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SPATIOTEMPORAL DYNAMIC AND CONTROLLING FACTORS OF
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National Cheng Kung University Department of National Cheng Kung University Department of
Resources Engineering Resources Engineering

ABSTRACT

Baseflow, the stable component of streamflow, is essential for sustaining water availability and
ecological functions during non-rainfall periods. The Baseflow Index (BFI), defined as the ratio of
baseflow to streamflow, is widely used to evaluate aquifer discharge capacity and river
sustainability. This study aims to enhance the reliability of baseflow estimation and understand BFI
spatiotemporal variability in Taiwan using 60 gauging stations with over 29 years of records. Seven
baseflow separation methods (LH ~ CM ~ ECK ~ UKIH - Fixed - Sliding  Local) were compared,
with the ECK method showing the best performance. BFI exhibited non-stationary spatiotemporal
characteristics. 23% of stations showed an increasing annual BFI trend, and 90% of the years
exhibited significant spatial clustering. A Geographically and Temporally Weighted Regression
(GTWR) model was applied to assess the influence of 17 catchment attributes, outperforming GWR
and Pooled Regression. GTWR results indicated that most attributes had spatiotemporally
heterogeneous effects on BFI, with rainfall intensity consistently showing a negative impact.
Ignoring such heterogeneity may lead to biased interpretations of baseflow drivers. This study
underscores the importance of incorporating spatiotemporal heterogeneity into hydrological analysis
and catchment management and offers thought-provoking insights for research on other

hydrological processes and their influencing factors.

Keywords: Baseflow index, Spatiotemporal heterogeneity, Geographically and Temporally Weighted
Regression (GTWR), Catchment attributes.
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B (baseflow) ZF8E HFFEAVAHRY > FORI7A
frefE PR BRI R E A KR ED BRI AERE R
MR ~ FRE/AORBIKE » DU A FE R AR A
BEKFEE B EZINEE (Ficklin et al., 2016; Zaerpour et
al., 2024) » HACHEE & T /KE7KE ~ g 18K
RS ~ VR M EE A B i UK e S A A 1 KO
(Hall, 1968; Tallaksen, 1995; Bloomfield et al., 2021) -
fR4E Xie et al. (2024) $2TRIT 1.6 E{ERE M7
M » €97 EAYIRT) D B AR A aH Ak - BERRE DAY
FKE R E B T KEREE 0% » BURER
Ty MTAE 7K SCOEER Bt T 7K HE £ rh 73 B RH S F €5 (Tan
et al., 2020) -

(B B AT K S B /K 3 s PR o L B B
HAEEZE S 2P R ER B SEmIEYEE
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al., 2014; Pelletier and Andréassian, 2020) - JERZ A BHE
FfE TR A 77 2 — » 401 Lyne and Hollick (1979);
Chapman and Maxwell (1996); Eckhardt (2005) DL &%
Piggott et al. (2005) SEERFHGHLHIR B 57 2 08
REEE - MR ER 7 RS T By
B - A NMETR R EFHE P IIE R BRI
A EEEES IS - (EHEZER T 2B E RS
& THYEE/KIE (Beck et al., 2013; Tan et al., 2020;
Yeh and Chen, 2022; Chen et al., 2023; Xie et al., 2024) -
PRI > REDER A S HE e AR RS R g
EEEER . HIER IR FEIEE - (BT
FEE AL B EE R -

FATEE (Baseflow Index, BFI) Ry kit & ¥R
E2WHE > NMERELEBERBERT HIVKSGRIE
(hydrological signatures) (McMillan et al., 2022) » /&
{E)fi$54E > — (Longobardi and Villani, 2008) - BFI §&
FOH T /KBt F KA B AEH (Gnann et al., 2021) ~
B A Ry E B /K SORIEAY 228 (Bloomfield et al.,
2021) BURIESMESREET (Chen ef al., 2024) - BFI %
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TR BABe N By Bl e /K g MR 4 e BT
(Price, 2011; Bloomfield ef al., 2021) o {FZ= 3B %
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Fh - FETT BFT BASE/K I 14 < B A0 A B s ]

5228 BFI 09 T B R 30HE A% S -
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#& (Random Forest, RF) ~ flfEfE E T (eXtreme
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Weighted Regression, GWR) Ei 5 fi a8 8 3 B L
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R~ AT ERFVFE PR (lump) fE
—EAERE S KBS BFI (5
R ERFREEAE o [R5 S22 S A MR E I
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al., 2010) ~ {HALp R AL E A HHIK (Crossley et al.,
2021) ~ TEREBSBEZERTE (Y TREEA > 2019;
Zhao et al., 2023) DUREORRL R BUERBIREDN & (Shi
etal.,2020) SFEEEZ ER » (BAE/KSCHRBABHZE 8L
/DR o JKICHZES » %7 Steinschneider et al. (2013);
Bassiouni ef al. (2016) Ll Fz Anderson et al. (2022) 25
W9% > 22 A MR ERETER L ~ REUKEE
RFHERE - B R -

