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The two northward jumps of summer West Pacific Subtropical High (WPSH) are defined based on the pentad-scale
ridge data of the WPSH ridge in 1951 to 2012. The times of the northward jumps are found to have obvious inter-annual and
decadal characteristics, i.e., the occurrence of the first northward jump of WPSH shows a “consistently early—consistently
late” decadal pattern, with the transition around 1980; the occurrence of the second northward jump of WPSH shows a
“consistently late—consistently early—consistently late” decadal pattern, with the transitions about 1955 and 1978, respec-
tively, which is consistent with global warming. In the meantime, the times of the two northward jumps not only have a
good correspondence to the beginning and ending dates of the rainy season, but also greatly influence the position of the
main rain belt in Eastern China. When the first northward jump occurs early, the main rain belt is located from just north of
30° N to the south of North China, while the opposite situation appears when the first jump occurs late. When the second
jump occurs early, more rain falls over North China and South China, but less falls in the Yangtze River region, while the
opposite situation appears when the second jump occurs late. In the four cases when abnormalities occur in the same year
as early or late northward jumps, the position of the main rain belt can be considered as a superposition of isolated abnormal
effects of the two northward jumps. Moreover, the prophase and synchronous forces of the sea surface temperature in the
Pacific has great influence on the times of the northward jumps, and the driving forces of the two jumps differ.
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1. Introduction

The times of the two northward jumps of the West Pa-
cific Subtropical High (WPSH) have an important impact on
summer rainfall anomalies in Eastern China. Especially in the
context of global warming, the variability of WPSH belonging
to the East Asian monsoon is worthy of concern. Since the
1960s, many meteorologists have noticed the significant im-
pact of West Pacific Subtropical High on China’s climate, so
that the anomaly causes of WPSH and its influence mechanism
on China’s summer climate are problems that concern Chinese
meteorologists.!'=1% It was pointed out by Huang Shi-Song et
al."!) that the south-north changes in WPSH had slow and
jumping movement characteristics, which was considered to
be a global phenomenon. The seasonal variations in WPSH
have a significant impact on short-term climatic anomalies,
and its phased northward jump is directly related to both the
rainy season and its position in Eastern China.['>"'% There
are two obvious seasonal northward jumps of WPSH from
early summer to mid-summer. On average, the first northward
jump of WPSH occurs around mid-June. Then, the East Asian
summer monsoon advances to the Yangtze River Basin, lead-
ing the Yangtze River—Huaihe River Basin into the rainy sea-
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son. Around mid-July, the second northward jump of WPSH
occurs, and then the East Asian summer monsoon advances
to North China, and the rainy season of the Yangtze River—
Huaihe River Basin is ended, while North China enters its

[13.16] Therefore, the research on the times of the

rainy season.
two northward jumps of WPSH is of great significance to stud-
ies of the rainfall in Eastern China.

At present, much authoritative research has been com-
pleted on the time and latitude of northward jumps of WPSH
within the season. Using day-scale TBB data for describing
WPSH, Zhang Qing-Yun et al.!'! learned through statistics
that the first northward jump occurs in the second pentad of
June from just south of 20° N to 23° N, and the second north-
ward jump occurs in the fourth pentad of July from just south
of 26° N to 35° N. Tao Shi-Yan ez al.!'% indicated that, from
the climate perspective, the northward jump to 25° N of the
WPSH ridge occurs around June 18, and the other northward
jump, to 30° N, occurs around July 10°. Zhu Qian-Gen et
al."7! also pointed out that about the middle of June, the first
northward movement of the ridge occurs north of 20° N, be-
tween 20° N~ 25° N, which is conducive to the stability of the
rainy season in the Yangtze River—Huaihe River Basin. The
second northward jump occurs in mid-July, quickly passing
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25° N, leading to the termination of the Yangtze River—Huaihe
River Basin rainy season and the start of the rainy season in
North China. The above research only discusses the time and
latitude of the two seasonal northward jumps of WPSH in a
representative year. But, currently, the quantitative determina-
tion of northward ridge jump is lacking a workable calculation
method. We thought that it is necessary to establish a rela-
tively long time series of two northward jumps. After which,
the work about the evolutionary characteristics of WPSH on
scales of climatology and weather could be carried out, thus
the quantitative relationship between WPSH and summer rain-
fall could be explored. In addition, the quantitative description
of the time of two northward jumps of WPSH in the short-
term climate prediction business is precisely the problem fore-
casters are most concerned about. Moreover, following global
warming in the late 1970s, global ocean—atmosphere coupling
system has also undergone a significant decadal change, when
the East Asian summer monsoon circulation was weakened,
while the WPSH as an important member of the East Asian
summer monsoon was significantly enhanced southerly. 8211
In this context, rare research was conducted on whether new
changes occur to the inter-annual and decadal evolutionary
characteristics of two northward jumps of WPSH. This paper
attempts to find a new way to analyze and explain the reason
for rainfall change.

