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ABSTRACT

Global warming is currently one of the key issues in climate change research. Forests as one of the main
terrestrial ecosystems, not only play an important role in maintaining the regional ecological environment,
but play a huge contribution in the global carbon balance. The Speulderbos forest in the Netherlands is
large forest areas consist of a dense 2.5 hector Douglas fir stand planted in 1962. It contains a 47.4m high
flux tower within it. As turbulence observations are susceptible to external disturbances and do not
provide large amounts of data, the average data coverage in a year is relatively low. Therefore to obtain the
continuous data a robust and consistent gap filling method is required. Quality control of eddy covariance
should include instrument and sensor problem testing. The eddy covariance method measures the net
ecosystem exchange. However, particularly for CO2 exchange a lot more understanding of the ecosystem
is gained, when the net flux is partitioned into the main components: gross carbon uptake and ecosystem
respiration. The current research is aimed at quantifying the COs fluxes using eddy covariance flux
measurement system installed at, Speulderbos forest, Netherlands. The study mainly focusses on flux
portioning, estimation of daily productivity of the forest, analysis of the tower footprint and how it is
influenced by wind direction and velocity.

We show that the good data (flags 1 to 8) accounted of 61% and 58%, in 2015 and 2016 respectively. The
cumulative of NEE is -1.567 ¢ m? and the peak is -1.570 g m2in 2015. Cumulative of NEE is

-1.747 g m? and the peak is -1.752 ¢ m2 in 2016. The average daily GPP for 2015 is 20.15 g m2 d"!, 2016
is 22.38 g m2 d-'. And 9.26 % of the footprint was in the Douglas fir.

Keywords: eddy covariance, net ecosystem exchange, gross primary productivity, footprint
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1. INTRODUCTION

11. Background

Global warming is currently one of the main topics of global climate change research. In 2007, the report
of the Intergovernmental Panel on Climate Change (IPCC) stated that global warming of the climate
system is an indisputable fact. This phenomenon is likely to be caused by an increase in greenhouse gas
concentrations due to human activities (Yu & Huang, 2008). If no action is taken, human-induced climate
change is likely to bring some "abrupt and irreversible" consequences. Numerous studies show that the
terrestrial ecosystem is an important sink. It plays a key role of carbon to reduce global imbalances (Yang
& XingWang, 2001). Forests as the main terrestrial ecosystems, it not only plays an important role in
maintaining the regional ecological environment, but also in the global carbon balance plays a huge
contribution.

Houghton JT et al. (2001) present Global forest area accounts for 27% of the land area, but store more
than 80% of the global land carbon stocks and about 40 % of global soil carbon storage. The total amount
of carbon stored in forest ecosystems is 854-1505 Gt, sequestrated carbon per yeat represents about 2/3
of terrestrial ecosystems (Kramer, 1981). Field, Raupach, & Victoria, (2003) also demonstrated that forests
store near half of terrestrial carbon, make almost 50% contribution of terrestrial net primary production.

Nowadays, Forest carbon cycle research methods are plots inventory method, model simulation, GIS
technology and eddy covariance method (Ying, 2005). Plot inventory method is a typical plot of harvesting
method It accurately determinate of forest ecosystems through the establishment of vegetation, litter or
soil carbon storage, and can be obtained flux through a certain period of continuous observation (Fang,
Chen, Peng, Zhao, & Ci, 2001). Simulation model is to estimate productivity and carbon storage in forest
ecosystems through mathematical models, mainly for large -scale forest ecosystem carbon cycling research.
But some characteristic parameters of ecological processes are not readily available, and are difficult to
grasp the availability of standards, so modeling is difficult (Ipcc Wgl, 2003). Earth Information
technology is mainly used to make up for lack of model simulations, estimates of land use and land cover
change on carbon storage (Jiyuan & Guirui, 2010). The eddy covariance method measures the vertical
wind velocity and CO» mixing ration between the atmosphere and top of canopy. Now it is considered to
be the most direct standard way to measure the energy and flux between the biosphere and the
atmosphere (Bonan, 2008).

Eddy covariance measurement systems are currently the most preferred for quantification of turbulent
fluxes, following their development over the last one and a half decade; especially because such systems
can also be used to quantify CO> fluxes(Evans et al., 2012). With the eddy covariance technique
development, now this method is becoming the popular way to assess ecosystem carbon exchange. There
are three points that make it popular. Firstly, it provides a measurement at an appropriate scale to assess
net CO; exchange of the whole ecosystem. Secondly, it produces a direct measurement across the
interface between the canopy and the atmosphere. And in the study area sampled with this technique,
called the flux footprint, possesses longitudinal dimensions ranging between a hundred meters and several
kilometres (Schmid, 1994). Lastly, this method is capable of measuring the ecosystem exchange of CO»
from hours to years, with a broad time scales (Asante-yeboah, 2010).

Flux estimates were contained a complete database when they were based on direct measurements, such as,
net ecosystem production (NEP) which is a fundamental property of ecosystems. The difference between
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gross primary production and total ecosystem respiration (Reco) is defined as NEP. Net ecosystem
exchange (NEE) was equal to -NEP, which was the sum of the eddy covariance CO> flux above the plant
canopy. It represents the total amount of organic carbon in an ecosystem available for storage (Lovett,
Cole, & Pace, 2000).A derived quantity is the gross primary production (GPP) which represents the gross
uptake COs that is used for photosynthesis, whereas, GPP was calculated from the NEE and calculated
Reco.

This study is aimed at quantifying CO> fluxes using flux measurements taken by an eddy covariance
system installed in the forest area, Speulderbos, Netherlands. Specifically, it will focus on flux portioning,
estimate the daily productivity of the forest; and shall involve analysis of the tower footprint and how it is

influenced by wind direction and velocity.

1.2. Objectives

1.2.1. Problem definition

By sequestering large amounts of atmospheric carbon, forests play an important role in the global carbon
cycle (Schimel et al., 2001). In the case of Speulderbos forest, there is located an eddy covariance flux
tower in it. Around the flux tower the mainly plant is Douglas fir. There is few study of flux partitioning at
this site. The quality control of the raw data has been poor until now. The effect of the different forest
stands nearby on the measured flux at the tower is unknown. The present MSc studies will address a
number of specific questions as phrased below. Base on this study, it will provide a reference for research
in forests area.

1.2.2. Main objective

To quantify the gross and net COz flux in a forest area in Speulderbos, Netherlands.

1.2.3. Specific objectives

To obtain and pre-process the flux tower data of flux tower measurement between 2015 and 2016.
To calculate the CO flux using the eddyUH software.

To quality control the CO» flux data using the Vickers & Mahrt (1997) method.

To separate the CO» flux data using Reichstein et al.(2005) flux partitioning model.

To analyze the effect of wind direction and velocity on tower footprint and obtain the footprint maps
from the flux data.

Estimate the daily primary productivity of the forest between 2015 and 2016.

1.3. Research Questions

After filtering for quality according to Vickers & Mahrt (1997), what was the percentage of high quality
data?

