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Abstract

Due to the aggravation of global warming, drought prevails all over the world, which seriously affects the
management and utilization of water resources. In order to study the changes of SPEI and its influencing
factors in the source region of the Yellow River, the drought distribution in the source region of the Yel-
low River during 2000~2015 was simply explained by using the Mann-Kendall test method and spatial
distribution analysis based on the SPEI series of the source region during 2000~2015. The mutual
feed-back relationship between SPEI and various factors in the source region of the Yellow River was
studied by using Geo-detector. The results show that: 1) In terms of time, the SPEI sequence of the source
region of the Yellow River showed an insignificant upward trend during 2000~2015. Spatially, the
drought in the central and southeastern parts of the source region of the Yellow River is severe, while the
drought in the western region is slight. The drought situation in the whole source region eased from the
east to the west. 2) In the single factor detection, NDVI and soil moisture were the most influential factors
on SPEI change, while land use type was the least influential factor. In 2004, 2005, 2006, and 2009, the
factors that affected SPEI most and least changed. 3) In the detection of interaction, the interaction be-
tween the two factors was enhanced, which indicated that the interaction between the two factors was
stronger than that between the single factor. 4) In ecological exploration, there are significant differenc-
es among most factors. These results indicate that the factors leading to the change of SPEI in the source
region of the Yellow River have a unique mechanism. The research results may provide a valuable ref-
erence and basis for water resources management.
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2. IRXBRSHIEKIR
2.1. FAEXEER

B X TE T R I AR A X, HAAOR AR ST T 2 K ST W LA B HBIX[10]. BRI R 13.1 73
km?, R ZFIE M EE PRI, A RIS ZRR[] s 1 TR, KISEERITE 32°09'~36°06'N, 95°54'~103722'E
Z I8, EEALRE T HM S IR %R B, RMERNIGE .. M, B0, B, AH. [,
PRI GRS XIR[12]. JRIX I EARIREE A VP2 AR, S AT o), Forp e S R s FE ]
Peie K, K405 70%LL B[13].
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Figure 1. Location of study area

E 1. REXrEE

2.2. BIERIR

AWFFREE 7 EIPRIX 2000 4 1 H 2 2015 4F 12 AZ A WAL %R, BEBKMAESSE. &1 RBRT
ARXHNRERIESS RN AR E . B NE R LR ERE L ERS 6 DA ML 3

https://cds.climate.copernicus.eu/cdsapp#!/home .

Table 1. Names and locations of meteorological stations in the study area

1. MRXSRHERBHREMNE

e ZE ZiRE e S 2
/K3 97.13 33.80 VS 101.48 33.43
it 99.20 3427 TR 101.60 3473
*xH 99.65 33.75 o 102.08 34.00
MY 100.25 34.47 EAN: 102.55 32.80
PrIg 100.75 32.93 REA S 102.63 34.08
VPEFE 101.47 35.03 R 102.97 33.58
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HATPMEL ER A AL, 15:
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SPEI =W — > 3
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3)

W =-in(P),P<05.

X P=1-F(x), ZP>05I, P=1-P .Z¥ C,=2.515517, C, =0.802853 , C, =0.010328 , d, =1.432788,
d, =0.189269, d,=0.001308 .

3.2. Mann-Kendall #3§ 3%

JE 4R ) Mann-Kendall (MK)E MR T7 7202 — FhAESEOEHNTTE[16]. (HA2, ZIESE TP IO B
B PR, 5SS B E PR, JF PR, SIS B EMEgamfh[17]. N 7 EERIZ
FEZm, W HEATEIE, BARRRERT LS 30R[17]

3.3. MUIRERMISE

M PRI %2 T N0 A AR HE SR B — R mT USRI 22 () 7 S O HL SR R SR sl B 1 (0 — AR 70 18] 3t
BRI ES —SAT 4 DRI, Hor o 572 LA IR0 AR RN Y (022 (8] 73 S o A2 TLA PSS A SRR AN R A7
ZIAZ AR, VPG 25 DR AE SR AR F A1 00N AIAE SR RV P S 00 X Y BB 2 A s A . AERS
PRI AL FH R e PR AL 36 23 TR G0 A EXH R E Y AR AP AR 5 22 5 o T KRS DX A FH 7 - X e T
PEB B MEME R ZE 0] . T ASOFRA R SRR X AT 73 X, P BAEAR SR s T B =Fh RIS, mixs
BITIFEAT T E A, B A RN 5% ) LB AT DL 225 SR [19]

e SR TR g ER R T X0 Y BIRETT, g [RRAMUERE X0 Y IR 775555 .

g=1-1=— -1 @)

L
SSW =3"N,o;, SST =No’ (5)
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X h EREBE YERT XS ZE; NN 35082 b Fa X PR Ie .

