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Chapter 5

Quality control of the flux measurements

5.1 Introduction

The quality of the data is among others determined by the quality of the sensor. In

the Tables 4.2 and 4.3 an overview has been given of the accuracy of the sensors used.

Besides the instrument accuracy other factors such as electronic problems, frost or

dew may influence the quality of the data.

After storing all data in a database a quality check was performed. The quality

control consisted of a number of steps were each step could result in a different flag.

Three major type of checks were distinguished.

• First the data were checked for acceptable ranges, for example upper and lower

limits on the recorded mean and standard deviation and the maximum time

step difference.

• Secondly the data were compared with data of different sensors at the site

measuring the same quantity, for example on the maximum difference between

the rain gauge installed on the tower and installed in the nearby open field.

• Thirdly the data were checked on consistency of physical relations, for example

by comparing the ratio of Rup
s /Rdown

s with known albedo αs values.

These flags were used to distinguish between time slots with missing data, data

accepted as good data and data of questionable quality. The accepted data were then

used to derive relations between different variables.

In Chapter 6 a complete description will be given of the method used to derive an

estimated value for a missing data. First the gaps in the data series of the prognostic

variables were replaced. To ensure consistency in the time series a visual inspection

was done. The data marked as questionable were compared with the newly derived

data, checked for consistency in the time series and the quality check flags were

checked. The original measurement was accepted if it complied to three conditions.

• Firstly, the measured data did not cause any inconsistency in the time series.
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• Secondly, the data did not differ much, i.e. more than twice the standard

deviation, from the derived data.

• Thirdly, the reason(s) the flag(s) were set (for this the comments in the field

log book are consulted) could be considered as a warning instead of an error.

If the data did not comply to these conditions, the measurement was qualified as

unreliable and the data were rejected.

Besides these kind of data problems which may be considered as causing erroneous

data, also the representativeness of the measurements plays a role in the quality of the

data. Especially the representativeness of the flux measurements is of major concern.

The representativeness of the measurements may be influenced by the placement of

the sensor. An impression of what is actually measured by the flux system is obtained

from a footprint analysis. In the next section the fetch conditions and the roughness

parameters that govern the location and the area of the footprint will be discussed.

For the fluxes that have been derived from turbulent components there are a num-

ber of factors that may influence the uncertainty in the data. A concern specifically

for this study is the effect of not rotating all fluxes on data quality. The magnitude of

this effect will be demonstrated by comparing fully rotated fluxes with partly rotated

fluxes for short periods.

To provide an overall assessment of the quality of the flux data from the eddy-

correlation system, firstly an indication of the quality of the system set-up was ob-

tained and secondly the quality of the data was evaluated using as main criterion

the degree of closure of the energy balance. To check the quality of the system set-

up the measured (co-)spectra were compared with the theoretical functions. As an

indication of the representativeness closure of the energy balance was used. This

closure of the energy balance was also used for the assessment of the quality of the

measurements of the different components of the energy balance.

5.2 Roughness parameters and fetch conditions

To estimate the displacement height and the roughness length the logarithmic wind

profile relation has been used. The displacement height d (m) was derived from the

measurement of the friction velocity u∗ (m s−1) and the average wind speed u (m

s−1) at two different levels:

u(z2)− u(z1) =
u∗
κ

[

ln
z2 − d
z1 − d

− ψM (ζ2) + ψM (ζ1)

]

(5.1)

where κ is the Von Karman constant (-), ζ = z−d
L the stability parameter adjusted

for the displacement height and ψM the integrated form of the stability function φM .
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For unstable conditions we applied the form as given by Paulson (1970); for the stable

case the form as given by Van Ulden and Holtslag (1985) (see Eq. 2.30) has been

used.

To minimize the effects of stability only data under near neutral conditions i.e.

−0.01 < ζ < 0.01 were considered. For the wind profile data of the sonic anemometer

and of the cup anemometer have been used. The scalar wind speed u as measured

by the cup anemometer was transformed to the total wind speed in the direction of

the average wind using the relationship as presented by Bosveld (1997):

u = ucup
1− 0.5

σ2

v

ucup
2 − σ2

u

ucup
2

1− σ2
u

ucup
2

(5.2)

where ucup denotes the scalar wind speed as measured by a cup anemometer (m

s−1), u the wind speed in the direction of the average wind (m s−1), σu and σv the

standard deviation (m s−1) of the wind speed components u and v in the horizontal

plane. It was assumed that the horizontal wind variances measured at the level of

the sonic anemometer were similar to those at the level of the wind cup anemometer.

