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Abstract

In this study, we demonstrate remarkable warming trends in northern winter and spring not only at
the surface but also in the lower troposphere during a recent 30 year period (1964-93). In winter, major
warming has happened over central Siberia and the northwestern Canada/Alaska region. The vertical
structure of the warming tendency is somewhat different between these two regions. In spring, tropospheric
warming is most noticeable over the northern part of North America. A three-dimensional rotated EOF
analysis of the temperature anomaly field in these seasons confirmed the warming trends as the most
dominant mode at the surface and in the lower troposphere.

The rotated EOF analysis also shows that an interdecadal-scale fluctuation with abrupt changes in
the periods of 1976/77 and 1988/89 is another dominant mode in the temperature field in winter. The
spatial structure of this mode shows a wavenumber-three spatial pattern with positive factorloadings over
North America, Northern Europe and the eastern part of Eurasia. In spring, a fluctuation of 10-13 year
period is noticed in the second largest mode, which suggests a possible relation with the solar cyle of the
same period. Possible forcing factors of these tropospheric temperature trends and fluctuations are briefly
discussed.

ing trend in the past 100 years, though the over-
all features in time change and spatial pattern of
this increasing trend are somewhat different from
those predicted by the GCM experiments (IPCC,
1996 etc.).

The long-term variations of hemispheric or re-
gional surface air temperature are shown by many
studies (e.g., Jones and Briffa, 1992; Hansen and
Lebedeff, 1987; Jones, 1994a; Parker et al., 1994).
However, to detect the temperature increase due to
the increasing greenhouse effect, the tropospheric
temperature, particularly in the lower part, should
be examined, rather than only the surface air tem-
perature. The surface air temperature, in addition,
is more or less affected by local effects, e.g., urban-
ization, location changes of stations, etc.

1. Introduction

The greenhouse gases, i.e., CO;, CHy etc., have
steadily been increasing because of human activity.
The potential for global warming due to the en-
hanced greenhouse effect has been particularly noted
in recent years. The atmospheric GCM experiments
with doubled CO; concentration have suggested a
considerable increase of tropospheric temperature,
particularly in the high latitudes (e.g., IPCC, 1996).
The transient response experiments by some cou-
pled atmosphere-ocean GCMs with increasing CO,
at tLe current rate have predicted a global surface
temperature increase of 1 to 2°C by 2050. In the real
climate system, the global and hemispheric surface
air temperature have shown an apparent increas-
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Few researchers so far have attempted to detect
the global or hemispheric temperature change in the
troposphere, owing to the smaller number of avail-
able stations and shorter-period data coverage when
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compared to the surface temperature data. Angell
(1988) examined the zonal mean tropospheric tem-
perature for the period 1958 to 1987, and found a
general increase of temperature in the mid-latitudes
(30°-60°N) during the more recent 15 years (1973~
1987). Oort and Liu (1993) updated the zonally
averaged tropospheric temperature, and confirmed
the increasing trend of mid-tropospheric tempera-
ture (850-300 hPa) particularly in mid latitudes.
On the other hand, Jones (1994b) calculated lin-
ear trends of global-mean temperature for 1979 to
1993, and noted a significant warming trend at the
surface level but no remarkable tendencies in the tro-
posphere. Some recent studies (e.g., Gaffen, 1994;
Parker and Cox, 1995) pointed out the possible sys-
tematic errors and biases of the radiosonde data in
monitoring long-term climatic trends and fluctua-
tions, mainly owing to changes of sensors from pe-
riod to period. However, these studies also have
confirmed that the temperature data of the lower
troposphere are generally far less influenced by these
biases and errors than the stratospheric and the up-
per tropospheric temperature. Spencer and Christy
(1994) examined changes in the global as well as
hemispheric mean tropospheric temperature aver-
aged with homogeneously retrieved data from the
MSU (Microwave Sounding Units) micro-wave chan-
nels on Nimbus satellites. This satellite-derived tem-
perature field has a great advantage in the spa-
tial homogeneity for the whole globe, but the data
only cover the period since 1979. This new data
set has shown no remarkable trend except large in-
terannual variability related basically to the ENSO
cycle. Recently, Parker et al. (1997) demonstrated
that the vertically-averaged gridded radiosonde tem-
perature in the northern hemisphere, adjusted by
MSU-derived temperature, has shown some warm-
ing trend in the troposphere, but a remarkable cool-
ing trend in the stratosphere since the 1960s.

