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Impact of Gridding Scale on TRMM Microwave Imager
Cloud Water Information

HENG Zhiwei and FU Yunfei

School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026

Abstract Satellite observation data are valuable for model evaluation, but to readily compare satellite-based data with
model simulations, swath pixel data must first be gridded. In this study, data distortions caused by gridding (0.1°, 0.25°,
0.5°, 1.0°, and 2.5° gridding resolutions) are investigated using instantaneous and monthly pixel data from the Tropical
Rainfall Measuring Mission (TRMM) Microwave Imager (TMI) liquid water path (LWP) data. Results from this case
study show that data gridded at grid scales of 0.1°, 0.25°, and 0.5° retain more local details in the instantaneous pixel
data, while the details tend to be smoothed out at coarser grid resolutions. So data with grid scales no coarser than 0.5°
are suitable for analyzing weather activities from the mesoscale to the synoptic scale. In terms of the monthly pixel
LWP, data with gridding resolutions of 0.1°, 0.25°, and 0.5° also retain more detail. Although, probability density
functions (PDF) of the LWP show similar patterns at all the gridding scales considered. So when analyzing monthly
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LWP data, the impact of gridding scales is not significant. Finally, this study compared the gridded TMI LWP data
with the European Centre for Medium-range Weather Forecasts Interim reanalysis (ERA-Interim) and NCEP
Climate Forecast System Reanalysis (CFSR), and found that both of these reanalyses overestimate the magnitudes of
the LWP. Gridded TMI LWP data, the ERA-Interim, and the CFSR show reasonably similar regularities in the variance of
the LWP.
Keywords TRMM Microwave Imager (TMI), Liquid water path, Horizontal resolution
(KB I T 20%; 2 DX RS kb 1T 50%, {H
1 3]%‘ =B EJEEINfE . de la Torre Juarez et al. (2011)

Bl BARINTFB D . AR as T Re 32
Tt BAETOR OO RAFASEREF A a] e/
HIE KI5 (Stephens and Kummerow, 2007; 4>
FEAE, 2008). WAL, T BRI B T 2 A
RIS 73 b (Eliasson et al., 2011; #5645,
2011; Fuetal, 2012; Lietal, 2012), XJHUEALL
(R et 1) T AR AR

H TR B AEEE RNT AFESHA
[F], AR g R HA AR B . Lt
ASCE R R WG FINZT AR 25 S () 2 8] 3 R 1
km 7247 (Mitchell and D Entremont, 2012); #%%)
TR R 4322 0] 2 10 km (Ferraro and Marks,
1995 )5 1fiy 1y B F S it 32 52 56 (Earth Radiation
Budget Experiment, ERBE) K484 7= b 40 HER 4
A 2.5° (Hartmann et al., 1992), [AII, H{EAZH
A PR AR 22 T RO R A 22
X 10 km A RO FEEEAT L (RO EAE,
2009; fTHESE, 2012), 1 U 45 R oy 2°0~5°
A% (Dufresne and Bony, 2008). ¥ AL HRM 45 H
INAEE IS i R o o e RN v gy sl
A E AT ILHC, 57 A 7 2300 . () 2540
R, s B TRAR TR (A& R AL BELL K
B 2% 8] o R (R U

53 HE F I AR 2 56 EHE Al ok TE R B s 2
Kassianov et al. (2005) {5 F HbEEULM Z5BEAS 2 1 A
BRI R PE AT BT SO R I, O BH R T A K
I, 3 BT R T0 70 HER IR B R SRR AT W
R . Krijger et al. (2007) ¥ 2 #F2 iAGO LR
(Moderate Resolution Imaging Spectroradiometer,
MODIS) JiEM =HERE (cloud mask) 7= dhALEE
KT HE% 3 kmX 3 km £ 99 kmX 99 km AZE(H)
B, IR IG5 HE 28 ORI 2 DX () B g )
Koren et al. (2008) il 43 #T LandSat 1.65 um S 5}
KR, M FEFE M 30 m FHAKE] 1 km B, B X

