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Abstract In this report the research results by Chinese scientists in 2014−2016 are summarized.

The focuses are placed on the researches of the middle and upper atmosphere, specifically the re-

searches associated with ground-based observation capability development, dynamical processes, and

properties of circulation and chemistry-climate coupling of the middle atmospheric layers.
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1�Studies on Airglow Radiation

Gao et al.[1] analyzed the vertical structure of

OH day-glow using the data from observations

by the Sounding of the Atmosphere using Broad-

band Emission Radiometry (SABER) instrument on

the Thermosphere-Ionosphere-Mesosphere Energetics

and Dynamics (TIMED) satellite from January 2002

to June 2014. They found that there is a double-

layer structure in the distributions of 12-year ave-

raged OH airglow emission, [O3], and [H] during the

daytime. The upper layer of OH day-glow is located

in the mesopause region (∼88km) at a similar alti-

tude to that of the OH nightglow. The lower layer

is situated in the range of 70−85km. The double-

layer structure of OH day-glow emission is a long-
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term stable structure and is mainly caused by photo-

chemical processes involving [O3]. It is also modula-

ted by background atmospheric temperature and [H].

Liu et al.[2] studied the rotation temperature derived

from OH airglow emission spectra at OH (8−3) band,

which were observed by the ground-based spectro-

meter from December 2011 to December 2013. The

comparison between OH rotation temperature and

SABER temperature showed that the mean rotation

temperature of OH (8−3) band is 203.0±11.2K with

5.5K warmer than SABER’s. Both have obvious-

ly seasonal variations, e.g., the annual amplitude of

10.8K, the semiannual amplitude of 2.7K. Liu et

al.[3] used the OH (9−4, 8−3, 6−2, 5−1, and 3−0)

band airglows to evaluate Einstein coefficient by com-

paring the ground-based temperature derived from

five sets of Einstein coefficients and SABER/TIMED

temperature. They showed that of the five sets of

coefficients, the rotational temperature derived with

Langhoff et al.’s set is most consistent with SABER.

Based on these comparisons, they get a set of opti-

mal Einstein coefficients for rotational temperature

derivation. The use of a standard set of Einstein co-

efficients will be beneficial for comparing rotational

temperatures observed at different sites.

2�Studies on Thermosphere

Geomagnetic storm can be clarified to two classes:

Coronal Mass Ejections (CMEs) driven storms and

the Co-rotating Interaction Regions (CIRs) driven

storms. Chen et al.[4] carried out a statistical stu-

dy to assess the relative importance of each kind of

storm to satellite orbital decay. They showed that

CIR storms have a slightly larger effect on total or-

bital decay than CME storms do in a statistical sense.

During the declining phase and the minimum years

of a solar cycle, CIR storms occur frequently and

quasi-periodically. These storms have a large effect on

thermospheric densities and satellite orbits because of

their relatively long duration. Xu et al.[5] studied the

latitudinal, longitudinal, and height dependences of

the multi-day oscillations of thermospheric densities

observed by CHAMP and GRACE satellites during

2002−2010 and the globally averaged thermospheric

densities from 1967 to 2007. They find that the main

multi-day oscillations in thermospheric densities are

27-, 13.5-, 9-, and 7-day oscillations. The high cor-

relation coefficients between the density oscillations

and the F10.7 or Ap index indicate that these oscilla-

tions are externally driven. The multi-day, periodic

oscillations of thermospheric density exhibit strong

latitudinal and longitudinal variations in the geo-

magnetic coordinate and oscillate synchronously at

different heights. Jiang et al.[6] investigated the re-

sponses of the lower thermospheric temperature to

the 9-day and 13.5-day oscillations of recurrent geo-

magnetic activity and solar radiation. They found

that the zonal mean temperature in the lower ther-

mosphere oscillated with periods of near 9 and 13.5

days in the height range of 100−120km. These

oscillations were more strongly correlated with the

recurrent geomagnetic activity than with the solar

EUV. The amplitudes of 9-day and 13.5-day oscilla-

tions increase with latitudes and altitudes. Simu-

lation results from NCAR-TIME-GCM reproduced

these oscillations and indicated that recurrent geo-

magnetic activity is the main cause of the 9-day and

13.5-day variations in the lower thermosphere tempe-

rature, and the contribution from solar EUV varia-

tions is minor. Liu et al.[7] investigated the clima-

tology of multiday oscillations with periods of 4−19

days using three-year (2010−2013) observations of

thermospheric winds (at ∼250km) during declining

solar phase by Fabry-Perot Interferometers (FPIs) at

Xinglong (XL, 40.2◦N, 117.4◦E) and Millstone Hill

(MH, 42.6◦N, 71.5◦W). They found that these oscilla-

tions occur more frequently in the months from May

to October and coincide with the summertime pre-

ference of middle-latitude ionospheric electron den-

sity oscillations. Oscillations with periods of 4−19

days exhibit annual and semiannual variations and

are correlated to both the Solar Wind speed (SW)

and Kp. These studies indicate that the oscillations
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in the thermospheric neutral winds may possibly be

influenced by CIRs, the related high-speed solar wind,

and the recurrent geomagnetic activity. Liu et al.[8]

analyzed an 11-year (1989−1995 and 2010−2013)

nighttime thermospheric wind (at ∼250km) data set

from FPI at MH to investigate multiday oscillations

(6−30 days) in the thermospheric nighttime winds.