These studies suggest that the vertical structure
of temperature variation in the troposphere plus
the surface needs to be examined, on the basis of
the longest-term data set possible. To resolve this
problem, in this paper seasonal (3-month) mean air
temperatures in the lower troposphere (850, 700,
500 hPa) in the northern hemisphere were analyzed
from upper air station data for the period 1964-
1993, in combination with gridded surface air tem-
peratures. The aim was to detect and analyze recent
temperature trends and inter-decadal-scale varia-
tions from the surface to the mid-troposphere. The
vertical as well as spatial structure of temperature
variations are scrutinized, to elucidate possible forc-
ing factors of these trends and variations.
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2. Data and method of analysis

2.1 Data processing

The monthly mean temperatures at the 850, 700,
and 500 hPa levels were selected from monthly raw-
insonde observation data for north of 20°N in the
northern hemisphere for the period from Mar., 1964
to Feb., 1994, using stations with as few missing
data as possible. Two-hundreds-twenty-five stations
were finally selected (crosses in Fig. 1). These data,
up to Dec., 1990, were adopted mainly from the
GEDEX CD-ROM (the 1992 version) produced at
NASA, and those for Jan., 1991 to Feb., 1994 were
taken from Monthly Climatic Data for the World.
The distribution of stations used in this study is
shown in Fig. 1.

Some of the rawinsonde observation data, par-
ticularly in the upper troposphere, have a seri-
ous quality-control problem as was pointed out by
Gaffen (1994). In addition, the data are some-
times contaminated by non-systematic errors raised
during data transmission and/or data editing. To
avoid these problems and suppress these errors, all
monthly temperatures were checked as follows. The
data with anomalies over 4 times of the standard
deviation were automatically eliminated, and those
over 3 times were compared with the data of neigh-
boring stations and were also eliminated if remark-
able differences were found. Through this data pro-
cessing, the errors in our monthly anomaly data were
optimally eliminated and suppressed. The land-
based 5° x 5° grid-box monthly surface air temper-
ature compiled by Jones (1994a) was also used.

To calculate monthly mean temperature anoma-
lies of each station and grid-box, the reference pe-
riod 1977-1986 was used. This averaging period has
little missing monthly data. The monthly anoma-
lies at the surface grid box and upper observational
stations were averaged to four seasonal (3 month)
anomaly values for each season, spring (Mar. to
May) summer (Jun. to Aug.) etc. The linear trends
of seasonal mean temperature in Section 3 were ob-
tained from these seasonal mean anomalies and were
calculated by a linear regression based on the 30
years of data. The significance of the trends were
examined by t-test assuming that all 30 years of the
data were independent.

2.2 Rotated EOF analysis

To deduce the three-dimensional structure and
dominant time scales of long-term fluctuation of sea-
sonal temperature change, the Empirical Orthogo-
nal Function (EOF) analysis is applied to the three-
dimensional gridded temperature at the four verti-
cal levels. To focus on the decadal-scale fluctua-
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Fig. 1. Distribution of stations (crosses) and interpolated grid points (circles) used in this study.

tion or longer, the seasonal data were low-pass fil-
tered by operating a 5-year moving average. The
binomial filter was not used because of some miss-
ing data included in each successive 5-years of data.
The station and grid-box data were interpolated
onto 15° x 20° latitude/longitude grids (open cir-
cles in Fig. 1) taken from the filtered data. The
grids where original station data are sparse (i.e.,
ocean areas) are not included in this analysis. In
addition, since there are very few stations in Arc-
tic Canada along 70°N between 80°W to 140°W,
grids along 65°N were adopted in this region. A to-
tal of 41 gridded data were obtained at each level
for each year, distributed mainly over the conti-
nents. For the EOF analysis, each grid value was
weighted by the square root of cosine of latitude, to
be proportional to the actual area of individual grid.
Variance-covariance matrices were used to calculate
eigenvalues and eigenvectors. The contribution of
each of the four layers to this analysis are not equal
because the anomaly grid data are not divided by
their standard deviation. Therefore, the contribu-
tion of the surface layer to the obtained EOF mode
is slightly larger than those of upper layers because
the variance of the surface absolute value is rela-
tively larger.

