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Abstract

Typically, water quality sampling takes place intermittently since sample collection and following analysis requires substantial cost and efforts. Therefore
regression models (or rating curves) are often used to interpolate water quality data. LOADEST has nine regression models to estimate water quality data.
and one regression model needs to be selected automatically or manually. The nine regression models in LOADEST and auto-selection by LOADEST
were evaluated in the study. Suspended solids data were collected from forty-nine stations from the Water Information System of the Ministry of
Environment. Suspended solid data from each station was divided into two groups for calibration and validation. Nash-Stucliffe efficiency (NSE) and
coefficient of determination (R,) were used to evaluate estimated suspended solid loads. The regression models numbered 1 and 3 in LOADEST providec
higher NSE and R», compared to the other regression models. The regression modes numbered 2, 5, 6, 8, and 9 in LOADEST provided low NSE. In
addition, the regression model selected by LOADEST did not necessarily provide better suspended solid estimations than the other regression models did.
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Fig. 1 Locations of streamflow and total suspended solid data for

717t & B 5% (mean; mg/l), F-AL B AR N4 49 stations
Table 1 Statistics of suspended solid data (mg/I) from 49 stations

Name Period Min, | Max. | Mean | Num, Name Period Min, | Max | Mean | Num,
Ahnyang A 2007.05,04-2014.05.29 2.0/ 389.0| 17.3] 319 Hangang | 2007.05,04-2014.05.29 27| 280| 20.2| 319
Bukhan A 2004.08,04—2014.05.27 0.2| 134.0 34| 437 Hantan A 2007.05,02-2014.05.27 0.3| 200| 10.5| 320
Bukhan B 2004.08,04—2014.05.27 0.3| 492 3.4 437 Hantan B 2007,05,02—-2014,05.27 17| 546| 157| 320
Bukhan C 2004.08,03—2014.05.28 0.4| 135.0 75| 443 Inbuk A 2004.08,04—2014.05.27 04| 343| 93| 441
Bukhan D 2004.08,03—2014.05.28 0.4| 660.0/ 80 37 Imjin A 2007.05,03-2014.05.27 03| 103| 7.6 314
Bokha A 2004.08.10-2014.05.28 1.4|2073.3| 41.8| 373 Imjin B 2007.05.03-2014.05.28 1.0 896.7| 16.6| 309
Cheongmi A 2004.08.10—2014.05.28 0.7|11050.0| 19.3| 372 Jaecheon A 2004.08,11-2014.05.27 02| 33| 76| 372
Dalcheon A 2004.08,06—2014.05.27 02| 1265 83| 444 Jojong A 2004.08.03-2014.,05.28 04| 2639| 76| 443
Dalcheon B 2006.04,06—2014.05.27 1.0] 1433 9.0/ 370|| Jeungrang A 2006.03,22-2014,05.29 2219886 236 37N
Heukcheon A 2004.08,06—2014.05.28 0.2| 336.7 82| 445 Jucheon A 2004.08,05—2014.05.27 0.1 176 6.1] 440
Kyungan A 2004.08,13—2014.05,29 07| 727.0| 16.2| 475 Jinwi A 2012.01.11-2014.05.28 48| 543| 186 83
Kyungan B 2004.08.13-2014,05,29 0.8] 690.0| 14.2| 478 Moonsan A 2007.05,03—-2014.05,29 46| 1485 154.4| 321
Golji A 2005.03,31-2014.05.27 0.1 2045 72 415 Ohdae A 2004.08,05-2014.05.27 0.1 442\ 127\ 440
Kapyeong A 2004.08,03—2014.05.28 0.1| 1517 3.3| 443| Pyeongchang A | 2004.08,05-2014.05.27 0.2| 150 74| 372
Kongreung A 2012,01.19-2014.05.29 40| 2050/ 232| 105 Shincheon A 2007.05.02—-2014.05.28 47(17533| 34.3| 319
Gulpo A 2007.05,04—-2014.05,29 3.8 168.0| 16.2| 320 Seomgang A 2004.08.25.—2014.05.28 02| 376| 83| 372
Hongcheon A 2004.08,03—-2014.05.27 02| 97.0 46| 430 Seomgang B 2004.08.06—2014,05.28 0.8| 950 11.0] 463
Hangang A 2004.08,05-2014.05.28 02| 4855/ 80| 44 Soyang A 2004.08,04-2014.05.27 01| 281| 55| 441
Hangang B 2004.08,06—2014.05.28 0.1| 4215 77| 437 Soyang B 2004.08,03-2014.05.28 01| 166| 6.0| 456
Hangang C 2006.04.06-2014.05.27 06| 61.0 37| 372 Tancheon A 2006.03.30-2014.05.29 35| 642| 251 371
Hangang D 2004.08.06—2014.05.28 0.1 106.5 84| 447 Okdong A 2004.08,05—-2014.05.28 01| 195 27| 441
Hangang E 2004.08.06—2014.05,28 0.8[1546.7| 18.6| 463|| Wangsuk A 2004.08,13—2014.05,29 1.8| 482 142| 374
Hangang F 2004.08.13—2014,05,29 18| 250.0| 11.0| 445 Yanghwa A 2006.04.05-2014.,05.28 1.7/16933| 37.0| 373
Hangang G 2005,01,20-2014.05.29 1.9] 222.0 11.1]  374|| Youngpyeong A 2007.05,02—2014.05.27 12| 5725 145 320

