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Tab. 1 Ranges and descriptions of tunable parameters of SWAT model
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Tab. 2 The sensitivity analysis methods and their corresponding sampling methods
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Tab. 3 The hydrological stations and simulation periods of each basin
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Tab. 4 Sources and descriptions of the data used in SWAT model
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Fig. 1 The maps of the study basins
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Tab. 7 The number of model runs required for convergence of Eys using ASMO, SCE and SUFI-2 algorithms in the calibration period and the

corresponding Ey values of convergence
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Tab. 10 Eys and Ey of partial simulation in the verification period of Lijiadu Station in Fuhe River

kKT Ht1 UQ-ASMO CUP-SUFI-2 UQ-SCE
GLIKIRAE b
Exs Exg Exs Exg Exs Ex
Kbk 2014-06-19—2014-06-25 0.876 0.820 0.949 0.791 0.938 0.858
Py
2015-06-09—2015-06-17 0.784 0.752 0.538 0.669 0.658 0.754
itk 2014-03-07—2014-03-16 0.549 0.720 0.472 0.706 0.561 0.708
BL7)
2015-05-10—2015-05-20 0.200 0.183 0.186 0.160 0.257 0.261
Itk 2014-08-23—2014-08-31 0.790 0.741 0.840 0.683 0.884 0.747
ANV
2015-10-02—2015-10-14 0.847 0.877 0.492 0.618 0.788 0.896

4 BiL5EE

ARSCHYHE SWAT BLAL S UQ-PyL 1y HI LR,
453 UQ-PyL i 2 Fh DI RE 4N L 50 31, B ARARAY |
S BOURAE 53 BT DA B S 80k AR R 6% 5 b F T
SWAT H 8 Z HUAN 1 M 43 T o B BR IR R [ X
i 25 AF TR 4 I Bkl SWAT B8, sl i 5
SWAT-CUP H1iff47 % ., B 53 3% F UQ-PyL #E47 4
T 40 BT B 358 2 500 A B AR AR B A3 F 3 0R
DL R AERR AR E, IR BAIE UQ-PyL 7E A [A) S A X X T
SWAT R ()38 FHE . UQ-PyL EHR 4 Fh U/
Bk (E 7% Sobol Fl%E 175 1% Morris, MARS,
DT) F1 W # 2 8L 1L 55 CASMO il SCE #.3% ),
SWAT-CUP W 2R FH H: i P 088 43 B 7 vk e i
FHI%) SUFL-2 AL, 45 R K.

TE SRR 43 A 7 1T, SWAT RS S5k £, )
FH UQ-PyL fE 5 250 Hh i 328 0 B U S 88, 4 4
it I G U S B AE 10 AN . M LT SWAT-
CUP i B — B 43 87 7 5, UQ-PyL AL BEXS
SWAT BRI SR AT & WU 20 B (Sobol' 777 ),
oA B 0 5 M U 43 BT 5 7% (MARS. Morris L)
J DT 5k ) i 1 i SO S Bt 3 fin & 3.

TEBHA )T, ML T SWAT-CUP Hif) SUFI-2
Bk, UQ-PyL AN R Hb 380 R 0 i A AL B
% ASMO( ASMO 5. 7 7 416 1] 2% 52 8 il vh , A2 41

$244 . KX KK B

231 IR Exs A 0.822, ¥ AU F 3 B 537 IR Exs
4 0.620, VUt H SF b AE4E 271 IR Exs M 0.628,
A7 YR I S AT 441 YR Eys 4 0.738), A fk o
WAL R (AL 575 SCE(SCE B ke i 2%
U i 1, Exs 35 21 0.836, V5 T 6 I 11 3 Eys 15 3]
0.639, VU AR H S5 3l Eys P83 0.635, SRR I bk vl
Eys 5% 0.759) .

TE 4 AR 0 B 5 T, UQ-PyL Y e B 22
I SWAT-CUP, H 78 1 1 it W R Bl e i, 748+
IR R 22 .

FEZJE B TAE, K E— 2D 41X SWAT A%
RUREAK R | Yo Vb5 oA 7R, B4 AR AT R S8
IAE B 2 W 8% ] UQ-PyL #E4T SWAT #6 8 %
AHGE VT, 558 UQ-PyL Fl T SWAT #58Y f) 1
FHME, JF90 AN s AR N it o A, S IR i 4
BATT 2 19 FeBT 7 2 I AR, B 4k 29T k4K
P22 B | DEARARRS, I R B o I K A A )
by DT SRy 7K SCSRU A 98 N B B AL B s 1] | W]
) SWAT BRI ZHURN & M F 6 .

