
Energie & Umwelt / Energy & Environment
Band / Volume 648
ISBN 978-3-95806-792-9

Energie & Umwelt / Energy & Environment
Band / Volume 648
ISBN 978-3-95806-792-9

Multi-scenario, high-resolution Lagrangian transport modeling 
for the analysis of the Asian tropopause aerosol layer
Jan Heinrich Clemens

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

M
ul

ti-
sc

en
ar

io
 L

ag
ra

ng
ia

n 
tr

an
sp

or
t m

od
el

in
g

648

Ja
n 

H
ei

nr
ic

h 
C

le
m

en
s



Forschungszentrum Jülich GmbH
Institute of Climate and Energy Systems (ICE)
Stratosphäre (ICE-4)

Multi-scenario, high-resolution Lagrangian 
transport modeling for the analysis of the  
Asian tropopause aerosol layer

Jan Heinrich Clemens

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 648

ISSN 1866-1793                                          ISBN 978-3-95806-792-9



Contents

1 Introduction 1

2 The Asian tropopause aerosol layer 6

2.1 Surface air pollution and emissions in Asia . . . . . . . . . . . . . . . . . . . 7

2.2 Transport within the Asian monsoon circulation . . . . . . . . . . . . . . . . 10

2.3 Composition and chemistry of the ATAL . . . . . . . . . . . . . . . . . . . . 13

2.4 Climate response to Asian aerosol and trace gases . . . . . . . . . . . . . . 16

3 Lagrangian transport modeling 18

3.1 Coordinate systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.2 Integration schemes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.3 Grid interpolation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3.4 Parameterizations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

4 Reanalysis data & models 27

4.1 ECMWF reanalysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

4.2 The Lagrangian transport models MPTRAC and CLaMS . . . . . . . . . . . 28

4.3 High-performance Lagrangian transport modelling . . . . . . . . . . . . . . 30

4.4 Implementation of diabatic transport into MPTRAC . . . . . . . . . . . . . . 32

5 Evaluation of diabatic advection in MPTRAC 39

5.1 Diagnostics to evaluate the diabatic transport in MPTRAC . . . . . . . . . . 41

5.2 Results of the evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

5.2.1 Examples of trajectories and transport deviations . . . . . . . . . . . 45



Contents

5.2.2 Transport uncertainties over 1 day . . . . . . . . . . . . . . . . . . . 47

5.2.3 Uncertainty growth during 90 day forward calculations . . . . . . . . 53

5.2.4 Air parcel distribution on seasonal timescales . . . . . . . . . . . . . 56

5.2.5 Differences between diabatic and kinematic calculations . . . . . . . 60

5.2.6 Conservation of dynamical tracers in the stratosphere . . . . . . . . 62

5.3 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

6 Source regions of the Asian tropopause aerosol layer on the Indian subcon-

tinent 67

6.1 Data and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.1.1 COBALD aerosol measurements . . . . . . . . . . . . . . . . . . . . 68

6.1.2 Simulation scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

6.1.3 Classification of air parcel origin . . . . . . . . . . . . . . . . . . . . 71

6.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

6.2.1 Transport pathways from source regions to the measured ATAL . . . 73

6.2.2 Scenario intercomparison of contributions from source regions and

related transport pathways . . . . . . . . . . . . . . . . . . . . . . . 76

6.2.3 Scenario intercomparison of the temporal evolution of transport from

the MBL to the measured ATAL . . . . . . . . . . . . . . . . . . . . . 81

6.2.4 Backscatter changes associated with changes in the transport and

source regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

6.3 Discussion and conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

7 Summary 91

A The Asian tropopause aerosol layer 96

B Performance optimization of Lagrangian transport calculations 98

B.1 Performance analysis of netcdf format, compression and chunking options . 100

B.2 Optimization experiments with parallel IO and the MPI-3 shared memory

model in CLaMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101



Contents

B.3 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

C Evaluation of diabatic advection in MPTRAC 104

C.1 Circulation in the UTLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

D Source regions of the Asian Tropopause Layer on the Indian subcontinent 106

D.1 Definition of source regions . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

D.2 Transport pathways from source regions . . . . . . . . . . . . . . . . . . . . 107

D.3 PDF for different scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

D.4 PDF differences for different scenarios . . . . . . . . . . . . . . . . . . . . . 110

D.5 Correlation to all regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

D.6 Sensitivity tests for simulations employing the ECP . . . . . . . . . . . . . . 114

List of figures 115

List of tables 117

List of abbreviations 118

List of symbols 120

Bibliography 121



Energie & Umwelt / Energy & Environment
Band / Volume 648
ISBN 978-3-95806-792-9

Energie & Umwelt / Energy & Environment
Band / Volume 648
ISBN 978-3-95806-792-9

Multi-scenario, high-resolution Lagrangian transport modeling
for the analysis of the Asian tropopause aerosol layer
Jan Heinrich Clemens

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

M
ul

ti-
sc

en
ar

io
 L

ag
ra

ng
ia

n 
tr

an
sp

or
t m

od
el

in
g

648

Ja
n 

H
ei

nr
ic

h 
C

le
m

en
s


	Introduction
	The Asian tropopause aerosol layer
	Surface air pollution and emissions in Asia
	Transport within the Asian monsoon circulation
	Composition and chemistry of the ATAL
	Climate response to Asian aerosol and trace gases

	Lagrangian transport modeling
	Coordinate systems
	Integration schemes
	Grid interpolation
	Parameterizations

	Reanalysis data & models
	ECMWF reanalysis
	The Lagrangian transport models MPTRAC and CLaMS
	High-performance Lagrangian transport modelling
	Implementation of diabatic transport into MPTRAC

	Evaluation of diabatic advection in MPTRAC
	Diagnostics to evaluate the diabatic transport in MPTRAC
	Results of the evaluation
	Examples of trajectories and transport deviations
	Transport uncertainties over 1 day
	Uncertainty growth during 90 day forward calculations
	Air parcel distribution on seasonal timescales
	Differences between diabatic and kinematic calculations
	Conservation of dynamical tracers in the stratosphere

	Conclusions

	Source regions of the Asian tropopause aerosol layer on the Indian subcontinent
	Data and methods
	COBALD aerosol measurements
	Simulation scenarios
	Classification of air parcel origin

	Results
	Transport pathways from source regions to the measured ATAL
	Scenario intercomparison of contributions from source regions and related transport pathways
	Scenario intercomparison of the temporal evolution of transport from the MBL to the measured ATAL
	Backscatter changes associated with changes in the transport and source regions

	Discussion and conclusions

	Summary
	The Asian tropopause aerosol layer
	Performance optimization of Lagrangian transport calculations
	Performance analysis of netcdf format, compression and chunking options
	Optimization experiments with parallel IO and the MPI-3 shared memory model in CLaMS
	Conclusions

	Evaluation of diabatic advection in MPTRAC
	Circulation in the UTLS

	Source regions of the Asian Tropopause Layer on the Indian subcontinent
	Definition of source regions
	Transport pathways from source regions
	PDF for different scenarios
	PDF differences for different scenarios
	Correlation to all regions
	Sensitivity tests for simulations employing the ECP

	List of figures
	List of tables
	List of abbreviations
	List of symbols
	Bibliography
	Leere Seite
	Leere Seite



