Evaluation of different top-down and bottom-up functions potentially applicable for the virtual tall tower (VTT) concept 

Table S1 shows the functional forms of the dimensionless bottom-up (gb(z/zi)) and top-down (gt(z/zi)) functions that have been tested in the study. Note that Patton et al. (2003) only proposed a modification for the original Moeng and Wyngaard (1984) results for gb(z/zi) but not for gt(z/zi). 

Table S1. Functional forms for the applied bottom-up and top-down functions

	
	gb(z/zi)
	gt(z/zi)

	Moeng and Wyngaard (1984)
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	Patton et al. (2003)
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	Wang et al. (2007)
	
[image: image5.wmf]2

.

1

06

.

1

-

÷

÷

ø

ö

ç

ç

è

æ

i

z

z


	
[image: image6.wmf]27

.

2

1

12

.

0

-

÷

÷

ø

ö

ç

ç

è

æ

-

i

z

z




In order to find the most appropriate functional form for the application of the VTT concept for Hegyhátsál tall tower site we tested all three gradient function combinations presented in Table S1. 

As most of the tall towers are shorter than 300 m the performance of the different functions were evaluated for physical towers of 0-100 m, 100-200 m and 200-300 m tall. The height dependence of the improvement in the estimation of the vertical CO2 mole fraction profile resulted by the application of the VTT concept relative to the simple extrapolation of the measurement performed on the top of the underlying tower was evaluated separately for the lower and upper half of the PBL. The tests were evaluated separately for summer and winter.

The results of the tests that were performed to select the most appropriate gradient function for the present study are shown in Table S2. Improvement for a specific tower height-estimation height is defined as the signed difference between the absolute value of the median bias in the case of the simple extrapolation of the tower measurements (constant profile assumption) and that in the case of the application of the VTT concept. The mean and the median of the improvements were calculated for the different tower height – boundary layer domain (lower or upper half of the PBL) combinations shown in Table S2. Larger positive results indicate better performance for the given functional form. Negative improvement means that the VTT concept resulted in worse estimation than the simple extrapolation.

According to Table S2 the functions of Wang et al. (2007) outperforms the original Moeng and Wyngaard (1984) functions in summer. In winter the functions of Patton et al. (2003) perform better than the other two, but as Patton et al. (2003) did not modify gt(z/zi) the Moeng and Wyngaard (1984) functional form is preferred. By the combination of gb(z/zi) from Wang et al. (2007) and the original gt(z/zi) from Moeng and Wyngaard (1984) we created a fourth, “hybrid” gradient function combination. Evaluation of the performance of this hybrid function is also presented in Table S2. Under the conditions studied the hybrid function seems to be the most appropriate choice. 

Table S2. Mean and median improvements caused by the application of the VTT concept for the lower and upper half of the PBL (z< zi/2 and z>zi/2, respectively) as a function of the tower height and the season for the different gradient functions. Positive sign indicate that the application of the VTT concept gives better estimation than the simple vertical extrapolation of the tower measurement

	 
	
	0-100m tower
	100-200m tower
	200-300m tower

	
	
	z<zi/2
	z>zi/2
	z<zi/2
	z>zi/2
	z<zi/2
	z>zi/2

	
	
	SUMMER

	Moeng and Wyngaard (1984)
	mean
	0.54
	0.77
	0.19
	0.45
	0.09
	0.39

	
	median
	0.44
	0.64
	0.21
	0.41
	0.07
	0.26

	Patton et al. (2003)
	mean
	0.18
	0.39
	0.11
	0.37
	0.06
	0.36

	
	median
	0.16
	0.36
	0.10
	0.31
	0.05
	0.25

	Wang et al. (2007)
	mean
	0.56
	0.82
	0.26
	0.49
	0.11
	0.34

	
	median
	0.52
	0.71
	0.28
	0.47
	0.06
	0.25

	Hybrid (this study)
	mean
	0.56
	0.88
	0.27
	0.63
	0.11
	0.49

	
	median
	0.54
	0.80
	0.29
	0.55
	0.06
	0.35

	
	
	WINTER

	Moeng and Wyngaard (1984)
	mean
	-0.21
	0.14
	-0.11
	0.29
	-0.02
	0.25

	
	median
	-0.11
	-0.09
	-0.05
	0.08
	0
	0.11

	Patton et al. (2003)
	mean
	-0.18
	0.25
	-0.10
	0.31
	-0.01
	0.25

	
	median
	-0.09
	0.03
	-0.04
	0.08
	0
	0.11

	Wang et al. (2007)
	mean
	-0.24
	-0.30
	-0.14
	-0.12
	-0.03
	-0.02

	
	median
	-0.18
	-0.33
	-0.11
	-0.15
	0
	-0.02

	Hybrid (this study)
	mean
	-0.21
	0.11
	-0.12
	0.25
	-0.02
	0.24

	
	median
	-0.11
	-0.09
	-0.07
	0.09
	0
	0.11
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