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Abstract
Rocky desertification is a severe ecological and environmental problem, Yunnan province is one of
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the most serious rocky desertification provinces in China. Daily precipitation, annual and monthly
mean temperature data from 1970 to 2017 were obtained from 5 stations in rocky desertification
and non-rocky desertification areas in Yunnan Province. Coefficient of variation Cv value, Theil-Sen
Median trend analysis and Mann-Kendall test were used. The response of local climate to rocky de-
sertification was studied by comparative analysis. The results show that: 1) The Cv value of precipi-
tation in rocky desertification area is higher than that in non-rocky desertification area, and the
precipitation fluctuation is more obvious than that in non-rocky desertification area. 2) RX5 and
RX1 showed an increasing trend in the rocky desertification area, but the longest sustained preci-
pitation time decreased, while the trend of the longest drought time still increased. Precipitation
in the rocky desertification area was not consistent with the change of precipitation time and
drought degree, which was more abnormal than that in the non-rocky desertification area. 3) The
rocky desertification area RX5, RX1, CDD mutations of time and change trend of significant time is
earlier than the non-rocky desertification area, and the trend of rocky desertification area change
significantly from the non-rocky desertification area, rocky desertification area and the rocky de-
sertification area CWD began to have a mutation in the 70 s, and the decreasing trend of rocky de-
sertification area, in addition to the Gengma Station, was significant in the 90 s; 4) The annual aver-
age temperature in rocky desertification area is higher than that in non-rocky desertification area,
and the frequency of extreme temperature is higher than that in non-rocky desertification area. The
Cv value of temperature in rocky desertification area is higher than that in non-rocky desertification
area, and the interannual fluctuation of temperature is larger. The annual average temperature in
non-rocky desertification area shows a general trend of decreasing first and then increasing. How-
ever, the trend of annual average temperature in rocky desertification area changed repeatedly
between rising and falling, which was more severe than that in non-rocky desertification area.
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R ARt ek A PR e B A AR, R Ik ks DU IE HA LA  HA
IX[23], BRSSO TEVG, JRAEWTILXEES, V. TR LB AL TR R, 2. A
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Figure 1. Distribution of stations in rocky desertification and non-rocky desertification area
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Table 1. Geographical locations and surrounding environment of meteorological stations
1. Pt SR E R B IfE

il A £ 4153 % 3 — A AL A
Station Longitude Latitude Altitude/m ¥8ENDVI Ratio of rocky desertification/%

vivg E 103°46' N 24°32' 1704.3 0.528 22.45
I E 105°04' N 24°04" 1249.6 0.531 50.31
Bl E 103°41' N 22°59' 14141 0.739 42.33
AL E 104°20' N 23°36' 1542.2 0.351 37.65
Bk E 99°24' N 23°32' 1120.1 0.843 21.35
biTM N E 99°56' N 22°34' 1054.8 0.63 I
LYK E 101°51' N 22°35' 1120.5 0.809 1
i E 101°34' N 21°29' 631.9 0.806 1l
M E 100°59' N 22°47 1202.3 0.585 I
AR E 100°50' N 24°27 2083.5 0.432 1

e U7 FREABERKE .

2.2. BiEKIR

N 7 SR b S A AN e SR, AR BRI S L HERE SR K B SR, 43
SR G 2 A (05 AN IR A AL X 3 A5 1970~2017 4R 1R38 H WK By AESFE3/R AN H PSR %ok
HEAT 04T . Bk B B XS 445 B o (http://data.cma.cn/site/index.html),  ¥2858 4% (R B3], RS
SRR LB R o
2.3. ARAE

SAFEAAT I FIFEROE A T SR A e U T W B /K FB 2. R TR AL TS 50 M PR A B, A
SCRFAFA ) 4 M ERGEE 2). BAKRAIREIE EEE ST Matlab 58 . 455748 % 230 Cv T B¢
IKFEARFDH PSR B ORI, @i Sen R MK FEAR AR A K 5P, SR Mann-Kendall
KL T B KRR AR 38 Rl . 3B A AL X SIEA AL IX I REK . SIRAFFIE & 225, @i sy
HT, 3R B R b X A A F o o R

