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Spatiotemporal distribution of precipitation in Guizhou and Guangxi
karst mountainous regions based on satellite earth fusion data
JI Shibao, DU Junkai, QIU Yaqing, HAO Chunfeng, LIU Haiying
(China Institute of Water Resources and Hydropower Research ,State Key Laboratory of Simulation and

Regulation of Water Cycle in River basin ,Beijing 100038 ,China)
Abstract; Mountainous area is the main producing area of river runoff. Systematically grasping the spatial and temporal distribution
pattern of precipitation in mountainous area can provide important basic support for precise analysis of water circulation system
and scientific formulation of water resources development and utilization strategy. Aiming the lack of observation data in
mountainous areass this study developed a downscaling correction model for TRMM satellite precipitation data product in
Guizhou and Guangxi karst mountainous region by using geographic weighted regression method and multiple linear regression
method. The accuracy of downscaling correction results and their effects at different elevation intervals were analyzed, and
summarized the temporal and spatial distribution of precipitation in the mountains. The results showed that: The correction ac-
curacy of the geographic weighted regression method was better than the multiple linear regression method, and the geographic
weighted regression method performed better in the high altitude area at a significance level of «=0.01; The annual average
precipitation in the study area showed high in the south,low in the north,high in the East and low in the west, characteristics

and the annual distribution was uneven. Summer (June-August) precipitation was 740. 8 mm, accounting for 52% of the whole
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year; The spatial distribution of precipitation in the study area was closely related to the topography. The elevation of low-altitude

areas had a greater impact on precipitation,and the slope of high-altitude areas had a greater impact on precipitation.

Key words: remote sensing precipitation; downscaling; Karst mountains; temporal and spatial distribution
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Fig. 1 Location of study area and watershed division
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Tab. 2 Descriptive statistics of the samples
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Fig. 2 Cross-validation results of two calibration methods
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Tab. 3 Descriptive statistics of different attribute samples
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Monthly precipitation distribution in the study area
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Fig. 6 Change in precipitation rate along altitude

i

EH
:lllrl'l:l'-"ll‘hﬂ
sy

B
T T
(a4

o A N
Edan

M T oy e - i
{ ETETTERCYET
| EETRFRR
B - L
]
i [T )
C0 AR ECRA T Tk

b

|5

CFmp sl s
Rkl

I S e 1
B T
| DI T
[ -
R (L T
[ BT |
Ui S RS T i ML B S

i

I a‘fll u#
-]

Bl b e
[ STTITPSGT T
I -5 i
I s i T
R 1 3 =T L
[ EInRET R

10 L2 e e o ) R HE



R E AT EHR &5 B AR A LS AR R A

13,16 5 Yt dul ) 3 7K B e 728 1 30 R T o T A IX.
(2.3.9 GO ; F LR IR X F 2 A
TE 7 S b R X, B2 TR X AR T T
HRES AP AL, 6 H 13 B 7K bl = R 19 728 A 23R I8 Bl B
KRG —0. 34~0. 19 mm/ (100 m) , #kZ& K 1E
PR b X 3 A TR A R L X, 44 20 TE X 07 T 1E
R TRHLIX 12 A8 A d/ )N AR AR L O —0. 01~
0. 03 mm/ (100 m),

WFFE X I ASAR AT s AN [F) B AN [ T4 v S
DX T) XS 7K PR BHAS BE ) #7722 57t 5 33K I 1 Al ¥ 7K 2 1]
I3 AT R RN Z —

3 & it

AR SCEE T M B ANA 8] )35 A 22 S04k IRl 3k B
AT 1) T3 R K™ it 1) o RUBE A TEABE Y, X fF 51X
TRMM BEK#AT T BERBEARLIE , PRAL T 45 51 5 52
B 0 — Bk SO [ e AR X ) R B B4
WA S0 LU b R K B 23 o A LA 45 T -

(DBFFEIXAERE K 5 R m AU R & PE AR 4R N
SPECAYY, FEAE P T E IR 741 mm, 2R
52%0 s AFTE LA Z T HL I — /DR AT » XK
O T B 12 H GG Ry m A 8l Z 5
U R AEZR AR AR A A A, TP AL 5

() WFFE KRR Z B s2 A K, A ¥Rk sty
YeRE AR R —5. 89~12. 73 mm/ ("), Uy iy FEAB AL
A K —0. 40~0. 20 mm/ (100 m) ;

(3) 39 2 T e o T 38 7K A vy Y 4 L DX RAER T 4K
Hi XA 52 e S B B S A 2 S e PRI R L IX. L
TR XoF A 7K A S I A K A R VA ML X 5 B % Rk 7y
AN

(A Hby FHIAS [0 51925 T S 1 e RUBE A 7K 5 i
55200 A5 g RECK 0.90, £ 5B F K 5, 78
a=0. 01 [ B2 PRS- i3 AL ] 032 % o v
FACHb DX 7K AR RS TE A 0 AR 4 M X G oo g v
WIXARHRZEA T 0~0. 05 BHER N 77. 1% K
PRI I AAX R 22 F 0~0. 05 IHER N 70. 0%,