To more realistically and quantitatively analyze the time
of the two northward jumps of WPSH in summer and to find
whether new changes occurred in the late 1970s, the pentad-
scale ridge data of WPSH from 1951 to 2012 were used in this
study to define the time of the two northward jumps. Their
inter-annual and decadal evolutionary characteristics were an-
alyzed as well as their relationship with summer rainfall in
Eastern China. Important factors of the northward jumps of
WPSH were revealed, which provide certain references for
short-term climate prediction.

2. Data and method
2.1. Data

The data used in this study include: NCEP/NCAR daily
wind field and monthly height field reanalysis data with hori-
zontal resolution of 2.5° x 2.5°, monthly sea surface tempera-
ture field reanalysis data with horizontal resolution of 2° x 2°,
and the monthly average rainfall data and monitoring data of
the rainy season from 160 Chinese Stations from 1951 to 2012,
provided by the National Climate Center (NCC).

2.2. Method

First, the daily ridge positions from May to October in
1951~2012 were calculated in this study,!*?! and then pro-

cessed into pentad data (25-60 pentads). The processing

method was as follows: the first five pentads of each month
from May to October have five days for each pentad, and the
sixth pentad is set from the 26th day to the last day of each
month, in which the sixth pentads of May, July, August, and
October are set to be six days, and those of June and Septem-
ber are set to be five days. The ridge position of a certain
pentad is the sum of daily ridge positions divided by the num-
ber of days in the pentad. The following studies are based on

pentad-scale ridge positions.

3. Definition of the times of the two northward
jumps

Previous studies have shown that global climate and
WPSH underwent a significant decadal change in the late
1970s.18-211 Accordingly, the period of 1951-2012 was di-
vided into two intervals; that is, 1951-1980 and 1981-2012.
In order to more intuitively reveal the changes in WPSH ridge
for each pentad in different intervals, the ridge position data
of WPSH for each pentad from May to October in 62 years
(25-60 pentads) are used herein to obtain the pentad average
in different intervals, respectively. The results are shown in
Fig. 1. It can be seen from Fig. 1 that the pentad ridge values
of WPSH from 1951 to 1980 were basically higher than those
from 1981 to 2012; that is, the overall positions of WPSH
ridge were northerly prior to the 1980s, and the average ridge
position was 22.5° N, 26.8° N, and 28.8° N from June to Au-
gust, respectively, while the overall positions of WPSH ridge
were southerly before the 1980s, and the average monthly
ridge positions were 21.3° N, 26.2° N, and 28.3° N from June
to August, respectively. In addition, from the 25th pentad to
31st pentad, the positions of the WPSH ridge were basically
stable at 17° N ~ 19° N (Area A in Fig. 1). From the 32nd pen-
tad (the second pentad in June), the first northward jump of the
WPSH ridge occurred over 20° N, then a stable region was en-
tered at 23° N ~ 25° N from the 35th pentad (Area B in Fig. 1),
which was maintained in this region for about five pentads.
The WPSH ridge jumped over 26° N at the 40th pentad (the
4th pentad in July); that is, the second northward jump of the
WPSH ridge occurred, and it quickly entered another stable
region at 28° N ~ 31° N (Area C in Fig. 1), which was main-
tained for about six pentads. Subsequently, the WPSH ridge
moved southward slowly after the 47th pentad (the Sth pentad
in August). Thus, the average ridge positions were 20° N and
26° N, corresponding to the two northward jumps of WPSH,

respectively.
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Fig. 1. (color online) Average position of ridge line of WPSH in differ-
ent intervals.

