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Abstract

Atmospheric blocking plays an important role in modulating mid-latitude weather, particularly for the Northern Hemisphere
(NH). Trend analysis of atmospheric blocking for both hemispheres using Sen’s innovative trend analysis (ITA) is performed
here. The blocking data archived at the University of Missouri which covers the period of 1968-2019 for NH and 1970-2019
for the Southern Hemisphere (SH) is used in this study. Block occurrence (BO), duration (BD), and blocking intensity (BI)
are analyzed by classifying the NH (SH) into three groups according to the preferred block formation locations: Atlantic,
Pacific, and Continental (Atlantic, Pacific, and Indian). In the NH, BI showed mixed results. There was a decreasing trend
for the entire hemisphere and Atlantic Region while different trends were observed elsewhere. For BO and BD, the entire
hemisphere and all regions showed increasing trends, which were statistically significant. In SH, BI shows a decreasing trend
for weaker blocking events while medium and high clusters for the entire hemisphere. The BD exhibited an increasing trend
for the entire SH. The BO also showed an increasing trend except one point in less active years. Blocking characteristics
show different trends for different preferred blocking locations. Increasing trends of SH BO for the overall sample and Pacific
Region are statistically significant at 95% level. Increasing trends for SH BD overall and in the Atlantic and Pacific regions

are statistically significant at 90%, 95%, and 95% levels, respectively.

1 Introduction

Different aspects of blocking anticyclone character and dynamics
have been studied due to their important contributions to atmos-
pheric phenomena like droughts, heavy precipitation (Khodayar
et al. 2018; Rabinowitz et al. 2018), heat waves (Sitnov et al.
2014; Lhotka et al. 2018), and cold spells (O’Reilly et al. 2016;
Aalijahan et al. 2018; Brunner et al. 2018). These extremes have
an adverse effect on daily life. Some studies focused on block-
ing indicators (Lejenas and Okland 1983; Tibaldi and Molteni
1990 (hereafter TM90); Lupo and Smith 1995; Barriopedro
et al. 2006); the relationship between blocking and meteorologi-
cal variables (Rabinowitz et al. 2018; Efe et al. 2019, 2020a,b;
Canyilmaz 2020), and predictability (TM90; Matsueda 2011).
Interdecadal variability and long-term trends of atmos-
pheric blocking for both hemispheres are also studied by
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researchers (Wiedenmann et al. 2002; Barriopedro et al.
2006; Mokhov et al. 2012; Barnes et al. 2014; Lupo et al.
2019). Studies covering the period of the late twentieth
century for Northern Hemisphere (NH) blocking events
showed that long-term trends depend on the season and
region (Wiedenmann et al. 2002). Barriopedro et al. (2006)
demonstrated that these mixed results are due to interdec-
adal variations related to teleconnection patterns such as
those associated with North Atlantic Oscillation (NAO)
and Western Pacific (WP) Index. However, Lupo et al.
(2019) showed that block occurrence (BO) has decreased
to a minimum in the late twentieth century by examin-
ing the blocking data time series up to 2018. They found
evidence of an increase in BO since the beginning of the
twenty-first century.

For the Southern Hemisphere (SH), Wiedenmann et al.
(2002) showed that BO and duration (BD) decreased
strongly during the last part of the twentieth century that
was consistent with Renwick and Revell (1999). However,
Oliveria et al. (2014) found no statistically significant trend
within the whole SH that covers a longer period. Lupo et al.
(2019) demonstrated that BO and BD had increased sig-
nificantly for the SH at the start of the twenty-first century.
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The Sen innovative trend analysis method (hereafter ITA)
(Sen 2012) is a technique by which the trend is detected visually.
It is a widely used method in environmental sciences. Sen and
Aksu (2021) used ITA to detect a trend in maximum precipita-
tion in Istanbul, the largest city of Turkey. Cui et al. (2017) inves-
tigated the trend analysis of annual and seasonal air temperature
and rainfall in the Yangtze River Basin in China by using ITA.
Tosunoglu and Kisi (2017) applied ITA in order to detect trends
in hydrologic drought variables in Coruh River Basin, Turkey.
Phuong et al. (2022) detected trends in Standard Precipitation
Index in the Central Highlands of Vietnam by using ITA. ITA
is used to detect trends in water quality as well (Moravej et al.
2018). However, the ITA method has not been used in atmos-
pheric blocking studies.