R RS i 7 (= R I~ SN Sl S b LAY ) 2
(liquid water path, LWP) X448 5% 05>
HERA G, XEegh AR, 2R RO [ o
S PR M2 358 25 R 3 ) o
(IDANGIRTIS2WNE 2 e SR BT v T EA R A 22 4
TR a5 R I ah R . S, Rk sh ik
PRI 25 SR () 28 (W) 73 e A AR, (HRENS B e 5
] N SEBRRAE DL A B 7K AE & (Wang et al., 2008). A
ST IR A S Al B ot N B R A e
A7 BT R J H I A B AR R .
I, ASON BT G e AL (Tropical Rainfall
Measuring Mission, TRMM) [F§3% 15441 (TRMM
Microwave Imager, TMI) (Kummerow et al., 1998,
2000) AR MERIT LWP = ST TR rifbdb
B, Ao oA T PR ARAN[R) IS 1) ROBE Tl s R A
B, K ST LWP oA, DL
T AR R O A ) B R B B . TR AR
A% s BRI A DU v 30185 Tt v o0 F 23 A
% Hl (Buropean Centre for Medium-range Weather
Forecasts Interim reanalysis, ERA-Interim) (Dee et al.,
2011) 1 NCEP 1540 #7 %k} (NCEP Climate Forecast
System Reanalysis, NCEP CFSR) (Saha et al., 2010)
PRI HT R LWP A8 i (R 06 LA 36 v

2 ERFTE

ARSCAH (¥ LWP 28 ok  TRMM/TMI J i)
57 WRAEBICEAE 2412 R P %
3A12, JAMEMIF] T ERA-Interim, CFSR FiFf i
T AT R

TRMM UL AT AUR A (NASA) Fil
HAZS i) & e 8 (JAXA) A vt dilis, &1
T WM G B K (Kummerow et al., 1998,
2000). % LA T 1997 4E 11 H 27 HRMTHAE, Bl
E R 350 km, (M TSE DA R, £E 2001



6 1 MR M R TRMM S A8 A 2 /K B i1 5 i
No. 6 HENG Zhiwei et al. Impact of Gridding Scale on TRMM Microwave Imager Cloud Water Information 695

fE 8 7 HIFUE 403 km. JL E340E TMIL JIlF
1A (Precipitation Radar, PR) Z£ZM{¥#s, I
B T 10 A7 RS B AT Hi DX 2 R B3 7K U
WEGE, HXHRWRE (€5, 2008; Wang
et al., 2009; XIPEFI{E = &, 20105 X1 iE %, 2011,
Horh TMI 4 9 3838 PR e B A, mT AR = Tl
HIATE A 10.65. 19.35, 21.3. 37.0 F1 85.5 GHz [
ATROBAR S, B 21 GHz H AT T AR ALE E 2 4,
HoR 4 MR RCE T AR EXUR A, &
RAT LRI 16 I8 5 . 2A12 77 o2 A H]
Kkl ER 2k 519 (Goddard Profiling Algorithm,
GPROF) (Kummerow et al., 2001), H TMI &M [
ol it S A B R TR K B GRS K UK
WKFIRROKD BREEE, TH T4 28 2 (N
ML) 18 km w2, A HFFRLA) 5 kmo 16
DAL PRI AS SRS R (AL g m) SREH
4y, EIRAE3] LWP (3fy: g m ) MR, b
T 3 Mk AT RN AR S IR, AR SCH 2
TAEZ A (2008) AHRIIRE midb 7%, BN AEAS
6 A I TR BRI A s AP 1 o R R
TR 2A12 77 L TAE B, 7551 7 A Bk R I B
fr X (40°S~40°N) [f] 0.1°, 0.25°, 0.5°, 1.0°,
2.5° 5 R oy HEAR IS RUER AR . RIS, A T EIEAR
WSS, ASCH 3] T NASA 42435 TMI 0.5°
HP3) 3 9078 3A12. 5 3A12 BdaAF, A0k
1 2A12 BocHdEs mAL RS 21T 5 Mo HEER 4L
i, FIFCh “TMI/LWP #% S 50R .

ERA-Interim & H ECMWF &35 KA 504
PORL, HOKP PR A 0.75° (4h/%) X0.75° (&
e BRI T ECMWF 42T R 40
(Integrated Forecast System, IFS) Cy311r2 #5:{ (Dee
etal, 2011, =/KEEAEHAMHRE, HMHES
P A5 R T B e s SR = T 27316 K INF, =K
A VA EEAG T 250.16 K N4 0kl IR AR
250.16~273.16 K Z[EIN, A=K B =K B
Bl Ca) FEiE I BREL:

2
a= { -1 ) , (D
I, -T,
Horp, T8 RmmiE CRh7: KO, Bl idnas:
wE T =250.16 K, T, =273.16 K (http:/www.ecmwf.
int/research/ifsdocs/CY3 1rl/index. html[2013-03- 20])
X% A RS = KK TE A N1 31 LWP %l .
CFSR P4 #T# kLt NCEP #Hl1E & A, 7K

IHEE N 0.5° (46)5) X0.5° (£4F) (Saha et al.,
20100, /KSR U ) PidR & (Moorthi et
al., 2001). & 77 fELLEL, X CFSR %R =
KEEMASAELRH T ERA-Interim A [7] [
Jiiks

