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1. INTRODUCTION

A detection of an evidence of global
warming is an urgent issue in the study of
global change. The Arctic is expected as one
of the most sensitive regions on the earth
against the global warming, according to a
series of climate model predictions (IPCC,
1990). Therefore, the climate change, if it
happens in the real world, would be detected
in the Arctic as a frequent occurrence of ab-
normal weather. The extreme events may be
more detectable in a sequence of the global
change than a moderate change in the mean
temperature. There is an argument such that
the variability of weather may increase when
the mean temperature increases by the radia-
tive forcing due to the anthropogenic green-
house gases. If this is the case, we would ob-
serve more abnormal weather, especially in
the Arctic. Even if the variability remains
constant, the number of days with tempera-
ture above a given value at the high end of
the distribution would increase substantially
by the warming in the mean.

In this study we have carried out
a quantitative analysis of recent abnormal
weather in the Arctic in order to seek for
any evidence of global change. According to
a study of short-term climate variability of
the Arctic by Walsh and Chapman (1990),
an extremely abnormal weather is analyzed
in the monthly mean temperature at Barter
Island, Alaska for January (very cold) and
February (very warm) 1989. The mean tem-
perature in January was about 10°C lower
than normal, which corresponds to 2 o of the
monthly mean time series. The cold extreme

event in January was followed by even more
extreme event of warm weather in the sub-
sequent February. The mean temperature in
February was about 20°C higher than nor-
mal, which corresponds to 4 ¢ of the monthly
mean time series. Statistically speeking, the
probability of an event which exceeds 4 o
is just one in every 17000 events. Hence,
the question is “Is this the beginning of in-
creased abnormal weather due to the recent
warming?” The analysis of recent abnormal
weather in the first 5 years of 1990s in the
Arctic attracts increasingly more attention to
find the answer to the detection of the evi-
dence of global warming.
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Fig. 1 Mean annual ice drift ard mean
annual surface pressure (courtesy R.
Colony).



Another interesting and important cir-
culation change i1s documented by Walsh
(1994) in association with the intensity of the
mean Beaufort High over the Arctic Ocean.
The mean annual surface pressure over the
Arctic Ocean depicts a characteristic high
pressure centered at Beaufort Sea. An an-
ticyclonic gyre is driven by the low level cir-
culation of the Beaufort High. This is re-
ferred to as Beaufort gyre. One branch of
the clockwise ice drift pushes the sea ice out
to the North Atlantic Ocean through Fram
Strait (see Fig. 1). Walsh (1994) showed
that the vorticity associated with the Beau-
fort High has changed the sign from negative
to positive after the winter 1988/89. Namely,
the annual mean Beaufort High has now dis-
appeared and is replaced by “Beaufort Low”
(see Fig. 2). If this is the case, the surface
Beaufort gyre must change the direction of
the circulation to counter clockwise. If this
really takes place, the sea ice supply through
Fram Strait to the North Atlantic will change
completely, probably causing a drastic influ-
ence on the maintenance of present climate.
Walsh (1994) computed the vorticity over
the 80°N polar cap as the numerator of the
Laplacian of sea level pressure: i.e., the pres-
sure at 90°N minus the mean pressures at
four points along 80°N. Since the computa-
tion is based on a rather rough approximation
of the vorticity, further analysis with a direct
computation of the vorticity is desired.

In this study we have carried out a di-
rect computation of vorticity based on the
wind field of the upper air analysis data. The
change in the intensity of the vorticity over
the polar chap is compared with the simpli-
fied results by Walsh (1994). Moreover, the .
vertical distribution of the change in vortic- =
ity is investigated in order to infer the cause
of the vorticity change.

2. DATA AND METHODOLOGY

We obtained the grid-point global anal-
ysis data from National Meteorological Cen-
ter (NMC) and edited for monthly mean dur-
ing January 1981 through December 1994.
The dataset contains meteorological variables
of horizoatal wind v = (u,v), temperature T,

and geopotential height Z on the 2.5° x 2.5°
grids at the standard pressure levels from
1000 to 50hPa.

The mean vorticity ¢ integrated over a
polar cap is computed from the wind vector
based on Stokes’ theorem.
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where C is circulation, A is the area of the
polar cap, ! is the length of the periphery.

3. RESULTS

Figure 3 illustrates time series of the
monthly mean vorticity over the polar cap
80°N -90°N during 1981 through 1993 for
pressure levels at 1000, 850, 500, and 200hPa.
The result for 1000hPa indicates a large
variation of vorticity within a range of %5

(107%s~!) before the year 1988. Strong an-
ticyclonic circulations occur occasionally in
winter, which result in a negative annual
mean vorticity. In general, Beaufort High
over the Arctic Ocean is intensified in both
spring and fall and the high disappears in
winter and summer (e.g., Walsh and Chap-
man, 1990). Present result show, however,
that the vorticity indicates large negative val-
ues (anticyclonic) in winter. The variability
is reduced after 1988 indicating less occur-

2d4-Month  Running  Mean
(Circumpolar at 80° N. Latitude)

