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Abstract

The disjunct eddy covariance (DEC) method has emerged as a popular technique for
micrometeorological flux measurements of volatile organic compounds (VOCs). It has
usually been combined with proton transfer reaction mass spectrometry (PTR-MS),
an online technique for VOC concentration measurements. However, the determina-5

tion of the lag time between wind and concentration measurements has remained an
important challenge. To address this conundrum, we studied the effect of different
lag time methods on DEC fluxes. The analysis was based on both actual DEC mea-
surements with PTR-MS and simulated DEC data derived from high frequency H2O
measurements with an infrared gas analyzer. Conventional eddy covariance fluxes of10

H2O served as a reference in the DEC simulation. The individual flux measurements
with PTR-MS were rather sensitive to the lag time methods, but typically this effect
averaged out when the median fluxes were considered. The DEC simulation revealed
that the maximum covariance method was prone to overestimation of the absolute val-
ues of fluxes. The constant lag time methods, one resting on a value calculated from15

the sampling flow and the sampling line dimensions and the other on a typical daytime
value, had a tendency to underestimate. The visual assessment method and our new
averaging approach based on running averaged covariance functions did not yield sta-
tistically significant errors and thus fared better than the habitual choice, the maximum
covariance method. Given this feature and the potential for automatic flux calculation,20

we recommend using the averaging approach in DEC measurements with PTR-MS.

1 Introduction

Volatile organic compounds (VOCs) affect tropospheric chemistry mainly through their
reactions with OH, NO3, and O3 (e.g. Koppmann, 2007). Some of them are deemed
major contributors or inhibitors to aerosol particle formation and growth (e.g. Hoffmann25

et al., 1997; Claeys et al., 2004; Hallquist et al., 2009; Kiendler-Scharr et al., 2009),
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thus making VOC measurements essential for the current climate change research.
Globally, natural VOC emissions (about 1150 Tg (C) per year) are estimated approxi-
mately ten times higher than emissions due to human activity (Guenther et al., 1995).

Micrometeorological flux measurements with the eddy covariance method have
yielded fundamental information on ecosystem scale VOC emissions (e.g. Guenther5

and Hills, 1998; Shaw et al., 1998; Karl et al., 2001, 2002; Warneke et al., 2002; Spirig
et al., 2005; Brunner et al., 2007; Rinne et al., 2007). Many of these measurements
have relied on an approach called disjunct eddy covariance (DEC; Rinne et al., 2001;
Karl et al., 2002), which has usually been combined with proton transfer reaction mass
spectrometry (PTR-MS), an online technique for measuring VOC concentrations (e.g.10

Lindinger et al., 1998; de Gouw and Warneke, 2007; Blake et al., 2009). In addi-
tion to theoretical considerations and data simulations (e.g. Kaimal and Gaynor, 1983;
Lenschow et al., 1994), field studies have shown that DEC is a reliable and robust
method for trace gas flux measurements (Rinne et al., 2008; Turnipseed et al., 2009).

Both DEC and the conventional eddy covariance (EC) method have the same basic15

principle. The flux is calculated as the covariance of the vertical wind speed and the
VOC concentration. In the conventional approach, both variables are measured with
fast response instruments at a high frequency, normally 10–20 Hz. In the disjunct ver-
sion, short VOC samples of 0.1–0.5 s are taken at intervals of 1–30 s, resulting in a
disjunct time series. The wind velocity is measured at a high frequency also in DEC.20

Due to the typical response times of less than 0.5 s, the present PTR-MS instruments
are adequate for multi-compound DEC measurements with continuous sampling flow,
sometimes referred as virtual DEC (Karl et al., 2002). The slower instruments require
an additional intermediate sample container for disjunct sampling (Rinne et al., 2001),
or alternatively, high frequency corrections in the post-processing of flux data (Davison25

et al., 2009).
When measuring gas or particle fluxes, a major pragmatic challenge in EC and DEC

is to determine the lag time between wind and concentration measurements, i.e., the
delay caused by the sample transit time through the sampling line. Once the lag time
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has been determined, the time series can be synchronized, and the flux value is given
by the covariance derived from the matched time series. A straightforward lag time
calculation based on the sampling flow and the sampling line dimensions is an inadvis-
able option as the flow often varies, at least during an extended measurement period
(e.g. Shimizu, 2007). Further, the lag time appears to depend on the compound, an5

unpleasant feature for VOC flux measurements. This is suggested by the compound-
specific attenuation of turbulent fluctuations in the sampling line (e.g. Su et al., 2004).

