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Abstract: The unique geographical location and high altitude of the Tibetan Plateau can greatly influence regional weather and climate.
In particular, the Asian summer monsoon (ASM) anticyclone circulation system over the Tibetan Plateau is recognized to be a significant
transport pathway for water vapor and pollutants to enter the stratosphere. To improve understanding of these physical processes, a
multi-location joint atmospheric experiment was performed over the Tibetan Plateau from late July to August in 2018, funded by the five-
year (2018–2022) STEAM (stratosphere and troposphere exchange experiment during ASM) project, during which multiple
platforms/instruments—including long-duration stratospheric balloons, dropsondes, unmanned aerial vehicles, special sounding
systems, and ground-based and satellite-borne instruments—will be deployed. These complementary methods of data acquisition are
expected to provide comprehensive atmospheric parameters (aerosol, ozone, water vapor, CO2, CH4, CO, temperature, pressure,
turbulence, radiation, lightning and wind); the richness of this approach is expected to advance our comprehension of key mechanisms
associated with thermal, dynamical, radiative, and chemical transports over the Tibetan Plateau during ASM activity.
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1.  Introduction
The Tibetan Plateau, an area of about 2.5 × 106 km2, is the highest

plateau in the world, its average elevation exceeding 4 km above

sea  level.  Its  atmospheric  circulation  patterns  are  influenced  by

westerlies, the Indian monsoon, and the Asian monsoon (Yao T et

al.,  2012).  Because  of  its  high  altitude  and  unique  geographical

location,  thermodynamic processes  over  the Tibetan Plateau can

strongly  influence  Asian  precipitation  and  the  Asian  monsoon,

and regional climates of the Northern Hemisphere (Zhou XJ et al.,

2009).  In  view  of  the  Plateau’s  significant  impact  on  climate  and

weather,  exploration of thermal and dynamical patterns over the

Tibetan Plateau has become an active area of research (Wu GX et

al., 2007).

In particular, the Asian summer monsoon (ASM) anticyclone circu-

lation system over the Tibetan Plateau has been recognized to be

a significant transport pathway for water vapor and pollutants to

enter the stratosphere (Zhou XJ et al., 1995; Gettelman et al., 2004;

Li  QB et al.,  2005; Fu R et al.,  2006; Park et al.,  2007; Randel et al.,

2010; Bian JC et al., 2011; Chen B et al., 2012; Bergman et al., 2013).

These  compositions,  suspended  in  the  stratosphere,  are  thought

to affect global climate and environment via microphysical, chem-

ical,  and  radiative  processes  (Solomon  et  al.,  2011; Vernier  et  al.,

2015; Yu P et al., 2017). However, observational evidence support-

ing  the  above  theories  are  largely  based  on  data  retrieved  from

satellite observations (Bian JC et al., 2012). To improve our under-

standing of  physical  processes  above  the  Tibetan  Plateau,  com-

prehensive measurements derived from collocated ground-based

and in-situ instruments are absolutely needed. Therefore, a multi-

location joint atmospheric experiment funded by the STEAM (stra-

tosphere  and  troposphere  exchange  experiment  over  the  Asian

summer monsoon)  project  was performed over  the Tibetan Plat-

eau from late July to August in 2018, which is presented as follows.
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2.  STEAM Project
STEAM  is  a  five-year  (2018–2022)  field  campaign  project

sponsored by  the Chinese Academy of  Science (CAS)  to  improve

understanding  of  the  chemical  and  dynamical  processes  in  the

upper  troposphere  and  lower  stratosphere  (UTLS)  over  the

Tibetan Plateau. As shown by the abridged general view in Figure 1,

multiple ground-based  and  satellite-borne  instruments  and  spe-

cial sounding systems, deployed via such platforms as long-dura-

tion  stratospheric  balloons,  dropsondes,  and  unmanned  aerial

vehicles,  will  collect  data  during  the  execution  period  of  the

project. Comprehensive atmospheric parameters in terms of aero-

sol, ozone, water vapor, CO2,  CH4, CO, temperature, pressure, tur-

bulence, radiation, lightning, and wind can thus be collected and

analyzed to help us gain deeper comprehension of key processes

associated  with  the  thermal,  dynamical,  radiative,  and  chemical

transports  in  the  UTSL  over  the  Tibetan Plateau during the  ASM.

The  variety  of  data  from  remote  sensing  and in-situ measure-

ments  will  be  combined  with  model  simulations  (climate  model,

chemical model, and trajectory model) to investigate the mechan-

isms of stratosphere and troposphere exchange and the effects of

that exchange on regional climates. The project’s comprehensive

dataset  can  also  be  applied  to  validate  previous  measurements

from satellites, such as TanSat, TropOMI, OCO-2 and GOSAT-2.