Taking into account the great seasonal fluctuations of pen-
tad ridge of WPSH and different degrees of drop in the ridge

jumping over 20° N (26° N), the times of the two northward
jumps are defined as follows: since the pentad for the first
northward jump of WPSH ridge over 20° N (26° N), if the
ridge is also located to the north of 20° N (26° N) in the next
two pentads, then the pentad for the first northward jump over
20° N (26° N) is defined as the time of the first (second) north-
ward jump; or in the case that the ridge is located to the north
of 20° N (26° N) in the second pentad, if the ridge is not lo-
cated to the north of 20° N (26° N), but located to the north
of 19° N (25° N) in the third pentad, then the time of the first
northward jump over 20° N (26° N) is defined as the time of
the first (second) northward jump. According to the above def-
inition, the time of the two northward jumps of WPSH from
1951 to 2012 was calculated (Table 1).

Table 1. Time of the two northward jumps form 1951 to 2012 (pentad).

First Second First Second First Second

Year orthward jump  northward jump Year  porthward jump  northward jump Year  porthward jump  northward jump
1951 32 41 1972 33 38 1993 36 47
1952 31 45 1973 36 38 1994 34 37
1953 31 44 1974 27 41 1995 30 41
1954 27 43 1975 32 37 1996 32 40
1955 31 35 1976 32 40 1997 34 46
1956 27 37 1977 32 40 1998 34 51
1957 33 45 1978 32 38 1999 29 41
1958 33 39 1979 33 41 2000 33 40
1959 34 39 1980 31 50 2001 34 37
1960 29 39 1981 33 38 2002 34 41
1961 26 35 1982 38 42 2003 34 46
1962 27 41 1983 34 43 2004 35 40
1963 27 39 1984 35 35 2005 35 44
1964 34 40 1985 33 41 2006 34 42
1965 28 45 1986 34 48 2007 34 42
1966 35 39 1987 36 44 2008 32 41
1967 35 40 1988 31 42 2009 36 38
1968 34 44 1989 32 39 2010 38 40
1969 35 40 1990 33 40 2011 32 46
1970 33 41 1991 31 40 2012 34 40
1971 29 37 1992 38 41

4. Inter-annual and decadal evolutionary char-
acteristics of the time of the two northward
jumps of WPSH

It can be seen from the departure accumulation (blue
curve) in Fig. 2 that the times of the two northward jumps
of WPSH have obvious inter-annual and decadal evolution-
ary characteristics. When the curve continues to drop (rise), it
means the time of northward jump is consistently early (late).
The time of the first northward jump of WPSH ridge experi-
enced decadal change characteristics as “consistently early—

consistently late” (Fig. 2(a)). The time of the first north-
ward jump was consistently early before 1980 with an average
northward jump time of the 31.3rd pentad (Table 2); that is,
the early stage. Subsequently, the northward jump time was
consistently late with an average northward jump time of the
33.8th pentad; that is, the late stage. In order to test whether
the difference between the early stage (1951-1980) and late
stage (1981-2012) is significant or not, a ¢ test was carried
out on the original sequence of the first northward jump time,

and the 7 value was 3.93, passing the significance level test of
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a = 0.001. The time of the second northward jump of sub-
tropical also has significant decadal changes (Fig. 2(b)), expe-
riencing a decadal evolution as “consistently late—consistently
early—consistently late.” Before 1955, the second northward
jump had the average time of the 43.3rd pentad, shown as the
late stage. From 1955 to 1978, the average time was the 39.5th
pentad, shown as the early stage. Since 1979 till now, the
average time was the 41.9th pentad, shown as the late stage.
The ¢ test value of the original sequence for the second north-
ward jump time was 4.19 and 3.01 at the above two turning
time points respectively, passing the significance level test of

o =0.01.

42

36

30

Time/pentad Time/pentad

e o O 1978 0 130
1950 1960 1970 1980 1990 2000 2010
Year

Fig. 2. (color online) Time series of northward jump times (column,
units: pentad), their departure accumulation (blue curve) and begin-
ning/end time of Meiyu (closed circle curve, units: pentad). (a) Time of
the first northward jump, its departure accumulation and the beginning
time of Meiyu; (b) time of the second northward jump, its departure
accumulation and the end time of Meiyu.

Table 2. Average time of northward jumps time in different intervals and their significance test.