They found that there exist prominent quasi 27-day

oscillations in the thermospheric zonal wind during

solar maximum and quasi 13.5-day oscillations in the

zonal wind occur during the solar maximum and in-

creasing phases. The multiday oscillations in the

thermospheric winds are more correlated with Kp

and SW than F10.7. Further analyses illustrated that

the zonal wind is more sensitive to SW than the

meridional wind. Sun et al.[9] analyzed the simul-

taneous observations from an all-sky imager, a GPS

monitor, a digisonde and a Fabry-Perot Interferome-

ter (FPI) at Xinglong (40.4◦N, 30.5◦N magnetic lati-

tude), China, on 17, 18 February 2012. They find

the evolution (generation, amplification, and dissipa-

tion) of mesoscale Field-Aligned Irregularity struc-

tures (FAIs) (∼150km) associated with a Medium-

Scale Traveling Ionospheric Disturbance (MSTID)

event. The mesoscale FAIs had an obvious northwest-

ward relative velocity to main-body MSTIDs. The di-

rection of this relative velocity was roughly parallel to

the depleted fronts and was mostly controlled by the

intensity of the depleted fronts. A northeastward po-

larization electric field within a depleted airglow front

can play a controlling role in the development of the

mesoscale FAIs. Chen et al.[10] studied the O+ field-

aligned ambipolar diffusive velocities Vd and fluxes Φd

in the topside ionosphere using the observed profiles

observed by incoherent scatter radar experiment con-

ducted at Millstone Hill (288.5◦E, 42.6◦N) from 4 Oc-

tober to 4 November 2002. Two geomagnetic storms

took place during this period. By comparing Vd and

Φd during different phases of the two storms and qui-

et times, they proposed that storm time variations in

diffusive velocity were more likely the results of storm

time changes in the plasma vertical profile, rather

than the cause of these plasma density changes. Yao

et al.[11] compared the meridional and zonal winds

derived from the Kelan FPI wind model with those

based on Meteor Radar wind observations in Beijing

(39.92◦N, 116.39◦E), and those calculated from ho-

rizontal wind models, i.e., HWM93 and HWM07, at

Kelan. They found that the Kelan FPI wind patte-

rns agreed well with the Meteor Radar winds and the

HWM07 model results, but less well with the HWM93

model in the mesopause region. The comparison in-

dicates that there were large discrepancies between

the Kelan FPI winds and the HWM07 model results,

which were mainly due to differences in the annual

variation in the nighttime meridional wind.

3�Solar Effect on the East-Asian

Monsoon System

Solar radiation is the primary energy source for the

motion of the atmosphere, and the most important

interdecadal timescale is the 11-year solar cycle. Du-

ring winters with High Solar activity (HS), robust

warming appeared in northern Asia in response to

a positive AO phase[12]. However, during winters

with Low Solar activity (LS), the surface warming

was much less in the presence of a positive AO phase.

Possible mechanism for this 11-year solar cycle modu-

lation is suggested to be the indirect influence of solar

activity on the AO structure. On the other hand, the

relationship between the EAWM and the EASM is

also modulated by the 11-year solar cycle[13]. The

EAWM-ENSO relationship depends on the solar cy-

cle with more robust relationship in the LS categories.

There tends to be a much stronger EASM after a

weak EAWM associated with ENSO during the LS

phases than during the HS phases. Different evolu-

tion of SST anomalies in the HS and LS years are

further demonstrated, and thus explain why a closer

EAWM-EASM relationship is established during LS

years than HS years. These findings extend earlier

ones by emphasizing the modulation effect of solar

cycle on the AO&ENSO and the East Asian climate
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relationship, which has practical use for climate pre-

diction.

4�Dynamical Processes in the

Middle Atmosphere

4.1 Tides

Xu et al.[14] studied the nonlinear interaction be-

tween Stationary Planetary Waves (SPWs) and tides

in the stratosphere and mesosphere using the glo-

bal temperature data from 11 years (2002−2012)

SABER/TIMED observations. The holistic behavior

of the nonlinear interactions between all SPWs and

tides is analyzed from the point of view of energetics.

The results indicate that the intensities of nonmi-

grating diurnal, semidiurnal, terdiurnal, and 6 h tides

are strongest during winter and almost vanish du-

ring summer, synchronous with SPW activity. Thus

nonlinear interactions between SPWs and tides in

the stratosphere and the lower mesosphere may be

an important source of the nonmigrating tides that

then propagate into the upper mesosphere and low-

er thermosphere. Liu et al.[15] studied the global

structure and seasonal variations of the migrating

6 h tide from the stratosphere to the lower thermo-

sphere using 10-year of SABER/TIMED temperature

data. The amplitudes of the migrating 6 h tide in-

crease with altitudes. In the stratosphere, the migra-

ting 6 h tide peaks around 35◦N/◦S. The migrating

6 h tide is stronger in the southern hemisphere. An-

nual, semiannual, 4 and 3-month oscillations are the

four dominant seasonal variations of the tidal ampli-

tude. Both ozone heating in the stratosphere and

the background atmosphere probably affect the gen-

eration and the seasonal variations of the migrating

6 h tide. In addition, the non-linear interaction be-

tween different tidal harmonics is another possible

mechanism. Liu et al.[16] examined modulations of the

temperature migrating diurnal tide (DW1) by lati-

tudinal gradients of zonal mean zonal wind using the

temperature data from SABER/TIMED and Empir-

ical Orthogonal Function (EOF) analysis. The result

shows that latitudinal gradient of zonal mean zon-

al wind increases with altitudes and displays clear-

ly seasonal and interannual variability. These varia-

tions are in a similar manner as the DW1. The re-

sembling spatial-temporal features suggest that in the

upper tropic MLT probably plays an important role

in modulating semiannual, annual, and quasi-biennial

oscillations in DW1 at the same latitude and alti-

tude. Yu et al.[17] studied seasonal variations of MLT

tides using meteor radar chain. The seasonal varia-

tions of different tides in the mesosphere and low-

er thermosphere are investigated from wind observa-

tions of a meteor radar chain on the basis of Hough

mode decomposition. Pronounced Semiannual Oscil-

lation (SAO) is presented in the diurnal component,

while latitude-dependent seasonal variation is found

in the semidiurnal and terdiurnal components. At the

low/mid-latitude stations, the semiannual/annual os-

cillation is relatively stronger. Hough mode decompo-

sition is utilized to extract the dominant tidal modes

of each decomposed component. It is found the (1, 1)

