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Abstract A daily gridded precipitation dataset (APHRO) for Asia was created by the Asian Precipitation-Highly
Resolved Observational Data Integration Towards the Evaluation of Water Resources (APHRODITE) project in Ja-
pan. The resolution of this dataset is 0. 25°X0. 25°, and the length is from 1951 to 2007. This study aims to assess
the quality of the APHRO rainfall in contiguous China from the perspective of climatological mean, rainfall classes,
and long-term trend. Daily rainfall records observed by 559 rain gauges are used for the comparison. The results are

as follows: (1) For the mean states, the APHRO shows similar distribution of precipitation amount to station data,
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and can accurately characterize the seasonal migration of rain-belt. However, compared with station data, this data-

set underestimates precipitation intensity, but overestimates precipitation frequency. (2) For the distribution of dif-

ferent classes of precipitation, annual mean precipitation amount for heavy rainfall derived from the APHRO data is

lower, while the amounts for light and moderate rainfall are higher than the station data. (3) The trends of precipita-

tion amount in China during 1956 — 2005 derived from two dataset are identical, the trends of precipitation frequency

are also highly consistent, and both show an “increase in the west but decrease in the east” pattern. A large differ-

ence between the two datasets is found in the spatial pattern of precipitation intensity trends. The precipitation in-

tensity derived from station data shows an increasing trend throughout the Chinese mainland in the past 50 years;

the APHRO data exhibit a similar trend in the southeastern coastal region and northwestern China, but a different

pattern in northern China, northeastern China, and Jianghuai region. In addition, analysis on the seasonality of in-

terdecadal variability indicates that the characteristics of “southern China food and northern China drought” and

“Jiangnan late spring drought” derived from the APHRO data are different from those derived from station data.

The APHRO data tend to underestimate the trends.

Key words high-resolution, precipitation intensity, precipitation frequency, precipitation classes, trend

1 5|8

R 42 K B 1 R ZK A6 A ao A 1) o S 2 AR
3 BRI AR Al A A AR R 5 B K
TERIREE, 52 5 3l I 28 G A AN Y ) S5 LR 52 )
e A Y I ZKOUL I B ORE AR O B (Xie et al.,
2007) . S ZRE X [ K 32 2 XA AR HUE 9 255 5
SO, SIS B A R X R, T SR KR
(| BRI PTEE = e  OD VNN S e A R L
T RGBT () 00, R I P 2 XU DX R 7K 2R A 1 BF
8, AT FEAREE G I Bk, L. danfef R
B o3 A 1Y 5 08 B8 7K BT Ak R 88 — Al A I A% Bt
B DT AU 50 Fi2 W e A X s
U e P E P ST

AR TS 5 T W e A S 1) AR A R AR
AT = S 1F I i o 3 B0 ) TR
KoK 5 B2 DL B AN ) S R K AR A AR B F 53 2 i 1
%, XS TAERYHAEEZE H 2 B DL E R K SOk
(Zhai et al., 2005; F K%, 20065 F 4,
2006; Qian et al., 2007; ZELTHFEE, 2008; MR~ TE
AR, 2009) . SR I, 4R R AU A =LY
Ko B M AR, — S X 1 PR g4k
J1Z T 20 km, K56 ARG BT S S A PR
EIGORHE L hil . I, T SR AR L R ik
ST PR SR K R, H T B I S A HER
R PO AL R K BERL

HHED, CEAEZHT G USRI TR ™ iy
1 T PR RS ALK B, Bl 43k H g 17 X1°

MK B3 42 GPCP-1DD (Huffman et al., 2001),
2 E AU b0 K AT A BRIE H 0. 5° 0. 57 filih
W&k Bt # CPC_UNI_PRCP (Chen et al., 2008)
4, 7EFRE, Feng et al. (2004) F|H4E 726 4~
KBERE, S T 1OX TR A8 H K BERL; Xie
et al. (2007) L T 0HFA4A 0. 5°X0. 5B AR H
R B SE s BAVIARSE (2008) #ES7 T AP XK VL
BT HERN 0. 1°X0. 1° 1935 H K BER4E . Bk
BOBHEE r HEAR R BB /) . B B EORE )
PERAR, B ORNE 5 A B R B, R ek DA
JEY TR K

