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Abstract

In response to global climate change and the raise of eco-environmental restoration concept, the equity
between ecosystems, environment and human beings gains increasing attention for the past years. The
concept of streamflow regime management is to incorporate ecological sustainability into flow regime
management by taking the needs of both human and river ecosystems into consideration. The Taiwan
Eco-hydrologic Indicator System (TEIS) is an important guiding reference for sustainable water resources
management, which confines water resources development to environmental load for maintaining sus-
tainable development principles. This study uses artificial intelligence techniques to build up a hybrid
ANN that combines the self-organizing feature map (SOM) and the radial basis function neural networks
(RBFNNs) into the self-organizing radial basis network (SORBN) for estimating fish bio-diversity based on
TEIS statistics. The results show that this model not only can categorize stream flow data but also can es-
timate fish bio-diversity quickly, efficiently and precisely. Then, the concept of improving riverine biodi-
versity is implemented to develop sustainable water resource management by considering both human
and ecosystem needs by using the non-dominated sorting genetic algorithm II (NSGA-II). For the mul-
ti-objective algorithm, the objective function for human requirements expects to provide the least volume
of total water deficit and the smallest water shortage index, and avoid the occurrence of serious drought
periods due to over-concentrated water shortage in certain period; while the objective function, i.e., the
biodiversity estimated by ANN, for ecological requirements expects to satisfy human requirements as well
as riverine biodiversity based on flow regime management. This study also provides a sustainable water
resources management which can satisfy human and ecosystem needs simultaneously.
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EFERBT2RUFRTHE ML ESHERFTRIRORT, ARTFHRERSES. HREOLFEXR; 7)1
BB —FBARCEHATREM) N ESRATRZEE, BESASHNA)IRBELETHL 1, ik
AREANESRGHAFHEE; GBESKURIRAZERKEKBFEREHENERESEHEE, FEARRRLIIT
KA RFEARSER R 2 MENHAT, DZERpKSERBRIEN; XA ELNAANTERIAR, RAEEAKM
Mz, @S WEATAE SEATKCRIGEGT ) ESRAT 2 AREN S, FRIETEER
ARG RGN )| REEHE, FFPGE. AR BAMHIHEARRZ AN BREETHE)IRS
TRAENZHERBRS, MAEXRHFREE G EFE (NSGA-I), B % RBAEMEZRMANENZ £ BirK
RIFEHENR; £ BRREEANAXNARTER B IRREET IR RBE SSUKERD . BUKEIRER/D,
g R AL T4 T 3R TS ™ BHUk 2 AR B RAE. XTESRRTR BIR KRBT E N A
LM PTHEMG A Z AR, IR R E B R A RT RIS R B0 ) 2 rett, BRI
NAM Rt K 25 B8 ARRKZ K K RIRE H

XA
FIREEHE, SEESKRS, ATERER, EXMAEFFEEBEREN, XEKREREHE

1. 518

GV T e R MBI SR AT IR, K BRI R AR 2R A, JiBsRKBER R, K BEIR BRI 6 Z0UH %45 3
HRKZ G, QLSRR RY1]-[6] R/KEKGHERE BN EEZ SRR, 5 BT T AR I E B
FrRe T < JE I N HEAT, DAMERR R SRR RIEN; TRV 2 0 T ORI A SR B 2 WE T, ©OR N &)1
TR A (] L AS) A LRl R A4 A2 22 BEVE ) N e B 5 A 65 7 St /K BT 5 B e 2 K 7R BRI
IKEERRAE, SRIKPEBRAE N — 2 AR B S 1 RE, BRi A RAE LA RS Tk i HH FK#RAN, M
PRl it A G IAES RGET R, RN GRBARMESREFRZMEREHRLE T W
T&H B AR AR B AR R B RS R (. RA AR AR TR R E HKEE), &
JAK BHRAE L _EAT RO BRI s A AR AR S R B SRR R BRIk LT, 2l 1 RN E L
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(PR B KBRS AE S 75 SRK R 170, DR AR X ) 35 b 2 i/ Fe A AT H AR K & DRI AT S 2 25 L& ]
NS THRITEV 2 FEVE RS, R K8 LB B A 2 RN SR N 2 K SRIR AR, 4 S B Lk 5507 i
SEAUAARAE, B AR AR BRI B AAE )  E i AT B SR, IR R S DR T A R KB BN
PR Z K S IR AR 2