The EOF analysis of this procedure has a problem

of statistical unstable solutions owing to large spa-
tial degree of freedom compared with time domain.
In addition, the solutions are made more unstable
by using time-filtered data. Barnston and Livezey
(1987) described that stable solutions could be ob-
tained generally by applying the rotated EOF anal-
ysis to the large spatial grid data. In this study,
the relatively stable solutions are obtained by not
only rotating but also changing the number of the
retained mode. First, the number of rotation is
decided according to the method of O’Lenic and
Livezey (1988). That is, the relationship between
each eigenvalue and its mode number was plotted
and five (winter) and six (spring) modes were chosen
involving the end of “shelf” (O’Lenic and Livezey,
1988). The five or six EOF mode, explained over
88 % of the total variance in both seasons, were ro-
tated by the varimax method. The rotation was re-
peated, with the number of the retained mode one
or two more and one or two less. As the result,
the first two modes in both seasons had the spatial
and temporal similarity in every case. This shows
the number of rotations were adequate, and neither
over rotation nor under rotation occurred. There-
fore, these two modes of each season were consid-
ered stable. The meaningful climatological interpre-
tations are discussed in Section 4.
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Fig. 2. Spatial distribution of the linear trend of seasonal mean air temperature (1964-1993) at surface.
Contour interval is 0.05°C/year for winter and spring and dashed lines indicate negative values. Open
circles (crosses) indicate the stations with significance level of 5 % (no significance). Dotted (shaded)
areas indicate the value with more (less) than +0.1°C/year (winter), £0.05°C/year (spring), or
40.025°C/year (summer and autumn), respectively. (a) winter, (b) spring, (c) summer, (d) autumn.

3. Linear trends of seasonally-averaged tem-
perature

3.1 Spatial patterns

The spatial as well is vertical structures of linear
trends of seasonal-mean temperature during the 30-
year period from 1964 to 1993 were examined first at
four levels (surface, 850 hPa, 700 hPa and 500 hPa).
Figures 2 and 3 show the spatial distribution of
linear trend values (°C/year) for spring (March-
May), summer (June-July), autumn (September—
November) and winter (December-February) at the
surface and the 700 hPa level, respectively. For

each season, since spatial patterns at the three ver-
tical levels above the surface proved to be more or
less similar to each other, only the distributions at
700 hPa level are shown here.

In winter at the surface (Fig. 2a), a significant
warming trend is seen over the whole of northern
Eurasia and northwest North America. The centers
of warming over Eurasia and North America are lo-
cated over central Siberia and Alaska, respectively,
where the maximum values exceed 0.15°C/year. A
cooling trend is also noticeable over Arctic Canada
through Greenland. These spectacular features in
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Fig. 3. As in Fig. 2, but for 700 hPa.

winter have already been noted (e.g., IPCC, 1992;
1995). At 700 hPa (Fig. 3a), the overall pattern of
warming and cooling areas is consistent with that
at the surface, i.e., with the extremes of warming
over Siberia and Alaska and an extreme of cooling
over the Arctic Canada/Greenland area. Another
area of warming and cooling was also noted over
western Europe and central Asia between the Black
Sea and the Caspian Sea, respectively. That is, a
more wavy structure of positive and negative trends
is recognized at this level than the surface over the
Eurasian continent.

In spring, an overall warming trend is noticeable
at the surface level (Fig. 2b), with notable warming
areas over North America and the northern Eura-
sia, t.e., the East European Plain through central

Siberia. The warming trend is more remarkable over
North America than over Eurasia, which is in con-
trast with the feature in winter. At 700 hPa (Fig.
3b), these warming areas at the surface level are
also apparent with the extreme value over central
Canada. Areas of cooling trends are also noticeable
over Greenland and central Asia, which are similar
to those in winter.

In summer (Figs. 2¢ and 3c), the overall feature is
more complex and less significant than the other sea-
sons, both at the surface and 700 hPa. The areas
with significant warming trend are commonly ap-
parent at the two levels in southern Europe, at the
ODb River basin, and around the Bering Sea, though
degrees of warming are not so large (with less than
0.05°C/year in most areas). Over the Arctic Canada
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region the warming trend is apparent at the surface,
but no significant trend is seen at 700 hPa. Areas
with cooling trends are not seen except for small
areas over Mongolia and northeastern Siberia.