mode dominates the diurnal component with appar-

ent SAO, (2, 4) mode of the semidiurnal component

is strong in the autumn and winter months (after the

September equinox). Ren et al.[18] studied the in-

fluence of DE3 tide on the equinoctial asymmetry of

the zonal mean ionospheric electron density. Through

respectively adding September DE3 tide and March

DE3 tide at the low boundary of GCITEM-IGGCAS

model, we simulate the influence of DE3 tide on the

equinoctial asymmetry of the zonal mean ionospheric

electron density. The influence of DE3 tide on the e-

quinoctial asymmetry of the zonal mean electron den-

sity varies with latitude, altitude and solar activity

level. Compared with the density driven by Septem-

ber DE3 tide, the March DE3 tide mainly decreas-

es the lower ionospheric zonal mean electron density,

and mainly increases the electron density at higher

ionosphere. In the low-latitude ionosphere, DE3 tide

drives an Equatorial Ionization Anomaly structure

(EIA) at higher ionosphere in the relative difference

of zonal mean electron density, which suggests that
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DE3 tide affect the longitudinal mean equatorial ver-

tical E ×B plasma drifts. Although the lower iono-

spheric equinoctial asymmetry driven by DE3 tide

mainly decreases with the increase of solar activity,

the asymmetry at higher ionosphere mainly increas-

es with solar activity. However, EIA in equinoctial

asymmetry mainly decreases with the increase of so-

lar activity. Li et al.[19] studied yearly variations of

the stratospheric tides. The three main tidal com-

ponents, i.e., the migrating components DW1, SW2

and the non-migrating component DE3, at the two

stratospheric altitudes (20 and 43 km) and in the lat-

itude range between ±60◦, are obtained from the

temperature data of National Centers for Environ-

mental Prediction (NCEP) Climate Forecast System

Reanalysis (CFSR) during the interval from 1979 to

2010. The yearly variations of the main tidal compo-

nents may demonstrate that the CFSR reanalysis da-

ta can be used as a supplementary observation in the

investigation of the stratospheric tidal components.

Li et al.[20] studied the variability of nonmigrating

tides. This paper deals with the variability of the

nonmigrating tides detected from the observation of

the SABER instrument onboard the TIMED satellite

during the 11-year solar period from 2002 to 2012.

We found that the properties of the spatial distribu-

tion and large time-scale variation of the DE3 compo-

nent are similar to those of the previous works, which

used the interpolated data with 2-month resolution.

Practically, the higher-resolution data were used to

reveal the day-to-day variability of the DE3 compo-

nent. The day-to-day variability of the DE3 compo-

nent may be explained by the variance of the absolute

amplitudes and the contribution of the wave phases,

and the later seems to play more important role.

4.2 GWs

Chen et al.[21] simulated generation of stratospheric

gravity waves in upper-tropospheric jet stream ac-

companied with a cold vortex over Northeast China

in June 2010, using WRF ARW. The results reveal

that pronounced stratospheric GWs are generated by

the jet stream as they emerge from the exit region of

jet stream.

To identify oceanic regions for which convection

is a major source of Gravity Waves (GWs), Jia et

al.[22] analyzed the correlation between sea surface

temperature and absolute values of Gravity Wave

Momentum Flux (GWMF) deduced from satellite da-

ta. Convective GWs are identified at the eastern

coasts of the continents and over the warm water re-

gions formed by the warm ocean currents, in parti-

cular the Gulf Stream and the Kuroshio. Potential

contributions of tropical cyclones to the excitation of

the GWs are discussed. Convective excitation can be

identified well into the mid-mesosphere. In propaga-

ting upward, the centers of GWMF formed by con-

vection shift poleward. Some indications of the main

forcing regions are even shown for the upper Meso-

sphere/Lower Thermosphere (MLT).

Jia et al.[23] investigated the GW variability

during the Sudden Stratosphere Warming (SSW)

in 2008 and 2009 using the COSMIC temperature

profiles together with zonal wind and geopotential

height data from NCEP/NCAR reanalysis. GWs

were enhanced at the edge of the polar vortex where

the background wind was strong, whereas the ar-

eas with the largest GW amplitudes did not always

correspond with those with the strongest background

wind. In 2008, the magnitudes of the zonal mean

GWs enhancements during the downward progres-

sion were relatively stable, whereas a clear reduction

was detected as the GW enhancement was progress-

ing downward in 2009.

Xu et al.[24] developed a no-gap OH airglow all-

sky imager network for the first time in northern Chi-

na since February 2012. The network is composed of

26 all-sky airglow imagers that make observations of

OH airglow gravity waves and cover an area of about

2000km east and west and about 1400km south and

north. In the study, the authors reported a series of

Concentric Gravity Wave (CGW) events nearly every

night during the first half of August 2013. Further

analysis on two representative CGW events illustra-

ted that on CGW was likely launched by a single
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thunderstorm. The temporal and spatial analyses in-

dicate that the CGW horizontal wavelength agrees

with the GW dispersion relation within 300km from

the storm center. Another CGW event was launched

by two very strong thunderstorms on 9 August 2013.

These CGWs have multi-scales with horizontal wave-

length ranging from less than 10 km to 200 km.

