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Outline and tools 
 

	  
Monsoon and the Asian Anticyclone key players of the 
atmospheric composition budget in the Asian Monsoon 
UTLS 
 Stratoclim campign focus on these aspects 
 Which scenario we may expect in the campaign 

sites ? 
 Make use of: 
MLS-V3.30 & MIPAS-V5R years 2002-2014 
Daily OLR from ISSCP to identify deep convection & ERA-INTERIM 
geopotential for Asian Anticyclone 
Diagnostics to evaluate processes and variability  to be applied 
straightforward to model data sets 
Regional scale modelling (WRF) and Lagrangian plumes 
(FLEXPART-WRF) 
 
 
 



	  
	  
	  
	   Daily	  cross	  sec,ons	  

In	  Oman	  &	  Nagpur	  areas	  
Daily	  concentra,on	  
in	  wider	  AM	  area	  

Daily	  concentra,on	  
and	  cross	  sec,on	  	  
In	  low	  OLR	  region	  



 
 

Time and spatial scales 
 
	  Mean distribution 

 
Interannual variability 
 
Intraseasonal variability 
 



Mean	  state	  AA	  and	  Campaign	  sites	  

1992-‐2013	  mean	  anIcyclone	  frequency	  –	  based	  on	  geopotenIal	  ERA-‐INTERIM	  
OLR	  from	  ISCCP	  daily	  data	  

Paphos	  

Muscate	   Nagpur	  

June	   July	   August	  

OLR	  



Muscate	  

Nagpur	  

CO	  @	  100	  hPa	  

H2O	  @215-‐146	  hPa	  

Campaign	  laItude	  /	  Ime	  range	  



Mean distribution 
 
Interannual variability 
 
Intraseasonal variability 
 



AA	  variability	  

1992-‐2013	  mean	  anIcyclone	  frequency	  –	  based	  on	  geopotenIal	  ERA-‐INTERIM	  
OLR	  from	  ISCCP	  daily	  data	  

Paphos	  

Muscate	  
Nagpur	  

June	   July	  

August	  

June	  
July	  
August	  



Campaign	  sites	  variability	  

June	   July	   August	  



CO	  interannual	  variability	  
July	  @	  215	  hPa	  

OLR	  AA	  

Monthly	  MLS	  CO	  data	  binned	  on	  a	  	  2°	  x	  2°	  lat/lon	  grid	  	  



CO	  interannual	  variability	  
July	  @100	  hPa	  

TP	  height	  AA	  

Monthly	  MLS	  CO	  data	  binned	  on	  a	  	  2°	  x	  2°	  lat/lon	  grid	  
TP	  height	  from	  lapse	  rate	  /	  GPS	  Cosmic	  data	  	  



CO	  Horizontal	  distribuIon	  -‐	  gradients	  

Monthly	  MLS	  CO	  data	  binned	  on	  a	  	  2°	  x	  2°	  lat/lon	  grid	  
	  
CO	  Data	  along	  the	  AA	  spine	  derived	  as	  maximum	  frequency	  line	  	  

215	  hPa	   100	  hPa	  



Water	  vapour	  interannual	  variability	  
July	  @	  215	  hPa	  

OLR	  AA	  

Monthly	  MLS	  CO	  data	  binned	  on	  a	  	  2°	  x	  2°	  lat/lon	  grid	  	  



CO	  interannual	  variability	  
July	  @100	  hPa	  

TP	  height	  AA	  

Monthly	  MLS	  H2O	  data	  binned	  on	  a	  	  2°	  x	  2°	  lat/lon	  grid	  
TP	  height	  from	  lapse	  rate	  /	  GPS	  Cosmic	  data	  	  



H2O	  Horizontal	  distribuIon	  -‐	  gradients	  

Monthly	  MLS	  CO	  data	  binned	  on	  a	  	  2°	  x	  2°	  lat/lon	  grid	  
	  
CO	  Data	  along	  the	  AA	  spine	  derived	  as	  maximum	  frequency	  line	  	  

215	  hPa	   100	  hPa	  

CO	  



MLS	  CO	  meridional	  cross	  secIons	  

Paphos	   Muscat	   Nagpur	  

215	  hPa	  

100	  hPa	  



Bergman	  et	  al.	  2013	  

 

Transport (1) - the role of a conduit ? 
	  