Hangang H 2007.05.04-2014.05.29 12| 192| 131 336
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AZRS 29ich R79) 10 Wi )2~ 3]714] 571 0.3809 2 %]
27 Bolow, 3]7)4] 70] 0.49192 RS B} 90
H 9= 29141 701 0.9339 = 2|k H el o, 3174
2,5,69]0.97992 A7 R (Fig. 3). o] Axto] Ak
2110 %} 519] 10 %2 A 2|51 BAT ol A] ZF 5] 74
NSESFR?S] 9 9jo| 4] 2 2}o| & Wo| 2| gkgpr}. Tefuf 1
Hge) A me) A3t % H4ghe 3114 2746.64582)
NSE2}0.0301 2] R H.glon, 3]74] 22 H|25}0] 4, 5, 6,
7,8, 97} ©2=0] NSEZFS H.9iT} (Table 2). R29] ALt}
B19141] 90,1271 (819441 1) W} =A) ehge, 319
A12,5,69] #427k20.0301, 0.0541, 0.0791 9] = = Sk
Z, 3]714] 12} 30] Th2 3|72 o] |8 NSES}R® H-27} &
Al ekt

250) 7|52 5 ), o] ofs molR7h Sk} Al
0]l 7748712 Ttk M (Accuracy) T} T ol
ROR|7} Guit BALE =7 1S ksl AU A (Precision)S
2= v2je g Q7) Qi (Park and Engel, 2014; Phillips et
al., 1999; Preston et al., 1989). LOADEST®] 3| A5 &
7 Ak, 34 29455 A LfstaL, 10 2914, 25 WE9f4,
50 BHEL}4, 75 W94, 90 WHEL )= F A}o] & HolA]
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Fig. 2 Nash-Stucliff Efficiency of estimated sediment load by
each model to measured sediment load in calibration

Table 2 Minimum, maximum, and mean of NSE and R in calibration

R squared
—
—
:
1 I

Model Number

Fig. 3 Determination coefficient of estimated sediment load by
each model to measured sediment load in calibration

Model Numer NSE i
Min, Max. Mean Min, Max, Mean
0 —3.83%4 0.9933 0.5286 0.1338 0.9989 0.7415
1 0.0777 0.9819 0.4978 0.1271 0.9971 0.7256
2 —6.6548 0.9902 0.3630 0.0301 0.9995 0.7214
3 0.0819 0.9322 0.4950 0.1536 0.9978 0.7222
4 —-0.7329 0.9856 0.4598 0.1539 0.9971 0.7298
5 —4.4152 0.9793 0.4016 0.0541 0.9995 0.7227
6 —b5.8264 0.9766 0.4903 0.0791 0.9990 0.7350
7 -1.6054 0.9950 0.4454 0.1664 0.9972 0.7285
8 —3.8394 0.9972 0.5271 0.1320 0.9989 0.7385
9 —3.8697 0.9933 0.5295 0.1338 0.9989 0.7424