3 HRMO

3.1 AR LWP 24

X RS B AT A I A T SR 1 32 N
2o BESGIEEL 2007 4E 7 A 10 HIGIE AR —
WE R CPIES 54986), I3HiA& AL LWP
BRI, T TR 2A12 JRUAEIE 7 MR S5k
MOR/NIIRER, B L4 TR MG AT 2A12 FF
AE o3 FUEPIIAEA Al 2, X5 TMI [
PR T A K. BT 2412 BRI R 240N
5 km, %M 0107 FRREATHE AL (8] 1a), 3
e VAT 1 A 2A12 40T, BEAS AR R
Ko BN BREARZAB AT BTN, A 0.25°%% 1
REAZCH 6 AL (B 1b), R4S 2.5°4%
PEA S 200 4~ (& 1e).

T Ay HTRE TMI B E80 1F) LWP BEA T4 gk
I, s o HER AR A T s e, B 2 45T
IS 54986 1 2A12 JRn B ou R LUK 5 Phar
K [F) TMULWP #5558 . I 2A12 Jin G oosids
(Kl 2a) w41, LWP EZSMAAE & XU EE DL A 3
Wezsal, HAH—HAE 400 gm 2 LA L, S kn] LA
1400 g m >, XS T 3 XU R R SR i 2 B
SR K AR o G TC B IEATHE LS, AT
Y HERE T I TMI/LWP A% i 5085 5 Js i LWP AH LA
EHAFIFEEE 2 . o 0108 50 WER 5 JrU iR 5
PEEEIT, A% AL E IR T IRGGEAE 411 (& 2b);
TN S 1555 0 R = £ R B 2 NS W AL 17104 A € 8
0.25%%% it (P 2¢) FEAR B T B a4 40 1 1) ] B
TRUE TR S A Sl . BEE S S gk,
LWP [R17KF- 5341 415 2 810 - M 0.5%4% £t (18
2d) LB AN G RIR AL S, IR EE R FE 1
LWP i KA FriEk. 1.0°0 8% (F2e) T
2 XELAATHE B KU e S5 AL, 1T 2.5 s i i &
A R AT 245 TN, LWP S KA R R
1% 600 gm 2.

T O b SR O A SR (1 2 X TMIY
LWP #% s B0 (15200, 4% 8 LWP [R50 KN4



S =7 N R i 19 %
696 Climatic and Environmental Research Vol. 19
25N 25N 25N +
20N 20N 20N
15N e 15N 15N
10N 1% 10N 10N
:A;: T 1 5N — T T 5N .v" T 1
120E 130E 140E 150E 120E 130E 140E 150E 120E 130E 140E 150E
2 3 4 6 10 14 18 22 10 30 50 70
25N 25N
20N 1 20N
15N 1 g h 15N
10N ﬂ . 10N
5N - T — 1 5N —
120E 130E 140E 150E 120E 130E 140E 150E
T
40 100 160 220 280 200 600 1000 1400

1 (@) 0.1°8% 5. (b) 0.25%%H% i, (c) 0.5°4% s (d) 1.0 piy (e 2.5°4% s 2A12 FEASK
Fig. 1 Sample numbers of 2A12 in each grid box for (a) 0.1°, (b) 0.25°, (c) 0.5°, (d) 1.0°, and (e) 2.5°

WarH 3 2% LWP<<20 gm > (fjFR A BFEAD, 20
<LWP<180 g m > (fii#k B 2%), LWP=180 gm °
(fRiFR C 280 Horfr A Bmf I “BE= 7, B RN “A
27 (Weng et al., 1997), 1fij C 24 FIWT 0 “H %K
(Wentz and Spencer, 1998). 3 RFEA 5 BFEARL
ILLEan P 3 s, W 3 nf LA A, BEE M
KA R, A FEREAS Ay RORE AN H I L g3 2 3 B
i, B RBEARMELBIAAAS K, 17 C KFEA [ L]
Ther . X E B R W T T A% 5 R B
LWP HH T i s 2 ma, R BE A5 4 00 R AR
HL, 20 WS WSO “Ba” 8 AT
/K7, 1X5 Krijger et al. (2007) 4518 —%. [A
I ] DU Y, 0.1° 73 HE 2 I U8 4% 25 4%
A S L) SR ah B B, 0.25°811 0.5°4% mi
5 I HOE (1 25 A/ o T 1O 2.5°K% sk £ dh
(1 A ZEFEAPT & L) B R s E e 1) 26% PR % 2
20%, C EFEAPT & LA i R L E5dh 1 30%4% Jin 3]
35%.