AR FERI: 43 SIS PRR F SOE FH 10 g 8 (g (X1),q(X2)), FETHSERTRR 72 FLAR AT 1Y g i
(q(X1NX2)), FERHMATELE, SR NTRRE 2.

AR HERWAERN “y” , MU AR RSG5 2 5 HWRNEESRE 8 “N7, WS
FxF PR AR B ) S AL G B2 2

Table 2. Interaction result types

2. XEERERAR

~EE EIE ik LHRKFH 141

A — > q(X1NX2)<Min(q(X1),q(X2)) JeLk RS

Y e e Min(q(X1),g(X2))<g(XINX2)<Max(q(X1),q(X2)) HHTFILbME Min(¢(X1).q(X2))
—_————— o q(XlﬂX2)>Max(q(Xl),q(XZ)) UK T 1 : Max(q(Xl),q(XZ))

5 ®: g(X1)+q(X2)

—_—— a(X1NX2)=q(X1)+q(X2) T v. g(xinx2)

—_— ' » a(X1INX2)> q(X1)+q(X2) Je b
4. GRS
4.1. SPEI RRFZ235 4L

TERTE] B H Mann-Kendall J77E5F #4350 X 1) SPEI [FAIHH T AT, FRmE 2 i, BESkRE
E 2000~2015 “EH[A], JRIX 1) SPEI /54 200 I FH#a%, SPEIHTEZMETIIIN, Z h 1.40, FIHEHAAEZE, L
o SPEI #/N—1.15 HILE 2002 4F, BEAMYRIXALAE —Fldb R PR . SPEL i KE 0.64 HIILE 2012 4,
JRX T SRR B R s, R ERIE RS .

FEZ5 18] BRI Arcgis X BN SORIHIX A SPEL JFAIEAT 7047, 151 2 S22 1 2000~2015 SFB IR X Y 5 2
[F) oy A B GBI RN, AN B IRIX 1 T4 0 H AR 30 380 VG 3 B G R o mp 3 T g DX DX 4R i
X 3T A AR A T I, T SO X PG X (T SRS SR A e T LU th, BRI K X3 SPEI
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Figure 2. The SPEI sequence and its spatial distribution in the study area
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4.2. FANAFRERSH

N T RFUEIRIX SPEL 5 % A R A ELAROC R, A SOR] F HERERMN 45 (04 73 7 S DR -4k 43 A4 SPET 7= 2E
SR E -, HAEFE PET. NDVI. DEM. iR HRARIH IR SRR R, S5k 3 R, BCkRE
X} SPEI AR 5EMA AR B 5 KR 28 NDVI A -R3ER RS, SNy BRI 8. bk q 158 0.7924, fi#
BEI1IER) 79%, HILAE 2005 45, &/ q {H4 0.0062, f#RE)IAH 0.6%, HILFE 2002 4. M 2000 FFF] 2015 FFXf
SPEI 5 MFE E Bk K B/ NI IR 2 R AR AR 4 2004 4 2005 4 2006 4 LK 2009 45 2004 4E55 K F-%F SPEI
SUMFEFEHE T N : PET > NDVI > L3R > DEM > - R FH 287 2005 444 [K % SPET M AR EEHER : NDVI >
DEM > PET > Lt RIFEA > LR, 2006 4% K% SPEI s EHF/74: PET > NDVI>DEM > 13
FE > THRI 2R, 2009 4% K75 SPEIL s2Maf2EHEF : NDVI> PET > DEM > MR A > HHEEE .