How much was the GPP in 2015 and 20167
What is the effect of wind direction and speed on the tower footprint?

Can the flux be separated into a flux from the Douglas fir and from other forest types by analyzing the
footprint area?
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2. LITERATURE REVIEW

21. Software for analysis of flux tower processes

With the eddy covariance method development, the majority of scientific groups use their own software to
achieve their specific objectives. Even though researchers write their own software to process specific data,
recently, comprehensive data processing packages have become available from flux networks, research
groups and instrument manufacturers.

There are several examples:

EdiRe (developed by Dr. Robert Clement at the University of Edinburgh) is a fast, flexible software tool
for micrometeorologists, focus on eddy covariance and microclimatic analysis. EdiRe is suitable for most
eddy covariance raw data formats and is able to incorporate microclimatic data. The graphical user
interface simplifies the development of handlers and allows quick redesign of the program to enhance the
data analysis question/answer cycle.

EddyPro (developed by LI-cor, Lin-coln, NE) is for processing raw eddy covariance (EC) data to compute
biosphere/atmosphere fluxes of CO2, H2O, CHy, other trace gases, and energy. EddyPro is to efficiently
process eddy covariance data logged to gas analysers (.ghg files). It is designed to provide easy, accurate
EC flux computations. It also supports other raw file types, including data stored as ASCII tables, binary
files, and SL.T formats.

Alteddy (developed by Alterra) is software which can view raw data, calculate normalized spectra and
cospectra, and convert raw binary files to ASCII files, calculate planar fit coefficients, calculate solar
elevation and radiation, check the site coordinates in Google Maps. It can handle major instruments and
ASCII, binary, and so on data formats.

EddyUH (developed by University of Helsinki) is a open software package. It is written by the Matlab
and has a convenient graphical user interface EddyUH can process data from a variety of different
combinations of sonic anemometers and gas analysers and from a variety of different measurement
locations. The software can process temperature, CO2, H>O, CH4, N2O, O3 and particulate high frequency
data. It includes the latest updated corrections and methods for EC flux estimation.

2.2 Eddy Covariance of the CO; flux

The general principle of Eddy Covariance measurements is covariance between the concentration of
interest and vertical wind speed in the eddy. As George Burba (2013) present in turbulent flow, flux is
equal to a mean product of air density (pd), vertical wind speed (w), and the mixing ratio(s) can be
presented as:

F = pgws

...... Equation 1

The right hand side of above equation can be broken down into means and deviations. Assuming air
density fluctuations and mean vertical flow in the horizontal homogenous terrain are negligible. Finally,
the Eddy Flux equation will get:

F~paw's
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...... Equation 2

. / ..
In the above equation, ' means deviations from the mean.

2.3. Data quality control

Quality control of eddy covariance measurements does not exist a uniform program. Only few aspects are
discussed in the papers.

Vickers & Mahrt (1997) argue that the basic testing of the raw data is the first step in data analysis such as
electrical tests of the amplitude, resolution of signal, control of the electronic and meteorological ranges of
data and spikes (Hojstrup, 1993).Time series sampling errors apply for statistical tests (Finkelstein & Sims,
2001).An important part for quality control are tests on fulfilment of the requirements for eddy covariance
measurements. Foken et al. (2004) present a system of general quality flagging of the data. It gives a set of
possible tests and protocol for data flagging for continuously running eddy covariance systems.

Foken classification system (Foken et al., 2004) which separate three types: Steady state test condition
associated with the vertical wind speed and CO» concentration; Integral turbulence characteristics;
Horizontal orientation of the sonic anemometer.

24 Gap filling

Some raw data because of equipment failure or the harsh environment were missing, while other raw data
were implemented in the quality control processes. Then the missing data need to be gap filled.

Numerous filling methods for NEE have been used by others. Studies on the effects of filling methods
for energy fluxes on calculated annual sums have been reported (Falge, Baldocchi, Olson, Anthoni,
Aubinet, et al., 2001). Long term records of energy fluxes are typically constructed on coarser time scales
(months) using, for example, the water balance equation for AE and estimating the residual H as an energy
balance equation (Jaeger & Kessler, 1997). In Falge, Baldocchi, Olson, Anthoni, Aubinet, et al. (2001), gap
filling method based on the concepts of mean diurnal variations and look-up tables for filling. It is
emphasized that it is import to standardize the method of data post-processing phase, as annual sums of
energy fluxes resulting from the selected methods are not necessarily compatible with each other.

2.5. Flux portioning

The eddy covariance method measures the net ecosystem exchange (NEE). However, particularly for CO»
exchange a lot more understanding of the ecosystem is gained, when the net flux is partitioned into the
main components: gross carbon uptake (GPP) and ecosystem respiration (Re).GPP is defined as:

NEE = GPP — Re

...... Equation 3

Where Re is the ecosystem respiration, it is temperature dependent. According to the annual Q10 method,
it can be calculated as:

TA-10)/10
ReAQ10 = R10Q(10 i

...... Equation 4

Where R10 is base Re at a reference temperature, here 10°C, and Q10 describes the exponential
temperature response of Re.

Reichstein et al., (2005)suggested that the parameters of Annual Q10 method may vary along the annual
cycle, and advised a tactics by which the parameter values of the base respiration and the temperature
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response can be estimated over the time scales at which they might vary using the ‘short-term exponential’
(STE) method. They used the Arrhenius, (1889)equation after Lloyd & Taylor,( 1994):

1 1
283.15—-T0 Ta—TO

)

Regrg = RygsTeexp(Eo
...... Equation 5

with a constant T0 parameter (227.13 K, Lloyd and Taylor, 1994) and a 15-day moving window to
determine variability in the temperature sensitivity parameter (E0), then a 4-day window to estimate the
base respiration parameter (R10,STE)(Reichstein et al., 2005).

2.6. Footprint calculation

Footprint is a relative contribution of each point to the measured flux (or concentration).Footprint is
strongly associated with receptor height, atmospheric stability, and surface roughness. Lagrangian
stochastic models or large-eddy simulation computation cost much time and cannot readily be applied for
long-term measurement programs. Kljun, Calanca, Rotach, & Schmid,(2003) present a scaling procedure
for flux footprint model, a simple parameterization for the scaled footprint estimate. This method can be
applied to any given stability condition. Kljun, Calanca, Rotach, & Schmid, (2015) present a modified
method: Two dimensional parameterization for Flux Footprint Prediction (FFP). FFP now provides not
only the range of footprint estimation but also the width and shape of footprint estimate, and the effect of
surface roughness length. Parameterization is valid for a wide range of boundary layer conditions and
measurement altitudes across the planetary boundary layer. Therefore, it can provide footprint estimation
for a wide range of practical applications.
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3. DATA

3.1. Study Area description

The Speulderbos forest is a large forest area in the Nethetlands. It is located at 52°15'18"N, 5°41'25"E,
and 52m amsl. A 47.4m high flux tower within a dense 2.5 ha Douglas fir stand planted in 1962. Douglas
tir presented a trapezoidal shape. Larus kaempferi, Fagus sylvatica, Pinus sylvestris and Tsuga spp are the
dominant species near the Douglas fir plantation. At a distance of 1,500 meters from the eastern part of
the tower, the forest is connected to the large heather area. In all other directions, the vegetation consists
of a few kilometres of forest(Raj, Hamm, van der Tol, & Stein, 2014). The displacement height is 18m.
The boom direction is around 275° .The roughness length is about 1.27. The topography of flux tower is
lightly undulating with height of 10m to 20m around distance of 1km (Su et al., 2009). The altitude is 60m
(a.s.). Terrain slightly ups and downs, in the distance of 1000 meters height change of 10-20 meters. The

location of the study area is shown in Figure 1.