No clear dependency of the displacement height on wind speed was found and only

a weak correlation with wind direction. Differences between years were insignificant

and could not be related to an increasing tree height for the period of observation

(max. 4 years). For the calculation of the roughness length z0M (m) the median value

of the displacement height d (m) was used (see Table 5.1) with Eq. 5.1 extended to

the surface at z = 0:

u(z) =
u∗
κ

[

ln
zref − d
z0M

− ψM (ζ)

]

(5.3)

where zref (m) is the reference height.

No significant correlation of z0M with u was found at any of the locations. How-

ever, clear differences were found for periods with and without leaves (see Table 5.1).

Also at nearly all sites a dependency on wind direction udir was found. Fig. 5.1

shows an example of the z0M dependency on udir at the Loobos site. The increase

in z0M with udir from South to West corresponds to a slight decrease found in d.

In Table 5.1 the results are summarized. The standard error in the estimation

of d varies from 0.7 m for the more heterogeneous Kampina site to 0.2 m for the

homogeneous poplar stand of the Fleditebos site. For z0M the standard error varies

between 0.05 m in summer to 0.02 m in winter for the deciduous sites. At the pine

stand of the Loobos site the error was ± 0.02 m.

Differences in the roughness parameters may influence the size and the location

of the source area of the flux as detected by the sensor. The location of the sources

of λE and H as measured by the sensors also depends on udir and atmospheric
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Figure 5.1: The roughness length z0M at different wind directions udir for the Loobos site

in 1998.

stability. To obtain an impression of the representativeness of the flux measurements

at each site, use has been made of a model which describes the flux source areas in

relation to the measuring set-up and the atmospheric stability. The model used is

the one proposed by Schuepp et al. (1990) including the adjustments by Lloyd (1995)

to incorporate the model response to stability effects. The relative contribution to

the vertical flux at height z is given by:

1

F0

dF

dx
=
−2xF max

x2
φM exp

(

−2xF max

x
φM

)

(5.4)

where F denotes the flux density (W m−2), F0 a unit area flux density (W m−2),

x the distance upwind of the sensor (m), xF max the distance upwind of the sensor

where the flux source is maximal (m). The latter is calculated as:

xF max ≈
1.7z1.03ref

[

ln
(

zref−d
z0M

)

− ψ (ζ)
]

(1− ζ)0.5
(5.5)

Table 5.1 shows for each site the distance at which the maximum source takes place

as well as the distance where 90% of the flux contribution is accounted for. These

distances are a rough estimation that apply for unstable conditions, i.e. for L = −100
m.

In Fig. 3.4, 3.8, 3.12, 3.17 and 3.20 the land use at each site has been depicted for

a square of 2 x 2 km surrounding the tower. When interpreting the footprint area of
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the fluxes, it should be kept in mind that the main wind direction in the Netherlands

is SW. The land use depicted in the figures mentioned show that the maximum flux

contribution at all sites is generated by the main vegetation type near the tower. It

also shows that, except for the Fleditebos and the Loobos site, at the other sites the

flux measured is partly composed of fluxes originating from other vegetation types

than the main vegetation type near the tower.

At the Bankenbos site wind coming from the east will generate fluxes at the tower

with the peat area as an important source of the fluxes. For wind directions between

SW and SE larch will be the main contributor to the fluxes. For the other wind

directions the fluxes from the larch will be mixed with fluxes from other tree species.

At the Edesebos site the area with oak trees is surrounded by coniferous forest,

with the shortest distance at 200 m. Although the fluxes were measured relatively

close to the canopy, it may be expected that part of the fluxes originates from the

coniferous forest instead of from the oak trees.

At the Fleditebos site the fetch conditions are relatively good in all directions.

The site at Kampina was selected as a mixed site. Besides fluxes originating from

the forest there are also fluxes originating from grassland and heather (with a high

percentage grass), especially with wind directions from N to NE.

At the Loobos site the pine trees extend over a large area with some smaller areas

covered with grass and occasionally with heather.

5.2.1 Non-rotated fluxes

Because of the priority given to year-round data collection and the fact that all sites

were at remote locations without access to main power supply, it was at the start

of the measurements not possible to store all raw data being collected in the early

years. Hence not all corrections usually applied could be made. Therefore, it was

decided to leave out the correction for the third rotation.

