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Application of Multivariate Linear Regression and
Neural Network Models for Simulating Water
Quality in Reservoir
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ABSTRACT

The water quality is one of the key factors in operation and management of
reservoirs. The Carlson index of dissolved oxygen (DO), total phosphorus (TP),
chlorophyll a (Chl a), and secchi disk depth (SD) are commonly used as the indicators for
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determining the status of eutrophication in the reservoirs. In this study, various artificial
neural network models (i.e. radial basis function neural network, RBFN and adaptive
neuro-fuzzy inference system approach, ANFIS) and multilinear regression (MLR) model
were developed to predict DO, TP, Chl a, and SD in the Techi Reservoir of Central
Taiwan. The input variables of the neural network and MLR models are determined
using the linear regression. The performances using RBFN, ANFIS, and MLR models

were evaluated based upon the statistical errors including mean absolute error, root mean

simulated DO, TP, Chl a, and SD values. The results indicate that ANFIS model’s
performances are superior to those of MLR and RBFN models. Study results show that
the neural network using ANFIS model is suitable to predict water quality variables with
reasonable accuracy, suggesting that the ANFIS model can be used as a valuable tool for

reservoir management in Taiwan.

Keywords: Multivariate linear regression, Radial basis function neural network, Adaptive

%
square error, and correlation coefficient computed from the measured and model %

network-based fuzzy inference system, Eutrophication, Water quality, Techi

Reservoir.
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1.1 AREESEEDN

ba% TRaSEmEsE - BRIESL - ko fEA
MR AT HBEE - fE 5@ RIS a
BRIV FE SRS G R R P RN Y BB » 4R
RERN A R RS (ERY 2.6 £ {HRIEERHY
ToILIZ, ~ 22 B 53 A Se N R I RATR
AR BRI K& R A SR SEIER 1/7 0k
MEKEHEZ & - HizR—84ER - (R EHR
JREYfERE - AL BUR Ry T e s BRI R A
R - BAESBAE T 3F 2 KRR/ VN 7KIER « (HERR
TRIEREE/K & RS BN R BRI  SBECK
EAVE R AOKE - S /KE A - KE
AL Bl Ry /KL - PR DARERI 2 B8R
BRI A K - A 2 e KK E R A ik -

DASE A 0 TE I L 7 22 /K B R /K B R
DB E RSN - KR K S h s - (e
FAEVIVER B PAlr R AR sk B
PEBHEETE Y 40 Z4ER((Chen, 1970; Di Toro et al.,
1971; Thomann et al., 1975) » FlRfREELATE
T2 S FENSET RERESIRVESD - ZHERIIAEL/K EERY

7i B Bl 7 B A G T e T 228 11 B P 7 L B
& 7K B /Y [ 3 (Thomann and Mueller, 1987;
Chapra, 1997, Martin and McCutcheon, 1999) ° 7£
B SE TR - KB BB R R TR A
i R EEAR S EHE R TR ielads < 3
A JERR SRR RS R E B2 E ]
AR 7K R/ E BB TH I (Dogan ef al., 2009;
Singh et al., 2009; Khataee et al., 2010; Chen et al.,
2010; Jiang et al., 2013; Najah et al., 2013; Wen et
al., 2013; Xiang et al., 2013; Abyaneh, 2014; Ay ad
Kisi, 2014; Kim et al., 2014; Najah et al., 2014) °
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IBR] &1 A5 o 17 2R e A8 e 2 =X PR 7 WA B
JKEERIREIEETE - BT Soyupak et al. (2003)FEH
JEAS A R (G T - B Keban Dam 7KJE
Kuzgun Dam 7KJ# & Doganci Dam 7KEEfATSRERY
R ELZE I A AR 5 Kuo er al. (2006)45 548
TiEACK B R DR e R I R 35 22 /K B AR /K 8 2
AP THRIB A /K B RS2 2E 5 Kuo et al. (2007)
1] FEL B S0 R i A8 e B A PR s 2 P RE K
FIPUREEE ZKE 2 SIS~ HERE ~ TR o
FABEHARE 5 Rankovic et al. (2010)F F R Ia2ERHR
M A A FEHI B R R Gruza ZKEERVTASEIRE
Soltani et al. (2010)f & 7K Bt HER =X B B K]
FEF LAVE A B /KR H A i R SR -
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TN ~ M B L IR AR I B % A B
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Rankovic ef al. (2012)FF DAGRE M A RIRE S
PR TEMHIZERRAE TS Gruza ZKEEAYASIERE 5 Chen
and Liu (2014)CAZ BB MR ~ BIHERAT S
D i AR X0 Lo e At e 8 4 B A = P
FHE/KERIEAIRE » Hf » Kuo er al. (2007)f8
JFEE FH B — e A A e 15 X1 T PR R /K R /K B TR
W - GRAFI A EE A s R =R 2 K B TR
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x1

