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Hydrological parameter sensitivity analysis for a cold and arid watershed based on EFAST
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Abstract: In cold and arid watersheds, streamflow is mainly contributed by snowmelt runoff in the ablation period and rainfall
runoff during summer. Surface runoff and snowmelt may have important influence on the water cycle. In this study, the extended
Fourier amplitude sensitivity test (EFAST) method was employed for SWAT model parameter sensitivity analysis. The test irr
volved hydrological parameters that describe multiple processes including rainfall runoff, snowmelt, evaporation, percolation,
baseflow, and lateral flow. Peak flows in nom melting and snow melting periods as well as average annual flow were all consid
ered in the sensitivity analysis. In addition, the reasons for the sensitivity of the parameters and the associated hydrological
processes that affect the water cycle in the watershed were analyzed. Results showed that the surface runoff, percolation, and
snowmelt have significant influence. Besides, the totat order sensitivity of the parameters related to snowmelt process was sig
nificant w hereas the first order sensitivity was not significant, indicating that the totat order sensitivity obtained using EF AST is
more reasonable. T he findings will help hydrological models improve their capability for simulating/ predicting w ater resources
during different seasons for snowmelt precipitationr driven watersheds.
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Fig. 1 Topographic characteristics of the Kaidu
watershed and distribution of gauge stations
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Tab.1 Description of SWAT model parameters
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Fig.2 Hydrological simulation in calibration and validation periods
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Fig. 3 Parameter sensitivity for peak flow in nomr melting period
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Fig.4 Parameter sensitivity for peak flow in snow melting period
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Fig. 5 Parameter sensitivity for average annual flow

EAER R, 58 EFAST kA28 —H
FRURR I 5 SR 43T 45 SR B — SO, AR ELEE,
VLW EFAST J7 V27 58 5 XUt 7t 7K SOBE AL 2 8
HURPER AT AT M. SR, X T 5 4 SN A7 175 45
N I ZE R, R A T R REAH O i 2 4
(HI, SNO5S0COV 1 TIMP), b3 /4> 2 i) s
SRR R 3, T — I U AN . SRR b Y
MV T AT T P L X HE R 4 000~ 4 500 m Y



Bik A% - % T EFAST ik 0% B G B AU 2 5 HOHUB B4 7
R BRI 725 1K, mmﬁ,@eﬁfeﬁmﬁgg (4] B, ST B SWAT J0A5 2K SR £ 0 0L X

AN 57K, BRI B, fil S 2 5RO ORI .
i%ﬁiﬁ*ﬁ/n%w%%#%@ﬁigﬁ$ EFAST —
W BURAME S T I F R 7S 0% 8 S B BAE I T 2 1)

DTHR, AT BB AR BT R 22 o IX AT IR RA
2 HUBUR VR 5C T, B IE S HC A A BARE 2
JEH DE

4

AHTTCAG) EF AST Tk R 70 7 5 R X ik
SO PRSI E, 4578 2 508 J5 K SO FE X
TR IR Y R ) E L . WU I,
T ¥t F\az??‘%EEBL&"F??&&X#E%%%“@TE%
FEFG WA SR 5 U TH fil DA R b I
U R R M 2 35 U\%E?i"]omiﬁ, Hb R AL
U TH R 2R K IR KT e R DL R e
TR I L (K K SO RE AR 70 BEAh, A B
EFAST JHER R —Br U VS B 8U M) Hr 46
REA—EE, BHIE 17 %7 AR R X R Ak
SORE TS AR A 1) T AT s TAE R L S 4 B AN
FEZ2 5, 5 USRS 1 R A 5% A2 B U AN
eI L — P UK e k. X2 WIFE SRR ERT 5T
i, 5 &S ML 1K) SCHAT A2 AR B ZE ), IR 3
W1, £ Bl EFAST J5 A4S B K SO R 2 B8 UK
PERE NG

(References) :

[1] N, HBH, %= bh, 2. K SOBER 2 JOgUs: 43 i 5 i iF 52
PER[J]. /K3, 2010,30(4): 9 12. (TIAN Yu, LEI Xiac hui,
JIANG Yurr zhong, et al. Comment on parameter sensitivity a-
nalysis of hydrological model[ J]. Journal of China H ydrology
2010,30(4): $12. (in Chinese)) DOT: 10. 3969/ . issn. 1000-
0852.2010. 04. 003

