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ᵀȂ ץ 4ҩ ҹ ץ̆ ̂CMÃ ҹ

‰ Ṣ̆ꜛABCD ̆ ᵀԅ5 ῖ ֟ ̂CHIRPS v2.0C̆MORPH v1.0P̆ERSIANN-

CDR̆TRMM̆MSWEP v2.0̃ Ȃ̂ 1̃
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TRMMץ̆ ᵬҹ ῀ ̆ABCD ᴨԍῒז ֟ ̆ῒ

NSE ҉ ȁ ҉ ȁ №≢ ⌠ԅ0.66ȁ0.46ȁ0.560.55ȂTRMM֟

ᴨ ̆ MSWEP ҹᴨ Ȃ ̆ ҹ
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ҹ Ḡ ᶫ Ȃ 
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1  

№̆ ⅞ȁ
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PERSIANN CCS֟ ᵀ̕Beck(2017) ᵀԅ ֟

̆ ԍ Ῥ№ MSWEP֟ ᴨԍῒז ֟ ̕↔ (2018)≠

‰ ̆ ᵀԅTRMM 3B42RTȁTRMM 3B42V7ȁCMORPH RAWȁCMORPH 

CRT4 ֟ ̆ ԍ TRMM ֟

̆ῒ Ӟ ῒ֟ז ᴨ ̕ שּׂ (2019)ԍ ֟ CGDPAᵀԅ

CHIRPSȁCMORPH-BLDȁPERSIANN-CDRȁTRMM 3B42V7 ֟ Ҍ ᴍ

̆ TRMM 3B42V7Ҍ ᴍ ̆PERSIANN-CDR ԍ ȁ

̆TRMM 3B42V7ԍ ȁ ץ Ԑ Ȃ ҉ ̆ ╠ № ᵬ

ᵬҹ ‰̆ ֟ № ̆ Ҍ ᴰ ȁҌ

ᵀ ̆ ≢ ᵀ

ⱴ Ȃ ̆MSWEPᵬҹѿ ῐ ֟ ̆ῒ (Beck̆2017̕

Ma ̆2018)̆ᵖ Ṝ ̆ ῀ Ȃ 

Ṝ ̆ῒ (Liŭ2019)Ȃ ̆

Ӟ Ḡ ⅞ (Ҭ῍Ҭ ȁ Ⱶ ̆2021)̆

Һ֟ ( ̆2017)Ȃ ⌠ Ҥ ̆ ᵬҹ

Һ ̆ῒ ῏ (Liŭ2019̕↔ ̆2016)Ȃ Ӈ̆

֟ ᵥ̙ ֓֟ ⌠ ̙

֓ ̆ ҹ ᴇ ᶫ ̆ ҹ Ḡ

⅞ ᶫ ≠ Ȃ 

ԍ ̆ ץ 4ҩ ҹ ̆ ҹ ‰̆

ᵀ 5 ῖ ֟ ̂CHIRPS̆CMORPH̆MSWEP̆TRMM̆PERSIANN-CDR̃

Ȃ ҉ ≠̆ 5 ֟ №≢ ꜚABCD ̆ Ҍ ֟

Ȃ Ҍֽ ҹ ȁ ᵬ̆ ᶫ

̆ ᵀ ֟ Ҭ ̆ҹ ֟ Ҍ

Ṝ ᶫ Ȃ 

2 ҍ  

2.1 ’ 

ѿ ̆ῃ 818 km̆ ҹ13.48҆km2̆ қᵞ̂ 1̃Ȃ

ԍ ĺ Ṝ ῒ̆ (Huanğ2017̕ ̆

2016)̆ Ṝ ֲ ꜚ ῒ Ȃҹ Ḡ ᵀҌ ֟ ̆

̂ 1̃̆ ֲҹ ̂ ̃

4ҩ҉ ҹ ̆№≢ ҉ ȁ ҉ ȁ ̂ 1̃Ȃ 4ҩ

ҹ472.0~563.2 mm̆ ҹ26.8~62.7 mm̆ ҹ870.6~950.5 mm̆ ҹ

1.55~2.01̂ 1̃ȂῒҬ̆ ҉ ҹ3.01҆ km2̆ ҩ 34.7%̆

̆№≢ ⌠ԅ563.2 mm62.7 mm̆ ↕ Ȃῒז

1 Ȃ 
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1  

Figure 1 Location of the study area 

1 4ҩῖ  

Tab. 1 Basic hydro-meteorological characteristics of four typical basins in the Wei River 