Our study is unique in that it uses the ITA to detect trends
for the variables BO, BD, and blocking intensity (BI). Both
the Northern and Southern hemispheres are considered for
trend detection. While inferred trends have been published in
studies of BO and for other blocking characteristics by this
research group previously, the goal of this work is to apply
ITA for blocking character in order to determine whether
ITA supports these previously published results. Addition-
ally, the ITA analysis can provide more information about
these trends. For example, ITA will demonstrate whether
trends in the block intensity are most notable among weak,
typical or moderate, and strong blocking events. Lastly, this
work will use the Mann—Kendall tau test for trends, which
is more proper than the techniques used to infer trends in
Lupo et al. (2019).

2 Data and methodology

The blocking data used in this study are archived in the
University of Missouri Blocking Archive (2020), and the
variables used here include the blocking intensity, duration,
and occurrence. The blocking data used in this study covers
the period from 1968 to 2019 for NH and 1970-2019 for
SH. The blocking year starts in July for NH and January
for SH as in Lupo et al. (2019) and references therein. The
trend for blocking parameters was investigated for the whole
hemisphere and then for different preferred blocking regions
within both hemispheres. In NH, there are three preferred
blocking regions: Atlantic (80° W—40° E), Pacific (140°
E-100°W), and Continental (100°-80° W and 40°-140°E).
The SH has also three preferred regions: Atlantic (60°
W-=30° E), Pacific (130° E-60° W), and Indian (30°-130°
E). In the NH, blocking has been observed at least one time
each year in all regions. In the SH, the Pacific Region has
blocking events for all years while the other regions do not
have blocking events observed for some years. Thus, the
deficient years are included into the lower cluster which
will be described later. Then, the lower cluster is ignored
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due to there being few members for the Atlantic and Indian
Ocean region samples. This dataset has been used in numer-
ous studies (e.g., Lupo et al. 2019; Efe et al. 2020a, b; and
references therein).

The Sen innovative trend analysis method (Sen 2012) which
is a non-parametric trend test was used to describe trends in
blocking parameters. This method is composed of several steps.
First, the data is separated into two equal parts (e.g., for NH,
1968-1993 is the first or earlier period and 1994-2019 is the
second or later). Then, the data is sorted in an ascending order
for both halves (e.g., B is sorted from the lowest to the highest
value in the first period and second period). The next step is plot-
ting the scatter of these ordered data in a Cartesian coordinate
system and the 1:1 (trend free) line is added. The ordered data
in the first half is located on the abscissa and the second half is
located on the ordinate. If the data are trend free, the points fall
on the 1:1 line. If there is an increasing trend, the points fall in
the upper triangle while they all fall in the lower triangle for
the decreasing trend. For the monotonic increasing (decreasing)
trend, the points fall on another line in the upper (lower) triangle
parallel to the 1:1 line. If the trends are non-monotonic, they fall
on the line not parallel to the 1:1 line or they have mixed behav-
ior for the trend. The methodology is based on the visualization
of the data. The scatter points are clustered as low, medium,
and high. For BI, weaker blockings, moderate blockings, and
stronger blockings are used to define the low, medium, and high
clusters, respectively. For BD, less persistent blockings, typi-
cal blockings, and more persistent blockings are used to define
low, medium, and high clusters, respectively. More persistent
blocking means an event with a longer duration in days. For BO,
less active years, typical years, and more active years are used
to define low, medium, and high clusters, respectively. The BI
clusters are defined according to Lupo and Smith (1995). The
BO and BD clusters are subjectively determined. The reason
for clustering is to examine the trend in more detail than for
previously published results. The trend magnitude of any point
is described as the distance between the point and the 1:1 trend
line. All figures are illustrated via ggplot2 R-package (Wickham
2016). All necessary data transformations and basic calculations
are done via base R and dplyr packages of R (R Core Team
2018; Wickham et al. 2018).