h T NGETE EarHas AL LWP £l 1 s,
HETE 2 X, (5°N~25°N, 120°E~150°E) H
{16 J5 U Al AT 1 BE WP RSB AR 25 (45
BRI, WE LA, B AR EAK,
LWP “PIERIbRUE 2 #00 BT B . 5 R s B AH
b, 2.5°%% miff) LWP P39 FFE T 8%, bz

B T 39%, B m A T3 S A B0l 2R AR B
N B8 A1 (T

F1 JRIGEHRE ARG R EEE R LWP B I EFIREE
Table 1 Means and standard deviations for original pixel
and gridded liquid water path (LWP)

/g m Frifk2E/g m
R AEih 166 213
0.1°%5 14 164 207
0.25%K% 54 164 205
0.5°H% 4 163 189
1.0°K% /4 161 168
2.5%HK4 152 130

gr bmram, e RBEBIR AR BER R s B ik
AT AT, A FH A ROBEAN R T 0.5 FR A% s s Ak
RAE, Horb, 0,191 0.25%8% 5570 % i e A B Dt
CEBE RN, 1.0°AT 2.5 s Hd (40 1 B oK
FRBE 1)1
3.2 AR LWP 44h

IR i N (Y SN o N U WE R )
LWP s m5gmm, {EH 2007 4 7 AR 2A12
Boodl (21 480 BB, T 5 R HERIN
HFY) TMULWP % mi8dli o e PH RSP B it
X ¥ LWP 43 A& 4 Fros. B i 3 Afr nl %0,
0.1°F11 0.25°4% L BE T U MR B LWP [940 A 4i s,
AR B g wnt: K 4a f14b vf%n, JEETELL



6 11
No. 6

MR M R TRMM S A8 A 2 /K B i1 5 i
HENG Zhiwei et al. Impact of Gridding Scale on TRMM Microwave Imager Cloud Water Information

697

|

15N

10N

‘(e)i

25N
20N -

15N

10N -

(b)!

5N .
150E

140E

|

130E

120E
25N -

(d);

150E

T

140E

130E

120E
25N -

®

5N T L T 5N T — T T T
120E 130E 140E 150E 120E 130E 140E 150E
BN [ [ [ [ [ ]
0 200 400 600 800 1000 1200 1400 g m

K2 () FUAGICEEE WP & (b) 0.1°, (o) 0.25°, (d) 0.5°, (e) 1.0°, () 2.5°H% ifb A LWP ({1404 CBLIE Sy 54986)
Fig. 2 Distributions of LWP for (a) original pixel data and (b) 0.1° grid, (c) 0.25° grid, (d) 0.5° grid, () 1.0° grid, and (f) 2.5° grid (orbit number 54986)

FVETT LWP %3 K T 40 gm 2, & K TT LU H] 160
g m 7y [T DA R, R R A o 1 R
(Bl 5880 gpm 57 #Lebrh, XEAFH T
CFSR [N 34 FE 5 ) LWP ik, 1 X
AT LU F] 40 g m %, X b Feng etal. (2011) Xl
Pt R T B g5 e . A
H, HJUE L LWP (155 Aii 1252 K SRR
W, R TMULWP % S30E 1K 74
AHFEAR =S T EAVERT) 5 F TMI/LWP
B R EAT U0, Pl P F SR A 5226 260K TMI 3A12
Pl WP KT 40 g m X, Hid 2,500 i

(1) TMULWP k& s58cis (B 4e) f TR, LWP
7K o3 A S 3A12 P2l 25, e PRRm
TMI/LWP #% 5 5085 5 3A12 7= A8 0 AT 3 5
RS
T B 2k M s TMI/LWP k% S8 5 3A12
FEEn R, B S 45 Ty 140°E 461 LWP (1)
3. MEL S AT, LWP 30 H I S5 i 2 BE ARG
HI LWP B2 5 A8 Mg Wim b, ok 110 g m”
HYBLAE 29N, J5e/ME 30 g m 2 B/ B A o TR 42
I IR, (15°N. 199N Fl 27°N). B T 2.5°%% s ()%
HEERECRME LWP BELE b E o, HY



U I T N 7 T 19 %

698 Climatic and Environmental Research

Vol. 19

50%
w1 p n 17

30%

Percentage

20% -

10%

pixel  0.1° 0.25° 0.5° 1.0° 2.5°

| —// I

LWP<20 20<LWP<180  LWP>180 gm?
3 TG T LA R kS B AN ) LWP S R RE 45 5y S A
R EA]
Fig. 3 Percentages of samples in different LWP ranges for original pixel

and gridded data

10N

120E 130E 140E 150E 160E

120E 130E 140E 150E 160E

120E 130E 140E 150E 160E

3A12 PERMFAERERZE AN, e 4 B R R
REHEHL 3A12 7= AR IR N OC R .