   
    

 
 (km2) (mm/a) (mm/a) (mm) 

1 ҉   30661 563.2  870.6  62.7 1.55 0.11 

2 ҉   14124 555.4 916.9 46.8 1.65 0.08 

3   19019 472.0 950.5 22.3 2.01 0.05 

4  ֜  25154 561.1 938.0 26.8 1.67 0.05 

̔ ȁ ҹ1961ð2014Ȃ Penman-MonteithῈ (Allen1̆998)

̆ 1961-2018 ̆ ҹ Ȃ 

2.2  

2.2.1  

ԅ5 ף ‰ῃ ̆ № ҹ0.25° ῒ̆ז Ḥ 2

ȂῒҬ C̆HIRPS v2.0 ̂USGS̃ץ ⱴ≠ ֒ Ṝ ̆

ҹ1981ð2018̆ ҹ50°N~50°S ̕ ֟ ԅ Ἕȁ №

Ṝ (Funk̆2015)ȂCMORPH v1.0 Ṝ Ҭ ̂CPC̃ ̆

ԅ ̆≠ Ԑ Ḥ ̆ Ԑ Ḥ Ẓ

̆ ṿ̆׆ ⌠ 1998ð2019 ȁ60°N~60°S ֟

(Joyce, 2004)ȂPERSIANN-CDR ⱴ Irvine№ ѿ ֟ ̆ ֟ ≠ ֲ

ҍ № ̆Һ ץ ҹ ῀̆ ≠ ñ ‰ò GPCP ԅẒ

׆̆ ⌠ԅ 1983ð2018 ȁ60°N~60°S ‰ῃ (Ashouri ̆2015)ȂTRMM 3B42
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῍ └̆ ҕ ҉ ѿ Һꜚ ̆

ᶫԅ 3 № Ḥ ̆ ԅ ̆ №≢ҹ 1998ð

2018 50°N~50°S (Huffman ̆2001)ȂMSWEPѿ ῃ ῃ ֟ ̆

ԅ ȁ Ῥ№ ᴨ̆ל ԅ 5ҩ ԍ ȁ3ҩ ԍῬ№ 2ҩ ԍ

֟ Ȃ ̆MSWEP ԅ ԍ Budyko ῃ ̆ ת

ᴟ Ẓ ԅ ̆ ⁞ ԅ ᵀ (Beck̆2019a)Ȃ Ҍ

֟ ╠̆ ֟ ṿ ‰⌠ԅҬ қῇ ̆ ԅҍ UTCӊ Ȃҹ

ԅ № ̆ ֟ ̆ҌῬ Ȃ ̆ҹԅ № ѿ ̆

ᵀ ѿҹ1998ð2014Ȃ 

2 ֟ Ḥ  

Tab.2 Basic information of remote sensing precipitation products 

 /    Ҋ  

CHIRPS v2.0 1981ð2018 [50°N~50°S ] G,S,R,A https://data.chc.ucsb.edu/products/ [2022-01-01] 

CMORPH v1.0 1998ð2019 [60°N~60°S ] G,S https://ftp.cpc.ncep.noaa.gov/precip/CMORPH_V1.0 [2022-01-01] 

PERSIANN-CDR 1983ð2018 [60°N~60°S ] G,S http://chrsdata.eng.uci.edu/  [2022-01-01] 

TRMM 3B42 1998ð2018 [50°N~50°S ] G,S https://gpm.nasa.gov/data [2022-01-01] 

MSWEP v2.0 1979ð2014 ῃ  G,S,R,A https://dap.nci.org.au [2022-01-01] 