The non-parametric Mann—Kendall tau test which is
a widely used trend test in atmospheric sciences is also
applied to detect the statistical significance of trends
(Kendall 1975). Positive values of tau indicate an increas-
ing trend while negative values indicate a decreasing
trend. The p-value is used to detect statistical signifi-
cance in the Mann—Kendall test. If the p-value is smaller
than 0.05, the trend is statistically significant at the 95%
significance level. The characteristics of blocking data
for both hemispheres are checked for serial independence
using the autocorrelation function. BI, BD, and BO do not
have serial correlations for both hemispheres.
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3 Results

3.1 Northern Hemisphere

3.1.1 Entire hemisphere

For the NH, the long-term average of annual blocking
numbers is 24.5 for the first period and 37.2 for the second
period. The trend for the annual average of BI in the NH

is shown in Fig. 1. All three clusters of BI values are scat-
tered within the lower triangle, and this means the BI has
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a decreasing trend for all clusters. In the weaker blocking
events, there is a non-monotonic decreasing trend. The trend
magnitude is highest for the lower portion of the weaker
blocking events, but it is slight in the upper parts. The
medium blocking events have a monotonic decreasing trend
with a magnitude greater than stronger blockings and lower
than weaker blockings. The stronger blocking events have a
monotonic decreasing trend with the least trend magnitude
of all three clusters.

The scatter diagram of the BD annual average between
the earlier and later part of the study period is shown in

30 35

Intensity (1968 - 1993)

Fig. 1 BI trend analysis for the NH using the Sen ITA
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Fig. 2, where the BD has an increasing trend for the whole
hemisphere for all clusters. The BD has a non-monotonic
trend for all data. The less persistent blockings have a mono-
tonic increasing trend with less departure from the 1:1 line.
The medium cluster has a greater departure from the 1:1
line than less persistent events, and it has a non-monotonic
increasing trend. The departure for the higher portion of the
medium cluster is greater than for the lower parts. The most
persistent blockings have the largest departure values than
the medium cluster with a monotonic increasing trend.

12-

10-

Duration, Days (1994 - 2019)

As seen in Fig. 3, the annual number of blocking events
is increasing for all clusters. All the points fall into the upper
triangle with no exception. The trend is non-monotonic for
blocking numbers. The less active years have a relatively
small magnitude of trend with an increasing magnitude
which means it has a non-monotonic increasing trend. The
medium years have a non-monotonic increasing trend with
increasing magnitude. The more active years have a mono-
tonic increasing trend. Overall, the magnitude of trends
increases by the magnitude of the cluster.

Duration, Days (1968 — 1993)

Fig.2 Asin Fig. 1, except for block duration
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3.1.2 Preferred blocking locations

For the Atlantic Region, the long-term annual average for
blocking occurrences is 12.8 in the earlier period and 15.8
in the later period. The corresponding values for the Pacific
and Continental regions are 6.3 and 5.4, respectively, in the
earlier period and 11.8 and 9.6, respectively, for the later
period. The scatter plot of the two periods for BI annual
average stratified by preferred blocking regions is seen in
Fig. 4. The Atlantic Region has decreasing trends for all
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Blocking Counts (1968 — 1993)

Fig.3 Asin Fig. 1 except for block occurrences

three clusters. However, the magnitude is higher in the
lower portion of the weaker blocking events. The samples
for the other clusters are located near the 1:1 line. In the
Pacific Region, the trend behavior is different for all clus-
ters. The weaker blockings have an increasing trend while
typical events are closer to the trend-free line. The lower
part of stronger blockings has an increasing trend with low
magnitudes and the upper part has a decreasing trend. The
Continental Region has also mixed trend types. The stronger
and typical blockings have decreasing trends while weaker
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blockings have decreasing trends for higher values and
increasing trends for lower values.