[2]  ZE2r . BEAL-PA5 VT B i e i 43 A 7V R e i B
P R A 3 A 77 V2 7 il T e R R 3 T e 1 R
BRR[T]. P 244, 2015, 64(6): 069201. ( LI Hong-qi. Applr
cations of random balance design Fourier amplitude sensitivity
test and extended Fourier amplitude sensitivity test in the pa
rameter sensitivity analysis of land surface process model[ J].
Acta Physica Sinica, 2015, 64 (6): 069201. ( in Chinese)) DOI:
10. 7498/ aps. 64. 069201

[3] 23, BB, S BT EFAST 75 SEBS Bl 24 45
BURAE AT )] & E AR5 R, 2014, 29( 5): 719726. (LI
Yan, HUANG Churrlin, LU Ling. Global sensitivity analysis
of SEBS model parameters based on EFAST method[J]. Re-
mote Sensing T echnology and Application, 2014, 29( 5): 719
726. (in Chinese)) DOI: 10. 11873/ ]. issn. 1004 0323. 2014. 5.
0719

[6]

[7]

[10]

[11]

[12]

[13]

[14]

AR BN T ). B s ARl Ok 525 4, 2004, 28(2) : 2226.
(HUANG ng hua, ZHANG Warr chang. Improvement and
application of GIS based distributed swat hydrologica Imodel
ing on high altitude, cold, semtarid catchment of Heihe River
Basin, China[ J]. Journal of Nanjing Forestry U niversity, 2004,
28(2):22-26. (in Chinese))DOI: 10. 3969 j. issn. 1006 2006.
2004. 02. 005
g, Mt B S K4 RBUR LD #9 EFAST J7 )] . &
TR A 5N, 2013, 28(5): 836:843. (HE Wei, YANG Hua.
EFAST method for global sensitivity analysis of remote sens
ing model s parameters J]. Remote Sensing T echnology and
Application, 2013, 28(5) : 836 843. (in Chinese))
Wang J, Li X, Lu L, Fang F. Parameter sensitivity analysis of
crop growth models based on the extended Fourier Am plitude
Sensitivity T est method[ J]. Environmental Modelling & Soft-
ware, 2013, 48: 171- 182. DOI: 10. 1016/ j. envsoft. 2013. 06. 007
kB, 2= SRk, G2 B, A TR I G Al AR B A
[J]. HFERN: D 3 kA2, 2006, 36(S2): 24-32. (ZHANG
Yrchi, LI Baclin, BAO Arming, et al. Snow runoff simulation
for hydrological process in the Kaidu watershed[ J]. Science
China: Earth Science, 2006, 36(S2): 24 32. (in Chinese))DOL
10. 3969/ . issn. 1674-7240. 2006. z2. 004
Zhang F Y, Li L H, Ahmad S, Li X M. U sing path analysis to
dentify the influence of climatic factors on spring peak flow
dominated by snowmelt in an alpine watershed[J]. Journal of
Mountain Science, 2014, 11, 990- 1000. DOI: 10. 1007/ 11629
0132789z
Wang Y, Chen Y N, Li W H. Temporal and spatial variation of
water stable isotopes (180 and 2H) in the Kaidu River basin,
Northwestern China[J]. Hydrological Process, 2014, 28: 653
661. DOI: 10. 1002 hyp. 9622
Kalra A,LiL H,Li X M, et al. Improving streamflow forecast
lead time using Oceanic Atmospheric Oscillations for Kaidu
River Basin, Xinjiang, China[ J]. Journal of Hydrologic Engr
neering, 2013, 18: 103+1040. DOI: 10. 1061/ ( ASCE) HE.
1943 5584. 0000707
FuA H,Chen Y N, Li W H, et al. Spatial and temporal pat-
terns of climate variations in the Kaidu River Basin of Ximr
jlang, Northwest Chinal J]. Quaternary International, 2013,
311: 117 122. DOL 10. 1016/ ). quaint. 2013. 08. 041
MaY G, Huang Y, Chen X, et al. Modelling Snowm elt Runoff
under Climate Change Scenarios in an Ungauged Mountainous
W atershed, Northwest China[ J]. M athematical Problems in
Engin eering, 2013: 808565. DOI: 10. 1155/ 2013/ 808565
Wang CX,LiY P,Zhang J L, et al. Development of an inex-
act variance hydrological modeling system for analyzing inter
active effects of multiple uncertain parameters| J|. Journal of
Hydrology, 2015, 528: 94 107. DOI: 10. 1016/ j. jhydrol. 2015.
06. 004
ChenZ S, Chen Y N. Effects of climate fluctuations on runoff
in the headwater region of the Kaidu River in northwestern

China[ J]. Frontiers of Earth Science, 2014, 8(2): 309 318.

