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Abstract

Under ideal or near-ideal conditions, the eddy-covariance (EC) method is a
widely used technique in the measurement of sensible heat, water vapor, and CO-
fluxes. Nowadays, adapting the EC method to complex terrain measurements is a
challenging topic. It is necessary to examine whether measurements from single
eddy covariance system can represent the flow properties of turbulence at complex
terrain. The experimental site in this study is located in a valley covered with
57-year-old Cryptomeria plantation at Sitou, Taiwan. The weather is warm and
humid through the whole year. The elevation of this area is from 800 to 2000 m
above sea level, and the averaged slope is 13.6 degree. The results showed that
almost all the coefficient of spatial variation (CV) values for surface fluxes in this
study are less than 15%. Moreover, the values of CV in the daytime are smaller than
those in the nighttime. This indicates that the flow variables are more homogeneous
during daytime. It is noted that the spatial variability of water vapor flux is larger
than those for sensible heat and CO, fluxes; this may due to the complex
sources/sinks distribution of water vapor in this site. Under unstable condition,
vertical and horizontal wind velocities meet the Monin-Obukhov similarity theory
(MOST) predictions, though the similarity constants at different locations are not the
same. For scalar variances, temperature follows MOST well, CO, meets it fairly,

but water vapor does not follow the MOST predictions for all the three locations.

Keywords: Surface fluxes, Spatial variance, Coefficient of variance, Similarity theory,

Complex terrain
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1 Introduction

Surface fluxes of temperature, water vapor and carbon dioxide concentration are
important parameters for understanding the interactions and energy/mass transport
processes between land-surface and atmosphere. The surface fluxes — the exchange
of heat, mass and momentum at the surface — are controlled with turbulent exchange
in the surface layer.  Under nature chaotic and unpredictable variations,
understanding and measuring turbulence had difficulties in handing the mathematical
description and difficulties in measurement. Over the past 40 years, in the
mathematical description, in brief, the conservation equation provides the basic
framework for measuring and interpreting flux measurements with two most
important assumptions which are horizontal homogeneity and steady-state (Gockede
et al.,, 2004). Based on the assumptions, despite the complicity of the turbulent
structure, the statistical description of turbulent is commonly assumed varying in
vertical (z) direction (Wilson and Shaw, 1977; Moritz, 1989; Raupach et al., 1996;
Katul et al.,, 1999). Moreover, in measurement, G. . Taylor may be the earliest
attempted to make quantitative measurements of atmosphere turbulence in 1917 and
suggested that turbulence might be considered to be frozen as it passes a sensor in
1938 (Stull, 1988). Taylor’s hypothesis, which is necessary for measurement made
in time at a fixed point, be utilized when the turbulent eddies evolve with a timescale
longer than the time of eddies pass a sensor (Garratt, 1992). According to these
simplification, there were many methods for quantifying fluxes have been developed,
including the eddy-covariance method, the dissipation method, the surface renewal
method and the profile method. Among the various methods, the eddy covariance
method is the most widely used technique for measuring surface fluxes in the

FLUXNET network (Baldocchi et al., 2000; Hsieh et al., 2008).



In the eddy covariance method, the covariance of wind velocity and
concentration of scalar of interest (e.g. temperature, water vapor, or carbon dioxide)
are sampled with high frequency at one point above the surface or the plant canopy.
Even though it is simple to acquire data that is necessary for the eddy covariance
method, the rigorous requirements of eddy covariance are demanding even for ideal
sites. In 1960s, this method was simply performed in very uniform, flat grass land or
crop. However, now experimental site could be extended to complex terrain such as
tall forest, valley or urban, and the measure time were lengthened form short-term
campaigns to long-term monitoring. The application of the eddy-covariance method
under relative complex terrain conditions, especially for continuous long-term
monitoring, is still a major challenge (Baldocchi et al., 2000; Hollinger et al., 2004;
Hiller et al., 2008). Because of just one point measurement, the spatial variability is
an imperative issue to examine whether single-tower turbulence statistics represent
the flow properties of turbulence (Katul et al., 1999; Wilson and Meyers, 2001). A
recent study in a uniformly-aged pine plantation of Duke Forest settled seven
eddy-covariance systems at 15.5 meters heights at seven separated towers. The
mean canopy height was 14 meters. Results collected four continuous days were
shown that the stable minima of the coefficient of spatial variation (CV) of variables
were reached at the averaging interval of 6-7 hours during daytime and the values of
the stable minima CVs were around 0.09 — 0.11 for sensible heat, latent heat and
carbon dioxide flux (Oren et al., 2006). Another experiment was conducted with
two towers in a conifer- dominated forest (Hollinger et al., 2004). It is noted that the
footprints of the two measured systems were no overlapping. However, the
comparing results made at high temporal resolution suggested that the carbon dioxide

flux differed by 0.11 (11%) and the latent heat flux by 0.15 (15%). Particularly



long-term monitoring of water vapor and CO, fluxes under less-than-ideal conditions
has yet fully explored. Hence, more studies are needed for investigating the spatial
variability to confirm the representativeness of a single eddy covariance system above
the canopy in measuring the flow properties of turbulence under relative complex

terrain and ecosystems such as tall forest.

The object of this study is to examine whether single eddy covariance system
measures represent the flow properties of turbulence above a Cryptomeria humid
forest with a slope of 13.6° inclination in Sitou, Taiwan. In this study, sensible heat,
latent heat and carbon dioxide flux and the turbulence statistics were collected.
Specifically, the spatial variability of the turbulence statistics and flux-variance
similarity relationships are analyzed. For conducting the study of the spatial
variability, we used two towers (A, B) setting three eddy covariance systems (heights:
A at 28 m, B at 32 m and 40 m) within a 1000-m by 800-m Japanese Ceder
(Cryptomeria Japonica) plantations (averaging height = 27 m) at Sitou, the national
Taiwan university experimental forest in Nantou, Taiwan. High frequency
measurements of velocity, water vapor and carbon dioxide concentrations were
simultaneously collected from three eddy covariance systems from July 23, 2009 to

April 30, 2010.



2 Experiment
2.1 Site Description

The Sitou site is located at the National Taiwan University Experimental Forest
in Nantou, Taiwan. Sitou terrain is a valley surrounded by mountains on its three
sides. Ling-Tou Mountain, the highest mountain in the south, extends to the north
and connects to Feng-Huang mountain range, which forms the east mountain
boundary. Ling-Tou Mountain also extends to the west to Nei-Shu and turns to the
north, forming the south and west mountain boundaries in this area. The area of
Sitou is around 2,500 ha at an altitude ranged from 800 to 2000 m. This
experimental forest can be categorized as three different main zones - the forest
plantation (954 ha), the natural forest (509 ha), and the bamboo forest (728 ha). The
measurement towers, A and B, were set up in 57-year-old Japanese Cedar
(Cryptomeria japonica) forest plantation within the experimental forest. The area of
this Japanese Cedar forest plantation is up to 80 hectares with a average slope of 13.6°
as Figure 1(a) shows. The average canopy height is approximately 27 m. Figure
1(b) shows a hilltop-toward-valley view of the experiment region from Google Earth.
In Figure 1(b), Tower A and B are presented as the blue and yellow marks,
respectively. The location of tower A is 23°39°50.1”N, 120°47°46.4”E and 1252 m

above sea level. 64 m from the tower A, the location of tower B is 23°39°51.09”N -~

120°47°44.57”E and 1233 m above sea level. The heights of tower A and B are 35

m and 40 m, respectively.

The climate of Sitou belongs to AB'ra' type, which is based on the Thornthwaite
climate classification, means a warm and humid weather. The annual average

temperature and the annual average rainfall are 16.6 °C and 2,635.18 mm, respectively.



Within this humid experimental region, fogs often appear in the afternoon in fall and
winter and the average relative humidity is nearly 86 % or more. (The data were given
by Sitou meteorological station). Table 1 shows brief site description mentioned

above.
2.2 The Instruments and Data Logging

For analyzing the study of the spatial variability, there are three eddy covariance
systems set up on two different towers. The following is the description of the

instruments that is used to conduct the experiment.

Tower A is equipped with one open-path eddy-covariance system at 28 m above
ground surface. The eddy-covariance system is consisting of a three-dimensional
sonic anemometer (CSAT3, Campbell Scientific, INC., USA) pointing towards north
and an open-path infrared gas analyzer (LI-7500, LI-COR, USA). There are two the
same open-path eddy-covariance systems on Tower B at 40 m and 32 m. The 10 Hz
analog signals are simultaneously gathered by a data logger (CR3000, Campbell
Scientific, INC., USA) each tower. Not only are the 10 Hz raw data collected, also
the values of mean and covariance of 10 Hz analog signals are calculated for every 30

minutes by the data logger. Then the data loggers transmit the results to computers.

Additionally, a net radiometer (NR-LITE, Campbell Scientific, INC., USA) and
a rain gauge (TES525MM, Campbell Scientific, INC., USA) are installed at each
tower- 27.5 m for tower A and 30 m for tower B -for measuring net radiation and
precipitation. Two temperature and relative humidity probes (HMP45C, Campbell
Scientific, INC., USA) and one the precision infrared temperature sensor (IRTS-P,
Campbell Scientific, INC., USA) are installed at each tower. The heights of

temperature and relative humidity probes at tower A are 13 m and 28 m. At tower B,



they are placed at 32 m and 40 m above the ground. The precision infrared
temperature sensors aim at the canopy to collected average leaves temperature data
and its height at tower A and B are 28 m and 30 m.  All the sensors mentioned above
are connected to a data logger each tower (CR23X, Campbell Scientific, INC., USA).
The data logger captures signals each 30 seconds that afterwards are averaged for
every 30 minutes. Different from the way that we average the data, total amount
precipitation is recorded every 30 minutes. A brief description of the instruments is
presented in Table 2. Figure 2 is shown the diagram of the installation of towers.

Some photos of the experiment are presented in Figure 3.



3 Theory and Method
3.1 The Monin-Obukhov similarity theory

The Monin-Obukhov similarity theory (MOST) is a scientific theory applied to
the surface layer. The surface layer is defined as the part of the boundary layer
where the fluxes vary by less than 10% of the magnitude with height. The important
assumptions implied in the MOST are that (1) the flow is horizontal homogeneous, (2)
the flow is in steady state and (3) the turbulent fluxes of heat and momentum are
independent of heights (Arya, 1998). If the flow properties of the surface layer
conform to all assumptions, this surface layer is also called a constant layer.
According to these assumptions, the use of MOST is limited by the validity only in
the surface layer above the roughness sublayer and is limited to homogeneous surface

(Foken, 2006).