Table 2. Selected extreme precipitation index and their definitions
= 2. B B RImPE KR BB ELE X

i &Y LA 455 iE X
Index name/Unit Abbreviation Definition
KRR A Al /d CDD HEFEKE <1 mm R H 3L
o s ol Gy CWD HFoKE > 1 mm 5ok RRE: H 3
H 5 K K &/mm RX1 FERK 1 HIBKE
5 H KK =/mm RX5 L 5 AR KK E
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TR ZE RS B A BUR, 2 BT AR S B a5 o i [25] . A K R

Cv=

S
X

ﬁzmedian(xj_ X'J Vj>i )

e x A xi HIHRF 588G . B > 0 R K I INES: B <0 RRFEK LI DiES .

3) Mann-Kendall(M-K) £ %

Mann-Kendall & —fIES 5480 563%, i Mann fl Kendall $2 1 3576 20 thgipmp gt —2b e,
P RRA T ENEAERMIES /I, WAZREHRLENER, I A ZHIAE 75 A T [26]. %77
BB R ERR AR T T 2N, ERIRE S Theil-Sen Median &3 frdi &gk, Hlb
K (8] 7 4 B b e 35 27 bAh, HAERIGI AP AR B R A T R, KGR 7 R :

ST RA n MEREFETS] X, Xy, X, > HE—FRF

S =Y R (k=23--n) @
A RFR X KT X (1< j<i)BMR RE . e ] 5 BRI T, € XSt &:
UFk:i(Sk) (k=12,-,n) (4)
ar(S,)

X Hk=1w, UF =0, ES), Var(S)e RRE S IEMEMITZ, £ Xy, Xy, X MBS, HA
HARES AT, e T S

£(s,)-"0Y ®)
Var(Sk):%gszrs) (6)

SR XG0 X, X, e, Xy, PR BRI, FREUB, =-UF,, k=nn-1--1, H¥4k=1
B, UB; =0,

2 UF>0, MFEHE EFHES, R2 T, 24wt a8 S K v L&t (b 815K F a = 0.05 i,
B(EAOTLN£1.96), FUIA LA EE, E UF R UB M MBlAs b, B sEls g, Bak
S ()8 2 A5 FF A N ]

3. HRENH
3.1. B&EKE CvESHT

7 3 NFEKIR% CWD M RX1 ) Cv B, WRFATHEL AEAXFE. Bk Bl KRR K H
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4 CWD ff] Cv H 73724 0.44. 0.38 #1 0.44, TidEAEALIX . 5t4R . BEF4r 5125 0.35, 0.35 A1 0.37.
AL, AN X K RF SRR K A Cv B R TR AEAL X, A X B 7K i sl A A A X B B I
AEACX PP, B, Bk 1 HF/KE RXL 1 Cv fH1E 0.30~0.40 2 [a], dEAFEAMAXEE. SR, B
AT 0.30~0.34 18] Ui A X AR K 1 H FEK & AR SR A AL X T K.

Table 3. Cv value of CWD and RX1
52 3. MskiE% CWD FIRX1 By Cv &

Cv i Coefficient of variation

¥ 5 Station

CWD RX1
k] 0.44 0.40
Ik 0.38 0.30
AL 0.44 0.34
TR 0.35 0.30
AR 0.35 0.34
B 0.37 0.32

Table 4. Cv value of RX5 and CDD
2 4. MEIk$E% RX5 #1 CDD By Cv &

Cv 1H Coefficient of variation

¥l 4 Station

RX5 RX1
Al 0.27 0.34
vl 0.27 0.34
& 0.29 0.41
bETbeN 0.24 0.41
YL 0.25 0.44
FR 0.30 0.37

M A darn, A Y. BRl. BKSELE 5 H R KR K & RXS5 A8 22 240500 0.27. 0.27
H10.29, AFABALDCRYE . VL. FARM 708 0.24. 0.25. 0.30. AL, BRFARSL, AEAEALIXIHEGE .
TL3 RX5 HAZ 22 REU/ N T ABALIX, Sk L, AKX RXS B MR TARA X . AEELX CDD
AR 75 ARV ERAR, AR RREE TS 18] B AL XA AR A B IX Y Cv (B0 EEASB]