1951~1980 1981~2012
- 1. .
First northward jump avera.ge time/pentad 31.3 , 33.8
t testing value 3.93%*
1951~1954 1955~1978 1979~2012
ti 43. . 41.
Second northward jump averal.ge ime/pentad 3.3 39.5 . 9
t testing value 4.19** 3.01*

Note: Superscripted * and ** mean passing the significance level test of & = 0.05 and a = 0.01, respectively.

The standard deviation ¢ of the times of the two north-
ward jumps of WPSH ridge were 2.91 pentads and 3.16 pen-
tads, respectively. The anomalous series of northward jump
times is denoted as X. If the anomaly value of a certain year is
X; > 0.50, then this year is shown with a late northward jump;
if X; < —0.50, then this year is shown with an early north-
ward jump. Accordingly, the years with early or late north-

ward jumps of WPSH were obtained (Table 3). It can be seen
from Table 3 that from 1951 to 1980, early northward jumps
were more frequent than late jumps, while from 1981-2012,
the late northward jumps were more frequent than early jumps;
that is, northward jump times have very obvious inter-annual

and decadal characteristics.

Table 3. The years with early or late northward jumps of different intervals.

Early stage Late stage
Years of early first northward 1952, 1953, 1954, 1955, 1956, 1960, 1988, 1991, 1995, 1999
jump 1961, 1962, 1963, 1965, 1971, 1974
Years of late first northward 1959, 1964, 1966, 1967, 1968, 1969, 1982, 1983, 1984, 1986, 1987, 1992, 1993,
jump 1973 1994, 1997, 1998, 2001, 2002, 2003, 2004,
2005, 2006, 2007, 2009, 2010, 2012
Years of early second north- 1955, 1956, 1958, 1959, 1960, 1961, 1981, 1984, 1989, 1994, 2001, 2009
ward jump 1963, 1966, 1971, 1972, 1973, 1975,
1978
Years of late second northward 1957, 1965, 1968 1952, 1953, 1954, 1980, 1983, 1986, 1987,
jump 1993, 1997, 1998, 2003, 2005, 2011

S. The relationship between northward jump
time and summer rainfall in Eastern China

The seasonal activities of WPSH are closely related to
the starting and ending time of the rainy season in different
areas of Eastern China. The first northward jump of WPSH

substantially corresponds to the beginning of Meiyu, and the
second northward jump corresponds to the end of Meiyu and
the start of rainy season in North China.['>"!* On this ba-
sis, the start and end date of Meiyu in the monitoring data
of the rainy season provided by NCC were used for com-

parative analysis with the times of the two northward jumps
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in this study, and annual corresponding situations are shown
in Fig. 2. Due to the presence of non-Meiyu phenomena in
the monitoring data, the start and end dates of Meiyu in non-
Meiyu years were set (for a total of five non-Meiyu years)
by the average start and end dates of Meiyu in the years that
had Meiyu. Overall, the times of the two northward jumps of
WPSH are basically consistent with the start and end dates of
Meiyu. The correlation coefficients of the times of the two
northward jumps to the start and end dates of Meiyu are 0.50
and 0.44, respectively, passing the significance level test of
a = 0.001. Moreover, the average start time of Meiyu is the
34th pentad, which is later than the time of the first northward
jump of WPSH by two pentads, while the average end time
of Meiyu is the 38th pentad, which is earlier than the time

of the first northward jump of WPSH by two pentads. The
“staggered” result between the times of northward jumps and
the start and end times of rainy season is consistent with the
research results of Xu Hai-Ming et al.!?*! In the years of ex-
tremely early or late start and end times of Meiyu, the times
of the two northward jumps also correspond well, e.g., 1956,
1982, 1987, 1991, 2005, 2006, and 2010 (Fig. 2(a)); 1954,
1961, 1971, 1982, 1978, 1994, and 1998 (Fig. 2(b)). In the
62-year scope of the study, the anomaly sign is consistent be-
tween the time of the first northward jump and the start time of
Meiyu in 41 years, accounting for 66%; that is consistent in 47
years with the time of the second northward jump and the end

time of Meiyu, accounting for 76% of all the years. However,
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Fig. 3. (color online) The composition of summer rainfall anomalous percentages in the years of early or late northward jumps (%).
Years of the first northward jump being (a) early and (b) late; years of the second northward jump being (c) early and (d) late.
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for the years with the start and end times of Meiyu close to
normal, an early or late anomaly occurs in the times of north-
ward jumps of WPSH. The reason for such incomplete corre-
spondence is that the start and end dates of Meiyu are not only
influenced by the time of the northward jumps of the WPSH
ridge. Moreover, the time interval between the two northward
jumps of WPSH, that is, the correlation coefficient between
the stability after the first northward jump and that of Meiyu is
0.32, also passed the significance level test of & = 0.001.