This theory describes the relationship between the vertical behavior of
non-dimensional mean flow and turbulence properties within the atmospheric surface
layer. The similarity functions of wind velocities and scalars can be presented as a

function of the thermal stability { :

Under stable condition (¢ > 0):

for horizontal wind 2 = C, + C,({) (1)

for vertical wind Tv = C +C,(0) )
o Nl

for scalar L=C[1+C,(-0)]° 3)

s



Under unstable condition ({ < 0):

1
O-u

for horizontal wind =C, -[1+C,(-O)P 4)
o 1

for vertical wind v =C,-[1+ C,(-O)7 (5)
o -~ A

for scalar L=C,(-0) 3, C;=CC, 3 (6)

*

Under neutral condition ({ ~ 0):

for horizontal wind 2« = C (7)
U,

for vertical wind % =, (8)
U,
o

for scalar —= i 9)
X.

where C;, C; and C; are the similarity constants. o,, o, and o _ are the standard

w

deviations of horizontal, vertical wind and scalar x, u.is the friction velocity defined

[—2 — ) w'x' ) -
as u, =Nu'w" +v'w , Xx 1s defined as x. = . (is the thermal stability

U

defined as { = (%) , in which L is the Obukov length, z is the measurement height,

and d is the zero-plane displacement height (= 0.65h, h is canopy height). The

3
Tu.

Obukov length L is defined as L =———
k . g . W't'

, where T is the air temperature (K),

k (=0.4) is the von Karman constant, and g (= 9.8 m s™) is the gravitational

acceleration.

The Monin-Obukhov similarity theory (MOST) was proposed as a hypothesis in

8



1954. In the last 60 years, empirical evidence from filed experiments conducted
over flat terrain points to a surface layer where the structure of turbulence is
determined by the Monin—Obukhov key parameters. The results shows that the more
flat and uniform the terrain is, the nearer to 1 the value of C will be. In this study,
the fluxes are measured by the eddy covariance method above non-ideal terrain. For
checking the validity of the measured results, the MOST may suitable for test. The
test focuses on examining whether single-tower turbulence statistics represent the

flow properties of turbulence in the sloped tall forest.

3.2 Tools for Analysis

The coefficient of spatial variation (CV) of a variable x considering with time

interval is defined as (after Katul et al., 1999, Oren et al., 2006)

JIx(t)- < x(t) >

|< x(1) >|

CVx(t) = (10)

where t is the period of averaging time. The minimum t is 30 minutes. The overbar

in the equation represents time averaging, and <.> represents spatial averaging.

<x(t)> is the spatial mean of x and \/ [x(t)- < x(t) >]" is the spatial standard
deviation of x. Noted that when spatial mean of x approach to 0, the value of CV

can become ill with spuriously large.

To eliminate the limitation of CV, the relative variation parameter (RV) is

proposed (Katul et al., 1999).

JIx()- < x(t) >T
< x(1) 5|+ [x(1)- < x(2) >

RVx(t) = (11)

RV is well bounded between 0 and 1. When the spatial standard deviation of x

approach 0 (<x(t)>#0), then RV will be near zero. If the spatial mean of x approach



to 0, RV will approach 1. If a flow variable is planar homogeneous, RV will be near
zero. In the limited range, it is easy to set a standard to assess the degree that a flow

variable changed with space.
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4 Results and discussion

To examine whether measurement of a single eddy covariance system represents
the flow properties of turbulence above this sloped Cryptomeria humid forest,
sensible heat, latent heat and carbon dioxide flux and the turbulence statistics were
collected from three eddy covariance systems. In this section, we discuss the time
series of environmental statistics and comparisons of flow statistics between three
measured locations first. Then, the temporal and spatial variability of the turbulence
statistics are analyzed. Also, the homogeneity of similarity relationships is

examined.

4.1 The Time Series of Environmental Statistics and Comparisons of Flow

Statistics

Figure 4(a), (b) and (c) shows the time series of sensible heat, latent heat and
carbon dioxide flux (H, LE and Fco,) for three days, respectively, from day 335 to
338, 2009. The changes in three fluxes are following the trend of net radiation.
The diurnal patterns of fluxes are regular and typical that these three fluxes have the
maximum values around noon. Sensible heat and carbon dioxide flux recorded
simultaneously at three locations are similar. Difference in latent heat flux is larger
than sensible heat and carbon dioxide flux. The time series of standard deviations of
friction velocity u«, horizontal and vertical wind velocity, temperature, water vapor
and carbon dioxide are presented in Figure 5 and 6. It is clear that the diurnal
change is less significant and less regular than of the fluxes, particularly of scalars.
Especially, it seems that the variation of o4 1s time-independent as shown in Figure
6(b). It is noticed that the half-hourly values of u« in the daytime usually larger than
at night. This indicates that the atmosphere mixing at night is usually poorer than in
the daytime. Moreover, the values of ux measured at tower B at 40 m at night are

11



much smaller than the values measured at other two locations. We suggest that the
atmosphere mixing degree at higher (at tower B 40 m) and lower (at tower A 28 m

and at tower B 32 m) measured points might different in the nighttime conditions.

Next, comparisons of flow statistics between three measured locations are
discussed. We assumed that the coefficient of determination from linear regression
analysis as R? over 0.7 (in linear regression, R” is the square of r, Pearson’s correlation
coefficient) is considered as highly correlated linearly existed between variable from
two measured points. During daytime, the highly linearly relationship are found in
all compared variables recorded at the tower B at 32m and 40m. The linear analysis
results are shown in Figures 7(a) — 15(a). Half-hourly data are nearly identical as
indicated by the slopes close to 1 with high R* values ( > 0.8). The comparisons of
the flow statistics also show high linearly relationship between measured at the tower
B at 32m and at the tower A at 28m in Figures 7(b) — 15(b). It should be noticed that
the linear regressions of the variables which are related to water vapor and carbon
dioxide are almost with lower R” values. The phenomenon of the scatters spread out
can be found in Figure 8 of LE, Figure 9 of Fco, and Figure 15 of 6.. The linear

analysis results are listed in Table 3.

At night, the comparisons of sensible heat, latent heat and carbon dioxide fluxes
as shown in Figures 16-18, the scatter is obvious. The coefficients of determination
for these fluxes at night are lower than that in the daytime. This effect may due to
the poorer atmosphere mixing at night. Because of the poor atmosphere mixing, the
relationship of latent heat and carbon dioxide flux at three locations is not significant.
However, the deviation for u= in the slope of the relationship between tower A at 28 m
and tower B at 32 m made in the day or at night were similar (0.82 v.s. 0.79) with

similar R? values (0.8 v.s. 0.78). It indicates that the measured locations of tower A
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at 28 m and tower B at 32 m are in the same atmosphere condition all day. For the
measured locations of tower B at 40 m, the atmosphere condition as of tower A at 28
m and tower B at 32 m is just the same in the daytime and differ at night. The
different also display in the standard deviations. The linearly relationship of the
standard deviations (the slopes and the values of R?) between measured points at
tower A at 28 m and at tower B at 32 m is no significant under daytime and nighttime
conditions. But the linearly relationship between measured points at tower B at 40 m
and at tower B at 32 m at night is poorer than the relationship in the daytime. All the
comparisons under nighttime are shown in Figures 16-24 and the results are

summarized in Table 4.
4.2 Temporal Variability of Flow Statistics

Katul et al. (1999) discussed the spatial variability of the turbulent flow statistics
with half-hour averaging interval and demonstrated that it varied in time. Wilson

and Meyers (2000) also asserted that the coefficients of variance (CV) of turbulent

fluxes (w'x') and standard deviation of turbulent fluctuations (o ) are strong

time-dependent parameters in the eddy covariance method used below the canopy.
Variability between systems decreased as the averaging period is increased. When
the mean sampling period lengthen to 48 hours, CV values were performed as the
minima and almost no further reduced with longer mean period (Figure 7 in Wilson
and Meyers, 2000). Oren et al. (2006) suggested that there was a stable minimum of
the spatial CV that was independent of further lengthening the averaging time. The
stable minima CVs were reached at the averaging interval of 6-7 hours during daytime.
Compared with the analysis of Katul et al.(1999), in which the spatial CVs were
stated at high temporal resolution (half-hourly), the stable minimum CV might

exclude micrometeorological sampling errors and is just dependent on the variability
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of ecosystem structural properties (Oren et al., 2006).

In this study, we used five days data to investigate the difference of the spatial
variability of statistics between the different averaging intervals. Data are separated
to daytime (6 hours) and nighttime (8 hours) without transition periods, because data
represent the biological sources and sinks much more reliably during daytime than
nighttime (Staebler and Fitzjarrald, 2004). As Figures 25 (a) and (b) shown, in the
daytime (am 9:00 — pm 3:00), the CV values of the fluxes and standard deviations of
wind velocities and scalars (e.g. for temperature, or) are decreasing and reach to
stable asymptotic values after about 6 hours. When at the six-hours time scale, the
values of CVs did not exceed 0.1, except LE (0.22) and oy, (0.13). It is similar to
Oren et al.(2006) that the stable minima CVs reached at the averaging period of 7
hours during daytime. There were no statistical different in the averages of the
turbulence variables when averaged over 6-7 hours. However, for normalized
standard deviations, we only find the decline trend presents in vertical and horizontal
wind velocities. The patterns of normalized standard deviations of scalars shown in
Figure 25(c) are not stabilizing throughout 30 hours. During nighttime (pm 9:00 —
am 5:00), CV reduction also works well on standard deviations of wind velocity and
scalars though the integral average time need more than 20 hours (Fig. 26(b)). It
should be noted that if the average of flow variable approach to 0, the value of CV can
become ill with spuriously large (Katul et al., 1999). This irregular phenomena are
found in Figures 26 (a) and (c) for variables of water vapor and carbon dioxide (i.e.
LE, Fco,, 64/q+ and o./c+). The results of CV values are shown in Tables 5 and 6

under daytime and nighttime.