6 45T 5 B HER I TMULWP #% 55 5
DA K 3A12 7 i IR MR 28 %% B2 73 A ( percentage
distribution function, PDF). #1118 6 AJ 41, 3A12 LWP
KECRIL A IEA7 A, 90%IREA 15 #HE 20~100 g
m o W HELE S0 gm 7, WEEN 10%. 5 Rl
Hdii¥) PDF 43415 3A12 p= @A . 25 BInA,
] RPER) LWP BEATHS s AL BN, i p% (0.1°,
0.25°H10.5°) REfREA S Z 407y MGk EE, %
TSR IR — SO R LWP [T, 4>
HER AR LWP Sl e mae e Fflih,
X7 ROBE (s s BE A T 404, g5 AR, XA
HER.

120E 130E 140E 150E 160E

0 dm— !
120E 130E 140E 150E 160E

80 120 160 gm?2

K4 2007 4F 7 APGAEEBE X [F) TMULWP 5 Ff 2 93 1% S SR 0 40 A CRZE7R 2007 4F 7 H 3A12 77 LWP KT 40 g m > (R HK, 114k

3500 hPa % 5880 gpm 257 #42k)

Fig. 4 Distributions of gridded LWP in the Western Pacific warm pool region in Jul 2007 (black lines indicate regions where LWP of 3A12 is greater than 40

g m™, white line indicates 5880 gpm isopotential at 500 hPa)



6 1 W GRS M A RUBEXT TRMM R I A5 A3 2 7K B (0 5 i

No. 6 HENG Zhiwei et al. Impact of Gridding Scale on TRMM Microwave Imager Cloud Water Information 699
150 ' ' :
i —25° i
i 1.0° i
120 ——0.5° B
i —0.25° I
o -
c 90 H
o
o .
= 60
30
0 | 1 1 |
0° 5°N 10°N 15°N 20°N 25°N 30°N

Kl 5 WYl 4 b 140°E £k TMULWP K54l (BI520R 3A12 77 iy LWP)
Fig. 5 Magnitudes of gridded LWP along 140°E in Fig. 4 (shadings indicate 3A12 LWP data)

12% PR R R AT N N !

Probability density function
(o]
N
|

[ T 1 T l T 1 7T I L l L I L l L

0 20 40

60 80 100 120

LWP/g m2

K6 2007 £F 7 HHGTRIFGHET (40°S~40°N) 5 Bk s Hdli A& 3A12 7l R BT 278D () LWP f) PDF /) Afi
Fig. 6 Percentage density function(PDF)s of gridded LWP and 3A12 LWP data (gray histogram) in tropical and subtropical oceans (40°S-40°N) in Jul

2007

3.3 LWP &S &UERIN A

W B 2A12 HAREAT AR, 133 T 24
BHE) S B #eE ) TMI/LWP kg g, ixdt
H i £ w DL A 1 S AR AN [ A R RS RS X Bt
BHR S . X B, L ERA-Interim I CFSR Pjfh
TR TR Ml AT e . T ERA-Interim Al
CFSR 7K P03 4373k 0.75°F1 0.5°, J%HL 0.5°
) TMI/LWP k& s b A 7565t 04

N T NEEAKR T LWP [ SAR A ARFAE, K] 7
YT 3 FIPOEL 2002~2009 4ESEE) LWP ({4377 o
M TMULWP k% sz nl 50 (& 7a), LWP {E#uiy
IR R X AEAE T X o JLr RS AR
B BN BEVE DL S K PH AR B T A E T K= K =

(Weare, 2000), LWP 1] LLix%] 80 gm . [Ali, 7
IRERRA W B KRR 2K A, X HIZHIX
WARAFAE PG B 0% Ak, madbpakipg )y



S =7 N R i 19 %
700 Climatic and Environmental Research Vol. 19

30N

30S

30N

30S

30N

30S
0 60E

0 20 40 60

180 120W 60W 0

80 100 120 140 gm?

B 7 2002~2009 LEHGHTFIRIBHFETT (40°S~40°N) (a) TMILWP #% i%di. (b) ERA-Interim DK (¢) CFSR #Ek}H LWP ¥4 A1
Fig. 7 Annual means of LWP from (a) TMI gridded data, (b) ERA-Interim, and (c) CFSR data in tropical and subtropical oceans (40°S-40°N) during

2002-2009

12% PR I TR SR A A S N S S N S S R S
10% -
8% -

6% 4/
4%

Probability density function

2% -

0 —— T
0 30 60 90 120 150 180
LWP/g m2
K8 [ 7, {2 LWP [¥] PDF 74
Fig. 8 Same as Fig. 7, but for PDF of monthly LWP

& LWP RAEH 0. 5 TMI/LWP #% s s AH LG,
ERA-Interim ([¥] 7b) 1 CFSR ([&] 7¢) #BHER LT Hy
FIL LWP Rk A e, g m i 7 LWP
PIEAE, A S S E AT 2 Rl B K ) e i 2 34 X
FpaE B AT gER A (Chevallier and Bauer, 2003).

