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Abstract

Precipitation is a key variable to enhance the understanding of water cycle system and secure and manage the water resources
efficiently. In this study, we evaluated the feasibility of GPM precipitation datasets through comparison with the 92 ASOS sites in South
Korea during 2015. Additionally, three merging techniques (i.e., Geographical Differential Analysis, Geographical Ratio Analysis,
Conditional Merging) were applied to improve accuracy of precipitation by fusing the advantages from point and satellite-based
datasets. The results of this study are as follows. 1) GPM dataset indicated slightly overestimation with compared ASOS dataset,
especially high uncertainties in summer season. 2) Validation of three merging techniques through jackniffe cross-validation showed
that uncertainty were decreased as the spatial resolution increased. Especially, conditional merging showed the best performance among
three methods.
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Fig. 1. Study area and sites using this study
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o] A HZE Al A-L7]4(National Institute of Information and
Communications Technology, NICT)ol| 4] A|ZHH o]F-u7}
7% #lo] | (Dual-frequency Precipitation Radar, DPR) All
A& &S )1 th(Jin, 2015; Sharifi et al., 2016). ©] 21F
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=513 QItk(Sohn et al., 2005; Jin, 2015). P2 = oF
407 kmollA] 65°9] = AR 7HA] 1L 9ol TRMME T}
5 2 9 (65°8-65°N 9 E W55 T 5 4L, GMI
(10~183 GHz)= 7129] TMI (10~85.5 GHz)o] ¥]3 474]
T EL 4 5 ol ke d RS =S 9l
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A AR E Integrated Multi-satellitE Retrievals for
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Table 1. Characteristics of GPM-IMERG product

Global Precipitation Measurement (GPM)

Product GPM-Integrated Multisatellite Retrievals for
GPM (IMERG) product Day 1 Final Run (V03D)
Tempo'l"al 0.5 hr
resolution
ial

Spam} 0.1 degree
resolution

Spatial 90°N-90°S
coverage 60°N-60°S

Data source Gauges (GPCC) and Satellites (TMI, AMSR-E,
SSM/I, SSMIS, AMSU, MHS, GMI, etc)

GPCC: Global Precipitation Climatology Centre

TMI: TRMM Microwave Instrument

AMSR-E: Advanced Microwave Scanning Radiometer -
Earth Observing System

SSM/I: Special Sensor Microwave Imager

SSMI/S: Special Sensor Microwave Imager/Sounder

AMSU: Advanced Microwave Sounding Unit

MHS: Microwave Humidity Sounder

GMI: GPM Microwave Imager
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2.3.1 GDA and GRA Y

Fig. 2°f| 7¥=FsHA| T=213F Geographical Differential Analysis
(GDA; Cheema and Bastiaanssen, 2012)%2} Geographical Ratio
Analysis (GRA; Jia et al., 2011; Duan and Bastiaanssen, 2013)
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IE EPHTH Cheema and Bastiaanssen, 2012; Cho et al.,
2013; Baik et al., 2016). GRA (Fig. 2(a))+= 152173 2] At=
£ AV 716k HE Ao A S H 7] Aol (Eqs. (1)
and (2))E Tfelste o] & HAsk= 1ol 1(Cho et al., 2013;
Baik and Choi, 2016), GRA (Fig. 2(b))= 31594 At=2}
924 AR 97} 18-S BASRE WEolth(Egs.
(3) and (4)). O T PHEL P QB4 ARl
2R AH 0 B PR (AR §ES T}
o] Fol7] fIallA] F2 AFS-HTHLaurent et al., 2013). ZHA S
A2 Cho et al. (2013)°)14 Zr1et 4= glr}.

2.3.2 28 8 7| (Conditional Merging, CM)
Ehret (2002)} Pegram (2002)°]] &J5f| Aot A
7IH(CM)2 FlolH] -9 21w o] BAS 915l A=
S L] A o] E o83 Al A5l -85 AT (Lee
etal., 2016; Goudenhoofdt et al., 2009; Berndt et al., 2014).
o] CM -2 F1HQ 25 7= YAREAL 71 o Atm
O A 2 7= AR -5 oA Hok &, Kt
d 1 e AAGA A= E B85t
/3] 2to| & AH Skl (Figs. 3(a)~3(c)), 3t
21 FZSIA]9E 2 23 o HRFA R Zhe i Bl
217 2t z.2te] W Ak(Figs. 3(d) and 3(e))E & 5}7] w2l
T =0 AE o8 o = W o|th(Baik and Choi,
2016; Lee et al., 2016; Hong et al., 2010).
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Fig. 2. Process of Geographical Differential Analysis (GDA) and Geographical Ratio Analysis (GRA)
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Fig. 3. Process of Conditional Merging (CM) method