Speulderbos

A :«.'"_ J s ‘ 5 s ; 100 rn
Figure 1 Overview of Speulderos

3.2, Instrumentation

At this study area, at the top of scaffolding tower (47.4 m) installed eddy covariance and radiation
measurements. Above the canopy crown (30m) other meteorological measurements are carried out. In the
different canopy components contact the temperatures (from 20 to 32m height), and at ground level (Su et
al., 2009).
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3.3. Data Requirements

To analyse the behaviour of carbon sequestration in Speulderbos, the CO» flux was calculated by the
software eddyUH, the gross primary productivity will be portioned by the Reichstein et al (2005) method,
the effect of wind direction and velocity on tower footprint and the footprint map will be simulated by the
Kljun et al (2015) method.

3.3.1. Flux calculation Data

Flux data and meteorological data need to be processed which includes sonic wind speed and sonic
temperature were measured by the Campbell CSAT 3, relative humidity, air temperature, air pressure and

so on. Those data are measured by the filed instruments.

The flux data are saved as generic ASCII-flies which from 2015/03/26 to 2016/09/11. The
meteorological data is from 2015/06/17 to 2016/08/29.

Table 1 Data Used for Flux Calculation

U [m s!] Sonic Wind speed u
V m s7] Sonic Wind speed v
W [m s Sonic Wind speed w
TS |Celsius] Sonic Temperature
RH [%] Relative Humidity
Ta [Celsius] Air Temperature
Pre [hpa] Air Pressure

3.3.2. Flux Partitioning Data

To portion the CO» flux, the use of correct high quality data is the key to success. The net ecosystem
exchange (measured by the Licor 7500), radiation global, friction velocity which calculated by the eddyUH,
time series and meteorological variable are got from the filed measurement.

The radiation global is from 2015/03/26 t02016/02/27.
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Table 2 Data Used for Flux Partitioning

NEE [ mol?s] Calculated by eddyUH
LE [Wm?| Calculated by eddyUH
H [Wm? Calculated by eddyUH
Rg [W m? Got from measurement
Tair [C] Air Temperature
rH [%] Relative humidity
VPD [hPa] Calculated it at Tair
Ustar [m s] Calculated by eddyUH

3.3.3. Footprint Data

To analyze the wind speed and velocity on tower footprint and obtain the footprint maps from the flux

data, the fellow data is necessary.

Table 3 Data Used for Footprint

Zm [m] Measurement height above displacement height
z0 [m] Roughness length [m]
umean|m s-1] Mean wind speed at zm [m/s]
h Boundary layer height
ol[m] Obukhov length
sigmav [m s Standard deviation of lateral velocity fluctuations [m/s]
Ustar [m s] Friction velocity [m/s]
Wind direction Wind direction in degrees (of 360) for rotation of the footprint
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4. RESEARCH METHODOLOGY

41. Methodology Flowchart

Figure 2 shows a flowchart of the overall methodology. The raw turbulent data, meteorological data, wind
speed and direction, and remote image as a input data. First, the raw data and meteorological data were
calculated by the pre-processing software eddyUH to calculate the net ecosystem exchange (NEE). The
NEE was used for quality control thorough Vickers method or combined with wind speed direction and
remote image to calculate the footprint. After doing the quality control, the high quality data were
obtained, but at the same time the data gap will increase. Through the Falge gap filling method, the
consecutive data is available. Consecutive data were performed flux partitioning with the method of
Reichstein, after which gross primary productivity is available. The daily primary productivity can be
estimated by aggregation of the fluxes over the day.

Raw Eddy
Covariance
Flux Data

Meteorological /

Data /

Y

Flux Data Quality Control Gap Filling
Processing > (Vickers > (Falge
(eddyUH) Method) Method)
Wind Y
_spee.d Flux
direction Portitioning | |
A (Reichstein
Method)
—»  Footprint

Remote
Image G_ross
Primary

Produtivity

Footprint Daily

Primary

Climatoloty Productivity

Figure 2 Methodology Flowchart
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4.2, Raw Data Pre-processed

The raw data which were measured by the eddy covariance instruments require pre-processing, due to the
fact that eddyUH only supports raw data files of a length of minutes is 30 minutes. The raw data were
clipped to 30 minutes time length in text-files through the Matlab code.

4.3. Flux Calculation

The pre-processed data were used to for flux calculation through the eddyUH. eddyUH is the eddy
covariance data post-processing software.

The turbulent fluxes of COy, sensible heat flux and latent heat flux are all of calculated through the
relationship of covariance between respective scalar and vertical wind velocity, as below formula:

Pd ——
FCOZ = _W,xCozl

Ma
...... Equation 6
H=pac,w'T’
...... Equation 7
LE = devx—:m
...... Equation 8

In the formula, pq represents the dry air density (kg m™3), ¢, is the specific heat capacity of dry air (] kg'K-
1), Lv represents the latent heat of water vaporize (J kg!), T the temperature (in the K)and Ma and Mw are

the molar mass of the dry air and water, respectively. The term W'T’, W'x¢g,'and W'xp,0" represent the
w and T, dry molar fractions of COz and H»>O the relationship of covariance. Overbars and primes are the
value averaging and fluctuations, respectively.

Before using eddyUH to calculate turbulent fluxes, a ‘project’ was set: Metadata of the site environment
and the basic information about the instruments were provided as input to eddyUH. As the Mammarella,
Peltola, Nordbo, Jarvi, & Rannik, (2016) note, different software packages are available, but the methods
are the same for the most steps. In this thesis, as mentioned section of above, eddyUH was used to
process the data. However, the estimated fluxes still showed some differences depending on the software
that was used due to the flux corrections, even though the preparation and processing steps of the raw
data were consistent in both software packages. In the open-path systems the most critical step is the
density correction. This will be explained in further detail below.

The project contains four main parts: file information, measurement system, site description, post-
processing methods.

4.3.1. File Information

In this part, raw data and meteorological data were major input. Due to the meteorological data were only
available for the petiod between 2015/03/26 and 2015/06/17, virtual meteorological data were used
outside this period. These data are assumed by the eddyUH based on the site location and daytime. From
the below section, it can obviously found that air temperature reality humidity such meteorology data can
easily affect the turbulent fluxes calculation. Besides, the meteorology data were also used for the gap-
filling and flux partitioning. The gap-filling process, finds the same meteorological condition as in the gap,
and uses the flux data at this condition to fill the gap. In flux partitioning process, the meteorology data
such as air temperature, relative humidity, pressure directly participated in the calculation.

