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Abstract: Based on Global Precipitation Measurement ( GPM) and 40 weather stations in Tianshan
Mountains, a new error correction method (MERGE) is proposed and compared with the widely used geo-
graphical different analysis (GDA) method through cross-validation. The results indicate that both GDA
and MERGE methods can improve the accuracy of Tropical Rainfall Measuring Mission (TRMM) signifi-
cantly, The MERGE method not only improve the spatial resolution of TRMM, but also has higher accu-
racy than GDA method on annual and monthly scales. The error of corrected TRMM data varies greatly in
different months. It has larger error (MAE™3 mm) in the rainy season (April—October), but less error
(MAE<{3 mm) in the dry season (November— March). Besides, the MERGE method can effectively im-
prove the error in high altitude area and less depends on the original TRMM data, with the R*=0. 47. So,
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even in local areas where the TRMM data have poor performance, this method can also reduce the error ef-

fectively.

Key words: satellite precipitation data, Tianshan Mountains, correction, GPM (Global Precipitation Meas-

urement) , TRMM (Tropical Rainfall Measuring Mission) , meteorological stations
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Fig.1 Locations of Tianshan Mountains and

40 meteorological stations
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datasets correction proposed in this study
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Fe GDA iR (4n 2011 4, GDA: RMSE=61. 73 mm,
MAE = 51.29 mm, Bias = 0.24, R* = 0.88;

MERGE:RMSE =60. 81 mm, MAE =49. 42 mm,
Bias=0.17,R*=0. 84) , X ] it J& | T MERGE 7

(a)

Std dev: 127
Range: 65~1037 mm

Std dev: 176
Range: 36~1301 mm

Std dev: 158
Range: 41~1074 mm

Precipitation/mm

B <100 [ 200~300 []400~500 [ 600~700 (I 800~900
I 100~200 [ 300~400 ] 500~600 [ 700~s00 [HII >1000
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L= km

B 3 2011 4 K L 4F K &4 A
() JE 1 TRMM_V6, (b) % 3iF MERGE 77 #:# IF J§ B¢ 7k TRMM_MERGE,

() 4id GDA K IEJE K TRMM_GDA

(F 3a.3c WU HER N 0. 25°, [ 3b 40 PSR 0. 05°)
Fig. 3 Annual precipitation in Tianshan Mountains in 2011
(a) original TRMM_V6, (b) corrected precipitation with MERGE, TRMM_MERGE,
(¢) corrected precipitation with GDA, TRMM_GDA

(Figs. 3a and 3c are at 0. 25° resolution, Fig. 3b is at 0. 05° resolution)

500 800
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i g i L A i 4007 0.
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A A 1A BK O Py A
Y 2001 Ly 25 4 g L pafes
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Fig. 4 Scatterplot of the three sets of satellite products versus
the measured annual precipitation in Tianshan Mountains
R2 RUINBHREMASFREAWNZEFRERKERIEINGETEER
Table 2 Statistics of validation results of 40 meteorological stations on annual
precipitation in three typical years in Tianshan Mountains
AE Ay L& R? RMSE/mm MAE/mm Bias
2008 H (wet) TRMM_V6 0.72 77.96 55. 88 0.22
GDA 0. 84 49.92 42.12 0.29
MERGE 0. 81 42. 47 36. 36 0.15
2010 4 (dry) TRMM_V6 0.61 126. 94 91.62 0.21
GDA 0.71 98.93 71.82 0.26
MERGE 0.69 94. 39 65. 34 0. 20
2011 4 (average) TRMM_V6 0.77 112. 25 77.12 0.23
GDA 0. 88 61.73 51.29 0. 24
MERGE 0. 84 60. 81 49.42 0.17




388 A

% 5 44 %

125 23 it K B9 AR H ) MRS R . Willmott et al
(2015)A g, A48 R* K BT ok HE B0 IR 72 i 5 A
P B AR G B L AH B AR A 2 — Fh iR PR AN
TEN 845 (Xu et al . 2015) . 34k, AR GDA 7E 3 4F
b R* {H#% 5 - RMSE il MAE W{EARXT T V6 A
JIE R R B2 Bias 38 80 HE V6 &L AT RE R AE O R
BRE SRR T I AR S AT
A I35 22 5 R ol A7 (L 5 B80R) 9 b DX e K
B4R AT A Bias 60 K. 456 20 B & UG 148
#5 s MERGE R I AL BELAR K R® {8, Rl /N iR
22 (RMSE,MAE, Bias) B 1F. V6 5[ K85 .

