FRILT ¢ |7
M@AWHE

ET TRMM I EZBHEEKERGEEMNR

M, K ¥, WRE, FaiE

(1.
, 200030; 3.

, 264003: 2.
, 264025)

WE: BRKELRBEFHA KSR T )RR E, (28 F RIRFET . 5 69 KL FR AR AR
W, A, BRTEZFHEEEERELRBERKSBIARRARARET T2 ETZHEA A 7. AL
AT 1998~2012 5 6 N A K368 (B k5 Rk £ )69 5 M K FH, 3745 TRMM(Tropical Rainfall Meas-
uring Mission)V7 BR A& 3B42. 3B43 AR = st i#h il K2 o4& B B, Esufkah b, o418+
Pl RIRSF. TR AEKZON ZHIE, LREAY: £B R, 3B42 Fouxt#hilE K e AR &
WERE, MmAERA. SFRJE, 3B42. 3B43 Foibh ZmEoK ki dEin, o E, 3B43 F S o EA
BAKE, TRMM &Ik fE ka4 s, B S 2w ABKEKRT 300 mm B, EA4FIELAH R I
1998~2012 £, #hifFMRKELIN B R FIRFARA T, ZFHMEH 631.6 mm; EEFHKE L

RGBT 62.0%, 7 AAKKER

oAk, ENA L, BT @ EKEATE G, ML F KRG

KEMASEIK, TRAKAFR LN A, EEBRRKSTETCOGLFT OGBS, LFENEEEFT @RS,

XA [47K; TRMM(Tropical Rainfall Measuring Mission); & Bf& 5; #hik

FEHZES: P426 XHERFRIRAD: A
doi: 10.11759/hykx20141015001

[1]

[2]

[3-26]

>

CMORPH(Climate Prediction Center MORPHing
technique) PERSIANN(Precipitation Estimation from
Remotely Sensed Information using Artificial Neural
Networks) TRMM(Tropical Rainfall Measuring Mis-

sion) R )
TRMM TMPA(TRMM Multisatellite Precipitation
Analysis) CMORPH
(3131 TMPA,
, [12,17]
116 /2015

X EHS: 1000-3096(2015)10-0116-09

, TRMM
[9-21]
TRMM RT 3B42 3B43 ,
,RT ,  3B42 3B43
, ,3B42  3B43
RT U0 12-16] , 3B42  3B43 V6
V7 , V6, V7
[20-21] TRMM
[3-7,22-26] , Bowman[zz]
, TRMM
; , Demoss (24]
, TRMM (2001 8 )
) (
) 25 (34 ) ,
:2014-10-15; :2015-01-05
: (XDA11020401);

(40901028; 41101331)
(1979-), s )
1 0535-2109122,
E-mail: djjiang@yic.ac.cn

39 /10



1998~2012
TRMM V7 3B42 3B43

1 R EF®

TRMM (NASA)

(NASDA) 1997
11 28
24 h TRMM
(PR) (TMI)
(VIRS)
(CERES) (LIS)
1998~2012 TRMM V7 ,
0.25°%0.25°, 50°S~50°N

R NASA (http: //trmm.gsfc.nasa.

gov) ,TRMM 3B42 3h
, 3B42
TRMM 3B43 TRMM

3B42 NOAA
(CAMS)

(GPCC)

8 1998~2012 ,
TRMM

, R RHtests_dlyPrcp
(http: //ccema.seos.uvic.ca/ETCCDI)?" 8

6 (D TRMM
(Co) (Sp1a, %)
(Ema, mm) (Erms, mm) 4
(0] TRMM Cc
TRMM ; SBIA
TRMM s ,
TRMM 5 Emva TRMM

40°

39°F

38°

o FEKI AL

370 | B i |
- B‘{’?’_‘EB“ 1 1 1 1

118° 119° 120° 121° 122°E

1

Fig.1 Location map of the Bohai Sea and 6 meteorological
stations

; Erums
TRMM s R
TRMM

> (G=G)S,=S)

Co ==L —
\/Zi:l (G, = G)” \/Zi:l (8, =5)°
S 25— 6) 100% )
BIA = X100%
Zi:l G;
1 n
Bya=-> . [Si=Gil (3)
Erms = \/%Z:l (Si = Gi)2 C))
, Gi (mm), G G; i
(mm), S; (mm), § S i
(mm)