Liu et al.[25] studied the diurnal variations of tur-

bulence parameters (turbulence kinetic energy and

turbulence diffusivity) in the tropical oceanic upper

troposphere. This study used the four times per day

radio sounding data on the Kexue#1 scientific obser-

vation ship of South China Sea Monsoon Experiment

(SCSMEX) in 1998 and the concurrent mesoscale

convective systems derived from TRMM (Tropical

Rain-fall Measuring Mission) satellite. They found

that the diurnal variations of turbulence parameters

averaged over May and June are strongly correla-

ted with the diurnal variations of MCS with corre-

lation factors of 0.79 and 0.94, respectively. This

indicates that the turbulence and its diurnal varia-

tions over the tropic oceanic upper stratosphere re-

gion are highly related to the MCS. Liu et al.[26]

simulated GWs breaking and their contributions to

the formation of large winds (� 100m·s−1) and wind

shears (� 40m·s−1·km−1) in the Mesosphere and

Lower Thermosphere (MLT). They showed that the

momentum deposited by breaking GWs accelerates

the mean wind. The resultant large background wind

increases the GW’s apparent horizontal phase veloc-

ity and decreases the GW’s intrinsic frequency and

vertical wavelength. Both the accelerated mean wind

and the decreased GW vertical wavelength contribute

to the enhancement of wind shears. This, in turn,

creates a favorable condition for the occurrence of

GW instability, breaking, and momentum deposi-

tion, as well as mean wind acceleration, which fur-

ther enhances the wind shears. Liu et al.[27] per-

formed 64 numerical experiments to simulate GWs

with different wavelengths propagating in the migra-

ting diurnal and semidiurnal tidal background. They

found that both migrating diurnal and semidiurnal

tides strongly modulate the occurrence of GW break-

ing, and the resulted large winds and wind shears.

The simulated large winds and wind shears are in

good agreement with those from the rocket-sounding

chemical release measurements. Moreover, the occur-

rence of large wind shears highly depends on the phas-

es of migrating tides in local time, which is in agree-

ment with the reported lidar observations. This study

revealed that the nonlinear interactions between GWs

breaking and the migrating diurnal and semidiurnal

tides may play an important role in driving the large

winds and wind shears in the MLT region and their

local time dependence. Liu et al.[28] used a 6-year

(2007−2013) temperature data set from SOFIE/AIM

to extract GWs in the polar stratosphere and meso-

sphere of both hemispheres. They showed that GWs

are stronger in the winter than in the summer and

exhibit strong annual variation. GWs are stronger

in the Southern Polar Region (SPR) than in the

Northern Polar Region (NPR) except in the sum-

mer months. This is likely because there are stronger

and longer-lasting zonal wind jets in the SPR strato-

sphere. The longitudinal variations of PE in the win-

ter polar stratosphere are consistent with the eleva-

ted regions. The correlations between GW potential

energy and the column Ice Water Content (IWC, an

indicator of the polar mesosphere cloud) exhibit lon-

gitudinal and annual variations.

Wei et al.[29] found that orographic wave excited

by the TP propagate upward into the stratosphere

and breaks near 150 hPa, leading to a strong attenu-

ation of momentum flux and the release of energy in-

to basic flows. Meanwhile, vertical turbulent mixing

is extremely increased and turbulent exchange coef-

ficient enhances by more than eight times during a

short period (within 1 hour). Large turbulent mixing

process causes air transports from the troposphere to

the stratosphere.

4.3 Planetary Waves

Liu et al.[30] studied 5-day Planetary Waves (PWs)

in the polar stratosphere and mesosphere using the

temperature and column Ice Water Content (IWC) of
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Polar Mesospheric Clouds (PMCs) measured simulta-

neously by the Solar Occultation for Ice Experiment

(SOFIE) onboard NASA’s Aeronomy of Ice in the

Mesosphere satellite from 2007 to 2014. They found

that the 5-day PWs in temperature are stronger in

the polar winter stratosphere and mesosphere and ex-

hibit substantial interhemispheric asymmetry. The

strength of 5-day waves coincide with those of the

eastward jet in each hemisphere. This indicates that

the 5-day PWs might be generated from barotro-

pic/baroclinic instability in the polar stratosphere.

In the same study, the authors also showed that the

phase shifts of W1 5-day PW in temperature relative

to that in IWC have a mean of −2.0h (0.3 h) with

a standard deviation of 3.8 h (4.2 h) in the northern

(southern) polar region. This indicates that the for-

mation of the W1 5-day PW in PMCs is controlled

mainly by the W1 5-day PW in temperature and in-

fluenced by other factors.

Extending the broad spectral method proposed

by Zhang et al. and applying 11-year (1998−2008)

of radiosonde data from 92 stations in the Northern

Hemisphere, Zhang et al.[31] investigated latitudi-

nal, continuous vertical and seasonal variability of

Medium- and High-frequency Gravity Waves (MHG-

Ws) parameters in the lower atmosphere (2−25 km).

The latitudinal and vertical distributions of the wave

energy density and horizontal momentum fluxes as

well as their seasonal variations exhibit considerable

consistency with those of inertial gravity waves. De-

spite the consistency, the MHGWs have much larger

energy density, horizontal momentum fluxes and wave

force. The derived intrinsic frequencies are more sen-

sitive to the spatiotemporal variation of the buoyancy

frequency, and at all latitudinal regions they are high-

er in summer.

Gan et al.[32] reported the seasonal variations of

the westward propagating 6.5-day planetary wave in

the Mesosphere and Lower Thermosphere (MLT). A

case study (around Day 130 in Year 2003) revealed

an extraordinarily strong 6.5-day wave event. They

found that intensive dissipation of 6.5-day wave in the

mesopause region induced an extra meridional circu-

lation, which could result in a net upward and down-

ward transportation of atomic oxygen and molecular

nitrogen, thus, the depletion of thermospheric O/N2

ratio. Using meteor radar, radiosonde and satellite

observations over 20◦N and NCEP/NCAR reanalysis

data during 81 days from 22 December 2004 to 12

March 2005, Huang et al.[33] observed a quasi-27-day

oscillation propagating from the troposphere to the

mesosphere. The oscillation attains a large amplitude

of about 12m·s−1 in the eastward wind shear region

of the troposphere. When the wind shear reverses, its

amplitude rapidly decays, and the background wind

gradually evolves to be westward. They further sug-

gested that the quasi-27-day oscillation may be an

atmospheric response to forcing due to the convec-

tive activity with a period of about 27 days in the

tropical region.