TMI/LWP #% 5 %085 1) PDF (J&] 8) L 2007 4E
7H (B 6) Kl HAMTE S0 g m > F7fE— Mk
i, MERBRN 1%, FEARRKZ A0 20~90 g

m > Jaf . ERA-Interim {4 #7% kLK) PDF 434
k5 TMULWP # U8R 2R, W HILAE 50
g m?, WEREE N 8%. CFSR [ It BLZE 10
g m’ (7%) MHE. [FNETURIL, PR
Poklh, LWP ¥t 80 g m ” HIREA S LL IR
ZF TMULWP #% S, X BRETmE 7 45
LWP [ 9 A A & e

T T f# 2002~2009 AEWIEIK LWP 401
B, VHET 3 R RGE R TETT (40°S~
40°N) [ LWP HEE¥- Canl& 9 ). W3R B&,
3 RP TR BRI A R (AR A A, B KB BE
SEAR M ILE 2007 4F (5 gm0, d K 6 S H
7E 2002 £EH1 2005 4EER (=5 g m D), KRWT
LWP XS AR i ma )3 o [A]t m LR B, R T
VTR EMEE RS T LWP [ASLIR R, £
BTtk LWP 5 TMI i 45 B0 SRR AR SR A7 A

/T. 71 o

4 FigFEL

R GRS AR 56 70 A P A AR KR



6 11
No. 6

MR M R TRMM S A8 A 2 /K B i1 5 i
HENG Zhiwei et al. Impact of Gridding Scale on TRMM Microwave Imager Cloud Water Information

701

—TMI

A

o 404 CFSR ———ERA-I
S a |
o 207 A
3 0.0 JAATH A
g M TR AV R
£ I\ VAT N AN
o -2.0 .- co \7
£ 3 Wioovy

-4.0 '

" I\
PR
AW /‘/\

ol .\lm‘

W
W

2002 2003 2004 2005 2006 2007 2008 2009

Year

K9 [E 7, {5l LWP [\ HERT
Fig.9 Same as Fig. 7, but for anomalies of monthly LWP

WA T Hs RO S R AP 2 52
N T AT R, SRt TR A A T A 2]
B B . A SOR PR IRH A RO R IR IR0 B
K3z A4 [ TMI 2A12 7 6 (119452 06 LWP B 3k
17 TR T4, A2 TS Fheas Tm) o0 R (V0% i Kl 42
FEAHT T 53 HEER 10 5O P 3 B R 5 dls R FLA o, &
W

5% RORE 3 R AR BE IR R A0 B AT 4
ik, BT 2A12 BRIk R L4 5 km, K
6 AT 0.5°1RIS i 50 d e A B o8 22 (1 41y
I HARER AN WH PR T4, LWP 1534 5
KIEIRRAT BLUF (0 R Ferr 0,10, 0.25°H1 0.5°
B B R RER e 2] LWP [Ra3Aadns. 2507
1350, 5 BhorHE A% S8 S 3A12 Hdli it PDF
AR, LG BF, S AR &L
(AT S S FRURE (19 28 A 0 5 1) 5 i ¢
/N

B, AHZERY TMULWP A s g, X
ERA-Interim I CFSR #4347 %8 EHK LWP [ s
TEARCT XL AT o S5 R, PIRR P2 T TRLER
{7 LWP. TMI/LWP ¥ fi%dis. ERA-Interim Fll
CFSR 1] LWP K I AH [ AR A A o

A% R AR 1 g S T DU K Hbk > £t 1, B
G RHAE IR o Jolth, [ Py oh2 gt Al FH 3
(BT BA ATAGTVR G T KV BR/K (UL HESE, 2008,
2010). LWP (O’Dell et al., 2008) k& SEHE4E, X
SR K BF I R IE SRR T (.
TR RN, ASCH B 5t nT LU+ Hoph B
SO (Wang et al., 2008, 2009); J4h, A
AR T 55 50 H B 15, s s Ak 7 vk
BB 5 1 AN [FDG) W9 ks 0 238 A T4 5, 31X

FEPATARR AR [0 25 1 )

BUgt ARSI TMI 2A12 Rl 3A12 $d Hh il ek

BEEHEREAME BRS F0 (GES DISC) #4ft, ERA-Interim

1 CFSR T 43 #1 ¥% KF 43 71 i Bk wp 347 K < PR op o
(ECMWF) F1 NCEP #I{EJf 34t

S Z3Hk (References)

Chevallier F, Bauer P. 2003. Model rain and clouds over oceans:
Comparison with SSM/I observations [J]. Mon. Wea. Rev., 131: 1240—
1255.

de la Torre Juarez M, Davis A B, Fetzer E J. 2011. Scale-by-scale analysis of
probability distributions for global MODIS-Aqua cloud properties: How
the large scale signature of turbulence may impact statistical analyses of
clouds [J]. Atmos. Chem. Phys., 11 (6): 2893-2901.