The prevalent solution is to calculate the covariance as a function of lag time, and
then determine the maximum absolute value of the covariance within a reasonable lag
time window (e.g. McMillen, 1988; Aubinet et al., 2000). This method can be automated10

reliably if the maximum is distinct, like in most EC measurements of CO2 and H2O for
instance. However, noisy covariance functions, common in DEC measurements, re-
quire usually visual judgement (Rinne et al., 2007; Davison et al., 2009). Such manual
assessment is somewhat contingent on the person, prone to human errors, and bur-
densome, but it may be the only viable method when measuring small VOC fluxes. Still,15

an automated and objective regime would systematize and hasten data processing.
In addition to the challenging lag time determination, noisy covariance functions in-

flict other hardship on flux calculation. When the lag time is derived from the maximum
absolute covariance, a systematic overestimation of the absolute flux is possible. Of
course, this flaw also afflicts EC measurements relying on such lag time method, but its20

impact is even more harmful in DEC where the signal-to-noise ratio tends to be lower.
This paper addresses the lag time problem, a timely conundrum for many research

groups as the combination of DEC and PTR-MS has emerged as a popular tool in VOC
flux measurements. We present an explicit comparison of five lag time methods and
illustrate how they affect fluxes measured with DEC. We consider two variants of the25

constant lag time approach. Both of them are based on preset values, one calculated
from the sampling flow and the sampling line dimensions, the other representing a
typical daytime value deduced from measurements with distinct covariance function
maxima. We also evaluate the maximum covariance method, which is the habitual
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choice in EC, our new averaging approach, and the visual assessment method. The
averaging approach strives to facilitate automated lag time determination by reducing
the noise in a covariance function. Although our new method is mainly intended for
DEC measurements with PTR-MS, it might be useful for any application beset by noisy
covariance functions, i.e., when measuring fluxes near the detection limit. One current5

application could be EC measurements with the novel PTR-MS instrument equipped
with a time-of-flight mass analyzer (e.g. Blake et al., 2009).

To assess the performance of different lag time methods, we first resort to high fre-
quency H2O measurements by an infrared gas analyzer. In the absence of a direct
reference for our DEC measurements, we simulate them by adding noise to the origi-10

nal H2O data and then converting it into a disjunct time series. This manipulated H2O
signal is thought to resemble a typical VOC measurement by PTR-MS. EC measure-
ments of H2O fluxes are regarded as a reference for this DEC simulation.

Next, we probe how the lag time methods affect actual DEC fluxes measured by
PTR-MS. Given the good correlation between the PTR-MS water cluster ion signal,15

detected at 37 amu (M37), and the ambient H2O concentration (Ammann et al., 2006),
contrasting M37 fluxes with the reference H2O fluxes can shed light on the lag time
problem. Finally, we illustrate the influence of lag time determination on fluxes of two
classic subjects in PTR-MS studies, namely methanol and monoterpenes.

2 Methods20

2.1 Measurements

The SMEAR II (Station for Measuring Ecosystem–Atmosphere Relations II) station of
the University of Helsinki served as the measurement site (for a review, see Hari and
Kulmala, 2005). It was situated at a rather homogeneous 45-year-old Scots pine (Pinus
sylvestris) dominated forest in southern Finland (61 ◦51′ N, 24 ◦17′ E, 180 m a.s.l.). The25

measurements were performed in 9–14 August 2007.
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The procedure of Rinne et al. (2007) was followed in our DEC measurements with
the continuous sampling flow approach. The setup consisted of a sonic anemometer
(Gill Instruments Ltd., Solent HS1199) and a proton transfer reaction mass spectrome-
ter (PTR-MS, Ionicon Analytik GmbH). The flux measurement height was 22 m, about
6 m above the forest canopy. The heated sampling line was 30 m long, 8 mm in inner5

diameter, holding a continuous flow of 17.5 l min−1, and made of Teflon (PTFE). A side
flow of 87 ml min−1 was taken into the PTR-MS through a PTFE tube, which was 1.3 m
in length and 1.6 mm in inner diameter. The wind velocity was measured at 10 Hz and
the data were saved on a different computer than the PTR-MS data. The PTR-MS
measurement cycle lasted 6.6 s and contained 13 masses which were measured suc-10

cessively (Table 1). The sampling time was 0.5 s for each VOC-related mass, 0.1 s for
the primary ion isotopes, and 0.05 s for the water cluster ions. Also the vertical wind
speed was recorded in the PTR-MS data to synchronize the clocks of the computers.
Only every third hour was allocated for the DEC measurements since the PTR-MS
was utilized also in concentration profile and shoot scale emission measurements. Our15

PTR-MS measurement, calibration, and concentration calculation methods have been
described in detail by Taipale et al. (2008).