2. 3CHk[El R

BEiAES RGG KR EEAEE MAKREZE T, 6E 7T FEENEMAESTE, KZAK
SN R ACIRZS BRATTFR 2 9 T BRI 113775 (The Natural Flow Regime) | [7]. 1ERGntl, ¥FE20 1116 54 255
AT 70 25 0 T K 22 AT RS A B R 7]-[9]: Bunn 5 Arthington (2002)#2 H A= 250 1AL AS HO I 2 5 FEARE &
[10], FH45& KAk g R (Indicators of Hydrologic Alteration, IHA)/E 3R HE LA 25 R 48 Sy REnt 2 il VA X
Pl 5K BREFE T H . IHA 5 Richter 58 A (1996)Frfig th[2], =IA & 2 H i s BRIk s, X edg
P Re s BAR 2 LA B IR SR K X A2 /K SR8 v, e SR A 5 10 1 SR TRT ) IR 28 R, i )3 e ) A
B, SER . AR A I TA) B iR i 2R 2% [2]; Olden 5 Poff (2003)7E A6 ML & AH SCHIE 7t i B A A 171 AN K
SCHRbR, REE—ANCAGE T SO BER ) ZER SR e K SR B, SRR DL IHA 22 33 ANFahs BRI AT LA a5 K3
SR KSCRRE IR [4]; Chang St & &AE 23 MR 52 3K IR E LIS 1T &8 4 /K SUHREN RG(TEIS),
PRI G W X A A K SCRFIE 2 22 53 R o BB AR A AKSCRE I X, DAARBE K SC - #UJE - AR A B R R [11],

A X T B — B N R SR AR B 1) H bR B BOR AR e KB EUR/IME s 7E2 HARAL I8, JEAfELE
R E S RT R TA 1) B AR R [12], DRI Z B bRRIE inl TR I IR AR — M, T —2HAR, FRON Pareto ffE
it (Pareto-optimal solution) % AE )t 2% (Non-dominated solution), 5 XA ZE /A — H AR BB AL T oA g [13].
£ 2002 4E, Deb #2 H AR #HEF 1 275 5 11 (Non-dominated Sorting GA, NSGA-11) [14], BR{#E NSGA k3%
Fic 55 2% (Non-domination level )i, 8 38 N & D& SR B , 0 1E 28 70 2 i BB AN, I LI BT E 25 (Crowding distance)
HRVFEMAIR RN, AR Pareto A T 5; Joines %5(2002) it NSGA-II &% T Pareto %
PRI 5 78 [15] . NSGA-II FT 75 (s SN R E0E,  Ur RS A NSGA-I 7E /K SR ATIRR # Pareto SAEAA 1)
-t H 2 340 . 76 Bl A 1945 Suen F1 Ehert $4 i 52 B G DURURE FHARTAT RS BI7K SO RRE, [ NSGA-II
4 T FrHH e AR TR G S ARG TR H s, K BE B [9]. Shiau A1 Wu 7 2007 4 LUK UL br %
FEIRETLE, LA NSGA-I BRI AR 3 AE b, FRER IR AT 244 SR [ A4 ) 6 22 5[ 16]

3. foR X R HiEsTd
3.1. WX

KPR AR =R —, 2K 126 A, WAL 1162.7 F 7 AR, RNgKFSOR P RK. HIR
BRI, RIFET@ELGRE 3529 AR), HEHRKES OARESTICEERERER, 206500
BB EMRRIGE, MR R, SRR m N 285 BT TR, A 1R
e ATTLLERE A LR . HA IR, WBmE, WERE, WEZEE, HETR LEAERE. RE
Je SO Z R BIR P AT TUA R Ml A, Tl se, diEasE, SORBIRIR(IR G IRIEIR) . BER J =0k
FAHARICN, BILF RN ERIR KT [17] .