In autumn at the surface (Fig. 2d), a warming
trend is seen over a wide area of central Siberia
and southern Europe. In contrast to during win-
ter and spring, no warming trend is seen over North
America. Areas with a cooling trend are seen over
the western half of Eurasia (30°E to 60°E) and
northwestern North America. The overall feature at
700 hPa (Fig. 3d) is very similar to that at the sur-
face, though the positive/negative patterns are not
so significant and dominant as those at the surface.

It should be noted that over Eurasia the patterns
of this season are very similar to those in winter,
whereas over North America the similarity of the
spatial patterns is not seen between winter and au-
tumn but more remarkably seen between winter and
spring.

3.2 Vertical structure of trends in winter and spring

As shown in the previous subsection, the overall
pattern (particularly of warming trend) has proved
to be significant at middle and high latitudes in win-
ter and spring. In this sub-section the vertical struc-
ture of a linear trends is scrutinized. Figure 4 shows
the vertical-longitude section of a linear trend in
winter for every 10 degree latitude band from 70°N
to 40°N.

At 70°N (Fig. 4a), remarkable warming trends
predominate over North America centered at
120°W, especially at the lowermost part of the tro-
posphere (z.e., 850 hPa). At 60°N (Fig. 4b) warm-
ing trends are most remarkable both over Eura-
sia centered at 120°E (central Siberia) and over
North America centered at 120°W, particularly in
the lower troposphere (surface to 850 hPa). Over
Siberia, a large increasing trend (of more than 0.15
°C/year) reached the 700 hPa level. A cooling
trend located over eastern Canada to Greenland
near 60°W through the lower troposphere. At 50°N
(Fig. 4c), a warming trend of more than 0.1 °C/year
was seen over a broad region of Siberia, but over
North America the warming trend was confined at
and near the surface level of the west coast area.

Figure 5 shows the same diagram as Fig. 4 but for
spring. In this season, the warming trend predomi-
nates only over the North American sector, (90°-
120°W) with the largest values in the lower tro-
posphere (surface to 700 hPa) of 50°N-70°N lati-
tudes. Over the Eurasian sector, warming trends are
very limited near the surface level of the 70°N lat-
itude belt. Cooling trends over Greenland centered
at 60°W are dominant throughout the lower tropo-
sphere. A relatively small cooling trend is noticed at
500-850 hPa levels over east Siberia (70°N-60°N},
though this trend is not apparent at the surface.
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These results have shown that warming trends
during the recent 30 years have been noticeable
not only at the surface but also through much of
the lower troposphere of the northern hemisphere.
The hemispheric patterns of warming (and cooling)
trends agree fairly well with those of the surface
air temperature, particularly in winter and spring,
though some differences in the vertical structure are
also noticed from region to region, as well as from
season to season.

4. Three-dimensional patterns of long-term
fluctuations in winter and spring

The temperature field in winter and spring has
shown remarkable warming trends through the lower
troposphere. To deduce the vertical as well as
horizontal structure and dominant time scales of
the long-term fluctuation in these seasons, three-
dimensional rotated EOF analysis was applied to
the gridded temperature anomalies at four levels.
The data procedure is described in Section 2.

4.1 Wainter

Figure 6 shows the spatial patterns (factor load-
ing) for each level for the first component, which
occupies about 30 % of the total variance. At the
surface level (Fig. 6a), a broad area of large positive
values is located over the large part of Eurasia. An-
other area of positive values is seen over Alaska and
northwest Canada, though its spatial-scale is smaller
than that over Eurasia. This positive/negative pat-
tern is fundamentally the same for 850, 700 and
500 hPa levels, though the spatial variances grad-
ually diminish upward, particularly over Eurasia.
Small areas of negative values are seen only at 500
and 700 hPa levels over Scandinavia and northeast-
ern Siberia.