2.4 E73t 24

2 A= AR S 5ol A
9lste] Apo] Z(Jackknife) BH-S o]-85F3AH

A A S d oo #EAHS A5 o2 7Pste] o
19] 1178-& LA Aktel= S BB 24 & 1=
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(Kim et al.,2012; Kim et al., 2014a; Lee et al., 2016).
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2). GPMA =2} 23217 9] H BiasE 3.20 mm/day 0.2
OF7F k= WFE| Q] o™, W RMSEE24.44 mm/day =2

Lrehdtth 2t A& 23/ A o 2 FEskglS ), 79
o] 7 12 RMSE (34.82 mm/day) 2] 23S UeRf2]o

195 E] 39712171 714 -2 RMSE (9.05 mm/day)<] 21}
S UER SAe & A2 ol tisi A A3 -2t H] w5}
Hoke v A o= vl AE W Ytk (Gaona e
al.,2016; Kim ez al., 2017). Kim et al. (2017)°14+= GPM 2}
TRMM #t2.2] A5-& 913l 201418 3956 8L7HA] o] T3]
A QT O] FRep R 18] 31 A2 0] FH Z]Hko] 2|32}
FEVHH WS 59, fHEo A o] 45 XS Eelst
H FHeb i 2ol A thsi A pre-monsoon} monsoon 7]
o g FESIAH, SR B2 O 2 Bias7}2.45
mm/day (1.28 mm/day; pre-monsoon, 3.61 mm/day, monsoon),
RMSE~”}9.26 mm/day (6.68 mm/day; pre-monsoon, 11.84
mm/day, monsoon), HHNAE B& 02 Bias7} 4.64
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mm/day, monsoon) & LFEHGTH ESH o] =20l A= GPM
o] B3} 71£8] TRMM 9| B3] B|stod 7| S 1t

Table 2. Statistics of measured and estimated precipitation from
GPM product for 92 sites during 2015

Whole Seasonal period
period JFM AM]J JAS OND
Bias
(mm/day) 3.20 4.39 2.31 54 1.32
RMSE 24.44 9.05 21.35 34.82 14.6
(mm/day)

JFM: January-February-March

AM]J: April-May-June

JAS: July-August-September

OND: October-November-December
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Fig. 4. CDF and PDF between GPM and in-situ; (a) whole period and (b) seasonal (JFM, AMJ, JAS, and OND) during 2015
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Fig. 5. Jackknife analysis of IDW, CM, GDA, and GRA; (a) whole period and (b) each season on daily scale during 2015
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Fig. 7. Spatial distribution of IDW, GPM, and merging techniques (CM, GDA, and GRA) for each spatial resolution (10, 5, and 1 km) on March
30 and September 02, 2015



J. Baik et al. / Journal of Korea Water Resources Association 51(2) 131-140 139

4.2 E

217 713] 789 A7) o] A 2340 et
7} BER 358 RSP0l 2R S
313 glo0], YARAPIES Bah e Wl E 5% X
of Tt B S B EShE BIIA HEES F mofals A
o el girk. 1%7] el 2 Ao JEehe T8
WU B HH O LA RS AE T e 2 A7l
= GPM §14 39 ARE0] that e o] thet A5 A4

=
slg00, Hek A B9 ARE A Slstel, 14
HE(CM, GDA, GRA)°] tlie 432 AAI5HL, 212410
km, 5km, 1 kol &t 4 A1} 274l el 3-8 44
SHIt 2 Q7S o The T e AR S ek 4 9l

m

1) GPME] 792tz o] Histe] Eet| Ho A of ARg7set
927116] AsOSete] A e} Bl st 1 2] 5o thsiA]
A AV GPM A= Bt o= o it e
AIE e 1AL, Bt RMSE7T24.44 mm/day ©] A3
S Wil 53], A7t gl 2Ask= o5 7170