An infrared gas analyzer (IRGA, LI-COR Inc., LI-6262) was used in the H2O mea-
surements. The data were recorded continuously at 10 Hz on the same computer as
the wind data of the DEC measurements, which enabled the conventional EC measure-20

ments of H2O fluxes. The heated PTFE sampling line was 12 m in length and 8 mm in
inner diameter, and the sampling flow was 13.5 l min−1 (for details, see Keronen et al.,
2003).

2.2 DEC simulation and M37

The DEC simulation was based on the H2O data from the IRGA. To increase noise,25

normally distributed random numbers were added to the original time series. The aver-
age was not changed whereas the standard deviation was increased by about 13–15%.
Figure 1 shows an example of this manoeuvre designed to improve the resemblance
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between the IRGA and PTR-MS measurements. In the later analysis, the manipulated
H2O signal (H2Onoise) was converted into a disjunct time series using the sampling in-
terval of the actual DEC measurements (6.6 s). The simulation results, the DEC fluxes
of H2Onoise, were evaluated against the EC fluxes of H2O.

Although not exclusively dependent on the ambient H2O concentration, the PTR-MS5

water cluster ion signal (M37) can be employed in H2O flux measurements (Ammann
et al., 2006), provided it is routinely calibrated for H2O. Our aim was to study how the
different lag time methods affect M37 fluxes and whether some of them yield better
agreement with the reference H2O fluxes. The only treatment for M37 was the conver-
sion into normalized counts per second (ncps) according to the equation proposed by10

Taipale et al. (2008).
The M37 signal and the H2O concentration exhibited close correlation or great di-

vergence over the 45-min flux averaging time. Typical daytime correlation coefficients
were 0.65–0.90, nocturnal values were below 0.30. Hence the EC fluxes of H2O were
considered a somewhat rough reference and the motivation focused more on the sen-15

sitivity of the M37 fluxes to the lag time methods.

2.3 Covariance functions

A covariance function gives the covariance of the vertical wind speed and the gas
concentration as a function of lag time (e.g. Kaimal and Finnigan, 1994):

F (∆t)=
1
N

N∑
i=1

w ′(i −∆t/∆tw )c′(i ). (1)20

Here, ∆t is the lag time between the wind and concentration measurements, w ′ =
w − w̄ is the momentary deviation of the vertical wind speed from its average, and
c′ =c− c̄ is that of the VOC or H2O mass concentration or the normalized M37 count
rate. The sampling interval in the wind measurements, ∆tw , was 0.1 s and the number
of measurements during the 45-min flux averaging time, N, was 410 in DEC and 27 00025
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in EC.
Covariance functions were calculated in the DEC manner for methanol (M33),

monoterpenes (M137), M37, and H2Onoise, whereas the conventional EC procedure
was used for H2O (Fig. 2). In all cases, the lag time window was ±180 s with a time
resolution of 0.1 s. Before the calculations, three-dimensional coordinate rotation and5

linear detrending were applied to the data using established methods (Kaimal and
Finnigan, 1994). As the sampling time was 0.5 s for M33 and M137, five-point running
averages of the vertical wind speed were used for these masses. The PTR-MS and
anemometer data were synchronized time-wise by finding the sharp maximum from
the autocorrelation function of the vertical wind speed. To make the covariance func-10

tions of M33, M37, and M137 temporally concordant, the actual measurement times of
these masses within the PTR-MS cycle were taken into account.

The flux error estimation was based on the covariance functions. The uncertainty
of a flux value was determined by calculating standard deviations from the lag time
ranges −180 to −160 s and 160 to 180 s (Wienhold et al., 1994; Spirig et al., 2005).15

The average of the standard deviations was multiplied by 1.96 to get the 95% confi-
dence interval for each flux measurement (Rinne et al., 2007). Figure 2 illustrates the
increasing effect of DEC on the flux uncertainty when compared with EC.