1} 30] v]3f) L 2] 3] 4]9] F9- A o R W2 #1919
NSES}R*S HIT) =, 3]94] 13} 30] ThE 3]7)4 o] 1]
U2 Augde Bk

NSE Q] Hi#71e 3| 1A 2710.3630 0.2 #$=7kS- HF O
o, 3]714]97}0.5295 2 gk B gict o2 3]7] 4] v
3l 122 FUdS B3 3|9 4] 39 NSE Btgh 04950
Btk R7Q] FHZHS 0.721404 0.7424 2 2 2}0] 2 Ho|
A= kT (Table 2). = AE/d2 3] A 82971 71 =7
VR AT, A2 o A i/dS 34 neld u, 3914 1743
o] Tk |74 of| ulaf| AZA|7} 717ke- HolA| & mo sh=
Ao &2 Yeptt

LOADEST®] 3|7]4]o] 0 7%, 9719] 5] 7]4] Fofl 714
2 Ogh= A0 & FE = 374 s o2 At
LOADEST2] 3] 4] 00]] &Jgt 2 2] Ax} NSE+=-3.8394 5
E]0.99332] H9]E 1 9131, R*=0.13389]14] 0.99892] H 2]
5 W9tk NSEQ| Bt 0.52860]%L01, R*S] Pt
0.7415%th = LOADEST2] 3]74] 00| 2|3} mojz|7} &

% A AE At ele hiE ot ojx|of 7Tl B o=
W= AR YT 53], 21914 09]] &J3t Hof2]E 2]
A 13}30]] 23t mojx|e} vl g ) o= E kel
Ho|z| gfont, AU doMs W A 0= Ut

2. LOADEST 2&io| X

LOADEST 32| 3]7]4] {43140l A4, NSEQ] 10 w2
Q4= 34 271 -1.4283 0 2 H|ghe Holom, 374
70]0.1640 0.2 Z|AZFS Wt} (Fig. 4). 90 W94 3
741 10]0.7886 2 47+ B0 0, 3174 4710.8425 %
HHZS Btk R*9) 10 B9t 3]9)2] 271 03802
gk B3 om, 31914 70]0.4890 0.2 2| Tighe K Gk
90 WEQ|4= 3]714] 30] 0.9243 2 H &gk Helom, 3
741601 0.9992 2 X H7ES B Glck mo] Auke] 41910 %
213191 10 %5 A AP ul, AATgolA 3174 1,3,4,7
o] 3]7]4] 2, 5, 6, 8, 9°]| H]3} F->NSE2] ¥ 15 Bl o

s T3 =R 2578 ARS, 2015 * 41
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Fig. 4 Nash-Stucliff Efficiency of estimated sediment load by

each model to measured sediment load in validation

Table 3 Minimum, maximum, and mean of NSE and R in validation

R

e

Model Number

Fig. 5 Determination coefficient of estimated sediment load by
each model to measured sediment load in validation

Model NSE =
Numer Min., Max, Mean Min, Max, Mean
0 —701,4280 0.9811 —7.1730 0.0933 0.9992 0.,7372
1 —1,3265 0.9904 0.4694 0.1149 0.9968 0.7266
2 —320,3694 0.9762 —3.7563 0.0269 0.9995 0.7141
3 —1.7414 0.9918 0.4670 0.1350 0.9977 0.7226
4 —5.0527 0.9782 0.4177 0.1238 0,997 0.7293
5 —328.9656 0.9872 —4.0884 0.0465 0.9995 0.7187
6 —701.4280 0.9830 7177 0.0643 0.9992 0.7237
7 —6.3453 0.9819 0.4065 0.1421 0.9973 0.7275
8 —734.2746 0.9811 —7.4457 0.1064 0.9991 0.7301
9 —742.5269 0.9803 —7.6020 0.0933 0.9991 0.7345

