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Characteristics of temporal and spatial distribution changes of extreme rainfall
in different geomorphic types in Shanxi Province
SUN Xiaohui, LIU Guoqging, TANG Li
(Taiyuan University of Technology, Taiyuan 030032, Shanxi, China)

Abstract: [ Objective ] Investigating extreme rainfall patterns in the context of global climate change can aid in ecological protec-
tion, climate change response, water resource management, and environmental impact assessment. [ Methods ] Utilizing daily
precipitation data from 27 meteorological stations in Shanxi Province from 1975 to 2020, extreme precipitation events over a span
of 46 years were selected. Ten extreme precipitation indices recommended by ETCCDMI were calculated. Eleven characteristic
indicators, including significance level (P_value) , trend Slope (Slope) , Mean value ( Mean_value) , and Median value ( Medi-
an_value) , were used to analyze the trends and distribution of the data. The corresponding extreme precipitation index character-
istics were calculated by superimposing landform types, analyzing the intensity, distribution, and trend changes of extreme rain-
fall events across different landform types, exploring the correlation between extreme rainfall and landform types, and revealing
the distribution characteristics of extreme rainfall in various landform types. [ Results]All sites in Shanxi Province showed a de-
creasing trend in CDD, with 81% of the sites reaching significance. Except for CWD, the other eight extreme precipitation indi-
ces had more sites with positive correlations, with the proportions of sites positively correlated with PRCPTOT, R10mm, Rxlday,
and Rx5day reaching 74% , 74% , 69% , and 67% , respectively, although the overall significance was low. The spatial distribu-
tion of CDD in Shanxi Province exhibited an increasing trend of reduction from south to north and west to east. Six indices, inclu-
ding the Mean value of CDD, showed similar spatial distribution characteristics, gradually decreasing in a gradient from north to
south. Three indices, including CV, shared similar spatial distribution characteristics, with a radiating decrease from north to
south at the junction of Yangquan and Xinzhou in the southeast. The drought situation in the northern part of Shanxi Province al-
leviated faster than in the southern part. There was a significant correlation between elevation in Shanxi Province and the indices
CDD, CWD, PRCPTOT, R10mm, and Rx5day. CDDSlope, the Median of CWD, Ave_Year_Change, Q50 value, and the Min-
imum value of Rx5day all showed significant negative correlations (—0.44, -0.41, —=0.42, -0.41, —0.45), while the Slope
values of PRCPTOT and R10mm showed significant positive correlations (0. 46, 0.45). All six indicators of SDII showed signifi-
cant negative correlations, indicating a significant overall impact on SDII. [ Conclusion ] The relief amplitude of Shanxi Province
had no significant correlation with the characteristic values of extreme climate indices. The distribution characteristics of extreme
precipitation index characteristic indicators varied across different landform types in Shanxi Province. Indicators were more scat-
tered in low-altitude hilly terraces, small undulating middle mountains, and mid-altitude hilly terraces, requiring consideration of
spatial variation within these landform types regarding extreme climate indices.

Keywords : exireme rainfall; characteristic index; geomorphic type; Shanxi Province; climate change; ecological protection;

water resources; rainfall

0 51 §

B AL LR, AR XS K SCHR R 3 A 1)
SRR AT R Bk T i el M i AR 2
RN ARSI G A SRR 22—, o tho {75 A0 i o4 T i
R U ST R ) Ll G 2 s Ak 8 - 8 T 2 R A B
WE, BENZRINX R, RSO, RERA,
KEPEZE R R R, TR RS, 25Uk
(G o 5 D ] R s S @ 0 s YN 4
JngEl, lhn, 2021 4F €10 - 57 Mk R S 0L P
SR KUY WIS R AA AR ICHE, AL 175. 71
TNZIR, 15 NFET-, HIBLTFHIAKIE 50.29 17T,
SR ST, B R 7K 3 ) RS Bk T 1L

KFKEBEAR(PHRL) E56%5 2025 FFE3H

VA Y EPR A

MBTEL, CA LR E AN R A T B8 i v
JRIFT —RFNWEE . TKRAE 38 F K-S ¥R F K
SR AN ST e S T QU €8-S e~ 3 1 O o 6 (W7
Copula F Z %0l 11 75 16, # i Akaike Information
Criterion ( AIC) Y45 & I B K FE AR B & 0 A BB L, &
G853 Wi s 7K B B A A B R K (B — I B M 30
SRR, AIFSE T Hi DX AR M 30 A A 1) 2 (1) i A
FROE, O T Mt | 55 R R R 5 L XU AR Y
MR, B vk . MK R AR R 4R
ARG, BEE T REPIL TR Z=T
Wef A 5 R B A 7K e I 25 0 AR B K2k, 74
T PYIEb X B AR K AL 88 | K A S