3.  Multi-Location Joint Atmospheric Experiment in

2018

3.1  Site
In July–August  2018,  a  multi-location  joint  atmospheric  experi-

ment, funded by the STEAM project, was conducted at three sites

(as shown in Figure 1): (1) Golmud (GLM; 36.48°N, 94.93°E; 2760 m

MSL); (2) Lhasa (LSA; 29.66°N, 91.14°E; 3650 m MSL); and (3) Yang-

bajain  (YBJ;  30.21°N,  90.43°E;  4300  m  MSL).  GLM  is  a  field  site

where a stratospheric balloon bore payloads to provide measure-

ments.  The  LSA  site  is  the  WMO  station  with  the  number  55591.

Special sounding systems focused on the vertical profiles of water

vapor, ozone,  aerosol,  spectrum,  and  intensity  of  thermal  turbu-

lence was installed at the site. The YBJ site is located in the Inter-

national Cosmic  Ray  Observatory,  which  is  about  90  km  northw-

est  of  the  city  of  LSA.  A  ground-based  lidar  system—APSOS  (At-

mospheric Profiling Synthetic Observation System)—has been de-

ployed at YBJ since October 2017 (Lu DR et al., 2018).

3.2  Key Instruments and Measurements at Three Sites

3.2.1  GLM
The GLM  field  campaign  has  been  under  preparation  since  Au-

gust 7 2018. The stratospheric balloon with payloads aboard was

launched at 6:10 LST 16 August 2018 when near surface weather

conditions favored balloon release. The launch process and flight

path of  the balloon are shown in Figure 2. The stratospheric  bal-

loon generally flew to the northeast during its ascent period, and

then floated to the southwest  after  taking its  place in  the strato-

sphere. About 2.5 hours later, the stratospheric balloon was at risk

of floating over the Kunlun Mountains, which threatened to make

payload recovery difficult. Therefore the balloon was cut down at

8:55 and the payloads were successfully recovered.

The in-situ measurements made by instruments borne by the bal-
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Figure 1.   Abridged general view of the platforms/instruments deployed by the STEAM project, including long-duration stratospheric balloon,

dropsonde, unmanned aerial vehicle, special sounding system, ground-based and satellite-borne facilities.
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loon included atmospheric temperature (T), relative humidity (RH),

pressure (P), radiation (shortwave, longwave and UV), aerosol (aer-

osol  particle  number  density  and  size  distribution  in  the  140-  to

3000-nm diameter  range),  and  transient  luminous  events.  Evid-

ence of a robust enhanced aerosol layer near the tropopause was

revealed recently by Yu P et  al.  (2017),  based on in-situ measure-

ments from  the  Portable  Optical  Particle  Counter  (POPS)  at  Kun-

ming. We observed a similar feature in the GLM experiment at the

edge  of  ASM  anticyclone  circulation  system.  Further  studies  are

needed to explore the sources of this enhanced aerosol layer and

its climate and environment impact.

In addition to in-situ instruments,  eight dropsondes were aboard

the  platform  and  released  during  the  flight,  to  provide  a  vertical

profile  of  atmospheric T,  RH,  P, wind  speed,  and  direction  along

the  balloon’s  flight  path.  The  dropsonde  system,  including  the

dropsondes, their dropping control device, and its data transmis-

sion  and  receiver  modules,  was  developed  ourselves. Figure  3

shows  as  an  example,  the  vertical  profile  of  temperature  and RH
from the dropsonde released at 07:37:58 LST 16 August 2018 over
GLM. It  can  be  seen  that  the  detailed  structures  of  both  atmo-
spheric  parameters  were  well  captured  by  our  instrument.  The
ground-based  sounding  system  was  also  deployed  at  GLM
between August  7  and 16 to  provide vertical  atmospheric  meas-
urements from surface upward to ~30 km. An automatic weather
station  was  employed  at  the  site’s  surface  to  collect  ground
weather  conditions  (i.e., T, RH, P, wind  speed  and  direction)  dur-
ing the entire campaign period.

3.2.2  LSA
Coincident in-situ measurements  collected  by  instruments  borne
by sounding balloons  were  conducted in  LSA from 25 July  to  25
August. The vertical  profiles  included water  vapor—from a Cryo-
genic Frostpoint Hygrometer (CFH; Vömel et al., 2007), ozone con-
centration—from  an  electrochemical  concentration  cell  (ECC)
ozonesonde  (Komhyr,  1969),  cirrus  clouds  and  aerosols—from  a

36.55

36.50

36.45

36.40

36.35

36.30
94.2 94.4 94.6 94.8

Longitude (°E)

La
tit

ud
e 

(°
N

)

95.0 95.2

20

15

10

5

0

 
Figure 2.   Stratospheric balloon launch (left panel) and its flight path (right panel) in the multi-location joint atmospheric experiment in 2018.

The color bar in right panel represents the flight altitude above sea level, units in km; the black asterisk denotes the launch site at GLM.
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Figure 3.   Vertical profile of temperature (a) and RH (b) provided by the dropsonde released at 07:37:58 LST 16 August 2018 over GLM.
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Compact  Optical  Backscatter  Aerosol  Detector  (COBALD; Rosen

and Kjome, 1991), and meteorological variables—from an Imet ra-

diosonde. A total of 15 vertical profiles were provided by the four

coincident sondes, of which one profile was launched with a POPS

to detect  the  aerosol  particle  number  density  and  size  distribu-

tion (Gao RS et al.,  2016).  A ground-based POPS was deployed at

the site  for  more  than  20  days  to  obtain  surface  aerosol  proper-

ties.