The trend analysis for the annual BD average within dif-
ferent blocking regions can be seen in Fig. 5. For the Atlantic
Region, the mean duration has a non-monotonic increasing
trend; the higher the cluster, the higher the trend magnitude.
Although the lowest value of the less persistent events has a
decreasing trend, the Pacific Region has almost a monotonic
increasing trend behavior. All three clusters have an increas-
ing trend with similar magnitude except at the higher part of
the more persistent events. The more persistent blockings
have a slightly higher magnitude of trend. The less persis-
tent blockings and medium blockings of mean BD have an
increasing trend for the Continental Region with smaller
trend magnitudes. On the other hand, more persistent events

Atlantic

Pacific

Shasies arn

are trend free for lower values while it has an increasing trend
for higher values.

The annual number of blocking events for the preferred regions
in the NH is seen in Fig. 6. All three regions have an increasing
trend for all three clusters with no exception. The Atlantic Region
has an increasing trend for all three clusters. However, the clusters
have different trend magnitudes. Less active years have an increas-
ing trend around the 1:1 line. Typical years have a non-monotonic
increasing trend with increasing magnitude. More active years
have a monotonic increasing trend. The Pacific Region has a
monotonic trend for typical and more active years. Less active
years have a non-monotonic increasing trend with an increasing
trend magnitude. The Continental Region has an almost mono-
tonic increasing trend. The trend magnitude slightly increases up
to typical years than decreases back in the more active years.
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Fig.4 Asin Fig. 1, but stratified by preferred blocking locations
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Fig.5 Asin Fig. 2, but stratified by preferred blocking locations
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3.1.3 Mann-Kendall trend analysis

Mann-Kendall tau values are shown in Table 1. The BI for
the Continental Region has a statistically significant decreas-
ing trend at 90% (p=0.10) confidence level. BO and BD had
a statistically significant increasing trend at the 99% (p=0.01)
level for the whole hemisphere and preferred blocking locations.
The test used here to identify trends is more appropriate than
those used in Lupo et al. (2019). They tested the means of the
early twenty-first century blocking characteristics versus those
of the late twentieth century. Their test suggested generally the
BI decreases were more significant than those found here, while
the BD increases were less significant. For BO, the techniques
used here and in Lupo et al. (2019) give the same conclusion.

Bold values indicate 0.05<p <0.1; bold* indicates
0.01 <p <0.05; bold** indicates p < 0.01.

3.2 Southern Hemisphere

3.2.1 Whole hemisphere

For the SH, the long-term annual average blocking numbers
are 10.2 for the earlier period and 15.0 for the later period. The

scatter plot of the two halves for the BI annual average is seen
in Fig. 7. The BI has a different trend behavior for different
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Fig.6 Asin Fig. 3, but stratified by preferred blocking locations

Pacific

10
Count (1968 - 1993)

clusters. The weaker events have mixed trend types around the
trend-free line. The typical events have a decreasing trend at the
lowest values and a non-monotonic increasing trend for the rest
of the values with increasing trend magnitude. The strongest
blockings have a monotonic increasing trend.

The annual average of the mean BD has an increasing trend
with interesting behavior (Fig. 8). All three clusters have an
increasing trend. The less persistent events have the same mag-
nitude of trend for all their elements, meaning it has a mono-
tonic increasing trend. The medium cluster has a greater trend
magnitude for the lower part and the higher part has a lower
trend magnitude. For the more persistent blockings, the magni-
tude of the increasing trend increases by the higher values. The
highest points display the highest trend magnitudes.

The annual number of the blocking events in SH is
plotted in Fig. 9. The less active years have an increasing
trend with a lower trend magnitude except one point. That
point fell into the lower triangle. The medium years have
an increasing trend with increasing magnitude. The more
active years have a monotonic increasing trend.