Gy Bt FEEDRARST )T A = TR R 1 -
(1) ZEGh= ZHERVER G AP SRR - (2)
$ BFI fYRFZE BRI AR 12 ~ (3) BRAHITE
177 BFI BiG K@ MRS RIS 22 a1 - A
AL - AT EL N RS EAR ¢ (1) AHAFLUNER
B e (Chenetal., 2024; Xie et al., 2024) > b
BN EI R AL S BRI RS 155
BRI A SEEH & DR HE E AR AT B
(2) Ll Mann-Kendall #7281 Moran’s 1 2455517572 »
73Hr BFLEFZEEHRERE: ~ (3) ARFRECHEA F/KSOHIEZE
] RS e . BFT Bl 62 /K I g 1 = 155 Rl P 71 AR
(panel data) » DAFFRETHEIFAE[RIERASEZ (Geographically
and Temporally Weighted Regression, GTWR) (Huang et
al., 2010; Fotheringham et al., 2015) » %17 BFI BifE/K[&
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3.1 HEDH

AW R4 BN77 #£H| (Brutsaert and Nieber,
1977; Cheng et al., 2016) » & H it &5 51 i 2E H
RNEFEFER  ESHERIHRERE « JHREE
S T EIR e LU U@ R (1) JHREE 2SS
{LZRPERF IR - B dQ/dr <05 (2) JHIRENF &
207 K5 (3) MERSIHREAIH 3 REIfR% 2 K
(4) BEBR O i/dt > dQJdr 7 B RS o Al = (E
FEAE AHRR TR A ERESRAVAE - S VOEfk
R ENE BB RER AR EMEEARTEE
o BRI N HAE AR LW 2 HifFIALRERT o

JHIREDR BN M ST & 8 KIE 2 ME B 2
& 7 4R 5 ¥ « - Brutsaert and Nieber (1977) £ Y
Dupuit-Boussinesq 7K 5 FH & 7K g /K 20 8
RUBLK ST M R e SR R 8L (—dQ/dt) 7]
SUMUHIREOR R (Q) 2 > HiFG—-dO/dt=aQ" %

2006-06-01  2006:07-01  2006-08-01  2006-09-01  2006:10-01  2006-11-01
2 tEREMELHRRIFANMEERZELE - ABR
FRNERE HAYHIRER - DUELWAINE (1140H010) 7?
2006 £ 6 A= 2006 & 10 HEMR -~ =2 - HEBRE

Af - FIFKRLBH -

REf% > a B b 73Rl R B HiR 28> (i 5% HR B
SEINTMHSZGEZT  RESUHBBEEN MEKER
A= (1) (Brutsaert, 2005) :

_d0_1 (1)

d K

Hi K (OR) By HBENREd KBS (recession characteristic
drainage timescale) ° = (1) fEEBERIEE R BT
SR 0 = Qpe™’F  Hrh LRI RIS B 4y
Bl R MR EH o 10X(2) -

22 0 VE e ©) @

RS HERAMATLAB #8552 HYDRORECESSION
E{f (Arciniega-Esparza et al., 2017) » 52p% HE{EESR
WEEFT (Automatic Baseflow Identification Technique,
ABIT) » SRl H R B S A ~ LA ER S B
HIBREBMSEREERME -
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ABHZE S R T B OR AR A E AR
& Lyne and Hollick (1979) #2H AR 8L (f5fE LH
7£) ~ Chapman and Maxwell (1996) #&H BS54 Bl A
(FEife CM J%)~Eckhardt (2005) f2Hi77#% (fE7# ECK
7A) ~ HEEAERREK SRR UKIH EOR 77 B A
(Institute of Hydrology, 1980) EAZE[ERHE FH &A%
Ba =AM EAE A2 HYSEP 23 (Sloto and
Crouse, 1996) « LH jE1 CM 2 By BE S B RR 2 -
i ECK AR 28R MR % » Rl =FEE0R
AT R S BORPEHI 552 /DIRTE (degree of
attenuation) Yt &P - AWFERILAR H RLALER
{H 0.925 (Nathan and McMahon, 1990) Ei4&45 ABIT 47
Mrfat Z B R EE o {F Ry JE S8 - BFInax £y ECK VA
FREE RN 28 TRE I AE SR gk L
KB BRARE ~ Bl EEA D R — G 0.8
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28 () WESBFEZE - HYSEP 2 =0HI AL & 1E
EfEFE (Fixed interval) ~ J§EhEFE (Sliding interval)
S E/IME (local minimum) % =fEEE = - D E
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BAVEETIEAE (Xie et al., 2020; Chen et al., 2024) -