3.2. P&IKEY Sen R T4T

1 5 NBEKIERRI Sen $5 450, WRTATA, AEALX R FEA. B E) RXS 2HEY, HR
ILH]0.05 EMFA, MYirh. ML RXS 2@, Ky pil sl g2l B Rdh, a3k
X RX5 ¥R iads, Forp Pk B 82K . A X UTE RX1 | Sen $5%9-0.59, J/ i
L% 0.05 KIEEAKT, HAUE S RXL B2 IES: ARA 5 X ERSRAR R RXL B 2@,
EHARIE R E Z AT WESES HAMERK 1 HEOKES, iR as HETLE 0.05 EEAKT, &
AL X PR B 2 2 Rk R
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Table 5. Sen index of precipitation index
2 5. [E7K$EHRAY Sen a0

Sen 5% Sen index

vk & Station

RX5 RX1 CWD CDD
it -0.69" -0.59" -0.12" 0.14
JTH 0.12 0.18 -0.12" 0.14
Bl 0.37 0.19 -0.22" 0.00
WL -0.26 0.07 -0.13" 0.09
Bk o 0.42 0.27 -0.21" 0.35"
MR -0.04 -0.04 -0.13 0.32
T3, -0.60 -0.10 -0.33" 0.41"
Fol)ii -0.12 -0.53 -0.06 0.67"
B -1.01" -0.25 -0.18" 0.47"
R 0.25 0.48 -0.14" 0.37"

FE: TRONIEH] 0.05 BIEAF.

FAEAX FIIEA B X CWD 35 2 k8%, 1A Ak X s/ a3 358 30 7 0.05 MBS KF, BT
FEARIX KRR 7K H B 8D R 3 AR A AN X 8 2 Ak X R B 321 CDD TG W 2 48 ek ka4 411
Yt Hoh, JUEAEKD CDD #En#aIA ] 0.05 BE K. A BILIX CDD R Tk R E
KFo

SiEUL AR LURIL, MSE BE, BARAEAXEK 5 HMKEMRK 1 HEG M,
R SRR K N [ SR kD 1), B KT R T AT AR I I, mf LA SR X K & S ok K. T2
FEEERI B HA =B, BARAEAIX BN JEA A 5K 5 &K 1 HEFKE 2
B, KFREE KIS (] AR A b, KT R e Ragm, BokESEKE K. FREEEL
gﬁo

3.3. [&IKE M-K #3854

7EF Sen BERBAT BRI ME, #HB R M-K K%, R ER, AR LS HE%
K& RX5 KA AR (A A HR7E 80 A1 90 4EAX. A 2 W&n, VL4 1970~1989 4 [a] UF miZk7E O {H ik
BN, RX5 EARREFRE, 1989 4E kAR, MjE UF AT 0 ALL T, KB RX5 M 1989 4FJ5
—HEWOBESE, HRETBEEXE, BB AEE; B 1970~1975 48 RX5 HEARERREE,
1975~1986 4 R I Akass, M 1986 4F K AEFAS G RX5 /b, (HE/HEBIFARE . FHEAAX A 70 4
RIFWEA R KA. Fodr, Bl RX5 7E 1973 R AR, g >, T 1976~1978 4
B/ e Fak B 2 K Y7 1982 4EAE f5 RX5 B I # % Ak, 78 1985 Kk A2 RAE, 2008 LA
J& RX5 yk /b fash 25 . vl L, ALK IR 5 H FK & R Az S8 [ I TR] LA B k2 e 34k 5t 225 (1 s [ 2
TARAEALIX, AR XD A AR A A X 3

JEAEAX R 1 HFFKE RXL KA AR IS AL 7E 1980 4FRT 5, AEALIX L+ TE 70 F1 80
AR M Sen REE BRI HTAE FRT AN, A A X S ARl s R AL X 3 PG 3 A RXL AR 3 AN [
T2 B RIX B Al i, DX BT M-K K88 AT b, S50 3, P RAR 1983 R R AR
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A%, RX1 Hyg/ D a3, 1990 FFHLRIA R R E /K, FEME Z R EERMN; ¥4 1970~1980 4
RX1 Rk, 25 UF fhZR7E O (HMHEREN, M 1985 fEHF4f RX1 —H 2%, 1988 kAR
A%, I 2003 4 LLJE DA AR E KT . BRI FAEABEIX RXL b3 R X 2%
DX i, TR 1 H K E SR R HAE 2000 ELUEA IR E: RANEMnEHIET
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Figure 2. M-K test of RX5 in rocky desertification area and non-rocky desertification area
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Figure 3. M-K test of RX1 in rocky desertification area and non-rocky desertification area
3. ARKXFIEHEAEREMKEX RXL #) M-K 118