To estimate the size of the error caused by partly rotating λE and H, the raw

data collected over short periods were processed both with all rotation corrections

and the limited rotation correction, as done for the long term measurements. In

Table 5.2.1 the regression results of the sites Loobos, Fleditebos and Bankenbos are

shown.

No significant correlation was detected between rotated and non-rotated λE and

H and udir. The influence of the omission of the rotations on λE is negligible. The

differences found for H and the momentum flux, τ were accepted as a minor trade

off with respect to the continuity of the data series. The third rotation correction to

compensate for the twisting of the streamlines as suggested by Kaimal and Finnigan

(1994) is disputable. Finnigan (2002) mentioned that later research showed that this
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Table 5.1: The height of trees ztree, the height of the tower zref , the roughness length

z0M , the displacement height d and the distance where the maximum flux source xFmax is

located as well as the distance for 90% of the total flux xF90% for unstable conditions (L =

-100 m). 1) Estimated from the 1989 ratio z0M and d to tree height.

Site Year ztree zref d z0M
d

ztree

z0M
ztree

xF max xF90%

(m) (m) (m) (m) (-) (-) (m) (m)

Banken- 1995 s 21.4 27.80 17.8 1.95 0.78 0.091 67 914

bos w 1.65 0.077 76 1015

1996 s 22.3 27.80 17.8 2.15 0.76 0.096 62 854

w 1.75 0.078 73 980

1997 s 23.4 27.80 17.8 2.05 0.70 0.088 65 883

w 1.65 0.071 76 1016

Edesebos 1988 s1 17.1 21.28 13.7 1.08 0.80 0.063 66 928

1989 s 17.4 21.70 14.0 1.10 0.80 0.063 67 940

Fleditebos 1995 s 16.5 23.17 11.0 2.00 0.67 0.121 60 805

w 1.40 0.085 75 980

1996 s 17.2 23.17 11.0 2.20 0.64 0.128 57 757

w 1.60 0.093 70 916

1997 s 18.0 25.44 11.0 2.50 0.56 0.139 62 799

w 1.60 0.089 82 1030

1998 w 18.5 25.44 11.0 1.70 0.60 0.092 79 999

Kampina 1996 s 19.0 29.60 14.0 2.15 0.73 0.113 83 1028

w 2.15 0.113 83 1028

1997 s 20.0 29.60 14.0 2.25 0.70 0.113 80 1001

w 2.15 0.108 83 1028

1998 s 21.0 29.60 14.0 2.05 0.67 0.098 85 1055

w 2.05 0.107 80 1001

Loobos 1995 15.3 25.99 9.9 2.19 0.65 0.139 72 906

1996 15.3 25.99 9.9 1.60 0.65 0.105 86 1065

1997 15.3 25.99 9.9 2.05 0.65 0.134 75 940

1998 15.3 25.99 9.9 2.13 0.65 0.139 73 921

last rotation correction was best left out. Omitting the third rotation will reduce the

differences between the two approaches even further.

5.3 Power (co-)spectra of turbulent components

To check the quality of the system set up and thus the quality of the flux measure-

ments spectra and co-spectra of the turbulent components were compared with the

theoretical spectral density functions. The spectra and co-spectra were calculated
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Table 5.2: Regression results of non-rotated versus rotated fluxes, where a is the slope, x0

the intercept and R2 the mean square error.

Site λE H u∗
a x0 R2 a x0 R2 a x0 R2

(-) (W m−2) (-) (-) (W m−2) (-) (-) (m s−1) (-)

Loo-

bos

1.02 0.7 0.98 0.96 -3.4 0.98 1.05 0.01 0.99

Fle-

dite-

bos

1.00 -0.3 0.99 0.94 -3.4 0.99 1.07 0.00 0.99

Ban-

ken-

bos

0.98 2.1 0.97 0.97 -1.6 0.99 1.05 0.02 1.00

for approximately 10 day periods except for the Kampina location where because of

logistics problems a shorter period was used. A Hamming window was used to filter

the data in the low and high frequency range (Kaimal and Finnigan, 1994). For the

calculations of the spectra two subroutines as described by Press et al. (1989) were

slightly adjusted. To smooth the curves the spectra were binned using a logarithmic

interval for the normalized frequency to ensure equidistant bins for the logarithmic

plot. The power spectra compare well with the model spectra (Eq. C.27-C.39). Al-

though there is some deviation from the model power spectrum of κ this deviation is

not found in the co-spectra (see Fig. 5.2). The co-spectra of all 4 locations are similar

in shape and have their peaks at n ≈ 0.1. Their peaks seem to be more pronounced

than the model co-spectra, which was derived over flat terrain. The co-spectra cor-

respond well with the findings of Anderson and Pyatt (1986). Based on this spectral

analysis the fluxes were considered to be of good quality.