S35 30Hk:

(1] SRARME. SWATHAY K o FH A9 e (3], 3}
2% JE JE, 2005, 24(5): 123-130. DOI: 10.3969/j.issn.
1007-6301.2005.05.014.

[2] ARNOLDJ G, MORIASID N, GASSMAN P W, et al.


https://doi.org/10.3969/j.issn.1007-6301.2005.05.014
https://doi.org/10.3969/j.issn.1007-6301.2005.05.014
https://doi.org/10.3969/j.issn.1007-6301.2005.05.014
https://doi.org/10.3969/j.issn.1007-6301.2005.05.014
https://doi.org/10.3969/j.issn.1007-6301.2005.05.014
https://doi.org/10.3969/j.issn.1007-6301.2005.05.014
https://doi.org/10.3969/j.issn.1007-6301.2005.05.014
https://doi.org/10.3969/j.issn.1007-6301.2005.05.014

Hifr, % AT UQ-PyL iy SWAT # A 5 B 1 # 5 M 9 AT 47 6 1F £

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

SWAT: Model use, calibration, and validation[J].
Transactions of the ASABE, 2012, 55(4): 1491-1508.
DOI: 10.13031/2013.42256.
HIRAE, JyHESE, AUl 55 T SWATRIAL 1 k]
3t A AR AR S i K SO LIS LD Rk AIE
P55 K FIRHE, 2016, 14(5): 32-40. DOIL: 10.13476/j.
cnki.nsbdgk.2016.05.006.
WiaE, XIHLE, JH5T, 55 T SWATHADS S 28
5 NG S TR At n Ao 1], fEK
LIRS KFIREE, 2019, 17(4): 9-18. DOL: 10.13476/;.
cnki.nsbdgk.2019.0079.
Zee, LR, B TR, 45 L FSWATHIA R4l T
B E S A ], mKIEIR 5K FIRHY, 2014,
12(1): 7-11. DOI: 10.3724/SP.J.1201.2014.01007.
GUO H, HU Q, JIANG T. Annual and seasonal
streamflow responses to climate and land-cover
changes in the Poyang Lake basin, China[J]. Journal
of Hydrology, 2008, 355(1-4): 106-122. DOL: 10.1016/
j-jhydrol.2008.03.020.
RIGeAE, K, 4, A5 R SOBRL S RSy
Fros ik L. K ADK BB 2, 2015, 35(6):
105-112. DOI: 10.3880/j.issn.1006-7647.2015.06.020.
RAZAVI S, JAKEMAN A, SALTELLI A, et al. The
future of sensitivity analysis: An essential discipline
for systems modeling and policy support[J]. Environ-
mental Modelling & Software, 2021, 137: 104954,
DOI: 10.1016/j.envsoft.2020.104954.
MORRIS M D. Factorial sampling plans for prelimi-
nary computational experiments[J]. Technometrics,
1991, 33(2): 161-174. DOI: 10.1080/00401706.1991.
10484804.
JEROME H F. Multivariate Adaptive regression
splines [J]. Annals of Statistics, 1991, 19(1): 1-67.
PI H, PETERSON, CARSTEN. Finding the embed-
ding dimension and variable dependencies in time se-
ries [J]. Neural Computation, 1994, 16(3): 509-520.
DOI: 10.1162/nec0.1994.6.3.509.
SOBOL I M. Global sensitivity indices for nonlinear
mathematical models and their Monte Carlo esti-
mates[J]. Mathematics and Computers in Simula-
tion, 2001, 55(1-3): 271-280. DOI: 10.1016/S0378-
4754(00)00270-6.
TISSOT J Y, PRIEUR C. Bias correction for the esti-
mation of sensitivity indices based on random bal-
ance designs[J]. Reliability Engineering and System
Safety, 2012, 107: 205-213. DOI: 10.1016/j.ress.2012.
06.010.
GAN Y J, DUAN Q Y, GONG W, et al. A compre-
hensive evaluation of various sensitivity analysis

methods: A case study with a hydrological model [J].

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Environmental Modelling & Software, 2014, 51: 269-
285. DOI: 10.1016/j.envsoft.2013.09.031.