2.2 WAKBKMRELER

T RMSE G &M 5 MAE MR #2281k
B, DRl btk MAE (K, B & SC ik i
R FEATH A 1 3 R RS BE PR 45 21 I L AR A
MAE # Bias 8 5OREAN V6 H FEKEE B AL I 25
W K5 & V6.GDA . MERGE 7 = /™ 85k 4F 13 1
JBEK 555 5 S2 00 A B K MAE, Bias B [8] 25 16 )7
GV, B Sa F WL FERE KB Z W 2R (4—10 )
MAE>3 mm, 7€ [ /K012 (11 H BIRA 3
HOYMAE<3 mm, A] fig tH T TRMM X} 1l X & 7= ¢
S I [ 550 0 1) 6] 90 TR 58 25 KL B AR R AT T
SRR 25 IE  {HL 33K 0 352 2 N 1] s A b 1% 346 245 GDA

20

ARk (a)
- =&~ = MERGE X t60 &
154 ---0--- GDA 2% X g
é - TRMM_V6 e A\ X2 o i
<10 ]ﬂt SRS A XX: aBa y ’40%\‘
SV SR VY L el &
Kt BA . X R RS VA B
= sk |8 X ¥ e Ykt —20_{5%
- R ¥ Ll
A
0 i i 0
4
3 - =~ MERGE X (b)
1 - GDA
---x-- TRMM_V6
“ 2’ X
S x % %
2 1 ¥ o ; iR\X‘ X,oix X
Tok ] ; Xa o oX x
9Ax X% P AN £\ XK
£ X HKye K Y Ao BE K L
0] by daihed il ittt dmekd
50" ° o} 9 0% o o
-1 T S T
1 4 7 10 1 4 7 10 1 4 7 10
20084 20104 20114F

A
5 Z=EEBRAEM N V6 .GDAMERGE
5520 3 A Bk MAE(a) , Bias(h)
I TR] 22 1 37
Fig. 5 Time-series of MAE (a), Bias (b)
between V6, GDA, MERGE and measured

monthly precipitation for the typical three years

5 MERGE., B fifi 76 0 2= () ~F- ¥y iR 22 8K, SR,
5b 1 Bias W R [F] MAE A S i) #a e, BITE
WK% 2 BT 25 (4—10 J1) Bias {675 0 i, 76
KB TRAL HZIRAE 3 ) Bias (8K ¥
234 B IE 5 1) GDA L MERGE K 8k & i 2= 1) B
K S T AE R 25 1) i 2 T 423 0 (AT RE A IE B fi 22 7 1
45 . BRI S . GDA . MERGE ¥ #8 4 % KA
V6 77 i iR 25, MERGE 7= il & 1 & B 25 53 BF R
) GPM 5 sl ul s 45 B R ERAE. %3 GDA
5 MERGE 7 T8RRI T) . A L BEX T8 FT
V6 7 o AT IR 2R OE .

&l 6 & AN [F] i AR 4F N MERGE, GDA J V6 5
S R 22 A0 A R, V6 R 25 Y R ARV A b X A
K (— 200~ 200 mm), [fi £ & 1E J5 B MERGE
(—60~90 mm) 5 GDA(—90~120 mm) , ~N{LH{E
AR G TRMM 7= 5, i i 22 36 [ 3 3273
WZTET 0 {6, &KW MERGE fil GDA J7 ik 7E1K
VAR M DX RS IE R B R . AR 78 P R X,
R MERGE(31 mm) 5 GDA (52 mm) i 7§ 7 U
V6 (63 mm) /) AHEATR V6 35225 i sl 16 L /)
JoH 2 GDA(—70~120 mm) K iF J5 7 5. 5 V6
(—50~100 mm) AH Lt , 1M 34 0 7 H 5% 22 38 [ 3R
B 7 vk e b i kO IX R JR BR . MERGE 5
GDA ¥JREA AP ARSI R L X V6 7= S iR 22,
HJZE MERGE, 3L 55 0l s e/ 10 12 22 Y0 [
P WY B A OG0 A 53 A i /0 1) R T A M X 2ok
MERGE #% 1F J7 3 1 0] DL B 31 BOZ X A9 B K 5
B BR L BRRRL IE J7 i X AR A AL R AR A AR
WiR2: , MERGE 7= i fil &5 T GPM 5 55 1 B 7K
5B TEA R N R B R IR IERCR .