Using extended Canadian Middle Atmosphere

Model (eCMAM), Gan et al.[34] validated the migra-

ting and non-migrating diurnal tidal modes with

SABER temperature observation. It is found that

the major tidal modes in temperature were well sim-

ulated by eCMAM with realistic lower atmosphere

physics, parameterizations of gravity wave in the mid-

dle atmosphere and ion drag in the ionosphere. The

simulated diurnal tides exhibited consistent spatial

structure and seasonal and inter-annual characteris-

tics compared with 11-year observations, indicative

of further utilization of tidal-related research. Using

observation data from the Wuhan University (WHU)

VHF radar in 2012, Huang et al.[35] studied the pri-

mary features of the DT and its variability in the low-

er atmosphere over Chongyang (114.14◦E, 29.53◦N).

They found that dominant diurnal oscillations exist

in the lower atmosphere at middle latitudes, and the

diurnal tide shows remarkable height, season, and

short-term variability. The background wind could be

responsible for diurnal tide height and season variabi-

lity. The short-term variation in the tidal source and

the coupling with planetary waves could be responsi-

ble for short-term variability of diurnal tide.
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5�Stratospheric Processes

5.1 Sudden Stratospheric Warming

Shuai et al.[36] reported a study on the Elevated

Stratopause (ES) events in the winter of 2006, 2009

and 2010 at 70◦N. The studies are based on the

SABER/TIMED temperature measurements in the

period from 2003 to 2011. Their results indicated that

the ES events occur only after the major Sudden Stra-

tospheric Warming (SSW) accompanying with the

polar vortex splitting. They suggested that in the ES

events, enhancement of gravity wave activity could be

observed at ∼80km between late January and early

February, corresponding to the ES occurrence height

and time.

Hu et al.[37] investigated the boreal spring Stra-

tospheric Final Warming (SFW) and its interannu-

al and interdecadal variability. They found that

the earliest SFW occurs in mid-March whereas the

latest SFW happens in late May. The early/late

SFW events in boreal spring correspond to a qui-

cker/slower transition of the stratospheric circulation.

The earlier breakdown of the Stratospheric Polar Vor-

tex (SPV), as for the winter Stratospheric Sudden

Warming (SSW) events is driven mainly by wave forc-

ing; and in contrast, the later breakdown of the SPV

exhibits more characteristics of its seasonal evolution.

In addition, the SFW onset time before the mid-

1990s is 11 days earlier than that afterwards. Hu et

al.[38−39] then demonstrates relationship between in-

tensity and occurrence of major stratospheric Sudden

Warming Events (SSWs) in midwinter and the sea-

sonal timing of Stratospheric Final Warming events

(SFWs) in spring. Specially, early spring SFWs that

on average occur in early March tend to be preceded

by non-SSW winters, while late spring SFWs that on

average take place up until early May are mostly pre-

ceded by SSW events in midwinter. Planetary wave

activity and western Eurasian high may play a role.

Pogoreltsev et al.[40] suggested that nonlinear in-

teraction between planetary waves and mean flow

could provide a favorable condition for the Sudden

Stratospheric Warming (SSW) initiation. Their re-

sults demonstrated that the nonlinear wave-wave and

wave-mean flow interactions could play an important

role before and during SSW.

Xue et al.[41] investigated the modulation effect

of QBO on the connection between ENSO and the

summer South Asian High (SAH). Their results sug-

gested that the boreal summer SAH was more signi-

ficantly influenced by preceding ENSO events in the

easterly phase of the QBO than in the westerly phase.

This change in the ENSO-SAH relationship in the

different QBO phases was attributable to the change

in the ENSO-induced sea surface temperature anoma-

lies over the tropical Indian Ocean. This result high-

lights the modulation effect of the QBO on the im-

pacts of ENSO events, and the QBO should be taken

into consideration when ENSO is used to predict the

Asian monsoon variations.

Guo et al.[42] found double-core structure of

ozone valley over the Tibetan Plateau and pre-

sumed its possible mechanisms. From Microwave

Limb Sounder (MLS) ozone (O3) data, a double

core structure of the ozone valley over the TP is

found with one depletion center in upper stratosphere

named the upper core, and another depletion center,

named the lower core, is observed in the upper tro-

posphere/lower stratosphere. The analysis indicates

that the zonal deviation of ozone at the upper core is

nearly −1DU while its counterpart’s deviation at the

lower core is nearly −15DU. Large scale atmospheric

circulation and terrain effects play an important role

in the ozone valley at the lower core. In contrast,

photochemistry reactions of odd chlorine including

Chlorine atoms (Cl) and Chlorine monoxide (ClO)

dominate the ozone valley at the upper core.

Zhang et al.[43] reported that the Total column

Ozone Low (TOL) over the TP during winter and

spring is deepening over the recent decade. Based on

the analysis of multiple regression model, the thermal

dynamical processes associated with the TP warm-

ing accounts for more than 50% of TCO decline du-

ring winter for the period of 1979−2009. According
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to the Chemistry-Climate Model (CCM) simulations,

the increases in NOx emissions in East Asia and glo-

bal tropospheric N2O mixing ratio for the period of

1979−2009 contribute to no more than 20% reduc-

tions in TCO during this period.

Xie et al.[44] found that El Niño Modoki has had

a significant effect on tropical ozone since the 1980s,

alongside that of the QBO, and canonical El Niño.