2.4 Lag time methods

The crux of this study was the comparison of five lag time methods. One of them relied20

on a theoretical constant value, while in the other methods lag times were determined
directly from the covariance functions. As the motivation was stand-alone DEC mea-
surements with PTR-MS, this straightforward regime was deemed viable. Also more
complex and perhaps better alternatives have been proposed (e.g. Shaw et al., 1998;
Massman, 2000), but usually they require spectral analysis and hence high frequency25

measurements, which makes them unsuitable for DEC.
The lag time methods were based on the following principles (Fig. 3):
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– In the CAL method, the lag time was calculated from the sampling flow and the
sampling line dimensions. It was kept constant throughout the measurement pe-
riod. The values were 2.7 and 7.0 s for the IRGA and PTR-MS measurements,
respectively.

– Also in the TYP method, the lag time was constant over the measurement pe-5

riod. It represented a typical daytime value deduced from the median of five
measurements with distinct covariance function maxima. The lag time was 3.3 s
for H2Onoise, 7.2 s for M33, 8.2 s for M37, and 9.9 s for M137.

– In the MAX method, the lag time was determined from the maximum absolute
value of the covariance function within a given lag time window. This is the preva-10

lent method in EC (e.g. Aubinet et al., 2000). It was applied to the reference EC
fluxes of H2O as well as to the DEC fluxes of H2Onoise using a lag time window
0–20 s. The window was 0–50 s for M33, M37, and M137.

– In our new averaging approach (AVG), the covariance function was first aver-
aged using a five-second running average to make patterns more distinguishable15

(Fig. 3). The lag time was derived from this averaged covariance function using
the MAX method. Although averaging was practised to aid the lag time identi-
fication, the final flux value was always determined from the original covariance
function at the indicated lag time.

– The VIS method rested on manual assessment. The lag time was determined20

visually from a figure showing a covariance function for the lag time range −180
to 180 s. If an unambiguous resolution was impossible, only the flux uncertainty
was calculated.
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3 Results and discussion

The measurement period 9–14 August 2007 contained a fairly wide range of conditions
for micrometeorological flux measurements. The friction velocity peaked typically at
0.5–0.9 m s−1 in the afternoon and was below 0.25 m s−1 between 21:00 and 06:00.
This is a general acceptance threshold for flux measurements at the SMEAR II site5

(Markkanen et al., 2001). The air temperature varied from 16 to 26 ◦C and most days
were sunny, it was raining only on 12 August at noon.

To enable an explicit comparison of the lag time methods, all measurements were
included in the analysis, i.e., no data were filtered out due to the friction velocity thresh-
old or any other quality criterion. A flux measurement was rated unreliable if the flux10

uncertainty exceeded the absolute value of the flux. In VIS, the undetermined fluxes
were afterwards converted into zeros to allow commensurate median calculations.

3.1 Lag times

A survey of the lag times revealed two important features. Figure 4 illustrates the
variation in the lag time of H2Onoise as given by MAX, AVG, and VIS. It also shows the15

lag time of H2O determined with MAX. In general, the daytime values were smaller and
fluctuated remarkably less than the night-time values, although the rainy 12 August did
not fit into this pattern. Also M33, M37, and M137 exhibited quite similar behaviour
(not shown). The substantial hourly and diurnal lag time variation indicates that CAL
and TYP indeed are inadvisable options. This was somewhat expected as constant lag20

time methods are often considered fundamentally flawed (e.g. Massman, 2000).
The lag times of M33, M37, and M137 gave more insight into VOC flux measure-

ments. Their medians differed slightly despite the same measurement setup and the
correction for the actual measurement times within the PTR-MS measurement cycle.
The differences were not statistically significant at the 95% confidence level in MAX25

and AVG, but M33 differed significantly from both M37 and M137 in VIS. The median
lag time was 8.1 s for M33, 9.8 s for M37, and 10.5 s for M137. This suggests that the

414

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/3/405/2010/amtd-3-405-2010-print.pdf
http://www.atmos-meas-tech-discuss.net/3/405/2010/amtd-3-405-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
3, 405–429, 2010

Lag time methods in
DEC measurements

R. Taipale et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

lag time should be determined individually for each compound, a result which has also
been observed in CO2 and H2O studies (e.g. Su et al., 2004; Ibrom et al., 2007).

3.2 DEC simulation results

To assess the performance of the different lag time methods, we resorted to the H2O
measurements with the IRGA. Each lag time method was used to determine the DEC5

fluxes of H2Onoise, the manipulated H2O signal containing added noise (Sect. 2.2). The
EC fluxes of H2O served as a reference (REF) for this DEC simulation.