AT IKERK F BRSO TR BRI K E Rl IX K =545, (Bl T4 T TRYIS Bkl K
DI DI 1 =30 22 VR L RN A&, W8 HAINTF RS 7K FEHELA U2 2 F2 /K5 R0 8 FH 7K
HATIETE L T ik IR, T/ B0 2 R PURITE , P& AR E B IR TE UK ST 4 i I 22 N2 5 1L 3
BUK I AHIE AT 32 2% R K PE TR 22 K PUR 7K B B Re 45 fF S < AR E R oK, WUk BUa TT7KEE T iE
S It 2 B L SR K 1 2 R PG TE R B TR X e, TiE K2 16 A8, Wi 1 s.
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Figure 1. Study area
B 1 R

3.2. FRHER

WEHHE: BRI AL KRIEZ [KSOKRIFREEE SRR R | o, WERRF G AW I3 E ik 5%
Rk TV AR I 2 g BT 0 SR B RO T A B BRI 10 2 BLIA) AT £R 2 A TR Ik

FRTOR: 7R A RTORMIE T, FORIE BN A G KRB KRR RIS gt 2 [ ARSI 5 &
B |, AHEFATIEE R 2 TR 1981~2007 4 [H)2 A A Bkl i 2 TRk USCEE S5 ) it 52 00t JA Bl 10 2 B
R BRI R BT N — B HAE, IR RO L & Ik i JE 1 s SR A TR, SRR T A B 2
(species) /& 2% (abundance) .

4, TR T5E

AR BRI ok H a4 s, (RS20 T 6 B AR R i md, KRG EARTA R BANES KR
T IR 5 58 R L /K SRR AL 9 I /B, XS 0] )1 /KSR 58 0 R s e 7 T PR s, 0 /K SRR R
AR DL K TR RAFEF R, TR RN BRI TR, RETESHERRN V. HT
IKEFEEAE A — 2 B E R, AT 22X L 2 B AR A S A TR SR B, R DAB AR T RG4S
RAT RN K Bbr, 202 B ES KBRS, Rk KEREEKEESRAEBRIRE. A0
T B G AR S HEM R 2 RN, DU E A 2 Bbril G i 2 RS TR BAn g, A
ESCRCHE T g Bk 1 34T 2 ARG T, 0P N85 3K H AR R BT 58 T A EE ek B = B i fk s WHAE
BRGTER BARREIIT E AP E W 2 BT Al 2 A9 2 #£- P (Shannon Index, SI) [18], Shannon Index 55 i #1
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FEP SRR BLEE, AT
SI=-3PiInPi, Pi=l 1)
i=1 N
A n NE PR BE, N RNEIafhy B, PioNE i MafhE ATz bR BT 2 &,
AT T A R A B B B S N SRFR SRR I R A T ) A 2 i, B &R aE Mg s & 2 H st
Z BRI 2 B
AT A TTKERNRG], ZRRESSEMZFEZ R, NHZ BAaE T FHRE A KERIERR, FE
TR FE(H AR ) 70 AN TR SR B AR TR RS, A al iR an -
1) AT R
NFETE R H bR LA 2 PR — R 2 S KB AEK TRV B, DA TTKE KB ECT 32 K H AR F/K
FoREEATIRIN. BhERINZ AN S5 ALK, FATTKE R F RDGRE A& 2 Be 25 A4 1 KRl 2 s Aol
F7Ks RS AR A @ R 5 SEBRR I EEARTF A, ) DUBERT AR B8 B K PR AR . BIN— 5240 o AR
B, BRSO HER B RS, a AT 0~1 JERI, BRI )G 2 B bR R E((2)) A FR i1l X (R (3) A= (4))
U

Max {a} 2

PR 1] =X
asl—isi[(maxio, D‘[;iR‘ D xni} 3)
0<a<l 4
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Figure 2. Framework of the combination of the artificial neural network and the multi-objective
optimization
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AREA: R NE | KIS T i 2 JBOK R JASRA A KRB R R AL A, RF B KN
BRMOKEZKCTHRER, KRR BRI K% BN T K e Bt 2 B K P KA
2) TR
AERO BT EZLH (9 BIBEUK B S BSRNE , H LA R 2% Al <2 ZE4) 2 4 :Shannon Index,
NAESTRERREG AT UKELATTRIN B IR TR AR i D B it A ] A2
FERM N AR R T RS S K AL RIVRT S FH S 2 0 2% SR LT 1| o i 2R B 2 e, R B AR
NBAEZ N BER BUENE & R Z G, TR B 1 A4 2 FEAE(K(S)) -
Max { Estimated Shannon Index } (5)