ARk, HALGG IR T (RIHN)
MHAARSRITREWR T (MRI/JMA) B4 58 it
T APHRODITE (Asian Precipitation-Highly Re-
solved Observational Data Integration Towards E-
valuation of Water Resources) %], %t X% 4
TN A5 5 T DX TR O UL R, 7 U A
b J#S T BB H I R PR AR AR K B
PafE (Yatagai et al., 2009), XEHIEEW 2 H Al
W — 7 5 R A S Y b DX 1R 43 B R A BT ] (1951
IR Bk K RS LR HAl. s S
C TP ] T AL UK TR I 5T L 5 70 P
R 25 B K 56 45 43, B . Kitoh and
Kusunoki (2008) FIIZWERMGR T 20 km {570 BF%
R AITERE ;s Yang et al. (2010) H&F
BRI T ARTL T i B 2R K i 227 A R84
Anat s ZEESEAE T M DX BT AT AR S R
AR v L b DX B K AR AR 55, R Bl 2 25 LY



2 11 PR T4 . APHRODITE {543 $F3 5 H BEK GORME b B R Hi X 04 38 FH 1
No. 2 HAN Zhenyu et al. Assessing the Quality of APHRODITE High-Resolution Daily Precipitation Dataset . .. 363

3BT AR SCNBE R SRS « AN ) S 9 F K 43 A Al
KIAASACERAE = A5 1, XHZERIEAT T R EEK
By, F5 TR GORMEAE B I, 25 ] Sk 3 S
WFFE SR FZ R LS 25
2 FMEFEEN
2.1 FEREN

APHRODITE 14 i 4 i [ 7K £ £ 2,45
DFEHEE, AR ERIX (MA) | hilE (ME) |
B (RU) FIHA JP) BYFEKERE, 5 #H %
THEA WM X 8. A4 2 APHRO _MA
VI1003R1 ##i4E, #s[mEREZ (15°S~55"N, 60°E
~150°E), B hE, HA, S5 BE, K/
WA R K, DR ER. 2SR
A3¥E R 0.25° X 0. 25°, B[] M 1951 4F | 2007
4, APHRO_MA V1003R1 7€ H [ Hb X 32 % 5%
THEAZREMEN G TR, DR IR R4
B GTS B3 (Yatagai et al., 2009), A<
ZBORHRT PR APHRO %R, #EH 1956 ~ 2005 4F
HEFT53HT

AR SCAH ) G il W Bt b o R R RS
B ekl E R g, 24 E N FER E 2005 4F
F10 b TR A R F (B 4 . IR0 HE 4[] 753 il
SSUIURIN B} 83 A ™ A 1) T S A o, A A R
B, JEAR TR RS Ar T  TER P SR SE 3 L 450l

PP BEAGE— SR, O T PR EF ORI HER
FIFEREAE s A SO BRI S fchn B Ak B G %
S5, 1999 M—AE NG H B0 20 K (ART
—AE N SEBRWLIN H R 5%0) BF . AR RIS R
BB s 24 50 ARSI Hh BRINAE RO AL 5 A, 1%
ML PR . Sl EIRAEPLUS . HRZAH 559
) 1956~2005 4F% H FEKBEE, DU fRIFR STN
OBk BT AR AR R 559 A 5l 9l A
B SRR R SIBR G U R AL E . 3 RBR TR
e P SR SR VD M X A B B A1 A A
KAy Ak . R 559 35 R /K VOB BE RS-l ik
Fe B B K A RFAIE .

AR BT B GE T AL 17 7 B A e K AR
AR TH R Z B W% 7 BER IR, N, A
SCHE 559 vl 3% H K B RHE E 2] 5 APHRO A
B T e 15 ) AR B O i
OrHBIX Rl D s ASSOR FZE AP IT IE R % 50 A
JrEEATAS IR, REMRREARE ] 37, 27, 17, 0.57,
2.2 SWAE

RSO I EZ G R R B KRR | [k
S TN R 55 . KA RAT ARk HEG S A H
B LB A SCE CH FEK R R T 0.1 mm 2 A 4K
KK RAARBIEKE HFFRAREEKH . Bk
56 R JRAT R H IR 3R AR B E
SRS RTHEAAR . [RIES . AR SCS % TR R0 55

50°N

3000

1000

—1200

T
100°E
Pl Bl B X R A s TR . BB ARSI 559 S s SR BIBREIEMAE ;s R B AN m)

Fig. 1 Topographic distribution (shaded) over China, together with locations of rain gauge stations used (559 stations, closed circle) and

