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Abstract

In order to explore the characteristics of dry and wet changes in Yunnan Province in recent 62 years.
In this paper, we calculated the potential evapotranspiration (PET) of Yunnan Province from 1958 to
2019 by Penman-Monteith method, and on this basis, calculated the SPEI drought index at a pace of 3
months. The author has used Manner-Kendall mutation test and Morlet complex continuous wavelet
transform (CCWT) to analyze the variation trend, mutation point and dry-wet change period of mean
SPEI-3 index in Yunnan Province from 1958 to 2019, and extracted the spatial-temporal characteris-
tics of dry-wet change in Yunnan Province by empirical orthogonal function (EOF) decomposition
method. The result showed that: (1) The precipitation increased in the northwest and northeast of
Yunnan Province, while in other areas of Yunnan Province, the precipitation decreased to varying
degrees. There is little precipitation and intense evaporation in the south, and the drying trend in
the south is very significant. The south is the worst-hit area of drought. (2) The mean SPEI-3 index
showed a significant downward trend, and the trend of drying was obvious throughout the country.
The change time occurred in 2007. The cycle of dry and wet change in the study area has a significant
change rule on the scale of 26 and 3 years, and the periodic oscillation on the scale of 26 years was
the strongest, which was the first main cycle of dry and wet change in Yunnan Province. On the cha-
racteristic time scale of 26 years, the average period of dry and wet change in the study area was
about 49 years. On the 3 years characteristic time scale, the average cycle of dry and wet change in
the study area was about 9 years. (3) The spatial field of wet and dry variation has 6 types. In
1958~2019, there were 19 years in which the whole region got wet and there were 17 years in which
the whole region got dry. Meanwhile, it took 6 years for the southeast to get wet and the northwest
to get dry, and 13 years for the southeast to get dry and the northwest to get wet. During the period
from 1958 to 2019, the dryness and wetness in Yunnan Province were the main change, and the
dryness trend in the southwest and southeast was extremely significant. The spatial variation of
SPEI-3 index was consistent with the area affected by drought in Yunnan Province, which indicated
that the calculation results of SPEI-3 were highly indicative and could be used to predict dry-wet
changes.
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FRFA AR A 2RV EX B ARSI B, 5 AR A 2 3R
J xS R BRI 258 IR 1] 5247 BB S ORSINRFE I, | A T Hb BRI T 10 i b PR e 2 57 B8 AN ) 24+
BRI PRI B RS ER A F][2] AT KI5, BT R0 b ER A (10 5 i 5 9 B,
R+ R ERHEREMA MK RGENEE ), TSI AR+ R PR ES TR 7K
A, R RA R RIS D REREAT A AT O N RAE AR IR IO 3], AR TRl
JUHERE KA R 5 2B R o8 F ok, [ A 42738 M 22 bR 80050 SR 23 B AN [] X8l P - 5 4R AR
[4] [5] [6]» 477 [ s 3= 24 FH 1) 2 b v Ak B 7K 6 £5(SPI, Standardised Precipitation Index) Az #E Ak B 7K 75 151
¥8#1(SPEI, Standardized Precipitation Evapotranspiration Index)%[7] [8] [9], WA ¥ FHFIANRREER. H—
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L AE#FEE(NDVI, Normalized Difference Vegetation Index), 2 5i8/E75HUKk 5 (PET, Potential Evapotranspi-
ration) &z SPEI [IRER 73 #fr RAHOGHME AT [10] [11]. {H PET. SPEI THEIRECH A RER, X F N
B LR F S X KSR E. *F SPEI K5 % A T Thornthwaite . Hargreaves
Penman-Monteith ZEH5ERSRH5 PET [12], AR AR XS AN [F] Hb T 46 R X3 M APEANE] . Penman-Monteith
ERITHE PET M0 RAEAI13], M LA 3 AN H 25K SRR SPEI FaEAH R A K 11 SPEI $52URE TE #ERfHb I
B X A IS R T RARHE, RIS [14] [15]. VETR340K[16], S HFRABMRHE S A BT 3%
RG L TR R L TR, A RTAR X K S P B DK T SR (s S RF . A [ P 2235 F)
FIARHBIE LR E(M) K A — A F (1) ST AR AT [17] [18]. M5 [19]5: T SPEI fi40xt
VBRI E T BN SRR 0T, (ERTE W PET 97732 & SPEI 8 F (25K o 1H 250 7t 45 AR R
AL, PR IX AR A T R [20]. R UL BT R TAE, /5K Penman-Monteith 2
THEE PET. 1H5E2 KN 3 4 H 1K SPEI $8 001 LA SR UG 62 a AL B 28 RF 1k
2. BEASE
2.1. R