[16, 28]
b

X:Z;(q xX,.)/Z;C,. (5)
r=3" cxnf3 G ©)

, X Y , n
» Xi Y
7Ci

Marine Sciences / Vol. 39, No. 10 /2015 117



Bt

2 BR54
2.1 TRMM K4 AR

TRMMFE/K/(mm/d)

300 -

250

200

150

100

2 TRMM 3B42

C~0.66
Spia=—0.12%
E,=0.06 mm
Epus=1.24 mm

150 200 250 300
SR (mm/d)

2 TRMM 3B42

0 50 100

Fig. 2 Scatterplots of daily precipitation by TRMM 3B42

Fig. 3

118

product and gauge stations

1200 )
C.=0.87
Sea=—0.41% o

1000 F Eyx=69.20 mm o 7

= Ervs=85.61 mm

E .

E 800t

2

¥

S i

S 600

a4

[—.

400 -

a. 3B42, 4K

200 z 1 1 1 1 J

200 400 600 800 1000 1200
SR /K /(mm/a)
600 P
C=0.92
Sya=—0.40%
500 £"~1430 mm -
Ig Epus=25.44 mm
= 400
)
S
& 300 .
%
Z 200
F

100

c. 3B42, AKX

200 300 400 500 600

MK (mm/ )

3 TRMM 3B42 3B43

/2015

) H@ART/CLE

, , TRMM
) (Ce)
0.66, Sgia  —0.12%, Erms 1.24 mm
,2 TRMM
, 0.9
(3 ,
5 5 300 mm ,
TRMM ( 3c 3d)
,3B42 3B43
( 3), 3B43 s
( 1 0.88; : 0.93)
3B42 ( : 0.87; 1 0.92),
Eva Erms 3B42 3B43
CAMS GPCC
, TRMM
) ) 3B42 , 3B43

1200 )
C=0.88 L
Sin=2.62% e

1000 F Eua=68.50 mm °

_ Ervs=83.71 mm
R

g

E oot

2

¥

= L

= 600

~

h

400 1
b. 3B43, 4EREK

200 & : : : : :

200 400 600 800 1000 1200
SRR (mm/a)

600 .
C=0.93
Spia=2.58% ot

500 | =13.67 mm

- Eps=25.30 mm
2 400
g
2
@ 300
S
2 200
=
100
d. 3B43, ARk
0 : . : . , ,
0 100 200 300 400 500 600
SN FE K /(mm/ T )
(a~b) (c~d)

39

Scatterplots of annual (a~b) and monthly (c~d) precipitation by TRMM 3B42 or 3B43 products and gauge stations

/10



Fanx - Jim
> ARTICLE
, 3B43
( 4 4 , 3B43 2.2.1
(Cc)  0.91~0.95 . Sgia 1998~2012 631.6 mm,
—5.81%~12.66% , Ema 11.17~16.42 mm , 917.5 mm(2012 ), 375.0 mm(1999
Erys  19.68~31.54 mm , TRMM ), ( 5a  5b
300 mm , TRMM , (6~8 ), 62.0%;
, 1~8 )
‘ X 48.7% ( 6
2.2 B RS KERASF
s 700 mm s
TRMM 3B43 , 600 mm ,
5 s 3B43
500 ¢ 500 400
— =5.939 e =3. () =0. () °
= 400 | }z—‘m:?lg . y = 400 | Epp=11.44 mm 2 300 b Ewe=13.89 mm
g Epns=19.68 mm R = Epvs=20.39 mm = Epus=24.77 mm
§ 300 £ T8
iy R % 200
<ol & 2
§ = =
% 2 = 100 }
& 100 | = ¥
ARk Kb T
08 ; : ; : ; : : : : ; 0 - ; ; ;
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400
SR K/ (mm/ T ) SRR /(mm/ ) SR K /(mm/ )
400 ] i
C.=0.93 0T - 003 00T - —01
— 0 ¢ V. C
_ Spin=12.66% Spia=—5.81% —~ 500 | Sea==1.07%
= 300 | Ewa=13,96 mm = 400 | £,,=15.15 mm n Eyx=16.42 mm
B Eqnus=23.31 mne 2 Eps=29.75 mm E 400 1 Equs=31.54 mm
QE E 300} o QE
L k3 : L
3 200 3 £ 300 .
S = Z 200
Z 100 | > z
=4 & a4
. BE = 100 ¢ = 100 |
’ A Ik s rhyk DLYRUY
08¢ - : s ; . . . . . 0 e
0 100 200 300 400 0o 100 200 300 400 500 0 100 200 300 400 500 600
SRR (mm/ ) SRR (mm/ JT) SRR /(mm/ )
4 TRMM 3B43
Fig. 4 Scatterplots of monthly precipitation by TRMM 3B43 product and different gauge stations
1000 . 180 ¢
900 150
800}
2 £ 120
2 % 90
& 600f =
& ;60
500t =
400} 30
300 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J 0
1998 2000 2002 2004 2006 2008 2010 2012
Ay A
5 (a) (b)