Conduit	  from	  MLS	  H2O	  data	  

•  Water Vapor 2005-2013 1-15 July) 
•  Enhanced WV in the monsoon area at 215 hPa (10-25 N) 
•  Confinement inside the AA at 100 hPa 
•  Confirm the hypothesis of a conduit (Bergman, Fierli 2013) 

AA	  frequency	  

OLR	  and	  AA	  

AA	  frequency	  

OLR	  and	  AA	  



Transport	  2	  -‐	  Pathways	  to	  the	  LS	  ?	  



Mean	  CO	  in	  the	  wider	  monsoon	  area	  

MLS	  V3	  H2O	  	  



Mean	  H2O	  in	  the	  wider	  monsoon	  area	  

MLS	  V3	  H2O	  
OLR	  ISSCP	  
Geopoten,al	  	  
ERA-‐INTERIM	  

	  
	  	  

OLR	  ISSCP	  
	  
	  	  

Geopoten,al	  	  
	  
	  	  

Above	  Trop	  Above	  Trop	  ?	  

Across	  Trop	  ?	  



H2O	  interannual	  variability	  Aug	  @68	  hPa	  



CO	  interannual	  variability	  Aug	  @68	  hPa	  



Mean distribution 
 
Interannual variability 
 
Intraseasonal variability 
 



Intraseasonal	  variability:	  
Role	  of	  single	  convecIve	  systems	  

N. K. Heath and H. E. Fuelberg: Convective transport in the Asian summer monsoon 2065
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Fig. 11. Vertical water vapor mass flux (metric tons km−2) into the ULAC at 100 hPa (a) and 150 hPa (b). The black line indicates the total
mass flux, and the colors indicate the amount from each defined region (Fig. 7). Note the two-orders-of-magnitude change between 150 and
100 hPa.

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Fig. 12.WRF-simulated area average temperature (K) at 100 hPa (a) and 150 hPa (b) for the TP, SS, BOB, and IND regions.

because pollution transport depends on their source distribu-
tions, which were not considered in the current study.
Similar to Fu et al. (2006), we argue that the thermody-

namic environments of the TP and SS make them favorable
for convection to moisten the upper levels. Compared to the
other regions, the elevated surface of the Tibetan Plateau pro-
duces warmer temperatures in the UTLS. Figure 12 shows
the WRF-simulated area average temperature in each region
at 100 hPa (Fig. 12a) and 150 hPa (Fig. 12b). The TP and SS
regions are several degrees warmer than the BOB and IND
regions at both pressure altitudes. Because of this warmer
upper-level ambient environment, parcels entering the ULAC
will have a greater saturation mixing ratio (∼2× that of the
BOB and IND regions at 150 hPa), potentially allowing them
to make a greater contribution to the ULAC’s water vapor
content. Results of the water vapor flux calculations (Fig. 11)
highlight the importance of this warmer upper-level ambient
environment over the Tibetan Plateau. Specifically, magni-
tudes of vertical moisture flux depend on both vertical veloc-
ity and water vapor mixing ratio (Eq. 1). Because we already

showed that vertical velocities over the Tibetan Plateau are
weaker (Table 1) than in other regions, the greater flux val-
ues over the TP appear to be the result of greater water vapor
content at the upper levels. Furthermore, because convection
affecting the ULAC is more widespread in the TP than the
other regions (e.g., Fig. 6), this also contributes to the greater
TP flux observed in Fig. 11.
The warmer temperatures over the Tibetan Plateau

