, as the rover would not receive the 
base station’s signal. Hence, using the rover and the original base station location at the survey 
point, a base station location in a forest clearing nearby the flux tower was determined. The 
position of the new base station was determined by processing the data with the Leica Geo 
Office Software and then used during the following days. The positions of field plots, digital 
hemispherical photography spots, and sampled trees were located with the roving receiver 
(static survey mode). In some cases, the rover would not lock with the base station, and the 
occupation times were manually limited to 45 min due to time constraints of the survey.  

A bug in the Leica firmware made the base station collecting data at 1 Hz rather than 2 Hz as 
programmed. Luckily, the bug was known beforehand. Each job had to be restarted a couple of 
times to get the appropriate recording rate. 

In total, 4 days of survey-point base station data were collected, and 153 ground measurement 
locations were surveyed. The GEF equipment allowed for collecting highly critical and essential 
information for this project. 

Processing and Modelling 

The GPS base station data were further processed and linked to airborne data by ARSF. Survey 
data from the base station/rover system were processed using the Leica GeoOffice software to 
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provide accurate positioning of calibration ecological and flux-tower measurements. The LiDAR 
data from ARSF were then processed to produce maps of digital elevation, tree height, canopy 
height, fractional cover of vegetation, and leaf area index, calibrated and evaluated using the 
ground-based measurements. See Figures 3, 4 and 5 for example maps. These maps will now 
be linked with flux-tower measurements for derivation of impact of topography and structure of 
vegetation on CO2 and H2O fluxes. 

Data Quality 

GDOP of the survey-point base stations was very good (~2) to satisfactory in one case (<5). The 
quality was restricted by the availability of suitable survey points within the airborne survey area. 
In the majority of cases, an accuracy of the ground measurement positions of between 0.01 m 
and 0.15 m for position and height could be achieved. As expected, the accuracy was highly 
dependent on the density of trees, understorey of the forest, and topography, and hence varied 
significantly with location within the forest. In few cases only 0.55 m accuracy for position and / 
or height could be achieved. For calibration purposes, only data points of high accuracy 
horizontal and vertical positions (in relation to airborne data) were selected.  

Interpretation to Date 

As mentioned above, the collected data has been processed and collated to derive maps of 
digital elevation, tree height, canopy height, fractional cover of vegetation, and leaf area index at 
resolutions of 1 m x 1 m. These maps now provide a unique high-resolution three-dimensional 
digital presentation of the forest surrounding the flux-tower sites (see Figures 3, 4, 5 for 
examples). So far, such information has only been available for small selective plots thought to 
be more or less representative for the forest. 

Fig. 3. High spatial resolution maps of terrain and tree height at the Tharandt survey site (in black: partly 
missing data due to clouds). Coordinates are in UTM, zone 33. 
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Fig. 4. High spatial resolution maps of tree height and fractional cover at the Loobos survey site. 
Coordinates are in UTM, zone 31. 

Fig. 5. High spatial resolution maps of tree height at the Norunda survey site. The right hand panel is 
zoomed in to resolve single trees. Coordinates are in UTM, zone 33. 

Preliminary Findings 

It is known that high accuracy of GPS data is essential for processing airborne survey data. It 
also proofs to be essential for calibration and evaluation of the latter with ground based field 
measurements. For example, new methods for deriving leaf area index from airborne data can 
only be tested when the according positions of the ground based measurements are known with 
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high accuracy, too. Accurate positioning within dense forest environments still pose a challenge 
and would not be possible without specialised equipment such as the Leica Systems provided 
by the GEF. 

Conclusions and Recommendations 

Models that quantify the exchanges of carbon dioxide and water vapour between the Earth’s 
surface and the atmosphere can be evaluated using flux-tower measurements. However, 
uncertainty in the source area of these point measurements leads to large errors in the 
calculation of the CO2 and H2O budgets. This project consisting of three airborne surveys with 
coincident ground based field surveys provides crucial information to evaluate this uncertainty. 

Airborne and ground based measurements can only be successfully linked if positions are 
known in high enough accuracy and quality. These specifications could be met thanks to the 
GPS equipment and support provided by GEF. 

For positioning within dense forest environments we recommend setting up base station 
locations in forest clearings as close as possible to the area of survey and to limit the distance 
between base station and rover to 1 to 2 km depending on terrain and density of the trees and 
understorey.
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