11!w§! LT

C iy '
VAR
e

v T T
S AHIIR P T

1”6!11 i |1ii1t

$ T T
1153 1957 1980 1963 1966 1967 1911 1975 197N 1941 (Yye 1947 1990 19y}

Yurticity

ﬂ\
e S

]

Yveur

Fig. 2 Time series of 24 month running
mean of the surface vorticity averaged

over the polar cap, 80°-90°N (after
Walsh, 1994).
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rence of negative vorticity. Evidently, the
average of the vorticity is positive (i.e., cy-
clonic) after the year 1988. Similar tendency
as in L00OhPa level is seen for 850hPa level.
The strong anticyclonic circulation is absent
after 1983. The upper air vorticity is, in gen-
eral, positive (cyclonic) due to the effect of
the dominant polar vortex. The intensity of
the cyclonic circulation tends to increase as
the altitude increases.

Figure 4 illustrate the same time series
as Fig. 3, but the 24 month running mean is
applied for the original time series. The re-
sult is interesting in that the mean vorticity
has increased discontinuously after the year
1988. At the 1000hPa level, the vorticity is
approximately zero before 1988, whereas it is
about 2 (107%s~1) after 1988. The result im-
plies that the Beaufort High is disappearing
in the annual mean surface pressure, as doc-
umented, first, by Walsh (1994). We antici-
pate that the wind driven sea ice movement
of the anticyclonic Beaufort gyre can be dis-
torted by this change in the low-level wind. If
this is a real case, annual mean Beaufort High
would be replaced by Beaufort Low, and the
the amount of sea ice drifting toward North
Atlantic would change enormously. The im-
pact upon the climate change would be con-
siderably large. The discontinuous increase
in the vorticity is detectable throughout the
troposphere. The result of the similar anal-
ysis for upper air levels suggests that the in-
tensity of the cyclonic polar vortex has in-
creased throughout the troposphere, thus the
anticyclonic Beaufort High near the surface
has been destroyed. However, the detail of
the circulation change is unclear by present
study.

4. CONCLUDING REMARKS

The Arctic is the key region for the re-
cent global change issue in that the evidence
of the global warming, if it is real, would
appear first in the Arctic. The occurrence
of the abnormal weather and extreme events
may be regarded as oue of the evidences of
the global warming. This study is devoted to
investigate recent abnormal weather in the
Arctic.
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As the first example, we noted that
the winter of 1988/89 was indeed unusual
in Alaska with respect to the drastic varia-
tion of temperature. The surface minimum
temperature at the interior Alaska was lower
than -40°C during two weeks, which was fol-
lowed by extremely warm weather with 4
times the standard deviation in time varia-
tion (see Walsh and Chapman, 1990; Tanaka
and Milkovich, 1990).

During the summer of 1993, abnormal
weather broke out over the world, including
the heavy flood along the Mississippi river,
long rainy season and record breaking cool
summer in Japan, and the heavy rain and
flood in China which killed a number of peo-
ple. According to the analysis of the abnor-
mal weather, many observational facts sug-
gest that an abnormally developed vortex

Variation of Regional Mean Vorticity
Polar Cap (8ON-90N)
1981-1993
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Fig. 3 Time serics of the monthly mean vor-

ticity over the polar cap, 80°N -90°N,
during 1981 through 1993.



in the Arctic is the key event for the mid-
dle latitude abnormal weather. There was a
wide open sea abnormally created along the
East Siberian coast in response to the up-
per air vortex. Computation of the merid-
ional Rossby wave dispersion indicates that
the highly negative pressure anomaly over
the Arctic propagates to the middle latitudes
to cause the excursion of the polar frontal jet.
The unusual behavior of the jet stream has
caused the abnormal weather in many places.
Therefore, the investigation of the behavior
of the polar vortex attracts attentions as an
important research subject to explain the re-
cent extreme events which might be associ-
ated with the evidence of the recent global

change.

In the present study we have analyzed
the time series of the polar vortex which con-
trols the arctic sea ice extent and motions. As
is originally documented by Walsh (1994), we
have confirmed in this study that the vortic-
ity of the polar cap (80 - 90°N) has increased
abruptly after 1988 when abovementioned
abnormal weather breaks out in Alaska. The
increased vorticity remains positive, suggest-
ing that the anticyclonic Beaufort High is dis-
appearing, and is being replaced by a Beau-
fort Low for the annual mean. We anticipate
that the wind driven sea ice movement of the
anticyclonic Beaufort gyre can be distorted
by this change in the low-level wind.

In the past study, we experienced sim-
ilar discontinuous change before and after
1976 in the intensity of the Aleutian low or
annual mean temperature at interior Alaska
(Bowling, personal communication). It is
suggested in this study that a similar dis-
continuous shift in circulation regime has oc-
curred before and after 1988. Further study
1s necessary to investigate the regime change
in the polar vortex.
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Polar Cap (80N-90N)
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Fig. 4 Time series of 24 mounth running

mean of the vorticity in Fig. 3.