Based on EOF analysis, it was found that the lead-

ing mode of TCO variability, accounting for ∼28%

of the variance, is associated with El Niño Modoki

events, and the other modes are related to the QBO

and canonical El Niño. Since El Niño Modoki activity

leads tropical ozone changes by 3−4 months, it could

serve as a predictor for tropical ozone variations. Xie

et al.[45] revealed that the continuous expansion of the

area of the Indo-Pacific Warm Pool (IPWP) since the

1980s represents an increase in the total heat energy

of the IPWP available to heat the tropospheric air.

This process lifts the tropical cold-point tropopause

height and leads to the observed long-term cooling

trend of the tropical tropical Cold-Point Tropopause

Temperature (CPTT). In addition, Modoki activity

is an important factor in modulating the interannual

variations of the tropical CPTT through significant

effects on overshooting convection.

Wang et al.[46] revealed that the Carbon Oxi-

de (CO) surface emissions explain most of the semi-

annual oscillation signals in the tropical upper tro-

posphere, with the remainder being attributed to

dynamical and chemical processes. The CO Annu-

al Oscillation (AO) in the lower stratosphere prima-

rily results from combined effects of dynamical and

chemical processes while the dynamical and chemi-

cal processes make opposite contributions to the CO

AO signals. CO surface emissions tend to weaken

the amplitude of the CO annual cycle in the tropi-

cal lower stratosphere, while the annual variations in

the meridional component of the BD circulation can

amplify the annual variations of CO above 30 hPa.

5.2 Stratosphere Climate Change Simulation

Hu et al.[47] used a state-of-the-art general circulation

model and found that, in the Southern Hemisphere,

the stratospheric ozone depletion leads to a cooler

and stronger Antarctic stratosphere, while the stra-

tospheric ozone recovery has the opposite effects. In

the Northern Hemisphere (NH), the impacts of the

stratospheric ozone depletion on polar stratospheric

temperature are not opposite to that of the stra-

tospheric ozone recovery; i.e., the stratospheric ozone

depletion causes a weak cooling and the stratospheric

ozone recovery causes a statistically significant coo-

ling. Particularly interesting is that stratospheric

ozone changes have opposite effects on the stationary

and transient wave fluxes in the NH stratosphere.

Wang et al.[48] investigated the impact of the as-

sumed N2O increases on stratospheric chemistry and

dynamics using a series of idealized simulations with

a CCM. In a future cooler stratosphere the net yield

of NOy from N2O is shown to decrease in a reference

run following the IPCC A1B scenario, but NOy can

still be significantly increased by extra increases of

N2O over 2001−2050. Meanwhile, the ozone deplet-

ing potential of N2O varies with the time period and

is influenced by the environmental conditions.

Shang et al.[49] showed that CH4 emission in-

creases will accelerate the BD circulation. However,

the BD circulation in the tropics at 100 hPa weakens

as CH4 emissions increase in East Asia and streng-

thens when CH4 emissions increase in North America.

A 50% increase of CH4 emissions in North America

has a greater influence on the stratospheric ozone in-

creases than the same CH4 emissions increase in East

Asia. CH4 emission increases in East Asia and North

America reduce the concentration of tropospheric hy-

droxyl radicals and increase the concentration of mid-

tropospheric ozone in the Northern Hemisphere mid-

latitudes.

Zhang et al.[50] revealed that the longitudi-

nal dependence of mid-latitude ozone anomalies as-

sociated with ENSO events during the period of

January−February−March is found to be related to

planetary waves. The wave trains affect ozone in the

Upper Troposphere and Lower Stratosphere (UTLS)
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by modulating the mid-latitude tropopause height

and cause Total Ozone Column (TOC) anomalies by

changing the vertical distributions of ozone. In addi-

tion, changes in synoptic-scale Rossby wave breaking

can also influence ozone through modulating eddy-

driven meridional circulation in the UTLS. Based on

the above mechanisms, Zhang et al.[51] further found

that the maximum response of the TOC to ENSO

shifts northward from southern China in winter to

northern China in summer. The seasonal shift of the

center of TOC anomalies is related to the seasonal

shift of the location of East Asia westerly jet, accom-

panied by tropopause height changes and anomalous

circulation induced by Rossby wave trains along the

jet. The differences in the TOC between El Niño

and La Niña events can cause up to 6%−10% clear-

sky erythemal UV changes over the middle and lower

reaches of the Yangtze River in winter and the north-

western Tibetan Plateau (TP) during spring.

Hu et al.[52] showed that increases in SST and

the SST meridional gradient could intensify the sub-

tropical westerly jets and significantly weaken the

northern polar vortex. Global uniform SST increases

produced a more significant impact on the southern

stratosphere than the northern stratosphere, while

SST gradient increases produced a more significant

impact on the northern stratosphere. The asym-

metric responses of the northern and southern polar

stratosphere to SST meridional gradient changes were

found to be mainly due to different wave properties

and transmissions in the northern and southern at-

mosphere.

Using E-P flux in quasi-geostrophic spherical co-

ordinates and its transformation form weighted by

zonal annular total mass[53]. Subsequently, Shi et

al.[54] reported recent latitudinal-structure changes

in the boreal Brewer-Dobson circulation. The global

ozone chemistry and related trace gas data records

for the stratosphere data (GOZCARDS) show that

the tropical lowermost stratospheric WV increased

by 18% per decade during 2001−2011 and the bo-

real mid-latitude lower stratospheric HCl rose 25%

per decade after 2006. This may result from a slow

down of the tropical upwelling and a speedup of the

mid-latitude downwelling, which is also supported by

composite analysis of Eliasen-Palm Flux (EPF), zo-

nal wind and regression of temperature on the EPF

from the ERA-Interim data.

