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Two stunning discoveries emerged from six years of lidar observations at Arrival Heights near McMurdo

(77.8S, 166.7E), Antarctica are the thermospheric neutral Fe layers up to nearly 200 km and the

persistent gravity waves all year round in the mesosphere and lower thermosphere (MLT). These

discoveries provide unique opportunities to study the wave coupling from the lower atmosphere to the

thermosphere and the plasma-neutral atmosphere coupling. 

 

The discovery of thermospheric neutral Fe layers by lidar observations in Antarctica has opened a new

door to explore the space-atmosphere interactions with ground-based instruments, especially in the least

understood but crucially important altitude range of 100-200 km. These neutral metal layers provide

excellent tracers for modern resonance lidars to measure the neutral wind and temperature directly,

complementing the radar measurements of the ionosphere and the magnetometer measurements of the

geomagnetic field. Even more exciting, the neutral metal layers in the thermosphere provide a natural

laboratory to test our fundamental understandings of the atmosphere-ionosphere-magnetosphere (AIM)

coupling and processes. 

 

Lidar temperature and Fe density measurements have revealed persistent, dominant and large-amplitude

gravity waves with non-tidal periods of ~3-10 h and vertical wavelength of ~20-30 km. There has not been

any single lidar run that does not show the signature of this 3–10 h wave group during 5 years of lidar

observations at McMurdo, and so far we have not seen any inactive wave gap epoch in observed

temperature data. The mystery of persistent waves has sparked a wide range of speculation for their

sources, e.g., secondary wave generation, or even resonance vibration of Ross ice shelf, etc. 

 

In this paper we combine the lidar observations from the stratosphere and mesosphere to the

thermosphere with the University of Colorado Thermosphere-Ionosphere Fe/Fe+ (TIFe) model to explore

the possible wave sources and the connections between the TIFe layers and various atmospheric,

ionospheric, magnetospheric and solar activities.
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The polar winter stratopause is formed and maintained by the meridional circulation which is driven by

the gravity wave forcing in the mesosphere. During a major sudden stratospheric warming (SSW), the

stratopause descends significantly. Occasionally, soon after a major SSW, the stratopause disappears and

subsequently reforms at a significantly high altitude of about 80km. This phenomenon was recently

discovered by satellite observations and is referred to as an elevated stratopause (ES) event. Meanwhile,

recent studies discovered that the signal of the zonal mean temperature anomaly associated with an SSW

propagates from one hemisphere to the other across the equator. For instance, observational studies

showed that the northern polar stratospheric temperature and the southern polar mesospheric cloud

occurrence correlate to each other. It is considered that this interhemispheric coupling (IHC) is induced

by the modification of the meridional circulation in the middle atmosphere. Modeling studies have

discussed the mechanisms of these two phenomena by a quantitative analysis, but their analysis is mainly

based on the behavior of parameterized gravity waves at the present time. Moreover, observational

studies of gravity waves from the perspective of the IHC have just begun. Therefore, much is unknown

about these two phenomena. This study focuses on the IHC associated with the ES by using Microwave

Limb Sounder satellite data in the time period from 2005-2016. It was shown that three ES events

occurred in the northern hemisphere during almost the same calendar days for the analyzed time period.

After about six months of these three ES events, the temperature maximum at the southern tropical region

is intensified more strongly than in other years. An empirical orthogonal function (EOF) analysis is

performed on half-monthly zonal-mean temperature anomaly data from January to August. As a result, a

corresponding anomaly pattern is found as the first EOF mode. This result suggests the existence of the

inter-seasonal IHC associated with the ES events. Furthermore, the ES events and the southern tropical

temperature maximum are related to the time evolution of the polar night jet in the northern hemisphere

and the easterly phase of the stratospheric semiannual oscillation in the equatorial region. In this

presentation, we will discuss a plausible mechanism of the inter-seasonal IHC associated with the ES

events based on the analysis of the wave properties by using the transformed Eulerian-mean equations.
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The quasi-biennial oscillation (QBO) is a downward propagating zonal-wind oscillation observed in the

equatorial lower stratosphere with an average period of about 28 months. In February 2016, the

downward propagation of the QBO easterly shear was unexpectedly disrupted around 20 hPa and an

unprecedented easterly jet formed within westerly wind regime below that level (Newman et al. 2016;

Osprey et al. 2016). Neither plausible mechanisms to cause such anomalous behavior of the QBO phase

transition nor changes of the associated meridional circulation have been fully investigated. Here, we

make detailed analyses of the anomalous QBO, using the Japanese 55-year reanalysis data, JRA-55, along

with volume mixing ratio data of minor constituents, such as ozone (O3), nitrous oxide (N2O), and

hydrogen chloride (HCl), derived from Aura MLS observations. It is found that anomalous distribution of

minor constituents concomitantly appeared with the anomalous QBO phase transition, which could be

formed by meridional circulation changes associated with the corresponding equatorial temperature

modulation. In the presentation, we will also discuss dynamical effects on the anomalous QBO phase

transition from mid-latitudes.
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Using seasonal hindcast (HC) experiments from 1979 to 2014 of the Japan Meteorological Agency, this

study investigates seasonal forecasts in the stratosphere and troposphere for Northern winter. We focus

on verifying the HC data initialized in late fall for the DJF mean NAM index using the ranked probability

score as a verification measure. 

Our verification shows that the HC data have a significant skill for the DJF mean NAM index only in the

stratosphere. A further interesting feature is that the forecast skill depends on the phase of the QBO, with

a higher skill during the QBO easterly phase in the equatorial lower stratosphere. Specifically, the HC data

tend to well forecast the negative phase (weaker than normal polar vortex) of the NAM during the easterly

phase, whereas they miss the positive phase of the NAM during some winters of the westerly phase. 

The ranked probability score for the DJF mean NAM index tends to correlate, albeit weakly, between the

stratosphere and troposphere from year to year. In some winters, the HC data are largely unsuccessful for

both stratospheric and tropospheric NAM, whereas in other winters they have large errors only in the

troposphere. The former case suggests a possibility that tropospheric NAM forecasts may be improved if

poor stratospheric forecasts are improved in some winters.
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Major changes have occurred in the radiative drive of the atmosphere and surface since preindustrial

times owing to anthropogenic emissions, which includes well-mixed greenhouse gases and tropospheric

aerosols. In particular, while the well-mixed greenhouse gases exert a forcing that is pervasive throughout

the globe, the manmade aerosol forcing is predominantly in the Northern Hemisphere. This contrast is

emblematic of a general climate science problem that seeks to understand the consequence due to an

asymmetry in forcings between the Northern and Southern Hemispheres. How do the atmosphere-ocean

system and interhemispheric circulation respond? Using the NOAA/GFDL global climate model and

observations, we discuss how the hemispheric top-of-the-atmosphere and surface energy balance have

evolved in the 20th Century under the action of the different forcings. The interhemispheric asymmetry in

the forcings affects the coupling across the hemispheres, and this is discernible in the hydrologic cycle.

There is a particularly interesting change in the tropical circulation yielding changes of opposite sign in

the precipitation across the equator. We diagnose the physical factors that are responsible, including an

accounting of the effects on the poleward transport of heat in the atmosphere and oceans in the two

hemispheres. The asymmetric nature of the anthropogenic aerosol forcing and the resulting pattern of the

climate response in the two hemispheres has a similarity to other climate forcing problems e.g., land

surface changes induced in a hemisphere, presence of ice sheets in the Northern Hemisphere,

stratospheric aerosols after a volcanic eruption.
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