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Changes in Daily Precipitation over East Asia during 1951-2009
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Abstract  Atmospheric precipitation is a critical component of the terrestrial water cycle. For detecting and
understanding the response of the water cycle to global warming at the regional scale, it is important to analyze the
temporal and spatial variations in daily precipitation at the continental or subcontinental scale. In this study, daily
precipitation data from the US National Climate Data Center (NCDC) and the China National Reference Climate and
Basic Meteorological Stations for the period of 1951-2009 were used to analyze the long-term variations in precipitation
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over East Asia (25°N-55°N, 105°E-145°E). After basic quality control, 619 stations were chosen. Based on the percentile
thresholds, the daily rainfall was classified into light, moderate, intense, and very intense. The regional average time series
were obtained by the method of the area-weighted average for the grids. The spatial and temporal patterns of the
long-term changes in all kinds of precipitation events were also analyzed.

The results showed that the average regional precipitation and precipitation intensity decreased during the last 59
years (1951-2009), whereas the rainy days exhibited no prominent trend. In most of northern China, eastern Mongolia,
southern Russian-Far East, and most of Japan, the amount, frequency, and intensity of annual precipitation generally
decreased. However, the southern part of Middle Siberia, the Korean Peninsula, and the Yangtze River basin witnessed
increasing trends of the precipitation index series. The amount, frequency, and intensity of seasonal precipitation increased
in winter and spring, and decreased in the summer and autumn except for the summer precipitation intensity. The annual
seasonal precipitation variability in the last decade was gentler than the previous.

The regional average precipitation decreased in all categories in 1951-2009. The moderate precipitation decreased
faster than the precipitation frequency, whereas the intense and very intense precipitation decreased slightly slower than
the precipitation frequency. The moderate, intense, and very intense precipitation frequencies decreased during the last 59
years, and only the light precipitation frequency increased. Note that for the last 30 years (1980-2009), the overall
precipitation intensity decreased, whereas the overall precipitation frequency increased for most areas in the study region.
Most of the stations south of the 45°N latitude recorded increased annual precipitation; however, the daily precipitation

intensity was less extreme.
Keywords

East Asia, Daily precipitation data, Precipitation, Precipitation frequency, Precipitation intensity, Light

precipitation, Intense precipitation, Climate change
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Table 1 Linear trends of different categories of precipitation in the four seasons and the whole year in East Asia during

1951-2009 (10 a)™"
R K AR A a3 R K H S a3 SRR R
F5kEK EHC I MR MRBRREK BBRK SRR PRRK MR MEmREK EBRK RE
#FE 0.086% 0.251% 0.037% 0.505%  0.66% 0.301% 0.159% 0.557% 0.243%
HZE  —0421%  —0.59% —0.074%  —0456% —035%  0.128% —0.563%  —0.062%  —0.617% —0.173% 0.162%
HFE —0499%  —0.84% —2.190%"  —2.405% —1.149%  0.053% —0.859%  —2.150%  —2.244% —0.538%  —0.367%
&% 1.135% 5.579% 1.59%  1.776%  5.054% 1.803% 0.656%
S4E S —0271%  —0407%  —0.772%  —0.418% —0479% 0.557% —0348%  —0.942%  —0.622%  0.033% -0.421%

AL 0.05 W VAR, R Ira A AR 0.01 W25 MEKFAS .
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Fig. 1 (a) Spatial distribution of precipitation stations in East Asia (grey dots are stations without data in 2001); (b) precipitation station numbers in East Asia;
(c) grids (black filled circles) with complete time series before interpolation during 1951-2009 and additional grids (grey filled circles) with complete time
series after interpolation during 1951-2009
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Z ) R AH DG HE R o
2 1951~2009 ERTMHRXKFFHFPHMERKEZ
5] ) FE 5% 5B B
Table 2

rainfall in the four seasons and the whole year in East Asia
during 1951-2009

Correlation coefficients between the average

XS
T ERTY EETE KB 4B

& 3 1951~2009 FHRI X X FHETFAEREKBE
Z [B) B #E K RE P

Table 3 Correlation coefficients between the average rainy
days in the four seasons and the whole year in East Asia
during 1951-2009

