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Have you ever noticed that the clouds above you are moving 
very fast, even though you don’t feel any wind where you are 
standing on the ground? That’s because wind blows at different 
speeds and directions at different altitudes in the atmosphere. 
The quasi-biennial oscillation is a slow change in wind direction 
from eastward to westward that occurs high in the atmosphere 
above the tropics (the latitudes close to the equator). Over 
about a two-year period, the wind direction switches from 

westward to eastward, then back again starting from the 
middle of the stratosphere, then working its way down.

Or at least that’s how it usually works! This past winter, we 
noticed a curious change in this normal downward progression 
of the quasi-biennial oscillation. Instead of the eastward 
blowing winds slowly moving down through the atmosphere, 
the westward blowing winds suddenly started moving upward! 
This has never been observed before!

Introduction

Abstract

The quasi-biennial oscillation, or QBO for short, is an 
alternating pattern of easterlies (winds that blow from 
the east) and the westerlies (winds that blow from the 
west) high in the stratosphere (the atmospheric layer 
between 10 and 30 miles altitude) over the equator. It is 
an important and well-understood climate feature that 
has been observed and studied by scientists for more 
than sixty years. The change from easterlies to westerlies 

(and vice versa) starts at the top of the stratosphere and 
then works its way down towards the surface. 

This past winter, we noticed something strange in the 
data — instead of the easterlies forming at the top of the 
atmosphere and progressing down like they usually do, they 
were blocked by an area of westerlies that began moving 
upward in the atmosphere, rather than slowing down and 
switching direction.

Methods
We used two data types for this study. First, we investigated 
this unusual QBO using data from radiosondes. Radiosondes 
are instruments mounted on weather balloons that measure 
winds, temperature, pressure, and altitude as they rise 
through the atmosphere (Fig. 1). The radiosonde record for 
equatorial stratospheric winds began in 1953! There aren’t 
many Earth processes for which we have such long-term data!

We also used reanalysis data, which are a combination of 
observations merged with an atmospheric model. In that 
way we can visualize the wind direction and atmospheric 
temperature in a 3D dataset. This method gives us better 
resolution than we can get from observational data alone.

The analysis began with understanding how the QBO has 
behaved in the past.
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Results
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We used averaged radiosonde data from 1953 to the 
present from three stations located close to the equator: 
Canton Island, Maldive Islands, and Singapore. 

To characterize normal QBO behavior, we determined the 
dates of the easterly-to-westerly transitions for every QBO 
in that period. We had two set points in the atmosphere: 
about 32 and 22 km above the ground (where the 
atmospheric pressure level is 10 and 40 hPa respectively). 

Next, we compared the climatologically normal QBO 
with the winter 2015-2016 QBO to see how that one 
was different. Finally, we looked at other data, like 
temperature and upper level winds in other parts of the 
atmosphere to make some hypotheses about what might 
have caused the change in QBO pattern.

Figure 1:
A researcher releasing a helium balloon from the upper air observatory in the 
Centre for Climate Research, Singapore. (Credit: Meteorological Service Singapore)

The QBO exhibits a very regular pattern of wind shifts over 
most of the radiosonde data (Figure 2). Twenty-six complete 
oscillations occurred during the 1953 to present period. The 
QBO wind shift can be observed beginning at the top of the 
graph (at 10 hPa) and then moving to lower altitudes with time. 
The average length of the cycle was 27.6 months.

The westerly phase was slightly longer than the easterly phase 
in the lower stratosphere (An average of about 12 months for 
the easterly phase and 15.3 months for the westerly phase). 

Near the end of the graph, we can see that something 
has interrupted the normal transition from westerlies to 
easterlies during the QBO in the winter of 2015-2016. 
We identified three unusual features in the data. 

1. An area of westerly winds seem to have formed at the 
20 hPa level and migrated upwards around New Year’s 
day 2016. This altered the downward progression of the 
transition to easterlies. 

2. An area of easterlies developed in the lower 

stratosphere, at the 30-70 hPa level, disconnected from 
the higher altitude easterlies.

3. It appears that the unusual westerly winds prevented 
the easterly winds from propagating down through the 
stratosphere. 