2) Az AgAeE sl it
™, 3712 {5 F- CM o] o2 =l Blsl 7 A
o

2 A48 LR 22 Bl B 4 qlglch
3) ZH e v 32 171 Stte] 5%

7} v B ES BAS
717rel] efafA] 740 B BES Lehf et 217 AR
£ o]g510] 242 Ll SiRl(IDW)SF GPM 2] 734 1}
B8 v Wl o ANhE 0 2 S AR A UER
2& Belgt S it ARl Hh ol i B4 RE
=48 3191 5192 T IDWF-GAFG BEE b
2 B9l & 4= 95l

ou], B3] 747t A 487K thE
CM 9] @317} 714 A7) 4 whe A 0 2 ettt
74AQ) B gl A 5 st S 7Kl hebd Ashde
o] Az Rt AEaA] molsl A2 8hel 8 4 Qloith &
5o vl s a4 AATA e Beste] TaE

Qe BSARE AT S 9lon, B, MopIEe] 4
225 Fg el ket B ASHE Sl E4 2 WRslAel
2895 e AR J|thEt FFATANE B} 2
g A|olAle] 5 Bl Alo]E S ol gste] LagEel AR g
A4H 02 NET 4 Ik Bk FUEHL T WNIT
SARE A T 4 92 Al

AMe| 2

2 AT FELEE S ATAR o AHE R (17
AWMP-B079625-04)°] &]al] 4= =| A5 o} & Aol Al
gha-d A= E Aleol 54 WAMIS THARHEE7) A
£ AgYrt

il

References

Baik, J. J., and Choi, M. (2015). “Spatio-temporal variability of
remotely sensed precipitation data from COMS and TRMM:
case study of Korean peninsula in East Asia.” Advances in
Space Research, Vol. 56, No. 6, pp. 1125-1138.

Baik, J. J., and Choi, M. (2016). “Geospatial blending to improve
spatial mapping of precipitation with high spatial resolution by
merging satellite based and ground-based data.” Hydrological
Processes, Vol. 30, No. 16, pp. 2789-2803.

Berndt, C., Rabiei, E., and Haberlandt, U. (2014). “Geostatistical
merging of rain gauge and radar data for high temporal
resolutions and various station density scenarios.” Journal of
Hydrology, Vol. 508, pp. 88-101.

Duan, Z., and Bastiaanssen, W. G. M. (2013). “First results from
Version 7 TRMM 3B43 precipitation product in combination
with a new downscaling-calibration procedure.” Remote Sensing
of Environment, Vol. 131, pp. 1-13.

Gaona, M. R., Overeem, A., Leijnse, H., and Uijlenhoet, R. (2016).
“First-year evaluation of GPM rainfall over the Netherlands:
IMERG day 1 final run (V03D).” Journal of Hydrometeorology,
Vol. 17, No. 11, pp. 2799-2814.

Goudenhoofdt, E., and Delobbe, L. (2009). “Evaluation of radar gauge
merging methods for quantitative precipitation estimates.”
Hydrology and Earth System Sciences, Vol. 13, No. 2, pp.
195-203.

Hong, S. J., Kim, B. S., and Hahm, C. H. (2010). “Spatial-temporal
interpolation of rainfall using rain gauge and radar.” Journal
of the Korean Society for Geospatial Information Science,
Vol. 18, No. 3, pp. 37-48.

Hwang, S. W., Park, S. W., Jang, M. W., and Cho, Y. K. (2006).
“Spatial distribution modeling of daily rainfall using co-kriging



140 J. Baik et al. / Journal of Korea Water Resources Association 51(2) 131-140

method” Journal of Korea Water Resources Association, Vol.
39, No. 8, pp. 669-676.

Hwang, Y. S., Jung, Y. H,, Lim, K. S., and Heo, J. H. (2010).
“Comparison of daily rainfall interpolation techniques and
development of two step technique for rainfall-runoff modeling.”
Journal of Korea Water Resources Association, Vol. 43, No.
12, pp. 1083-1091.

Jang, C.-H., Kwon, H.-J., Koh, D.-K., and Kim, S.-J. (2003).
“Adjustment of TRM/PR data by ground observed rainfall
data and SCS runoff estimation: Yongdam-dam watershed.”
Journal of Korea Water Resources Association, Vol. 36, No.
4, pp. 647-659.

Jia, S., Zhu, W., L, A., and Yan, T. (2011). “A statistical spatial
downscaling algorithm of TRMM precipitation based on NDVI
and DEM in the Qaidam basin of China.” Remote Sensing of
Environment, Vol. 115, No. 12, pp. 3069-3079.

Jin, K. W. (2015). “NASA’s space-borne microwave remote sensing
missions of GPM and SMAP for a global water cycle research.”
Current Industrial and Technological Trends in Aerospace,
Vol. 13, No. 1, pp. 96-106.