KL KEIRE 47



F15% 2590 H - @ AAE AHFH - 2017 F 6 A

[15]

[ 16]

[17]

[ 18]

DOI: 10. 1007/ s11707 014- 0406 2

FE W, F T, 5 SWAT BB S H U s B30
HE [ B LT FE —— LA G TR AR LA 1] ] K BRI
5K IR, 2010,21(1):79 82. (LI Hui, JIN Sheng, LEI
Xiao yun, et al. Study on theim portance of sensitivity analysis
and auto calibration of SWAT model: Taking the case study
of Manasi Watershed [J]. Journal of Water Resources and
Water Engineering,2010, 21( 1) : 79-82. (in Chinese))

VEE, KT B SWAT KBS HBUgtE 70 i N (D). T
BEXHEE, 2010, 33(1): & 15. (HUANG Qinghua, ZHANG
Warr chang. Application an d parameters sensitivity analysis
of SWAT model[J]. Arid Land Geography, 2010, 33(1): &
15. (in Chinese))

Neitsch S L, Arnold J G, Kiniry J R, Williams J R. Soil and
water assessment tool theoretical documentation, version
2009[ M. Grassland, Soil and Research Service, 2009.
KIS, Sk, ZIEME, 4. 22T Morris Ml EFAST ] CERES
Wheat BERGURYE 73 M1 J]. AL LK 4k, 2014, 45( 10) :

[19]

[20]

124 166. ( SONG M ing dan, FENG Hao, LI Zheng peng, et
al. Global sensitivity analyses of DSSAT- CE RES W heat mod-
el using M orris and EFAST methods[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2014, 45( 10):
124 166. (in Chinese)) DOI: 10. 6041/j. issn. 1006 1298.
2014. 10. 020

Reusser D E, Buytaert W, Zehe E. Temporal dynamics of
model parameter sensitivity for com putationally expensive
models with the Fourier amplitude sensitivity test[J]. Water
Resources Research, 2011, 47: WO07551. DOI: 10. 1029/
2010WR 009947

R, B4R R, 4B Bh R R o R AR T R 5
(EFAST) 7 i Ty 72 458 2 rh 2 Bkt 20 i B TR R
[J]. W3 23], 2013, 62( 5): 050202. ( WANG Jiarr dong,
GUO Wetdong, LI Hong qi. A pplication of extended Fourier
amplitude sensitivity test ( EFAST ) method in land surface
param eter sensitivity analysis[ J]. Acta Physica Sinica, 2013,
62(5):050202. (in Chinese))DOI: 10. 7498/ aps. 62. 050202

(L#EH 42 70)

[21]

[22]

[23]

48

P AR AR R R TSP R X R K R R IR Bk AR
BRI W [J]. KR K H PR, 2008, 29 (S1): 50-52.
(JIANG Hui, LI Yurr hua. Utilization and impact on ecology
for groundwater in Fukang plain areas| J]. Ex press W ater Re-
sources & Hydropower Information, 2008, 29 ( S1): 50-52.
DOL: 10. 15974/ j. cnki. slsdkb. 2008. s1. 006. (in Chinese))
R ES. BRETT M R K S S A A KA S M7 D). S
BARTE: WA SE &%, 2007, (XIANG Wer ling. Temporal
and spatial dynamic variation of groundwater ecological inr
pact research of Fukang[ D]. Urumgi: Xinjiang University,
2007 (in Chinese))

RERAE. AR SR (B0 T A M ] AR AR R
#t,2002. ( XU Jiar hua. M athematical methods in contempo-
rary geography|[ M ]. Beijing: Higher Education Press, 2002

KK EIR

[24]

(in Chinese))

RESRAN, 5448, TP, BT B2 s sl 4T & 4 /K B8
FRIIIVEM BT 1] . BRSO FR, 2012, 20( 10) : 1382
1387. (XIONG Her gang, FU Jirrhua, WANG Kar long. Evak

uation of water resource carrying capacity of Qitai Oasis in
Xinjiang by entropy method[ J]. Chinese Journal of Eco Agrr
culture, 2012, 20( 10) : 1382 1387. DOI: 10. 3724/ SP. J. 1011.
2012.01382. (in Chinese))

R TR R 5. B HE K B R JE AR BL EB/OL]. http://
swj. fk. gov. cn/swj/ fksl/ szygk/2015/221299. htm., 2015/
10/ 11. (Fukang Water Resources Bureau. T he basic inform &
tion of water resources in Fukang[ EB/OL]. http://swj. fk.
gov. cn/ swj/ fksl/ szygk/ 2015/ 221299. htm. , 2015/ 10/ 11. (in
Chinese))