ZF4(21°8'~29°15 N, 97°31'~106°11' E) (VA F AR T Hilm B R S =k m R g &k, 4
BTG R R, B IL A AR HROR R G IR Z /N THRZE R 5 EH AR S5 0FEE[21].
PRI AR IR AT B RUE BEAG T B 7 M) B B BEVE, SO 2R B 7 ) RSP
2.2. BHERFRSLE

= B AR T RRE ECT [ SRR W (http://data.cma.cn/) 1958~2019 4 H S 5 U 44 »
Xof 4 P Bl AR B T R A 5%k IR S, IREE 23 MECGE B R B I BERN (] 1), &
5 PET. SPEI-3 iFH RIS R E R FEA HE/KERP, mm). HHERN$(SD, h-d™). HKSE(P, hpa). H
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Figure 1. Geographical location and meteorological
station distribution in Yunnan Province
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23. ARAZE
2.3.1. SPEI-3 Byt E# T2
1) %A 1998 4 FAO 1&1FJ5 ) Penman-Monteith 24 X 453% H PET [22], 4 PET (AR,

900
0.408A(R -G E-
(R, )+yTa+273u2( e) 1)

A+y(1+0.34u,)

s PET A FEZE B B (mmed 1Y) A HHIRKISE B2 R (kPa-'C Y5 Ry AL THIA4E S (MIm 2d Y);
G NGB EMI M 2d ); TR B (kPa:-"C Y up iR 2 m E A B9 XGE (ms 1Y) : T AP SIR(C);
E NAIKIRE(KPa); e ASProKIAE (kPa) .

2) IHEAREKF T,

PET =

D, =RP —PET, 2)
A, Dy AR (mm); RPN H FE/KE(mm); PET, N A B EZBUR & (mm).
3) LA R EE N 3 AN H K i RELF A,
D: = Z::Ol(RPn—i —-PET,; )’ nzk ®)
Ao, kONRTRDRE - H, n ATFE RS
4) Xt DI TIESAL, FHFIH =25 log-logistic 75 ik ERER A1

-1

F(x)=[1+[x%yjﬁ] (&)

X, ZMa. g0 i WARESHL IR ALESH, HZMEERTT R G152
Xt SRR 5 R AT AR AL AL PR

P=1-F(x) (5)
YRR EE P<0.5 I,
W =+-2InP
Co +CW +C,W? (6)

SPEI =W -

1-dW +d,W? +dwW?
LR EE P> 05 1,
W =,/-2In(1-P)

Co +CW +C,W? W (@)

SPEI = > 5=
1-dW +d,W*°+dW

Hr1, ¢p=25155; ¢, =0.8029; c,=0.0103; d; =1.4328; d,=0.1893; d;=0.0013.
2.3.2. TEWLIER
%t SPEI-3 ikl 4 (4 1),
2.3.3. TR ERT
Xt 23 ANl g RPL PET. SPEI-3 FIZR R0 R Zd it S i B AL E 4 {E (IDW, Inverse Distance Weight)
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Table 1. SPEI-3 index drought rating
5 1. SPEI-3 TREHK 5

i 15 TR BETR IEH e A5 I Wi
SPEI-3 <20 -2.0~-1.0 -1.0~-05 -05~05 05~1.0 1.0~2.0 22.0

FFEEEL N RP PET. SPEI-3 £ 1958~2019 4P FIZAF AL A Z2 0 45 18] 73 AR AIE o % 23 /Ml s SPEI-3
T 3540 AL #EAS 21 Y SPEI-3 M, 2 TVE A SPEI-3 F|H Manner-Kendall €48 656 (LA R &iFK M-K #556)
K Morlet %425 /N AF Hi(CCWT, Complex Continuous Wavelet Transform) & BUE T 1AL 7E 1958~2019
SR R R AE[23] . FET 23 /N s SPEI-3 B A F 2656 1E 42 R $i(EOF, Empirical Orthogonal Function)$2HX
TETVEAR AT 1958~2019 4 [ 25 A ALAFAE .