Regardless of the lag time method, the correlation between the simulated DEC fluxes
and REF was strong. The correlation coefficient ranged from 0.98 to 0.99. Figure 5a
shows the flux statistics by means of a box plot (e.g. McGill et al., 1978). The median10

fluxes were 21, 17, 53, 35, and 46 g m−2 h−1 for CAL, TYP, MAX, AVG, and VIS, while
the median for REF was 37 g m−2h−1. As the notches in the REF box overlap with the
notches in the other boxes, the difference between the reference value and each me-
dian was not statistically significant at the 95% confidence level. The margin between
MAX and CAL as well as MAX and TYP was of borderline significance, otherwise the15

methods produced quite similar results. The interquartile range (from the 25th to 75th
percentile) and the 95% confidence interval of AVG resembled those of REF fairly well.
However, the comparison of the flux statistics did not offer conclusive evidence in favour
of or against any of the lag time methods.

In contrast, the error analysis shown in Fig. 5b reveals substantial information on the20

method performance. The error, defined as the difference between the simulated DEC
flux and the reference EC flux, had a wide range in each case, but the interquartile
range was more reasonable. The median errors were −5.9, −3.4, 5.8, −0.074, and
2.0 g m−2h−1 for CAL, TYP, MAX, AVG, and VIS. As illustrated by the notches, the
median error of MAX was significantly higher than the other values, and both CAL25

and TYP had significantly lower medians than AVG and VIS. Despite the wide error
dispersion, AVG had the smallest interquartile range, indicating that it was the most
precise of the five methods.
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We can conclude that the median error of AVG did not differ from zero at the 95%
confidence level. CAL and TYP underestimated the absolute fluxes and MAX was
prone to overestimation. The situation was somewhat ambiguous for VIS, but it fared
better than CAL, TYP, and MAX. As MAX is based on the maximum absolute covari-
ance, it gave rather systematically higher or lower values than the reference depending5

on the direction of the flux. This overshooting might explain why MAX had such a high
median error. Unlike the other methods, MAX could resolve the flux reliably in all mea-
surements, in the sense that the absolute flux exceeded the flux uncertainty. Rather
than providing confidence, this probably just reflects the excess nature of the method.

In summary, the DEC simulation indicated that AVG should be regarded as a promis-10

ing alternative for lag time determination in DEC measurements. Also VIS can serve
as a sound lag time method, provided that the amount of data is reasonable. The over-
shooting character of MAX may cause a considerable positive bias to the absolute flux
in DEC measurements where covariance functions tend to be noisy (Fig. 2).

3.3 Sensitivity of DEC fluxes15

Figure 6 illustrates the effect of the lag time methods on the actual DEC measurements
with PTR-MS. The flux range due to the methods varied notably during the measure-
ment period. It was 20–6100 ncps m s−1 for M37, 6.5–560 µg m−2h−1 for M33, and 19–
410 µg m−2h−1 for M137. Despite the high momentary deviations, the median fluxes
did not differ statistically, except for M137. For it MAX produced a significantly higher20

result than CAL, TYP, and VIS, while the 95% confidence interval of AVG overlapped
with those of all the other methods.

The correlation between the DEC fluxes of M37 and the EC fluxes of H2O was good
for each method (Fig. 6a). The correlation coefficient varied between 0.57 and 0.79.
The differences were not significant at the 95% level, so the correlation analysis did25

not yield a conclusive result. Like in previous studies (Rinne et al., 2007; Davison
et al., 2009), the covariance function of M37 had a visible maximum in most daytime
measurements, but the maximum was often indistinguishable at night. Sometimes VIS
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failed for M37 but not for M33 and M137, or then their lag times differed substantially
(Sect. 3.1). Hence it appears that M37 has limited feasibility to act as a tracer in the
lag time determination, despite its high potential due to the close correlation with H2O.

Although not strictly statistically significant, MAX gave the highest median consis-
tently for M37, M33, and M137. As in the DEC simulation, it produced only results that5

could be rated reliable. This deceptive feature was again due to the maximum-oriented
principle of the method.

Based on the flux sensitivity analysis and the DEC simulation, we recommend to be
careful when applying MAX to DEC measurements of VOCs. It can cause a remarkable
positive bias, even to the median flux, since VOC emission is normally much higher10

than deposition. We suggest using AVG instead of MAX as the averaging approach
does not have such strong appetite for overestimation. Further, AVG is a convenient al-
ternative to VIS as it makes flux calculation more systematic and less labour-intensive.