The time coeflicients (scores) of this component
are shown in Fig. 7. The figure shows an increasing
trend through the recent 30 years, especially in the
1970s. That gives a monotonic warming trend at
the surface over the whole of Eurasia and at the
lower troposphere over Siberia, centered over the
Lena/Yenisei River basins. Another center of steady
warming is located over Alaska/northwest Canada,
with less spatial extent and amplitude. It should be
noted that after around 1990, this warming trend
has been weakened.

Figure 8 shows the spatial pattern (factor loading)
of each level for the second component, which occu-
pies about 25 % of the total variance. This mode
chiefly depicts temperature change from the north-
ern part of North America to the the European sec-
tor, showing a dipole or wavy structure with a deep
negative center over northeast Arctic Canada and
a large positive center over Scandinavia. Another
broad area with positive values is seen over south-
ern Siberia and East Asia. Eastern North America
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Fig. 4. Longitude-altitude section of linear trends of seasonal mean air temperatures (1964-1993) in each
latitude belt in winter. Contour interval is 0.05°C/year and dashed lines indicate negative values.
Dotted (shaded) areas indicate the values with more (less) than 0.1 (—0.1)°C/year.

also shows a positive center, though the real center
is likely to be to south of 40°N. Roughly speaking,
the overall spatial pattern looks like a stationary
wavenumber three pattern, though the amplitude
over the European sector is extremely large.

The vertical structures from the surface to
500 hPa are similar to each other, with small ampli-
tude changes toward the upper level. These features

in the horizontal as well as vertical structures of this
mode strongly suggest that this mode in the temper-
ature change is closely associated with a barotropic-
type stationary wave response of the atmosphere in-
duced by some dynamic forcing outside of this re-
gion. This aspect will be discussed further in the
next section.

The time coeflicients of this component are also
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Fig. 5. As in Fig. 4, but for spring.

shown in Fig. 7, which clearly demonstrates an inter-
decadal scale fluctuation with a maximum in the
early 1970s, a rapid decrease in the middle 1970s
and a rapid increase in the late 1980s. That is to say,
the temperature over the northeast north America
(Scandinavia) was relatively high (low) in the late
1970s through the early 1980s, but it changed to the
reversed pattern after the late 1980s. It should be

noted here that in East Asia, winter temperature
anomalies decreased after the 1976/77 winter and
became positive after 1988/89 (Japan Meteorologi-
cal Agency, 1994). This temperature change in east
Asia including Japan seems to be well represented
by this mode, where weak positive values are shown
in Fig. 7. Recently, a similar feature was described
by Kachi and Nitta (1997).
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Fig. 6. First three-dimensional factor loadings derived by the rotated EOF for 5-year running mean
temperature anomalies in winter. Contour interval is 0.2 and dashed lines indicate negative values.
Dotted (shaded) areas indicate the values with more (less) than 0.4 (—0.4). (a) surface, (b) 850 hPa,

(c) 700 hPa, (d) 500 hPa.

4.2 Spring

Figure 9 shows the spatial pattern (eigen vectors)
of each vertical level for the first component, which
occupies about 26 % of the total variance. A remark-
able positive anomaly is located over northern North
America and a relatively smaller negative anomaly
over the northwestern part of Europe. The over-
all spatial patterns at the surface to 500 hPa are
similar to each other, but a large area of negative
anomaly is seen over Eastern Siberia in the middle
troposphere (500 hPa). The time variation of this
component (Fig. 10) shows an increasing trend with
some decadal-scale fluctuation, implying a warming

trend over the positive anomaly areas, 1.e., northern
North America.

The spatial pattern of the second component,
which occupies about 20 % of the total variance, is
shown in Fig. 11. Time coefficients are also shown in
Fig. 10. This pattern represents relatively localized
temperature change. Three positive values are seen
over the Aleutian low area, central Siberia near Lake
Baikal, and southwestern parts of Europe. A neg-
ative area is seen from Greenland to Scandinavia,
remarkably in the middle troposphere. It is inter-
esting to note that the time variation of this com-
ponent shows a 10-13 year period oscillation (Fig.
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Fig. 7. Time coefficients (i.e., component scores) of the first two components in winter.
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Fig. 8. As in Fig. 6, but for second component.
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Fig. 9. As in Fig. 6, but for first component in spring.