5.4 Energy balance closure

Closure of the energy balance is a test of the quality of the data. As a measure of

closure the ratio between the turbulent and the non-turbulent fluxes is used i.e.

(λE +H)

(Rnet −G0 + Flat − J − µFA)
(5.6)

Here it is assumed that the lateral fluxes are small and hence their contribution to

the total energy balance is negligible.

Photosynthetic energy may be calculated by:

µFA = −µw′ρ′c (5.7)



88 5. Quality control of the flux measurements

Figure 5.2: Measured (symbols) and modelled (solid line) normalised co-spectra of vertical

wind speed and specific humidity w′κ′ as a function of frequency i.e. n = fz / u under

unstable conditions. The modelled co-spectra line is based on Kaimal and Finnigan (1994).

where w′ρ′c is the flux density of CO2 from eddy-correlation measurements including

the storage flux (µmol m−2 s−1) and µ is the specific energy for conversion of energy

by photosynthesis (J mol−1). For a typical maximum daytime flux of 20 µmol CO2

m−2 s−1 the energy consumed for photosynthesis is 10 W m−2. As these values have

not been measured at all sites and the contribution is relatively small as compared

to the radiation flux, this component has been neglected for the calculation of the

energy balance closure.

For short time steps (less than a day) the effect of energy storage should be taken

into account. Storage of energy may take place in the vegetation and air space below

the flux sensors of radiation, H and λE and in the soil above the sensors of G.

This storage term is particularly important during periods of rapid change, i.e. for

conditions such as occur during sunrise and sunset.
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5.4.1 Heat storage in soil and litter layer

To determine the soil heat flux at the surface G0 the heat storage above the heat flux

plates has to be added to the measurements of the plates:

G0 = Gz +

∫ t1

t2

∫ 0

z

Csoil(z)T (z, t)dzdt (5.8)

where Csoil is the volumetric heat capacity of the soil (J m3 K−1), z is the depth at

which the heat flux plate is installed. Csoil is composed of the weighted volumetric

heat capacities of the different soil components (De Vries, 1963):

Csoil = ρsoilcsoil = Xaρacp +Xoρoco +Xqρqcq +Xcρccc +Xwρwcw (5.9)

where the subscript o stands for organic matter, q for quartz, c for clay minerals

and w for water, X is the volume fraction (m3 m−3), ρ the density (kg m−3) and c

the specific heat (J kg−1 K−1). The densities (kg m−3) are respectively: ρa = 1.2,

ρo = 1300, ρq = 2660, ρc = 2650 and ρw = 1000 and the specific heat (J kg−1 K−1)

cp = 1010, co = 1920, cq = 800, cc = 900 and cw = 4180. xw may be replaced by the

measured soil moisture volume fraction θ, that of air by θs − θ.
It has been assumed that the Ts at the top of the litter layer was well represented

by Ta below the canopy. T of the sensors above and below the soil heat flux plate

were used to derive the temperature at the top of the mineral layer and at the depth

of the plate by (Van Wijk and Vries, 1963):

T (z, T ) = T +AT (z) sin

[

ωt− z
(

DT
′

ω

)

−1/2
]

(5.10)

where AT (K) is the amplitude of the soil temperature at depth z, ω the diurnal

angular frequency (π/12 rad h−1) and DT
′ (m2 s−1) is the apparent thermal diffu-

sivity. For the mineral layer, assuming the physical properties being constant within

a layer, DT
′ of the soil has been derived from:

AT (z2) = AT (z1) exp

[

− (z1 − z2)
(

2DT
′

ω

)

−1/2
]

(5.11)

For the litter layer DT for organic matter as given by Van Wijk and Vries (1963) has

been used, i.e. 0.15 ·10−6 m2 s−1. Here the assumptions were made that θ of the

litter layer was close to that of the top mineral layer, and that T of the litter layer and

of the soil layer above the highest soil temperature sensor was well represented by the

temperature of that sensor. The temperatures thus derived were used to calculate

the heat storage above the plate by means of Eq. 5.8 and 5.9.
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5.4.2 Heat storage in the biomass