R 2 W 91atol & Mol A= eeleh (Fig. 5). @g2Hgel 4
A 5o] BIHE &, NSES] -9 2] 4] 1, 3,4, 72 254k
o] #1917} -6.3453 (21744 7)014 ~13265 (1714 1)l
H]3), 3]7412, 5,6, 8,92] 7-9--742.5269 (3|72 9)ol| A —
320.3694 (3]714) 2)0] 9Ick. NSE ] #gighe mE 5]7]410]
0.9762 o|/F2] k& HATE HgIg o)A NSEQ] B4k
31AA 1, 3, 4, 7-20.4065 (3] 44 7)0ll4 0.4694 (3]H 4] 1)
£ HAAT, 29412, 5, 6,8, 9= -7.6020 (2] 7]4] 9)ol| A —
3.7563 (394 2)2 Bk RPo] AS 24710 ¥
0.0269 (3]714] 2)°llA 0.1421 (3]714] 7)2] B9, 3
TS 0.71419) 4 0.73452] H$)=S B 3T} (Table 3).

RP9) ¥§lo) A= 2 Aol & Ko|A] gtort, NSES] 9]
=714 1, 3,4, 7HE 21914 2, 5,6, 8, 971 E 7] w2,
194 1,3,4, 70 4R 02 £ UG B R OR 1}
EpET] R2 9] H kol A 2 Kol 2 Ro]x] 9ok NSE
of BatgE = o, 21914 1, 3,4, 7HH 819412, 5,6,8,97}
A2 ghas B3] o], el oAM= 394 1, 3,
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4,70] & A0 UERYT
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Table 4 Percentage (%) at which LOADEST selects the best—fit
regression model

Validation
NSE R
71 12.2

Calibration

NSE R

1.2 143

2
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of o]t 12 0] x| 2} 41 =2 €] NSE Wt} & 7-9-= F) 9871 =
A/ 5gAtE A e dis) 117) ARAIE (11.2 %) B.oH, R?
O] A9 147 AEAE (14.3 %) Q) A0 = LEpgth thA
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< o] 83t9S Aol AEA] 2007d 8 290 1,687
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Table 5 Regression model which provided the highest NSE for

each station
Name Model number Name Model number

Ahnyang A 8 Hangang | 4
Bukhan A 6 Hantan A 8
Bukhan B 4 Hantan B 5
Bukhan C 8 Inbuk A 5
Bukhan D 1 Imjin A 4
Bokha A 1 Imjin B 5
Cheongmi A 4 Jaecheon A 3
Dalcheon A 8 Jojong A 1
Dalcheon B 7 Jeungrang A 4
Heukcheon A 4 Jucheon A 1
Kyungan A 1 Jinwi A 1
Kyungan B 1 Moonsan A 5
Golji A 8 Ohdae A 5
Kapyeong A 4 Pyeongchang A 5
Kongreung A 1 Shincheon A 1
Gulpo A 1 Seomgang A 8
Hongcheon A 1 Seomgang B 7
Hangang A 8 Soyang A 1
Hangang B 1 Soyang B 4
Hangang C 5 Tancheon A 7
Hangang D 1 Okdong A 7
Hangang E 2 Wangsuk A 8
Hangang F 4 Yanghwa A 5
Hangang G 4 Youngpyeong A 5

Hangang H 8

9 1820f| 884 ton (&F 26.236 m'/s, F--EAew: 390
mg/L), 20131 9 11o| 1,472 ton (-2 28.778 m'/s, -
SE2%%: 592 mg/L)of 3 Al, Z+2F 801 ton, 365 ton, 432
ton O & 7| o535 01} LOADESTe] o] A8 3]+]4]
60l &Jgt mojz|Hr) Ao 714A| &3t (Fig. 6).
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Fig. 6 Scatter plots of measured and estimated suspended solid loads from Ahnyang A station
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