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Abstract: With the recent 58 summers data from 1958 — 2015, including precipitation from 55 observing
stations over the Yellow River Valley and height field of NCEP/NCAR reanalysis 1 data etc. , the charac-
teristics of interannual variations for the summer rainfall in the Yellow River Valley and their causes asso-
ciated with the synchronous variations of atmospheric circulations are analyzed by Mann-Kendall test,
composite analysis and Monte-Carlo test methods in this paper. The results show that the reasons why the
summer rainfall in the Yellow River Valley has been decreasing since 1958, in particular, significantly de-
creasing trend in the northern bend of Yellow River, are derived from the rising isobaric surface and weakened
westerlies over the mid-high latitude of Eurasia. The climatic changes of the 58-year rainfall in Yellow

River Valley is divided into three different periods by two abrupt points in 1975 and 1996 according to
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natural changes in itself. During the period of 1958 —1975, the low pressure circulations with stronger cold
air dominated the Yellow River Valley and led to the larger interannual variations of anomalous precipi-
tation whatever the above and below normal. In the phase 1976 —1995, the reasons why the above normal
rainfall happened to most sections of Yellow River Valley, are the development of Ural blocking high, and
the negative height anomalies in troposphere dominated the regions from Baikal to Okhotsk, creating a
deep trough over the Yellow River Valley. In addition, the warm and moist flow from South became stron-
ger. In the recent 20 years, 1996 —2015, most regions of Yellow River Valley suffered less rainfall, mainly
due to the decreased heights of circulations over the northern Ural, and meanwhile the isobaric surface
rising together over the areas from Caspian Sea to Baikal and to Okhotsk accompanied with weakened wes-
terlies, which resulted in the weakened cold air and enhanced high pressure circulations controlling the
Yellow River Valley. Moreover, the correlation analyses of rainfall in four basins of the Yellow River Val-
ley with mid-high latitude blocking highs and the subtropical high in three different decades evidence the
above conclusion further.

Key words: summer rainfall over Yellow River Valley, interannual variation, blocking high, subtropical

high over the western North Pacific
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Fig. 2 Mann-Kendall test for the evolution of summer rainfall averaged
at 55 stations over the Yellow River Valley during 1960—2013

(the rainfall dealt with 5 a running mean before Mann-Kendall analysis)
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Fig.3 Anomalies (contours, unit; mm) and anomaly percentage (shadowed)
of summer rainfall at 55 stations over the Yellow River Valley
(a) averaged in 1958 —1975, (b) averaged in 1976 —1995, (¢) averaged in 1996 —2015

(All variables are smoothed by 9 points)
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Fig. 4 Composites of height anomalies at 500 hPa for the typical dry and wet summers
(a) composite of the 6 top rainfall summers separately in 1958, 1959, 1961, 1964, 1979, and 2003,
(b) composite of the 6 least rainfall summers separately in 1965, 1969, 1974, 1991, 1997, and 2015
(Composites of height anomalies are shown by color shadows with 4 gpm interval; regions surrounded by

light white contours represent the 0. 05 significance level estimated by the Monte-Carlo test)
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Fig. 5 The 500 hPa height anomalies averaged in three decades
(a) 1958—1975, (b) 1976 —1995, (c¢) 1996—2015
(Height anomalies are shown by color shadows; regions surrounded by the light white

contours represent the 0. 05 significance level estimated by the Monte-Carlo test)
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(All variables are normalized, rectangles denote the periods with significant correlation)

5

Evolutions of summer blockmg highs and rainfall in different sections of Yellow River Valley
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Fig. 7 Same as the Fig. 6, but the indices (intensity, north boundary. and
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extreme longitude of stretching westward) of subtropical high in

the western North Pacific instead of the blocking high indices
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Table 1 Correlation coefficients between summer rainfall for different sections

of Yellow River Valley and atmospheric circulation indices in three decadal phases

e U R SRR e wwen MR
R K B —0.28 —0.21 —0.16 —0.06 0.26 0.06

19581975 4 IOESE #1155 §5s —0.38 —0.23 —0.08 0. 00 —0.11 —0.03
2 TR K —0.42% —0.35 —0. 24 0. 34 —0.08 —0.19

Tl K —0.33 —0.19 0.02 —0.02 0. 32 0.20

i K 0.35 0.19 —0.37" —0.28 0,47 0.28

19761995 45 POESS #1445/ & —0.23 —0. 32 —0.55" —0.39* 0. 30 0.26
T R A K 0. 07 0. 14 —0.25 0. 06 —0.02 —0.07

TR K i —0.35 —0.48* —0.56" —0. 30 0.40* 0.13

i A K —0.23 0.08 —0.38" 0.15 —0.04 —0.43"

1996—2015 4 IR K it —0.14 —0.13 —0.04 —0.31 0.30 0.09
] 25 7 B A K i —0.04 0.27 —0.06 0.32 0.11 —0.54*

il Y€ 0.14 0.34 —0.08 0.23 0.01 —0.36

TE RS o F % 23R A ¢ K58 0. 05 A0 0. 10 135 P AT (AT 6 R HL

Note: Asterisks ** and * mean significant in statistics for 0. 05 and 0. 10 confidential levels of student’s ¢ test. respectively.

T U DR K AT R W 7R OB B MRS SR AP MO B (G 2) B R R e SR B A VY
(19962015 AFHIA]) » Al o5 568 B2 AN DU A0 45 i S 38 A 000 01045 i 9T 25 g 0 M X i /K A A 3 A
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Table 2 Trends for indices of atmospheric circulation and

summer rainfall over Yellow River Valley

1958—2015 4F 1958—1975 4F 1976-—1995 4F 1996—2015 4F
BRR LB /m s a! 0.27* 1.58* 0.21 —0.32
DU R MR 5 /m » 2! 0.52* 2,29 0. 00 —0.07
TRE U T /m . a ! 0.30" 1.39% 0.78 % —0.57
R 1 A 2,82 —1.04 1.47 5,83
Bl LA /N e a ! —0.01 0. 04 —0.02 0.05
AP S /E . a ! —0.45 0. 37 —0.38 —0.59"
R KR/ mm - a ! —0.15 —1.47 —1.54 0. 68
ALK R/ mm » a! —0.67" —4.90* —0.68 0.28
I EE R K i /mm e a! —0.51 —6.70* —1.38 —0.35
TR K E/mm - a”! —0.99 —4.46 1.58 —2.39

{E : il Monte-Carlo J7 3 40 35 P A K 50 AR IRTT IR IR 3% 1.

Note: The significantce test for trends is conducted by the Monte-Carlo method and signed in the way same as in Table 1.
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