47



MNEER, &/ I E R R AR R KB = 0 R UAFE

XA TR R B, JaT PG — FAT 35 2R 0 b X2 55
TR BRK B X T B A AR R L P ER L X
FARZE L ACHS AR 1 B8 i 5o Ak 7K 8 0 25 R it B RN
[vi) b X A AN ) 2 B A b ) ] AT, ol 4 2 2 AR 90 v
b4 142 DL 0k 1961—2010 4E % H 250
e R R ARIR AR K SRS ORE, SR LM
IS 1% B Kriging (0, BF9E T 0L A <
TR 2 ARARRRAE, A5 T M B e SR N B 3
TR HBCE e, wAR R B s>, B Ak
SIRTES A W R, BRRER B oL,
JE PR A B ) PGk, X SR gE R, AR R
() & A B 3 R S ) S RIRRAE AN [R) X R M S5
R B AR A AR T 25 5
TIPSR 228, BKA AR, BF
DB FREEE T T LG4 AN [ AT Ao o e 7K
PR ARFIERFGE . KM A 25 3T 1961—2018 4FF%
SO GERE, A3HT T 1L V8 B 2 [v) A G0 R K e 28 YA
FFAE, RUHIZS [R50 A1 52 R 52 i 3, R IfE
Pt | WEAEZ RS, RO EN ST I
AR CKIATT . ) 16 NETH 1976—2015 4E %
IR A2 AR AL, R 1976—2015 41 i [ 7K
ORI KA E W BT, A —E iR
W, HEA W8 XS, =5 & 1XT
1957—2014 4% H [R5k, BFSE T 1L PE KK 4L
JE BB S AR RIS I R 2R, 2 SR 3R W 4l X el sy 1
BRI KPR BB R B PR R g2, &
Gy F 0 AR K R AT A 55 AT T 1958—
2010 432 H A Bk, 4347 T ILPE4E 50 24
A v R K 2B A et 2 AR Ak, 3R B AR ity R A K (AT
A2, WAL XK, P, P
AIF 302 H Ly 7 2 190 A K A T ARG it o T S T 1)
M TR b S X LA KRR AIE 22 53 B 3, T L P 48 S U b
SRERE, LML, ke . BHL, FIRGSEME, A
AN [ SRR AE T B it B A B4 A A R AIE v AN BH A, L
X R it B K B 48 AR U T —, B ETCCDMI
( Expert Team on Climate Change Detection and Indices)
T BB K S PR T 114>, BUA WF5E R AE4 T
% R I A K A b ) 2 BT AS (] R i S o
IKAE RS R LA TR AR BERRAE 48 100 HE AR 2 i
K #H fF (4 Rxlday, RxS5day, SDII, RIOmm,
R20mm) , MHIBEPR, 42880 (CWD) A&
K AR R ZUREN 48 A AR 3t B 7K - F (4 R9Sp
RO9p ) 11X 3 4 S W i 1 10 A /K A R AIE D72 A
IEERA AT I S 22 Y BE AR R K FEARAFAE , A B

48

T i 85 7R AS ) 3th 500 288 B0 B4 A% s B /K A AR AR AIE . 25
e, RS LI PG A AN [R) bS5 S A () i 3R 7K B 25 3 A1 AR
AAHEAE X3 i FI 28 A AR A HA o S R
B,

Wi, ABFEEET 1975—2020 4E 1L TE 4 27 K
Ll iy H K E0E, 12 ] RClimDex %4 X1 1L 78 44
46 AR Sl K S AT O, THAA A N A R e
IKIEBO LRI 7, R WK E3RbR
EEME ., i, BRARE RRE, R/ME, P
TEREARAER 5 10 H gk, 2 S0 A v B
90 4Bk BT g s A A IS O, R GIS
AR AR R bR S S R K2 T & s 5, 18
FNL P98 B K AR PR AR, & A 2 AL 53
BT AN [7) 1t 550 25 8 8 o o T =2 ) & AR AR | SR E R
AR, BRI St 4 W 5 i 55 2 TR A R G OG
2, B R A T R A R S S R B A AT RRAE , AL
TRAT ik 11 PG 48 AN [R] b 550 DX ) 56 7K A2 Ak AR ik T ER
HE,

1 ®HE5HE
1.1 WHREHER

WH9E X K7 Tt 4F 34°34'—40°44" ) K% 110°
14'—114°33" {1744, HuAb AL VIR va ki & 5 ¥
TR EARE A, RV REL 4029, FdLESEE
29 6°107, SR 2 X DX, A AR Y o TR
AR B R AR (LB 1) o PG N SR R 2 2
ARG, B, AP RS AR Ho il
FILEE B2 o5 AR A LB, T 2 R S S B AR X g 2
PG4 a1 50 R LA B E AL SRS X . AR K
I X AR PGB B2 I X Lo 3, SRR N
KZRIES T . H MR BB b 2 RN R
i S B o e 2y 01 e | A 73 1 D
ForW], BERKE L, ZFTHRIES,; LR
o JEE D) 2 0 SR IR AR K i P A, AR IR R
K, EREMRREEK, BoKaEgD, XA s X
BV RFAIE R A T 1L P DX %) A T 2 B B 8 1 a2
PR, RS L b DX R AR ST, T S e D DX U A
X, HAZ B pE R e, JUHE R Rk
T, ok AR E A N RERSIR AR N, il
53R b DX A WS FEH , 3X — 4 S AR A A5 A e A
b, SR T A IR SR A R A
1.2 #HES5LIE