HIRH
R RV R KR ARV

AKHE BoKEEC MKEE BKHE Bk H3
K H 1.000
FEPRIFKHE 05707 1.000
HETHKAS 06857 0222 1.000
HEPRKHE 05407 0022 0.177 1.000
ZEPRIBAKEE 05877 0205 0.220 0.107 1.000

TR 0.05 BEMEACTRK, T RAERE 0.01 BEHACTAL.

Bk Bk Bokae ki Bk
EPHIREKE 1,000
HETHHRAKRE 0534 1.000
HETFRKE 07587 0.196 1.000
METRKE 05757 0.101 0.152 1.000
KEFRKE 0290°  0.062 0.100 0.094 1.000

*Feonilit 0.05 W TEACEAR L,

R R 0.01 BEHAKCFRL .

R 4 1951~2009 FRI X XIFFIFTIEREKIBAE
Z (BRI K FE R

Table 4
rainfall intensity in the four seasons and the whole year in
East Asia during 1951-2009

Correlation coefficients between the average

T KR BHRETE KEE AFT
Mekom  BReK  BRK BRoK Bk
JE R SREE RS Y
RSP K B B 1.000
HRTHMKIRE 06347 1.000
HAEVHBRARE 07457 03497 1.000
EERFKE 05137 0283°  0355°  1.000
LBPRIBKERE  0.063 0.040 0.098  0.058  1.000

T FRIRIEL 0.05 WAEMACTR, + FoRiiil 0.01 BE AT .

IR TR KR Bk H B B
KRR RIGINE, T AT InE SR T
= MERIIRR KR K H B0 K i S 1) 5 b
FaHh B A=IBR KA K H Bt T, (Hi
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Fig. 5 The average anomaly percentage of (a) rainfall, (b) rainy days, and (c) rainfall intensity in the four seasons in East Asia during1951-2009. Dashed line is

the five-year moving average
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DERES TR, AR . P big
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WIS, AZEMr . S9REKE I A W T,
PR o K B K H B0 & Z= 1 v FE K
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M 1951~2009 4F #-2=5 F7K A [ HON 44 1 ot
BRERE, 4 FZEREK R K H 200 ok
R, M. KL, (ERIARE
(K 5). Bk, fFBEAK D 1 &35 21 1 K
MBEE TR Z, 2 W E KK ER H 5
FET9D, RWHLX BEREE N Al T35, B
IKZEA P LIRSS o

R5 1951~2009 FRI X ZFTiFEKk 2 FAEK
&M ETE

Table 5 The variation trends of contribution rate
of seasonal precipitation amount and frequency to
the whole year in East Asia during 1951-2009

Rie 7K e DTIR 32 AL 1 Rk H ok Atk
#4810 a)! (10 a)™!
HE 0.091% 0.093%
FES —0.090% —0.222%
k= —0.189% —0.162%
K7 0.177% 0.279%

22 B B IR AR B IR A Bm RAEAR B 9 30 B 2K
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HWANREER DN o AEERR R b, R AR
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SRR IESESF, 1998 AP A it 4 7K 5 R0 K 1 ik 2]
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s 2000 AFELAK, SRR FEK H B B IE
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Fig. 6 The average anomaly percentage of light, moderate, intense, and very intense (a) rainfall and (b) rainy days in East Asia during 1951-2009. Dashed

line is the five-year moving average
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Fig. 7 The variation trends of rainfall amount (left column) and rainy days (right column) of (al, a2) light, (b1, b2) moderate, (cl, c2) intense, and (d1, d2)
very intense rainfall in East Asia during 1951-2009. Filled symbols represent statistically significant trends at 0.05 significance level
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Fig. 8 The spatial distribution of annual rainy days anomalies (d) in East Asia in 2000
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