Table 3. Factors and q values affecting SPEI changes in the study area
= 3. ¥MMREX SPEI THMWEER q &

Ay PET NDVI DEM R FH 2R TR E
2000 0.1252 0.0490 0.1917 0.0428 0.6674
2001 0.2794 0.1204 0.2285 0.0282 0.3048
2002 0.1303 0.2735 0.0294 0.0062 0.0173
2003 0.1147 0.2135 0.0630 0.0424 0.3036
2004 0.2533 0.2001 0.0659 0.0139 0.1060
2005 0.2956 0.7924 0.3609 0.0328 0.0305
2006 0.3638 0.2461 0.0829 0.0231 0.0771
2007 0.3252 0.4852 0.1425 0.0491 0.1229
2008 0.5462 0.6030 0.5874 0.0211 0.2831
2009 0.3443 0.7073 0.3277 0.0265 0.0135
2010 0.2843 0.7796 0.3100 0.0545 0.2043
2011 0.2458 0.3428 0.1893 0.0511 0.1492
2012 0.0684 0.0446 0.0726 0.0196 0.2628
2013 0.4811 0.0948 0.4401 0.0398 0.7176
2014 0.3890 0.2541 0.2443 0.0501 0.4681
2015 0.2813 0.3835 0.2274 0.0464 0.2302

43. FEAEATFIZEER I

TEFEIATRIX 2000~2015 4 SPEI AU 78 H, XA A58 FLAE I3 A5k, o rb (58 X0 DR 48 it R 28 1 3
SRR, I 15 BH R R T (R I B DR VR A AR B, 5 Rl 3 FoR, 2000 A1 2013 AEXUE T2
6] (A2 HAE T SPET ARk [ fd R DHE(ERT 3 4. HIRIERENNDVIL. H38EENDEM. 388 ENPET. WL
B, X e R S AL AR BAE S R 1R T 0.6674 F10.7176, X5 FLER R Hr b 8
FEXT SPEI ARAK (I fRE F e B I 45 3R — 3. 7F 2001 4. 2003 £E. 2004 £E. 2006 £E. 2007 £E. 2010 £E. 2014 A0
2015 FEHA 72 HAE AL S, % SPEL BIf#RE /JHEAERT 3 20128 NDVINPET. IERENNDVI. LR
NPET . /E HLH FHR I &5 SR rh, 2004 =71 2006 4% SPET S2MAFE B i K IR T4 PET, q {4514 0.2533 10.3638.
EREUR T2 EAER G, FRgs R4 T3, %t SPEI HIMRR: 11 KN HHEEENNDVI, HIL q (5L T
0.6 LA, AR R E. 1£ 2002 4. 2005 £, 2008 £E. 2009 FEA1 2011 FEHIXUA 742 HAEHSE 4, Xt SPEI
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(IRERE JIFEZERT 3 417°8: NDVINPET. NDVIN-T#8%/%. NDVINDEM. fE 2005 -1 2009 4F, HLREF-HEM I
X} SPEI st /NI A7 A LR RE, (F2 Y LR S AL TS HAE M G, MR IARRMI R, Hh g
FENNDVI X SPEI FIfERE 11728 N fek, JUHSE 2009 4, q {HEIE 0.9466. 1E 2012 SR T2 HAEH R,
%} SPEI MR S HEAERT 3 4. HIEEEENPET. NDVINPET. HIEREENDEM. &5 Ry hdrekiiigsg. i
N R R TR R AT LA B, 2012 SRS q IR/, SR RERE R T q 558 0.2628, 1M/
LR SEAL q (N 0.0196. (H2 M HHER R 75 AN F L HAEH G, q EiRmE] 0.4229, fEREI1A
BAEE. I 3 T, NDVI 5 RS RS FAB R 7S AR 54T SPEL IffR: /73 B B4gm, 24 NDVI 81
T BT IR ) 7 () 43 e I 2 2 5 19 5 SPEI (7 1A) e i M. R0 NDVI 5 L3RR FEXS SPEI AV H A #l Ay H %L
(RIS, 3 DRI AR 20 A )N, AN e T T Ji A sy 8 ) A A AL PR At o5 0 DX A TR AR 8 70% B L
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Figure 3. Detection results of two-factor interaction affecting SPEI changes in the study area
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4.4. ETSHRMER T

N T B A AR 2 R AR R AR AL R B R R, AN SUE F BRI 2 0 AR SR
FERT B X SPET (52 m (Rl 73047/ FILEI 00 22 e 0 i, S5 R anlsl 4 fos. aTRUE B, 758 TAE I ARRE /0 ek
=1, KREZEN 7 B 0 2 R R RN 5 HoAh a0y A A [ 45 R 2005 4. 2006 4
H12009 42, W] LUK I NDVI 5 H A A 35 5 035 22 7, 2012 4R 1) R385 HoAth R 7 35 R I8 35 1) 22 e
XU A BRNR XA SPET AR Ak 3= SR IR B SR O/ E LB, Db SPET B4 A SR i RE /). X
BE— B IGAIE T XU 722 FAE F I 45 A 1R F B OR - R A 45 SR X — G