To make sure that what we were seeing was not caused by 
an instrument error, we examined multiple other sources of 
data from all over the world. All of those datasets, as well as 
the reanalysis data, show the same thing. Something unusual 
happened to the QBO in the winter of 2015-2016.



Because the QBO is such an important feature of the 
stratospheric wind, it is important that scientists understand 
what caused the change we saw in the winter of 2015-
2016. Our weather models depend on the regular variation 
in equatorial winds the QBO has historically provided. 

If that pattern has changed, we will have to update our 
meteorological models and our understanding of the way our 
climate works. We will continue to explore the relationships 
between the QBO and El Nino, climate change, and the 
midlatitude pressure waves.

Conclusion
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From the radiosonde and reanalysis data, we identified several 
things that were out of the ordinary in the atmosphere around 
the time of the change in the QBO. 

First, the anomalous easterlies formed at an unusual location 
in relation to the westerlies.

Second, the region near the boundary between the troposphere 
and stratosphere (around 100 hPa), which is usually calm, 
had strong westerlies that year. Lower in the atmosphere, the 
troposphere had unusually strong easterlies because of the 
2015-2016 El Nino (Fig.3).

Nothing like the 2015-2016 QBO has ever happened before 
in our record. The normal westerly phase lasts for about 15 
months, but in 2015-16 switched to a easterly phase after only 
six months (at 40 hPa). The previous shortest westerly phase 
was ten months. Also, no other QBO westerly-to-easterly 
transition has ever occurred in January before.

We are not certain what caused this change in the QBO, but we 

did observe some clues in the structure of the temperature and 
winds. A band of strong winds at 40 hPa, called the subtropical 
jet, stretched from the northern midlatitudes to the equator 
for an extended period. This may have allowed large-scale 
waves in the pressure pattern over the northern hemisphere 
to add additional easterly momentum to the equatorial winds 
at 40 hPa (22 km). Finally, the tropical troposphere was much 
warmer than the long-term average while the stratosphere 
was colder. These temperature anomalies were the result of 
the strong El Nino and also some climate change effects.

Discussion

Singapore radiosonde data for 

the period 1981 - 2016. You can 

see the alternating wind direction 

associated with QBO. The color 

scale shows wind speed (in meters 

per second) and wind direction. 

Easterlies are shown in blue, 

westerlies are in green brown.

Figure 2:
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Figure 3:
Structure of the atmosphere.
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Check your understanding
The scientists in this article used data from radiosondes. Why is it important for scientists to make routine 
measurements of the wind and temperature in the upper troposphere and stratosphere?

Using the graph in Figure 1, what phase was the QBO in (easterly or westerly) in the year you were born 
(at a pressure level of 40 hPa)? Does your answer change if you look at a different pressure level?

Even though we can’t see it, the stratosphere plays an important role in determining our weather. The 
subtropical jet is what moves weather systems across the country from west to east and north to south.  
After a cold front passes, the weather gets colder and drier. Where do you think this cold air comes from?

How do the scientists know that the change from easterly-to-westerly winds in the stratosphere starts at 
higher altitudes and moves down by looking at Figure 1?

Find the three radiosonde station locations on a map. All three stations are located close to the equator, or 
zero degrees latitude. How many degrees longitude apart are the two farthest stations? Since the QBO was 
observed by radiosondes at all three of these stations, would you call it a local or a global phenomenon?
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Glossary of Key Terms

Quasi-biennial oscillation (QBO) − slow change (28 months) in wind direction from east to west and back that occurs 
high in the atmosphere above the tropics

Easterlies − winds that blow from the east

Westerlies − winds that blow from the west

Radiosondes − weather instruments that take data as they rise through the atmosphere on weather balloons.

Stratosphere – the layer of the atmosphere above the troposphere (which is closest to where we live) that exists between 
10-30 miles above the earth’s surface. 

Pressure Level – An altitude in the atmosphere defined by units of atmospheric pressure rather than height in units of 
distance. The atmospheric pressure decreases with altitude, so a higher pressure level is lower in the atmosphere and a 
lower pressure level is higher in the atmosphere.

El Nino – An area of warmer than average water in the Eastern Equatorial Pacific Ocean.

Subtropical Jet – A fast moving current of air located in the stratosphere which blows from west to east in the midlatitudes