RE KK E R B HETER

EE ME R KM FI4E LA £ #RAK
% B (m) 0.05 8.40 3.32 1.76 0.53
KB (°C) 10.90 25.20 17.22 3.09 0.18
pH 6.80 9.87 8.16 0.46 0.06
& 4 % (umho/cm 25°C) 157.00 366.00 250.31 31.96 0.13
7 . (mg/L) 0.30 12.60 7.51 1.79 0.24
% & (NTU) 0.10 550.00 7.02 26.18 3.73
#% B 52 M (mg/L) 0.10 702.00 8.29 31.23 3.77
478 % (mg/L) 19.00 167.00 119.95 16.45 0.14
48 % (mg/L) 58.70 123.07 86.45 12.07 0.14
¥4 FE a(ug/l) 0.10 126.10 5.47 11.46 2.10
HE(ng/L) 2.00 266.00 18.21 2481 136
#H B R.(mg/L) 0.01 0.95 0.07 0.09 1.23
446 % A2 (mg/L) 0.50 92.40 6.13 6.62 1.08
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(R - Frall& K RIS (I B RS S %
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2.2 JKEEKE R R EH ST

AW AL /K 1994 £ 2013 55
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= B ERES

3.1 ZEHERERFEN

25 BRI 3l s P DR o A8 5 i —
B ST B BRI RR TR R £R - AR B R 1k
TERHIME - 1T %87 B Uk THIHIME (Pedictor) © 2%
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3.2 EAREE R B ETHASAERIE

W TR 5 JE: oy SR i A8 4 5 By L ok G S
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[ i B3l g G A 1S B RS o FELAY - S
DENERTE 2 T R — R o =8 E
%+ AERE TR B DAFE R R RS oL
Bl R B F DU B B R i R S M
(Dibike et al., 1999; FREFEATREEFK » 2005) -

S35 B — iy P i R 58 G oy SRR R A
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FIREEE 5 ¢, (x) PSS e 22k JEC ol B AR AR
el S TC R (L - AR ZE LU T B E LR
S EEIECRA S - A0 AR
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X ¢, RebUE s 1 Mt LAE S o
EER o=d_ [N 5 d Rl e REEALE
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MR IEAR /N F5i(Chen et al., 1991; Ham
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Py . SE—— ©)
1+ 5 o 1425
a; a;
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arr -
Oy, =W =) i=12 e (8)
W +w,
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Sugeno M ZAHSE - HETEAATT -
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BTG - R RS R E TR
HiR e < B E - AnsN(10)FTR

34 MERERR

T4t 22 5 B e 0 A =X B e 68 e
PR =R TR 22 ST F DA Lot (TS SR
BRI - ARG P24 ¥ 357 (Mean absolute error,
MAE) ~ ¥ /5 fR§% 7 (Root mean square error,
RMSE) A J #H B £% #§ (Correlation coefficient,
R) o HEHEAZSAERBHAT ¢

MAE:%Z|(C},)N (S0 1 S— (11)

RMSE = \/%Z[(CP)N (ol 19 c— (12)

2[(c )y = C,IC,)y — _m]
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&2 ANEKESHERRHBRRE

x4 ANEKESHRTEIBRRE

RE 8 #a 15 #(|R)) RH 38 B4 3(R))
# W E(SD) 0.2906 # 5% (TP) 0.0023
KB(WT) 0.0519 AB(WT) 0.2377
pH 0.1109 pH 0.4595
& &% (EC) 0.2248 & &% (EC) 0.1679
& B (TB) 0.3646 % L (TB) 0.0019
ZH (DO) 0.0023 # % % (SD) 0.2831
BFE M (SS) 0.4033 H B R 45(SS) 0.0054
¥4%% a(Chl-g) 0.2534 ¥4%% a(Chl-g) 0.2895
4 4L A& (BOD) 0.1539 A 4L A2 (BOD) 0.0201
w8 £ (NO3-N) 0.5685 7 B RU(NO;-N) 0.0522
Y7 % (TH) 0.1875 H 5% B (TH) 0.2010
HER B (TA) 0.2264 HER B (TA) 0.2014