The heat storage in the biomass, Jveg W m−2 can be divided in a rapidly changing

heat storage in the leaves and branches and a more slowly storage in the stems:

Jveg = Jleaf+branch + Jstem + Jundergrowth (5.12)

As the biomass of the undergrowth is small as compared to that of the trees, the

change in heat storage of the undergrowth is neglected. The method applied to

derive the change in heat storage in branches and leaves and in the stem of the trees

is described in Appendix D. In this Appendix also the values of the parameters for

the different tree species at the sites are provided.

5.4.3 Results energy balance closure

Laubach et al. (1994) and many others reported gaps in energy balance closure vary-

ing between 11 and 30% for 1 hour averages of day time values for a spruce forest in

Germany. Uncertainties in the half hour values are partly due to the changes in heat

storage in the soil, air and canopy space below the reference level. To limit these

uncertainties, the daily totals of H and λE are plotted against Rnet in Fig. 5.3.

Deviations from the 1 : 1 line may be caused by the error introduced by omitting

the rotation of the scalar fluxes. Also the heterogeneity of the site (see e.g. Fig.

3.17) in combination with the relatively small footprint of the radiation sensors as

compared to the footprint of the eddy correlation system may cause deviations from

the 1 : 1 line.

If the regression lines were forced through the origin all slopes were above 0.94,

indicating a closure of the energy balance better than 6%. The Kampina site was

the exception. For this site the slope was more than one. Indicating that H and λE

were using 14% more energy than was supplied by Rnet. If the Kampina data set was

split up in summer and winter, the slope of the regression line (with a free offset),

became 1.0 for the summer period and 0.85 for the winter. For both these data sets

there was a positive offset of ± 20 W m−2.

Using half hour data and calculating the different components of the energy bal-

ance as discussed previously gave similar results, however with a larger range of the

data. As an example the energy balance of the Fledite site for the year 1997 is shown

in Fig. 5.4).

Moncrieff et al. (1996) discussed the possible errors associated with flux measure-

ments, distinguishing between random and systematic errors. Assuming a random

error of 20% per half hour value for a data set of in total 44 days, may give an overall

random error for the data set in the order of 13%. In general, independent random
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Figure 5.3: Energy balance closure depicted as the ratio of daily averages of net radiation

Rnet and daily averages of the sum of sensible H and latent heat flux λE for dry days: for

the Bankenbos, Fleditebos and Loobos sites data of 1995 were used, for the Kampina site

data of 1996.

errors decrease with the length of the data set by 1/
√
N , where N represents the

number of data. This decrease however, does not hold for systematic errors.

At the Loobos site an underestimation of λE was observed when comparing λE

measured using a closed path system with an open path Krypton hygrometer. The

difference between the two instruments was also evident when looking at the power

spectra, which show a significant lack of flux, especially at high frequencies. This

lack of flux became more pronounced during wet conditions. A possible reason could
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Figure 5.4: Energy balance at the Fleditebos site 1997 using half hour averages of the

sum of net radiation Rnet, soil heat flux at the surface G0 and the energy storage J in the

vegetation and air layer between surface and reference level compared to the sum of sensible

H and latent heat flux λE for dry periods.

be damping of the high frequency water vapour fluctuations due to adsorption and

desorption on the walls of the inlet tube. Goulden et al. (1996) reported, for a closed

path system with an infra-red gas analyser, an underestimation for λE of 20%, for

which they also reported a long term precision of ±5%. Ibrom et al. (2007) showed

that under moist condition the damping in the tube of the water vapour fluctuations

increases. Hence, λE was corrected based on comparison with the measurements of

the Krypton hygrometer for those periods during which κ was measured only by the

closed path system.

The relatively good closure of the energy balance based on daily values, as well

as the good resemblance of the measured and modelled co-spectra of w′κ′ gave confi-

dence to the quality of λE. If closure of the energy balance is used as an estimate of

the accuracy of the measurement, λE derived in this study using an eddy-correlation

system is in summer better than 5% and in winter better than 15%. The error in λE

when using a Bowen ratio system has been estimated for the Edesebos site following
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Fuchs and Tanner (1970). If the error in the Rnet is estimated at 5% and in G0 as

25%, the average error in λE for day time values on a clear day in summer becomes

10%. For a dry day in spring with low humidity differences this error may increase

up to 20%.