A X RN IE A A X B KRR KN 1] CWD 347E 70 SERIF U /AR R A, B4, AELIX BREK
ok RAAMAAE 90 AR B BIR R B E . N IE 4 WA, AKX YT CWD fE 1972 45— H 2D
&%, 1979 HERAL, 1990 AL fF b EH — BIARFFE R Z K JEAEAX B/ 1970~1980 4[] CWD
Jeig /b JEIN, 1977 SERAE—IRRAE, 1980 fEJE kD>, 1991~1996. 2003~2011 4F[Alik W3, W I,

HEhREARLL, Y78 CWD 235 /b IR HRE R (] BE K
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Figure 4. M-K test of CWD in rocky desertification area and non-rocky desertification area
4. AR FEARLEX CWD B M-K 1816

AT AL X B 5 AR 3l g 7 CDD ¥J7E 1980 411 Ji K AE TR, TR K AR AR IS IR) Ay 1979 4, B
AR AEIT By 1980 4F, YLIANRLSE 1981 42 K A48 AKX CDD M 70 4EAXJT 46 2 2000 4F DL S 354
RARA, LR PG KA TEAR A 43 750 1972 45 /1 2005 4, Wil [ Bk ¥ITE 80 SER R AR
A%, IFA]5: 59 1980 4F. 1983 4F. 1988 4F . UhAh, AEAEALIX FRBHIIEZMIITE 2000 4F DL 5 HG 0 ks 2|
B3, MAEKXM 80 FARTF M &AM AR RE. AT, AKX CDD kA MR [ dE
AEAL DX S, 3 Bk B L2 I TR R T AR A A X .

3.4. [IRTWAFE

A S S0 1970~2017 SEA AKX TE . ) M AEEA B XY . TIIAE PR A S F S
BEHE, fmiEHE . AWAFIMAYRESWE. @ E S A EM Cv E, FRA Mann-Kendall £
B, X o A A X 5 A A X ) SR AR A REAE

TR AT, AT IR 05 95 N AL AEL, R B TR AL b X v TR R R AEOK T A
ALK, BRI T DA DA V50 DX AR oy iR IR AR B v i — P T R, A AL XURIN Cv (3
mTAEAEMX, WFEN LA, Frgsd SSEm cvEmeEsFEamTES, L, T Ccv sk, &
ZER 0.02. AZEHN 0.12, ULHAT ARG T AR, AU AEBR R EOR . I T HE A A X T A
BALDLR ™ E, fEH NDVI FRE0RR, MR AR ER 5 St R 52 K BHER ST ISR R, TR BV,
FHEC AR B AL X B 4 R IR 22 AR OR .

11 5 P PG RIS, | R VLI M-K R84 R LGB el 2, A AL X AR 3 SR AR A TE TR
TR EAE,, BAEABEAXARAE R, Sk L, PR X E SRR N TS BT
1970~1979 4 [A FF%, 1980 HEAESE LTk M B X FE TR B EHAIE LT N2 B EB. T
1970~1986 48/ iR T P&k A i N [ B, 1970~1987 4E (% 1971, 1976~1978, 1985~1986 4y LTt
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Figure 5. M-K test of annual mean temperature in rocky desertification area and non-rocky desertification area
5. ARURXFMIEREUREHNKIE M-K 81

1987 fi:J5—H 2 L% 7 1970~1979 5% 1973 4F L FHAMY 2 R e, 1979~1996 4% 1985 Fl1 1986
RSN BT, 1997 FAEE—HEE LS. A, AT 90 A RS, Hd, i
YT IR A AR (B (8] 43310 9 1998 RN 1996 4F; ik X A 5748 (1B (] 4 HH7E 2000 4ELAfE, Horp, 3
FHRAER)SUR T 2008 FE5874F, T RN 2002 4.

