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Abstract Under the current global warming tendency, precipitation change is characterized by either a change in the
amount of total rainfall or a shift in the precipitation structure. Due to lack of access to high-resolution data for the daily
rainfall of the entire East Asian region, previous studies in East Asia mainly focused on spatial-temporal variations in
precipitation amounts rather than its structure. Based on the latest daily precipitation APHRODITE (Asian
Precipitation-Highly Resolved Observational Data Integration Towards Evaluation) data and the outputs of four Chinese
CMIP5 (Coupled Model Intercomparison Project Phase 5) models (BCC-CSM1-1, BNU-ESM, FGOALS-g2, and
FGOALS-s2), the authors investigated the characteristics of precipitation structures in East Asia. The authors also
examined future projections made by these models. The results indicate that the amount of climatological
rainfall observed reaches a maximum at the intermediate range and tails off toward the high and low rain rates. With
respect to frequency, a rate of 1 mm/d occurs far more frequently than any other rain rates. More (less) light
(moderate) rain occurs in the north than in the south. Extreme heavy precipitation mainly occurs on the southeast coast of
China and south of Japan. With respect to the long-term trend, light rain and heavy rain (>30 mm/d) increase while
moderate rain decreases. The climatology of the precipitation structure in East Asia is adequately reproduced by all four
models. BCC-CSM1-1 and FGOALS-g2 can reproduce the rainfall trends of all the rain rate types. FGOALS-s2 and
BNU-ESM cannot reproduce the downward trend of moderate rain. Based on projections by the four models, heavy rain
(>30 mm/d) will increase under global warming. The higher the extreme heavy rain, the more significant the increasing
trend. Light (moderate) rain will increase (decrease) in the south and decrease (increase) in the north as global warming

progresses. Further analysis indicates that the increase in extreme heavy rain is mainly due to rise in the global mean air

temperature.
Keywords
Historical run, Projection of future climate
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FREa i BE R ZEN . fERBRREREFT, HME
R/ VAT W Ak, A B K ) e A R A
R i 5 22 7 388 Jom v e 45 50 52 B 7K 95 ), IR
S0 N AEIG R ZE 5 1 R e AT K5 . AR
B2 (R s R RCOR AR W T R B 2 T 5 R K
A SR R K DD 2 T BOT R AR N
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Table 1 Information (name, institute, horizontal and vertical resolution of components) of four Chinese CMIPS models
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EEPUN Wu et al., 2014 SILHELE, 2013 Lietal, 2013 Bao et al., 2013
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Table 2 The observed (APHRO data) thresholds of light
rain (B5), moderate rain (I25), and heavy rain (T10) and
accumulated precipitation, precipitation frequency, and

their linear trend in B5, 125 and T10, respectively

R 26 R A 1R 22
FeKBIME/  BRRK MERER K ARy
mmd’ H/mm mm(55a)"  SE  (55a)"
BS <1 32 —3.2 57% 4.05%
125 6, 25) 391 —35 13.3% 0.64%
T10 >44 79 20 0.49% 0.16%
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Table 3  The simulated (BCC-CSM1-1, BNU-ESM,
FGOALS-g2, FGOALS-s2) thresholds of light rain (BS),
moderate rain (I25), and heavy rain (T10) in the periods of
19512005, 1986—2005 in historical and 2081-2100 in

RCP8.5, respectively
DisEAAGER: D s AR AR RCPS8.5 Tiifii:
1951~2005 4F  1986~2005 4 2081~2100 4F

B5 125 TIO BS 125 TI0O B5 125 TIO
BCC-CSMI-1 <1 (5,23) >38 <1 (6,25) >44 <1 (6,29) >52
BNU-ESM <1 (6,19) >29 <1 (5,23) >39 <1 (6,22) >35
FGOALS-g2 <1 (4,16) >28 <1 (6,19) >29 <1 (5,18) >31
FGOASLS-s2 <1 (6,21) >35 <1 (4,16) >28 <I (7,30) >51
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Fig. 1 The distribution of 1951-2005 mean (a) accumulated annual precipitation and (b) precipitation frequency with precipitation intensity. The interval of

precipitation intensity (x-axis) is I mm/d. Black lines denote observations, red/green/blue/purple denote BCC-CSM1-1/BNU-ESM/FGOALS-g2/ FGOALS-s2,

respectively
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Fig. 2 The spatial distribution of 1951-2005 climatological accumulated precipitation of light rain (B5, left panels), moderate rain (125, middle panels), and
heavy rain (T10, right panels), respectively. The observation, BCC-CSM1-1, BNU-ESM, FGOALS-g2, and FGOALS-s2 are shown from top to bottom raw,

respectively

LI o DY R R AC AR R R A ASEES RL b, R B AT DU I AR R HY
P 0 PR KB X 40 A R R AT B A IS A RE ) o B WA LA R AR o ARt v 1] 176 0 s X /) Rl
FGOALS-s2 HeM Ak L& e WM N 2 (0 BB A AU m 55, 1) o ] A 3 e X 1) P v
[P ARRFAEFI AR A, BRI /N SRARRE B b2 ul, PUAMBEI A Re & 2L AR
KBS MR ZE K o AU /N SRR PR K i E PG HEHIIX (25°~35°N, 100°~110°E) [f)[&/K 45
UL 2 ok, S T AR et R 22l DU MMk, J54h, BNU-ESM Fl FGOALS-g2 A%}