200

- 8 GDA
! 8 MERGE
100 T BV6
= ‘ T T
£ | B H I .
8 0 ] Ll
o o -
—1001 ¢ |
—200

K 6 A4 GDA.MERGE, V6
R G0k SRS 6 LR IE
Fig. 6 Boxplot of the error between GDA,
MERGE, V6 and meteorological stations

in different elevation zones



A W5e g 4F - TRMM. T3 e /K B8 7 5K 1 iy X A IE J5 i 15 889

(D 1T 1l X TR 2 2% L B K 52 BT BT Fl
HE G B 19 52 W, 3R B0 R 1 &S ] 22
(Krajewski et al, 2003), /K 7E WA~ AH 4B A 4 km
X4 km By GEOS-12 T2 & 50 8] A fE 2 % B
36.5% MF%E/K 2% % (Harmsen et al, 2008) ., #&X1M,

RZHO TRMM B4 £ 0F 1Y 7 ¥ #2013
ROBERONE s BAEJEL IR 43 B 3T X H 47 42 1E (Chee-
ma and Bastiaanssen, 2012; FiE S, 2013; Jia
et al, 2011; Wanders et al, 2015) , 413 3 fh/n ., 3
TR 1) 25 18] 22 5 A SCHR ) MERGE 5 2
I TR 7 b 3R 35 11 X B K o A (I 3, B 40 5 R
TE G0 w03 A s /0 1 e i AR X 8 i MERGE
J5 WA AT DA AR IBGZ X I R K A5 B (L 6) .

R3 KN-SEARPEANRERER X

Table 3 Bias correction techniques commonly used in hydrometeorological studies

SCHR i ¥

23 [ia) /16 i) 43 B 2 A B

Cheema and

32 ol RVE R R BR . BLAE

Basti i H 2% S 53 A 0.25°X0.25°/mon  FERKIEHZES R b A S 1
astiaanssen(2012) N
BUNL

YRS ST A N )
Cheema and o . e BRGNS, H ek RiE
Bastiaanssen(2012) 1A 5 b 0.25"X0. 25"/mon :l;@?&{TEUJE 75 [ 6 R AR S bk

s e B RS 2 1l SR ok

T (2013) 1 S0 0.25x0.25/a PETEFIER e e e 1

N Zasy

&+ NDVI fil DEM #9

DL BUGE 24 1) B 4 1 1
XE UL HE B 8 57 FR UK 5 ND-

Jia et al(2011) e 1 kmX1 km/a A PR VIR AW EN LRI
F UL KB 4 A B

. N [ BRI ELISEE H DA

B R VA A% . o s 1] 43 B 5 5 5 SE I . o R

Wanders et al(2015) %ggéi‘ﬁ 0.25°X0.25°/d ;gﬁﬁ*iﬂ % Hd wn 1 il ¢ A i A7 7 iR

%

(2) Cheema and Bastiaanssen (2012)1\ N 1F
Ja 7 i ORS BE BCH F R i TRMM 08 (9 KS B R
FH R 7K B (R RUBE () R A AT IR AT . A SR

GDA-R?

0.2 -

0.0 L L L L
0.0 0.2 0.4 0.6 0.8 1.0
V6-R*

H V6 .MERGE.GDA ¢ H F& 7K 55 7] v 5 55 P 16
R* {ERBT B 1 TRMM 44 4 5 X5 A% 1 45 R 1
S, W& 7 A on s GDA NS 5 V6 ks i A AR

1.0

0.8

[l
[=))

MERGE-R’
=
=

T

0.2

0.0 L L L L
0.0 0.2 0.4 0.6 0.8 1.0
V6-R*

Bl 7 V6K E /515 GDAG) N EEFl MERGE(b) K B 19 1l &
(1 : V6-R? \ MERGE-R? \GDA-R? 352 V6 . MERGE,GDA [q] i & 504 59 R? {85)
Fig. 7 The scatter plots of accuracy between V6 and GDA (a), MERGE (b)
(Note: V6-R?, MERGE-R?, GDA-R? are the R? value between V6, MERGE, GDA and measured stations, respectively)



890 A

% 5 44 %

58 B A 5 PE (R* = 0. 80) . £ W] GDA J5 ¥ %} Jf
TRMM 7= 5 A8 1 55 . 4k 7R T K E6 2 V6 1Y iR
%, AXTT GDA,MERGE WA B 5 V6 A5 B (14 4H
KRS (R =0. 47, 454 EX=F 7 e H
RUEE B 0953 B 46 3%, 2 WY B 7 I i TRMM. 44
KA LT . MERGE J7 5 13 fE A &% B I
w2,

