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Prediction of drought in the Yellow River based on
statistical downscale study and SPI
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(1. State Key Laboratory of Hydrology - Water Resources and Hydraulic Engineering ,
Hohai University, Nanjing 210098, China;
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Abstract; Based on the measured data in 101 meteorological stations over the Yellow River Basin, and the
precipitation and temperature data dating from 1961 to 2099 of the six CMIP5 models under three scenarias,
statistical downscale study is conducted by using equidistant cumulative distribution function matching method
(EDCDFm). The accuracy of the downscaled data is evaluated by validating against the measured data dating from
1961 to 2005. After that, the meteorological drought around the Yellow River Basin is predicted by means of
standard precipitation index (SPI). The results show that the accuracy of the raw models simulated temperature and
precipitation has been significantly improved by using EDCDFm method, it is especially true with the modelling
accuracy of their extreme values. The predicted results of the drought around the Yellow River Basin indicate that,
the drought condition at the beginning of the 21* century has become more severe than that of the reference period
under three scenarios, but is likely to be obviously mitigated at the end of this century. Notwithstanding, preventing
drought around the Yellow River Basin is still a tough job in recent years.
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P OKFIEF ) K B RE AR A | T 52O X Nt 25 ) B ™ o 1) S R 5 22—, 2 B i E N A
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(LT AR AEZSHEE AL T AR . ARG ST A TR 0 K A A R R S R R
R B , SO R ST s AR A B IR 23 AR, TG I 5 R S 34 m) e A S 5 R A A T IR A HLESE
T 22 4 X 7K G2 R A8 AR S R 4

RERERE R B (global circulation models, GCMs ) J& H B & PN Ah 2z 3 PR T AR Ak A SR S A
AARHIFTE R ST  AHHOHL 8 25 [8] 23 HAOE T 45 Hh DX O 401, A5 XU B BIF e 4 RAFTEAR R
AR S 1, DT B T G DX A 2 A S LS i T 5 v A I T B R vk J oA 32 B R 20 5 X
SRR . Geit R RUEE 5 AN %5 08 GCMs T E (Rt i iy 3 S5 A o T 45 SR py s, HAG 3R a /) |
B D) TR 5 AR 2 R B 00 SR8 5, J2 PR b GRS rh v L1z 91 HLUR AR 4
ISR —Fh T FEGE T RUEE R AR o AU 2RI 1) P15 2 LA BT I A 4B (12 14 Je B 5 R
F ot R AU ZE A TIR B IE . Li %1 $ H— P 40 (0 50 oR BR0k 1) 2 B 8 BRARUA) A R
7 (equidistant cumulative distribution function matching method, EDCDFm) , fi| | GCMs Bl E R 5 X
SEROULIN P A 2 2R 1) R RR A R AR 22 [ 18 2 5, X oK e o 3 A A X ABE 40 ) A M B 3R A i 25, BEAT AL
AR A ZE R A, R T 322 e UM 2 3R AU BEALIORG B2 | A 47 e 32 B BOR 22 1 O T

S5 I A HE B SRR 0 A R EIOE X BT B GCMs [ Bl B B = L BT RIS 5 B Bt & A (coupled
model intercomparison project phase 5,CMIP5) ) 3 FHEiE S T (RCP2.6 RCP4.5 RCP8.5) 1 6 MR
AU H BRI R AT ST RS AR B, e 7 Dy S 30) (1961—2005 4F) FIAOK 1] (2006—2099 4F) Y
AU R RUBE B | O 45 S DM il ;SRR VT A 3 RUPE s R AR S ALIRS 132, 3 BT A Sk I B 2 DX 3 AT AR /K )
AR B AR HE AL 7K $8 %K ( standard precipitation index, SP) 437 Al @I 38 1) T AR e 35