3. BRE S
3.1. ;ERP. PET, SPEI-3 {Z{¢

B RP AL RIR R AR mE T ALIZ R N BRGIE. RAGERFFAGREIE 2 4h, EIAd I X PRk 2
AR s K BRI E . EH PET AR =t Rg b, ARAGES PET sk/ME S EE
ERE X PET 840 H.LARGHE PET B9 hniash ok, EmE KD &K 5mEL. H SPEI-3 LR H
mrdC 2RI, BIBRET LA RS, HARM X TRl 5, EEE R TR A AR E R X (E 2).

z R Ja
& -7.26 ~-6.35
o 6.34 ~ -5.44
2 -5.43 ~ -4.54
-4.53 ~-3.63
& 3.62~-2.72
& 271 ~-1.82
z -1.81 ~-0.91
& -0.90 ~ -0.02
-0.01 ~0.91
98°F 102°E 106°E
(a) RP
z R fa
& -0.73 ~-0.28
- -027~0.17
% 0.18 ~0.61
o 0.62 ~ 1.06
§ 1.07 ~1.50
& 1.51 ~1.95
z 1.96 ~ 2.40
& 241 ~2.84
2.85~3.29
98°E 102°E 106°E
(b) PET
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Figure 2. The change slope of rain point (RP), potential
evapotranspiration (PET) and standardized precipitation
evapotranspiration index of 3 (SPEI-3) from 1958 to 2019 in
Yunnan Province

& 2. iH 1958~2019 &K E(RP). BB A=Z(PET).
KRB KRB E BI(SPEI-3) R T L R

3.2. EIE SPEI-3 {5 RIT BT

fEa=0.05 KB EKFET, 25 M-K RARKIEH 23 il s, 4 15 ik & SPEI-3 R0 B H
W M-K B ERTES, FoAth 8 ANl siff) SPEI-3 BETC EAHBETE FRF&S, B EaH A E H Z E AR
AT I ( 2). EISME SPEI-3 1Y) M-K i u 25 R0, JHIMH SPEI-3 2 T, BT T, BRkAE
£ 2007 A1 3(a)) o MBS IR 45 R, I [R]RUBE S 263 4R, ok 2 A F IR 3l 45 i 4 1958~2019
IR (K] 3(b)~(c)). B 26 FF A REEREMIRHE R, AE TR — 3, F XA
TELL 3 A R 28 A . 7F 26 FEHRFIER R RE B, SRR — AN AN 49 a, FE7E 1958~2019
TR T AR LA TIR 8 W AE 3 AR RHAE I (B REE b, VTR ARG 0 — A A 1 9 a, 7 1958~2019
TR T T ANE 8 ST E (] 3(d)).

3.3. jEi A SPEI-3 iR BT

VHk i SPEI-3 $5 42 EOF 70 AT 5 /MRFAE ) BRI (E A R 17 ZZ 5Tk A 77.19%,  MAFAEAR
RO, AT 3 ANMFRIEAR AT DA U AR 1958~2019 4 VTR AR 3 Fh XA R AL(EE 3).

RS 1RFAE IR B )T Z DTk AN 46.15%, RN B 0 A i EEIE A B 1 ol sy
fEE9IE, B 1958~2019 F4VEHFBAES —FoR, Bl eESEAR T . BAE PR A
e T HARIX,  HEARG B B 2 At X 5. R e A, P RAR HARAE Tz T
Table 2. The years in which drought occurred significantly at 15 sites
F2 B NERPTFREEELRENER

s b fAL RE RY REA S OEBR PN ke e B il B I T
& 56684 56739 56748 56751 56778 56856 56875 56886 56951 56954 56964 56966 56969 56977 59007

2009 2011
s 2005 2007 1980 1986~
“ 2008 2007 2009 Sgié 2004 ggi? 2017 1991 2002 1984 1998 2005 1984 2000 2001
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Figure 3. Results of M-K mutation test and extraction cycle of Morlet comlplex continuous wavelet transform (CCWT)

based on mean SPEI-3 index in Yunnan Province
[&] 3. SE¥J{E SPEI-3 B M-K RIS K Morlet ELEE /| ETHR(CCWT)IRENVE HIZE R

Table 3. The top 5 eigenvector contribution rates of SPEI-3 index after EOF decomposition
7% 3. SPEI-3 £ EOF 5 fR/aHIRI 5 MHERETTR =R