(Fig. 12) also might enhance the cirrus-lofting mechanism
proposed by Corti et al. (2006). That is, more outgoing long-
wave radiation reaches the upper levels over the Tibetan
Plateau because of its high altitude, allowing remnant cirrus
clouds to warm (due to the increased OLR) and produce re-
gions of ascent. Thus, TST within the ULAC might be more
efficient over the TP due to this enhanced cirrus lofting. Re-
ferring back to Fig. 6b, convection reaching the ULAC at
150 hPa is ubiquitous over the Tibetan Plateau. If pollution
were to be advected horizontally into this region (e.g., from
northern India or mid-eastern China), TP convection could
transport that pollution into the UTLS via direct convective

www.atmos-chem-phys.net/14/2055/2014/ Atmos. Chem. Phys., 14, 2055–2070, 2014
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Fig. 13. (a) Terrain (m) of the Tibetan Plateau with black Xs de-
noting the locations of lakes. (b) Six year (2007–2012) WWLLN
lightning totals for 15:00–04:00UTC for August and September
showing “hot spots” of lightning (deep convection) near the lakes
(black Xs). The lightning data were binned into 25 km× 25 km grid
boxes.

respectively, were classified as convective. The trajectories
revealed that more than 90% of the convective parcels com-
prising the ULAC came from either the Tibetan Plateau (TP)
or southern slope (SS) regions. If we were to assume that the
ULAC consists entirely of convectively lofted parcels, we
could infer that all of these parcels might have been lofted
just as rapidly. However, the 6 h cutoff on the back trajecto-
ries did not allow sufficient time to account for the horizon-
tal transport occurring after convection. This suggests that
the other regions (e.g., BOB and IND) might make a greater
contribution to the composition of the ULAC than our results
imply. However, quantifying the role of horizontal transport
that occurs after convection goes beyond the scope of this
study.
The results of our trajectory study were consistent with

Li et al. (2005), Fu et al. (2006), and Wright et al. (2011).
However, they were somewhat different from the findings of
Park et al. (2007, 2009) and Chen et al. (2012), who argue
that convection over the Bay of Bengal is more important
than that over the Tibetan Plateau. Further analysis revealed
a large diurnal cycle in the number of convective trajectories
reaching the ULAC, with the greatest number occurring dur-

ing the late afternoon and into the early night (16:00–23:00
LST). The observed timing of the convective trajectories was
consistent with observational studies of convection over the
TP and SS regions (e.g., Yaodong et al., 2008; Luo et al.,
2010). The trajectories highlighted the importance of this ev-
eryday diurnal convection in transporting boundary layer air
into the ULAC and pointed to the TP as the dominant region
where this convection occurs.
A large increase in the number of convective trajectories

occurred on 16 August 2012 (Fig. 8a). We produced WRF
output at 15 min intervals to examine this day in detail. A
forward-trajectory analysis was conducted using the high
temporal resolution output. The results indicated that the
weakest convection occurred over the Tibetan Plateau region,
while the strongest was located over the southern slope (Ta-
ble 1). However, parcels originating from the Tibetan Plateau
reached the 150 hPa surface more frequently than those orig-
inating over the other three regions. Because the elevation
of the Tibetan Plateau is ∼3000–5000m, its convection does
not have to be as deep to reach the 150 hPa surface.
Vertical mass fluxes of water vapor were calculated to de-

termine which regions transported the most moisture into the
ULAC. At 150 hPa, the TP region contributed the most wa-
ter vapor to the ULAC (Fig. 11b). At 100 hPa, the TP and
SS regions transported similar amounts. Although convec-
tion is weakest over the TP, the warmer ambient environment
at upper levels, leading to greater parcel saturation mixing
ratios, might allow convection occurring there to transport
more moisture into the ULAC. This added warmth is due to
the elevated base of the Tibetan Plateau, which allows more
outgoing longwave radiation to be absorbed at higher alti-
tudes.
Although not a focus of our study, the elevated surface of