2% 3Lk (References) ;

(1] XU#F. 2z & & T TRMM/TMI # % 9H H Z [ ok B
FELI . B REA (D 5 Bk BES) , 2007, 37 (1) - 111-
122. (LIU Q, FU Y F. Precipitation studies based on
TRMM/TMI in Asia[ ]J]. Science in China ( SeriesD;
Earth Sciences),2007,37(1) :111-122. (in Chinese))

(2] ZRRl 8 DAL, 4. TRMM T3 R 7K B4 76 v
FRLL X 38 PP S ——RASE M LT ] oK 04
WF5%,2016,23(1) :97-102. (LI W,JIANG W P,ZHAO

W Q,et al. Analysis on applicability of TRMM precipitation
data in Karst areas: A case study in Guizhou Province
[J]. Study on Soil and Water Conservation, 2016, 23
(1):97-102. (in Chinese)) DOI. 10. 13869/j. cnki.
rswe. 2016, 01. 014.

(3] JARKIC. 255, TRMM [ i Eiahs 16 19 10 45l DX A9 38
PEGMT——RASEMIAE LT 1. KBRS /K TR 4
2018,29(2).76-83. (ZHOU Q W, LI F. Applicability
analysis of the TRMM precipitation data in Karst
region; A case study in Guizhou Province [ ] ]. Journal
of Water Resources and Water Engineering, 2018, 29
(2):76-83. (in Chinese))

(4] Sl MGRUUT, 22 5. 53N s by TRMM3BA2
TR R B HORT BE VA D). 7K 3C, 2018, 38(4) : 87-
91. (WU J F,LIN S Z, LI W, et al. Evaluation of
TRMM3BA2 satellite precipitation data accuracy of
Guizhou plateau[ ] ]. Hydrology,2018,38(4) ;:87-91. (in
Chinese))

[5] XIE P, ARKIN P A. Analyses of global monthly
precipitation using gauge observations, satellite
estimates, and numerical model predictions [ J]. Journal
of Climate, 1996, 9 (4) ; 840-858. DOI: 10. 1175/1520-
0442(1996)0092. 0. CO; 2.

[6] PRAKASH, SATYA, MITRA, et al. A preliminary
assessment of GPM-based multi-satellite precipitation
estimates over a monsoon dominated region [ J .
Journal of Hydrology, 2018, 556 865-876. DOI: 10.
1016/j. jhydrol. 2016. 01. 029.

(7] XD, =g, i, 4. s ERB RS X TRMM
Rk T PP L) ] K B2 R J, 2016, 27(5) : 639-651.
(LIU S H, YAN D H, WANG H, et al. Evaluation of
TRMM 3B42V7 at the basin scale over mainland China
[J]. Advances in Water Science, 2016,27(5) ;:639-651. (in
Chinese)) DOI; 10. 14042/j. enki. 32. 1309. 2016. 05. 001.

(8] JFHER.Z, g, & BL B TRMM & B[k
X 4 T S AOWR TN Py T ALY 1. KB 8, 2015, 26
(3):340-346. (TANG G Q. LI Z,XUE X W,et al. A
study of substitutability of TRMM remote sensing
precipitation for gauge-based observation in Ganjiang
river basin [ J]. Advances in Water Science, 2015, 26
(3):340-346. (in Chinese)) DOI:10. 14042/j. cnki. 32.
1309. 2015. 03. 005.

(9] o, Ak, thHe. 6 F TR /K S e v X 8
FOORS FE 4R AE PR AR [T ). R4, 2015, 41 (8): 970-979.
(LTIAO R W,ZHANG D B,SHEN Y. Validation of six
satellite-derived rainfall estimates over China [ J ].
Meteorological Monthly, 2015, 41 (8): 970-979. (in
Chinese))

[10] (EEE. R £ E 5,55 P E KRR 2528 7

KX AKRFR 35



F1T4& %64 ARG AFFE 2019 F 12 A

[11]

[12]

[13]

[14]

[15]

[16]

36

R AR A L] . KBk HEJE 2015, 26 (3)
299-310. (REN G Y.ZHAN Y J,REN Y Y, et al.
Spatial and temporal patterns of precipitation variability
over mainland China; I. Climatology[ J]. Advances in
Water Science, 2015, 26 (3); 299-310. (in Chinese))
DOI: 10. 14042/j. enki. 32. 1309. 2015. 03. 001.
FEFEBL BMSC, 2R A 2. JE T TRMM LA K
IR AT L DX 7K I 23 0 A1 A% Ry LT . 7K Bk 2 i e
2019,31(1):1-14. (DU J K,JIA Y W, LI X X, et al.
Study on the spatial-temporal distribution pattern of
precipitation in the Taihang Mountain region using
TRMM data[ J]. Advances in Water Science, 2019, 31
(1):1-14. (in Chinese)) DOI: 10. 14042/j. cnki. 32.
1309. 2019. 01. 001.

