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Abstract Eddy covariance data have been analyzed to investigate the influence of surface
heterogeneity on turbulent transfer over farmland and industrial sites near Nakdong river,
Korea, where both large and small scale heterogeneities co-exist. For this purpose, basic turbu-
lent statistics, quadrant analysis and multi-resolution decomposition have been analyzed dur-
ing the daytime. Basic turbulent statistics were compared with typical turbulent statistics in the
surface layer. Such comparisons were in close agreement for momentum and heat at both sites
but not for water vapor at industrial site. The correlation coefficient between water vapor and
vertical velocity (r,,) is relatively low and skewness of water vapor (sk,) is very low at indus-
trial site, possibly due to limited water source. For heat at both sites and water vapor at farm-
land, the quadrant analysis show similar behavior to that over homogeneous site but for water
vapor at industrial site, the presence of river and limited water source at industrial site seems to
influence on water vapor transfer by coherent eddy motion by increasing sweep contribution
and decreasing ejection contribution. Multi-resolution decomposition analysis shows that large
scale heterogeneity leads to low ry, at large averaging time regardless of season at both sites
and there are seasonal changes of r7, in mid-averaging times at industrial site, possibly due to
seasonal change of trees and grasses near the site.
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Table 1. Summary of the study sites.

%9

Fig. 1. The satellite image of study sites from the NAVER
(map.naver.com). Upper panel is N3 site and lower panel is
N7 site. White arrow in the center indicates the position of
mast in each site.
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Table 2. Criteria for quality control of raw data (Lee ef al., 2013).
Flag 1 Percentage of missing data N (%) Change (d) in 30 min o Skewness (S)  Kurtosis (K)
SU<1ms™ o<1K
A N=0 ST<1K T, —1<S<l1 2<K<5
q<05gm™ s<lgm
1<sU<5ms" <1k 2<8<-1 1.5<K<2
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Table 3. Classification of the flux data quality by the steady
state and well developed turbulence (Lee et al., 2013).

Flag 2 RN; (%) ITC (%)
1 0~30 0~30
2 0~30 30~75
3 30~75 0~75
0~75 75~250
4 others

Table 4. Conditions for selection of 30-min files.

Measure Condition

Flag 1 for all u, w, 7, ¢ A
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Fig. 2. Definitions of quadrants for momentum (negative) and heat flux (positive).
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Table 5. Summary of basic turbulent statistics at two sites. The value in parentheses is standard deviation.
Sites Stability Puw Tt Twq skr sky sk, sk, S,/ U Syl
Neutral -0.27 0.33 0.37 0.36 0.35 0.21 0.14 2.92 1.24
N3 (0.05) (0.08) (0.05) (0.28) (0.28) (0.13) 0.21) (0.42) (0.10)
Unstable -0.22 0.44 0.44 0.55 0.53 0.31 0.11 3.25 1.39
(0.08) (0.07) (0.07) (0.23) (0.29) (0.16) (0.25) (0.70) 0.21)
Neutral -0.33 0.39 0.27 0.19 —-0.08 0.19 0.10 2.37 1.24
N7 (0.06) (0.07) (0.09) (0.29) (0.39) 0.12) (0.20) (0.30) (0.11)
Unstable -0.29 0.47 0.32 0.39 0.06 0.31 0.02 2.43 1.38
(0.09) (0.07) (0.10) (0.25) (0.43) 0.17) (0.25) (0.49) (0.22)
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Fig. 3. Efficiencies for water vapour relative to heat transfer

in terms of z/L at (a) N3 and (b) N7 sites during the daytime.
The solid line indicates 7,,,/r,,7 = 1.
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Fig. 5. The relative importance of ejection and sweep events in terms of flux contribution of (a), (b) momentum, (c), (d) water
vapor, and (e), (f) heat at N3 (left) and N7 (right) sites during the daytime. The solid line indicates linear regression.
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Table 6. Seasonal frequency of AS > 0 and AS <0 conditions
for water vapor flux during the daytime at N7 site.

AS>0 AS<0
Spring 334 226
Summer 205 232
Autumn 264 158
Winter 194 107
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Fig. 6. The relative importance of ejection and sweep events in terms of time fraction of (a), (b) momentum, (c), (d) water
vapor, and (e), (f) heat at N3 (left) and N7 (right) sites during the daytime. The solid line indicates linear regression.
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Fig. 7. The composited seasonal multi-resolution decomposition
q, and (d) T and ¢ during the daytime at two sites.
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Table 7. Peak averaging time (s) of the composited seasonal multi-resolution decomposition of variables during the daytime at

two sites.
N3 N7
Spring Summer Autumn Winter Spring Summer Autumn Winter
P 51.2 51.2 51.2 25.6 51.2 102.4 102.4 102.4
Pyr 512 25.6 102.4 102.4 102.4 102.4 102.4 204.8
Tyg 51.2 25.6 102.4 102.4 25.6 51.2 102.4 102.4
rr 6.4 12.8 25.6 12.8 6.4 25.6 12.8 12.8
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