12
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Name of the project: l sp15

time period
’V From 20150326 ] To 20150616

Length of rawdata files in minutes \ 30

Output path [ D:/thesis/1Soutputmeto/

| =

| Raw data setup... |

[Ine data ilable

["] Save spectra/cospectra

4.3.2. Measurement system

Figure 3 Scheme for File Information

The sonic anemometer and gas analyzers were settled in this part. The sonic anemometer name is
Campbell CSAT3. The path length is 0.12m, time constant is 0.1s and sampling frequency is 20 Hz. The
wind speed variables saved as m/s. The sonic temperature is saved in raw data as Celsius.

. EddyUH_setup_sonic

— Nominal conversion factors

umufmesorucanermm {umelcsna v

Sampling frequency (Hz) 20
Time constant (s) 0.1 Units given!

Pathlength (m) | 0.12 | Give units...

[[] sonic temperature is saved in rawdata as speed of sound

u

v w |

Offset

0
1

[[] Angle of attack correction

— Corrections to sonic anemometer data
[[] cross wind correction of sonic temperature Inclination angles

Correct data for measurement platform movements.

Cdtheta  [Jphi  [Jpsi

!Nu additional head correction

v

Figure 4 Scheme for Sonic anemometer
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A Licor7500 gas analyser was used, which analyser the concentration of two variables, CO2 and H20.
Following gas analyser characters settled as the path length is 0.12m, the gas analyser time constant is 0.1s
and horizontal sensor separation 0.15m.

Due to the gas molar densities measured by the open-path analysers in the open measurement cell, if not
propetly corrected, the temperature and humidity fluctuations could cause apparent surface fluxes in the
open cell. It is therefore needed to perform WPL- correction to the averaged fluxes to correct data for air
density fluctuations. The WPL correction is often larger in magnitude than the original flux, and the flux
may change sign after WPL correction(Peltola, Mammarella, Haapanala, Burba, & Vesala, 2013). With
further academic research, more and more cotrection method have been introduced in the literature, and
application of these methods demonstrate that the magnitude of the corrected fluxes increase. It is
therefore critical to perform such corrections accurately, especially when small fluxes of COz occur with
large H and LE fluxes. Lee & Massman (2011) showed that 2% error in H spectral corrections will result
in 40 g (COz) m bias annually. It proved that any bias in the correction term will led the WPL correction
to bias the flux estimate. However, the WPL correction term implement correctly will not led to a bias of

- EddyUH_setup_gas_analyser = O X

Licor7500

|Select variables... Units given!

Clear variables Give units for the variables...

— Nominal conversion factors

co2

Offset
Gain

Lag times in

7lég window center
lag window margin

— Sampling setup and gas analyser characteristics
Path length (m) | 0.12 |

Gas analyser time constant (s) | 0.1 '\

Horizontal sensor separation (m) | 0.15 \

— Instrument calib
[C] Apply calibration parameters to data

— Correct data for air density fluctuations (WPL-correction)

[[] Perform dilution correction point by point [] Perform WPL-correction to the averaged fluxes

the resulting fluxes.

Figure 5 Scheme for Gas Analyser
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4.3.3. Post-processing Methods

At first the post-processing methods have been defined. The averaging period is 30 minutes. A coordinate
rotation is for the wind velocity, the purpose is to align the x-axis parallel to the mean wind direction and
set the value of mean vertical velocity as zero. The common practice is 2D-coordinate rotation. The
purpose of detrending is to extract the turbulent fluctuation from the measured time series through
subtracting the mean part. The block-averaging term fulfils the Reynolds averaging rules. The block-
averaging has the smallest effect on the cospectra (Rannik & Vesala, 1999). The despike method was used
a lower and upper limits for values method. It has consistency limits for each data point, data exceeding
the setup limits were marked as a spike and replaced with previous the value.

Then the column order of the data in raw data files was described in the input of eddyUH.

Post-processing methods :
Averaging period (minutes) 20

Dimension of co-ordinate rotation 2D-coordinate rotation

Type of detrending  Block-averaging

D. . thod iLower and upper limits for values

Maximum number of spikes allowed ‘ 8 \

Upper and lower limits for data-points:

u Ts | CO2(Licor?...| H20(Licor7...
Upper limit S0 29 1200
Lower limit -20 13 0

column order in raw data file

u j | CO2(Licor7500) H20(Licor7500)|

Columns 4 5 6

Figure 6 Scheme for Post-processing Methods

4.3.4. Calculate final fluxes

After the installing a project, eddyUH loads the raw data. The gap of raw data, in 2015 accounted for
9.88%, in 2016 accounted for only 1.44%. So the raw data availability satisfying for doing the flux
calculation.

By default all variables listed in eddyUH are be saved in monthly ASCII-files, besides the interested
variables could be saved in a separate files or figures.

At first, HORST (1997) method is used for scalar model cospectrum and cospectral peak frequency vs.
stability parameterisation to do the spectral corrections.

Then, the methods of spectral correction are selected. The sonic anemometer fluxes (sensible heat and
momentum fluxes) are always corrected by using HORST (1997) theoretical approach.
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|Horst (1997) v Load own fit..

— Select cospectral peak frequency vs. stabilty p:
|Horst (1997) v Load own fi..

— Select spectral correction method:
Z Correct high frequency loss of sonic anemometer fluxes (u'w’ & Tw')

Correct low frequency loss of sonic anemometer fiuxes (u'w' & Tw')

Low frequency loss ‘ High frequency loss
w'C02_LI75 None v
w'H20_LI75' None + None v
High frequency spectral corrections, experimental r time

[[] use output from EddyUH_TRF_subprogram (H20 response time vs. RH etc.)

Insert the time t values of function as estimated by the TRF module:

Figure 7 Scheme for Spectral Corrections

Finally, the standard method is used for of lag determination.

Besides, in the current version eddyUH, the flux quality flags are not used, and the 30 min flux values,
which do not pass any of the chosen quality criteria are removed and replaced with missing value(-999). So
the quality filtering was not chosen.

Quality filtering of flux data

[~ Screen the flux data during calculation [ Define screening criteria..

Time lag setup

I:] Use output from EddyUH_LagOptimizer Lag determination method | Standard method

Footprint setup

[[] Estimate flux footprints during calculation Define footprint settings. ..

Figure 8 Scheme for Quality filter and Time Lag Setup

Finally, covariances were calculated by the eddyUH. The outputs include the mean, standard deviation,
skewness, kurtosis statistic of wind and flux signals, power spectra and co-spectra of each time interval. All
these output data are saved in monthly ascii-files.