R, %07, FEF TRMM/TMI B R g i X
MeKIEE S A A e ()], TR XRS5 %5,
2010,24 (10): 66-71. (MU Z X, JIANG H F. The
vertical distribution law of precipitation in the western
Tian shan Mountain based on TRMM/TMI [ ] ].
Journal of Arid land Resources and Environment,
2010,24(10) :66-71. (in Chinese)) DOI: 10. 13448/j.
cnki. jalre, 2010. 10. 005.

ET LR VU R A AR 1L B R KR K
fe FEAT LN 5 A 5 L) 1. vk 1R - 2009, 31 (3) £ 395~
403. (WANG N L, HE J Q,JIANG X, et al. Study on
the zone of maximum precipitation in northslope of
the central Qilian Mountains| J ]. Journal of the Glaciology
and Geocryology,2009,31(3) :395-403. (in Chinese))
ETSFIR 0T, 454, 7905 JE R P Slx oK 4 A
SMARIBTFE L] ] 7K Bh2f 2R L 2006, 17(5) : 585-591.
(SHU S J, WANG Y, L Y. Effect of to pographic
perturbation on the precipitation distribution Tibetan
Plateau[ J |. Advance in Water Science, 2006, 17 (5) ;
585-591. (in Chinese)) DOI: 10. 14042/j. cnki. 32.
1309. 2006. 05. 001.

A o B B L A ST - 2. TRMM 32 Ja o Kk B30 £
T8 LI TL IR G B 30 AR 1E iR 3R [ . ek
BlaEE R ,2014,29(11) :1262-1270. (QU W,LU J X,
SONG W L, et al. Research on accuracy validation and
calibration methods of TRMM remote sensing precipitation
data in Irrawaddy basin [ J]. Advances in FEarth
Science,2014,29(11) :1262-1270. (in Chinese))

A skibe. TRMVIM Rk Sl 1) 23 18] B RS 7 2005
(I, #b 3BL 2%, 2015, 35 (9). 1164-1169. (LI J,
ZHANG X. Downscaling method of TRMM satellite
precipitation data [ J]. Science of Geograph, 2015, 35
(9):1164-1169. (in Chinese)) DOI:10. 13249/j. cnki.

K % K K B

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

sgs. 2015. 09. 013.

BEIR CBEAEAE O VR 45 BT R E 0K [R] AR AR
8 T k. TRMM B b ROBE R LT ). 7K b AR
5%,2017,24(2) :146-151. (FAN D,XUE H Z,Dong G
T,et al. Downscaling study on TRMM 3B43 data of
the Heihe River basin based on quadratic polynomial
regression model [ J]. Research of Soil and Water
conservation, 2017, 24 (2): 146-151. (in Chinese))
DOI.: 10. 13869/j. cnki. rswe. 2017, 02. 025.
CRESSMAN G W. An operational objective analysis
system[ J |. Mon. wea. Rev. 1959, 87 (10) ; 367-374.
DOI: 10. 1175/1520-0493 (087) < 0367 : AOOAS™>2.
0. CO;2.

BERGTHORSSON P, BRDS. Numerical weather map
analysis ] ]. Tellus, 1955, 7 (3). 329-340. DOI: 10
1111/j. 2153-3490. 1955. th01170. x.

CHEN F,LIU Y,LIU Q.et al. Spatial downscaling of TRMM
3B43 precipitation considering spatial heterogeneity [ J .
International Journal of Remote Sensing,2014,35(9) :
3074-3093. DOI: 10. 1080/01431161. 2014. 902550.
LV AIFENG, ZHOU L. A rainfall model based on a
geographically weighted regression algorithm for
rainfall estimations over the Arid Qaidam basin in
China [J]. Remote Sensing, 2016, 8 (4): 311-328.
DOI: 10. 3390/1s8040311.

XU S,WU C,WANG L,et al. A new satellite-based
monthly precipitation downscaling algorithm with
non-stationary relationship between precipitation and
land surface characteristics [ J ]. Remote Sensing of
Environment, 2015, 162; 119-140. DOI: 10. 1016/j.
rse. 2015. 02. 024.

XUGEZEF, AR B ST A5 BVEEM TR LI XA 9 AR 1k
LI ] HBRFSE. 2018, 37(12) : 2433-2446.
(LIU L M Z,ZHAN C S, HU S. Vegetation change
and its topographic effects in the karst mountainous
areas of Guizhou and Guangxi [ J]. Geographical
Research,2018,37(12) : 2433-2446. (in Chinese))
TSAI C H, KOLIBAL ], MING L. The golden section
search algorithm for finding a good shape parameter
for meshless collocation methods [ J ]. Engineering
Analysis with Boundary Elements, 2010, 34(8):738-
746. DOI:10. 1016/j. enganabound. 2010. 03. 003.
AL SR AR g ()] S EE R, 1985
(6): 28-29, 31. (LI W M. Contingency table and
chi-square test[ ] ]. Educational and Scientific Research
in Shanghai, 1985(6) :28-29,31. (in Chinese)) DOI: 10.
16194/j. enki. 31-1059/g4. 1985. 06. 013.