Hd Estimated Shannon Index SN & & T A E M 28 41418
4.1. BEESKICIEHERS (TEIS)

IKCHRFRIE R O 2 N, AR K XA K S E i B A . AT TE LA B TS AR S /K SR &
Z4i(Taiwan Ecohydrologic Indicator System, TEIS) N/ #re%t, 1% R % &Mk Olden 5 Poff [RIHHF 7% il A S B Aith
[4], 2% Richter % \1E 1996 TR B2 [ KB FRFR(IHA) ] T SR [8], FFUAZ=AT1E. & RN
F 7K 22 8 B2 18 e f R AR 28 B 5 7K ST IR - 2 TR B 0% R A, R mT )RS R 7K SR B 40— i B A =
BEF. MM EREIRE . AT B KN AR AR SR VU KA, SRR E, DRSS
KOS AR S A AR ISR, HARbR 8 LW 1 Fos, DUNREES TEIS YRR MR 2 o

4.2. EENKMEMLE

56 2N SRR X 28 7 50l DA R OAS [ (9 2 23RSk 52 50 . BRI 25 R0 s DUAR IR 58 I iR 5K 4 28 ) %
(RBENN) A, #H) RBFNN —MeR & &5 20k, BT B LRI B 0 S IR B 0 i, 1 B BeR B X
SOV HEGES R E R AR B AR B R AE S, SR G R G, TR A RO s I R e, R R
SE T BRBUEM A TS E . AWFFERITE RBENN PRI BES A, 15 A B 4LRFAE LS M 25 (SOM) ERAR SR S 1
Hl RUERGE, 3BT SOM X EHRFFEM Y28, IR LARFN ARG 1 0 AR RBFNIN 2 R 5L i R 0 i

H R R A B =/ NMFIE: 1) B IER GRS AR, P4 B ALV A 7 ZAKSE H brfi
HAERRZEBIE, 2) TR AJEHI A B, 3) BA K A\ 651 S 2R B AL e 71[19]
WEAHIE 72 2840 — E AU IR AR IR FE R 4 M 25 [3] [20], BEMIZEANME BA % TEIS FREHRFRE - SEmAE 1, th A%
TR Z AV R R

TEAHIEFEH FT R FH ISP 22 0 2% DR 456 L ARFAE LR M 2% (SOMY) 5 IR 25 i R B 2R A 42 1Y) 4% (RBFNIN) 41 <]
3R, HAEMBMNEG. —ERIBZEGRINE) it E4 A, JERAE A NS IEEm M, #Hohada
FRIE AR IR ISP 4 4% (SORBN)

4.3. EXECHEFIREE L 11 (NSGA 1)

FEIZ H AR FE AR A 2001 4F Deb & I EE SCRCHEFF 4% 5032 11 (Non-dominating Sorting GA 11, NSGA-I1)
[13] [14]18c#E T NSGA [k i o NSGA 11 Ry DLt A& BRI At R e T i) 2 B brdb b XL, B A e i 5
Z HARRAG 0] R R AR SCC AR, B A A s B AR AR Sk [21] o AR MER 4 (] 4).