4 Conclusions

We presented a straightforward comparison of five lag time methods to assess their15

applicability to DEC measurements with PTR-MS. According to the DEC simulation,
the constant lag time methods had a tendency to underestimate the absolute values
of fluxes, whereas the maximum covariance method was prone to overestimation. The
visual assessment method and the averaging approach did not yield statistically signif-
icant errors.20

The flux sensitivity analysis indicated that the individual measurements were rather
sensitive to the lag time methods, but typically this effect averaged out when the median
fluxes were considered. Although not always significant, the maximum covariance
method consistently produced the highest medians, thus reflecting the excess nature
of the method. The feasibility of the constant lag time methods was questionable,25

as expected, due to the substantial lag time variation over time. The variation within
compounds illustrated the importance of compound-specific lag time determination.
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It would be absolutely cavalier and blatant to advertise our new averaging approach
as flawless and beyond compare. However, this study demonstrated that it can reduce
the bias somewhat when contrasted with the customary choice, the maximum covari-
ance method. Given this feature and the potential for automatic flux calculation, we
recommend using the averaging method in DEC measurements with PTR-MS.5
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Table 1. PTR-MS measurement cycle in the DEC measurements, the compounds contributing
to the measured masses, and the PTR-MS integration times. The cycle length was 6.6 s.

Protonated mass [amu] and Formula Dwell time
contributing compound(s) [s]

21 water isotopes H 18
2 O∗ 0.1

31 formaldehyde CH2O 0.5
33 methanol CH4O 0.5
37 water cluster (H2O)2 0.05
45 acetaldehyde C2H4O 0.5
59 acetone C3H6O 0.5
69 isoprene C5H8 0.5

methylbutenol fragment
81 monoterpene fragments 0.5

hexenal fragment
87 methylbutenol C5H10O 0.5
99 hexenal C6H10O 0.5

101 cis-3-hexenol C6H12O 0.5
hexanal C6H12O

113 0.5
137 monoterpenes C10H16 0.5

∗the most abundant isotope
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Fig. 1. Example of the original H2O measurements with the IRGA and the corresponding ma-
nipulated signal containing added noise (9 August 2007 12:00–12:45). The standard deviation
of H2Onoise is 14% higher than that of H2O.
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Fig. 2. Covariance function of H2O calculated in the EC and DEC manner (9 August 2007
12:00–12:45). The comparison illustrates how DEC increases the noise and thus the flux un-
certainty. The shaded areas show the lag time ranges used in the uncertainty estimation, which
was based on the standard deviations of the covariance function. Note that only the EC fluxes
of H2O were used as a reference in the DEC simulation (Sect. 2.2). The DEC version of the
covariance function of H2O is a mere illustration.

425

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/3/405/2010/amtd-3-405-2010-print.pdf
http://www.atmos-meas-tech-discuss.net/3/405/2010/amtd-3-405-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
3, 405–429, 2010

Lag time methods in
DEC measurements

R. Taipale et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

0 5 10 15 20 25 30

100

200

300

400

Lag time [s]

M
13

7 
flu

x 
[μ

g 
m

−
2  h

−
1 ]

CAL

TYP

MAX

AVG

VIS

 

 
Original
Averaged

Fig. 3. Principles of the lag time methods illustrated with a covariance function of M137 (11
August 2007 12:00–12:45). The calculated (CAL) and typical (TYP) constant lag times were 7.0
and 9.9 s. In the maximum covariance method (MAX), the lag time was 10.5 s. The averaging
approach (AVG) yielded a lag time of 11.7 s, which was determined from the maximum of
the averaged covariance function. However, the final flux value was derived from the original
covariance function. The visual assessment method (VIS) gave a lag time of 11.0 s.
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Fig. 4. Lag time of H2Onoise as given by the five lag time methods (Sect. 2.4). The lag time of
H2O (REF) was determined with MAX. The EC fluxes of H2O served as a reference in the DEC
simulation (see Fig. 5).
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Fig. 5. DEC simulation results. Panel (A) gives the statistics of the DEC fluxes of H2Onoise and the EC fluxes of
H2O. Panel (B) shows the error analysis. The DEC fluxes were calculated using the five lag time methods (Sect. 2.4).
The error was defined as the difference between the simulated DEC flux and the reference (REF) EC flux. The line
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95% confidence interval for the median. If notches of two boxes do not overlap, the difference between medians is
statistically significant.
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Fig. 6. Range of the M37, M33, and M137 fluxes determined with the five lag time methods
(Sect. 2.4). The numbers show the median fluxes and (A) the correlation coefficients between
the M37 flux and the reference H2O flux.
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