To eliminate the limitation of CV, the relative variation parameter (RV) is

proposed (Katul et al., 1999). Based on the trend in Figure 27(a) and (b), during
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daytime, the trend of RV with fluxes and standard deviation of variables is similar to
that of CV in Figure 25 but with smaller values. It is surprising that the trend of the
normalized standard deviation of scalars is still irregular whether in the daytime or at
nighttime (Figure 27(c) and 28(c)). Moreover, in our study, RV of LE and Fco,
does not vary to stable asymptotic over 30 hours during night time. This is contrary
to the finding of Oren et al. (2006) which the CV of Fco, stabilized after 14 hours and
of LE stabilized after 18 hours. This condition may due to the fact that the average
time for CV or RV reaching stabilized is place-dependent. The results of RV values

are given in Table 7 and 8 under daytime and nighttime.

In general, the decline of the CV and RV values associated to wind are little,
even could obtain the minima values at high temporal resolution (half-hourly). This
condition is also adapted in normalized standard deviation of wind. It may be a
consequence of the fact that the ability of planer homogeneous in wind field exists in

this sloped tall forest.
4.3 Spatial Variability of Flow Statistics

The following discussion of the spatial variability in environmental variables and
fluxes includes the values of CV during daytime (am 9:00-pm 3:00) and RV during

nighttime (pm 9:00-am 5:00) at high temporal resolution (30 minutes).

Due to the highly relations on all flow variables between three systems are
pointed out formerly, we observe the CVs of all variables to find and assumed that it
is spatial similarity when the value of CV under 0.15. Based on the CV results in
Table 9 for daytime condition, it is clear that the CV value of o is the smallest (CV =
0.06), consistent with Wilson and Meyers (2000), both when systems separated

horizontally and vertically (Table 11). In terms of standard deviations have closely
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spatial variability (~0.12). The CV value of surface fluxes, H, LE and Fco, are 0.12,

0.17 and 0.13. The rank of spatial variability of fluxes is LE > Fco, = H, consisting

with the rank in Oren et al. (2006) in Duke Forest (<5% slopes, six towers) and
Hollinger et al. (2004) in Howland forest (two towers with no overlapping footprints).
It is common consent that heat may appear more uniformly transported than water
vapor and carbon dioxide. The relationship between the turbulent flux above the
canopy and sources or sinks form the canopy foliage and the ground flux differences
should be considered, therefore the spatial variability of mass fluxes is usually larger
than heat flux (Katul et al., 1999). Moreover, all the ranking results point to the
same conclusion that the local sources or sinks of water vapor and carbon dioxide are
not totally the same. It may be interpreted through the variability of the different
physiological mechanism of the stomata. Moreover, the spatial variability of LE is

larger than that of H and Fco, may due to complex sources or sinks of water vapor.

In fact, the CV values of the standard deviations and fluxes are similar and
smaller than normalized standard deviation of wind and scalars. Though the CV
values of normalized standard deviation of wind and scalars are presented as
dissimilarity of space, they will be test with the Monin-Obukhov similarity theory

next part.

Under night condition, it is noted that the RV values of group variables, of the
standard deviations are smaller than of the fluxes and normalized standard deviation
of wind and scalars scale (Table 10). The RV values of wind are still almost the
smallest (6,=0.10 and o,, =0.07) in three group variables separated. This implies
that the wind filed might be homogenous not only of daytime but of night.
Transportation of heat could assume be similar according to the enough small RV.

Compared the mass fluxes during daytime, the RV values are about three or four times

16



of daytime. The small space variability depends on the good atmospheric mixing
(Hollinger et al., 2004). The heterogeneity of the vapor and CO; fluxes may
attribute to not only the complex terrain and non-uniform rising temperature but also

non-uniform sources or sinks.

4.4 Homogeneity of Similarity Relationships

Though the use of MOST is limited by the validity only in the surface layer
above the roughness sublayer and is limited to homogeneous surface (Foken, 2006).
However, above tall forests, long-term surface fluxes are commonly limited to
measure within roughness sublayer (RSL). The roughness sublayer is the region at
the bottom of the boundary layer where the presence of the canopy impinges directly
on the character of the turbulence (Kaimal and Finnigan, 1994). The roughness
sublayer typically ranges from the mean canopy height h to 3h.  In the previous
studies as shown in Table 13~15, within roughness sublayer, the similarity constants
at different locations may not totally the same but with similarity trends. Now the
MOST is widely applied to different terrains and ecosystems. This similarity theory
describes the relationship between the vertical behavior of non-dimensional mean
flow and turbulence properties within the atmospheric surface layer.

The simplifying assumptions implied in the MOST are mainly that the flow is
horizontal homogeneous, quasi-stationary and the turbulent fluxes of heat and
momentum are independent of heights (Arya, 1998). According to the
Monin-Obukhov hypothesis, atmospheric parameters and statists, such as variances
and covariances, when normalized by appropriate powers of the scaling velocity ux
and the scaling scalars (e.g. T+, q+ c+), become universal functions of stability
parameter z/L. (Kaimal and Finnigan, 1994). The characteristic is presented on the

Monin—Obukhov key parameters, C;, C, or Cy, that should be determined empirically
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from practical observations. The MOST may be a suitable test for non-ideal surface
to examine the ability of homogeneity. If the ability of homogeneity is confirmed,

then the validity of the measured results can assure.

For daytime (H>30 W m™) under unstable condition, the variances of horizontal
and vertical wind velocity with the stability parameter  are shown in Figures 29 and
30, respectively. The Monin—Obukhov key parameters C; and C, of Equations (1)
and (2) are obtained by regression analysis with the least squared method. In Figure
29, the horizontal wind velocity with the suggested function Equations.(1), results in
(a) C, = 1.40 and C, = 3.46 with R*=0.79 at tower B at 40 m, (b) C; = 1.42 and C, =
3.19 R*= 0.79 at tower B at 32 m, and (c) C; = 1.78 and C, = 1.28 with R?>= 0.86 at
tower A at 28 m, respectively. Though the performances of the normalized
horizontal wind velocity have trends with the regress function, they are scatter. o,
/ux may not totally follow the MOST. For comparison with other study, it seems
that the scatter of o,/u+is a common phenomenon. In Table 13, we can see that
there are the difference of the key parameters C; among different experiment is large.
Comparison between the experiments, the magnitude of 6, /u« in our study is smaller

than others. The summarized resulting is listed Table 12(a).

In comparison with o, /us, oy /u+ is more fit to the normalized regression
function. Their normalized function are 0.85 [1+3.71 (—C)]m, 0.91[1+3.75 (—C)]l/3
and 0.79 [1+3.82 (—C)]l/ 3 for tower B at 40m and 32m, and tower A at 28m with high
R? (~96%), respectively (Fig.30(a), (b) and (c)). For the vertical wind velocity, good
results are found under unstable condition. = Moreover, the spatial averaged of the
estimated parameters for oy/ux are C;=0.85 (+£0.04) and C,= 3.76 (£0.04). That is,
the performances of the variances of vertical wind velocity with the stability

parameter  are no significant different in this experiment.
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Different experimental values were found in the literature and shown in Table
13. Noted that the values of C; gather in a small range: 1.07 to 1.25, however, the
values of C, vary form experiment to experiment. Though the magnitude of oy, /u=
in our study is smaller than those from other experiments as of o, /u«, it just
represents the characteristic of this experimental site. Because of the
Monin—Obukhov key parameters, C; and C, are determined empirically from
practical observations. Additionally, Pattey et al. (2002) assumed that c,/u+ may be
affected by the types of sonic anemometers, especially with one with longer path
length due to loss of covariance between u and w. The key point is the trend and the
scatter of the normalized variable show good fit with universal function forms

according to the Monin—Obukhov similarity theory (MOST).

To character normalized standard deviation of scalars such as temperature, water
vapor and CO;, the functions of the stability parameter are developed as the -1/3
power law with each characteristic constant Cx as Equation (3). The values of Cy
are estimated with records within the free convection limit (- > 1). Measured o1/T+
exhibits a strong -1/3 law dependent for all measurements with Cr = 1.21, 1.29 and
1.46 for tower B at 40 m and 32 m, and tower A at 28 m as shown in Figure 31. The
spatial mean Cr is 1.32 (£0.09). From the literature, Ct has been found to vary
between 0.95 and 1.36 (Ohtaki, 1985; Katul et al., 1995; Guo et al., 2009). Notice
that the spatial mean Ct values is within the range but relatively high. The higher
or/T« values possibly result from surface heterogeneity. This suggestion is
confirmed in the comparison between different experiment terrains as shown in Table

14. It may be the reason that the values of Cr in this site are relatively large.

64/q+ and o./c+ under unstable condition are shown in Figures 32 and 33.

Although some of data follow the -1/3 power law, the scatters spread out for three
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measured points. The departure also display in the water vapor and carbon dioxide
characteristic parameters, Cq and Cc. Cq are found as 1.69, 1.88 and 1.94 for tower
B at 40 m and 32 m, and tower A at 28 m. Cc varies 1.96 to 2.79 for tower B at 40
m, and 32 m and tower A at 28 m, respectively. It is noted that all the suggested
functions are represented with low R*(<0.35). Moreover, though the magnitude of
Cq is smaller than of Cc, the scatter of 64/q+ is larger than c./c« In the literature, the
values of Cg are with a range 1-1.61. Compared particular with the similar condition
experiments (the canopy height > 10 m) (Table 14), the C, of this site are still large.
Hsieh et al.(2008) demonstrated one of the reasons of whether the humidity following
the similarity is the sources/sinks distribution on the site. Due to this suggestion, in

this high humidity forest, the scatter of 64/q+ may be understanding.

While the values of Cr are relatively universal and independent on this relative
complex surface condition, it seems that Cq and C¢ are dependent on not only the
surface condition but also the plant canopy as sources or sinks. We speculate that
the rough surface might cause the temperature rising non-uniform.  This
phenomenon increases the turbulent of temperature and leads to the standard deviation
of temperature rising. Compared with previous studies, we believe that the
characteristic constants, Cr may be larger when the non-homogeneousness of the
terrain enhances. From the literature, it appears that the more flat and uniform the
terrain or the is, the nearer to 1 Cc or Cy will be under unstable condition. We
presumed that the impact of the terrain factor on Cq and Cc are obvious. The other
effect of the larger parameter of water vapor or carbon dioxide may be the plant
canopy as sources or sinks. It is recalled that the biophysical mechanisms of the
ligneous plants or herbaceous plantare not totally the same. According to the results,

the characteristic constant for CO, and water vapor may be influenced not only by the
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terrain situation and temperature but each other when experimented in forest. The

similarity constants for heat, water vapor and CO; are summarized in Table 12(b).