GOU J, MIAO C, DUAN Q, et al. Sensitivity analy-
sis - based automatic parameter calibration of the
VIC model for
Chinal[J]. Water Resources Research, 2020, 56(1):
€2019WR025968. DOI: 10.1029/2019WR025968.
LIJ D, DUAN Q Y, GONG W, et al. Assessing pa-

rameter importance of the Common Land Model

streamflow simulations over

based on qualitative and quantitative sensitivity anal-
ysis[J]. Hydrology and Earth System Sciences, 2013,
17(8):3279-3293. DOI: 10.5194/hess-17-3279-2013.
CHEN L, CHEN S B, LI S, et al. Temporal and spa-
tial scaling effects of parameter sensitivity in relation
to non-point source pollution simulation. Journal of
Hydrology, 2019, 571: 36 -49. DOI: 10.1016/j.jhy-
drol.2019.01.045.

KOO H, CHEN M, JACKMAN A J, et al. A global
sensitivity analysis approach for identifying critical
sources of uncertainty in non-identifiable, spatially
distributed environmental models: A holistic analy-
sis applied to SWAT for input datasets and model pa-
rameters [J]. Environmental Modelling & Software,
2020, 127: 104676. DOI: 10.1016/j.envsoft.2020.
104676.

WANG Q J. The genetic algorithm and its applica-
tion to calibrating conceptual rainfall - runoff mod-
els[J]. Water Resources Research, 1991, 27(9):2467-
2471. DOIL: 10.1029/91WRO01305.

ABBASPOUR K C. SWAT calibration and uncer-
tainty programs[J]. A User Manual, 2015, 103: 17-66.
WANG C, DUAN Q, GONG W, et al. An evaluation
of adaptive surrogate modeling based optimization
with two benchmark problems[J]. Environmental
Modelling & Software, 2014, 60(C): 167-179. DOLI:
10.1016/j.envsoft.2014.05.026.

GONG W, DUAN Q, LI J, et al. Multi-objective pa-
rameter optimization of common land model using
adaptive surrogate modeling[J]. Hydrology & Earth
System Sciences, 2015, 19(5): 2409-2425. DOI: 10.
5194/hess-19-2409-2015.

SUN R, DUAN Q, MAO X. multi-objective adap-
tive surrogate modelling-based optimization algo-
rithm for constrained hybrid problems[J]. Environ-
mental Modelling & Software, 2022, 148(C): 105272.
DOI: 10.1016/j.envsoft.2021.105272.

GONG W, DUAN Q. An adaptive surrogate model-
ing-based sampling strategy for parameter optimiza-
tion and distribution estimation (ASMO-PODE)[J].
Environmental Modelling & Software, 2017, 95: 61-