the Tibetan Plateau also might enhance the “cirrus-lofting”
mechanism proposed by Corti et al. (2006). Because more
outgoing longwave radiation will reach the upper levels
over the elevated TP, cirrus clouds over this region will
absorb more energy, creating mesoscale regions of ascent.
This mechanism might enhance troposphere-to-stratosphere
transport over the Tibetan Plateau.
Results showed that convection over the Tibetan Plateau

most frequently impacts the ULAC. Observed WWLLN
lightning during the study period showed that the timing of
lightning over the Tibetan Plateau agreed closely with the
timing of the convective trajectories impacting the ULAC
(Fig. 10), further supporting this finding. Close analysis
of the WWLLN lightning climatology showed that Tibetan
lakes might provide a mesoscale triggering mechanism to ini-
tiate convection in the region. The role of the Tibetan lakes
in triggering convection that ultimately impacts the ULAC
requires further study.
It should be noted that our results show only a physi-

cal and dynamical pathway for boundary layer air to en-
ter the ULAC through the TP and SS regions. Quantifying
the amount of pollution that each region transports would

www.atmos-chem-phys.net/14/2055/2014/ Atmos. Chem. Phys., 14, 2055–2070, 2014



6	  Hour	  Cumulated	  Precipita,on	  [mm]	  2013/06/21	  

12,5	  x	  12,5	  km	  –	  30	  LEV	   25	  x	  25	  km	  –	  30	  LEV	  25	  x	  25	  km	  –	  60	  LEV	  

Season	  2013	  WRF+FLEXPART-‐WRF	  
Choice	  of	  the	  resolu,on	  

Necessary	  trade-‐off	  between	  resolu,on	  and	  compu,ng	  ,me	  	  
(model	  will	  work	  in	  forecast	  mode	  for	  the	  campaign)	  
	  
Denser	  levels	  in	  the	  UTLS	  region	  
	  
Choice	  of	  adapted	  parametriza,ons	  
	  



2013	  WRF	  vs	  obs.	  precipita,on	  over	  India	  

WRF	  simula,on	  

Rain	  gauge	  



Flexpart-‐WRF	  analysis	  

WRF	  forecast:	  	  
From	  day0	  to	  
day0+d_day	  	  

IntegraIng	  the	  fracIon	  
of	  parIcles	  on	  each	  
box	  for	  each	  release	  

day…	  

Run	  Flexpart	  
each	  3	  hours	  
(Box	  Nagpur)	  

Derive	  diagnosIcs	  

Upper	  Trop	  air	  

PBL	  Air	  



Convec,on	  vs	  UT	  transport	  in	  Nagpur	  

Back	  plumes	  Footprint	  
7	  days	  mean	  
	  
Alternance	  phases	  	  
Inside	  /	  Outside	  AA	  



Convec,on	  vs	  UT	  transport	  in	  Nagpur	  

	  
SAH	  in	  Nagpur	  probability	  

Convec,on	  

UT	  origin	  

CO	  &	  H2O	  



Outlook	  
-‐  From	  the	  local	  to	  the	  global	  
To	  which	  extent	  single	  events/phases	  of	  the	  Monsoon	  can	  drive	  
concentraIons	  in	  the	  AA	  ?	  (Includes	  Typhoons)	  
-‐  From	  the	  ground	  to	  the	  Stratosphere	  	  
Which	  is	  the	  fate	  of	  the	  enhanced	  pollutants	  before	  and	  ader	  AA	  
breakup	  and	  which	  is	  the	  pathway	  ?	  	  
Is	  the	  AA	  the	  most	  effecIve	  entrance	  ?	  Shedding	  /	  permeability	  ?	  
-‐  A	  blending	  of	  emissions	  
Are	  there	  preferenIal	  regions	  and	  how	  this	  will	  impact	  on	  the	  
composiIon	  ?	  
ATAL	  -‐	  	  
	  
	  

AS3.20	  
Atmospheric	  Composi,on	  and	  Asian	  Monsoon	  
Convener:	  Federico	  Fierli	  
Co-‐Conveners:	  Gabriele	  SIller,	  Ritesh	  Gautam	  
Session	  Details	  


