
Energie & Umwelt /  
Energy & Environment
Band/ Volume 400
ISBN 978-3-95806-279-5

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Energie & Umwelt /  
Energy & Environment
Band/ Volume 400
ISBN 978-3-95806-279-5

Lagrangian transport of trace gases in the upper 
troposphere and lower stratosphere (UTLS)

Paul Konopka



Forschungszentrum Jülich GmbH
Institute of Energy and Climate Research
Stratosphere (IEK-7)

Lagrangian transport of trace gases in the upper 
troposphere and lower stratosphere (UTLS)

Paul Konopka

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment	 Band / Volume 400

ISSN 1866-1793		  ISBN 978-3-95806-279-5



Contents

1 Introduction 1
1.1 Composition of air in the UTLS region and its climatological relevance . . . . . 1
1.2 Scientific achievements presented in this “kumulative Habilitationsschrift” . . . . 2
1.3 Modeling of transport with CLaMS . . . . . . . . . . . . . . . . . . . .. . . . 6

2 Lagrangian transport with CLaMS 9
2.1 Transport equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 9
2.2 Lagrangian view of transport . . . . . . . . . . . . . . . . . . . . . . .. . . . . 12
2.3 Aspect ratio and vertical diffusivity . . . . . . . . . . . . . . .. . . . . . . . . . 15
2.4 Numerical diffusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 17
2.5 Entropy- and static stability-based grid . . . . . . . . . . . .. . . . . . . . . . . 19
2.6 Re-gridding procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 24
2.7 Closing remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 27

3 Scientific achievements: Composition of air in the UTLS reg ion 29
3.1 Asian summer monsoon and the seasonality of tropical ozone . . . . . . . . . . . 29
3.2 Mixing-driven origin of the ExTL and TIL . . . . . . . . . . . . . .. . . . . . . 33
3.3 Climatological relevance of mixing and interpretationof trends . . . . . . . . . . 38

4 Relevant publications 43

A Appendix 49
A.1 Vertical velocity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 49
A.2 Effective horizontal diffusivity . . . . . . . . . . . . . . . . . .. . . . . . . . . 51
A.3 Interpolation and numerical diffusion . . . . . . . . . . . . . .. . . . . . . . . . 53
A.4 Idealized 2D flows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .54
A.5 Lyapunov exponents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 55
A.6 Next neighbors, Delaunay triangulation and Voronoi polygons . . . . . . . . . . 57

Bibliography 61



Energie & Umwelt /  
Energy & Environment
Band/ Volume 400
ISBN 978-3-95806-279-5

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Energie & Umwelt /  
Energy & Environment
Band/ Volume 400
ISBN 978-3-95806-279-5

Lagrangian transport of trace gases in the upper 
troposphere and lower stratosphere (UTLS)

Paul Konopka


	400 Titelei.pdf
	Leere Seite

	Leere Seite
	Leere Seite