2 1 MEPEEE: 20 CMIPS VIl 9 DU i RS RAL ) AR MM X 7K S5 R R AIE B R K AR Al
No. 2 LIN Renping et al. Reproducibility and Future Projections of the Precipitation Structure in East Asia in Four ... 345

(35°N, 110°E) MEIERTT B KRR s, XTEe. ATRUAE M, S EE KR A B R 2 d
DUB BB L, RARTTRER T TR ERA WAL E . AR Ui, AR HX K A

JE5ER) (Gao et al., 2008). 20 B A 5 AIE A B R 1R 20 ) A R I R 1Y o
B3 g0 T OWEII AT DU AN AR R R R K TR A A K 4 251 7 WA YA CMIPS # e i)/ i
B AEFE, B 5 W 2 0 AR e T (B5). HFY (125) BLRKR (T10) 1951~2005
Obs 125 Obs Total
50°N
40°N
mm mm
30°N
1200 2100
20°N = - T - T
100°E 120°E 140°E
BCC—-CSM1-1 125 1080 soon BCC-CSM1-1 Total 1900
960 40°N 1700
30°N
— 840 —{1500
20°N 4 k : — 20°N : - —
100°E 120°E 140°E [ 100°E 120°E 140°E
... BNU-ESM 125 BNU-ESM Total
50°N — 720 1300
40°N B
- 600 1100
30°N || |
20N 4 4 . 480 — 900
100°E 120°E 140°E || |
125
50°N
360 700
40°N
240 500
30°N
20°N + - T T 120 20°N + = T —T 300
100°E 120°E 140°E 100°E 120°E 140°E
- 125 -
soon FGOALS—s2 soon FGOALS—s2 Total
0 100
40°N 40°N
30°N 30°N
20°N : — 20°N F—= - —
100°E 120°E 140°E 100°E 120°E 140°E

K3 A EREITR 5 AF BCC-CSM1-1, BNU-ESM, FGOALS-g2, FGOALS-s2 PUAME 0545 BB /K& (1 28 A A A4S AE, 20 B0A47 40l
spEgRREERE K (125) RLEE/K SR (Total), M IRIVEHIZ 1951~2005 4F

Fig. 3 The spatial distribution of 1951-2005 climatological accumulated precipitation of moderate rain (125, left panels) and total rain (Total, right panels),
respectively. The observation, BCC-CSM1-1, BNU-ESM, FGOALS-g2, and FGOALS-s2 are shown from top to bottom raw, respectively
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Fig. 4 The spatial distribution of 1951-2005 climatological precipitation frequency of light rain (BS, left panels), moderate rain (125, middle panels), and
heavy rain (T10, right panels), respectively. The observation, BCC-CSM1-1, BNU-ESM, FGOALS-g2, and FGOALS-s2 are shown from top to bottom raw,

respectively
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Fig. 5 Taylor diagrams of spatial pattern of 1951-2005 climatological (a) annual mean accumulated precipitation and (b) precipitation frequency. The radial

distance of model code point from the origin is proportional to the standard deviation of the simulation relative to the observation. The correlation coefficient

between the simulation and the observation is shown by the cosine of the azimuthal angle of model code point, and their root mean square difference is given by

the distance of model code point from the reference point. Simulations by different models are denoted by different colors
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Fig. 6 The distribution of linear trend of (a) accumulated precipitation and (b) FOC with precipitation intensity during 1951-2005 in East Asia. Black lines
denote observations, red/ green/ blue/ purple denote BCC-CSM1-1/ BNU-ESM/ FGOALS-g2/ FGOALS-s2, respectively
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Fig. 7 Relative changing rate of precipitation for each intensity category in East Asia in (a) observation and (b—e) models. Black line denotes the standard

deviation range
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Fig. 8 Projection of the difference distribution of (a) accumulated precipitation, (b) FOC and (c) normalized FOC between 2081-2100 and 1986—2005 with

rainrate bins by four GCMs (denoted by different colors)
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Fig. 9 Projection of the difference of mean precipitation frequency (units: %) between 2081-2100 and 1986-2005 by the ensemble mean of the four models,
and BCC-CSM1-1, BNU-ESM, FGOALS-g2, and FGOALS-s2 (from top to bottom), respectively. The left panels are light rain (B5), the middle panels are

moderate rain (I125), and the right panels are heavy rain (T10)
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