KX KRFE R 245


https://doi.org/10.13476/j.cnki.nsbdqk.2016.05.006
https://doi.org/10.13476/j.cnki.nsbdqk.2016.05.006
https://doi.org/10.13476/j.cnki.nsbdqk.2016.05.006
https://doi.org/10.13476/j.cnki.nsbdqk.2016.05.006
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.3724/SP.J.1201.2014.01007
https://doi.org/10.3724/SP.J.1201.2014.01007
https://doi.org/10.1016/j.jhydrol.2008.03.020
https://doi.org/10.1016/j.jhydrol.2008.03.020
https://doi.org/10.1016/j.jhydrol.2008.03.020
https://doi.org/10.1016/j.jhydrol.2008.03.020
https://doi.org/10.3880/j.issn.1006-7647.2015.06.020
https://doi.org/10.3880/j.issn.1006-7647.2015.06.020
https://doi.org/10.1016/j.envsoft.2020.104954
https://doi.org/10.1016/j.envsoft.2020.104954
https://doi.org/10.1016/j.envsoft.2020.104954
https://doi.org/10.1080/00401706.1991.10484804
https://doi.org/10.1080/00401706.1991.10484804
https://doi.org/10.1080/00401706.1991.10484804
https://doi.org/10.1162/neco.1994.6.3.509
https://doi.org/10.1162/neco.1994.6.3.509
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/j.ress.2012.06.010
https://doi.org/10.1016/j.ress.2012.06.010
https://doi.org/10.1016/j.ress.2012.06.010
https://doi.org/10.1016/j.ress.2012.06.010
https://doi.org/10.1016/j.envsoft.2013.09.031
https://doi.org/10.1016/j.envsoft.2013.09.031
https://doi.org/10.1029/2019WR025968
https://doi.org/10.1029/2019WR025968
https://doi.org/10.5194/hess-17-3279-2013
https://doi.org/10.5194/hess-17-3279-2013
https://doi.org/10.1016/j.jhydrol.2019.01.045
https://doi.org/10.1016/j.jhydrol.2019.01.045
https://doi.org/10.1016/j.jhydrol.2019.01.045
https://doi.org/10.1016/j.envsoft.2020.104676
https://doi.org/10.1016/j.envsoft.2020.104676
https://doi.org/10.1016/j.envsoft.2020.104676
https://doi.org/10.1029/91WR01305
https://doi.org/10.1029/91WR01305
https://doi.org/10.1016/j.envsoft.2014.05.026
https://doi.org/10.1016/j.envsoft.2014.05.026
https://doi.org/10.1016/j.envsoft.2014.05.026
https://doi.org/10.5194/hess-19-2409-2015
https://doi.org/10.5194/hess-19-2409-2015
https://doi.org/10.5194/hess-19-2409-2015
https://doi.org/10.5194/hess-19-2409-2015
https://doi.org/10.1016/j.envsoft.2021.105272
https://doi.org/10.1016/j.envsoft.2021.105272
https://doi.org/10.1016/j.envsoft.2021.105272
https://doi.org/10.1016/j.envsoft.2017.05.005
https://doi.org/10.13476/j.cnki.nsbdqk.2016.05.006
https://doi.org/10.13476/j.cnki.nsbdqk.2016.05.006
https://doi.org/10.13476/j.cnki.nsbdqk.2016.05.006
https://doi.org/10.13476/j.cnki.nsbdqk.2016.05.006
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.3724/SP.J.1201.2014.01007
https://doi.org/10.3724/SP.J.1201.2014.01007
https://doi.org/10.1016/j.jhydrol.2008.03.020
https://doi.org/10.1016/j.jhydrol.2008.03.020
https://doi.org/10.1016/j.jhydrol.2008.03.020
https://doi.org/10.1016/j.jhydrol.2008.03.020
https://doi.org/10.3880/j.issn.1006-7647.2015.06.020
https://doi.org/10.3880/j.issn.1006-7647.2015.06.020
https://doi.org/10.1016/j.envsoft.2020.104954
https://doi.org/10.1016/j.envsoft.2020.104954
https://doi.org/10.1016/j.envsoft.2020.104954
https://doi.org/10.1080/00401706.1991.10484804
https://doi.org/10.1080/00401706.1991.10484804
https://doi.org/10.1080/00401706.1991.10484804
https://doi.org/10.1162/neco.1994.6.3.509
https://doi.org/10.1162/neco.1994.6.3.509
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/S0378-4754(00)00270-6
https://doi.org/10.1016/j.ress.2012.06.010
https://doi.org/10.1016/j.ress.2012.06.010
https://doi.org/10.1016/j.ress.2012.06.010
https://doi.org/10.1016/j.ress.2012.06.010
https://doi.org/10.1016/j.envsoft.2013.09.031
https://doi.org/10.1016/j.envsoft.2013.09.031
https://doi.org/10.1029/2019WR025968
https://doi.org/10.1029/2019WR025968
https://doi.org/10.5194/hess-17-3279-2013
https://doi.org/10.5194/hess-17-3279-2013
https://doi.org/10.1016/j.jhydrol.2019.01.045
https://doi.org/10.1016/j.jhydrol.2019.01.045
https://doi.org/10.1016/j.jhydrol.2019.01.045
https://doi.org/10.1016/j.envsoft.2020.104676
https://doi.org/10.1016/j.envsoft.2020.104676
https://doi.org/10.1016/j.envsoft.2020.104676
https://doi.org/10.1029/91WR01305
https://doi.org/10.1029/91WR01305
https://doi.org/10.1016/j.envsoft.2014.05.026
https://doi.org/10.1016/j.envsoft.2014.05.026
https://doi.org/10.1016/j.envsoft.2014.05.026
https://doi.org/10.5194/hess-19-2409-2015
https://doi.org/10.5194/hess-19-2409-2015
https://doi.org/10.5194/hess-19-2409-2015
https://doi.org/10.5194/hess-19-2409-2015
https://doi.org/10.1016/j.envsoft.2021.105272
https://doi.org/10.1016/j.envsoft.2021.105272
https://doi.org/10.1016/j.envsoft.2021.105272
https://doi.org/10.1016/j.envsoft.2017.05.005

F21% B2l @A S ARA RS CEESO

2023 4 4 A

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

75. DOI: 10.1016/j.envsoft.2017.05.005.

YANG J, REICHERT P, ABBASPOUR K, et al.
Comparing uncertainty analysis techniques for a
SWAT application to the Chaohe basin in Chinal[J].
Journal of Hydrology, 2008, 358(1-2): 1-23. DOI: 10.
1016/j.jhydrol.2008.05.012.