At nighttime, the stability of atmosphere are usually stable or near neutral. In
Figure 34 and 35, horizontal and vertical wind velocities fit to normalized regression
functions. The normalized function of horizontal wind velocities are 3 [1+§]1/3,
2.5[1+2§]1/3 and 2 [1*—2@]1/3 for tower B at 40 m and 32 m, and tower A at 28§ m. For
vertical wind velocity, the normalized function are 1 [1+3§]1/3, 1[1+3§]1/3 and
1[1+2¢]"? for tower B at 40 m and 32 m, and tower A at 28 m, respectively. The
similarity constants are presented in Table 15. From the literature, C, has been
found to vary between 2.39 and 2.78 (Panofsky et al., 1984; Hogstrom, 1990; Andreas
et al., 1998; Moraes et al., 2005 ). The C, values is almost within the range but a
little relatively high. The range of C) is around 1.2 and 1.3 in the previous studies
and is higher than our C) value (=1). The similarity constants for temperature,
water vapor and CO; under night time are showed in Figure 36, 37, and 38. By eye
fitting, the values of C; for temperature and CO; are found as -2 and -4. For water

vapor, the values of C; are about 2.5 and 3. However, the departures are display in

the temperature, water vapor and carbon dioxide.
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5 Conclusions

In this study, our goal is to examine whether measurements from single eddy
covariance system can represent the flow properties of turbulence above a humid
Cryptomeria forest. The flow properties of turbulence were collected from three
eddy covariance systems. We discuss the time series of statistics and comparisons of
flow statistics, the temporal and spatial variability of the turbulence statistics. Also,
the homogeneity of similarity relationships is examined. The following results were

found:

1) The daytime averaged CV for H, LE, Fco», ux, 6y, 6y, 6T, 64 and o, are 0.12, 0.17,
0.13, 0.13, 0.06, 0.13, 0.12, 0.12 and 0.11. Almost all the values of CV in this study

are less than 15%.

2) The values of CV in the daytime are smaller than those in the nighttime. The results

indicate that the flow variables are more homogeneous during daytime.

3) The rank of spatial variability of fluxes is LE > Fco, ~ H. The spatial

variability of LE is larger than those for H and Fco,; this may due to the complex

sources/sinks distribution of water vapor.

4) Though, under unstable condition, vertical and horizontal wind velocities meet the

MOST predictions, the similarity constants at different locations are not the same.

5) For scalar variances, temperature follows MOST well, CO, meets it fairly, but

water vapor does not follow the MOST predictions for all the three locations.

The above results indicated that cautions should be taken when using single

tower turbulent statistics to represent the properties of the whole field.
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Table 1 Brief site description

Items Description
Country Taiwan

. National Taiwan University Experimental Forest in
Location

Site latitude and longitude
Elevation

Slope

Terrain Type

Area

Climate

Mean annual air temperature
Mean annual precipitation
Vegetation Type

Canopy height

Age of trees

Sitou, Taiwan.

23°39°50.1”N, 120°47°46.4"E

1252 m

About 13.6 deg

Steep mountain slope

80 ha uniform forest stand (1000 m*800 m)

AB'ra' type, which means warm and humid weather.
16.6 C

2,635.18 mm

Japanese Cedar (Cryptomeria japonica) forest
plantation

27 m

About 57 years
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Table 2 The summary of the instrumentation: (a) tower A (b)tower B (The average

canopy height is 27 m)
(a)
Description Instrument Type Unit Location
Three Dimensional 1
system 3
CO,/H,0 Analyzer LI7500 mmol m’ 28 (m)
Net radiometer NR-Lite Wm™> 27.5(m)
Precision Infrared IRTS-P C 28 (m)
Temperature Sensor
Climate measurement lemperature and T-C
Relative Humidity HMP45C 13, 28 (m)
P RH:%
robe
Rain Gage TE525MM mm 27.5 (m)
(b)
Description Instrument Type Unit Location
Three Dimensional 1
Eddy covariance Anemometen CSAT3 ms 32,40 (m)
system 3
CO,/H,0 Analyzer LI7500 mmol m™~ 32,40 (m)
Net radiometer NR-Lite Wm? 30 (m)
Precision Infrared IRTS-P C 30 (m)
Temperature Sensor
Climate measurement ~Lemperature and T:°C
Relative Humidity HMP45C 32,40 (m)
P RH:%
robe
Rain Gage TES525MM mm 30 (m)
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Table 3 Relationships between the variables which are measured at tower B at 40 m
(BT 40m), at 32 m (BT 32m) and tower A at 28 m (AT 28m) in the daytime
conditions (H>30 W m™) are shown. Here setting the variable value measured at
tower B at 32 m is the base to compare with. (BT 32m v.s. BT 40m: BT40m = BT32m
x slope + intercept) (BT 32m v.s. AT 28m: AT28m = BT32m x slope + intercept) R* is

the coefficient of determination of the linear regression.

Variable Sites Slope Intercept R’
H BT 32m v.s. BT 40m 0.97 -3.940 0.96
BT 32m v.s. AT 28m 0.91 0.470 0.82

LE BT 32m v.s. BT 40m 0.85 8.230 0.88
BT 32m v.s. AT 28m 0.71 9.300 0.68

Fco, BT 32m v.s. BT 40m 0.93 0.088 0.82
BT 32m v.s. AT 28m 0.9 -0.540 0.61

U BT 32m v.s. BT 40m 0.85 0.001 0.81
BT 32m v.s. AT 28m 0.82 0.015 0.80

cu BT 32m v.s. BT 40m 0.97 0.041 0.87
BT 32m v.s. AT 28m 0.92 0.026 0.89

ow BT 32m v.s. BT 40m 1.07 0.023 0.94
BT 32m v.s. AT 28m 0.80 0.014 0.92

oT BT 32m v.s. BT 40m 0.86 0.005 0.95
BT 32m v.s. AT 28m 1.12 0.017 0.86

Oq BT 32m v.s. BT 40m 0.82 0.036 0.94
BT 32m v.s. AT 28m 0.83 1.717 0.91

Oc BT 32m v.s. BT 40m 0.84 0.004 0.86
BT 32m v.s. AT 28m 0.86 -0.002 0.57
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Table 4 Relationships between the variables which are measured at tower B at 40 m
(BT 40m), at 32 m (BT 32m) and tower A at 28 m (AT 28m) in the night conditions
(pm 8:00- am 5:00) are shown. Here setting the variable value measured at tower B at
32 m is the base to compare with. (BT 32m v.s. BT 40m: BT40m = BT32m x slope +
intercept) (BT 32m v.s. AT 28m: AT28m = BT32m x slope + intercept) R* is the

coefficient of determination of the linear regression.

Variable Sites Slope Intercept R’

H BT 32m v.s. BT 40m 0.58 2.042 0.64
BT 32m v.s. AT 28m 0.56 -9.404 0.72

LE BT 32m v.s. BT 40m 0.42 -1.412 0.35
BT 32m v.s. AT 28m 0.43 2473 0.57

Fco, BT 32m v.s. BT 40m 0.58 0.362 0.36
BT 32m v.s. AT 28m 0.36 0.303 0.26

U BT 32m v.s. BT 40m 0.39 0.044 0.28
BT 32m v.s. AT 28m 0.79 0.057 0.78

cu BT 32m v.s. BT 40m 0.83 0.097 0.45
BT 32m v.s. AT 28m 0.78 0.072 0.78

ow BT 32m v.s. BT 40m 0.78 0.039 0.84
BT 32m v.s. AT 28m 0.80 0.047 0.92

G: BT 32m v.s. BT 40m 0.84 0.076 0.71
BT 32m v.s. AT 28m 0.82 0.010 0.84

Oq BT 32m v.s. BT 40m 0.97 0.503 0.77
BT 32m v.s. AT 28m 0.82 -0.094 0.83

Cc BT 32m v.s. BT 40m 0.74 0.020 0.60
BT 32m v.s. AT 28m 0.83 -0.080 0.63
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Table 5 The temporal mean values of the coefficient of variance (CV) of turbulent
statistics measured at tower B at 40 m, at 32 m and at tower A at 28 m for daytime
(am 9:00-pm 3:00). (a) Friction velocity (u+) and fluxes (b) Standard deviations (c)

Normalized standard deviations

(a)
Averaging time U« H LE Fco,
0.5h 0.12 0.15 0.32 0.14
1h 0.11 0.13 0.28 0.11
1.5h 0.09 0.11 0.24 0.10
2h 0.08 0.11 0.25 0.09
3h 0.08 0.11 0.23 0.08
6h 0.07 0.11 0.24 0.07
15h 0.07 0.11 0.23 0.06
30h 0.06 0.10 0.22 0.06
(b)
Averaging time Oy Ow oT Gy G
0.5h 0.07 0.14 0.10 0.11 0.09
1h 0.05 0.14 0.10 0.10 0.09
1.5h 0.04 0.13 0.10 0.10 0.08
2h 0.04 0.13 0.10 0.09 0.08
3h 0.03 0.13 0.10 0.08 0.08
6h 0.03 0.13 0.10 0.07 0.07
15h 0.02 0.13 0.10 0.07 0.07
30h 0.02 0.13 0.10 0.07 0.07
(©)
Averaging time L G,/ux G/ or/T= o4/q+ G./Cx
0.5h 0.27 0.11 0.17 0.36 0.44 0.20
1h 0.24 0.10 0.17 0.34 0.50 0.19
1.5h 0.20 0.10 0.17 0.33 1.15 0.17
2h 0.18 0.09 0.16 0.27 1.14 0.15
3h 0.16 0.09 0.16 0.32 0.59 0.15
6h 0.11 0.08 0.17 0.20 0.60 0.12
15h 0.10 0.07 0.17 0.14 0.55 0.06