AHFE LA (5% (58 (Nash-Sutcliffe Efficiency,
NSE) (Nash and Sutcliffe, 1970) ELE5rEL{R7Z (percentage
bias, pbias) FERFEFERE - LLE CRERRURR ik 774
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3.4 KZEEEDH

AL EA Mann-Kendall #2846 E AL 21 H

FHRATERE Moran’s I &k BFI B I = HHS L2t e
ZE[e]_- EAHRA SRR 22 Eh AR R4 - Mann-Kendall fiER18
B TE )R (Mann, 1945; Kendall, 1975) F A ekl
MIFY G AEEEIEE - DL Z Gzt EE RHEE
T REBLEENEAREE - 35 Z > 0 BaRETFYIE EAHE
o 7 <0 Rz PAINE TREm#E - E|Z)> 1.96 E|Z|
> 2.58 > STBIFIRIE 95%E 99%I(S (K EFBEE
RS o

AWFEHE R Moran’l &1k BFI 7£22R4 L HAHEHTE
1 > [FEHERAZE T BFI 258010 AR A » & EMHE
F BFI ZE 5340 By oy B EAHBEREL 0 R ZE /]
IR A R BET i (Moran, 1950) © FHAZ/K SRR 2
HENEE RS (Moran’l > 0) » [(R]ft Moran’l
] F A — D R ZE S R I R R -

Moran’s I HIf&Et =040 (5) ¢

] v _ _
WZZW"J (xl- —x)(xj —x)

Moran's [=— =+ /2% ... %)

1< —\2
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1

Hrp o N RREZERIPERER - X & x JEilTES
B w BFTE M RHINE > FEEERE SRR o 5% A0k 3 ¥
FISRTTRE By 0 Fler T ZARIRMmG ¢ BHE 7 =2 K
[EIFEHEEIEE HEE (w = Vd) - [T W RTAEEZ
4EF1 - Moran’s I 8237 0 2o~ A 22 #HRE M - Moran’s
L{EBS - FonZ2 it B AR R R ikos > 22 kg -
Moran’s I FVEZEVET]ZEM#E p-value & - FEIZHY
Moran’s I 27~ BFI 22 ] 53 i {R T RE /2 BEA% 2= fET A2 Y
4EE 5 2 p-value < 0.01 H Moran’s1>0 » FRIRIE 99%
BLVKETER > Iz L - BFI EEE4E
M S e BFI f/S0#E BFI & A —iL - FHE
FEERE » Moran’s I Fy4E$H{E TREEEME 1
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AT BT AR E R DUR & (55T AL (Pooled
Regression, PR) ~ #FE fRE A EFIE A (Geographically
Weighted Regression, GWR) DL Kz b ERHS R fjAgE [ e
%I (Geographically and Temporally Weighted Regression,
GTWR) SAEA» F TG Lh = fe BFT B K I a1 e
Bt > HPERERE R R &N EREA (KICHI))
KH#%E BFI BEKEEM SR ZEEER] -
[ BRI o Y P A i R SR B S SR RRIA T (Variance
Inflation Factor, VIF) £&/\jA 7.5 (Kroll and Song, 2013) >
DU 6 2 S AR (multicollinearity) R4S 24 xR 5
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J37% (ordinary least squares) izt [mlEi RS ik {A %L -
PR TR TAIE (6) Fr

Heb oy BfirE i 2 BFL > xa J556 k (ESE/KIE & MR
BRI E > Po Fe®iEE 0 B FyEE kB R R B R
B & RIEIRICHE R s8I -

HEE A [ EFRE L (GWR) (Brunsdon et al., 1996)
REAME EZEMREN > AN tEEE—EE T )
EVYREH AR - (RS EY) - Bl ERGE
(Tobler, 1970) FiriEt# o RN IEAEEE 28 O ERE
GWR S R4 THURIRE B 2T A AN T v B I o TRUHISRG 202
Fris= o iR AR g EE RS - BN SR
375 - GWR YRR (7)