&3 ANEKESHEREHEEZABRRE

x5 ANEKEEBEREERR o Z1BERE

kS LS D) kS R B(|R)
HE%(TP) 0.2906 HER(TP) 0.2534
KiB(WT) 0.2184 KiB(WT) 0.2114
pH 0.2145 pH 0.2755
E 4% (EC) 0.1566 THE(EC) 0.2440
& (TB) 0.2369 % B (TB) 0.0258
= 8(DO) 0.2831 # W (SD) 0.2013
B ERMESS) 0.2104 BiF B B4(SS) 0.0032
¥4 % a (Chl-a) 0.2013 = 8,(DO) 0.2895
41t % 8.8 (BOD) 0.0452 416 % 82 (BOD) 0.2042
A B §.(NO5-N) 0.1556 A B FU(NO;-N) 0.1346
HL AR % (TH) 0.1132 458 (TH) 0.2299
MR (TA) 0.1366 Mg (TA) 0.2859

MM - FER TR

4.1 EEWMAZKESH

P W A IR R DA 28 S e 1 Sl it
PR ~ M A RS TS R B A B A o o s e A
R e A % A X, L 9 7 e 7 A T —
IR 5 Akkoyunlu et al. (2011)E2 Rankovic et al.
(2012) ELf5E A R 9 7K B A8 A o RS A R A
ozl A » DUETT/K KB Z R RETHIH © Chang et
al. (2014)FERFERZMER 70 T B Gamma Test
(GT) » S E IR A - H237 ANFIS
(GT)H LAG AL 2 i L et i3 2 RIS 5 Chang
et al. (2015)FIBELL GT By TH - S F TR 75y

FESHE R AR A - B EER A E(NH;-N)
HIUREE -

R Wt i i A 7K B[R] S5 1 i s SR A
HE B ERE - DU AR 7 ruiE
F » AIHFESeER IR IR - SRR RIFIARER
AL AR B (VA 4A ~ W ~ TERR R o B
TP ER R IR AR 1994 428 2013 FFAYFE
FoKEEKEERELET 715 5 iR MR 2 ik
18 - 5% 2 B3R 5 73 R AIRERE B B ~ 3
HARE ~ WAL RS SR o ZHHBIRBUER) » Rff
= A A PR K A B TR RS SR ] A AH LR
B HBE 600 S (overfitting ) BE 50 3| ok
(overtraining) R EE 4 » AMHEEE FH EL AR TERI 2

—79—



SEYRITORRATRURNEKER ZREDHT

A AR A
MAE RMSE R MAE RMSE R
DO 1.07 mg/L 1.51 mg/L 0.52 1.16 mg/L 1.55 mg/L 0.53
TP 8.51 pg/L 15.23 pg/L 0.74 9.56 pg/L 20.43 pg/L 0.71
Chl-a 5.15 ng/L 10.96 pg/L 0.48 4.74 pg/L 8.01 pug/L 0.43
SD 1.28 m 1.54 m 0.51 122 m 1.49 m 0.45

KB R BT 6 = M8 51 R A AR B Ry e =iy
A o 3K 2 HURE B R EEKE R F i
HHE (SD) ~ & (TB) ~ ARIFEFEYI(SS) ~ BERR
# a (Chl-a) * TEEBZ(NO,-N) K HERR FE (TA) 5
3 W I EEHE .2 EEKE K1 Ry M
(TP) » 7KiB(WT) ~ pH ¥ JE(TB) * F%(DO)
FRETFEIREYI(SS) s IR 4 WIS ES AN E
EKE R FFy/kB(WT) ~ pH ~ ZHHEE(SD) ~ %
1% o ~ FEREE (TH) RAERGE (TA) 5 3% 5 #UR
WG ER o ZEEKGRTEEBETP)
pH ~ EEE(EC) ~ %A (DO) ~ #EREE (TH) fAE
WAE (TA) °

42 ZEEHRMEREL

A IR = DATE VA SE(DO) ~ 4
BE(TP) ~ BE#ZE o (Chl-o)REYIE(SD) » H 4.1
Bffia A /K B R S - IR B B
R AR EAFR -

DO =-0.014xWT +1.5207x pH —0.1692
x 8D +0.0199xChl —a—-0.0035xTH
—0.0099xT4-2.9313

TP =-1.6142xS8D —-0.4637xTB +0.6821
x 88 +0.2948x Chl —a +143.8025x NO,
- N-0.0762xTA4+15.8915

Chl—a=0.1085xTP +5.2206x pH —0.0221
x EC +1.0238x DO +0.0179xTH
—-0.1377xTA-31.5261

SD =-0.0215xTP -0.0891xWT -0.2783
x pH —0.0702xTB -0.2035x DO
+0.0525x 85 +9.0964