Fig. 5 Time series of annual precipitation (a) and its distribution (b) in the Bohai Sea

Marine Sciences / Vol. 39, No. 10 /2015

119



Bt

41°

40°

39°

F#/K & /mm

38°r B 500~600 T

[ 600~700

] 700~800

3701 1 800~900 |
118° 119° 120° 121° 122°E

[o)}

. H@ART/CLE

[29-30]
> 391.3 mm ,
21.7 mm
103.4 mm  113.0 mm (
, 3

Fig. 6 Spatial distribution of annual mean precipitation in
the Bohai Sea 223
2.2.2 8
41°F 8 41°rF b
Wr et ® N
40° 8 40°r 1
39°F 8 39°F b
38°r T 38°F 1
37° C 1 1 1 1 1 7 37° C 1 1 1 1 1 i
118° 119° 120° 121° 122°E 118° 119° 120° 121° 122°E
41k . 41°F g4 .
N [ o HF W[ a&F
40° - 40° + i
390 L . 390 - -
38t 1 3ser .
37° L 1 1 1 1 1 7 370 L 1 1 1 1 1 7
118° 119° 120° 121° 122°E 118° 119° 120° 121° 122°E

=3 M 2~15 1520 BN20~25 E25~30 E130~35 170~80 [ 80~100 1 100~120 1 120~140 1 140160
B /K i/ mm

3160180 £ 180~200 £3200-220
7 (2)

320
(®)

~350 B 350~380 MM 380~410 M 410~440 W 440~470 8 470-510
() (d)

Fig. 7 Spatial distribution of seasonal precipitation (a spring, b summer, ¢ autumn and d winter) in the Bohai Sea

120 /2015

/39 /10

7)



41°t a | 410f 1 4o} ]
N N N
400} 1 400} 1 400t ]
390 | 3000 1 300} ]
380} | 38l e -
37°t . . . . . d 3%t . . . . . d 37°t . . . . . s
118° 119° 120° 121° 122° 123°F 118° 119° 120° 121° 122° 123°F 118° 119° 120° 121° 122° 123°F
41°F d 4] 1 41°te5H 1 41°F f6H .
N N N -
40° 1 400t 1 00l |
390 1 300} { 3000 ]
38°F 1 381 1 38°t E
370} . . . . ) 1 37°t ) . . . \ 1 37°t . . . | | N
118° 119° 120° 121° 122° 123°F 118° 119° 120° 121° 122° 123°F 118° 119° 120° 121° 122° 123°F
aclerg 0 _“mm ] wlheny 0 _mmm wclieon 0 L. ]
e ¢7H N rh Y i9f
40°L 1 40°L 1 40° L 1
390| | 30| 1 300] |
3g0| | 38| | 38| |
. R A . N L .
118° 119° 120° 121° 122° 123°E 118° 119° 120° 121° 122° 123°E 1185 119° 120° 121° 122° 123°E
selon o daelvnn 0 i Jachies 0 |
N j10A N N
40° | 400l 1 400l ]
390| 1 3000 1 3000 |
3ge| | 38l ] 38} ]
37°F 1 37°¢t 37°t |

118° 119° 120° 121° 122° 123°E 118° 119° 120° 121° 122° 123°E 118° 119° 120° 121° 122° 123°E
Wik 36 BEo69 Io9~12 B 12~15 [ 15~20 [20~25 [125~30 []30~40 []40~50 [ 50~60
A/ mm 1 60~70 1 70~80 1 80~90 1 90~1001 100~120 B 120~140 MM 140~160MM 160~130 MM 180~200 MM 200~220