Yi =ﬂ0(xi)yi)+zﬂk(xi’yi)xik+gi .................. @)
%

Horb yi (L' E i Z BFL> (i, yi) RfLE 1 Z R > xu By
5k (EGKEBHEAENE | 218 P, y) HILE 2
BUEE > B, y) FYfLE i 56 k (R By R A B
& o FEAR{E T RE 7 i 872 TH - GWR HUEER (R B (5 THE
=k (8)

By =[ XWX | XTW (5, 3V ()

Heb B(x,,y,) BETESUER (R (TR X R R
RSB RN > Y IS TR A R AR > T
XTF5R X 2 WEHER W (x,y) Fyn x n (T fasE
i > JRE S EGLMITEE R 5 0 FEETE wy
5 5 0 S St e A B e o P A% 25
BT R wy = exp[—(d )2/ 2] » dy FolEs - by iz
e R R 58 (bandwidth) -

St 85 9 1 E B 547, (GTWR) (Huang et al.,
2010) EHIABGRILERE GWR SBERRA - GTWR HIfr
AR TR MR ST R A BT S 3% T R 2
SRR G SIS B B (L > BRI T
7% o GTWR By RA0Z (9) ¢

Vi = ﬂo(xi’yi’ti)+Zﬂk(x[’yi’ti)xik +é
k

Hrp y BHF22 I E i 2 BFL> (xi, yi, ) FHGZEIE i 2
WF 2 PR AR » xac By2F K (B ER /K@ BB IR 22 | 2
B > Bolxi,yi, ti) RBFZE(IE | Z8REE » fu(xi, yi 1) FslRF
ZEALE 5 k (KRB IR 58 > & RTEIRIE
R -

GTWR Z A& G EHEL= (10)

~ -1
B(x,y.t) = [XTW(xi’yi’ti)XJ XTW(xi’yi’ti)Y

et By, yt;) By EURRELIBR (R (R X R
K& B MR S A BEE » Y RIlE TR EAH
FCAVEERE > T XT RO X 2 BB AR o W (xi, v, 1) RIE
FEEEREE 2 TR > BRI EEAGELSMITTES
Ry 0 FHFAETTER wy RIE R S T eR S 2I0RE 2 FE PE
WA B (5 o ST R Ry wy= exp[—(d) )/(hy )] >
dy FobE o7 e PR AR R R > B 22 BE R by Ryt
FEEEIRBAEAR Z R (bandwidth) - HH® GTWR [FHF
B2 B A R L - IR EFRERA
i AN EEIKI&E 2 BFT BAAE /K I & PR e i 2 LAY T
REARS © x; 8Ly (] TWD97 [ 2 R » 3% B
L Ry AR > & BAL R4 - W95 (5 I Huang et al. (2010)
fefit . GIS #Ugs MHENETT GTWR 731fT -

TEBEAFRIAERAL T H - AR LME ER TR &R
= #EHI (corrected Akaike Information Criterion, AICc)
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AR > QU 7(d) FoR o ERFRKIER ~ JH0E - TR R
SR KES R AR~ — » i FOKAS ¥ BFI fEEH
B2 > NEARFEHEM - fEILEhlE - shRoKEe
BEREERRZ — > RIS - HFR/KIEIEIRRE
it EFA -

FE GTWR 5= G /VE ~ @2 A E L&
BIEVERE KO E R (TR AR (8 - BB ZE
IRV LB AE 8 Fim o =R/AKCOE 2 Bt %
ST ] LA BE Y - AR R R - 2405
B BlE 2 E B R S PLEL BFI 2R R B
BRI fRIE GTWR BER REEUR - /KOO E PR
BFI HUZENIA B - AAMBAEAEEWEREL > &
PR T KL BB R EEFZE RN T (Chen et al,
2022) KO A R R BRI EE RN R 2 FE
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JTHYEEE (Bloomfield et al., 2009) - Gustard et al. (1992)
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6.4 UKIH
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FEOERGHEFYIRE (MEET28 () FRifE2
BFREIGE - N 8 f s b g R R A%
ZE RV EEIFTR SRS (Aksoy ef al., 2008; Stoelzle
et al., 2020) » AIAFERE 3 EIRE (V) BUEST28 (f)
FRABTLB/K S LR E s S HEL 0.9 - 3207758
Hft BRI o B pcHE A~ B H RS R 5 HAY
S e/ NG/ N B NP BRI R A R {1E /)N
St ERY 0.9 % > JREN 0.9 0;<min(Qi-1, Qi) » RIFZELHY
TEFERSHETES (turning point) 1745 CLEEHHTRE Y B4R
P BIANPRGASRESR - AERETRE 2 [ BB R
PEATE RS ARG R HAVESR SRR AR &R
RRe R B AR & -
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