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Study of coherence of temperature variations in
the tropopause associated with earthquakes
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Abstract. The paper presents retrospective analysis of satellite data of the
upper troposphere / lower stratosphere over the epicentral area of the
destructive earthquake of M=6.7, occurred in Tien-Shan territory. We
established a well-defined temporal and spatial coherence between
temperature perturbations and seismic activity. We used wavelet analysis to
identify temporal and spectral coherence of temperature variations in a
boundary zone of troposphere and stratosphere before the seismic event.

1 Introduction

Study of pre-seismic atmospheric perturbations performed using ground-based and satellite
methods revealed formation of anomalous variations of different geophysical parameters.
Thereat, a wide range of physical and chemical processes was identified as short-term
precursors of an oncoming strong earthquake [1, 2]. We considered, in particular, releases
(emissions) of gases into the atmosphere, anomalous fluctuations of meteorological
parameters, electric field intensity, outgoing long-wave radiation (OLR), as well as VLF and
ELF bursts, etc. [3, 4].

We used temperature as a parameter changes of which were indications of atmospheric
perturbations because it plays a key role in formation of conditions of running of majority of
processes and vertical atmosphere structure. While temperature changes are of complicated
nature, areas where change of vertical temperature gradient sign takes place are most
sensitive to various perturbing factors and atmospheric waves activity [5]. Our investigation
is based on analysis of temperature temporal changes at isobaric levels in the upper
troposphere and lower stratosphere (UTLS) [6]. Characteristic peculiarities of temperature
changes in the atmospheric regions separated by the tropopause allowed investigating
temporal and frequency coherence effects preceding major earthquakes [7]

This paper presents study of peculiarities of short-period temperature variations in UTLS
over the epicentral area of an earthquake of M=6.7. Dynamic processes in the atmospheric
layers and perturbations that are results of interaction between atmospheric layers and
lithosphere during periods of seismic activity were analyzed on the basis of remote sensing
data.
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2 Seismic and temperature measurements data

The Nura destructive earthquake of M=6.7 was registered in southern Kyrgyzstan (39.53 °N;
73.82 °E) on October 5, 2008 (15:52:50 UTC). The focal depth was ~27 km [8] and about 50
aftershocks with magnitudes varying from 3.0 to 5.9 occurred within 24 hours (Fig. 1a).
Fig.1b shows distribution of magnitudes and number of seismic events with M>4.0 in
September-October, 2008.

- Jafalpbad 7 A r 25
- }J.\\ 7 KYRGYZSTAN | M>4.0 b
Vi ) (\’ } BN
Srgan Namangan'. - F 20
"y wpdJalal-Abad
Namang Jndjeniesy Nary =4
5 AT O . @6 1
SRz 73 15
Fergana. ) N {\m/ = I
— o ¥ =) c
& iy > O\Jﬂ- =3 oo
fr= ) P \ J <
" g D BV = L 10
Batke A M=6.7, 2008-10-05 s
77 o i n
=1 {0 N (5]
7 qg_’ﬂ O S
et
A 2l ~
=220 (
oo CHINA /44 0
TAJIKISTAN (7 = = 1 71319251 7 13192531
{2 L September - October 2008

Fig. 1. Aftershock field M=6.7 (05.10.2008) (a) and distribution of magnitudes and number of seismic
events (N) with M>4.0 in September-October, 2008, (b)

Analysis of vertical and temporal variations of atmospheric temperature (T) was
performed using satellite measurement data. Temperature data of MERRA-2 global
reanalysis system [9] are based on satellite observations processed on a global model and
represent synthesized temperature values at standard isobaric levels from 450 to 70 hPa with
spatial resolution of 0.5°x0.625°. We considered a period of August 15 —November 15, 2008.
The temporal discretization was At=3h, which allowed to trace the process of temperature
perturbations formation and dynamics of spectrum variation in UTLS in sufficient details.

3 Results and Discussion

3.1 Temporal and spatial distribution of temperature perturbations before Nura
earthquake

Fig. 2a shows night temperature profiles (00:00 UTC) in the altitude range of 5.0-25.0 km
(450—40 hPa) measured several days before the earthquake in Tien-Shan (October 01-04,
2008.). Initial data of satellite measurements of temperature usually do not allow identifying
seismic-atmospheric anomalies and setting them apart from perturbations generated by other
natural processes. To investigate interrelation between anomalous temperature changes and
seismic activity we can apply methods of satellite data processing, such as RST (Robust
Satellite Techniques) [2] or modified methods developed from it [6] and based on
calculations of normalized temperature anomalies (Fig. 2b) that reflect temperature behavior
specifics in the studied region.
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Fig. 2. Vertical temperature (a) and normalized temperature anomalies (b) profiles in the altitude range
of 5.0-25.0 km over the epicentral area of the earthquake with M=6.7, October 1-4, 2008 (00:00 UTC)

As it follows from Fig. 2 the most intensive antiphase temperature changes occurred at
isobaric levels of 200 hPa (~12 km) in the upper troposphere and 100 hPa (~17 km) in the
lower stratosphere. Time series T(t) and normalized temperature anomalies in September —
October 2008 corresponding to this levels are presented in Fig. 3a and Fig. 3b accordingly.
Results of temperature anomalies diagnosis using the algorithm described in [5, 6]
demonstrated that temperature changes in these atmospheric regions occurred in a coherent
manner. The well-defined outburst of Dgr = 2.2, appeared 2 days before the seismic event
with M=6.7 (Fig. 3¢) indicates a relation with the earthquake preparation period (Fig. 3d).
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Fig. 3. Temperature (a) and normalized anomalies variations at 200 and 100 hPa levels (b), variations
of Dsrintegral parameter (c) and series of magnitudes and number of earthquakes with M>4.0 (d) in
September-October, 2008.