4.4. Flux Partitioning

4.4, Gap-filling

The eddy covariance method presents continuous data sets of turbulent flux and energy exchange between
ecosystem and atmosphere. But, the gaps were annoying apparent due to severe weather and instrument
failure. Thus a standardized gap filling for those gaps is necessary.
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In this thesis, the gap filling of the eddy covariance and meteorological data is based on the Falge,

Baldocchi, Olson, Anthoni, & Aubinet (2001), but also considering the fluxes co-variation and variables of

meteorological and the fluxes temporal auto-correlation(Reichstein et al., 2005).

In this method, three different conditions are identified:

Table 4 Three Conditions of Gap Filled Case

case

solution

Missing the direct interest data, but the

meteorological data are available.

Missing data will be replaced by the value
under the same meteorological environment
(Rg50W m-2, Tairt2.5°C , VPD*5.0hPa) at 7
days’ time-windows. If no same meteorological

condition, it will increase to 14 days.

Missing the direct interest data, and Tair (air
temperature) or VPD (vapor pressure deficit)
missing, but Rg (radiation global) is available.

Use the same approach like case 1, but the
same meteorological only is treated as Rg less
the bias 50W m-2, In addition, the time-

windows cannot increase.

Missing the direct interest data, Tair or VPD
and Rg

Missing data will be replaced by the value at
the same time of the day(*1h)

If after those steps the value could not find it, it will be enlarge the time-windows until it can be replaced.

The filled data will be classified into different level (A, B, C) based on the different case (1, 2, 3) and time-

windows size used as Figure 9 .
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sMDSGapFilling

| pon‘tfi: i
' Yes :
: NEE present ? — Filled only for uncertainty estimate "
| |
: 1 No ves Flll with average of available values: :
\ Rg, T, VPD available with |dt| < 7 days —* fFillLUT(7, Rg,T.VPD) |
I I
I
; 1 o Yes !
: Rg, T, VPD available with |dt| < 14 days —* f{FillLUT(14, Rg,T,VPD) |
| I
: 1 No Yes :
: Rg available with |dt| < 7 days —* {FillLUT(7, Rg) :
I I
No
: 1 Yes :
, |dt| < 1 hour on same day — {FillMDC(0) :
| I
: 1 o Yes :
! |dt| < 1 hour on < 1, 2 days — {FiIMDC(1), fFIIMDC(2) :
1 I
! 1 No Yes |
i Rg, T, VPD available with |dt| < 21, 28, .., 70days —* fFilLUT(seq(21,70,7), Rg,T.VPD) !
I
| |
: | No Yes :
I Rg available with |dt| < 14, 21, ..., 70 days —* f{FillLUT(seq(21,70,7), Rg) !
I I
] I
! I No Yes !
: |dt| < 1 houron £ 7, 14, ..., 210 days — {FillMDC(seq(7,140,7)) |
I |
I

Figure 9 Flow Diagram of the Gap-Filling Algorithm source: Reichstein et al.( 2005)

4.4.2. Friction velocity (u*) threshold estimation

Stable ambient atmosphere and low turbulent fluxes, especially in the night or still air conditions, will lead
to an underestimation of the night-time turbulent fluxes, such as ecosystem respiration. It can be detected
by micro-meteorological quality control. In case where the necessary information for these tests can be
obtained, the widely accepted method assumes that the threshold for the friction velocity (u*) can be the
location and season at which the night-time flux is considered to be valid. This threshold is typically
established by associating the night-time flux with the friction velocity, while treating the temperature as a
covariate.

In this thesis, Papale et al. (2006) was used to estimate the minimum friction velocity. At first, it was
necessary to define the season. At this method was designed to avoid breaks at year boundaries so as a
continuous season as default. The seasons begin in March, June, September, and December as spring,
summer, autumn and winter respectively. The annual friction velocity thresholds were then applied
according to successive seasons across the year boundaries. If there is few numbers of records, before
estimating the threshold of friction velocity, the data of seasons were be combined as one year. Then,
Papale et al.(2006)method estimated the threshold at the similar friction velocity and compute mean NEE
and mean friction velocity at each class (default 20 classes) in each season or temperature subclass. Moving
point test was applied to each package to determine the threshold. The last, in this thesis, a bootstrap was
used to estimate the uncertainty of the threshold. It will give 5%, 50%, 95% three levels as a range of the
estimated threshold.
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443, Data selection

The starting point of the flux partitioning analysis is the data selection. The raw data was used to estimate
the reference temperature. The gap-filled data only was used for the partitioning step.

First, in order to filter ecosystem respiration (Reco) from night-time data, only half an hour was chosen
with global radiation (Rg) less than 10 W m?2 and cross-checked with sunrise and sunset data derived from
local time, and standard solar geometry routines calculated potential radiation. Next, the data set is divided
into continuous periods of length x (defaults as 14 days), and in each periods more than six data points
and temperature range is greater than 5°C were available. Only under these conditions, a reasonable
regression of Reco for the temperature can be expected.

444 Flux-partitioning algorithm
The flux partitioning algorithms follows four steps:

First, estimate the temperature from the seasonal data. As the Lloyd & Taylor (1994)exponential
regression model said, the Reco data are related to the air temperature:

Reco = RrefeE0(1/(Tref~T0)~1/(T~T0))
...... Equation 9

While the TO is a constant of -46.02 as in the Lloyd & Taylor (1994), the activation energy kind of
parameter(E0), was allowed to a free parameter. And the reference temperature (Tref) is set to 15 C.

Second, the temperature sensitivity from short-term data was estimated. The short-term data temperature
sensitivity estimated same as the seasonal data. The differences are the estimated data splitted into short
subperiods (default 14 days), where the regression is also respectively. If more than six data points are
available and when the temperature range is more than 5°C, then a reasonable regression of Reco versus
temperature can be expected. At each period, the regression parameters and statistics are saved and
evaluated after regressions for all periods. The three estimates of EO with the smallest standard error are
then assumed to best represent the short-term temperature response of Reco and are averaged resulting in
an EO0 value for the whole data set.

The third step is to, estimate of day and night time ecosystem reparation. After determing the temperature
sensitivities, the respiration at reference temperature (Reco,ref) can be estimated. Because this variable is
temporally changing in an ecosystem, it the Lloyd & Taylor (1994) method of Reco,ref was used to
estimate the for continual 4-days periods by nonlinear regression, fixing all variables except Reco,ref.

This parameter estimated from the night time data for consecutive intervals of four days using non-linear
regression of the Reco versus temperature according to above equation, where EO is fixed to the average
EO value (for a total window size of seven days). The estimated value Reco,ref is then assigned to the
central time-point of the period and linearly interpolated between periods. Subsequently, Reco can be
estimated as a function of the temperature, because for each half hour the parameters EOand Reco,ref are
available.