1 FRXER

BT L S A 0 e R Y | P R A R R BRI 3 AR T4 9 A, TR AR 79. 5 0 km® |, HB A B
T 94°E ~ 119°E ,32°N ~42°N Z [A] S 3% [F 2 A0l A P B, IR A NI 22 2 R AE B
25 [ 5 P X SR AR SR I 3 1 i 7 SRR S8 R a1 2 2 A BRSBTS R b X 2 — |
TRAL LI LA 2L B3, R B R I A AR A g A T AR B AR e 2 R AT
TR PR R AR, PE LA T AR AR IR, KI8T, E B WKL, R 2 W P65, IRk
Z e, W2 T4, Mg, MR TEILERE L 1) 6 127 m B HE D2 EEAC, A 20 tH22 60 4EAR
HI A , 1% TSR BRI R R K AR e AR Ak 4 PR ER R TV R A A A R RN R AR
I , RAE LU O RS PR RIS < AR Ak

2 HEEEWMRAIE

2.1 HEERIESAIE

W T CMIPS B9 6 S AE R R ( BCC-CSM1-1 . CanESM2 , CCSM4 | CSIRO-MK3. 6. 0, MRI-CGCM3 i1
NorESM1-M) 7 51 i} 3] (1961—2005 4F ) F1 4 3 B #] (2006—2099 4 ) 3 Fh < 5 4% 5t (RCP2. 6 . RCP4. 5,
RCPS. 5) (3% A Mk it SRS 25 S8 (hitp :// emip-pemdi. 1nl. gov/emip3/ ) , #4528 B WL R 3 BER AR

Al (1), Mol F W LA (58— 46 1 21 0. 5°% F1 CMIPS SEEREXES

0. 5y MRS s | B EE ST, SR INALSEYY  Table 1 The basic information of CMIP5S models in this study
2, BUE R A AR B I 25 B L IR IR 4 i BF b 431 FEie
TR ES S EHE M 5 (http : //data. cma. en/) BCC-CSM1-1 Jema gL 2.8°%2. 8°
FO IR 101 N5 0 B U8 I B | 3 S 5 43 CanESM2 MERSERB G RL 2.81°%2.79°
I 5 Bl 1 e (5 s A cesm4 EREFAINL  1.25°%0.94°
%ﬁ /‘j/}_-' ’ Hb j( 1ZIK }i @% I’Z B: jz E/\J 4\ 1'5% /X /T’kl q:ﬂ‘ {J‘-E CSIRO-MK3. 6.0 }ﬁj(ﬂﬂjgz CSIRO ﬁ/ﬁ‘ﬂﬁfﬂhb 1.875°x1. 85°
(1) Sk s GBI (FKFIAR) RIS MRI-coems HARS S5 T 1. 125°1. 121°

AR T B 0. 5°%0. 5° 4 AR BH . NorESM1-M RS A P 2.5°x1. 89°
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Fig.1 The spatial distribution of the elevation and meteorological stations over the Yellow River Basin
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(4R B AR AR URUEE = i IR 25 K7
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SPI 23 o B 7K it B MR S 1= SR B Y — P 2 8 O UT LUS e B A 3 B DL R
SR AL, 107 EL AT LB AN [ ) ROBE R+ 525 00 - SPL ISR 8 e 1) ROBE R 36 25 [ Al L iR | 76
Sk 22 110 6] S R M DX A ARG 50 A RS0 TS SPL 1 e i B 6 AN [l st [ RUBE #4) £ H K 2 e sh REUT
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BT I 3 s s 6 AR RUBE AR S I A S 4 R N AR BT L T DA R IR (L 2, B R B2 4 3R
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T LRI S e A ol — 3, 7 T L B3 A 0L 5 SR 5 S B A 22 A, LA TR A 400 B S A1 U 5 4k , i
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HEAE 1°C LA, 52 IX B AR A8 A 23500 R = 11 9% FI1 8% . [ R E S5 1) W /K ASE DK B B SRARG TS T Y g R
KR (R S 25 SR 5 S A A 22 24 100 mm/a, A B2 50 1 B 0R 200 AR 4DLR0UR: (400 mm/a) o B4 4F 0y
411963 4 1964 4 1985 41 2002 4F A5 2 K 48 e A7 AR 4 b 4807 10 S ES 40 | O 22 23 1) A +30% . —19%
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Fig.2 Annual average precipitation and temperature from model simulation and

observation during the historical period(1961—2005) over Yellow River Basin
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Table 2 The MAE value of downscaled data
of temperature and precipitation over
the Yellow River Basin (1961—2005)