(3) GPM 1R # — AR B 7K U T2 H5 40T
et i) GMI 5 DPR., 48 4k 55 B 25 43 ¥ 238 0 [ 7K 4L
P AT F TMPA 3B42V7, GPM 5 il 5008 I %5 4
FH 24 LR 28/ (Tang et al, 2016), {H & H B 1
B[] 91 450 (2014 4F 3 & 2016 4 3 )L, H
2 4t 9 S BRI K AT AEAE — /8 B R 25 . T AR S
W4ER) GPM [ K Bodls (2014 45 3 H & 2016 4 3
HORAZIE TRMM, 1 F B K 434 i) 25 22 Ak,
AR FL e ARy CH 03 o K B AS B 8 P oL R
Wl J5 225 2 GPM 7™ (i 1) & A s A7 b B 3 U K
BF ] 5 51 /) GPM B X RF 2 4R CH ) 1Y
TRMM 4l #171% 2 KL 0E .

O

ASCHE A % T GPM R 5 8 5 TRMM
R K= AT R E W 7 s, JF 5z TR GDA
D7k HEAT AT HE A Rl X 40 ARG T RS
SBIE, S5 R R

(1) & MERGE 5 GDA J5 #: 8 1E J5 1 B K 7™~
a3 KT V6 BEK A AR AR B A S ) R
[l V6 —Z %K% 5, H MERGE J5 7 i fig 25 bR 4
A N s [ O D O SO € g R TR S ()
MERGE 5 GDA ¥ fig B & o35 B K i1 13 2%, (H £
WK /0 1 2010 4E . GDA 5 MERGE [ 8 1F % 5
— .

(2) MERGE 5 GDA )£ 1E %R 75 A [/ H
FAAEAR R 22 5 BVAE B K 88 22 Y T 2% (4—10 ) =
ZW AR (MAE>3 mm), MifE T2 (11 H EWHF 3
A iRZE /N (MAE<<3 mm) ; # % GDA, MERGE
TEAR B IR X RE o 2 B I V6 1 158 22 3 1, X o
TG0 5553 A1 T /0 1 w8 g A b DX K HLA

(3) Xt F GDA(R*=0.80), MERGE (R* =
0. 47) [RKT FEXT 5 TRMM. 77 iy (8 4R8P 55 /) o B
i #E R i TRMM £ 48 3% 30 AS ££ 19 J5 3 IX 380, 1 Ag

A BRI R 22

HI TG T o T R L X3 A A /b P RE 2
SRR IE 45 2R 5 ELIL X R 2 2 AR A8 A T L7
Ja SE I 5T AR I Gy B JRE 33 1)) e
TRMM 7= S AT AL IE o T3 b JF K8 18 TL 2 7 d AL
EFEIE XK SC AR AR S WA B0 3

&% ik

R U0 T 0 A . 2. 2014, CMORPH 1l TRMM 3B42 [ 7K 1
= SRS R[], K% ,40(11) :1372-1379.

TUMA B A% T ol L 45 2013, 7 5 B 2R R K B 48 4 A 110 3 T 1 O
L] M B 5T, 32(9) 1 1602-1612.

AE T, 2010w E R LD XA AR A S 3 A A AE LD 220 < 7
JL I K

B R 4 97,2011, TRMM B 7 3BA2 15 & 36 VB £
o XA R L A3 BT ] A%, 37(9) 1 1081-1090.

V& R OE AR AR, S AL 4L 2016, —Fb 2 U5 4 Bk R R K TR LG 7
LI A P22, 35(2) : 50-56.

JR T S 5 8 T, 45 L 2015, BRI K I e CGPMD 3Rl BCH: 5 B
HERLERLT]. B EAR 5 M 30(4) :607-615.

TS VR W B, 4L 2013, MEAR S I I TS 3k X A X8R T A K
BORMRCHELT ] B ARG R  24(5) 1 544-553.

TR FE AR TR 48, 2015, BT TRMM 37 1E $0408 i £ 187 11X
R R I 25 A3 A RRAELT . B AR BT IA2 41 . 30(2) - 260-270.

SR IE B8 oAl B L 45, 2015, HR [ K Ly iy DX 7K 2 fi A A 480 2%
S G M LD . K A2 3 Jig 5 26 (4) :500-508.