Reco(t) = Rref(t) eEO/(Tref~T0)=1/(T(6)-T0))
...... Equation 10

Fourth, using the estimates of E0 and Rref, the net ecosystem fluxes NEE (after the gap filling) are
partitioned into the gross primary production GPP (gaps filled data) and ecosystem respiration Reco.
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4.5. Footprint

In order to analyse the wind speed and direction influence on the turbulence, footprint was estimated as a
distance in meters in the main wind direction. In this thesis, the analysis method of footprint based on
Kljun et al. (2015).
4.51. Maximum footprint contribution
The maximum footprint contribution distance can be estimated by the peak position of the crosswind-
integrated. The non-dimensional peak location derivative of equation:
N —C
Xmax™ = 5 +d

...... Equation 11

In this equation, Xmax* was represented maximum non-dimensional upwind distance. Based on the
Nelder- Mead simplex direct search method, b equals -1.991, ¢ equals 1.462, d equals 0.136 (Lagarias,
Reeds, Wright, & Wright, 1998). So Xmax* equals 0.87.

Then, peak location Xms was converted from the non-dimensions to real- scale dimensions based on the
equation:
U(zm)

u*

Z.
Xmax = 0.87 z, (1 — 7’")-1
...... Equation 12

In this equation, zm is the receptor height, h is the planetary boundary layer height, u” is the friction
velocity, u(zm) is the mean wind velocity at the measurement height, k=0.4 is the von Kidrman constant.
4.5.2. Relative contribution to the total footprint area

In the application research, the interest in the fluxes is extent and location of the area. That is based on the
maximum footprint contribution, the cross wind integrated footprint. It was contained the extent of the
footprint at any along-wind distance from the turbulent flux tower.

From the equation:

X*R = +d

In(R)

...... Equation 13

And then derivation of the equation:
—C

— U(zm)
= = (R T

u*

Z.
+d) 2, 1 -1
h
...... Equation 14

X*R is the upper limit of the footprint contain the interesting area. R is fraction of the total footprint
(value between 0.1 to 0.9). The region of footprint area can be derived though the downwind
(X*Rd<X*max) and upwind (X*max< X*Rd) iterative calculation. The R derived from the function of a
X*R, using LPDM-B results:

X*Rd,u - nl(X*R)nZ + n3

...... Equation 15
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In the downwind limit X*Rd, n; equals 0.44, n, equals -0.77, and n3 equals 0.24. In the upwind limit X*Ru,
it contains two parts: X*max<X*Ru=1.5, n; equals 0.60, nz equals 1.32, n3 equals 0.61, and 1.5 <X*Ru<=°.
The real- scaled distances X*Rd and X*Rd can be derived from the equation:

x Zm. u(z
X=—q ——m)—( f‘)k-l
Zm h” u
...... Equation 16
4.5.3. Footprint estimates for extended time series

This footprint model is computationally inexpensive so can be easily run half-houtly time steps turbulent
fluxes data. The footprint coordinate system which combined with every flux tower with its source area
was performed georeferenced to geographical coordinates. In many application studies, an aggregated
footprint also called footprint climatology.
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5. SCENARIOS AND ANALYSIS

5.1. Quality of the eddy covariance measurements

The fluxes raw data are quality flagged by the eddyUH through the Vickers & Mahrt (1997) method. The
raw data are classified according to the physical likelihood range for the high frequency values in each
variable, diagnostic parameter and other tests. According to Foken et al. (2004), the classes 1 to 3 can be
used for the development of parameterizations this fundamental research. Classes 4 to 6 can be used for
the consecutively running system. Classes 7 to 8 can be used for the orientation. Class 9 should be
excluded. Data of class NAN represents this data not a number.

Based on this method, this thesis defined the 5 classes use different colour to represent. The class 1
represented the best, and the class 9 represented the worst. Between 58 and 61% of available eddy
covariance data were in 2015 and 2016, respectively. Of the three classes’ fluxes, green class retained most
data (42-46%), in this class the higher NEE quality data is 2015. But in this two year, both contained lot of
not a number, in 2015 it partition around 38%, in 2016 it partition around 41%. Overall, generally each
class data for 2015(46% for green class, 10% for orange class, 5% for yellow class, total 61% usable flux
and 39% for excluded data) better than 2016(42% for green class, 11% for orange class, 5% for yellow
class, total 58% usable flux and 42% for excluded data).

2015 NEE Quality Class [%)] 2016 NEE Quality Class [%)]

1%
2 4 ,
10% 9

) %S, o

4% 2% 1% 5% 2% 3% 2% 1% 4%

Figure 10 2015 and 2016 NEE Quality Class

Before the flux partitioning, the data have been do the gap-filled using the method of Reichstein et
al.(2005). The filled data will be classified into different level (A, B, C) based on the different case (1, 2, 3).
Quality flag assigned depending on gap filling method and window length: O represents original, 1
represents most reliable, 2 represents medium, 3 represents least reliable and 4 represents not a number.
Similar to the NEE flux data, generally 2015 data is better than 2016 data. Between the 55% and 98% of
flag 0 were in 2015 and 2016.In 2015, the highest proportion of flag 0 data was H, the second one is LE,
NEE is the lowest one. In 2016, it presents the same trend. The more filled data in LE and NEE maybe
caused by precipitation interference the open-path gas analyser system. Whereas, the flag O data accounted
for the constant in the LE, H and NEE, due to the SND correction (described in ) of H on LE. Besides,
in 2015, flag 3 flux data hard appeared, but in 2016, flag 3 data occurred often. In both years flag 4 was
pronounced in u* data (14% for 2015, 16% for 2010).
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After applying the quality flags, NEE retained around 60% original values, of which 31% was flag 1 in
2015. NEE retained around 58% original values, of which 29% was flag 1 in 2016. It indicated that eddy
covariance under a successful calculation.

2015 Filled-data Quality Flag [%] 2016 Filled-data Quality Flag [%]
100% 100% -____ ||
80% 80% — _— |

60% 60%
40% 40%
20% 20%
0% 0%

Ustar LE H NEE Ustar LE H NEE

EO0O 172 m3 m4 EO0O 1 =2 m3 m4

Figure 11 2015 and 2016 Filled-data Quality Flag

Figure 10 shows that, in 2015 and 2016, flag 9 data were portioned 1%, which should be excluded.
Despite the high level of data used to performed data analysis more accurate, but there will be a lot of data
gap. According to the eddyUH manual, a compromise approach is still using 6 to 8 class data, but this also
depends on the analysis of time and the total number of operations. In this thesis, the flag 9 data were
replaced by NaN, and then it will be treated as data gap. When doing gap-filling, it will be filling the data
through the same meteorological condition. In 2015, 95 flag 9 data were screened out. In 2016, 954 flag 9

data were screened out.

5.2. CO; flux Concentration

After the fluxes had been calculated by the eddyUH, the output was be saved in monthly ascii-files. Those
monthly files were aggregated and were used to estimate the cumulative sum figure in 2015 and 2016,
respectively.