I I
50°E 90°E

I
130°E

I I
110°E 120°E

rejected (cross mark) in this paper. Nine sub-regions are outlined for regional averaging



P 36 &

364 Chinese Journal of Atmospheric Sciences

Vol. 36

R AE, % H K R ANRIR 4 /N TR
(0.1~9.9 mm/d). [ (10~24.9 mm/d). Kl
(25~49. 9 mm/d) FFEF (=50 mm/d) 4 AN
5 B R K S

. E B oK 22 SR, Bk E R
235 (] 3 A AN e L3 S W () B sl R . 38 H FK
AEXT R BOPT AR b S e gs H B mia i (o
FUREFN A=), 1994) . PRl Bk A X R4, w2
SESIZEA KR SRR EZ . Hasb i
A R FRAE A 2= 8.

A s AR SCHZRPEILA 10 2 B itk i 7 i 354y
Bro HEFEKGETH R X A] LLFRIR N AR ¢« oy B 22

BT X =atbe, ¢ HER TS
(LMBRFS5 1,23, ... %), a flb NUESH
FIH I/ Nk a] LR a3 2 5k 0. =K ST
i X L RE AT TGS R0 kR,

3 RIREHFR

3.1 [F/k=E

Kl 2 & APHRO J STN B} R K 225 5] 5
By, REETF R KR AEER MR 12 WA 5
£, APHRO 5 STN B} X it 25 ] 434 FRAE 9 4
A —F ABAREL T T b ) AR B 2 1 S ) 4y
s ZH IS EAEREGRE] 0. 95, B RIREN

50°N
40°N g
30°N

20°N |
1 RMSE=0.50

1 Cor=0.91
50°N

40°N @
30°N

20°N
] RMSE=1.08

1 Cor=0.97
50°N

40°Ng”
30°N

20°N -
1 RMSE=0.17

T (R
80°E  90°E 100°E 110°E 120°E 130°E

5 6 7 8 9

—
80°E  90°E 100°E 110°E 120°E 130°E

10 mm/d

Bl 2 (a, b) FFEA (e, D HZHM (e, D ZFVIHREKIZS B0 (AL mm/d): (a, ¢, e) APHRO %88 (& FARUEFRRNERK
VERHRZS AR SC R0, £ FMBUE IR —H i RiR2); (b, d. D STN ¥k

Fig. 2 Spatial distributions of the average (a, b) annual, (c, d) summer. and (e, ) winter precipitation amount during 1956 — 2005 from

(a, c» ) APHRO data and (b, d. {) STN data. The numbers shown in the upper corners in (a, c, e) indicate pattern correlation coeffi-

cients with STN data; the numbers shown in the lower corners in (a, c, e) indicate root mean square error with STN data
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Jei 2 30 Hp AR B K T P M XORN Ry s X3 22
(Zhai et al., 2005; £ R, 2006; M PEFBE
Az, 2009) o Xof T [ 45 DX AR ST 2 9 KO8 e g AR
fhias, AR RS B 45 ea 25, b E
160 3 AR 17 3ty 1) 4FF- 34 B 7K 1 232 A8 A i 4o
M, JF HEPRERKILP T i X CF 54,
2006), BRI, I T L G uh TR A BoR, 1
T3 B A A6 v E PR X, e KER A X
AP K AT R B/ a e (Zhai et al., 2005; £
KBS, 2006, AIUL, XTREKASERE M 5T, ¢
e X XS AR 43T > 3 b 32 B K PR R A
BHEMEm, FHit, FIH APHRO FERE T 0%
IK A B 57 T BT
5.2 FEMKMERREL

RTHIF R R, FREAR TR K E R
B “HEALRE” FRHE, Z2WAAE 20 fiEal 80 4EAR
KU AR A B L R iR (Xu, 20015 Me-
non et al., 2002; Yu et al., 2004; Yu and Zhou,
2007; FUNESE, 2008 Z=L0M4E, 2008), S RE
FREIK RS A (Zhou et al., 2009), 43¢ LA NC
A CC ar AR AL r) “ B ML “¥7
X7, g LI B ZR R K G T AE 1956 ~2005 4F
WA R AR (& 8) . PR WERHE /R I [ K
A b (B 8, HaT AL RAMIF . NC X
W, i CC X 3 . HARBR, 1956~
2005 4 STN Bk ZE [ K AE NC (CO) X I 25 ik
> 69. 2 mm (B4 116. 3 mm) . #h3@L T 5% M 5
MRS . Rid, APHRO ¥R 28 6 8 35 55,
AR BE /N2 10 mm,