A EC FyBEEEE 5 NO;-N RyiHfR% ; pH Fy pH
{8 5 SS B RIZEREY) » TA BAERES ; TB il
& 5 TH RyfEmfE 3 WT Ry/KIBRE -

JitEH(14)2 FHLATHBIYA S - RATEHEEE
53 Rl R e B BB Bt 5 AR s B 5 &R}
500 FE(EHEERERZ 10%) @ HEAMERILEE
B 215 FE(EHEEREBZ 30%) < & 6 I8
SRl i A TR A [ 7 B A S B ol s e
EHIEARE B 2 MG TR ZZ S TG SR » P BRI
RS X TEIHIVA S MAE ~ RMSE K R {H%3 51
1.07 mg/L ~ 1.51 mg/L k% 0.52 5 FAHIEARE ERTEM
%82 MAE ~ RMSE & R {4371 Fs 1.16 mg/L
1.55 mg/L J 0.53 < EARERE THHIM S - IR
P EX TEIHI#ER% 2 MAE~RMSE K R fH5 5 8.51
g/l > 1523 g/l Kz 0.74 5 FATHIZRRS By Fe i
Z MAE ~ RMSE J R {H437 K 9.56 pg/L ~ 20.43
ug/L B2 0.71 « BATERSR o ZTHRINE @ IR
W ER TEIHIEERS SR o 2 MAE ~ RMSE J R fE53 51
By 5.15 g/l ~ 10.96 ug/L K2 0.48 5 FAHIERHS ELTH
HIFERKR o Z MAE ~ RMSE & R {H23 A1k 4.74
1g/L~8.01 pg/L Bz 0.43 - BB 2 THEN S
TAFIBRPE B FEIEBAE .2 MAE ~ RMSE J% R {H
53Ry 1.28 m~ 1.54 m Sz 0.51 5 FAIGARE B THiEI
FEUHREZ MAE ~ RMSE K R fE53 A8 1.22 m >
1.49 m 2 0.45 -

Akkoyunlu et al. (2011)FEFALEME RS R
Bl 2 S P e U - B 1Znik 39H7ARY
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&7 TEREERBESEEBRATRURNDKER ZREDH

. IR B AR £
MAE RMSE R MAE RMSE R
DO 0.84 mg/L 1.17 mg/L 0.74 0.89 mg/L 1.26 mg/L 0.75
TP 6.93 pg/L 11.25 pg/L 0.87 8.83 pg/L 18.44 pg/L 0.76
Chl-a 3.44 pg/L 5.57 ng/L 0.87 3.50 pg/L 5.75 ng/L 0.88
SD 0.63m 0.84m 0.88 0.71'm 091 m 0.84
x 8 FRiPIEETIN BRI A E
e p o e AR B S B
R R AR TR T RATE AR
RBFN 6 1 - 0.85
ANFIS 1 2

S RTRAMA S H

TR T DI SR R R T HA A RS
HEREA R © AW LA 33 B M B U PRI 1
FOKERITESR, ~ Nawk ~ ZERRSR o BBV - THE
FHERE ST PR -

4.3 1EAKE B SR BT AR R AR 2C

FE A 25 A3 S 1 B At R 325 s e L0 7K
JEEKE - B s U E U R KK E 2
TEIH 5 ST ER PG TR 8 JES pR B e s e e
TT7KEETE A, ~ il ~ BERR o SOEPHEE T -
[P A A 1 ok B3 B o 3 P 6 P 1 S fe S g Bl
R B 2 B B M B A A ] -

22 7 By LU R J55 S & SO A A i A P
AN 7K B A T ) R s sk B B s B i e B AR
FETHTARG SR » R EEAR AR B TRA Fz
MAE RMSE & R {4375 0.84 mg/L~1.17 mg/L
e 0.74 5 RGPS B THIIA 2 MAE ~ RMSE
B RAESTAEs 0.89 mg/L ~ 1.26 mg/L Kz 0.75 ¥}
A RERE 2 TR+ 7 3R s e O e 2
MAE RMSE J R fH53 15 6.69 pg/L~11.25 ug/L
Je 0.87 5 FAHIEAPE B THIIERE 2 MAE ~ RMSE
B RAEST A B 8.83 pg/L ~ 18.44 ug/L B 0.76 ° ¥}
ATEFSE o THBIMNS » RFIRES B PSSR R
a Z MAE ~ RMSE J R {EH43 3Ry 3.44 pg/L~ 5.57
ug/L 2 0.87 5 FATHIGARE B THIEERR$R o & MAE ~

RMSE K R {EH43A 1Ry 3.50 wpg/L > 5.75 ug/L K
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