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Fig. 1 Location of the meteorological stations and the terrain landform of China
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Fig.2 Spatial distribution of annual mean precipitation at the meteorological stations
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Fig.3 PCD indexes of monthly precipitation at the meteorological stations
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Fig.4 Distribution of PCP indexes of monthly precipitation at the meteorological stations
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Fig.5 Distribution of proportion indexes of the maximum accumulated precipitation in 4 months to annual precipitation
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Fig. 6 Mann-Kendall trends of annual precipitation series at the meteorological stations
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Fig.7 Results of PETTITT abrupt detections of annual precipitation series at the meteorological stations
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Fig.8 Relative change of the mean PEC index from 2007 to 2016 compared with that from 1960 to 1969
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Table 1 Trend analysis results of different time series at the 3 meteorological stations
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Fig.9 Interannual changes of the naturalized annual runoff series at the 12 hydrological stations



192 KoBowE Bk R %34

B 6 45 BR, 1956—2016 4F [k 2 W0 A 195 Aol S« RAb—va 7 5 m e 4 E, Sl
1 AR S5, MM A 1 ARG A, 500 T E AR 50X, 456 /K SCulk fif &
(B 1) MR ASCRAAE (2 3) AT, A7 FIRBE AR ] A F AR | 30 T P B 19 5 B0 TG il L 30 P VT ) e SR B0
PEVEI A BERE K RS . I RS | R A EK SR s . B A S B . AT AT o MR YT A
AL O AN Ul AR AR AR AE B BRI DT S5 b 1% 9 A U I RS I B B AT B AR AR BR R (A
-2.3544 ~ =0.09 42 m’/a, MW Z Giitil -5.55 ~ =2.21, ¥5lid T « =0.05 i B EMERL, HPp7 4
VI T a=0.01 AR EMRL, SZAARME, BHOE(RTLSZE) ML BT BT (VISR BF AR
i BRI B B R (ZARAEAR 1991 4F) 53 0 T b B AR B A PE AL A« B KB I 2%l 1, 3% 3 Dbk R
it RN AERR LB FE(E M 0. 10 42 ~3.21 /2 m*/a, AHIY Z BEitHh 2.09 ~5.87, it T a =0.05
S E RS, o 2 DB T o =0. 01 (1 BE R,

£3 KRFANBERFERRENFREN

Table 3 Interannual variations of naturalized annual runoff series at the 12 hydrological stations
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Evolution characteristics of the interannual and intra- annual
precipitation in China from 1956 to 2016 -
DU Junkai', QIU Yaqgin', LI Yunling’, LU Qiong', HAO Chunfeng', LIU Haiying'

(1. China Institute of Water Resources and Hydropower Research, Beijing 100038, China; 2. General Institute of Water
Resources & Hydropower Planning and Design, Ministry of Water Resources, Beijing 100120, China)

Abstract: To analyze the spatio-temporal distribution pattern of precipitation in China, the trend and mutation char-
acteristics of the annual precipitation, as well as the temporal and spatial evolution of the intra- annual distribution,
are summarized and analyzed using multiple methods based on the fused monthly precipitation monitoring data of the
water conservancy department and the meteorological department of 4 177 stations from 1956 to 2016. These methods
include the Mann-Kendall test, PETTITT test, and vector algorithm for intra-annual distribution, which explores the
distribution pattern of several indices, including the precipitation- concentration degree, precipitation- concentration
period, and the proportion indices of the maximum accumulated precipitation in four months to one year. The follow-
ing conclusions are drawn: (D The temporal and spatial distribution of precipitation across China is not uniform. In
general, the annual precipitation decreases, and the concentration of annual precipitation distribution increases from
southeast to northwest; the changing trend of the annual precipitation at the stations shows a strong zonality with three
bands of “increase-decrease-increase” from the southeast to the northwest; the bands showing a significant increase
are located in the Southeast and Western China, and the bands showing a significant decrease are located in the cen-
tral region, stretching from the northeast to the southwest to the border; and abrupt changes are often accompanied
with the trend changes of the annual precipitation, of which most sites occur in the 1980s. @) Along the 200 and
400 mm annual precipitation contours, one band shows “flood season precipitation reduction” with strong temporal
variation in North China. On the monthly scale, the proportion of precipitation in the flood season of the station de-
creases, and it increases in the non-flood season, while the opposite is true on the daily scale. The amplitude of ac-
cumulated precipitation for 3—7 consecutive days increases, suggesting that the extreme degree of precipitation events
is increasing. (3 The changes in the precipitation series and the changes in the runoff series are well synchronized.
The annual precipitation in Northwest and Southeast China shows an increasing trend, and the statistical discharge of
the typical hydrological stations increases synchronously. However, the stations at which the annual precipitation de-
creases significantly and where the proportion indices of the maximum accumulated precipitation in four months to one
year declines more than 10% , are concentrated in the non-humid areas of Northern China, such as the Liaohe River
basin, Haihe River basin, and Yellow River basin. In these regions, the statistical discharge of the hydrological
stations has decreased significantly.

Key words: precipitation; intra-annual distribution; precipitation-concentration degree; precipitation-concentration

period ; evolution law
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