WE 8b fif 7w, STN B k5 21 1 B /K 5 5 78
CC Xk (3hn 1. 8 mm/d), WifE NC X 22 {kiE
/AN Gz 0.1 mm/d) . B KA b 2 B AR 3R 1)
“BIZ At/ BAE (B 8b) . CC X B4 7K i 2 i b ]
BT, NC X R K 55 2R B B ] ek 20, i 3 28 A 3
LB/ N TG . FFHL. B B R R 5t
THE TP R IR . APHRO %k}
BRI RE AR fse B R B “RE 2L R
fiE s (HARE RS iy B2 5 STN BERLA A, [ /K R
JEE CC X7 a3 da X 5 NC X AHY, i [
KARAE CC XA E BT NC X1 3 £,

AR A AR PR AR A 1) 55 Sb—ANFRAE H B
EHEZ, (LMK E (84 H 21 HE 5 A 20
H) Bk B EWA . W2 30% (Xin et al.,
2006), 1R Xin et al. (2006) 2 Xk, 4
S B2k 25 1 K AFE AR PR B fb (1981 ~
2000 P39k 2 1958~ 1977 ~F-34) W= [al s34 (&
9) . VLR HL XA WL B S PG BRI X
SARER LRI R AR U i X ST A R 45 R —
o XTLEMETOR A “FH 5 B3 AR B ] I,
APHRO FERMAE PO B /N 38 B IR 55

BER IR AT VLR B Py stk
fil, BAIBEGE TAEF A AN a i, % 2 4 M
BRI REHIX (26°N~31°N, 110°E~122°E)
XI5 SRR B AEARBR AR AL, DAE— 25 48R
APHRO ZRXT “VEm B 527 MR MR ae S, ™
EVORES R, VIR b X e R K s> R
o OKFT A A P e /)N TR I TR Y 920 i R A
55 XV R ML X A% SR K A A B o Mt R B,
TR R G B R A ) sk L 65060, Bk “VLR &
570 RE 5 R R Y M R OK 0 R S Ak
(Xin et al., 2006), 5& 9 2544 —5. APHRO
GERHREE AR Pl A 2 X LA /)N s /IR L R A
FTER R /N K2/ 2 mm, B, APHRO %
BT “VLRARS” SRR A AR,

£ 2 IEHE (26°N~31°N, 110°E~122°E) B EZEHR
PR ERBREE (1981~2000 % 1958~1977) (EBfi:
mm)

Table 2  Inter-decadal changes (1981 - 2000 mean minus
1958 - 1977 mean) of the late spring (21 Apr - 20 May) rain-
fall over Jiangnan region (26°N-31°N, 110°E - 122°E) from
APHRO and STN data. Daily precipitation is classed as small,

moderate, large, heavy, and total

N i K B MR
STN —5.1 —18.1 —22.5 —9.3 —55.0
APHRO —3.5 —19. 2 —20.0 —7.6 —50. 3
A)
A
6 Z5it

W5 ORI L. A SO APHRO Bk
FORME T X A BT T T RS ABEK
REAKRIE . B AR 28 45 S G MK S 5 A B o i T
ZERHILES . EASRE . APHRO BRI K
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Fig. 8 Time series of (a) precipitation amount (units; mm), (b) precipitation intensity (units: mm/d), and (c) precipitation frequency

(units: d) averaged over NC region (dashed line) and CC region (solid line) in summer. The red lines represent STN (left ordinate) results.

and the blue lines represent APHRO (right ordinate) results; the numbers shown in the left (right) bottom of each panel indicate trends
during 1956 = 2005 from STN (APHRO) data
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Fig. 9 Inter-decadal changes (1981 = 2000 mean minus 1958 = 1977 mean) of the late spring (21 Apr - 20 May) rainfall from (a) APHRO

and (b) STN data. The grid zone is statistically significant at the 10% significance level
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Fig. 5 Climatological monthly mean precipitation relative coefficient from Apr to Sep from APHRO data
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Fig. 7 Trends in annual mean (a, d) precipitation amount, (b, e) precipitation frequency, and (c, f) precipitation intensity during 1956 -

2005; (a—c) APHRO data; (d-{) STN data. The grid zone is statistically significant at the 10% significance level