5.3 STE Processes

Using reanalysis datasets, Wei et al.[55] indicated

that the relationship between the second mode of

East Asian Winter Monsoon (EAWM) and the Stra-

tospheric Polar Vortex (SPV) increased suddenly

since the late 1980s. The SPV-related circulation and

planetary wave activities are intensified in the latter

period. The global warming and ozone depletion are

further suggested to cause this change.

Reflection of stratospheric planetary waves and

its impact on tropospheric cold weather over Asia du-

ring January 2008 was investigated by Nath et al.[56].

They found that a wave packet emanating from Baffin

Island/coast of Labrador propagated eastward, equa-

torward and was reflected over Central Eurasia and

parts of China, which in turn triggered the advection

of cold wind from the northern part of the boreal fo-

rest regions and Siberia to the subtropics. Extreme

cold weather occurred in the wide region of Central

Eurasia and China during the second ten days of Ja-

nuary 2008. Nath et al.[57] further studied the impact

of planetary wave refection on tropospheric blocking

over the Urals-Siberia region in this event by employ-

ing time-lagged singular value decomposition analysis

on the geopotential height field. The results clearly

showed that around mid-January, the upward compo-

nent of the high-latitude wave guide was very weak,

it was only the downward component that could have

contributed to the development of the blocking high

over the Urals-Siberia region.

Shi et al.[58] studied stratosphere-troposphere

exchange caused by a deep convection in warm sector

and abnormal subtropical front of a cutoff low over

East Asia in June 2009, using cloud profile radar da-

ta from Cloudsat, temperature of black body from

FY-2C, atmospheric compositions from Aura/MLS,
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meteorological data from the ECMWF and HYS-

PLIT4 trajectory model. The analysis shows that

intense stratosphere-troposphere exchange occurs in

the abnormal subtropical front zone due to the con-

vective injection into stratospheric intrusions. On

the scatter plot of ozone and water vapor these are

two special gathering areas with both high (low)

concentrations of the two species. Chen et al.[59]

simulated a typical cold vortex over northeast Chi-

na during 19−23 June 2010 using WRF model and

investigated the stratosphere-troposphere exchange

process through Wei formula. Results showed that

the Cross-Tropopause mass Flux (CTF) induced by

the cold vortex was controlled by Stratosphere-to-

Troposphere Transport (STT). The time evolution

of the CTF exhibited three characteristics: (i) the

predominance of the STT during the pre-formation

stage; (ii) the formation and development of the cold

vortex, in which the CTF varied in a fluctuating

pattern from Troposphere-to-Stratosphere Transport

(TST) to STT to TST; and (iii) the prevalence of the

STT during the decay stage.

Xu et al.[60] found that 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 in-

hibit the STE. In the afternoon, the thermal effects of

the high orography enhance and the turbulent mixing

above the height of the orography of 2.5 km is critical,

with an increase of 1% when the average orographic

height rises 100m.

Yang et al.[61] found, using WRF model,

that deep convection over the TP can inject dust

aerosols into the stratosphere. When there is no

overshooting convection, vertical motions cannot

transport aerosols directly into the lower strato-

sphere�However, small scale diffusion and mixing

processes can slowly transport aerosols in the upper

troposphere into the lower stratosphere using a few

hours of time. Zhang et al.[62] reported that ver-

tical transport of dust aerosols is closely related to

background horizontal winds. In the absence of the

cloud microphysical processes, when a deep conver-

gence zone of northerly and southerly winds forms

over the TP, the vertical motions resulted from the

convergence could transport dust aerosols, originated

from the Taklimakan desert, to the lower stratosphere

with an evident inclined transport pathway. Tian et

al.[63] showed that the distributions of water vapor

over the TP from 2005 to 2008 are characterized by a

minimum over the southern TP from March to April,

and a maximum over the southern TP from July to

October near tropopause region at 100hPa. The low

water vapor at 215 hPa over the center of the TP is re-

lated to the sinking of dry air from the UTLS region.

5.4 Studies on the Troposphere

Liu et al.[64] found that the effects of the QBO on

tropical tropopause and OLR are most significant in

winter and autumn while relatively insignificant in

spring and summer. The tropical tropopause height

and temperature anomalies associated with the QBO

exhibit a belted distribution in the tropics while

the OLR anomalies have both positive and negative

anomalies along the equator. The buoyancy frequency

anomalies and Convective Potential Energy (CAPE)

anomalies associated with the QBO are spatially in

accordance with the QBO-induced OLR anomalies,

suggesting that the QBO can affect tropical convec-

tive activities through modulating the static stability

and the CAPE in the tropical troposphere.

Based on the satellite observations and reanaly-

sis data, Shi et al.[65] showed the distribution of Cloud

Top above the Tropopause (CTAT) events and its ef-

fect on water vapor and temperature structures in the

Upper Troposphere and Lower Stratosphere (UTLS)

over East China. The maximum frequency of CTAT

in boreal summer is located in Asian monsoon re-

gion. Meanwhile, the maximum frequency of CTAT

in mid-latitudes is located in Northeast Asia. Com-

posite analysis suggested that “dry above-moist be-

low” and “cold above-warm below” structure in the

UTLS along 15◦−35◦N over East Asia-West Pacific

region may be associated with tropical cyclones, the
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opposite structure in the UTLS along 35◦−50◦N may

be related to extratropical cyclones.

Zheng et al.[66] analyzed the variation of tropi-

cal tropopause height in 1919−2011. The results indi-

cate an increase linear trend of tropopause height con-

tributed by tropical convection, total ozone and tro-

pospheric air temperature. With the linear trend re-

moved, tropical tropopause varies significantly at pe-

riods of 18.2, 28.6 and 40 months. 18.2-month varia-

tion may be related to ozone and tropospheric tempe-

rature induced by monsoon. 28.6-month variation

may be attributed to the quasi-biennial variation of

ozone induced by the lower stratospheric zonal wind.