10), which appears to correspond with the solar cy-
cle variation with sun-spot maxima in late 1960s,
around 1980, and in the late 1980s. This feature
will further be discussed in a separate paper.

5. Summary and discussion

Ry using the radiosonde station data for .the re-
cenc 30 years (1964-93) in the northern hemisphere,
the horizontal and vertical structures of the com-
bined surface and the lower tropospheric tempera-
ture fleld were analyzed to detect and specify trends
and decadal-scale fluctuations. The linear trend
analysis has shown that the overall warming is ap-
parent over the continents in northern winter and
spring, with significant maxima over Siberia and
Arctic Canada/Alaska region. The warming ten-

dency is most remarkable at the surface and in
the lowermost troposphere (850 hPa) over Siberia,
whereas it is more equally apparent through the
lower-half of the troposphere over North America.

The three-dimensional rotated EOF analysis in
winter has revealed the two independent modes.
The first mode (30 % of the total variances) rep-
resents a warming trend over Siberia and northwest
Canada, combined with a cooling trend near Green-
land. The second mode (25 % of the total vari-
ances) represents a decadal-scale fluctuation of the
tropospheric temperature, associated with the at-
mospheric circulation change over the north Pacific
and the North Atlantic regions.

In spring, a dominant mode of warming trend in
the rotated EOFs has appeared only over the whole
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Fig. 10. As in Fig. 7, but for first two components in spring.
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Fig. 11. As in Fig. 6, but for second component in spring.
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of Canada, which occupies 26 % of the total vari-
ances. Over the Eurasian continent and Alaska,
inter-decadal scale fluctuations with 10-13 year pe-
riod are more prominent, a fact represented in the
second component of the EOFs.

The dominant modes in the tropospheric tem-
perature field in northern winter and spring might
be related to the different feedback processes in
the climate system. The first mode in winter and
spring show a more or less monotonically increasing
trend. An issue may be whether this increasing tem-
perature trend is directly related to the gradually-
intensified greenhouse effect due to the increase of
CO,, CHy4 and other greenhouse gases. This impor-
tant issue should be examined more quantitatively,
including by model computation.

It should be noted, however, the areas of re-
markable warming (i.e., Siberia and Alaska) in win-
ter correspond well with the areas of strong near-
surface inversion layer formed by strong surface
radiative cooling. In addition, this mode shows
larger amplitudes at the surface and near-surface
level (i.e., 850 hPa) compared to the upper lev-
els (700 and 500 hPa levels). In spring, in con-
trast, the nearly-linear warming trend is apparently
seen only over Canada, with more uniform vertical
strucure of anomalies from the surface to 500 hPa
level. These differences of the warming trends in the
three-dimensional structure and seasonality should
be considered in assessing the forcing factors of tem-
perature fluctuations.

Rogers and Thompson (1995) noted the increased
Atlantic Arctic cyclone activity during 1980s is
closely related to the warming over Siberia in winter,
possibly through warm air advection in the cyclone
warm sectors. The stronger westerly flow aloft may
also be responsible for breaking down the cold sur-
face inversion. However, this change of atmospheric
circulation does not necessarily imply that warm-
ing by the greenhouse effect over Siberia is negli-
gible or less important. Or rather, this circulation
change may have been a result of radiative anoma-
lous warming over there. In fact, near-surface ra-
diative warming due to increase of greenhouse gases
may possibly be actualized selectively in space and
season (e.g., IPCC, 1995), although the changes of
the gas concentrations might be occurring more or
less uniformly over the whole globe due to relatively-
rapid diffusion processes in the atmosphere. The
strong and broad near-surface inversion layer in win-
ter in the interior of the continent, such as Siberia
and northwest Canada and Alaska, is likely to pro-
vide the most suitable condition for the greenhouse
effect. The contrastive cooling trend over northeast
Canada and Greenland, which also appeared in this
mode, may be associated with re-adjustment of the
Arctic cold polar vortex to the warming over Siberia
and northwest Canada. We need, however, to exam-
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ine atmospheric circulation changes and other nat-
ural forcing factors such as sea surface temperature
forcing in the tropics and the extra-tropics, to fully
understand the increasing trend and decadal-scale
fluctuations of the tropospheric temperature field.