30h 0.08 0.07 0.17 0.02 0.65 0.02
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Table 6 The temporal mean values of the coefficient of variance (CV) of turbulent
statistics measured at tower B at 40m and 32m, and at tower A at 28m for nighttime
(pm 9:00-am 5:00). (a) Friction velocity (u+) and fluxes (b) Standard deviations (c)

Normalized standard deviations

(a)
Averaging time U« H LE Fco,
0.5h 0.33 76.72 13.22 1.17
1h 0.31 0.38 3.40 0.81
2h 0.30 0.34 0.73 0.62
4h 0.30 0.31 0.75 0.88
8h 0.29 0.30 0.74 0.46
20h 0.29 0.29 0.67 0.23
40h 0.29 0.28 0.58 0.30
(b)
Averaging time Oy Ow oT Gy G
0.5h 0.10 0.09 0.12 0.20 0.27
lh 0.09 0.08 0.11 0.19 0.26
2h 0.08 0.07 0.10 0.18 0.24
4h 0.07 0.07 0.09 0.18 0.22
8h 0.06 0.07 0.08 0.17 0.21
20h 0.05 0.06 0.08 0.15 0.19
40h 0.05 0.06 0.07 0.15 0.18
(©)
Averaging time L c./ux G/ or/T= 64/q+ c./cx
0.5h 1.33 0.40 0.38 0.57 2.18 1.76
1h 0.70 0.41 0.39 0.46 1.36 1.54
2h 0.62 0.42 0.39 0.33 1.48 1.31
4h 0.58 0.43 0.40 0.32 2.81 6.34
8h 0.53 0.43 0.40 0.24 4.19 1.23
20h 0.53 0.43 0.40 0.40 1.80 1.42

40h 0.51 0.43 0.40 0.30 0.67 2.66
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Table 7 The temporal mean values of the relative coefficient of variance (RV) of

turbulent statistics measured at tower B at 40m and 32m, and at tower A at 28m for

daytime (am 9:00-pm 3:00). (a) Friction velocity (u+) and fluxes (b) Standard

deviations (¢) Normalized standard deviations

(@)
Averaging time U« H LE Fco,
0.5h 0.10 0.12 0.22 0.12
1h 0.09 0.11 0.20 0.10
1.5h 0.08 0.10 0.18 0.09
2h 0.07 0.10 0.19 0.08
3h 0.07 0.10 0.18 0.07
6h 0.06 0.10 0.19 0.07
15h 0.06 0.10 0.18 0.06
30h 0.06 0.09 0.18 0.06
(b)
Averaging time Gu Cw 6T o4 G,
0.5h 0.06 0.12 0.09 0.10 0.08
1h 0.05 0.12 0.09 0.09 0.08
1.5h 0.04 0.12 0.09 0.08 0.07
2h 0.04 0.12 0.09 0.08 0.07
3h 0.03 0.12 0.09 0.07 0.07
6h 0.02 0.12 0.09 0.07 0.07
15h 0.02 0.12 0.09 0.07 0.07
30h 0.02 0.12 0.09 0.07 0.07
(©)
Averaging time L e /U= or/T= o4/q+ G./cx
0.5h 0.19 0.10 0.14 0.20 0.26 0.16
lh 0.18 0.08 0.14 0.19 0.27 0.15
1.5h 0.16 0.09 0.14 0.19 0.33 0.14
2h 0.15 0.08 0.14 0.18 0.32 0.13
3h 0.13 0.08 0.14 0.19 0.33 0.12
6h 0.10 0.07 0.14 0.17 0.31 0.10
15h 0.09 0.06 0.15 0.12 0.31 0.06
30h 0.08 0.06 0.15 0.01 0.39 0.02
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Table 8 The temporal mean values of the relative coefficient of variance (RV) of

turbulent statistics measured at tower B at 40 m and at 32 m and at tower A at 28 m

for nighttime (pm 9:00-am 5:00). (a) Friction velocity (u+) and fluxes (b) Standard

deviations (¢) Normalized standard deviations.

(a)
Averaging time U« H LE Fco,
0.5h 0.24 0.28 0.41 0.40
lh 0.23 0.26 0.40 0.35
2h 0.23 0.24 0.37 0.34
4h 0.23 0.23 0.39 0.37
8h 0.23 0.23 0.40 0.31
20h 0.23 0.22 0.40 0.18
40h 0.22 0.22 0.37 0.23
(b)
Averaging time Gu GCw o7 o4 G,
0.5h 0.09 0.08 0.10 0.16 0.21
lh 0.08 0.07 0.10 0.15 0.20
2h 0.07 0.07 0.09 0.15 0.19
4h 0.06 0.06 0.08 0.15 0.17
8h 0.06 0.06 0.07 0.14 0.17
20h 0.05 0.06 0.07 0.13 0.16
40h 0.05 0.05 0.07 0.13 0.16
(©)
Averaging time L Gu/ux G/l o1/T« o4/q+ G./Cx
0.5h 0.38 0.27 0.26 0.21 0.40 0.43
lh 0.38 0.28 0.27 0.21 0.44 0.47
2h 0.36 0.28 0.27 0.19 0.47 0.50
4h 0.36 0.29 0.28 0.19 0.52 0.58
8h 0.34 0.29 0.28 0.16 0.52 0.54
20h 0.34 0.30 0.28 0.29 0.57 0.57
40h 0.34 0.30 0.29 0.23 0.40 0.73
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Table 9 The spatial mean values of the coefticient of variance (CV) and the relative
coefficient of variance (RV) of turbulent statistics measured at tower B at 40 m and 32

m, and at tower A at 28 m for daytime (am9:00 - pm3:00).

Flux CV RV

H 0.12 0.11

LE 0.17 0.10

Fco, 0.13 0.14

U 0.13 0.11
Standard deviation CV RV
Gu 0.06 0.06

Gw 0.13 0.11

Gr 0.12 0.10

Gq 0.12 0.10

Ge 0.11 0.09
stanlji(;f‘l(;lilll;ff?:tion cv RV
G /ux 0.15 0.12

G./ux 0.19 0.15

G+/T+ 0.18 0.15

0/q+ 0.24 0.18

Oc/cx 0.20 0.16
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Table 10 The spatial mean values of the coefficient of variance (CV) and the
relative coefficient of variance (RV) of turbulent statistics measured at tower B at 40

m and 32 m, and at tower A at 28 m for nighttime (pm9:00 - am5:00).

Flux CV RV

H 4.02 0.05

LE 2.16 0.41

Fco, 4.13 0.39

U 0.30 0.22
Standard deviation CV RV
Ou 0.12 0.10

Ow 0.08 0.07

Gr 0.13 0.11

Gq 0.18 0.14

Ge 0.26 0.20
stanlji(;f‘l(;lilll;ff?:tion cv RV
G /ux 0.38 0.26

G./ux 0.34 0.24

G+/T+ 0.70 0.15

Ga/q- 2.72 0.30

Oc/cx 1.74 0.42
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Table 11 The spatial mean values of the coefficient of variance (CV) of turbulent

statistics presented in previous studies.

(a)
This study Katul et al., 1999 Wilson and Meyers, 2001
(daytime) (daytime) (all day)
Variable CV (6h) CV (7h) CV (48h) (a) CV (48h) (b) CV (48h) (c)
H 0.15 (0.11) 0.17 (0.12) 0.57 (0.07) 0.35 (0.13) 040 (0.20)
LE 0.32(0.24) 0.33 (0.10) 0.53 (0.09) 0.38 (0.24) 0.31 (0.06)
Fco, 0.14 (0.07) 0.22 (0.10) 0.57 (0.16) 0.34 (0.07) 0.33 (0.11)
u- 0.12(0.07) 0.186
v 0.86 (0.14) 0.70 (0.56) 049 (0.18)
(b)
This study Katul et al., 1999 Wilson and Meyers, 2001
(daytime) (claytime) (all day)
Variable CV (6h) CV (7h) CV (48h) (a) CV (48h) (b) CV (48h) (c)
o, 0.07 (0.03) 0.1 0.09 (0.03) 0.07 (0.03) 0.06 (0.03)
Ty 0.14 (0.13) 0.06 0.16 (0.05) 0.20 (0.20) 0.18 (0.15)
or 0.10 (0.10) 0.10 0.12(0.02) 0.11 (0.02) 0.10(0.03)
oy 0.11 (0.07) 0.21 (0.07) 0.12 (0.05) 0.19 (0.14)
o. 0.09 (0.07) 0.23 (0.08) 0.17 (0.07) 0.22 (0.20)
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Table 12 Wind velocity and scalar similarity characteristic analysis results for
daytime (under unstable condition). The similarity constants (C;, C,, and Cy), the
standard error of estimate (SEE), the coefficient of determination (R?) and the amount
of data (N) for regression are shown. (a)The regression models of wind velocity are of
the forms: 6,/u+=C, (1+C2(-C))1/3, and 6y /u+=C, (1+C2(-C))1/3. (b) The regression

model of scalar is of the form: GX/X*=CX(-Z;)'” 3

(a)
Variable  Site C, (o SEE R N
cu/ux BT 40m 1.40 3.46 1.03 0.79 1176
BT 32m 1.42 3.19 0.55 0.79 1176
AT 28m 1.78 1.28 0.63 0.86 1176
ow/u+ BT 40m 0.91 3.75 0.27 0.97 1176
BT 32m 0.85 3.71 0.13 0.97 1176
AT 28m 0.79 3.82 0.15 0.96 1176
(b)
Variable Site Cx SEE R? N
or/T« BT 40m 1.21 0.38 0.61 586
BT 32m 1.29 0.44 0.55 228
AT 28m 1.46 0.55 0.50 287
649+ BT 40m 1.88 3.85 0.09 586
BT 32m 1.69 2.97 0.13 228
AT 28m 1.94 423 0.08 287
oc/cx BT 40m 2.79 2.02 0.16 586
BT 32m 2.51 1.23 0.28 228
AT 28m 1.96 0.92 0.34 287
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Table 13 Wind velocity similarity constants presented in previous studies under

unstable condition ({ < 0). z and h are in unit of meters.

Study Description z h z/h Gy /U= Gy /U=
oA 229(140.04(-0)"  1.25(1+3(-0)""
De Bruin et al. .