̔ Ҭ ΏG ̆Sҹ ̆RҹῬ№ ̆Aҹ№ Ȃ 

2.2.2  

ᶏ ԅ 36ҩ ̆ ȁ ȁ ȁ

̆ ׆ Ҭ ̂http://data.cma.cn/̃ Ȃ ת

Ṝ ᴆ ̆ ṿҍ ṿ Ẓ Ȃ ̆ץ Ẓ

ҹ Ȃ 36ҩ ꜚⱬ ԅ ⁞ץ̆

Ҍ ̆ ̂2021Ȃ̃≠ 36ҩ ṿ⌠0.25Á

̆ ṿ ΐ ̆ᵖ ҩ ṿ ᴪ Ҍ Ȃ ̆

῀ԅῃ 1961ð2019 ̂0.5ÁĬ0.5Á̃̆ ԍҬ 2474ҩ

̆ Ҥ ȁ └ ̆ ṿ ̆ ҩ0.5Á

ṿΐ Ḥ (Xiĕ2007)Ȃ ԍ ̆ ᾢ≠ 36ҩ ṿ

⌠ 0.25Á̆ Ῥҍ 0.5Á ῏ ̆ Ḡ 0.5Á ṿ ̆ Ḡ ṿ ⌠

0.25Á ╠ Ҋ̆ 0.5Á ⌠ 0.25Á̆

ҹCMAȂ Ҭ4ҩ ̂1961ð2014̃̆

₮ Ȃ 

2.3  

2.3.1 ABCD 

ABCD Thomas₮ (Martinez and Gupta 2010, Thomas 1981)̆

aȁbȁcȁd ҩ ̆ ῀ ҹ ̂P̃ ̂PET̃̆

̆ ῤ ̂ET̃ȁ ̂Rs̃ȁ Ҋ ̂Rg̃ ץ Ữ



5 
 

̂S̃ Ҋ Ữ ̂G̃ ȂABCD ҩ ҹң ̔ Ҋ ̆ῒ

Ҭ 2 ̆ Ὲ 1-4Ȃ ≠ ABCD ԅ

̆ ԅ (Baĭ2015B̕aĭ 2020̕ 2̆016̕ ᾣқ 2̆019)Ȃ 

 

2 ABCD  

Figure 2 The model structure, key equations and parameters in the ABCD model 
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2.3.2  

ҹԅ ᵀ5 ֟ ̆ ԅ ᴇ ̆ Ὲ

3 ȂῒҬ̆ ῏ ̂CORR̃ ԅ ֟ ҍ ӊ

῏ ̆ ᴨṿҹ 1̕ ̂RMSẼ Ẓ ̂BIAS̃ ң Ẓ ̆

ᴨṿ ҹ 0̕ Kling-Guptâ KGẼ ң ᵣ ᴨ ̆ ᴨṿҹ1Ȃ
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PODȁ FARȁ῏ ⱳ CSĬῒҬPOD ֟

ᶛ̆FAR ╠ Ԋᴆ ᶛ̆CSI

Ȃ ⅞№ԅ 3ҩ ̔ ҹ 0.1~10 mm/day̆Ҭ ҹ 10~25 mm/day̆

ҹ>25mm/dayȂ ָ ̂NSẼ ̆ NSE<0.36̆ Ҍ ̕

0.36ŮNSE̖0.75̆ ̕ NSEů0.75̆ ᴨ (Motovilov̆1999)Ȃҹԅ Ҍ

֟ 4ҩ ̆ NSE ԅ №̆ ҩ֟ №Ȃ 

3 ᴇ Ὲ  

Tab. 3 Equations of evaluation metrics 
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≢ҹ ֟ ᵀ ṿ ‰ ̕Ὄ ֟ ⌠ғ CMA ⌠ Ԋᴆ