Kang, N., Joo, H., Lee, M., and Kim, H. S. (2017). “Generation of
radar rainfall ensemble using probabilistic approach.” Journal
of Korea Water Resources Association, Vol. 50, No. 3, pp.
115-167.

Kim, J. P, Kim, G., and Lee, W. S. (2012). “Estimation of monthly
areal precipitation using daymet and PRISM.” Journal of
Korean Society of Hazard Mitigation, Vol. 12, No. 5, pp. 83-90.

Kim, J. P, Lee, W. S., Cho, H., and Kim, G. (2014a). “Estimation of
high resolution daily precipitation using a modified PRISM
model.” Journal of the Korean Society of Civil Engineers, Vol.
34, No. 4, pp. 1139-1150.

Kim, S. H., Kim, K. T., and Choi, Y. S. (2014). “Runoff estimation
using rainfalls derived from multi-satellite images.” Journal of
the Korean Association of Geographic Information Studies,
Vol. 17, No. 1, pp. 107-118.

Kim, S. J., Shin, S. C., and Suh, A. S. (1999). “Satellite rainfall
monitoring: recent progress and its potential applicability.”
Korean Journal of Agricultural and Forest Meteorology, Vol. 1,
No. 2, pp. 142-150.

Kim, S. S., Jung, C. G., Park, J. Y., Jung, S. W., and Kim, S. J. (2013).
“Parameter estimation of Vflo TM distributed rainfall-runoff
model by areal rainfall calculation methods-for Dongchon
watershed of Geumbho river.” Journal of The Korean Society of
Agricultural Engineers, Vol. 55, No. 1, pp. 9-15.

Laurent, L., Audois, P., Marie-Joseph, 1., Becker, M., and Seyler,
F. (2013). “Calibration of TRMM 3B42 with geographical
differential analysis over North Amazonia.” Proceedings
Geoscience and Remote Sensing Symposium (IGARSS), 2013
IEEE International, pp. 2234-2237.

Lee, J., Choi, M., and Kim, D. (2016). “Spatial merging of satellite
based soil moisture and in-situ soil moisture using conditional
merging technique.” Journal of Korea Water Resources
Association, Vol. 49, No. 3, pp. 263-273, doi: 10.3741/JKWRA.
2016.49.3.263.

Liu, Z. (2015). “Comparison of precipitation estimates between
Version 7 3-hourly TRMM Multi-Satellite Precipitation Analysis
(TMPA) near-real-time and research products.” Atmospheric
Research, Vol. 153, pp. 119-133.

Milewski, A., Elkadiri, R., and Durham, M. (2015). “Assessment
and comparison of TMPA satellite precipitation products in
varying climatic and topographic regimes in Morocco.” Remote
Sensing, Vol. 7, No. 5, pp. 5697-5717.

Park, M., Park, C., Shin, K. I., and Yoo, C. (2010). “On proper
variograms of daily rainfall data.” Journal of the Korean Society
of Civil Engineers, Vol. 30, No. 6, pp. 525-532.

Seo, E. K. (2012). “Rainfall characteristics in the tropical oceans:
observations using TRMM TMI and PR.” Journal of Korean
Earth Science Society, Vol. 33, No. 2, pp. 113-125.

Sharifi, E., Steinacker, R., and Saghafian, B. (2016). “Assessment of
GPM-IMERG and other precipitation products against gauge
data under different topographic and climatic conditions in
Iran: preliminary results.” Remote Sens, Vol. 8, No. 2, p. 135,
doi:10.3390/rs8020135.

Sohn, B. J., Nam, J. C., Park, S. K., Ahn, M. H., Yoo, J. M,, Lee, H.
S., Chang, D. E., Ho, C. H., Bae, B. H., Kim, S. J., Oh, H. J.,
Park, S. C., and Kim, J. H. (2005). “Proposing research and
development activities for utilizing the Global Precipitation
Measurement (GPM).” Atmosphere, Vol. 15, No. 1, pp. 47-57.

Wang, W., and Lu, H. (2016) “Evaluation and comparison of newest
GPM and TRMM products over Mekong river basin at daily
scale.” Proceedings Geoscience and Remote Sensing Symposium
(IGARSS), 2016 IEEE International, pp. 613-616.

Worqlul, A. W., Maathuis, B., Adem, A. A., Demissie, S. S., Langan,
S., and Steenhuis, T. S. (2014). “Comparison of rainfall
estimations by TRMM 3B42, MPEG and CFSR with ground-
observed data for the Lake Tana basin in Ethiopia.” Hydrology
and Earth System Sciences, Vol. 18, No. 12, pp. 4871-4881.