(1993) Plain 11.3
An‘g‘;agsg‘;t A Flat grassland 4 025 16 1.07(1+4.29(-5))""

Choi et al. . .. 13 13

(2004) Tibetan prairie 2.85 0.05 57 3.13(1+8(-%)) 1.12(1+2.8(-))

De(tztgoeg)al' Mediterrancan 10 5 2 1.2 (142(-0) "
Marques et al. 13
(2008) Wetland 25 7 3.57 1.17(1+2.44(-0))
This Study Mo‘gﬁzgous 40 27 143 1.40(1+3.46(-0)" 0.91(1+1.75(-0)"
32 27 114 1.14(1+3.19-0)"  0.85(1+3.71(-¢)"?

28 27 1.04 1.78(1+1.28(-0)"° 0.79(1+3.82(-)"?
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Table 14 Scalar similarity constants presented in previous studies under unstable

condition ({ <0). zand h are in unit of meters.

Study Description z h zzh Cp C4 C.
Lamaud and Irvine(2006) 40 19 21 095 13
Cava et al.(2008) Coniferous forest 32 29 1.1 1.09 1.61
Hsieh et al.(2008)(a) Grassland 10 045 222 1.1 1.1 0.95
Hsieh et al.(2008)(b) Rice paddy 2 065 308 1.0 10 1.0
Hsieh et al.(2008)(c) Cypress forest  23.8 103 231 125 15 1.7
Marques et al.(2008) Wetland 25 7 357 1.15
Guo et al.(2009) Farmland k8% 0.2 9 1.16 092 1.1
This Study Mountainous forest 40 27 1.43 121 1.88 2.79
32 27 1.14 129 1.69 251
28 27 1.04 146 194 092
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Table 15 Wind velocity similarity constants presented in previous studies under

neutral condition ({~0). =z and h are in unit of meters.

Study Description y/ h z/h  Ci(u) Ci(w)
Panofsky et al.(1984) 2.39  1.30
Hogstrom(1990) 2.78

Andreas et al.(1998) Flat grass land 4 025 16 255 1.25
Moraes et al.(2005) 2.4 1.2
This Study Mountainous forest 40 27 143 3 1
32 27 114 25 1

28 27 1.04 3 1
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5 A AR B i3

BER A F-F AN BEP T OSSN o Fip M2 (Eddy Covariance

method, EC) #_ p % RPN b EFLBIF F 8 F ~ & E3xd end 22— » pt3 32+
FAT A R TR SRR A

RS D E AR BT & 6 PR STER
RARM I BB FOREFRFERR BB E I R RF RA S AL
FUORERE) EES Rl E3EAIEE -

ifain4p i 72 (Eddy Covariance method, EC) £ & = # advection-diffusion

equation_t :

2
6C+U'8C:1)8C+S_aujc (A.1)
ot ! Ox ; Gx_f Ox ;

FAD? THRj=12. 0130132 XA B AEAFRFZEZ IR XI1=X,X2=Y,X3=2)

Ci¥E (scalar> 4o B ~ K § ~ &COy)2 T32iE > vi B2 Conk + HHr it

(molecular diffusivity) » Uj 3z T35k # (U1 Uy % Uk W ax. y% 23 w2 T35}
i#,U1=U.U,=V.U3=W) S i C2 /n e %3 (source/sink term)’ -] Buj, ¢4 % £ Uj, C

e3g 38 (fluctuation term) > uc & Eoni £ (flux) -

F B A54EA 5 -k ¥ 353 (horizontal homogeneity) » %] &7 e = % & B4
AR A RT P e OERPARCET LA X A F P ¥ R

)i'_
A St d B o4 AR d Pt A F R RECL 4 F H R A

Ils

Fco , =uzc(h) + Iha—cﬁx3 = wc (h) + J-h('?C (A.2)

R A g R EhE AT R A FIELE T d B A E Y
3 (storageterm) > ¥ o - PFEILRE T ELT o FTIRE B 24 0 FHME L
ARE BB LRI U AEERRN GRS T LAY F RN (A2)
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TR 1 b eh- BT B R i B (simultaneously) E 4R EBIR i 2 B E

PR AT
BHE 2 AP BESS GG > Ti it E DFcos o

195 # = |z (First law of thermodynamics) ~ -k § (conservation of moisture)
% % < = (conservation of a scalar quantity) * %3¢ > & F - PFELIRAE T T #

F2IpoEhiEET o PHENUT IR R IIE - §F PR E 2R

H=p-Cp- -wt (A.3)
LE =Lv -wq (A.4)
Feo, = we (A.5)

FN¢ S HEZ PR & E (Sensible heat flux) [Wm™] > LE % ##1i £ (Latent heat
flux) [W m’ ] Fcoo % = % i* gid & (Carbon dioxide flux) [umol m™ s'l] pE G

%A [kgm?]> Cpi#% [Dkg'K' Lvi-kewi o4 [Tkg'l' # wr . g *

%&\ JIL‘%\LW-& J\;’“ﬂ ilLE";‘\m?}— ?“ ‘Eéo

B vk A ALV R CpE LA BAEP EX 2 FE
B~BREZRAREH AR TN EHEDB DG

Lv =(2.501 —0.00237 -T)x10° (A.6)
AP T A FER[CT

Cp =Cpd -(1+0.84¢q) (A.7)
+35¢ Cpd =1004 .67 [Jkg' K" R ERS T2 g5 § v #% g ="
B Aok f RREF Y TR [2g'] 6 q T Uk EF BelkPalx 4 f R
P [kPa] 48

g=062 % (A.8)
P-0.378 ¢

HPO0.622 5okt ir% £ i B £ (18.016 [gmol'] 28.966 [g mol]) -
e=1.61-p,-R-Tk (A9)
1.61 54275 ** F-kehi B & (28,966 [gmol ')/ 18.016 [gmol™]) » p & % P*

ken® R [kgm®] B A kF AR R =0.287 [kPam’ K' kg5 55% % # 2
%’Eﬂ#ﬁt’Tk IR g‘]'ur_)iﬁl:[K]%\Tﬁ";:%/‘m °
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pP=PpPsg TP, (AIO)
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e B R AR
B.1 p= R % R 4 4 47(Temporal Variability of Flow Statistics)

SR B RR P ATBeenT opE I ER @ ¢
)ﬁ ¥ TR R EMEE > 222009 £ 334 12 338 % > £ 5 X32LE e
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v A feat P A AR 0 ZREEAINGA BT o Ad XM FB%
b4 BT T Z Bh(BeAsdn PR 0~14.5) £ 2 o pE(12 B 30 A 4B)E o TropE Ry
FEE£ 3 05,1,1.52,3,6,15% 30 | pe>maL + pFF £ 50t + 4 BEI R P & ¢
T BL(PAnpE A 21~4.5) R33N O TEHERF R EL F 0.5,1,2,4,8,20 2 40

B.2 MOST 2 i jF = Fa

MOST 3@ 22 HR ~kf 2§ PRERfF - 27 R FHRIAT ]
7 F A58 > 7 §8 % ek i T (Unstable condition, H>30 W m-2) » £ B -(>1 &
BITREE L F oM fFy=ax 0 -0 XE 0 od/ex sy B it fFalE i ik
[6/cx =Ce (-0, a=Cc]» £ #4158 chie fF 58 3 % 3 230 enficdh 0 -0 5 XE
(RS ERCRLE-Y STELACE SN LS AT NUE S/ S LU S </ RLE TekiS
y=ax+b » "1 R o /e By iTXE » 44 7 o /e« By ivy E > ER? Y * s B E:TF
T E R A FURPAN 0T S EBRARMI

B3 T & LR

SRR AT TR A 3T R A P FIE R A T B
PRRGR LS ABEIIRR ST B A U ReT T EREEN)
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B4 #icdppr i b

#cdy & 8% CR3000(CR23X) P+ & % 4% » 10Hz(30s) F 42 E_i¢ * Scan m;}F
£ % 100 mSec e &— =0 A BT 308 iF L % B i Datalnterval s £ 3% 2
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30 4 gh - BpE e L BACAR PR g AU PR LR A 30 A et R R B
4 00:30 % 5 00:30-01:00 i&=fPFRF > 16:30 ¥ 4 77 16:30-17:00 iz pFR o
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B.5 9 2% k&
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B BT Rl A ¥Ta B2 R LA IOHZF AL 0 & 3P2009E 107 20 p #-% 4
BYEBIET RN M RES A ELRRIFETLE D REY 0 FAN
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e C Rk b
C.1 I & #t & /% (Planer Fit Method)

Eo g AMEE S (DFH- 1 &R 5k GIRL Mg a2
=Pt fsfxlf]{és‘\- HBEETG REEDPLE > nTHrEW S 0 QP BEETH

o BB R LD S b el T ] 30 E & Ry g 5

dzdhr & 30 AT @ fg_;f;:x T G (30 A48T R % b iE V=0)
(Wilczak et al., 2001) °

A AL > FARERd REBER RS DAL AXYE Zih) > 4o BIC.1
o b e B AREERES SRR AX Y Zie A 2 B £ B¢ £ A

ETTRS

<

S

I
=

S
~
I

<

(C.1)

= |
N
I
3‘:
I
S

v AR ius= (U, vi,wy—=by) » 2P uindsg u v~ wAau:sX
e s YS e HZS 2 & 30 4TIk iE b 2E b FIREEPIFL TS
S L -

RELIERE LY - mH e R,k RAFRLT LR

i = (i1505,03) ~ }:= (j1sjzsj3)”f‘"% =(ky, ky, ky) 7 2wl X Y2 Zib g

joB AT o 4eBIC2 P o B en{l , Johk YRR 0 £E 2 o (kD w)ihT i

(C.2)
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wy =By =L, =2y +—w (C3)
k3 k3 k3
k k
g s —L=ph—2=h x AEBXELDPTHLIREW 5 0
W12170"'171“_1"'172‘71 €4

flicby ~ by~ baT o e BT L5 30 2 4BNT IR B Uy - V)~ W ok

i

, 2 . _"’ 2 2 2 2 X

BT e 2 kg

k, = —b,k, (C.5)

J=kxullkxu (C.6)
Fpt & 30 4 48 B e bR SR #ﬁ%ﬁwgi’“0°

Bt UL LR A A2 AT P WAL A A
i=jxk (C.7)

BEi, k=0 e g P @08 K REPTLBELET G >

WEARTEDFREFEE T HE > FIE R LR mhm R ko
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C.2 = = # #h(Double Rotation) (10 Hz)