̕ὓҹ CMA ⌠̆ᵖ ֟ ⌠ Ԋᴆ ̕F ֟

⌠̆ᵖ CMA ⌠ Ԋᴆ ̕ὗ ̆ὗ №≢ҹ ҍ ̕ὗҹ

ṿȂ  

3 ҍ№  

3.1  

3 4№≢ ԅ 4ҩ 5 ֟ Ȃ ṿ

̆ ṿ № ᵣ ⁞̆қ ̂ 3ãȂ

ᵣ ̆5 ֟ ṿ № ̂ 3b-3f̃Ȃᵖ Ҍ

̆Ҍ ֟ Ȃᶛ ̆CHIRPS֟ MSWEP֟ ₮ Ẓ ȁ



7 
 

Ҭ Ẓ ̕PERSIANN֟ ↕ ᵣ ̆ Ẓ ̕CMORPH֟ TRMM֟

ҍ № ѿ Ȃ ṿ ̆ ҉ TRMM֟ ᴨԍῒז M̆SWEP֟

̕ ҉ CMORPH֟ ̆ PERIANN֟ ̕ ̆

PERSIANN֟ ᵞᵀ ̆ῒᵩ4 ֟ ≢Ҍ ̕ ̆MSWEP֟ ᴨ ̆ῒ

CHIRPS֟ ̆ PERSIANN֟ Ȃ 

 

3 ῒ4ҩ ҍ ֟ ṿ №  

Figure 3 Spatial distribution of multi-year mean of observational and remotely sensed precipitation in the four 

sub-basins of the Weihe River Basin 

̔ Ҭץ ṿ╠ 1,2,3,4̆№≢ ҉ ̆ ҉ ̆ 4ҩ ȂCMAҹ

Ȃ 

 

4 4ҩ ҍ  

Figure 4 Annual variation of observational and remotely sensed precipitation in the four sub-basins of the Weihe 

River Basin 

̂ 4̃ T̆RMM֟ 4ҩ ҍCMA ѿ ȂPERSIANN

֟ ҉ ȁ ҍ ᵞԍ CMĂ ғ 5 ֟ Ҭҍ CMA ꜚ ≢
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ѿҩ̕ ҉ ̆ ֟ 2008ӊ╠ҍ ꜚḠ ѿ ̆ 2008

ῒ ṿ ԍCMA ṿȂ 

 

5 5 ֟ 4ҩ יּ  

Figure 5 Taylor diagram of performance of different remote sensing precipitation over four sub-basins of the 

Weihe River 

ҹԅ Ҍ ֟ ̆ └ԅҌ ֟ 4ҩ Ḥ יּ Ȃ

҉ ̂ 5̃ȂTRMM֟ ῏ ̂CORR=0.95ȁ̃ ‰ ̂S=72.39̃ ᴨԍῒ4ז ֟ ̆

ҍCMA ҹ ̂CORR=1̆S=78.53̃̆ ₮ ῒ̕ ҹMSWEP̂CORR=0.9S̆=59.81Ȃ̃

҉ ̂ 5b̃̆ TRMM MSWEP֟ ῏ ҹ ̂CORR=0.95̃̆ ᵖ MSWEP

‰ ᵞԍTRMM̆ῒ ҹCHIRPS֟ ̂CORR=0.87S̆=69.1̃̆ ҹCMORPĤCORR=0.76̆

S=73.07Ȃ̃ҍ ҉ ᵌ̆TRMM MSWEP֟ ҍ ᵣ ҹᴨ ̆ ῏

̂҉ץ0.9 5c 5d̃̆ CMORPH֟̂ C̔ORR=0.60S̆=70̕ C̔ORR=0.64̆

S=94.6̃ Ȃ MSWEPҌ ̆ ᵞ ҉ ȁ

̆ ᵣᴨԍ ҉ Ȃ 

3.2  

6 ԅҌ ֟ 4ҩ Ȃ №֟ 4ҩ ᵞ

ᵀ̂BIAS<0̃̆PERSIANNᵞᵀ ҹ ȂMSWEPTRMM֟ BIASγ ԍῒ҈ז ֟ ̂

6ãȂMSWEP֟ ̂RMSẼ ῒז ֟ ̆ 4ҩ ṿ 3.46~4.04 

mm̆ CHIRPS֟ RMSE4ҩ ̂ 6b̃ȂMSWEP֟ ῏ 4ҩ ᴨ

ԍῒ֟ז ̆ ̆҉ץ0.63⌠ CHIRPSPERSIANN↕Ẓᵞ̆ № Ҋ̂ץ0.4 6c̃Ȃ ԍ

KGE ̆MSWEP֟ ᴨԍῒ4ז ֟ ̆4ҩ PERSIANNKGĔ҉ץ0.6

ᵣẒᵞ̆ № Ҋ̂ץ0.3 6d̃Ȃ ҉ ̆Ҍ ֟ ѿ ̆ ѿ
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֟ Ҍ Ӟ ₮ ῒ̆Ҭ ԍ MSWEP֟ ᴨԍ