. -~ AR 52590
s HHE 1 FETHE Rt % TR
IR Em
1 2.8638 0.4615 0.4615 2.0193 3.7083
2 0.9581 0.1543 0.6159 0.6755 1.24058
3 0.3962 0.0638 0.6797 0.2793 0.5131
4 0.3188 0.0513 0.7312 0.2247 0.4128
5 0.2529 0.0407 0.7719 0.1783 0.3275

padb s, RIVEPEAE TR RN (A 4(a)). B 2 RHLAEKTT Z 0Tk E )y 15.43%, LUIRIE - BN
Gt TRONIEE D, mPEAEN B X, RO I O . St AL AR EE TR,
O MBERPY AL A BES 2 BIPNACARRE R AT, EARRAZR. HAAILE T AR R T HiIEA
W o RFAE ) (B AN PG AL 1] AR R AR N, RV A0 ph G b ) A P 3 00 R () 4(D)) o RS 3 4FAE I
T ETRARN 6.4%, W THRRN SR N EER A AR - ST &N 5, AR IE N IEEX,
[ PG R Y ELIX IR AP H AR AR AR TR AR AL, B O BT R . R3S 3 DLV
AR oA, BIVE DU R AR JHZR LA T B P R A2 T TR AEAR IR . PR 1) B B M PY R ) AR AR AR IR
BN, YRR AR A o R Ak R Y R I SO (] 4(C))
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Figure 4. SPEI-3 index’s main modes after EOF decomposition

at 23 sites in Yunnan Province
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o PEZS 2 B 19 a, & RAESL 30.65%, A 2 A R BB RERNTE, [ 62 a RIEAR A T
UL A AR A, A 3 I 7a, (HAER 11.3%, A 3N E 2ELAIE KT E, Bl 62akEAIL
HARRRa . AL T AR 4).

Table 4. The slope of the change of the time coefficient of the main mode and the six types of dry and wet field performance
and corresponding years

4. ERSHERABEURERAMHTEARALBE RN R ER

B TR R B AR TEA o AT RA FEhr

1959, 1961, 1962, 1965, 1966, 1968, 1970, 1971, 1973, 1974, 1983, 1985, 1990,

ARyE
XA 1991, 1993, 1997, 1999, 2000, 2001
1 -0.0334
ARAET 1958, 1960, 1963, 1969, 1979, 1987, 2003, 2005, 2006, 2009, 2010, 2011, 2012,
2013, 2014, 2018, 2019
ZREARYE, PEILAET 1964, 1972, 1976, 1981, 1982, 2015
2 -0.012
KEgAsT, PEdbAsiE 1977, 1980, 1984, 1988, 1989, 1992, 1995, 1996, 1998, 2002, 2004, 2007, 2016
ZRACARYE, PERAET 1978, 1986, 1994, 2008, 2017
3 0.0162
RICAET, PHREARNE 1967, 1975

4. R 5T

AR R IR, #E 1958~2019 £EHF 7T [H] BL A -

OEVEAL. RICBEKIEZ, HARH XK RA LR ERD . HAETREKD> . ZZREE. HM
AR . MR T RRAENERX,

Q@EYIME SPEI-3 2 W.E N, &R HAEE, B KL 2007 4. HHRBILEBILL 26,
3N UERI B AR N EE, UL 26 (FERIEE MRS o, NETBBHME—FFEW. 7E26. 34
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17 AVEL PG AL AR BRI 1L X AR MR A H M S5 2 . ST M A N RSN L AL A AT 30 2 B = B A I AR AR
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AR A ATRFAE . LATE XU 9 X AR R 7R R M Lt 2d 50 SRR 4, R IR ARG AN TR
IRARIGIRS B« 3T R R A5 22 B N ZI90 sh 0e) 1 2 B A 1 J5R 11 20 A8 TEASAE S i IX Sk 2R g 36 i s o AR (E
Xof JCTL T FART 2P b A AP FE ZE ORI 0 R R B, TERR A EE AR 52 R 1) PET K R R 1Y)
PET £ 0.86 mm-d * [25]. FHUbw] WL, $hRFE Ak P R 1028 A0 X 25 B SomA 4 2 o (LG 24 VR TR 2SR A I
oA R [ R AFLE 53— PR AR SR IR E PG R AR A 7 ) AT T 2 IR IR A s A8 43 DK RS AT
PETH K A FEAN[R]R T (AR FE T A DAE V2 o 05 1 38 (0 T A 12 B AN T 3 L R (/K AN A, (DS VB 5 R
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Figure 5. Year-by-year variation of six dry and wet fields is corresponding to the drought-affected area curve of Yunnan

province
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