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1. Other Downward-Propagating Definitions21

We here provide a more detailed description of the three extra definitions of downward (DW)22

propagating SSWs used in this study of which the numbers are summarised in table 1 in the main23

text; one by Runde et al. (2016) and two by Jucker (2016):24

Runde et al. (2016)25

They proposed a more restrictive definition than that by Karpechko et al. (2017). In particular,26

the NAM index has to be more negative than -1.5 standard deviations at every level below 1027

hPa down to 850 hPa for at least one day in the succeeding 70 days (although we chose this28

window) after the onset date. Additionally, the date of the first exceedance of the threshold at29

each level must be after (or occur simultaneously to) the first exceedance at the level above.30

If this is not satisfied then the end date of the exceedance at a given level must occur after (or31

again simultaneously to) the end date at the level above. Further, the start lag of the threshold32

exceedance at a given level must be within 30 days of the end date of threshold exceedance33

at the level above, to try and ensure that the anomalies at each level are connected (personal34

communiation). Overall this ensures that there is a seemingly DW propagation from the middle35

stratosphere to the lower troposphere.36

37

Jucker (2016)38

The two proposed definitions by Jucker (2016) are referred to here and in the main text as the39

absolute-criterion and relative-criterion definitions. The absolute-criterion definition simply40

demands that the NAM index averaged over lags +10 to +40 be smaller than -0.6. We note, as they41

do, that our results are insensitive to changes in this window, as well as changes in the threshold42

value. On the other hand, the relative-criterion definition demands that the relative change of the43
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NAM index at 500 hPa between positive lags (averaged over lags +1 to +80) and negative (aver-44

aged over lags -80 to -1) must be smaller than -0.1. We note again, that the results are not sensitive45

to the thresholds in this definition, aside from the fact that the averaging periods used influence46

the width of the positive and negative anomalies either side of the onset date in the composite plots.47

48

One thing to be mindful of when identifying a given SSW as DW-propagating is to determine49

if the tropospheric NAM anomalies are actually attributable to those in the stratosphere. More50

specifically, the negative tropospheric NAM at positive lags could be due to either the stratospheric51

anomaly propagating DW, or, due to the persistence of a negative tropospheric NAM prior to the52

onset. Indeed, it could also be a combination of the two, or even the negative tropospheric NAM53

at positive lags spontaneously developing, unrelated to the stratosphere. Of course, to distinguish54

between all of these is very difficult, but from our sensitivity tests, the definitions by Karpechko55

et al. (2017) and Runde et al. (2016) go some way towards ensuring this, with particular emphasis56

on the latter which demands an apparent systematic DW propagation from the middle stratosphere57

to near the surface. Note that the Karpechko and Runde definitions yield quantitatively similar58

results, and because the former gives a larger compendium of DW SSWs (see table 1 in the main59

text), we choose to mostly utilise the definition by Karpechko et al. (2017) there, unless explicitly60

stated otherwise.61

62

2. Robustness of Precursors to DW Definition63

We now test the robustness of the zonal-mean NAM precursors using each of the DW def-64

initions introduced above. Figure 1 shows the NAM index at 500 hPa for the DW definition65

of Karpechko et al. (2017) (red line; see also figure 1 in main text), Runde et al. (2016) (blue66
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line), and the absolute- and relative-criterion definitions of Jucker (2016) (green and black lines,67

respectively). We first note that at positive lags, all definitions show negative NAM for DW events68

by construction, although with differing magnitudes depending on the thresholds used in the69

individual definitions. At negative lags, the Karpechko, Runde and absolute-criterion definitions70

give quantitatively similar results to one another, with the DW composite showing negative NAM71

values prior to lag zero, and the NDW composite showing positive values from approximately lag72

-20 to 0 and negative values beforehand. This gives differences that are therefore negative and73

statistically significant extending back to approximately lag -25.74

75

The relative-criterion definition gives drastically different results however for the DW and76

NDW composites prior to lag zero; positive anomalies for DW events and negative anomalies for77

NDW events, yielding positive differences prior to lag zero. The differences are antisymmetric78

(although the negative NAM at positive lags is of larger magnitude) around the central date and79

this is found to depend on the averaging window used to determine the DW propagation; in this80

example we used lags -40 to -10 and lags +10 to +40 as the averaging periods. This also agrees81

with Jucker (2016) who showed a similar composite centred on lag zero.82

83

The differences in the NAM evolution among the four definitions can be related to the periods84

of time used in each definition. For instance, the Karpechko, Runde, and absolute-criterion85

definitions only use values of the NAM at positive lags, whereas the relative-criterion uses NAM86

values at both negative and positive lags. In regards to the former three, they can be used to87

identify possible precursor features at negative lags (and in fact, the Karpechko definition can be88

used up until lag +7) as required for this study, as they do not force the composites at such lags.89

In the case of the relative-criterion definition however, any precusors may be influenced by the90
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definition. For this reason, we believe that the presence of the precursors are robust but we note91

that they are sensitive to the type of definition used.92

93
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LIST OF FIGURES103

Fig. 1. NAM index at 500 hPa composited over (a) DW events, (b) NDW events, and (c) DW-104

NDW differences, for the four DW definitions introduced previously: red, dark blue, green105

and black lines represent the NAM index for the Karpechko et al. (2017) definition, Runde106

et al. (2016) definition, and absolute- and relative-criterion definitions of Jucker (2016),107

respectively. There is also an additional cyan line representing the NAM index found using108

a random selection of tropospheric NAM events (see main text). The thick lines represent109

statistical significance at the 95% level. . . . . . . . . . . . . . . . . 9110
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FIG. 1. NAM index at 500 hPa composited over (a) DW events, (b) NDW events, and (c) DW-NDW differ-

ences, for the four DW definitions introduced previously: red, dark blue, green and black lines represent the

NAM index for the Karpechko et al. (2017) definition, Runde et al. (2016) definition, and absolute- and relative-

criterion definitions of Jucker (2016), respectively. There is also an additional cyan line representing the NAM

index found using a random selection of tropospheric NAM events (see main text). The thick lines represent

statistical significance at the 95% level.
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