ῒ֟ז ̆ ѿף ֟ ₮ԅᴨ ̕ ԍ Ḥ CHIPRSPERSIANN

֟ Ȃ 

 

6 ֟ Ҍ   

Figure 6 Basic statistical performance of remote sensing precipitation products in different river basins 

 

7 ֟ Ҍ №   

Figure 7 Categorical performance of remote sensing precipitation products in Wei River basins 
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7 ԅ ֟ 4ҩ Ȃ ԍ P̆ERSIANN֟

̂POD>0.71̆ 7ã̆ ῒ ҹMSWEP̆ῒᵩ҈ ֟ ≢Ҍ Ȃҍӊ ̆ң

֟ ΐ ᵞ ̂FAR<0.24̆ 7b̃ ῏ ⱳ ̂CSI>0.58̆ 7c̃Ȃ5 ֟

҉ ᴨԍῒ҈זҩ Ȃ ԍҬ M̆SWEP֟ ̂POD>0.38̃̆

ҍӊ ̆MSWEPΐ ᵞ FAR CSÎ 7d~7f̃̕ ֟ PERSIANN

̂POD<0.22̃̆ῒᵩ҈ ֟ ≢Ҍ Ȃ ԍ C̆HIRPSPOD ῒ̆ ҹMSWEP̆

PERSIANN̕ᵖ MSWEPFARᵞ̆CSI ̆ ₮ ᴨ ̂ 7g~7iȂ̃

҉ ̆MSWEP֟ ᵣ ᴨԍῒ4ז ֟ ̆ ֟ ԍ

ᴨԍҬ ̆ ӊ Ҍ Ȃ 

3.3 ֟  

ҹԅ Ҍ ֟ ̆≠ PETꜚ ABCD

̆ Ҍ ֟ ҹ ῀ Ȃ ᾢ̆ ̆ 1961ð

1980ᵬҹ ̆1981ð1997ᵬҹ ̂ 8̃Ȃ ̆4ҩ

ָ ̂NSE>0.64̃̆ ῒҬ ҉ ᴨԍῒז ̂NSE=0.75̃̕ ̆ ԅ

NSE ̆ῒᵩ NSE Ҋ ̆ᵖ ᵣ ҹ ̆ ABCD

ΐ ̆ ץ ԍҌ ֟ Ȃ ԍ ̆Ṣꜛ ̆

≠ Ҍ ֟ ꜚABCD ̆ῒ 9 Ȃ 

 

8 ABCD ҍ  

Figure 8 Performance of ABCD model in calibration and validation period 
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ᵣ ̆5 ֟ ꜚ ̆ ̆ғ

҉ ᴨԍῒז ̆ ҉ Ȃ ԍ ҉ ̆ -

⌠ ̕ ῒ҈זҩ ̆ ԍ ᵞץ ֲ ̆ - ῏ ⌠

Ȃ׆Ҍ ̆ ҉ ̆TRMM֟ ᴨ̂NSE=0.66̃̆ ῒ ҹ MSWEP

̂NSE=0.59̃̆ CHIRPSPERSIANN֟ Ȃ ҉ ̆TRMM MSWEP֟

NSEҹ0.46̆ ҹPERSIANN֟ ̂NSE=0.34Ȃ̃ ̆ ֟

№≢ CMORHPTRMMȂ Ҍ ֟ 4ҩ № ̆TRMM֟ 4ҩ

ᴨԍῒז ֟ ̂ № 19̃̆ ῒ ҹ MSWEP֟ ̂15№̃̆

PERSIANNCHIRPS֟ ̂№≢5№ 10№̃̆ ԍ Ḥ ֟ MSWEPҺꜚ

֟ TRMM ΐ ̆ ҹ ֟ ̆ ԍ /

PERSIANNCHIRPS֟ ̆ῒ ѿ Ȃ 

 

9 ֟ 4ҩ  

Figure 9 Hydrological performance the five remote sensing precipitation in four sub-basins of Wei River Basin 

 

 

 

4 Ҍ ֟ 4ҩ NSE  