3.2.2 Preferred blocking locations

In the Atlantic Region, the long-term block occurrence
average is 1.0 for the earlier period versus 1.4 for the later

Continental

15 20 0 5 10 15 20

Table 1 Mann—Kendall tau

Northern Hem Atlantic Region Pacific Region Conti-
values for whole NH and nental
preferred blocking locations Region

Blocking intensity -0.15 -0.14 0.005 —0.18

Blocking number 0.52%* 0.33%* 0.45%* 0.49°%*

Blocking duration 0.37%* 0.37%* 0.34%* 0.25%%*
@ Springer
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Fig.7 Asin Fig. 1, except for the SH

period. For the Pacific Region, the long-term block occur-
rence average is 8.2 for the earlier period versus 11.3 for
the later period. For the Indian Ocean Region, the long-
term block occurrence average is 1.0 for the earlier period
versus 2.2 for the later period.

The trend in the annual BI average for preferred blocking
regions can be seen in Fig. 10. For the Atlantic Region, the
mean BI has an increasing trend for the lower part of typical
events while it has a decreasing trend for higher values. The
stronger events have a mixed trend of decreasing, increasing,

@ Springer

and no trend. It has no trend for the lower part, decreasing
for middle values, and increasing for higher. In the Pacific
Region, all three clusters have an increasing trend with lower
trend magnitudes. The higher part of the weaker events and
the lower part of typical events show points on the trend-free
line. The higher part of stronger blockings has the greatest
increasing trend. For the Indian Region, the lower values of
typical events have an increasing trend and the higher values
have a decreasing trend. The stronger blocking events have
a monotonic increasing trend with a small trend magnitude.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Global trends in the occurrence and characteristics of blocking anticyclones using Sen...

10-

Duration, Days (1995 - 2019)

5 6 7

m

8 9 10

Duration, Days (1970 - 1994)

Fig.8 Asin Fig. 2, except for the SH

The scatter plot for the two halves of the annual BD
average for three locations within the SH is seen in Fig. 11.
For the Atlantic Region, BD has a monotonic increasing
trend with a small magnitude for the medium cluster with
some points along the trend-free line. The more persistent
blockings have an increasing trend generally. In the Pacific
Region, the less persistent events have a monotonic increas-
ing trend. The medium cluster has an increasing trend with
a decreasing magnitude of trend, while the more persistent

events have contrasting behavior within the medium cluster.
For the Indian Region, the medium cluster has an increasing
trend with decreasing magnitude. The more persistent events
have a decreasing trend with lower values and an increasing
trend for the highest value of the high cluster.

The annual occurrence of blocking events for the pre-
ferred regions within the SH is seen in Fig. 12. Each of the
three regions has different behaviors. The Atlantic Region
has no trend for small values of typical years and then an
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Fig.9 Asin Fig. 3, except for the SH

increasing trend for higher values with low magnitudes. The
active years have a decreasing trend for small values and
an increasing trend for high values with low magnitudes of
trend. The Pacific Region has an increasing trend for almost
all three clusters. Less active years have little trend and the
lowest portion of the cluster and then an increasing trend of
low magnitude. Medium years have a monotonic increas-
ing trend with the magnitude greater than less active years.
More active years have an increasing trend with increasing
trend magnitude. The Indian Region has a decreasing trend
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for small values of medium years, then an increasing trend
for higher values within the cluster. More persistent years
have an increasing trend for lower values and the magnitude
of trend decreases and then touches the no-trend line at the
highest point.

3.2.3 Mann-Kendall trend analysis test

The Mann—Kendall tau values are shown in Table 2. BI does not
have a statistically significant trend not only for the whole SH
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Fig. 11 As in Fig. 8, but stratified by preferred blocking locations

hemisphere but also preferred blocking locations. The Lupo et al.
(2019) results did infer significant decreases for Bl in the Atlantic
and Indian Ocean regions. BO showed a statistically significant
increasing trend at 99% confidence level for the whole hemisphere
and Pacific Region. This is similar to Lupo et al. (2019); however,
they also showed significant increases in the Atlantic and Indian
Regions. The latter result is not supported here. BD has a sta-
tistically significant increasing trend at 90% level for the whole
hemisphere and at 95% (p=0.05) confidence level for the Atlantic
and Pacific regions. For BD, the only difference from Lupo et al.
(2019) was the significant increase in the Atlantic Region.

