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ABSTRACT: Planetary waves disturbed the hitherto stable Arctic stratospheric polar vortex in the middle of January 2016
in such a way that unique tropospheric and stratospheric ßow conditions for vertically and horizontally propagating
mountain waves developed. Coexisting strong low-level westerly winds across almost all European mountain ranges plus the
almost zonally aligned polar-front jet created these favorable conditions for deeply propagating gravity waves.
Furthermore, the northward displacement of the polar night jet resulted in a widespread coverage of stratospheric mountain
waves trailing across Northern Europe. This paper describes the particular meteorological setting by analyzing the tro-
pospheric and stratospheric ßows based on the ERA5 data. The potential of the ßow for exciting internal gravity waves from
nonorographic sources is evaluated across all altitudes by considering various indices to indicate ßow imbalances asd, Ro,
Roz, Ro? , andDNBE. The analyzed gravity waves are described and characterized. The main Þnding of this case study is the
exceptionally vast extension of the mountain waves trailing to high latitudes originating from the ßow across the moun-
tainous sources that are located at about 458N. The magnitudes of the simulated stratospheric temperature perturbations
attain values larger than 10 K and are comparable to values as documented by recent case studies of large-amplitude
mountain waves over South America. The zonal means of the resolved and parameterized stratospheric wave drag during
the mountain wave event peak at2 4.5 and2 32.2 m s2 1 day2 1, respectively.
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1. Introduction

The motivation to compile the following material is twofold.
First, I present a meteorological analysis of the tropospheric
and stratospheric ßows crossing Central and Northern Europe
for a period of time in mid-January 2016 that has attracted
scientiÞc interest and led to a couple of journal publications
(Bramberger et al. 2018; Woiwode et al. 2018; Bossert et al.
2020). During this time period from 10 to 13 January 2016,
strong gravity wave activity was diagnosed over Europe
that stretched from the upper troposphere to the middle
atmosphere.

In search for the sources of the gravity waves, for their at-
mospheric propagation conditions, I explored meteorological
analyses. The deeper I sounded, the further down I probed and
pressed, the more I found about the manifold processes oc-
curring during this period. In analogy to the Þrst sentence of
Thomas MannÕsJoseph and His Brothers, I could write, Very

deep is the well of the facts. Should we not call it bottomless?
And I continue citing and using only slight modiÞcations of his
wording: Indeed bottomless and no matter to what hazardous
lengths we let out our lines of research they still withdraw
again, and further, into the depths. Again and further are the
right words, for the unresearchable plays, a kind of mocking
game with our researching ardors; it offers apparent holds and
goals, behind which, when we have gained them, new reaches
still open outÑas happens to the coastwise voyager, who Þnds
no end to his journey, for behind each headland of clayey dune
he conquers, fresh headlands and new distances lure him on.1

Thus, the material I will present here might be considered as a
temporary halt of a journey. I decided to present one, yet,
rather plausible explanation of the numerical simulation re-
sults I analyzed in the process of searching. However, new
knowledge and insights may arise if other tools and diagnostics
are applied to analyze the selected time period.

The second motivation arises from the ability of the latest
high-resolution analysis and reanalysis data to resolve gravity
waves. Here, I mainly use the operational, high-resolution
deterministic forecasts and analyses (HRES) of the Integrated
Forecast System (IFS) as well as the most recent reanalysis
data of the European Centre for Medium-Range Weather
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