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Sudden Stratospheric Warming (SSW)

« SSW s an extreme transient dynamical exclusive boreal hemispheric phenomenon.

 Deceleration or the reversal of the Zonal Mean Zonal Wind (ZMZW) leading to rising in Zonal Mean

Temperature (ZMT) within few days.

« Non linear interaction of enhanced extratropical planetary-scale waves from the troposphere with the

zonal mean flow.
e (Classification of SSW:
a. Major SSW b. Minor SSW c. Final Warming

« SSW affects both the upper and lower atmosphere.
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Wintertime Stratospheric Conditions
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Figure 2: A normal winter case of 1995 - 1996 winter where one can observe deceleration
of wind but not reversal in the early or mid winter period. But at the end of the winter
(transition period) one can observe longtime reversal which is the usual transition of winter
to summertime condition in the stratosphere.

Figure 1: Monthly mean of temperature (K)
and zonally averaged wind speed (m s—1).
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Motivation: Revising the Definition of SSW
«  World Meteorological Organization (WMO) distinguishes the major SSWs from minor events:
(a) A complete reversal of the zonal winds poleward from 60° latitudes at 10 hPa.
(b) There is an increase in the zonal-mean temperature poleward from 60° latitudes at 10 hPa.

« The current classification of SSW at 10 hPa doesn’t help to understand the SSW effects on the

ionosphere.
* Goal of thesis: Finding the best parameters for introducing a new scheme for classifying SSW based on

the ionosphere.
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STRATEGY

Step 1 Impose rules.

Step 2 Create a database.

Step 3 Classify the events within the database.
Step 4 Study the effects in the ionosphere.

If the Step 4 doesn’t work for the classification of the events make changes in Step 1 and Step 2.



DATA AND METHODOLOGY

43 winters are considered for the study starting from 1980 - 1981 winter to 2022 - 2023 winter.

« Used Modern-Era Retrospective analysis for Research and Applications version 2 (MERRA - 2) reanalysis datasets

having 0.5° x 0.625° as spatial resolution and 3 hours as the temporal resolution.

« From MERRA - 2, we used temperature and zonal wind at 0.1 hPa (Ionospheric altitude), 1 hPa (Stratopause) and
10 hPa (Standard Reference Level). For the study, we computed the zonal averages of both zonal wind and

temperature.
« Two criteria are used to select important events:
a. The events must persist for at least 5 days or more.

b. Magnitude of easterly wind equals or exceeds 10 m/s to be considered significant.
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‘2D’ SELECTION OF EVENTS

 With these criteria we select the events in two methods:

a. Constant pressure level with variable latitude: Reversal of ZMZW observed across all latitudes

from 60°N to 85°N at a given pressure level.

b. Constant latitude with variable pressure: Reversal of ZMZW observed in all three pressure levels

at a given latitude.

« Using the superposed epoch analysis, we study the correlation between ZMZW and ZMT at different

pressure levels.
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Figure 3: Selection method I.
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DISTRIBUTION OF EVENTS

METHOD 1

N
a1

30

METHOD 11

N
o

N
ol

ot 757 S S S S R R

R e R A SR S SR R S R S R A SRR B S S N SR R RSN e R e S

=
(&3]

N
o

=
o

Number of significant events

Number of significant events
= =
o ul o a1

6. FiPa P 6 Lo 60°N 65°N 70°N 75°N 80°N 85°N
Pressure levels Latitude

Figure 5: Significant events.



EPOCH ANALYSIS: METHOD 1
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Figure 6: (a) 60°N (b) 70°N (c) 85°N. Epoch time = 14 days.



EPOCH ANALYSIS: METHOD 1
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Figure 7: (a) 60°N (b) 70°N (c) 85°N. Epoch time = 16 days.
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EPOCH ANALYSIS: METHOD I
. I

0.741 0.819
-0.902 -0.920
-0.805 -0.829

Table 1: Pearson Correlation Coefficient (PCC) at 60°N, 70°N, 85°N at different pressure levels and epoch time.
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EPOCH ANALYSIS: METHOD I1I
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Figure 10: (a) 60°N (b) 70°N (c) 85°N. Epoch time = 14 days.
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EPOCH ANALYSIS: METHOD I1I
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* Peak warming is observed at 85° N.
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EPOCH ANALYSIS: METHOD I1I

Method Latitude Pressure PCC PCC PCC
(hPa) (Epoch time = 12) (Epoch time = 14) (Epoch time = 24)

0.1 0.495 0.680 0.908

60°N 1 -0.831 -0.876 -0.938

10 -0.741 -0.826 -0.921

0.1 0.669 0.694 0.917

I 70°N

1 -0.776 -0.860 -0.929

10 -0.908 -0.837 -0.935

0.1 0.340 0.559 0.835

850N 1 -0.899 -0.923 -0.938

10 -0.950 -0.959 -0.784

Table 2: Pearson Correlation Coefficient at 60° N, 70° N and 85°N at different pressure levels and epoch time.

» During reversal time, the upper atmospheric temperature shares a linear positive relation with upper atmospheric wind.
* Not compatible with method I. Hence determining the relation of ZMZW with ZMT using PCC from SEA is not helpful. So

we use another approach using the events selected from method I and method II.



ANOMALY IN ZMZW AND ZMT
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Figure 12: Average minimum wind and change in temperature (ZMTmax — ZMTmin) for (a) Method I and (b) Method II.

Strongest anomaly in ZMZW and ZMT is observed at 1 hPa not at 10 hPa. Hence the inherent feature of SSW is observed

for 1 hPa.



SUMMARY

Stratospheric peak warming and reversal of wind: Peak warming at higher latitudes, strongest wind

reversal at vortex edge, both these anomalies are at 1 hPa.

SSW definition: Validation of defining SSW at 1 hPa enhances its suitability for ionospheric studies.

ZMZW - ZMT relation: Different behaviour at 0.1 hPa compared to the polar vortex during reversal.
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DATABASE BASED ON METHOD I & I1
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FUTURE OUTLOOK

Created database based on method I and II which is later calibrated and modified based on the ionospheric

studies.
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