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MOTIVATION 
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Fig.1. Vertical profiles of 𝑂3、𝑅𝑅、𝑊𝑊 and 𝑇 observed in Hong Kong .     
(from KaiHui） 

 

𝑶𝟑 > 80ppbv 

Question: How does the high 𝑶𝟑 at the 2-4 layer influence O3 in the 
atmospheric  boundary layer? How much?   
 



BACKGROUND 

Surface ozone (O3) 
  Ozone is produced through a series of 

complicated chemical reactions involving NOx , 
VOCs and solar ultraviolet radiation (secondary 
pollutant); 

 High levels of O3 are harmful to human health, 
vegetation ecosystems, and crop yields; 

  Important greenhouse gas; 
  One of the major sources of hydrogen radicals. 
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Three major sources of O3 in the atmospheric  
 boundary layer (ABL) 
— Local production via photochemical reactions  
  e.g., Penkett and Brice, (1986) , Dickerson et al., (1995),  
   Li et al.,(2002) 
— Regional transport  
  e.g., Zheng Yongguang et al.，2005；Oltmans et al.，2004 
— Vertical transport from upper levels (entrainment) 
  As showed previously, the enhanced O3 from upper levels (like from 
stratosphere) (e.g., Danielsen et al., 1968; Logan et al., 1985; Levye et 
al. (1985); Moody et al.(1995); Oltmans et al., 2004) may impose 
important impact on O3 in the ABL.  
As compared to chemical reactions and horizontal transport, the 
impact of entrainment on ozone in the ABL is not  well quantified. 
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Fig.2. Schematic overview of the 
different terms that affect the 
evolution of ozone. (Ouwersloot et 
al.,2012) 

BACKGROUND 



Entrainment   
  Transition area between ABL(turbulent area) and free 

atmosphere(without turbulent) 

  Essential to the development and evolution of ABL 

  Very limited observations  

  An important passage of matter and energy exchange 
between the ABL and the free atmosphere, and has an 
important impact on the heat, water vapor, CO2  and O3 
in the ABL.  

As compared to heat, water vapor, and CO2, the study of 
impact of entrainment on O3 om the ABL is very limited.   
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BACKGROUND 



 To simulate diurnal variation of O3  in the 
atmospheric boundary layer with an atmospheric 
boundary layer chemistry model (CLASS model). 

 To quantify the relative contributions of entrainment 
and local chemical production to O3 in the ABL under 
different jump conditions. 

 To quantify the relative contributions of entrainment 
and local chemical reaction to O3 in the ABL under 
different emission (i.e., NOx and VOCs) conditions. 
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OBJECTIVES 
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Chemistry Land-surface Atmosphere Soil Slab 
(CLASS) Model 
 
1. Representation of boundary layer dynamics 
 
 

Fig.3. Sketch of the profiles of virtual potential temperature and 
heat flux in a zero-order and first-order jump model 

Don’t consider 
the aerosol 
optical 
depth(AOD) 

METHOD 
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Fig.4. Conceptual representation of the vertical profiles of specific humidity (q), 
potential temperature(𝜃)and, as an example, nitrogen dioxide(NO2)and ozone(O3). 

METHOD 

The governing equation of <∅> are derived from 1-D Reynolds 
averaged Navier-Stokes equation 

(1) 

∅ = 𝜃，𝑞，𝑊 ；“s”and“h” denote the surface and mixed-layer 
height; 𝑤′∅′ denotes a turbulent flux at the surface(s) and the 
entrainment zone(h); 𝑊∅ contains additional source and sink terms 

dynamics chemistry 
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Table 1. Chemical reaction scheme used in numerical experiment(CLASS) 

METHOD: CLASS/CHEMISTRY 
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Fig.5. Location of TAP MUN in Hong Kong 

METHOD: OBS. SITE 

演示者
演示文稿备注
You need provide at least one slide to describe CLASS model.  Also you need present CLASS model description first. 
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Table 2. Prescribed Met ICs  used for the numerical experiment 

Table 3  Prescribed chemical species (ppbv) and surface fluxes (emission, 
ppbv m 𝒔−𝟏) 

RESULTS & DISCUSSION 



RESULTS & DISCUSSION 
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Fig.6. Comparison of simulated with observed  NO,NO2,NOx and O3 
at Tap Mun on Mar. 6, 2013 
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Fig.7. The PBL height(h),  potential temperature (𝜽), and specific 
humidity (q) predicted by CLASS. 
 

RESULTS & DISCUSSION 
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Case 1 Initial O3 [ppb] ∆𝑂3[ppb] 

Control 46 0 
Physics 46 15 

Fig.8. Time evolution of the O3 mixing ratio obtained with the mixed 
layer model with and without chemical reactions 

RESULTS & DISCUSSION 

Chem: 19 ppbv (65-46) 
Phy: 13ppbv (78-65) 
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Fig.9. The CLASS-simulated O3 at different O3 jumps. 

RESULTS & DISCUSSION 
Case 2 Initial O3 [ppb] ∆𝑂3[ppb] 

Physics1 46 0 
Physics2 46 5 
Physics3 46 10 
Physics4 46 15 
Physics5 46 20 
Physics6 46 25 
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Case O3 jump (ppb)  Simulated O3  
peak (ppb) 

Physics1 0 66 
Physics2 5 70 
Physics3 10 74 
Physics4 15 78 
Physics5 20 82 
Physics6 25 86 

Every 5-ppb O3 jump causes about 4-ppb increase of O3 in the ABL 

RESULTS & DISCUSSION 

Table 5. CLASS-simulated peak O3 at different O3 jumps 
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Fig.10. NO,NO2 and HNO3 simulated by CLASS model  with different O3 jumps 
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Fig.11. Similar to Figure 10 but for Isoprene and OH radicals  

1 
6 



20
 Fig.12. EKMA (Empirical Kinetic Modeling Approach) plot  

VOC控制 

NOx控制 

RESULTS & DISCUSSION 

Impact of different emissions (i.e., NOx and VOCs) conditions 
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VOC控制（塔门）：VOCs/NOx= 0.55<8 
NOx控制：ISO变成60ppb，VOCs/NOx>8 

Fig.13. CLASS-simulated O3 for different VOCs/NOx  
  

RESULTS & DISCUSSION 
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1 2 3 

∆𝑂3(ppbv) 10 15 20 

Fig.14. CLASS-simulated O3 for different VOCs/NOx and O3 jump 
 

RESULTS & DISCUSSION 
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RESULTS & DISCUSSION 

species control case1 case2 case3 case4 

NO flux
（ppbv） 

0.004 0.005 0.006 0.004 0.004 

ISO flux 
（ppbv） 

0.05 0.05 0.05 0.06 0.07 

Table 6. under different NO and ISO surface flux 

Fig.15. CLASS-simulated O3 under different NO and ISO 



CONCLUSIONS 

 The impact of entrainment on O3 in the ABL is quantified 
by the CLASS model successfully. 

 The entrainment plays a competitive role in the change of 
O3 in the ABL as compared to the local chemical reactions.  

 The impact of entrainment on the O3 in the ABL is highly 
associated with O3 jumps.  

 The relative contributions of entrainment versus  chemical 
reactions to O3 in the ABL is also related to the emissions 
especially to the ratios of NOx/VOC. 
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NEXT STEPS 

• Refine the simulations and experiments 
• Complete statistical evaluations of the CLASS 

simulations. 
• Developing one or two manuscript(s) 
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THANK YOU FOR 
YOUR ATTENTION！ 
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