A, SRR, EOME). ST SWAT AL Z 3k )
SEVEVN 7R R e 0] KRBT, 2017, 39(1):
24-29. DOI: 10.3969/j.issn.1000-1379.2017.01.007.
PRI, B PR —, FRAT A el 45 ZRGEIR I3 e 1 2 KL
FETTIEAESWATHE R 9] [J/OL]. /KB
1. URL: https://kns.cnki.net/kcms/detail/32.1356.TV.
20220307.1348.002.html.

WANG C, DUAN Q, GONG W, et al. A GUI plat-
form for uncertainty quantification of complex dy-
namical models[J]. Environmental Modelling &
Software, 2016, 76: 1-12.

QUAN J, DI Z, DUAN Q, et al. An evaluation of
parametric sensitivities of different meteorological
variables simulated by the WRF model[J]. Quarter-
ly Journal of the Royal Meteorological Society, 2016,
142(700): 2925-2934. DOI: 10.1002/qj.2885.
WANG C, QIAN Y, HUANG M, et al. Assessing the
sensitivity of land-atmosphere coupling strength to
boundary and surface layer parameters in the WRF
model over Amazon [J]. Atmospheric Research, 2020,
234:104738. DOI: 10.1016/j.atmosres.2019.104738.
SHI Y, GONG W, CHARLES J, et al. How parame-
ter specification of an earth system model of interme-
diate complexity influences its climate
simulations [J]. Progress in Earth and Planetary Sci-
ence, 2019, 6(1): 1-18. DOI: 10. 1186/540645-019-
0294-x.

WILLIAMS J, SRINIVASAN R, ARNOLD J, et al.
Soil & water assessment tool: Input/output documen-
tation version 2012[M]. Texas: Texas Water Re-
sources Institute, 2013.

YANG J, REICHERT P, ABBASPOUR K, et al. Hy-
drological modelling of the Chaohe basin in China:

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Statistical model formulation and Bayesian infer-
ence[J]. Journal of Hydrology, 2007, 340: 167-182.
DOI: 10.1016/j.jhydrol.2007.04.006.

TOLSON BA, SHOEMAKER CA. Dynamically di-
mensioned search algorithm for computationally effi-
cient watershed model calibration[J]. Water Re-
sources Research, 2018, 44(12): W12604. DOI: 10.
1029/2008WR006862.

ABBASPOUR K, YANG J, MAXIMOV L. Mod-
elling hydrology and water quality in the pre-
alpine/alpine Thur watershed using SWAT[J]. Jour-
nal of Hydrology, 2006, 333(2): 413-430. DOI: 10.
1016/j.jhydrol.2006.09.014.

GUPTA H, KLING H, YILMAZ K, et al. Decompo-
sition of the mean squared error and NSE perfor-
mance criteria: Implications for improving hydrologi-
cal modelling[J]. Journal of Hydrology, 2009, 377(1-
2):80-91. DOI: 10.1016/j.jhydrol.2009.08.003.
TANG Y, REED P, WAGENER T, et al. Comparing
sensitivity analysis methods to advance lumped wa-
tershed model identification and evaluation[J]. Hy-
drology and Earth System Sciences, 2007, 11(2): 793-
817. DOLI: 10.5194/hess-11-793-2007.

MENG X, WANG H, CHEN J. Profound impacts of
the China Meteorological Assimilation Dataset for
SWAT model (CMADS)[J]. Water, 2019, 11(4):
832. DOI: 10.3390/w11040832.

OB, BOT =, WUKA, 5. CoLMAY 3 B2 Al
TR RS BB (3], RARIE, 2013, 37(4):
841-851. DOIL: 10.3878/j.issn.1006-9895.2012.12046.
LI M, DI Z, DUAN Q. Effect of sensitivity analysis
on parameter optimization: Case study based on
streamflow simulations using the SWAT model in
China[J]. Journal of Hydrology, 2021, 603: 126896.
DOI: 10.1016/.jhydrol.2021.126896.

D, TR, F8R, 5. BRI S HORE ik
FETOPKAPIAR Y w1 9 187 F LI/OL. 0] i K224l
(A #RFL22 ). URL: https:/kns.cnki.net/kcms/detail/
32.1117.TV.20221121.1715.004.html.