4.4, HHBENITHIES

AHIF 72 A8 F 1575 HR 2% (Root Mean Square Error, RMSE) f A 5% & i (Correlation Coefficient, CC)# Il i 4 ki
iR I Al 2 HERf I, AT (BRI O RoRHEMLERAGHE, JE& AR 1, ROREEEE, b 2 TIPEAS4EiR 2
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Table 1. Taiwan eco-hydrologic indicator system (TEIS)
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Figure 3. Concept of the hybrid neural network (SORBN)
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Figure 4. Flowchart of the NSGA 11 procedure
[ 4. NSGA || REERTE

TAER AR 7 EOR RMSE 3919 0.28, (HEARRREIAT 0.76, Hil< 5 AT R MO N2 Ak (i 5 SEPnE
KF, BB ROV S HERRHER,, (HBARY, S Meh A2 BEVEHEM S R S S AR, BOYMS AN 2
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Table 2. Results of the evaluation indicators
7% 2. BRIELLIESH AR IR

Training Testing
RMSE CcC RMSE CcC
0.25 0.81 0.28 0.76
55 . Tralmngl 35 ITestmgl
o/ 0 3
ot
2.5
1.5¢ 006 S i o _ 2
2 &
81 815t
1-
0.5
0.5
0 L n L L 0 L L I L L L
0 0.5 1 15 2 25 0 0.5 1 15 2 25 3 3.5
Observation Observation
(@) MZHrE (b) PtH B

Figure 5. SORBN results (cross-validation)
[l 5. SORBN 1 #8475 Bl (32 X 3 IE)

5 R 250 A A W 7 T B AR, I BT SRR B S BB 7 EAK SR B R SRIBORE, i It R 7 F) o
B 0 2 DR R A 7 SRR A B s M A R K T A 1% 22, Rt CC & RMSE PITBF LE A7, SORBN X A4 %
PERIHER R A RAFIIACR .

5.2. ZRRMHZKERE

IKEREKIERKE NG, B O = NERKBEEARRR, 125 T I AES KGR G, §2
H BRI AL 77 TR AR SCRCHR P 18 A S 1 (NSGA-N) LG 2 A 7K 4F (1988 4F) 2 7 SE it &4y ml BEAT Bt B4, JF
FK 2R FLSHRAE 25 AR L AL . NSGA-IL [RIBFAE NZE T 3K H AR A 7 5k B ARt AT 2 HAs Rtk 483 mm i
fit % Hirz Anhr B EAR, /£ NSGA-II FILE S HUT WA RFAE € 1000, EBCHEBN 0.9, RALHLEK
90.02, 151IEARET A 400 1R, 4] 6 v 1988 4= NSGA-II 7E AR 2 3 F 451, AP R AT K HbfE (3t
KIEREE), TEMAEST R BEEDZ M, SI).

B 6 FTLAKRIN, 7E58 25 AR, fRERA1E4E T —JF IR ABE LB AL MR 2 (8], Bl S AR G 0, i 1)
W] 2 A H bRk B sk, Aad B (Pareto Front)iZ s B R ;. [4 7 i SEAREL 400 R 255, KREBbrR NI4T
55 400 AR AESCHC AR, Wt b B A Andr B AR Af S SON RN 2 2 A B bR B i, (e
(& 72 B H AR 1) B A B A i A — A, ABAE 2 B AR In) @ b oy — S AR AR SR (M b R B A M), TR &
T — AR — KRR E N B A3, IR R AR TR EAr R 5 ST R Bbr. B A sUNEEAE
B HEHVRECZ B, TR Z R R R M, B B MMRERRENKEIRR g, BRI KRS T
WENKHAKT R, T C XNWAZ W, RN EANEHAKFT R, HERERT TS, M C X ZhfEisiE
A R WIERR AR R A TR, BT B s, WIFRRH R 2 AN RTT R AKFFEREE, rKHATE
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Figure 6. Convergence process of the Pareto front obtained from the NSGA-II
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Figure 7. Pareto front obtained from the NSGA-I11 (generation: 400)
E 7. i EsERCERENAE: 400 )

RIVAT N1 A= 25 R e 2 IR B AR 2 A VE IO HEAS & T BORVE B . KR, WS /K SO A b, mTRAR AR iR %,
L A PR 2 DR R U B R A A B e S IR 2R A 22, PRI CC & RMSE WL TR PR R
SORBN i #1841 2 FE 14 B HEAY OB A A Y T SE I HEAS AR

AW FERF YK LR K SR BRI MG s N SRR SR H AR LA TR — R 2 BKBURA K TR oV EH I Kma
W28 BT HEAL < ARV 2RI, RS TR BARR s £2 H s TR AR SCRCHE R 1845 5092 11 (NSGA )tk
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