40-month period is mainly responsible for ENSO.

Zhang et al.[67] presented the intense interaction

between the Tropopause Inversion Layer (TIL) and

the Inertial Gravity Wave (IGW) activities using a

high vertical resolution radiosonde data set at a mid-

latitude station for the period of 1998−2008. It is

found that the TIL not only could inhibit the upward

propagation of IGWs from below but also imply the

possible excitation links between the TIL and IGW.

The results also indicate that the enhanced wind she-

ar layer just 1 km above the tropopause may result

in the IGW breaking and intensive turbulence. The

effect of the IGW-induced intensive turbulence could

significantly cool the tropopause, which makes the

tropopause colder and sharper and finally forms the

TIL.

Zhang et al.[68] studied the diurnal variation of

the Planetary Boundary Layer Height (PBLH) by

using the eight-times-daily sampling data from an in-

tensive radiosonde observation campaign at Yichang

(111◦E, 30◦N), China in August 2006 and January

2007. It was found that the PBLH in both summer

and winter months showed diurnal changes and the

daily cycle was deeper in summer; the morning rise

began at 07:00LT/10:00LT in summer/winter and

the evening transition occurred at 19:00LT in both

seasons; the maximum height occurred in the after-

noon for most cases, except some peaks found in the

winter night.

6�Development of Infrastructure

Based on the 1min backscatter ratio R profiles from

the all-day lidar measurements in Wuhan, China

(30.5◦N, 114.4◦E), Kong and Yi[69] calculated the

hourly Convective Boundary Layer (CBL) height

with the variance method. The computed CBL height

sequence displays the regular diurnal cycle of the

CBL top. The diurnal variation of the CBL height

shows an obvious seasonal dependence which coin-

cides with the annual variation of the local surface

temperature. The surface fine particle concentration

generally has a more complex diurnal cycle than that

expected from the CBL-dilution/CBL-accumulation

effect. They suggested that the seasonal behavior of

the surface fine particle concentration mainly depends

on the seasonal variation in available volume (deter-

mined by the CBL height) for aerosol dispersion.

A spectrally resolved Raman lidar has been built

by Liu and Yi[70] to measure atmospheric N2 Stokes

vibrational-rotational Raman spectra. The lidar ap-

plies a double-grating polychromator with a recipro-

cal linear dispersion of ∼0.12nm·mm−1 for the wave-

length separation and a 32-channel linear-array pho-

tomultiplier tube for sampling the spectral signals.

A comparison shows an excellent agreement between

the lidar-measured and theoretically-calculated spec-

tra. A new temperature retrieval approach without

needing a calibration from reference temperature da-

ta has been developed. The temperature derived from

the new lidar and method is comparable to that from

local radiosonde.
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[59] CHEN D, LÜ D R, CHEN Z Y. Simulation of the

stratosphere-troposphere exchange process in a typical

cold vortex over northeast China [J]. Sci. China: Earth

Sci., 2014, 57(7): 1452-1463

[60] XU P, TIAN W, ZHANG J, et al. A simulation study

of the transport of the stratospheric ozone to the tropo-

sphere over the northwest side of the Tibetan Plateau in

spring [J]. Acta Meteor. Sin., 2015, 73(3): 529-545

[61] YANG Q, TIAN W, LONG X, et al. Transport of dust

aerosols from troposphere to stratosphere over Qinghai-

Xizang Plateau [J]. Plat. Meteor., 2014, 33(4): 887-899

[62] ZHANG J, TIAN W, LONG X, et al. Fact and simula-

tion of dust aerosol transported to stratosphere during a

strong dust storm in South Xinjiang [J]. Plat. Meteor.,

2015, 34: 991-1004

[63] TIAN H, TIAN W, LUO J, et al. Characteristics of water

vapor distribution and variation in upper troposphere and

lower stratosphere over Qinghai-Xizang Plateau [J]. Plat.

Meteor., 2014, 33(1): 1-13

[64] LIU W, TIAN W, SHU J, et al. Effects of quasi-biennual

oscillation on tropical tropopause and deep convective ac-

tivities [J]. Adv. Earth Sci., 2015, 30(6): 724-736

[65] SHI C H, CHANG S J, SHENG X Y, et al. The effects of

cloud top above tropopause events on the structures of the

upper troposphere and lower stratosphere in summer over

East Asia [J]. Trans. Atmos. Sci., 2015, 38(6): 804-810

[66] ZHENG B, SHI C H. Factors contributing to linear trends

of the tropical tropopause height and causes of their inter-

annual variability from 1979 to 2011 [J]. J. Trop. Meteor.,

2015, 31(3): 300-309

[67] ZHANG Y, ZHANG S, HUANG C, et al. The interac-

tion between the tropopause inversion layer and the in-

ertial gravity wave activities revealed by radiosonde ob-

servations at a midlatitude station [J]. J. Geophys. Res.

Atmos., 2015, 120: 8099-8111

[68] Zhang Y H, Zhang S D, Huang C M, et al. Diurnal varia-

tions of the planetary boundary layer height estimated

from intensive radiosonde observations over Yichang, Chi-

na [J]. Sci. China: Tech. Sci., 2014, 57: 2172-2176

[69] KONG W, YI F. Convective boundary layer evolution

from lidar backscatter and its relationship with surface

aerosol concentration at a location of a central China

megacity [J]. J. Geophys. Res. Atmos., 2015, 120: 7928-

7940

[70] LIU F C, YI F. Lidar-measured atmospheric N2

vibrational-rotational Raman spectra and consequent

temperature retrieval [J]. Opt. Exp., 2014, 22(23): 27833-

27844



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