The times of the two jumps of the ridge not only cor-
respond with the occurrence times of the rainfall in Eastern

China, but they also influence the spatial distribution of rain-

55° N
50° N~
45° N 1

40° N4 &

20° N+
\

15° N T — T -
105° E 115° E 125° E 135° E

55° N T

105° E 115° E 125° E 135° E

— ] [ | [ T — ] [ I
-15  -10 -5 5 10 15 -15 -10 -5 5

fall greatly. The composition of summer rainfall anomalous
percentages in the years of early or late jumps of WPSH (Ta-
ble 3) is shown in Fig. 3. If only the years for early first north-
ward jumps (Fig. 3(a)), (generally bounded by 30° N (Yangtze
River Basin)) are considered, the rainfall is less to the south of
30° N, but more from the north of 30° N to just south of North
China. However, if only the years for late first northward
jumps are considered, the opposite state is shown (Fig. 3(b));
that is, the rainfall is more to the south of 30° N, but less
from the north of 30° N to just south of North China. It can

be seen that the rainfall difference caused by the anomaly of

55° N

15° N

105° E 115° E 125° E

Fig. 4. (color online) The composition of summer rainfall anomaly percentages in different configurations of time of the two northward
jumps (%). (a) The early occurrences of both northward jumps; (b) the early occurrences of the first jump when the second jump was
late; (c) the late occurrences of the first jump when the second jump was late; (d) the late occurrences of both northward jumps.
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the first northward jump mainly occurs in the north and south
of Yangtze River Basin. Similarly, if only the years for early
second northward jumps are considered, the more rain falls
in North China, Hetao Region, and South China, but less in
Yangtze River Basin (Fig. 3(c)). The situation is basically op-
posite in the years for late second northward jumps (Fig. 3(d)).
It can be seen that, comparing the rainfall anomaly caused by
the anomaly of the second northward jump with the first north-
ward jump, the boundary of 30° N evolves into two bound-
aries; that is, 25° N and 35° N. Thus, the following question
arises: What is the distribution of rainfall anomalies in the
years with anomalous northward jumps?

The years with anomalies in the two northward jumps
were screened in Table 3 for the composition of summer rain-
fall anomalous percentages, that is, the four situations, includ-
ing the two jumps both being early, the first jump being early
while the second jump was late, the first jump being late while
the second jump was early, and the two jumps both being late.
Figure 4 shows the anomalous distribution of summer rain-
fall in the four different configurations. Figure 4(a) indicates
the composition of summer rainfall anomalous percentages in
the years when the two jumps were both early. In this case,
roughly bounded by 30° N, the main rain belt is located from
just north of 30° N to North China and Northeast China, and
less rain fell from just south of 30° N to South China. The
combined effect is basically shown by the superposition of
Figs. 3(a) and 3(c). When the first northward jump occurs
early while the second jump occurs late, roughly bounded by
25° N and 35° N, the main rain belt is located between 25° N
and 35° N, and the less rain falls in Hetao Region and cen-
tral Inner Mongolia from the south of 25° N to the north of
35° N (Fig. 4(b)). The combined effect is basically shown
as the superposition of Figs. 3(a) and (d). Figure 4(c) shows
the rainfall anomaly distribution of the late occurrences of the
first jump and the early occurrences of the second jump, such
results are substantially contrary to Fig. 4(b). The combined
effect is basically shown as the superposition of Figs. 3(b) and
3(c). Figure 4(d) shows the rainfall anomaly distribution in the
late occurrences of both the two northward jumps. The differ-
ence in Fig. 4(a) is that the boundary of positive and negative
anomaly moved around 35° N, and the rainfall anomaly per-
centage signs are opposite on the north and south sides of the
boundary. The combined effect is basically shown as the su-

perposition of Figs. 3(d) and 3(b). It can be seen that if the

anomalies in the times of the two northward jumps are consid-
ered comprehensively, the results are generally similar to the
superposition of two independent northward jumps, but also

there is a slight difference.