Bold values indicate 0.05 <p <0.1; bold* indicates
0.01 <p <0.05; bold** indicates p < 0.01.

4 Discussion

The Sen ITA analysis performed here reexamines the trends
found in an earlier climatological study (Lupo et a. 2019) which
used traditional analysis of variance (ANOVA) techniques. As
shown in Sect. 3, the NH and SH decreases in BI were less
significant than those found in Lupo et al. (2019), while the
increases in NH durations here were more significant. In the
SH, the increased occurrence within the Atlantic and Indian
Ocean regions was not significant here, where blocking occurs
much less frequently. This may be a function of the small sam-
ple size for these regions. However, where the two statistical
methods show similar significance increases our confidence
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Table 2 Mann—Kendall tau

Southern Hem Atlantic Region Pacific Region Indian Region
values for the whole Southern
Hemisphere and preferred Blocking intensity 0.04 0.07 0.11 0.001
blocking locations Blocking number 0.34%% 0.17 0.34%% 0.15
Blocking duration 0.17 0.22% 0.20* 0.07

in those findings. Thus, the differences in the significance of
blocking character changes found here versus those found in
Lupo et al. (2019) show that the strength of our confidence can
be a function of the statistical technique chosen even for the
same data set. This type of result is not unique. Additionally,
comparing blocking data sets using different definitions (e.g.,
Pinhero et al. 2019) will produce different results as well. How-
ever, the Sen ITA analysis provides also for a simpler method
in examining the overall trends of blocking character in greater
detail than shown in Lupo et al. (2019).

Lupo and Smith (1995) and references therein showed
a dynamic connection between upstream extratropical
cyclones in supporting the formation and persistence of
blocking. They demonstrated that there was a significant
correlation between the deepening rate of these NH extra-
tropical cyclones and block intensity, as well as a correla-
tion between NH duration and block intensity. The duration
and BI correlation was supported by Lupo et al. (2019). In
the SH, this same correlation could not be identified for the
late twentieth century (Wiedenmann et al. 2002), but could
for the early twenty-first century (Lupo et al. 2019) and the
entire data set overall. Many have demonstrated a connection
between the dynamic character of the mid-latitude storm
tracks and blocking (e.g., Lupo 2021 and references therein).

Wiedenmann et al. (2002) found that the global trends
and variability in extratropical cyclones found by Key and
Chan (1999) matched their overall trend and variability in the
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number of blocking events. Given the dynamic connection
between these two phenomena, more extratropical cyclone
activity would correspond to increased chances of block for-
mation or duration. Tillinina et al. (2013) and Wang et al.
(2016) studied cyclone counts in different reanalyses, and in
spite of strong reanalysis differences in the counts, the NH and
SH trends in cyclone occurrence or duration up to 2010 match
the overall blocking trends here. This included the relative
minimums for the 1980s and 1990s found in Lupo et al. (2019).
The decrease in rapidly deepening extratropical cyclones
for the NH (e.g., Neu et al. 2013) is consistent with the
decrease in NH BI found here. Tillinina et al. (2013) showed
increases in the number of rapid deepening cyclones in the
NH and North Atlantic until 1990, then a decrease from
1990 to 2010. They found the trends were enhanced in the
north Pacific, except the turning point was closer to 2000. As
stated in Sect. 3, BI decreased overall in the NH (Fig. 1) and
does decrease especially among stronger blocks in the north
Pacific and strong and weak Atlantic blocks (see Fig. 4). In
the SH, Tillinina et al. (2013) find an increase in the number
of rapid deepening cyclones up to 2010, which is consist-
ent with the increase in stronger BI events overall (Fig. 7)
and the southern Pacific (Fig. 10) where the majority of SH
blocking occurs. The more persistent and more active block
increases generally would also be consistent with more rapid
deepening cyclones. This kind of detail would be more dif-
ficult to identify using the Lupo et al. (2019) methods.
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Studies such as Wang et al. (2016) elucidate the difficulty in
inferring extratropical cyclone trends due to the reanalysis data
set used, and Neu et al. (2013) demonstrate that some results
are dependent on the cyclone tracking methods used. Given
the strong links between block occurrence, duration, and inten-
sity and extratropical cyclone occurrence and deepening rate,
it is proposed here that the examination of blocking may be
useful in reinforcing the results found for regional changes in
extratropical cyclone character since blocking is a large-scale
phenomenon and easier to detect. This could be especially true
where studies find mixed results. More study regarding this
topic should be performed.