Lt R
[E
KiE/C [& 7K / mm
2GS 0.32 51
BCC-CSM1-1 0.38 68
CanESM2 0.33 67
CCSM4 0.45 65
CSIRO-Mk3. 6.0 0.39 61
MRI-CGCM3 0.37 71
NorESM1-M 0.39 62

EARRZEE (-3 ~-1.3°C)  JUHIEN TR AL Sl RO B Sy X R W], e R N L 2l
B MR R RO i ) 2R 5 S RO ) 5 B, RERS AN ST I IX U R R a3
x3 #EAREHERPEZEAES ABRKNIKIBENREE

Table 3 The absolute devation of monthly precipitation and temperature between raw and

downscaled ensemble data from 1961 to 2005

Yot i Yo% i
At JE MK/ ity W R W R At JE I K/ 5l W R W R
mm KR/ %7K/ mm Sk C mm SR/ C %7K/ mm KR/

1 7.9 -2.89 -0.3 -0.01 7 53.0 -1.3 -3.3 0.01
2 12.0 -2.95 0.3 -0.03 8 56.0 -1.5 -3.0 -0.01
3 26.0 -3.00 -0.5 0 9 64.0 -2.2 0 0.01
4 43.0 -2.32 0 0.03 10 42.0 -3.0 -1.1 0
5 60.0 -1.90 -1.5 0.01 11 17.0 -2.7 -0.1 0.01
6 59.0 -1.60 0 0.01 12 8.4 -2.9 -0.3 -0.03

3.2 EBEREEB=EEINEE

FH B VAT G ek D7 s A o RUEE S5 5 -2k it 2 AR AR B 5 S B AR X i 22 1 25 [B) 43 A (1 3) \f
PAF Y BK AG T i 22 40K, 2B A e AT /K e A /0 (R S 3k P 3, DA PG AL A 2 i 3 22 i/, g RS
BN R K B AE R AR R 8 1—3 A 11 A A 12 A 5 5290 B K R i 22 55K (e KA -29% ) |, T 7E [
KR R E 2 (6—8 ) MHRMR 25/ (=0. 2% ~—0.5% ) . F IR BT BEAS 4 S M B 400 ) WK 14
Fe fEL, T TARAE B 25t B B PR 22 s R O (1 3) o AT 5, PSR S SR By, 3 i
BRI ZE1E 0. 02% AP, B 1 Sk DX A 3 A A 1) 670 O 22 B K (—0. 06% 2247 ) (1B 4)  RBIARAFR
JIT 2R FH 4 98 IR 1 A0 B e A 0088 3 S e A AR TR R R 23 43 A RRAE |, 207 36 BT AR A% i 3 B s ok
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Fig.3 Spatial distribution of monthly average precipitation deviation between downscaled and

observed data during the historical period
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Fig.4 Spatial distribution of monthly average temperature deviation between downscaled and observed data during the historical period
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Fig.5 Annual average precipitation and emperature of downscaled multi-model ensemble
from 1961 to 2099 over the Yellow River Basin
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51, MBS (a) 0 LI H B0 A Sk Bt 300 Ay B AR T T 17 sk st 30978 Ak O R 3 488, 7 7 s (A9 9 L 1
31,3 BB 5 22 6] Y 22 BE O A R, T R TE 2006—2066 4F 22 [ | 4F [ 7K 488 4523, RCPS. 5 [ [ K 78
2067 AF i AH LAl RIS S TAL (I i . Horh RCP2. 6 ZRMERE N2 (0. 09 mm/a) Loy st B3 14 34
KR (0. 14 mm/a) BERLIR D, RCP4. 5 5 e MR IR 45 Dy s B A B i (0. 34 mm/a) , RCP8. 5 [ 34 g 45
R (0.92 mm/a) , AN T I s I BT R A 3 A S T R Ol I 3 A AU 1 A R IR
(lzls(b»,,H\EP RCP8. 5 {4 i B Vi I 75 7. 8 ~12°CZI‘ETJ RCP4. 5 FIRJE TG FEITE 7.8 ~9°C 22 [i); RCP2. 6 HY
TR EEJEEITE 7. 8 ~ 8. 5°C Z [a] {HAE 2066 4E 2 J , HA IR B A 52 9 a3
3.4 EHERE SPI TR
P 6 XF oA 17 3 AhHERICT 5 4R )UBE SPI(SPI2) FE B | b i DR RUOBERY T Rk, 7T LR
o B R R R T R AR AR TR W R R S 25 5 . IR IXSEAE 2006—2099 AFHA (] SPT i A7 B
Tt BT S ARSI A g 55 . o RCP2. 6 F1 RCPS. 5 HEUIE 5 F IR T 21 2090145 1A L i
TR AR 5 R A BSR40 s RCPA. 5 HECI 5 N B0 DXCITE 2026 4R LAHTA B
5, 25 TS B B ka3, Pz X 7R 2026 4E LIRTE RCPS. 5 HERCE & A B M T 5%
—RCP2.6 —RCP4.5 —RCP8.5 He TS A0 2 AP HERCT S ORI SS R AR 2010 4R LU