4, g5ig

1) AEAIX CWD 1) Cv {£(0.38~0.44) K T-H4E A 5461 (0.35~0.37), RX1 ) Cv {f(0.30~0.40)¥K 3%k
A EALIX (0.30~0.34) FE K, BREeARAb, JEAHEALIX RX5 748 2 £ %7(0.24~0.25)/N T £ #4L[X (0.27~0.29) .
FEALIX CDD 28 % REUS A FARAS, £ S KRR T R[] EAEBAL XA BEALIX Y Cv (X LA B .
A BEAL X K Cv il Em T AR ALK, Bkt dE A AL X E & .

2) Wk BE, BRI RXS F1 RXL GG M&ss, (A KR fEKm m a2 m b n, sk
T 2B AR, ] WAEE X KRS KK FREER IR 8, SRR BEAHX
FONRCE s AR B IX Bk 5 HATERR 1 H Bk R S 3s, iKMo i a] 28 1h i 34 )k
A, KT BB ARG, BKE SRR, T REREEE .

3) AEABILIX RX5 Fll RX1 KA FEAZ I [6] 73 75 S th #E 80~90 A-ARAN 1980 AR5, A B4 X T A
70 FARTFUEHA T KA, KA TR [ LT IR B X . A A X AR X CWD 347E 70 AR
THEA RAR KA . A BALIX ER AR S 541 CDD $7E 1980 41T 5 KAERAR, A EALIX CDD M 70 4K
FFiE 2 2000 FLAE I =B RE, ABEAAX CDD KA AN B IEA R X T8, 38Rk
3 R B [A) LT AR ALK

4) AEA DX AR A T AR B B A SR TR A A X, Al I AR R A R A A X B
e AALX AR Cv AR A T AR A X, AR R AR A X K. =TT B, Brikil
RAIRN Cv EMRAES T EZE, FA BRI 90 ARG IR AR, wik EEIE TG
BT S, A T 2000 RS R AERAS, FHSIRARGESBLE BT 8 R AR,
AR X AR R 2

E&InE
E K 5 ARl #5410 H (41761105) ¥ Bl .

SE K

[1] IPCC Working Group | (2013) Working Group I Contribution to the IPCC Fifth Assessment Report. Climate Change

DOI: 10.12677/ccrl.2022.114058 560 AAEAR I I i


https://doi.org/10.12677/ccrl.2022.114058

B, TR

[2]
(3]
(4]
(5]
(6]

[7]
(8]
[°]
[10]
[11]
[12]
[13]

[14]
[15]
[16]
[17]
(18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]
[26]
[27]

2013: The Physical Science Basis. Summary for Policymakers.

FARAS. B R A AR 2R R R R MR DT[] P A4, 2002, 21(2): 101-105.

FF7, kSt EARE A WL XA EAGRIE 2 S R [J]. HhaRkEH kR, 2003, 18(6): 933-938.

RERET, 25, A, MU RE TR AL VA HE X K I AR S B 1) B[D). Hb 3244, 2012, 67(7): 878-888.
RERRE T, MK TR, [EFE 7 W e AR 2 AR BT I 1Y il B B3 3R [J]. AEAS £8P, 2015, 31(1): 23-30.

Jiang, Z.C., Lian, Y.Q. and Qin, X.Q. (2014) Rocky Desertification in Southwest China: Impacts, Causes, and Restora-
tion. Earth-Science Reviews, 132, 1-12. https://doi.org/10.1016/j.earscirev.2014.01.005

A, BEE, Eo. BAUEE L X RO EAL RN IR 2 Bra B[], KR OREFRT T, 2013, 20(4):
105-109.

Wang, S.J., Liu, Q.M. and Zhang, D.F. (2010) Karst Rocky Desertification in Southwestern China: Geomorphology,
Landuse, Impact and Rehabilitation. Land Degradation and Development, 15, 115-121. https://doi.org/10.1002/ldr.592

TOCEE, SCHE, WEM. e ARSI XA B A B X KRR AE]. R EK AR RS, 2022, 20(1):
33-40.