5 Summary and conclusion

This study examined the trend analysis of atmospheric blocking
characteristics by using Sen’s ITA method for both the NH and
SH. The blocking data archived at the University of Missouri
includes BO, BD, blocking size, onset longitude, BI, and pre-
ferred location. Block intensity, occurrence, and duration are
used in this study for the period of 1968-2019 for the NH and
1970-2019 for the SH. The NCEP-NCAR reanalysis 500 hPa
geopotential height data is used to detect blocking in this dataset.
Sen’s ITA method is a non-parametric trend test which is per-
formed visually. The data under consideration is separated into
two equal parts and then compared on Cartesian coordinates.

The BI has a decreasing trend for all clusters over the
entire NH and the Atlantic Region. In the Pacific Region,
the weak cluster has an increasing trend while the medium
cluster is closer to the trend-free line. The Continental
Region has a decreasing trend for all three clusters except
the lower part of the low cluster, which has an increasing
trend. Only the decreasing trend for the Continental Region
Bl is statistically significant at 95% level according to the
Mann—Kendall trend test. BD has an increasing trend for
the whole NH for all clusters. Almost all the BD clusters of
three preferred blocking locations have an increasing trend.
According to the Mann—Kendall test, all the trend values
are statistically significant at 99% level. The BO shows an
increasing trend generally for all clusters in the less active
cluster for the whole NH and each region. All the trend val-
ues are statistically significant at the 99% level, according to
the Mann—Kendall test. The results of the Mann—Kendall test
here update the inferred trends found in Lupo et al. (2019).

For the entire SH, the BI has a different trend behavior for
different clusters as shown in section three. For the Atlan-
tic Region, BI has an increasing trend for the lower part of
the medium cluster while it is decreasing for strong values.
In the Pacific and Indian Regions, all BI clusters have an
increasing trend with lower trend magnitudes, generally. The
trend for SH BI is not statistically significant.

All three clusters have an increasing trend for BD for the
entire and for each region in general. SH. The exception is in
the Indian Ocean Region where the more persistent cluster has
decreasing trend with lower values and an increasing trend for
the highest values in the more persistent cluster. According to
the Mann—Kendall test, trends in BD are statistically significant
within the whole SH and Atlantic and Pacific regions at 90%,
95%, and 95% levels, respectively. The BO has an increasing
trend for the whole SH and Pacific Region generally where most
blocking occurs. The Atlantic Region has no trend for small
values within the medium cluster and an increasing trend for
higher values with low magnitudes. The more active cluster has
a decreasing trend for small values and an increasing trend for
high values with low trend magnitudes. The Indian Region has
a decreasing trend for small values within the medium cluster
and an increasing trend for higher values within the cluster. The
more active cluster has an increasing trend for lower values and
the trend magnitude decreases in this region.

Finally, it is suggested here that the Sen’s ITA is a simple
methodology that can provide more detail regarding the trends
and statistical associations in blocking character found by earlier
studies. The ITA methodology demonstrates that the statistical
character of weaker or less persistent blocking events can be
different from those of stronger events. It is also proposed that
using the ITA analysis to examine trends in the character of
blocking can reinforce regional changes found by those examin-
ing extratropical cyclone characteristics and vice-versa.
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