Comprehensive evaluation of parameter uncertainty analysis of SWAT model
based on UQ-PyL

XIAO Yu'”*’, SUN Ruochen"*’, WANG Chen*, DUAN Qingyun"*’
( 1. State Key Laboratory of Hydrology - Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China; 2. College of

Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 3. China Meteorological Administration Hydro-Meteorology Key

Laboratory, Hohai University, Nanjing 210098, China; 4. South China Botanical Garden, Chinese
Academy of Sciences, Guangzhou 510650, China )

Abstract: The SWAT model is a widely used hydrological model that offers a range of simulation capabilities.
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However, it is well-established that the accuracy of model simulations is heavily dependent on the proper
specification of SWAT model parameters. While the official SWAT-CUP software is widely used for parameter
uncertainty quantification of SWAT model, it has several limitations. For example, it relies on simple sensitivity
analysis methods, lacks flexibility in terms of additional options, and its parameter optimization methods are
computationally inefficient. Furthermore, as a closed-source software, SWAT-CUP can only be used on the
Windows platform, which hampers the applicability of the SWAT model and may compromise simulation results.
To overcome these issues, the Uncertainty Quantification Python Laboratory (UQ-PyL) platform, which offers a
comprehensive toolset for parameter uncertainty analysis. In addition, a new module has been developed to couple
UQ-PyL with the SWAT model, providing a user-friendly and efficient way to perform parameter uncertainty
analysis using various algorithms offered by UQ-PyL.

To assess the efficacy of UQ-PyL in analyzing parameter uncertainty of SWAT models, four distinct SWAT
models across different watersheds in China were constructed, each subjected to varying climatic conditions. The
results of parameter uncertainty analysis were comprehensively evaluated by comparing UQ-PyL with SWAT-CUP.
In terms of sensitivity analysis, four different methods (Morris, MARS, DT, and Sobol') in UQ-PyL, and qualitative
sensitivity analysis in SWAT-CUP were employed to analyze model parameters. The selection of sensitive
parameters between UQ-PyL and SWAT-CUP was compared in terms of rationality, by the Sobol' method as a
reference to test the validity of the results from the four qualitative methods of sensitivity analysis. Additionally, the
SCE-UA algorithm was used to optimize the sensitive parameter groups selected by UQ-PyL and SWAT-CUP
separately, and the final converged objective function values was compared, thereby indirectly validating the
appropriateness of the selected sensitive parameters by both software tools. Regarding optimization effectiveness,
the sensitive parameters using ASMO, SCE-UA of UQ-PyL, and SUFI-2, which is the most widely used algorithm
in SWAT-CUP. The computational efficiency and accuracy of different optimization algorithms were compared by
evaluating the number of runs required for the final objective function to converge, and the value of the objective
function when it converged. Moreover, the applicability of UQ-PyL in watersheds with different climate zones was
further validated .

The findings reveal that, among the four sensitivity analysis techniques, MARS exhibits the strongest
performance, followed by Morris, DT and the SWAT-CUP sensitivity analysis method. Moreover, when utilizing
the SCE-UA optimization algorithm to optimize the sensitive parameters identified by UQ-PyL and SWAT-CUP,
the optimization outcomes of the UQ-PyL parameter group are relatively superior to those of the SWAT-CUP
parameter group across the four watersheds. In terms of parameter optimization, the ASMO optimization algorithm
in UQ-PyL demonstrates a higher level of computing efficiency, while the SCE-UA optimization algorithm yields
greater accuracy compared to the SUFI-2 algorithm. Additionally, when optimizing independent processes, UQ-PyL
solutions offer higher efficiency and accuracy compared to SWAT-CUP solutions. Moreover, UQ-PyL
outperformed SWAT-CUP in terms of overall performance across the four watersheds, indicating its robustness .

In summary, compared to the single sensitivity analysis method in SWAT-CUP, UQ-PyL offers both
quantitative sensitivity analysis using the Sobol' algorithm, as well as qualitative sensitivity analysis using the
MARS, Morris, and DT algorithms. This enables a more comprehensive and reasonable screening of sensitive
parameters. In terms of parameter optimization, UQ-PyL outperforms the SUFI-2 algorithm in SWAT-CUP by
providing two optimization algorithms with better computational efficiency (ASMO) and higher accuracy (SCE-
UA). In the four watersheds, UQ-PyL demonstrated superior performance to SWAT-CUP, with the best results

observed in humid watersheds and slightly lower performance in drier watersheds.

Key words: SWAT model; sensitivity analysis; parameter optimization; UQ-PyL; SWAT-CUP
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