Because the beginning data of 2015 missing, the NEE cumulative begin at day of year (DOY) 85. As the
Figure 12 shows cumulative NEE increased until DOY 265, followed by stabilization. The peak of this
tigure is around -1.570 g m2. From this change in trend, it obviously presented that in autumn and winter
the balance of NEE budget is basically maintained.
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Figure 12 2015 NEE Cumulative sum

Cause the end data of 2016 are missing, the NEE cumulative end at day of year (DOY) 255. As the Figure
13 shows, cumulative NEE increased, and the overall growth trend is the same as 2015. In addition, the
curve showed a smooth trend in January. This proves that the cumulative of NEE in the winter will
maintain a balance. The peak of this figure is also like 2015 cumulative figure probably around the -1.6 g
m2. Among them, from DOY 31 to DOY 92, the growth rate was slower. After 92 days, the slope
became larger, the growth rate became faster. At the end of the curve, there has been a tendency for the
slope to slow down. Thus, it can be inferred that if there is a full year of complete data, then 2016 amount
of the cumulative of NEE will be the same as 2015. From this change in trend, it obviously presented that
in autumn and winter the balance of NEE budget is basically maintained.
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Figure 13 2016 NEE Cumulative Sum
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In July 2016 as mid-summer, when NEE had the clearest diurnal cycles, it clearly saw the NEE in every
day had a complete circulation, reaching a minimum every day at midday, and then gradually increased to
the maximum value until midnight. In addition, it can be seen that the change of NEE was small at
midnight and relatively intense at midday. This is due the fact that there is no photosynthesis at night, so
no COzuptake. There is only respiration. In the Figure 14, there are some spikes, which may be caused by
electronic noise and physical reasons the problem.
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Figure 14 Half-hourly CO; Flux at 2016 July

A heat map is a graphical representation of data where the individual values contained in a matrix are
represented as colours. In the follow heat maps, the X-axis represented the time, the Y-axis represented
the month. The values of data were represented by the rainbow colour map theme. The higher the colour
temperature meant the higher the value, on the contrary, the lower.

The heat maps (see Figure 16), shows spikes and noise, especially in the NEE, LE, H and GPP heat maps.
As the Figure 15 shows, the amount of spikes in CO; flux in 2015 was more in the autumn and winter.
While in 2016 was more obviously in January, February and August. The electronic noise and physical
reasons may cause peak and noise such as such as inaccurate adjust the transducer of the ultrasonic
anemometer, power shortage supply and electronic noise, as well as transducer water pollution, bird
dropping, spider web and so on (Aubinet, Vesala, & Papale, 2012). Spike may affect all fluxes, but usually
not more than 15% of the flux. While there are some conditions such as night time storage release, which
look like spike, but it is natural phenomena. But spike values can usually be detected because of their
amplitude, duration, or abruptness. Appropriate instruments selection, maintenance, and spike removal
procedures and filtering in data processing software to help minimize the impact of such errors. In this
thesis lower and upper limits were already used for raw data values and combined with Vickers & Mahrt
(1997) method to reduce spike influence. Vickers & Mahrt (1997)method developed the test criteria for
quality control of turbulent time series, independent of statistical distribution, with emphasis on
instrument failure.
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Figure 15 Number of Spikes in CO; Flux in 2015, 2016

As the Figure 16 shows, the biggest diurnal change in half-hourly H, LE, and NEE obviously coincided
with the daytime periods. Both radiation global (Rg), sensible heat flux (H) and latent heat flux (LE)
generally presente a symmetrical diurnal change, and at the peak value around midday. In contrast, the net
ecosystem exchange (NEE) demonstrated a minimum value around the midday and then increasing to
maximum values at the night. This trend was pronounced in the summer period. And NEE fluxes were
more stable during the night than in the sunny periods during day. In addition, the NEE especially
underestimated at low u* not only in short vegetation in a mountain ecosystem (Wohlfahrt et al., 2008),
but also grasslands (Gilmanov et al., 2007) and forests (Papale et al., 2006) which is falter and less complex
terrain. So, the night-time turbulent fluxes energy change was smaller than daytime fluxes. The change of
NEE fluxes coincided with the air temperature (Ta) more or less, the high NEE occur with the warmer
temperature. But this is also due to the correlation between irradiance and temperature. NEE first follows
radiation, temperature is the next important factor (and day of the year). The day time CO; reduction in
the high air temperature maybe have two causes: under the high Ta closured stomatal could inhibited plant
photosynthesis, the deficits of soil water led to the lower potentials of leaf water (Damour, Simonneau,
Cochard, & Urban, 2010) and increased Ta with the forest respiration (Lloyd & Taylor, 1994). However,
the values of LE and H in the consecutive middays presented an inverse relationship: high relative
humidity (th) company with the high H and low LE. This trend also appeared in the relationship between
LE, H and air temperature (Ta). At the midday high LE was observed with the high T4a, while the E was
observed low, particularly in 2016.

In basic principle, the net ecosystem fluxes are partitioned into the gross primary production and
ecosystem respiration. So as the Figure 16 shown, the half-hourly NEE, Reco and GPP also show a large
diurnal change between the daytime periods. In the Reco heat maps, the value changed with the sunny
periods. Values of GPP got peak at the midday then gradually decreased the lowest value at the night. This
was due to plant photosynthesis, and in summer the photosynthesis of plants was greater. However, under
the hot climate, plants in order to avoid excessive evaporation of water will close the stomata. So in some
very high air temperature midday, plant respiration does not increase but will reduce.
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Figure 16 Heat Maps Illustrating Weather and Flux Dynamics in 2015, 2016

As shown in Figure 17, the diurnal cycle of half-hourly NEE values were exhibited an obvious V-shape. A
negative value for NEE occurred daytime (between 6 a.m. to 19 p.m.), indicated that the forest appeared

as a sink of COs during the daytime. While in the evening, showing positive, it was as a source of COx.

NEE reached the minimum value around -13 B mol m2 s-lat noon. GPP presented a completely opposite
trend to NEE, at noon reached the highest point, and then slowly reduced until midnight. This is related

to plant photosynthesis during the day. Reco was always maintained in a steady state, because the plants

are always respiration.
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Figure 18 GPP Diurnal Cycle in Original Data, Quality Control Data and in Different YearFigure 18
compares the raw data values for 2015 and 2016 diurnal cycle GPP and after the quality control values. It
can be seen, 2015 and 2016 the overall diurnal cycle GPP difference is not very large, the maximum value
is about 16 B mol m2 s1. Before and after quality control eliminates the influence of some outliers. For

data performance have a certain positive effect. However, this does not remove the outliers completely, as

will be seen in Figure 19 and Figure 20 below.
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Figure 18 GPP Diurnal Cycle in Original Data, Quality Control Data and in Different Year

GPP denotes the CO; uptake due to photosynthesis. The daily GPP are shown in Figure 19 and Figure
20in 2015 and 2016. During the plants non-growing season, the GPP was close to zero. When the
growing season begin the GPP was gradually increased until to summer arrived the maximum value (on
day of the year 230 in 2015, on day of the year 166 in 20106). In the autumn, the GPP began to decreased,
because the plant leaves withered and the air temperature decreased. In 2015, the cumulative NEE was -
1.57 CO2g m?2, and the cumulative GPP was 3.13 CO2 g m2. In 2016, the cumulative NEE was -1.75 CO»
g m?, and the cumulative GPP was 3.23 CO2 g m2. This two year value was not much difference. 2016
was slightly larger than 2015.