20054 20064
N [ TRZzR N | HhF N %ﬁ%%%‘; N iﬁ%ﬂ
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Figure 4. Ecological detection results in the study area

E 4. HRRESTULER
4.5. ¥ig

1) NDVI F-E38% B0 T X SPET ARG 2R . FEAS T 58 SPEI f&iE HHILAE 2005, 2009 F1 2012 4.
A HBLAE 2002, 2007 F12011 5. NDVI mE HILLE 2006, 2010 F1 2013 4, RAE HILLE 2004, 2007 F1 2012
fEo LB EE HILAE 2005, 2009 F1 2012 4, (RAEHILAE 2002, 2008 F1 2010 4. FJLLFE £] SPEI. NDVI
AR 33 I R 1 v (L FPEC AL S B A AR T o 7 5 55 S5 121 F) S 3 v 3 3o A 7 06 DX A A1k 5 R 0 2E KOIRZS HO AR
KFZ, UEH TR IX SPEL T #4545 NDVI AR R G — 8B Es, I BBl nfEEsE —E
AT R FEEFRB201MCE , Xt HIERE 5 NDVI (AT 70 t, 25 BRI E R —2L,
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B mE PR E . R —DRAUF T AT R . AR T R RIER 45 B 04 NDVIL 38 5 55 N 1
X SPEI ARAL s M RE FE, 76 LLJS BB 58 22X SPET AR AL 3t — 20 @ FF A 7%

2) BT IX SR T L AR A B R, A [ B SRR B 52 BIAM SR P R ER  TF PRI, ARSI R ESS[21].
A SRR ] St 1 % b AR S TR 5 i TAR IS T RO, JUHLAZ 2000 AF LK, B AR ARG AR AR IR BHIE
MICE TR T ERBIRUR . £ 2000~2008 1], & bl pREREE S 2RI T 11.5% [22]. fEAE IEAER
WiHIUT %, SPEI A £ B 18 EFiass . E5ER, KB E S 8050 4 1 X H B H SR A
RIS . BT LARSKI R RIS AR, AT R I AR BOR R R B,  AH ZE R 1 SI it I A T2 DU ke B AN 2
(R ie) o AEARSKR B FT T, R AZOIN R S T DX R A AR A BRI 7, BE A A Bl NDVI R 33830 FE 6 SPET 24k
fsgme, YR IX A S IR LR DL 2 SRR L BB 1R 4K

5. &t

N T WS EETRNR X SPET AR Ak J H s il B 1, AR SCHR 4 BEVAT R X 2000~2015 4 SPEI J¥ 41, F| A Mann-Kendall
56 15 A1 2 [] A7 29 A T B U I 1 3TN (X 2k 2000~2015 £E [T 52 0 A 150 o 1 P B R 0 28 SKATF 70 2] IR
[X SPEI 5&FEFHIEB KR 0UnT:

1) 4k b, BIEXAE 2000~2015 46, SPEIJFAI R EA&EH, B8 EABHARE, AEXETF
WIMAEIZ L, 2 HBEMIEEIRES.

2) (EZFIA] LoRAE, AN TR X 1 AR V0 R AR 20 PG A BT AN o G R AT X e DXOR AR e A X
1 R AB GURCON B, T B VAT XV b X P R DR A G

3) 1E5 S S R HRIGE S, %) SPEI Ak 52 A2 B B KR 9 NDVI AH 8RR, /i FE 3o 1t
PR,

4) TEAZ AR GE S, SR 18] (28 LA FH 38 3o, 3K 30 B 79 R [0 FH IF L B0 B8] 14 FH P A e
VAR T

5) TEAERSTRINGS R, MR )it =N 7, R ZHR T 2 (AR 35 22 5 04 o 1 15 B ST YR [X % SPET
A4S T S FH B R B s (A FWLER, PRI SPEI ARAL A S8 S R ARRE g o Xk — B 063 1 WA 722 B
VE R 45 SRAS B T B R AR I A 45 R X — B AR .
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