A RInAR B2 BRI B P Lee et al(2004)F 3k o IR waE 2
Bl s At - R BT R T2 B % ARk e B R
R AR T R AT REFOEET R REERT AR 2T

EE A ERIwES i LR > Flet € * Tanner fr Thurtell *+ 1969 & % %
hp R e Ak kb @ X P A T F R TSI E S e s R S
e 0@ Xgh™ e ¥ R &R o FEt Bk K Seenfdak o S TN RET S

VLR GRARBE kSR R % o

;5&19%}1?&1?V‘f\?§:‘§ QW,% 0> XY TomEZdhgdg—- &6
60 = tan _I(V:O) (C.8)
UO

U, =U,cos@+V,sin0
Vi=Vycos0—-U,smn0 (C.9)
Wy =W,

KDY U, YV, A EPFGCOAE)N E X2 Y ¢ et g o 55(CI)7
WooieZ 3w dTiapid o § - Z@phid I ehTop Ep =0 L #%X-Z L5
MY phgig- £ R o

) = tan _1(@ (C.10)
—2 =2 U
VU, +V, 1

U, =U,cosa+Wsina

a = tan ~'(

Vv, =V, (C.11)
W, =W,cosa—U,sina
F(CA0)* T, Je i, 5 % - Z fipni@ 2enTIop 3 § M2 ¥ s T

Bad W, =0 % @ REME R Y foW, 50> U, > e ¥ & 5> o
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C.3 = = T 35 #h (30 minutes)

Z g A E 7 10Hz i 0 SiERE R %FE e 0 7 12 datalogger ® 5]:'1
130 AT iofon FRHE B R B52 I0Hz 52038 B ohE s
AL i AROX-Y To EZEHE)E g (X-Z T o EY b gdE)2 2 10Hz
By ph— R

o e
Uy
o = tan - ( VZVo _— (C.13)
U, +V,
Fho e
U, =(U,cos a+V,sin a)cos O + W, sin 0 (C.14)
V, =V,cos a—U,sin a (C.15)
W, =W,cos § —(U,cos a+V,sin a)sin (C.16)
w'e's = w'c'ocos @ — (u'c'o cos a + v'c'osin a)sin @ (C.17)

w22 = w'?gcos 20 —2w'u'y cos 0 sin 0 cos a
—_— ) . ) C.18
—2w'v'o cos Osin Osin a +u'? ¢ cos > asin > 0 ( )
12 i 2 -2 T . )
+v'“osin “asin “ 6 +2u'v'gsin acos asin “ 6
v'2y =v?gcos 2 a—2v'u'gcos asin a +u'’osin’a (C.19)
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u'?y =w?osin? 6+ 2u'v' cos asin acos >0
— . — — . C.20
+ 2w'o sin (u'o cos acos 6 + v'g sin a cos 6) ( )

+v'2osin2acos29+u‘2ocos2acos29

w'u's = w'u'g cos 20 cos a + w'v'o sin a cos 20

+w'? g cos @sin @ —u'? o sin 0 cos ? acos 0 (C.21)

—2u'v'yg sin 0 sin a cos a cos O

2

— w'u'g cos a sin 29— y? 0 sin ©“ a cos & sin @

w'v'o sin 2 0sin a

w'v'y = w'v'gcos acos 8 — w'u'ogsin a cos 0

) ) ) . C.22
+u'2osmasm9cosa—v‘%smasm@cosa ( )

) . . 2
+u'viosin “asin @ —u'v'gsin 8 cos “ a

u'v's :u'v'ocoszacos G—u'zosin o cos o cos 6O

) —_— C.23
—u'v' 81n2ac059+w'v‘o sin @ cos a ( )

. . 2 A
—u'w'osin asin 8 + v'“ ¢ sin a cos a cos O

IR SV W AR XISY R Z b R REBE LA EREBE T

S0AT A RASTAE THRAI2ARTA 5iH - e
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() 7 =(0,0,1)

2
A ja - -
1= (1. ., — By)
Yy I'=(0.10)
> X Y =(L0.,0)
(b) E = (}{1:k3:]{3)

J=h-T2073)

;:(il:fzrj.%)

W C.1
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Wt D ST kR

AR BB TR TIHE R G 2Tm BLEBE AR 35 mo BBE BB 40m
%t % constant flux layer #7iEzk % 3 BB nAn B % SL* ST HL R B )2 HpkeRT
T AZEBABLERS R LIS A ZE open-path eddy-covariance % st
*+ 28 m % closed-path eddy-covariance ,% 53t 33 m > @ ¥ B 283 % % open-path
eddy-covariance % 5> 32m % 40m> * € P[Z F LB~k F £ (momentum)
% ¥ R #i(sensible heat):d € > H ¥ #5 A 2 b i#2- CSAT3 gt > > @ h i3
81000 ch2 £ F+ e > F R U2 5 ERIF B2 EfFhfo ¥ty
WEA I E T RGP F CRER ~ F R BR B2 KL IFF 5 H(PAR)
e o ks BRIEATEZ FRERIG o TP A EEAGR LT L

B el AR M ATRE DHERF LI KA RRF DR AT RE 2 ER

##7 3 eddy-covariance & SernERMESF L 10Hz PR T 355 30 4 45 H 4

RE2Z EPMESF L 1 5/30s> ERF T84 30 A4 & D1 G AR Y chik B
2HXERR A BERAE D2 kB E 4B D)D) Hw o
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% D.1 All instrument locations and brief instructions (Tower A).

oz ag & < E-1] & > ul #?\;{ r—g }; ﬁ‘Bi:F’& 2_, 5_§ :‘Q: - -g 2_, 5_}— _&t‘ :a;\-i
& B r'fﬁ— 35 B P H B PR O IR R A i L) *
— U(m/s)
10 Hz 7 #
YOUNG L V(m/s)
T A kb
81000 ! 33(m) | 10Hz 2 078 W)
= 2 i—‘:‘ 1B o,
AR kA - Tv('C)
dd . > | 10 Hz F# | CO,(umol/mol)
L17000 L Z‘C?V?‘rlﬁnce System & £ | 33 1) | 10 Hz % 30 4 4 | H,O(mmol/mol)
TRE LS B F i T Pressure (kPa)
)g,wjiil_;gq—a@%@”k%; Tx(s)
S PR E S FPERR 10 Hz F# Ux(m/:)
CSAT3 | 1 | constant flux izt 28(m) | 10 Hz ¥E 30448 UZ( )
" , T iaE 0
‘/‘I‘S iII‘L #B Fﬁg /:‘: .?jb = T( C)
10 Hz F# | CO5(mmol/m®)
LI7500 1 28 (m) 10 Hz & 30 A 45 | HO (mmol/m’)
I ¥aiE Pressure (kPa)
Fh R
504 —
2,10, Maximum Gas 5 +.}f§‘30 f\ﬁ CO,(umol/mol)
BB R G 6B B A F BRI 18,25 Flow Rate: .. o
. LI840 1 , N . : 4 > it L & | HO(mmol/mol)
% bz T 30,35 1 liter/min " o~ 1% B "
et A 30 ~daent [ T(O)RERE
(m) (B¥1s3 - &) ’
BT iaE
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#30f- £
e R e NR-Lite e RS 27.5(m) |60 Hz 25 30 4 45 | Rn(W/m?)
T o
#30f- £
, > 1 s (target L N .
LA e g R | IRTS ¥ e I 27.5 (m) Zminu(tes Egbogl ) #= 3044 | T(C)
Y T
L+ 30— % | Micromoles of quant
Photosynthetically LI-190 electromagnetic 27.5(m) | 10 pus i /~ = | Micromoles of quanta
. .- {8 & 30 4 4% | per second per square
Active Radiation Spectrum from 400 -700 nm A ter (umol s m*)
PAR E90 13 (m) I 9E meter (umol s m
28(m) T: 0.15 seconds 304 ¥
; _ | TC
BIRA HMP45C FOE o RR G ighlssecriziime B E 3044 R(H((:;)
PSR 0
S {m) filter ke
TES?5 = FE TR iE o 7] Rainfall per Tip
& g 2t MM eddy-covariance system & % | 27.5(m) | (least count): 0.1 | ift 4§ 4% "% 7% & (mm)
TR P mm
#30f- £
dEA HTPO1 (IR &350 % 5 (cm) 74 30 A 45 | Soil heat flux(W/m?)
T iaE
b1 g & g Time Constant & 30 fﬂjﬂ 5
E v 2, B 7H .
45 R 107 22 BB RIS 5@ Storage | In Air: Between 30 | @5 30 4 4 | T('C)
term and 60 seconds in a | T p5E
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. R -5 (cm) #304- £
R R 107 2 | FAmER G #& 30448 | T(C)
-10(cm) TaiE
-5 (Cm) & 30 7f’l}" =N . .
Y 257 2| W2 EER G 0-200 kPa ** #5304 4 Slfi)l water - potential
-10(cm) o (kPa)
5 Z304- £ Volumetri 1 wat
LgRR CS616 2 | mamiea e -5 (cm) E 3008 olumetric soil water
T o1 e content (%)
-10(cm) Ti3iE
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% D.2 All instrument locations and brief instructions (Tower B).

