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GCM Simulations of Early Winter Warming in the Stratospheric Arctic

Yongyun Hu Tianyu Jiang
Department of Atmospheric Sciences, School of Physics, Peking University

Beijing, 100871

Abstract

Observations showed warming trends in the stratospheric Arctic in early winter
(November-December) since the late 1970s. To test whether the warming trends are
resulted from rising Sea Surface Temperature (SST), an atmospheric general
circulation model (AGCM) is forced using observed global time-varying SST and sea
ice concentrations. Ensemble simulations demonstrated that there are indeed
statistically significant warming trends in the stratospheric Arctic under the SST
forcing. The tropospheric Arctic also shows relatively weak warming trends, with
lower statistical significance. Application of empirical orthogonal function (EOF)
analysis to simulated geopotential heights reveals that the leading EOF of
geopotential heights has a spatial pattern similar to that of the Arctic Oscillation (AO)
or the Northern Hemisphere annular mode (NAM). In the stratosphere, the time series
of the principal component shows a significant negative trend. Corresponding to the
negative AO trend, wave activity at middle and high latitudes is increased, and
zonal-mean zonal winds are decelerated, suggesting that the warming trends in the
stratospheric Arctic are due to enhanced adiabatic heating in the Arctic stratosphere
because of increased wave activity. In addition, simulations also show relatively weak
warming trends in the Arctic lower stratosphere in late winter (February-March).
Since increases in polar stratospheric temperatures tend to slow down heterogeneous
ozone chemical reactions, stratospheric Arctic warming will benefit ozone recovery.

Key words: stratosphere, SST warming, planetary wave, ozone depletion, climate

change
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Figure 1. Temperature trends derived from NCEP/NCAR reanalysis. The period for
early winter (November-December) is 1978-2002, and the period for late
winter (February-March) is 1979-2002. Plots from top to bottom are for 50,
100, and 500 hPa. The three plots on the left side are for early winter, and
that on the right side are for late winter. Contour interval is 1°C per 25 years.
Shading areas indicate where statistical significance levels of temperature
trends are above the 90% confidence level.

Figure 2. Same as Figure 1, except for simulated temperature trends, and contour
interval is 0.5°C per 25 years.

Figure 3. Same as Figure 1, except for simulated geopotential height trends. Contour
interval is 20 m per 25 years.

Figure 4. Spatial structures of EOF1 of simulated geopotential heights. (a) 50 hPa, (b)
100 hPa, (c) 500 hPa.

Figure 5. Time series and trends in EOF1 principal components of simulated
geopotential heights. Plots from top to bottom are for 50, 100 and 500 hPa.
The three plots on the left side are for early winter, and the three plots on
the right side are for late winter. All principal components are normalized
by their standard derivations, respectively. Values marked in the upper-right
corners are student t-test values.

Figure 6. 53-year (1950-2002) time series and trends (straight-line) in EOF1 principal
components of geopotential heights at 100 hPa, derived from simulations.
(@) early winter, (b) late winter. Principal components are normalized by
their standard derivations, respectively.

Figure 7. Trends in zonal-mean temperatures over 1979-2002, derved from three
ensemble-mean simulations. (a) early winter, (b) late winter. Contour
interval is 0.5°C per 25 years

Figure 8. Trends in zonal-mean zonal winds over 1979-2002, derived from three
18



ensemble-mean simulations. (a) early winter, (b) late winter. Contour
interval is 0.5 ms™ per 25 years. Solid-line: positive trends, dotted-line:
negative trends. Shading areas indicate where statistical significance levels
of trends are above the 90% confidence level.

Figure 9. Trends in EP flux vectors (arrows) and EP flux divergence (contours). EP
flux vectors are divided by the background air density to make them visible
at upper levels. Since the vertical component of EP fluxes is usually two
orders smaller than the horizontal component, the vertical component is
multiplied by 100. Contour interval of trends in EP flux divergence is 15
m?s? per 25 years. Shading areas indicate where statistical significance
levels of trends are above the 90% confidence level.

Figure 10. Time series of simulated total vertical components of EP fluxes between
40° N and 90° N at 150 hPa, unit is 1.0 X 10* kg m s?. Area-weighting is
considered in calculating the total vertical components. Dashed-line
indicates the linear trend. Values in the upper-left corners are student t-test
values, the percentages in brackets are the net increases in vertical EP flux

components compared to the value of 1979. (a) early winter, (b) late winter.
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