6. The relationship between anomalous times of
the two northward jumps and sea surface
temperature anomalies, both prophase and
synchronous

6.1. The relationship between the times of the two north-

ward jumps and ENSO

The changes in north-south position of WPSH are not
only the result of atmospheric internal dynamic process, but
are also inseparable from the thermal conditions in the un-
derlying surface of the ocean.[>*?’ Tt can be seen from
Figs. 5(al)—(a3) and Figs. 5(c1)—(c3) that in the years when
the first and second northward jumps were early, pre-winter
central and eastern equatorial Pacific sea surface temperature
anomaly (SSTA) show strong negative anomaly, which is in
a strong La Nifia stage. In the subsequent pre-spring and
summer, the center intensity of maximum negative anomaly
is weakened and retreated eastward, experiencing a La Nifia
weakening process. In addition, from the pre-winter to sum-
mer, the positive anomaly intensity and range of SSTA to the
east of Japan as North Pacific mid-latitude are continuously in-
creasing. However, the situation in the years of late northward
jumps is opposite to the early years, showing an El Nifio state
(Figs. 5(b1)-5(b3)) and Figs. 5(d1)—(d3). Furthermore, there
are also differences between the years when the two jumps
were late. In the pre-winter of the years when the first jump
was late (Figs. 5(bl)), the equatorial middle-eastern Pacific
shows a strong El Nifio state, but it gradually weakens until
the demise in the subsequent spring and summer (Figs. 5(b2)—
5(b3)). The SSTA to the east of Japan changes from positive
anomaly to negative anomaly, while the situation in the years
when the second jump was late (Figs. 5(d1)-(d3)) is oppo-
site to the years when the first jump was late. From the pre-
winter to summer, El Nifio transforms from “developing” to
intense. The SST in the sea to the east of Japan changes from
positive anomaly to negative anomaly. It can be seen that the
development process of sea surface temperatures (SST) from
pre-winter to summer has a certain significance to predict the
anomalies in the time of the following summer’s northward
jumps of WPSH.
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Fig. 5. (color online) The composition of SSTA in the years of early or late northward jumps. (°C) Years when the first jump was (a) early and (b)
late; years when the second northward jump was (c) early and (d) late; (al)—-(d1) pre-winter; (a2)—(d2) spring; (a3)—(d3) summer.

6.2. The relationship between the times of the two north-

ward jumps and different sea areas of El Nifio

It can be seen from above that the time of the two north-
ward jumps has a lot to do with ENSO, in the next section
the correlation coefficients will be calculated between the time
of the two northward jumps and indexes in different sea ar-
eas of Nifio from January to December (Fig. 6). It can be
seen from Fig. 6(a) that, overall, the correlation coefficients
between the first jump and the indexes in every sea area of
El Nifio were all positive. As for the same sea area, the cor-
relation coefficients before June (average time of first north-
ward jump) were higher than after June, and it reached the
maximum in April-May. Outside the correlation coefficient

between the first northward jump and index in Nifiol+2, the

other peaks all passed the significance level test of o = 0.05.
Nifio4 has the most months that pass the significance level
test, and Nifiol+2 has the least. The color from deep to shal-
low represents the geographic location of sea areas from east
to west, respectively. We discovered that, outside October—
November—December, the correlation coefficient was related
to the geographic location, increasing gradually from east to
west, for the same month increasing, for a given month, the
correlation coefficient was smallest in Niflo1+2, and largest in
Nifio4. It can be seen from Fig. 6(b) that the correlation co-
efficients between the second northward jump and indexes in
every sea area of Niflo were also all positive. As for the same
sea area, the correlation coefficients before July (average time

of second northward jump) were higher than after July, and it
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also reached the maximum in April-May. The peaks all passed
the significance level test of o = 0.05. Unlike the first north-
ward jump, Nifiol+2 had the most months passed the signifi-
cance level test, and Nifio4 had the least. We discovered that,
outside January—February—March and August, the correlation
coefficient was related to the geographic location, decreasing
gradually from east to west for a given month; that is, in a
given month, the correlation coefficient was smallest in Nifio4
and largest in Nifiol+2, which is contrary to the case for the

first jump.
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Fig. 6. Correlation coefficient between first northward jump (a), second
northward jump (b) and indexes in different sea areas of El Nifio from
January to December. (Red dotted line means passing the significance
level test of a = 0.05.)