Dee D P, Uppala S M, Simmons A J, et al. 2011. The ERA-Interim
reanalysis: Configuration and performance of the data assimilation system
[J]. Quart. J. Roy. Meteor. Soc., 137 (656): 553-597.

Dufresne J, Bony S. 2008. An assessment of the primary sources of spread
of global warming estimates from coupled atmosphere—ocean models [J].
J. Climate, 21 (19): 5135-5144.

Eliasson S, Buehler S A, Milz M, et al. 2011. Assessing observed and
modelled spatial distributions of ice water path using satellite data [J].
Atmospheric Chemistry and Physics, 11 (1): 375-391.

Feng S, Liu Q, Fu Y. 2011. Cloud variations under subtropical high
conditions [J]. Adv. Atmos. Sci., 28 (3): 623-635.

Ferraro R R, Marks G F. 1995. The development of SSM/I rain-rate retrieval
algorithms using ground-based radar measurements [J]. J. Atmos. Oceanic
Technol., 12: 755-770.

27K, TRFZR, XU, 45 2008, J T LA E5 A PRI 1) I 5 A
2 B BRKTERPERHE AT [J]. B4R, 66 (5): 730-746. Fu Yunfei,
Zhang Aimin, Liu Yong, et al. 2008. Characteristics of seasonal scale
convective and stratiform precipitation in Asia based on measurements by
TRMM precipitation radar [J]. Acta Meteorologica Sinica (in Chinese),
66 (5): 730-746.

Fu Yunfei, Heng Zhiwei, Li Tianyi, et al. 2012. Evaluation of WRF model



qofE 5w 5 19 %
702 Climatic and Environmental Research Vol. 19

hydrometeors based on TMI observations using an indirect method [J].
Atmos. Oceanic Sci. Lett., 5 (1): 32-37.

Hartmann D L, Ockert-Bell M E, Michelsen M L. 1992. The effect of cloud
type on earth’s energy balance: Global analysis [J]. J. Climate, 5 (11):
1281-1304.

I, GrtE, 28722, 4. 2012, 2008 4F YL 2T H AL R 1Rk
R BRI 254 [T, USRI ST, 17 (1): 46-58. He
Hui, Jin Hua, Li Hongyu, et al. 2012. Preliminary study of the mesoscale
numerical simulation of the rain mitigation operation during the opening
ceremony of the 2008 Beijing Olympic Games [J]. Climatic and
Environmental Research (in Chinese), 17 (1): 46-58.

A, T, AT, A5 2011, JETTMIF S %RE0 S 2k gt
4%1‘%%& ] H’JK%/% MIT 0] KRR, 35 (3): 506-518. Heng Zhiwei,
Yu Rucong, Fu Yunfei, et al. 2011. Evaluation and analysis of simulation
capability of hydrometeor variables in numerical models based on TMI
products [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 35
(3): 506-518.

Kassianov E, Ackerman T, Kollias P. 2005. The role of cloud-scale
resolution on radiative properties of oceanic cumulus clouds [J]. Journal
of Quantitative Spectroscopy and Radiative Transfer, 91 (2): 211-226.

Koren I, Oreopoulos L, Feingold G, et al. 2008. How small is a small cloud?
[J]. Atmospheric Chemistry and Physics, 8 (14): 3855-3864.

Krijger ] M, van Weele M, Aben I, et al. 2007. Technical Note: The effect of

sensor resolution on the number of cloud-free observations from space [J].

Atmospheric Chemistry and Physics, 7 (11): 2881-2891.

Kummerow C, Barnes W, Kozu T, et al. 1998. The tropical rainfall
measuring mission (TRMM) sensor package [J]. J. Atmos. Oceanic
Technol., 15 (3): 809-817.

Kummerow C, Simpson J, Thiele O, et al. 2000. The status of the Tropical
Rainfall Measuring Mission (TRMM) after two years in orbit [J]. J. Appl.
Meteor., 39 (12): 1965-1982.

Kummerow C, Hong Y, Olson W S, et al. 2001. The evolution of the
Goddard profiling algorithm (GPROF) for rainfall estimation from
passive microwave sensors [J]. J. Appl. Meteor., 40: 1801-1820.