5.5 Data quality under wet conditions

For a similar sonic as is used in the present study, Gash et al. (1999) and Van der

Tol et al. (2003) demonstrated that tests on the form of the power spectra of the

different wind components and on the slope of the σw versus u∗ gave no reason to

doubt the functioning of the sonic during rain. This was confirmed by the data of our

study. In addition the co-spectra of w′T ′ were compared for dry and wet conditions

as measured at the pine stand of the Loobos site. Fig. 5.5 shows that for the most

common slightly stable atmospheric conditions found in these regions during showers

a reasonably good agreement with the reference spectra as given by Kaimal and

Finnigan (1994) is obtained. The closed path IRGA that has been employed at the

Loobos site in 1996 continues to measure during rainy conditions. However due to

smearing of water vapour on the inner walls of the inlet tube, λE will in general be

underestimated. Here these data will only be used for comparison purposes and not

to determine actual λE.

Due to these problems with the closed path IRGA, these data can not be used to

check the closure of the energy balance. Also for the open path IRGA the check on

the energy balance closure under wet conditions is limited. The reason is that during

showers the Krypton hygrometer was always shut down automatically in order to

prevent damage to the instrument. Therefore, there are only some λE data available

during light showers and at the start of showers. To investigate the level of closure of

the energy balance for these data, the different components of the energy balance of

1996 for the poplar stand at the Fleditebos site were plotted in Fig. 5.6. Although

the scatter is relatively large (R2 = 0.47), the absolute differences are in the same

order of magnitude as under dry conditions. The energy balance closure expressed

as (λE +H)/(Rnet−G0− J) is for wet conditions 81%, for dry conditions 86%. For

dry conditions, closure of the energy balance varied for the Fleditebos site between

0.86 and 0.99 for the different years. These findings support earlier findings by Gash

et al. (1999) and demonstrate the small effect of rain on the performance of the sonic

anemometer.
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Figure 5.5: Normalised co-spectra of w′T′ as a function of frequency n = fz / u for wet

(P > 0.2 mm 30 min−1) stable conditions during two showers and for dry stable conditions

in the same period measured at the pine forest of the Loobos site.

5.6 Conclusions

Analysis of the fetch conditions (see Table 5.1) shows that for the major wind di-

rection at all sites the origin of the maximum flux is well within the footprint area

of the towers. The Loobos site and the Fleditebos site may be considered most

homogeneous for all wind directions.

From the comparison with the full rotation corrections it followed, that the influ-

ence of the omission of the rotations on λE is negligible, i.e. well below 5%.

The relatively good closure of the energy balance based on daily values (see Fig.

5.3), as well as the good resemblance of the measured and modelled co-spectra of

w′κ′ (see Fig. 5.2) give confidence to the quality of λE. The fact that the closure

of the energy balance for 30 minute data is less good, i.e. > 80%, indicates that a

large part of the uncertainty is in the estimates of the heat storage in both the soil

and biomass.
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Figure 5.6: The sum of turbulent fluxes λE +H plotted against the net radiation minus

the storage fluxes in the soil, vegetation and air below the measurement level Rnet−G0−J .

For dry (left panel) and wet (right panel) conditions in 1996 at the poplar stand of the

Fleditebos site.

If closure of the energy balance is used as an estimate of the uncertainty of the

measurement, λE derived in this study using an eddy-correlation system is in sum-

mer time better than 5% and in winter time better than 15% for the Bankenbos,

Fleditebos and Loobos sites. For the Kampina site the percentage of energy balance

closure in summer time is less good, i.e. the uncertainty is better than 15%.

The uncertainty in λE when using a Bowen ratio system is estimated for day

time values on a clear day in summer as 10%, and for a dry day in spring with low

humidity differences as 20%.

The analysis of the behaviour of the measured wind components with the sonic

anemometer showed the small effect of rain on the performance of this sensor. Also

the limited number of available data from the open path Krypton hygrometer at the

Fleditebos site under wet conditions, showed a reasonably good closure of the energy

balance i.e. better than 80% (see Fig. 5.6), as well as a reasonably good agreement

with the modelled spectra (see Fig. 5.5).

These findings demonstrate the good performance of the sonic anemometer and

thus the relatively good estimates of H under wet conditions. The associated un-

certainty in λE based on the percentage of energy balance closure is better than

20%.