8
Fig. 8 Spatial distribution of monthly precipitation in the Bohai Sea

2 7 b b
120.6~215.3 mm ; , ,
12 b 2 2
3.5~13.4 mm ; > >
2.2.4 ,
9 ,

Marine Sciences / Vol. 39, No. 10 /2015 121



WRIEX
FLAT e N
LT {a0n m,+,
[/ *4)‘]
- _380
. . . *10H
118° 120° 122°E a YU o .
A *3
*sﬂ*“n
* 7] PY
> JIREKR ° *12J]
A ERKER *17
o #HEFEKi
n HEROKE *9J] 0 5 10
o FkEMEKE * —— km
o xZ:pkw 2/

9

Fig. 9 Gravity centers of annual, seasonal and monthly
mean precipitation in the Bohai Sea

3 HEw5EZE
6
R TRMM V7 3B42 3B43

, , , 3B42
; ,3B42 3B43
300mm , TRMM
3B42 , 3B43
TRMM 3B43 ,
, :1998~2012
631.6 mm; 62.0%, 7
(CO ) ( )

TRMM ,

TRMM

122 /2015

.hmAWUE

/

, TRMM

TRMM ,

[10]

39

Chen G, Ma J, Fang C Y, et al. Global oceanic
precipitation derived from TOPEX and TMR:
climatology and variability[J]. Journal of Climate, 2003,
16: 3888-3904.
[D].

, 2006.
Ghosh A, Varma A K, Shah S, et al. Rain identification
and measurement using Oceansat-Il scatterometer
observations[J]. Remote Sensing of Environment, 2014,
142: 20-32.
Liberti G L, Chéruy F. Tropospheric dryness and clouds
over tropical Indian Ocean[J]. Atmospheric Research,
2006, 82: 276-293.
Watanabe M. Simulation of temperature, salinity and
suspended matter distributions induced by the discharge
into the East China Sea during the 1998 flood of the
Yangtze River[J]. Estuarine, Coastal and Shelf Science,
2007, 71: 81-97.
Zhang X F, Tang D L, Li Z Z, et al. The effects of wind
and rainfall on suspended sediment concentration
related to the 2004 Indian Ocean tsunami[J]. Marine
Pollution Bulletin, 2009, 58: 1367-1373.
Green R E, Gould Jr R W, Ko D S. Statistical models
for sediment/detritus and dissolved absorption
coefficients in coastal waters of the northern Gulf of
Mexico[J]. Continental Shelf Research, 2008, 28: 1273-
1285.
Tian Y D, Peters-Lidard C D. A global map of
uncertainties in satellite-based precipitation measurements
[J]. Geophysical Research Letters, 2010, 37: L24407.
Taylor C M, de Jeu R A, Guichard F, et al. Afternoon
rain more likely over drier soils[J]. Nature, 2012, 489:
423-426.
Yong B, Ren L L, Hong Y, et al. Hydrologic evaluation
of Multisatellite Precipitation Analysis standard
precipitation products in basins beyond its inclined

latitude band: A case study in Laohahe basin, China[J].

/10



[11]

[12]

[13]

[14]

[18]

[20]

Bt

Water Resources Research, 2010, 46: W07542.
, . CMORPH

[J]. )
2011, 4: 355-364.
Jiang S H, Ren L L, Hong Y, et al. Comprehensive
evaluation of multi-satellite precipitation products with
a dense rain gauge network and optimally merging their
simulated hydrological flows using the Bayesian model
averaging method[J]. Journal of Hydrology, 2012,
452-453:213-225.
Gao Y C, Liu M F. Evaluation of high-resolution
satellite precipitation products using rain gauge
observations over the Tibetan Plateau[J].

and Earth System Sciences, 2013, 17: 837-849.
Shen Y, Xiong A Y, Wang Y, et al. Performance of

Hydrology

high-resolution satellite precipitation products over
China[J]. Journal of Geophysical Research, 2010, 115:
D02114.

H 5 >

, 2013, 43(4): 447-459.

) ) , .TMPA
[31. ,2014, 46(10): 1135-1146.
. TRMM
[J1.
,2012,2: 98-104.

Duan Z, Bastiaanssen W G M. First results from Version 7
TRMM 3B43 precipitation product in combination with a
new downscaling—calibration procedure[J]. Remote Sensing
of Environment, 2013, 131: 1-13.
TRMM

H > H

1. , 2009, 4:

461-466.