T, R, 8B, % 2005-2014 £ 5 KA HAL X NDVI IR 22040 & 55 % R A a4 [3]. Kt
R 9T, 2021, 28(2): 217-223.

Deng, Y.H., Wang, S.J., Bai, X.Y., et al. (2018) Relationship among Land Surface Temperature and LUCC, NDVI in
Typical Karst Area. Scientific Reports, 8, 1038-1045. https://doi.org/10.1038/s41598-017-19088-x

WE RERETT, B, . QWS- T AL IR BRI XA 4 7 o A S SR DR T R R[], R A,
2018, 37(6): 850-858.

R R, R, AL GIS SR TR AT AL 5 SR AR SRR AT 3], 2 BURL R, 2012, 40(23):
11787-11790.

PN, B, T4, 55 SONNA AL XSS g SR U E R[], B R %, 2011(S1): 157-160.

REAE, TR MR B A DOAS [B) AR 35 /NS A RFAE D). SN AR}, 2013, 41(8): 103-105.

R, RERET. WEITRRHL XN R A AR A IR B I/ VSR AN[]. T AR AR MR, 2015, 42(1): 143-150.
A, B, FAE, . ARG X B R MR AT URIB S Z]. EREIARE, 2019, 38(2): 436-442.
0N, THA, FLEE, 2 R IR A 2 A B AL DX IR ST FE 1) /N SR RS- DA SR PHAETT Ik 25 [X /NI A 81 3]
A, 2006(9): 1038-1043.

Jk, F7AeR, Bifs, & = otEEIbCA AL X T 50a MK S AT - A DY 1148 245 EUORBII]. KRR g s
53R8, 2009, 18(12): 1156-1161.

KB, FAA, D, I 20 4 SN Ry L XA AL 5 R AR AE AT 9], PR BB S EOR, 2014, 37(4):
192-197.

Lian, Y., You, J., Lin, K., et al. (2015) Characteristics of Climate Change in Southwest China Karst Region and Their
Potential Environmental Impacts. Environmental Earth Sciences, 74, 937-944.
https://doi.org/10.1007/s12665-014-3847-8

Liu, B.J., Chen, C.L., Lian, Y.Q., et al. (2015) Long-Term Change of Wet and Dry Climatic Conditions in the South-
west Karst Area of China. Global and Planetary Change, 127, 1-11. https://doi.org/10.1016/j.gloplacha.2015.01.009

XIBE, EWF, XoHE, & A ESRENAEA S XRIT] Wi RmR S 24), 2019, 36(5): 965-973.

Jiang, W.G., Yuan, L.H., Wang, W.J., et al. (2015) Spatio-Temporal Analysis of Vegetation Variation in the Yellow
River Basin. Ecological Indicators, 51, 117-126. https://doi.org/10.1016/j.ecolind.2014.07.031

BrE, BRI e kM) bt S A HRRAE, 2002.
BRAGE ARG THS WS BUNEAR[M]. dbat SG R, 2007.
AN, % PE, %5 2000-2010 4F 5[ AR 4 B 2 I AR 0 [I]. A A4, 2013, 33(24): 7799-7806.

DOI: 10.12677/ccrl.2022.114058 561 AAEAR I I i


https://doi.org/10.12677/ccrl.2022.114058
https://doi.org/10.1016/j.earscirev.2014.01.005
https://doi.org/10.1002/ldr.592
https://doi.org/10.1038/s41598-017-19088-x
https://doi.org/10.1007/s12665-014-3847-8
https://doi.org/10.1016/j.gloplacha.2015.01.009
https://doi.org/10.1016/j.ecolind.2014.07.031

	石漠化影响下的局地气候响应研究
	摘  要
	关键词
	Local Climate Response to Rocky Desertification
	Abstract
	Keywords
	1. 研究背景
	2. 研究区概况与数据方法
	2.1. 研究区概况
	2.2. 数据来源
	2.3. 研究方法

	3. 结果与分析
	3.1. 降水的Cv值分析
	3.2. 降水的Sen斜率分析
	3.3. 降水的M-K检验分析
	3.4. 气温变化特征

	4. 结论
	基金项目
	参考文献

