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Abstract Mixing-layer depth and entrainment zone thickness are extracted from micro pulse lidar data sets measured
at Peking University when surface wind is mainly from the south. The estimated values of the normalized entrain-
ment zone depth are plotted versus an entrainment Richardson number, resulting in a good ordering of the data and
agreement with the parameterization proposed in a study by Gryning and Batchvarova. The evolution and dynamics
of mixing-layer over urban area under simply meteorological conditions are studied using a simple well-mixed bound-
ary layer theory and the entrainment flux ratio (which is often used to simulate entrainment in atmospheric bounda-
ry-layer models) with an empirical relationship which is calculated from these two quantities. This ratio is generally
believed to be 0. 24 under equilibrium conditions, but is highly variable during the morning and evening hours. Re-
gional surface fluxes of sensible heat are retrieved based on a traditional thermodynamic model without mechanical

mixture effects from the time series. The cause for differences between retrieval result and actual measurement
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(with a correlation coefficient of 0. 79) are discussed. It is the differences that make the quantification of the param-

eter B for mechanical turbulence production possible. A value of 3. 5 is confirmed from the result of GB91 numerical

simulation. Preliminary analysis indicates both convective and mechanical turbulence, which can be interpreted qual-

itatively by parameters A and B, contribute to the growth process, in which the importance of every parameter can

be estimated when the difference in retrieved surface fluxes of sensible heat is growing rapidly. In this study, five

experiments are available for evaluating the simulation of the growth of the mixed layer. When the model adopts the

effect of vertical motions induced by convergence or divergence in the large-scale flow field, realistic mixed layer de-

velopments with urban underground are obtained.

Key words micro pulse lidar, evolution and dynamics of mixed layer, surface fluxes of sensible heat, retrieval, nu-

merical simulation
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Fig. 1 Relationship between the normalized entrainment zone (EZ) depth determined by the lidar and the entrainment Richardson number Ri..

The solid line represents the parameterization proposed by GB94
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shows the calculated half-hourly entrainment rate obtained by Eq. (2) and the dashed line represents the entrainment rate observed in the

O’ Neill experiment); (b) general time evolution of half-hourly entrainment rate averaged using the data from 24 Mar, 4 Apr, 12Apr, 18

Apr, 11 Aug and 2 Oct in 2002 (the calculated values are marked with crossover and the dashed line represents the variation tendency of en-

trainment rate under equilibrium entrainment)
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Fig. 3 Time evolution of surface sensible heat fluxes retrieved by lidar in 2002; (a) 24 Mar; (b) 12 Apr; (¢) 18 Apr; (d)11 Aug ; (e) 2

Oct. The solid line: the value obtained by “aerodynamic method”; the dashed line: retrieved flux
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Fig. 4 Comparison of surface sensible heat fluxes from lidar (y axis) and the tower (x axis). The solid line is the result of linear regression

analysis, the dashed line shows 1:1 correlation; the error bars mark the calculation error
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Table 1 Comparison of mixed-layer height (MLH) determined by MPL (Micro Pulse Lidar) and model for different parameter B

B R G R WL 5 2
H 5 The averaged MILH MLH obtained by li-
Date 2.5 3.0 3.5 4.0 4.5 5.0 obtained by model /m dar / m
03-24 853 863 874 884 893 903 878 889
04-12 1052 1062 1072 1082 1091 1100 1077 1060
04-18 965 980 995 1010 1024 1038 1002 954
08-11 949 969 988 1006 1024 1041 996 1152~
10-02 906 935 962 987 1011 1033 972 957

TE 05 3 FEBO 85 KA ) A RS0 85 BEASC 1R8I rp . A5 0 o T 18I0 T 125 19 Jo BR300 24 2 Y S G

Note; The averaged results of calculated MILH with different B are listed for comparison. Value with asterisk corresponds to the abnormal re-

sult due to the limit of lidar measuring method.
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Fig. 5

Comparison of mixed-layer height between calculated value (solid line; the five solid lines from less to high value enclose the calcula-

tion range for B=2.5, 3.0, 3.5, 4.0, 4.5, 5.0) and observed value (dashed line) on 24 Mar
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Fig. 6 Comparison of mixed-layer height between calculated value (solid line: the five solid lines from less to high value enclose the calcula-

tion range for B=2.5, 3.0, 3.5, 4.0, 4.5, 5.0) and observed value (dashed line); (a) 12 Apr; (b) 18 Apr; (c)11 Aug; (d) 2 Oct
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