As the shown in Figure 19, very significant outliers appear which not matched the trend of the daily GPP
curve. In 2015, at DOY 172 the outlier was -22.65 g m2 d"!, at DOY 209 the outlier was -65.06 g m2 d-!
and DOY 347 the outlier was 42.88 ¢ m2 d-'. In 2016, at DOY 51 the outlier was 54.80 g m?2 d-!, at 52 the
outlier was 112.65 g m2 d-!, and DOY 85 and DOY 96 were performed negative anomalies. Although in
this thesis already done the quality control, these values were still not match with the trend curve.
Therefore, in order to eliminate the influence of these abnormal values, this study selected 95%
confidence interval according to the normal distribution of the data, and according to the reality situation
and the trend of the curve, eliminated the outliers in 2015 and 2016. Then according to the curve change
rule, the data gapes were linearly interpolated, and the GPP of 2015 and 2016 were obtained as shown in
Figure 20 . The average daily GPP for 2015 is 20.15 g m2 d*!, 2016 is 22.38 g m2 d!.
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5.3. Footprint under Different wind speed and direction

From the wind rose (Figure 21), it can obviously presented that the major wind direction was around

south west, and the major wind speed was between 2 to 6 m s in 2015 whole year. The footprint map
was also consistent with the wind rose map shown. The major direction is south west. The wind speed

was largest in the south southwest direction.

A basic characteristic of the footprint principal is that, the most of the turbulent contribution does not
come from underneath the tower and not from many far form away, but rather from somewhere in the

between. The higher the measurement height, the greater area underneath the flux tower a zero

contribution. As the Figure 22 shows, the flux tower below the flux tower was almost zero. This situation

also appeared at far from the tower. Between those two areas, the footprint gradually increased.
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Figure 22 2015 Footprint climatology

From the Figure 23 wind rose, it can obviously presented that in 2016, the trend of the major wind
direction was the same as in 2015, notably south west, and the major wind speed was also similar to 2015.
The footprint map was also consistent with the wind rose map shown. The major direction is south west.
The wind speed largest in the south southwest direction, so in the footprint map the in the direction of
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south southwest also have the largest influence. Since the height of the measurement has a great impact on

the footprint, while the height of the measuring tower is fixed, so the size of footprint in different years,

2015 and 2016 had shown the same arrange(the major of flux came from an upwind distance from 20m to

800m). But, on the part of the maximum value which in 2015 slightly larger than in 2016.
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Figure 24 2016 Footprint Climatology

35



CARBON SEQUESTRATION IN A FOREST AREA IN SPEULDERBOS, NETHERLANDS

Figure 25 shows the footprint areas for the flux tower, ovetlay on a study area remote image in 2016. It
can clearly found which range of footprint was affected by the Douglas fir. Douglas fir on the image
presented a special texture which cans easily vectorization in Arcgis. Douglas fir presented a trapezoidal
shape. Ovetlay the after georeferenced footprint map on the image and did the map calculation. Based on
the simply calculate, 9.26 % of the footprint was in the Douglas fir. Due to this two year the turbulent flux
tower in the same position, underlying surface roughness was no change and there were no significant
fluctuation in the meteorology and thermal condition. So in two years the footprint climatology there is no
significant change. As mentioned by Vesala et al.(2000) said, the prediction of the forest footprint is
mainly determined by two factors: canopy turbulence and the soutce/sink levels within the canopy. These
factors for close observation of the treetops level become of particular relevant.

2016 footprint

Value
1.017e-005

- 3.8122e-006
1.92596€-006
0.1 Miles 3.97266€-008

Figure 25 Footprint Climatology Overlay with Image in 2016

Error! Reference source not found. shows DOY 15(Jan, in winter) and DOY 198(Jul, in summer)
midnight and noon footprints and cumulative footprint contours. The footprint contours were shown in
steps of 10% from 10% to 80%. From the midnight and the noon on the two map comparison, it was
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clear that the footprint affected area at midnight was larger than the noon, showed an oval shape. At noon

showed a narrow shape. This is the case both occurred in DOY 15 and DOY 198. In contrast to the

different seasons, the summer footprint affected area both at noon and at midnight is not as large as

wintet.
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Figure 26 Footprint Maps in Different Daytime
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

In this study, we obtained the raw Eddy Covariance of Speulderbos and pre-processed the raw data with
eddyUH. Based on the Vickers & Mahrt (1997) method to filter the raw data, the good data (flags 1 to 8)
accounted of 61% and 58%, in 2015 and 2016 respectively. Flag 9 data, the poorest quality, accounted for
1% of the total data. The NAN data accounted for 38% and 41%, in 2015 and 2016 respectively. Through
the eddyUH calculate the cumulative of NEE is -1.567 g m and the peak is -1.570 g m2in 2015.
Cumulative of NEE is -1.747 g m and the peak is -1.752 g m2in 2016.

In the quality control, the overall diurnal cycle GPP difference is not very large, the maximum value is
about 16 U mol m? s!. Before and after quality control eliminates the influence of some outliers.

Before the flux partitioning, the data will be classified into different level. In 2015, NAN of Ustar
accounted for 14%. The best data quality performance is H. In 2016, NAN of Ustar accounted for 16%.
The best data quality performance is H, but in H, LE and NEE all of appearance the flag 3.Then use the
consecutive data under the Reichstein et al. (2005) method to do the flux partitioning, the GPP and Reco
were obtained. The average daily GPP for 2015 is 20.15 g m2 d-1, 2016 is 22.38 g m2 d-.

And we analysed the relationship between the air temperature, relative humidity, NEE, H, LE, Reco and
GPP. H, LE, and NEE obviously coincided with the daytime periods, H and LE at the peak value around
midday, while NEE had a contrast situation. Reco and GPP also show a large diurnal change. The GPP
got peak at the midday, same as Reco.

In the footprint, we use the Kljun et al.(2015) method and combined with the wind speed and direction to
obtain the footprint climatology. Overlay the remote image, got the 9.26 % of the footprint was in the
Douglas fir.

6.2. Recommendations

For the turbulent fluxes pre-processing software, the eddy covariance flux estimated strongly affected by
the data selection, project of processing steps and the correct application. New methods and theories
always arise eatly in the software development. In the future study, do not use eddyUH because there are
better seawares such as eddyPro, it can provide latest correction methods, supply the latest eddy
covariance measurement instruments, easily deal with more flexible data format and export the more
exquisite pictures.

For the data selection, because the turbulent flux have the spike and easily affected by the instruments and
outside surrounding. So the proper data selected method is necessary. As the Foken et al. (2004) method
said, use only flags 1 to 3 for fundamental research and flags 4 to 6 for continuously running systems.
Flux tower data include also other species than Douglas fir, therefore the eddy covariance data should be
compared to LAI data of different species such as Scotch pine and beech.

As far as the verification of turbulent fluxes, it has a close connection with the energy balance. Whether
the turbulent fluxes are in line with energy balance should be looked further into.
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