The inter-decadal fluctuation in winter as shown
in the second component is another prominent fea-
ture in the tropospheric temperature field in the
recent 30 years. This mode is likely to be closely
related to the hemispheric atmospheric circulation
field of the same time-scale, combined with the
two drastic changes (or “climatic jumps”) between
1976/77 and 1988/89, which have been discussed
in some recent studies (Kodera et al., 1996; Kachi
and Nitta, 1997; Tanaka et al., 1997; Watanabe
and Nitta, 1997 etc.). In fact, positive tempera-
ture anomalies in the Alaska/Bering Sea region in
the period between 1976/77 and 1988/89, as sug-
gested in the combination of spatial pattern and
time coefficient, correspond well with the warm ad-
vection effect caused by the persistently stronger-
than-normal Aleutian low in this period (Wallace et
al., 1993; Trenberth and Hurrel, 1994; Tachibana et
al., 1996). This inter-decadal fluctuation is likely to
be confined in winter, since this mode did not ap-
pear in the dominant modes of the other seasons.
The temperature anomaly over the North Atlantic
seems be closely related to the decadal change of the
NAO (Hurrel, 1994).

The 10-13 year oscillation is another notable fea-
ture in the temperature field in spring, with the
maximum temperature anomaly in central Siberia
and the Alaska/Bering Sea region in late 1960s,
around 1980 and around 1990. The time sequence
of this mode happened to correspond with the solar
cycle variation with sun-spot maxima in late 1960s,
around 1980 and late 1980s, though the record of 30
years may be too short to relate to the solar cycle,
which has a period of about 11 years. These aspects
need be examined further, by using many other data
sets, such as stratosphere data sets.

References

Angell, J.K., 1988: Variations and trends in tropospheric
and stratospheric global temperatures, 1958-87. J.
Climate, 1, 1296-1313.

Barnston, A.G. and R.E. Livezey, 1987: Classification,
seasonality and persistence of low-frequency atmo-
spheric circulation patterns. Mon. Wea. Rev., 115,
1083-1126.

Gaffen, D.J., 1994: Temporal inhomogeneities in ra-
diosonde temperature records. J. Geophys. Res., 99,
3667-3676.

Hansen, J. and S. Lebedef, 1987: Global trends of mea-
sured surface air temperature. J. Geophys. Res.,
92D, 13345-13372.

Hurrell, J.W., 1995: Decadal trends in the North At-
lantic Oscillation: Regional temperatures and pre-
cipitation. Science, 269, 676-679.

NACSI| S-El ectronic Library

529

Service



Met eorol ogi cal

Society of Japan

530

IPCC, 1996: Climate Change 1995: The Science of Cli-
mate Change. J.T. Houghton et al. (Eds.), Cam-
bridge University Press, Cambridge, UK, 572 pp.

Japan Meteorological Agency, 1994: Report on Recent
changes in the World 199/ —Reviews and Outlook for
the Future—(V). Printing bureau of the Ministry of
Finance, 444 pp (in Japanese).

Jones, P.D. and K.R. Briffa, 1992: Global surface air
temperature variations during the twentieth cen-
tury: Part 1, spatial, temporal and seasonal details.
Holocene, 2, 165-179.

Jones, P.D., 1994a: Hemispheric surface air temperature
variations: A reanalysis and an update to 1993. J.
Climate, 7, 1794-1802.

Jones, P.D., 1994b: Recent warming in global tempera-
ture series. Geophys. Res. Lett., 21, 1149-1152.
Kachi, M. and T. Nitta, 1997: Decadal variations of
the global atmosphere-ocean system. J. Meteor. Soc.

Japan, 75, 657-675.

Kodera, K., M. Chiba, H. Koide, A. Kitoh and Y.
Nikaidou, 1996: Interannual variability of the winter
stratosphere and troposphere in the Northern Hemi-
sphere. J. Meteor. Soc. Japan, T4, 365-382.

Nitta, T. and S. Yamada, 1989: Recent warming of
tropical sea surface temperature and its relationship
to the Northern Hemisphere circulation. J. Meteor.
Soc. Japan, 67, 375-383.

QO’Lenic, E.A. and R.E. Livezey, 1988: Practical consid-
erations in the use of rotated principal component
analysis (RPCA) in diagnostic studies of upper-air
height fields. Mon. Wea. Rev., 116, 1682-1689.