% 3 TR B RS TR RCP2. 6 HERCH
gm
o (') ) fil i S AT FARR R R A A ARy BT A T A 2 B HECTE
@ -1 gtk / I W s, BRSO R B A 40 8 (2011—2040 4F) il
&2l | 225K (20612090 4F:) AHELHEMEI] (1961—1990 45) f
3006 2016 2026 2036 2046 gloif 2066 2076 2086 2096 2106 SR RUEG R0 M TR A F AR 2
V)
(a) kil WIS ARy A LR B3 BT sl /b, i T 28K A il 5
3 .
® 2 ERA (RS,
EHh- (1) h ' “ “ ’ ‘l ‘ 1 r \ x4 BEREARRAEI MESTEHTFREEMESI
HS_ -1 ﬁ ‘ LTk '“ ‘ A p Table 4 Statistics of the average drought year
& § for RCP2.6, RCP4.5, and RCPS.5 in
2006 2016 2026 2036 2046 2056 2066 2076 2086 2096 2106 the future over the Yellow River Basin
(=i
(b) i W/ %
3 BIE RCP — -
= FeAEH iRk J RN S
TN ;“‘ ], 2.6 0.47 0.47 0.23
H(;O‘., “ "H 'f W ,l L 4.5 0.47 0.43 0.13
= |I "* 8.5 0.47 0.37 0.1
” f . | 2.6 0.2 0.13 0
2006 2016 2026 2036 2046 2056 2066 2076 2086 2096 2106 L 45 0.2 0.13 0
A
(o) Filf 85 02 03 0
2.6 0.1 0.03 0
B 6 FHAiiE LT3 fiEST SPI2 i 4.5 0.1 0.1 0.03
TFRiEHETEF 5 8.5 0.1 0.13 0
Fig.6 SPI12 of RCP2.6, RCP4.5, and RCPS.5 2.6 0 0 0-03
5 4.5 0 0.1 0
for upstream, midstream, and downstram 3.5 0 0 0

of the Yellow River Basin

4 £

a. SR E A B0 AR 2 SR S BCE 7E B [RD RN 23 (B RUBE 3L MR EAE 6 MR R 2 G
(R 1 X5y 246 0 3 2 55 RE R O 25 0 W) ARG T D 5l , 288 AR 5 P 34 S 285 2 L o 82 1 e 1L 25 o
SRz WNEL , 3% WA e IRUBE T vk A 0T i Sl LA A s o

b. FEIRA AT RCP2. 6 B K ASfLa # I A 3, i RCP4. 5 H RCP8. 5 B T CSIRO-Mk3. 6.0
H1 BCC-CSM1 -1 H A S A 2 ik ss, 3 Fhil st BRI Sk, Hp RCP4 5 Ik
290.02°C/a B REHEBEIEIE N, RCPS [ZPERG IR BT 2% (29 0. 05°C/a) ,RCP2. 6 MR MR 2212 (44
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