Figure 4 shows the vertical profile of the water vapor mixing ratio

from  CFH  and  the  ozone  mixing  ratio  from  an  ECC  launched  at

23:58:00  LST  13  August  2018  at  LSA.  Compared  to  the  general

structure  of  the vertical  profile  presented in Bian JC et  al.  (2012),

the case presented here tended to detect lower water vapor mix-

ing ratios  (<100 ppmv)  and relatively  higher  ozone mixing ratios

in the middle troposphere, which might be associated with a mid-

latitudes  intrusion  of  a  filament  of  stratosphere  (Bian  JC  et  al.,

2012; Li D et al.,  2018). Further study will  perform a detailed ana-

lysis of this case.

The followed three facilities were also deployed at LSA: (1) A mo-

bile atmospheric system to measure near-surface T, RH, and turbu-

lence intensity (Wu XQ et al., 2015; Qing C et al., 2016a); (2) A Mi-

cro-Pulse  Lidar  to  monitor  evaluations  of  the  boundary  layer

structure and boundary layer clouds throughout the day (Zhu WY

et  al.,  2013); and,  (3)  A  micro-thermometer  radio-sounding  sys-

tem  released  by  the  sounding  balloon  to  measure  the  vertical

structure  of  the  spectrum  and  intensity  of  thermal  turbulence

(Qing C et al.,  2016b), resulting in a total of 15 observational pro-

files during the campaign.

3.2.3  YBJ
The Atmosphere Profiling Synthetic  Observation System (APSOS)

was deployed in YBJ in October 2017. A brief description of APSOS

is presented here for completeness; a more detailed introduction

can be found in the literature of Lu DR et al. (2018).

APSOS is  the  first  ground-based facility  for  profiling  atmospheric

variables and  multiple  constituents  in  the  whole  (neutral)  atmo-
sphere from the surface upward to the lower thermosphere. It en-
ables simultaneous observations  and extensive studies  of  the at-
mosphere’s vertical  structure  and  constituent  transport.  The  sys-
tem consists primarily of five lidars (devoted to measurements of
the vertical structures of atmospheric T, wind, water vapor, ozone,
CO2,  SO2,  NO2,  aerosol,  cloud,  and  the  sodium  layer),  a  W-band
dual polarization  cloud  radar,  a  superconducting  terahertz  ra-
diometer, and an integrated telescope.

4.  Summary and Future Plans
A  multi-location  joint  stratosphere  and  troposphere  experiment
was performed over the Tibetan Plateau in 2018. Three main types
of  platforms,  i.e.  stratospheric  balloon,  special  sounding  system,
and ground-based  remote  sensing  facility,  were  deployed  at,  re-
spectively, GLM, LSA and YBJ during the 2018 campaign. The cam-
paign resulted in a comprehensive observational dataset, as sum-
marized in Table 1.

More data will  be accumulated continuously during the five-year
execution period of the project (2018–2022). The current letter in-
troduces the  field  project  and  its  five-year  schedule  of  measure-
ments.  The  observational  data  collected  in  2018  are  now  in  the
process  of  quality  control  and  analysis.  Relevant  specific  results
are expected in future research articles.

Because of  airspace  restrictions  during  the  first  STEAM  experi-
ment of 2018, the stratospheric balloon was launched at the edge
of the  ASM  anticyclone  circulation  system  over  the  Tibetan  Plat-
eau and flew only for ~4 hours. The STEAM plan calls for a similar
experiment mode 1–2 times every year from 2019 to 2022.  More
instruments/platforms,  such  as  AirCore  systems  (Karion  et  al.,
2010),  ground-based  spectrometers,  and  unmanned  aerial
vehicles,  will  be  deployed  on  schedule.  Meanwhile,  by  applying
for larger  airspace,  we  expect  to  be  able  to  release  the  strato-
spheric balloon in the core region of the ASM anticyclone circula-
tion  system  and  fly  it  throughout  one  day  or  even  several  days
over the Tibetan Plateau.  Studies based on these comprehensive
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Figure 4.   Vertical profile of water vapor mixing ratio (a) and ozone mixing ratio (b) from the sondes launched at 23:58:00 LST 13 August 2018 at

LSA.
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observational data are likely to greatly improve understanding of
key  processes  associated  with  thermal,  dynamical,  radiative,  and
chemical  transports  in  the  UTSL  over  the  Tibetan  Plateau  during
the ASM. These measurements can also be combined with model
simulations  to  investigate  the  mechanisms  of  stratosphere  and
troposphere  exchange over  the  Tibetan Plateau,  knowledge that
may  help  reduce  uncertainties  in  our  understanding  of  regional
climates and improve weather predictions.
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