Oort, A.H. and H. Liu, 1993: Upper-air temperature
trends over the globe, 1958-89. J. Climate, 6, 292-
307.

Parker, D.E., P.D. Jones, C.K. Folland and A. Bevan,
1994: Interdecadal change of surface temperature
since the late nineteenth century. J. Geophys. Res.,
99D, 14373-14399.

Journal of the Meteorological Society of Japan

Parker, D.E. and D.I. Cox, 1995: Towards a consistent
global climatological rawinsonde data-base. Int. J.
Climatol., 15, 473-496.

Parker, D.E., M. Gordon, D.P.N. Cullum, D.M.H.
Sexton, C.K. Folland and N. Rayner, 1997: A new
global gridded radiosonde temperature data base and
recent temperature trends. Geophys. Res. Lett., 24,
1499-1502.

Rogers J.C. and E. Mosley-Thompson, 1995: Atlantic
Arctic cyclones and the mild Siberian winters of the
1980s. Geophys. Res. Let., 22, 799-802.

Spencer, R.W. and J.R. Cristy, 1992: Precision and ra-
diosonde validation of satellite gridpoint tempera-
ture anomalies, Part II: A tropospheric retrieval and
trends during 1979-90. J. Climate, 5, 858-866.

Tanaka, H., R. Kanohgi and T. Yasunari, 1996: Recent
abrupt intensification of the northern polar vortex
since 1988. J. Meteor. Soc. Japan, 74, 947-954.

Tachibana, Y., M. Honda and K. Takeuchi, 1996: The
abrupt decrease of the sea ice over the southern part
of the Sea of Okhotsk in 1989 and its relation to the

recent weakening of the Aleutian Low. J. Meteor.
Soc. Japan, 74, 579-584.
Trenberth, K.E. and J.W. Hurrel, 1994: Decadal

atmosphere-ocean variations in the Pacific. Climate
Dyn., 9, 303-319.

Wallace, J.M., Y. Zhang and K.-H. Lau, 1993: Structure
and seasonality of interannual and interdecadal vari-
ability of geopotential height and temperature fields
in the Northern Hemisphere troposphere. J. Climate,
6, 2063-2082.

Walsh, J.E., W.L. Champman and T.L. Shy, 1996: Re-
cent decrease of sea level pressure in the central Arc-
tic. J. Climate, 9, 480—486.

Watanabe, M. and T. Nitta, 1997: Recent climate
changes and associated decadal variations in the
Northern Hemisphere winter. Tenk:, 44, 208-212.
(in Japanese)

B 30 EfE (1964-1993) (CH U 2AL¥FROWERE S L U
TETRBTENORMER E 10 EX 7 —ILDOZEE)

TRE= - BHREE
(Bl R MR )
KPHEI)

(SR RBER R 76

W3 30 £/ (1964-93) DALFIKIZBIT 2 RE L THHRBEORREB ¢ MIT L LER, £FLEF
P LICHERROA AR ST, TEMBESERCHE L FREMPHEZI N LFIE, PRI T E
A+ YL - 7T A A TRBIEEZE TH S )5, MBI 2 FROMEFBE KRS LEVPR LN,
FERIZILKRKRELERTOAR, FTiBEEEII b 2R RIEETH L,

HEEA S AFHETEE TORBLEIZOWTO 3 KSR EOF i & L7c#R ., R\ - WilEE
KTREBETAINL VPRI EBMLTVLEEHTHL I EAHERE SN [OE: EOF BITDOE 2 KH L L

NACSI| S-El ectronic Library

Vol. 76, No. 4

Service



Met eorol ogical Society of Japan

August 1998 T. Yasunari, M. Nishimori and T. Mite 531

T, AZF|TI2 1976/77 & 1988/89 IR AN K E (ERILT 2K I0FEX T — VORMEABFHFEL, €D
ZERAFHEAEK, kT -0y NNBIP -5 V7T EH TR UEBEMN AR T HER3IBOBEL L TwAE T
LR ENT, —HERFEOE 2T, 10-13 FRAMOEEI R L. KBEEOR CERHTORE L O
AR ST,

TREME ®REES

NACSI| S-El ectronic Library Service