JRWESS B W« T 2 2015, 3 5 S A R o R b 9 R B S IX
R KK R G R BRI TRMM B #rl) ] A%, 41(0D : 1-
16.

Ceccherini G, Ameztoy I, Herndndez C P R, et al,2015. High-resolu-
tion precipitation datasets in South America and West Africa
based on satellite-derived rainfall,enhanced vegetation index and
digital elevation model[ J]. Remote Sens,7(5) :6454-6488.

Cheema M J M, Bastiaanssen W G M, 2012. Local calibration of re-
motely sensed rainfall from the TRMM satellite for different pe-
riods and spatial scales in the Indus Basin[J]. Int J] Remote
Sens,33(8) :2603-2627.

Condom T, Rau P, Espinoza J C, 2011. Correction of TRMM 3B43
monthly precipitation data over the mountainous areas of Peru
during the period 1998 — 2007 [J]. Hydrol Process, 25 (12):
1924-1933.

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

Fang J,Du J,Xu W,et al,2013. Spatial downscaling of TRMM pre-
cipitation data based on the orographical effect and meteorologi-
cal conditions in a mountainous areal J]. Adv Water Resour,61;

42-50.



BT

A W5e g 4F - TRMM. T3 e /K B8 7 5K 1 iy X A IE J5 i 15 891

Harmsen E W,Mesa S E G,Cabassa E,et al,2008. Satellite sub-pixel
rainfall variability[ J]. Int J Syst Appl Eng Dev,2(3):91-100.

Huang C C, Zheng X G, Tait A, et al, 2014. On using smoothing
spline and residual correction to fuse rain gauge observations
and remote sensing data[ J]. ] Hydrol,508:410-417.

Huffman G J,Bolvin D T, Nelkin E J,2015. Day 1 for the integrated
multi-satellite retrievals for GPM (IMERG) data sets. NASA
Goddard Space Flight Center and Science System Application.

Ji X,Chen Y F,2012. Characterizing spatial patterns of precipitation
based on corrected TRMM 3B43 data over the mid Tianshan
Mountains of China[ J].J Mt Sci,9(5) :628-645.

Jia S F,Zhu W B,Lii A F,et al,2011. A statistical spatial downscal-
ing algorithm of TRMM precipitation based on NDVI and DEM
in the Qaidam Basin of China[]J]. Remote Sens Environ, 115
(12):3069-3079.

Joyce R J,Janowiak ] E, Arkin P A, et al,2004. CMORPH :a method
that produces global precipitation estimates {rom passive micro-
wave and Infrared data at high spatial and temporal resolution
[J].] Hydrometeor,5(3) :487-503.

Krajewski W F,Ciach G J, Habib E,2003. An analysis of small-scale
rainfall variability in different climatic regimes[ J]. Hydrol Sci,
48(2) :151-162.

Mantas V M, Liu Z,Caro C,et al,2015. Validation of TRMM multi-

satellite precipitation analysis (TMPA) products in the Peruvi-
an Andes[J]. Atmos Res,163:132-145.

Ning S W, Ishidaira H,Udmale P, et al,2015. Remote sensing based
analysis of recent variations in water resources and vegetation of
a semi-arid region[ J]. Water,7(11) :6039-6055.

Tang G Q.Zeng Z Y.Long D,et al,2016. Statistical and hydrological
comparisons between TRMM and GPM Level-3 products over a
midlatitude basin:is Day-1 IMERG a good successor for TMPA
3B42V72 [J].] Hydrometeor,17(1);121-137.

Vila D A,de Goncalves L. G G, Toll D L, et al,2009. Statistical evalu-
ation of combined daily gauge observations and rainfall satellite
estimates over continental South Americal J]. ] Hydrometeor,
10(2) :533-542.

Wanders N,Pan M,Wood E F,2015. Correction of real-time satellite
precipitation with multi-sensor satellite observations of land sur-
face variables[ J]. Remote Sens Environ,160:206-221.

Willmott C J,Robeson S M, Matsuura K, et al. Assessment of three
dimensionless measures of model performance[ J]. Environ Mod-
ell Soft,73(c):167-174.

XuS G,WuC Y,Wang L,et al,2015. A new satellite-based monthly
precipitation downscaling algorithm with non-stationary rela-
tionship between precipitation and land surface characteristics

[J]. Remote Sens Environ,162:119-140.