Xue X W, Hong Y, Limaye A S, et al. Statistical and
hydrological evaluation of TRMM-based Multi-satellite
Precipitation Analysis over the Wangchu Basin of

Bhutan: Are the latest satellite precipitation products

Marine Sciences / Vol. 39, No. 10 /2015

[21]

[22]

[23]

[24]

[26]

[27]

[29]

[30]

) H@ART/CLE

3B42V7 ready for use in ungauged basins[J] Journal of
Hydrology, 2013, 499: 91-99.
Qiao L, Hong Y, Chen S, et al. Performance assessment
of the successive Version 6 and Version 7 TMPA
products over the climate-transitional zone in the
southern Great Plains, USA[J]. Journal of Hydrology,
2014, 513: 446-456.
Bowman K P. Comparison of TRMM Precipitation
Retrievals with Rain Gauge Data from Ocean Buoys[J].
Journal of Climate, 2005, 18: 178-190.

, TRMM «“

” [J]. , 2005, 1:

36-44.
Demoss J D, Bowman K P. Changes in TRMM Rainfall
due to the Orbit Boost Estimated from Buoy Rain
gauge Data[J]. Journal of Atmospheric and Oceanic
Technology, 2007, 24: 1598-1607.
Brown J E M. An analysis of the performance of hybrid
infrared and microwave satellite precipitation algorithms
over India and adjacent regions[J]. Remote Sensing of
Environment, 2006, 101: 63-81.
Wolff D B, Fisher B L. Comparisons of Instantaneous
TRMM Ground Validation and Satellite Rain-Rate
Estimates at Different Spatial Scales[J]. Journal of
Applied Meteorology and Climatology, 2008, 47:
2215-2237.
Wang X L L, Chen H F, Wu Y H, et al. New techniques
for the detection and adjustment of shifts in daily
series[J]. of Applied
Meteorology and Climatology, 2010, 49: 2416-2436.

, , , TRMM 3B42

1998-2010 [J1.

,2013,3:105-112, 115.

precipitation data Journal

1. , 2009, 33(9): 35-41.

[J]. , 2011, 6: 73-78.

123



HRRTL » |7
H@A RTICLE

Precipitation estimation in the Bohai Sea based on TRMM
remote sensing data

JIANG De-juan’, ZHANG Hua', CHANG Yuan-yong?, LI Rui-ze®

(1. Key Laboratory of Coastal Environmental Processes and Ecological Remediation, Yantai Institute of
Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China; 2. Shanghai Institute of
Meteorological Science Research, Shanghai 200030, China; 3. Geographical Science and Planning School of
Ludong University, Yantai 264025, China)

Received: Oct., 15,2014
Key words: precipitation; TRMM(Tropical Rainfall Measuring Mission); remote sensing estimation; the Bohai Sea

Abstract: Precipitation is a key process in the global energy and water cycle. It is more difficult to accurately
measure real-time rainfall of ocean than that of land. The remote sensing data are essential for studying ocean pre-
cipitation in global energy and water cycle. In this study, based on the observed rainfall data at 6 climatological
stations of island or coastal region during 1998-2012, the performance of 3B42 and 3B43 products of TRMM
(Tropical Rainfall Measuring Mission) Version 7 has been assessed over the Bohai Sea. The spatio-temporal char-
acteristics of precipitation in the Bohai Sea have been investigated based on the TRMM data at annual, seasonal and
monthly scales. The results showed that at a daily scale, daily precipitation from the 3B42 product of TRMM and at
gauge stations was weakly correlated, while at annual and monthly scales, both 3B42 and 3B43 products of TRMM
well captured the spatial pattern and temporal variations of precipitation and the 3B43 product had comparatively
better performance. In general, the TRMM products slightly underestimated rainfall over the Bohai Sea, especially
obvious when the monthly observed rainfall was greater than 300 mm. For the period from1998 to 2012, precipita-
tion over the Bohai Sea showed an inter-annual wet and dry fluctuation with annual mean rainfall of about 631.6
mm. The summer rainfall accounted for 62.0% of the annual rainfall and the maximum average monthly precipita-
tion occurred in July. Spatially, rainfall in the Bohai Sea was higher in the central-south part and lower in the in-
shore regions. Influenced by atmospheric circulation, the gravity centers of rainfall over the Bohai Sea leaned to-

ward the north-west in summer and toward the east-south in winter.
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