LiJ L F, Waliser D E, Chen W T, et al. 2012. An observationally based
evaluation of cloud ice water in CMIP3 and CMIP5S GCMs and

contemporary reanalyses using contemporary satellite data [J]. J. Geophys.

Res., 117 (D16): D16105, doi: 10.1029/2012JD017640.

UM, 827K, 2010, AL G R F TS RN 45 Ak B 2 v [ w75 A
N Z B K SARRHE R 08T (7). KR, 34(4): 802-814. Liu Peng,
Fu Yunfei. 2010. Climatic characteristics of summer convective and
stratiform precipitation in Southern China based on measurements by
TRMM precipitation radar [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 34 (4): 802-814.

MR, MEF, R 2011 FE TR B A AR AR K &
PRITT S (1. KAEE, 35 (5): 903-911. Liu Xiantong, Liu Qi, Fu
Yunfei. 2011. Daytime precipitating clouds identification scheme relying

on optical thickness and effective radius [J]. Chinese Journal of

Atmospheric Sciences (in Chinese), 35 (5): 903-911.

EOEHE, TRE, MR, 45 2009. WRERLE M HE 400 5 38 5 4 1 K
ARBERB S []. m{% SEMEREST, 14 (1): 85-96. Lii Guanghui,
Yu Entao, Xiang Weiling, et al. 2009. Effect of horizontal and vertical
resolution on WRF simulation of the unusual rainfall event in Xinjiang [J].
Climatic and Environmental Research (in Chinese), 14 (1): 85-96.

Mitchell D L, D’Entremont R P. 2012. Satellite retrieval of the liquid water
fraction in tropical clouds between —20 and —38 °C [J]. Atmos. Meas.
Tech., 5 (7): 1683-1698.

Moorthi S, Pan H, Caplan P. 2001. Changes to the 2001 NCEP operational
MRF/AVN global analysis/forecast system [R]. NOAA Technical
Procedures Bulletin Series No. 484 (http://rda.ucar.edu/datasets/ds093.0/
docs/484.pdf [2013-03-20])

O’Dell C W, Wentz F J, Bennartz R. 2008. Cloud liquid water path from
satellite-based passive microwave observations: A new climatology over
the global oceans [J]. J. Climate, 21 (8): 1721-1739.

BRehE, A, HAEE, 4. 2008, JLAESk KBRS IEE [J]. K
SR, 32 (4): 841-853. Qiu Jinhuan, Wang Pucai, Xia Xiang’ao, et al.
2008. Recent progresses in atmospheric remote sensing researches [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 32 (4): 841-853.

Saha S, Moorthi S, Pan HL, et al. 2010. The NCEP climate forecast system
reanalysis [J]. Bull. Amer. Meteor. Soc., 91 (8): 1015-1057.

W, fEg2o, MRS, 4. 2008, HE 55 AR TIKIR H P B 4R
PRI ST MRS BESEAY (7], 752 4R, 66 (2): 283-291. Shen Yan, Xiong
Anyuan, Shi Xiaohui, et al. 2008. Development of the grid-based ground
water vapor pressure over China in recent 55 years and its accuracy
evaluation [J]. Acta Meteorologica Sinica (in Chinese), 66 (2): 283-291.

LR, ALK, SRR AF 2010, FREZ BRG] )
A% 24, 21 (3): 279-286. Shen Yan, Feng Mingnong, Zhang
Hongzheng, et al. 2010. Interpolation methods of China daily
precipitation data [J]. Journal of Applied Meteorological Science (in
Chinese), 21 (3): 279-286.

Stephens G L, Kummerow C D. 2007. The remote sensing of clouds and
precipitation from space: A review [J]. J. Atmos. Sci., 64 (11): 3742—3765.
Wang Y, Fu Y, Wang Z, et al. 2008. Retrieval of liquid water path inside
nonprecipitating clouds using TMI measurements [J]. Acta Meteorologica

Sinica, 22 (3): 342-350.

Wang Y, Fu Y, Liu G, et al. 2009. A new water vapor algorithm for
TRMM Microwave Imager (TMI) measurements based on a log
linear relationship [J]. J. Geophys. Res., 114 (D21): doi: 10.1029/
2008JD011057.

Weare B C. 2000. Near-global observations of low clouds [J]. J. Climate, 13
(7): 1255-1268.

Weng F Z, Grody N C, Ferraro R, et al. 1997. Cloud liquid water
climatology from the special sensor microwave/imager [J]. J. Climate, 10
(5): 1086-1098.

Wentz F J, Spencer R W. 1998. SSM/I rain retrievals within a unified
all-weather ocean algorithm [J]. J. Atmos. Sci., 55 (9): 1613-1627.