Dsr integral parameter allowed to assess spatial extent of the temperature perturbation
observed in the tropopause during the period of preparation and occurring of the strong
earthquake with M=6.7. Results showed formation of a mesoscale temperature perturbation
near the earthquake epicentral area. Fig. 4 presents results of processing of temperature data
at isobaric levels of 250 and 100 hPa on October 2, 2008 at 15:00 UTC. Horizontal
dimensions of the perturbation were several hundred kilometers (in latitude and longitude)
and approximately corresponds to the anomaly detected in the course of previous analysis of
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the seismic event of M=7.4 (December 19, 1992) [7]. High values of Dsr persisted during 1.5
day and maximum of anomaly was observed on October 2-3, 2008, i.e. ~2.5 days before the
seismic event with M=6.7. Spatial configuration of a temperature anomaly is usually
substantially affected by atmospheric circulation processes. West-east air transfer in the
middle latitudes results in distribution of temperature perturbations in an easterly direction.

250-100 hPa, 2008-10-02,15:00:00, Dmax=0.86
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Fig. 4. The spatial distribution of anomalous variation integral parameter Ds on October 2, 2008 at
15:00 UTC

3.2 Wavelet Coherency Analysis of temperature variations in the upper
troposphere and lower stratosphere

Study of spectral composition dynamics of the data was performed using continuous wavelet
transform. Wavelet spectrograms of temperature time series at 200 and 100 hPa levels (Fig.
5) constructed for periods of 0.125 to 32 days demonstrate change of their frequency
properties during August 15 — November 15, 2008.

A characteristic feature of the spectrograms is well-defined intensive oscillations within
the range of 8—12 days in the beginning of September (100 hPa) and at the end of October
(200 hPa), while ~4-5 daily periodicities concurrently appearing at both isobaric levels were
registered in the spectrum before the Nura earthquake.

We performed calculation of the spectral coherence measure to analyze effects of
consistent variability and statistic interrelation between temperature variations in atmosphere
layers separated by the tropopause over the epicentral area of the earthquake. Fig. 6 presents
the temporal evolution of the squared coherence between temperature variation spectra at
200 and 100 hPa isobaric levels. The diagramm characterizes the correlations that exist
between the spectral components in the temperature oscillations in the upper troposphere and
lower stratosphere.
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Fig. 5. Temperature variations spectra dynamics at 100 hPa and 200 hPa levels during the period of
August 15 to November 15, 2008. The vertical line corresponds to the moment of the earthquake with
M=6.7

As we can see, time-localized areas of strong coherence appeared at periods of 3—6 days
starting on October 1, 2008. Thereat, virtually there was no enlarging of the coherence area
towards long or short periods. Accordingly, the scale range with high coherence coefficients
exceeding 0.8 remains relatively stable in time until the moment of the earthquake, that is
indicative of consistent running of oscillating processes in the upper troposphere and lower
stratosphere. Increasing of coherence values stemmed from anomalous short-period
temperature changes. Arrows directions indicate presence of phase change between
oscillations T(t). Therefore, the identified frequency-temporal anomaly is in agreement with
obtained results of temperature anomalies analysis based on, calculations of integral
parameters (Fig. 3) [6, 7].
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Fig. 6. Evolution of the wavelet coherent coefficients between the temperature variation spectra at
isobaric levels of 200 and 100 hPa (August 15 - November 15, 2008). Coherence magnitude and
relative phase are denoted by color and orientation of the arrows, respectively
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Presented features of temperature coherent are in agreement with results of our previous
investigations [7, 10] where we detected coincidence of oscillations frequencies concurrently
appearing in temperature variation spectra in the upper troposphere and lower stratosphere.
Coherent temperature variations before the Nura earthquake (M=6.7, October 5, 2008) and
Suusamyr earthquake (M=7.3, August 19, 1992) can be an indication of pre-seismic
perturbations in the tropopause region.

Wave processes are typical mechanism of lithospheric-atmospheric interrelations [3, 11].
A probable reason for formation of anomalous temperature perturbations preceding major
earthquakes can be excitement of intense long-period seismic-gravitational oscillations and
synchronous and spectrum-identical pulsations that results in UTLS temperature
perturbations near the earthquake epicenter [12].

4 Conclusions

Analysis of remote sensing data showed that anomalous temperature changes in the upper
troposphere and lower stratosphere were observed over the epicentral area of the strong
earthquake with M=6.7. Study of periodicities revealed the effects of coherent temperature
behavior in UTLS in the interval of periods varying from 3 to 6 days preceding activation of
the seismic regime in Tien-Shan territory.

The presented spatial-temporal distributions of anomalous temperature perturbations
point at probable relation to the seismic process.

The obtained results demonstrate prospectivity of application of this method for
identification of pre-seismic anomalies in the atmosphere, as well as the necessity of further
study of the discovered effect of coherence of temperature variations in the UTLS.

The author is grateful to Giovanni team of NASA GES DISC for free access to satellite measurement
data and modeling results.
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