RE LA {53 £ 3 e AR
ZHRRI AR ER 3t CSAT3 (Campbell) 2 |l. Eddy-covariance system X & *¢ % 1 55 B 7 0% ) 30 m 2 40m
Bo*RERVRBKFE-F PRUEE S PR
2 constant flux K
B\ - § g/ ke A4tk [LI-7500 (LI-COR) 2 2. CSAT3 % LI7500 % sk T gt 1.5m 1/ ¢ 32m % 40m
. 22 FE-BHFLH > 2L BRFH A7 am
Y EA Y 0.5,2.5, 6, 10,
S F A L1-820 (LI-COR) 5 . (40m AP Li7500 2 Li820+ ¥ 1t g 4 59| 14, 18,22, 25,
£ CO2 kL B 28,32,36,40 m
3. %I A3 -F ivpl2?
0.5,2.5, 6, 10,
BEE(FERY) HMP45C 12 |BRE-F i pHF ek 14, 18,22, 25,
28,32, 36,40 m
, 2.5,6, 14
‘§ 21 s Vs ’
, , , 32m ¥ 5 034B - CSAT3 2 WS4-L» 7= 1 %| 0.5, 10, 18
AN 13; 21 1.0 s s s
Ei i O SR N WindSonic4-L-2-D 6 i g b ik thi B 25.32.36m




kg F 3 PAR sensor, LI-190 30m% 12m
o . 25,
e NR-Lite 185 265 30 m

. N b2 .;7/\_,;‘; %\‘ J‘,("L‘ 8 y — .}f\——g\ y — ,lf/'-n s _E_'S ,
B HFPO1SC ’ im A ;ﬂ%‘_ﬁ e i BEEE AR Sm| o

- - I /8 == — A3 in-

2R R TCAV 2,6, 10, 20cm
Y CS616 AF - o A uENT BIER 5,15, 20, 50 cm
e e Bl 2 BREH G OER o 1.5m # chiz b SUE B 3
i BUR R IRR-P (COMPBELL) AT 2 e 3 30m 2 1.5m
A F 2 TE525MM 30m
F R CS106 30m
o CR3000
—/\/i Eg
R (CAMPBELL)
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(@)

3BT 35—
| 15m YOUNG 81000
+$33 5 —|<
HMP45C | L7000
0T 30— Rain gauge (o 5
IRTS-P
canopy - Net Rediometer| [ 4‘—6 Ef{?ggl ontal
height 27 T PAR T horizonta
25 B T_ {above canopy])
7
20 + ‘
L Lis40 @
15 1 ‘
3 PAR
L13 ‘ —_1HmMPasc
10 1 B T‘
s 13
" |
- O
0 (m) 2 |_| Tsoil surface
— 0 {cm}
Thermal Pile —=— — 3
= — 10
water content sensor
(b)
n 10440 o 15m CSAT3
LI7500
36 36 O— —T et
35T 35T 35 ] I } f\&%{‘
IRR-P [NR-LITE CSAT3
32 |32 L o—| £
— LIT500
30T T
canopy ) 26|28 - 00— H ]
height
25 1 25125 O T
EaarmsL_
22|22 L o—] "
= SR AR MR —T
20 4 T
18|18 ——] — wREst
Lis20
15 14 F14 o— H ] PAR
L12 NRg-TE T
L . IRR-P
10 4 10410 o r
GF6 —{—] _I:I
5 - L
25125 — 00— ]
157 IRR-P if':‘:':'! C
0 0.5 0 {cm)
0(m) = = F — — 15
HEwEs = = wgd 1?
tiEEE — — n — — 4
(RE - XA o 10
P P — &) LKA E
(PHPE—4) 40
— — 450
® D.1
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i E ﬁ‘;#@ﬁg?](GSM)

>3 {7 63 3k %i(Global System for Mobile Communications, i§ £ GSM) » #
SRR IR T S R A R R RS SuS iU S Sl SR
REEA By 2 @ o Gd BTG IR o R R R/ B E o Ha AL
B TRy 0 VRS I BT R B A Ry o

GSM ek & ¢ 31— BALHMOD) - SIM+(*itF 3 BFE - - B 5 AR
£ 5Ldcdy 0911-582643 » ¥ — 5 {78 T 755085 0910-794575) » MOD # # RS232
B RMET RN HE XA S 7 TRS2324 0 7 %(7 REddil) LM
LoggerNet 48 425% = X & Bz L B E.1 °

i 3t DataLogger 79 GSM 21 #(MOD)p 7 4& » - SIM + » “hogdes - =<
HI1E MOD #4% RS232 5 » #-F /hstdzt > 7 L GSM 2 §8 F ¢ PP S E 50
#-13 %t DataLogger 7 RS232 4+ MOD ## # RS232 & > )’jﬁ.? d iR R redoEd
Lyl ) (B E2) e B AR TRM(2 AT A LI TR Y h
¥ * LoggerNet> H ¥ ek T L'f4-B E3 fvB E4> it > A 5%
PEFFRF FUILI B ROTEFIZROBRBEI R N - £ iR
* 5 pw CR800S ~ CR3000 # = # &4z > & CR23x c11rs232 & 457 + o

FERRIR A PR R 2 R 150 46 CONNECT » § LTI 2  frdolichy
W enis B § T %% Datalogger P> GSM 1 48 b %555 ¢ ‘adF 2 ¥
2T LR A
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@ MOD#EZRS232(ff 1) —
Rk

FA
(SIM-R4eiE)

o) FEREA[12V, 1.2A](2 T4 ARG IE)
RS23244%

¥l E.1
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R 43 £ MOD

&R [12V, 1.2A)4: 2 MOD

3T R

MOD # ¥ $ 3:RS232 38 (1 &,
HFHERS23242

RS2324¢ #:dataloggerayRS2324% 12

6 12 e B E AT 3R

¥l E.2
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BT E L
(4 5542 %1 42 X LoggerNet) VvV Communication Enabled

Setup
Adleoot
Corr!Port Com Port Connection: com3
Phon;Base Maximun Bound Rate: 38400
Phonell?emote Phone Number: 0911582643 ( J& #¢ )

I
CR3000 or CR23x

¥l E.3
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[ (B #&42 #1#2 %t LoggerNet) ] V Communication Enabled
[

Setup
AddIRoot
Corr!Port Com Port Connection: com3
|
PhoneBase Maximun Bound Rate: 38400
Phonell?emote Phone Number: 0911582643 ( jiz 4t

|
PakBusPort —[ Maximun Bound Rate: 9600]

CR800s

¥l E4
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%4k F il £ kR % # (Footprint)

{1 Hsieh % (2000) e £ % AHC5° (32 #058 A # AmeriFluxs * > 2 & 451
AZHEO0=T » 5 - T RZH) BFELERRFLE AT o S E L APE RIS E
FR(TLERRARR)EFRZE §HRRT M TR 2 E R hkoipk o 3
AT 0T 30 5272 % B 400322 & shif in 4R Bk 5L *tunstable S

BT(P BHE AL ) 402 € A Bl g ] 5 IR R RS0 © iR 5 322
SE R R S BERE 752 % M o fistable AT (REF) 40D 7 Euh

E‘?E‘J% FlE30002 © 2 322 € s %FﬂéZSOOA ® o @ finear neutral;k i T

(32~ BaLd i R 402 ¢ RNE RIFE T 5 12502 ¢ > 322 & RN Pl [

29002 % o BEAF 282 % il ndp Bk S0 *tunstabledk & T OE Bl B G R4
BRIFEI25 2 = v > fastable sk i T E RIS F1E20002 ¢ 0 @ fnear neutralik fk
TERFRLE00 T (RFD) e A ARR RkhI F X FRETA G E KR
Fe B0 BAeBIF. 139707 0 15 EIRUAR Bk SLP R ELR R B Y Al L ATH
BEP 0 R AR F SRR -

\\\?{r

¥ = }Elc:
Hsieh, C. 1., G. G. Katul, and T. W. Chi, 2000: An approximate analytical model for

footprint estimation of scalar fluxes in thermally stratified atmospheric flows,

Advances in Water Resources, Vol. 23-7, pp. 765-772.
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% F.1 The footprints under different conditions.

Condition( Stability) Tower Zm(m)

Footprint range

5 40 20000m x 3000m
Stable({=100 m) 32 10000m x 2500m
A 28 5800m x 2000m
5 40 1800m x 1250m
Neutral(¢=0.01 m) 32 900m x 900m
A 28 500m x 600m
5 40 80m x 250m
Unstable({=-100 m) 32 40m x 175m
A 28 25m x 125m
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~ 0.002
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£ 0.001 |
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o
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L. 0 A e A A
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£ 0.01 }
£
o
I.E /\.—7
0 4 4
0 200 400 600 800 1000
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© (m)
~ 0.08
'g 0.06 Unstable condition
£ 0.04
o
© 0.02
s
0 [l [l [l [l
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Distance (m)
B F.1
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Wi G 23 CV B2 RV AT S0 £ e 1t

Bl Gl 2 B G2 P 2% chs PR PR BT Japk FF fF JEL ‘B en
it B2010# 782 81 % > X 4 x5 KRB Gl@)® ¥ AV R A BHZ -
AU B2 CVREATHERF |6/ Rt » @ T HpERF L 12 )
PR S AR TR 0 BB 4 0.1~03 2 B 5 R £ ety 0 B GL(b)» &
LR X 120 BE o B0 gAY - RE 0 2 A0 20 0.155 R F Gl(o)¥ i
R K T SOpE A b @ AR TR enE o ARV Eengit ¢ o
KR G2(a)fe(b)® ¥ R > R TIEPEER [ 6 ) FF o i B AR L N
CVERF ] > GEE TIpEF A3 12 s s 23 @ Bl G2(c)¥ ik

AR L s L

108



U«
—s—H
——LE

—s FCO2

—~———
—— m— — — — — N
0 N N N N N N
0 6 12 18 24 30 36 42 48
Averaging time (hours)
(b) o2
0.15
3 041
0.05
0 Il Il Il Il Il Il Il
0 6 12 18 24 30 36 42 48
Averaging time (hours)
(C) 5 " T T T T T T
4.5 ! —= g,/u. E
al | g, /u. i
| LY —=— g/T-
| —— 0,/q
|
> I
o
bt e e S
0 'l 'l L L 'l 'l 'l
0 6 12 18 24 30 36 42 48
Averaging time (hours)
® Gl

109



@) .35

0.3
0.25

0.2

RV

0.15
0.1

0.05

(b)

0.2

0.15

0.1

RV

0.05

© o7

0.1

® G2

—=—H
——LE

—+ Fro,

12

18 24 30
Averaging time (hours)

42 48

18 24 30
Averaging time (hours)

36

42 48

— UT/T*
—— 04/q-
— . O./ce

12

18 24 30
Averaging time (hours)

110

36

42 48



Mg H b @A s Z F PR B2 M
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= F P £ (Feoo) (FH] » T35k i G xih» MBS S - §F PR 5y
FHe X PR R SRR Ky A feat t A B ITRIH%H s X AR

ah 4TI T EITE A EBg b ALY R FRT B

6 X pF o d BH.1 2 BH2 ¢ 7 4 %4 ALE b & ~ Fcoo 22 b i# 2 M % > B2
PRAREZ P AT RN T g L R B e PF > LEfrFeoo fR § MO NEF H e
@B R o JEBH3 PV Lo APt e X o LEATR G R 4e @ B 4e AR R S
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