From the correlation, we can see that the correlation co-
efficients between the two jumps and the indexes in every sea
area of El Nifio were all positive, and it was higher before a
northward jump than afterward, and it reached the maximum
in April-May. However, significant differences still exist: for
the first jump, the correlation coefficients increase gradually
from east to west, but for the second jump, the correlation co-
efficients decrease gradually from east to west. These gra-

dients illustrate that the driving forces are different, and the

account of the mechanisms has to be improved in subsequent

research.

7. Conclusion and discussion

Due to global warming in the late 1970s, a global decadal
adjustment occurred to the air—sea coupling system in east
Asia. The 62-year pentad-scale WPSH ridge data from 1951
to 2012 were used to define the calculation method of the time
of the two northward jumps in this study. They were also used
to analyze the inter-annual and decadal evolutionary charac-
teristics and their relationship with summer rainfall before and
after the onset of global warming. The specific conclusions
are shown as follows:

(1) According to decadal turning characteristics of the
time of the two northward jumps from 1951 to 2012, the
time of the first northward jump can be roughly divided into
three stages, that is, “consistently early—consistently late”, and
the transition was around 1980; “consistently late—consistently
early—consistently late” decadal fluctuations were found in the
times of the second northward jump, and the transitions were
around 1955 and 1978.

(ii) The times of the two northward jumps of the WPSH
ridge influence the rainfall in Eastern China greatly. In the
early time of the first northward jump, the main rain belt in
Eastern China is located to the north of 30° N from the Yangtze
River Basin to southern North China, while less rain falls to the
south of 30° N; the opposite situation exists whenever the first
northward jump is late. When the second jump is early, more
of Eastern China’s rain falls in South China and North China
than in the Yangtze River Basin; the opposite situation exists
in the years when the second jump is late.

(iii) In the years when both the northward jumps are early,
the main rain belt is located in the north, ranging from just
north of 30° N to southern North China, while less rain falls
in the range from just south of 30° N to South China. The op-
posite situation exists in the years when both jumps are late.
If the first jump is early and the second jump is late, the main
rain belt of Eastern China is located between 25° N and 35° N,
while less rain falls in the Hetao Region and central Inner
Mongolia from just south of 25° N to just north of 35° N;
the opposite situation exists if the first jump is late and the
second jump is early. Moreover, these four cases can be seen
as the superposition of separate anomalous effects of the two
northward jumps.

(iv) The early or late occurrences of the two northward

jumps of WPSH are also closely related to the SST forces at
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play in the preceding months. From the pre-winter to summer
of the years when the first and second jumps are both early,
the equatorial mid-eastern Pacific La Nifia is weakened from
strong intensity. From the pre-winter to summer of the late
years for the first and second northward jumps, El Nifio phe-
nomenon occurs. The difference is that in the “late” years for
the first jump, El Nifio is weakened to a demise, while in the
“late” years for the second jump, El Nifio evolves from early
development to strong intensity.

(v) The correlation coefficients between the two north-
ward jumps and the indexes in every sea area of El Nifio were
all positive, and it reached the maximum in April-May. For
the first jump, the correlation coefficients increase gradually
from east to west, but for the second jump, the correlation co-
efficients decrease gradually from east to west.

Due to limited space, the two northward jumps of WPSH
were defined to briefly analyze the inter-annual and decadal
evolutionary characteristics of the time of the two northward
jumps of summer WPSH in the past 62 years, as well as their
impacts on the summer rainfall in Eastern China. With the
application of a method combining dynamics and statistics in
recent years, short-term climate prediction, especially rainfall
prediction techniques, has improved to a certain extent, 28311
but limitations still exist in prediction.[3?! Considering the
anomaly in the times of the northward jumps of WPSH may
improve prediction even more. In the present study, the times
of northward jump of WPSH were defined, and the effects of
the times of the northward jumps on summer rainfall anoma-
lies were discussed, providing certain ideas for short-term cli-
mate prediction with consideration of the times of these jumps.
The climate system is a giant, complex, highly nonlinear, non-
scale, multi-layered, and force-dissipative system that changes
through a non-stationary process.*>*31 Methods for predict-
ing the times of the two northward jumps will be discussed in

the next step of our research.
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