Atmospheric Tracer Advection

Search for transport barriers

Th. Orgis^a, S. Brandt^b, K. Dethloff^b and J. Kurths^a

a Center for the Dynamics of Complex Systems, University of Potsdam^b Alfred-Wegener-Institut for Polar and Marine Research Potsdam

What and Why We want to develop a (numerical)

method to investigate the dynamics of atmospheric wind fields: • Lagrangian transport of passive tracers (chemicals, particles) in velocity fields from climate models or measurements • first focus: ECHO-GiSP model in the PEP project

– time scale of transport from/to poles – transport barriers, important source areas – feedback on model chemistry • characterize dynamics by statistical (in future: nonlinear) methods • find characteristics of modelled and real climate dynamics (reanalysis data);

evaluate models

The Model Our main subject

is the evolving ECHO-GiSP (ECHAM & HOPE- G including Stratosphere by AWI Research Unit Potsdam) coupled global model built upon • ECHO-G atmosphere/ocean/ice

transport/thermodynamics model • chemistry by MECCA/iSP Special features are • 39 model pressure levels including the stratosphere (logarithmic spacing) • 40 variable tracers (p.ex. H_2O,NO_2,OH,HCHO,...), 117 equations for stratospheric chemistry • time steps

– Atmosphere: 900s; Ocean:7200s; A-O coupling: 86400s – extracted time-dependend velocity (wind) fields: 0.5 days • surface grid

– 96 longitudes, step 3.75^∘ (417km at equator) – 48 latitudes, average step 3.71^∘ (417km) Pictures presented here stem from 2D velocity data of three winter months at the heigth/pressure level of 10hPa (stratosphere).

I am the 10hPa velocity field...

50 m/s

on the first day

50 m/s

after 5 days

50 m/s

after 10 days

50 m/s

after 20 days

50 m/s

after 30 days

The Software Since the actual numerical algorithm is

subject to research itself, we design the software in a modular style to allow for the implementation and comparison of different approaches to interpolation and integration. We want to work on other data in the future; so, the modularization goes further.

Short: We try to design a clean, modern and flexible software structure and implement it in object-oriented portable C++ to focus on the logic while keeping performance high with the aid of today’s optimizing compilers.

ρ(⃗r_0,⃗r,t)

Interpolation

Even when viewing pressure levels as spheres with the Earth radius (we have no clear relationship of the third dimension “pressure” to “height”), one has to think carefully about correct calculations • How rough can the grid be?

• correct weighting of non-equidistant grid points → basic interpolation method (distance in grid vs. distance on sphere) • velocity components pointing in different directions on different positions (transformation on interpolation needed) • problematic definition of velocity components at the poles Systematic errors at this early step are evil - but how evil? How much correctness can we afford (computing time)?

Integration

• numerical safety vs. computing time (method & timestep) • motion on a sphere (local motion along great circle?) • local coordiantes (workaround for the poles; maybe in general to keep consistency) • extreme spatial/temporal variations of speeds

→ adaptive integration • prediction time

A first glimpse The small (< 400 lines) and relatively

quickly written PERL prototype using the somewhat ignorant bilinear interpolation and a standard Runge-Kutta integration forms the first step. Despite the algorithm yet being far from really showing respect to the spherical problem (vector correction, real interpolation at poles) and also doing only motion in 2 dimensions – limiting the particles to the pressure level they started from (10hPa) – it manages to produce at least pleasing pictures that do in fact bear some resemblance to known structures.

I am 788544 particles...

on the first day

after 5 days

after 10 days

after 20 days

after 30 days