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Abstract Using the NCEP/NCAR FNL data and the European Centre for Medium-Range Weather Forecasts (ECMWF) Inter-
im data and the Ozone Monitoring Instrument (OMI) ozone profile data, together with a regional atmospheric chemical model
(WRF-Chem) , a tropopause folding event caused by a cold trough during 19 — 21 March 2012 was analyzed. The contributions
of advection, turbulence mixing and convective transport processes to the transport of the stratospheric ozone to the tropo-
sphere are diagnosed. The results show that the tropopause folding event occurred in the northwest side of the Tibetan Plateau
is located in the transition zone between the tropical tropopause and the mid-latitude tropopause. Due to steep north-south gradi-
ent of the tropopause, the stratosphere and troposphere exchange (STE) in this region is more persistent and stronger than that
caused by the east-west tropopause folding. Mass exchange across the isentropic surface and the turbulent mixing have signifi-
cant contributions to the STE. The higher orography has a significant influence on the STE processes with its effect having an
evident diurnal variation. In the morning and evening time, the upward motions due to forcing lift of the high orography are
strong and inhibit the mass exchange between stratosphere and troposphere. In the afternoon. the thermal effect of the high o-
rography enhances, and the turbulent mixing near the top of the mountain leads to significant ozone increases in the upper trop-
osphere with the development of local circulation on the leeward slope of the high orography,and, the higher the orography is
the more significant this effect is. The height of the orography of 2. 5 km is critical in term of the turbulent mixing. Above this
height, the contribution of turbulent mixing to ozone change increases about 1% when the average height of the orography rises
100 m.
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Fig.1 (a) WRF-Chem model domain (the color filled contours indicate the orography height) s (b) the horizontal
distribution of the dynamic tropopause height at 0600 UTC 20 March 2012, (¢) the potential vorticity on the
320 K isentropic surface at 06:00 UTC 20 March 2012, and (d) geopotential heights (black solid contours, dagpm) ,
temperature (red dashed contours, C) and horizontal wind speed (color filled contours, m/s) at 500 hPa
at 06:00 UTC 20 March 2012 (The meteorological fields shown are from the FNL data)
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(a) Horizontal distributions of the simulative geopotential height (black solid contours, dagpm) s

temperature (red dashed contours, C) and horizontal wind speed (color filled contours)
at 500 hPa at 06:00 UTC 20 March 2012. And (b) as in (a) but for the FNL data
(The thick blue line represents the 3 km orography height contour)
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Fig. 3 Horizontal distributions of the simulative column ozone (a, ¢) and OMI column ozone (b, d)

at the adjacent time by integrating the ozone profile data from the surface to 10 hPa
(a, b. At 06:30 UTC 20 March 2012,c, d. at 05:00 UTC 20 March;the thick black line represents the 3 km

orography height contour and the white regions indicate a lack of measurements thereinto)
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Fig. 4

Latitude-height cross sections of the simulative ozone (a) and the OMI ozone (b) (contours, cm?/m?) along the line

MN shown in Fig. 3a. The column ozone from the surface to 10 hPa along the line MN (thick black dashed line)

is overlaid with the measurements in DU scaled in the right-hand vertical axis
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Fig. 5 Longitude-height and latitude-height cross
sections of potential vorticity (black solid contours, PVU),
potential temperature (black dashed contours, K) and
horizontal wind speed (shaded) from the WRF-Chem
simulations for 06:00 UTC 20 March 2012
(a, b, c. Along line AB, line CD and line EF showed in
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the dynamical tropopause defined as the 2 PVU surface)
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Fig.6 (a—d) Simulative longitude-height cross sections of ozone (color filled contours) and potential

temperature (black solid contours, K) along line AB shown in Fig. 1a at the different times. The corresponding

simulation times are marked on the top of each panel. (e) Simulative latitude-height cross section of ozone

(color filled contours) and potential temperature (black solid contours,K) along 77°E at 06:00 UTC
20 March. And, (f) as in (b) but based on the ERA-Interim ozone data



538

@

east

Kg2i 2015,73(3)

Acta Meteorologica Sinica

north south

0.01 0.7 1.5 2.2 2.9 3.6

4.3 5.0 5.7 6.4 7.1 cm’/m’

Bl 7 B 2012 4E 3 3 20 H 06 B &AM BE (A 6, om® /md) A TR L AT R /Y = 48 25 [ 43 A
Ca. RS ARG AL b, B B VG 1) R 5 0 60 550 101 32 7m AR 0. 16 em®/m?)
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Fig. 8 Ensemple backward trajectories at
5 km at 06:00 UTC 20 March 2012
(The upper part of the panel shows the time
evolution of the trajectories in the horizontal and the
lower part of the panel shows the vertical variation
of the trajectories with time. The departure point is

located at the northwest side of TP (32°N, 115°E))
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Fig.9 (a) Longitude-height and (b) latitude-height cross sections of the simulative ozone (color filled contours, cm?/m?)
and potential temperature (black solid contours, K)at 06:00 UTC 20 March 2012 along line GH showed in Fig. 1a. (¢)
Longitude-height cross section of the simulative potential vorticity (color filled contours, PVU) and the vertical circulation
(black vectors) along line AB shown in Fig. 1a and (d) latitude-height cross section of the simulative potential vorticity
(color filled contours, PVU) and the vertical circulation (black vectors) at 77°E at 06:00 UTC 20 March 2012
(The wind vector shows the zonal divergent wind (m/s) and the meridional divergent wind (m/s) with vertical velocity (m/s)

enlarged by 800 times (c¢) and 500 times (d). The thick white line denotes the dynamical tropopause defined as the 2 PVU surface)
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Fig. 10 Longitude-height cross sections of the simulative ozone (color filled contours) » the vertical
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and 12. 00 UTC (d) 20 March along line AB shown in Fig. la
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Fig. 11  Simulative hourly accumulated tendency of ozone (O3, black solid line) and the accumulated ozone
changes caused by the three-dimensional advection (adv_QOj;, line with circles) and the vertical mixing
(vmix_Qs ,line with stars) at 500 — 400 hPa from 00.00 UTC to 20.00 UTC 20 March the leeward
(36°—38°N, 75° = 77°E) (a) and its northern regions of gradually reduced terrain heights
(37°=39°N, 75°=77°E) (b). and (38°—40°N, 75° = 77°E) (c) of the northwest tropopause
fold of the Tibetan Plateau. And (d) as in (a.b.c) but for the region where the tongue of
tropopause fold [[ was broken within the same scope of latitude (36°—38°N, 115° - 117°E)
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