L P 4 A FEAS G0k 108 A, Herp B v
274, AWEHILIPEE 1951—2020 4F 27 > HAH

KFKEBEAR(PHRL) $56%5 2025 FFE3H



NGRS, %/ 1L FR AR SR AR K B 20 T A AUASE

2[5
%
53]
R P N g
8
12
N 2
i
W<¢> E
S &
/As
< /\/
Al ks
[ 2w
3
e K4k
[T o
Mg HR
AR TR
R TR
Rk & H
[ o
[0 fRith b
B iR -
[ NEREL
N 2T
00 iR
B st ke
[ PRl m,f))
@< i3
A ]
ﬂg\ L,_\Ho 25 50100 150 200 - E
L e
1 WHREER
Fig. 1 Over view of the study area
FEMER GG B BB, 5 R B fa] Y — 20k, &1 EWRIER
*EjE 27 /I\ H ﬁ%yﬁjﬁiﬂ%ﬂiﬁé EH‘ I‘Eﬂ , ){%ﬁﬂi% Hﬂ‘&fﬁ Table 1 List of rain fall indicators
S 1975—2020 4F, Bl K IR T E R IR s b A LS i
O (VLB 1), 7E RClimDex &8 T4 A Relday | WHHKWOKE: | A RA 1 AR mm
46 FFHURIERTIEER , 1490 b2 ETCCDMI (Expert RSy |3 ELAFRAGE BT 5 HREk i "
Teamon Climate Change Detectionand Indices ) #E 7 ) . i TSR KR SREAHSAIER | mn/d
’ R10 KBk H AF H B K B> 10mm YR EL d
27 I, e 10 BIERI AR bR, FEARAE LUK 1 Rao  |mMokiA |40 F Fk i >20mm B4 d
Fi 5] COD BT REM | HEAR < lom 5% H K d
PG48 M T Hb 5 535 2 F 1L P 45 DEM 45 4 (v CWD FREARIE A | HFEK S > 1mm JELE H 2L d
ENRICRIRILRIERE(L : 100 77) )2 GIS BefFitst 0 O i o
I, HA T DEM ORI T8 HEBCF RS bpcpror| mpgoksdit | 00 CH B tom) Bk | o

(Copernicus DEM, COP-DEM) , i RKIMAT K J& ( Euro-

pean Space Agency, fi] X ESA ¢ MR %5 ) & #,

KFKEBEAR(PHRL) E56%5 2025 FFE3H

HIE AR EE R T DEM R GIS #4354k

49



MNEER, &/ I E R R AR R KB = 0 R UAFE

FR A = RE (DEM) , Ll 75 48 Mo I vl LA 43 2
(DARIEIR (MR < 1000 m); (2) IR (1 000 m <
1K < 3500m)

MR G AR, g T LI R 2, (1) PR
(GEIREE <30m); (2) Al k(30 m < BIRE <
200m); (3)/INEIRIIHE(200 m < AARJE < 500 m) ;
(4) AR ILH(500 m < EARE < 1000m); (5)K
FEARIHL(1 000 m < #EIREF <2500m),

VG4 £ I AR AR T L3R 11 28 (LT 1
KF2),

F2 IAHMEBRER SEEE, BRE,

EH R ER L
Table 2 Types of Landforms, Elevation Ranges, Relief,

Area, and Area Ratio in Shanxi Province

; . . WA | R
11245 7P =ayi=iei [F
ﬂﬂ%}ujﬁ’ﬂ IEJTEE(EI—%—VIH @'ﬁ(f;/m o ka $/%
KEMKHFWL | [1000, 2500) | [1000, 2500) 0.75 5
(R I [0, 1000) [0, 30) 1.32 8
MGk B [0, 1000) [30, 200) 0.39 2
ik & [0, 1000) [30, 200) 1.43 9
INEARAK L [0, 1000) [200, 500) 0.27 2
JNESRHL | [1000, 3 500) [200, 500) 3.88 25
R | (1000, 3 500) [0, 30) 0.97 6
R EE | [1.000, 3 500) [30, 200) 1.93 12
rRiER A | (1000, 3 500) [30, 200) 1.15 7
R R AR L [0, 1000) [500, 1 000) 0.02 0
kL | [1000, 3 500) [500, 1 000) 3.58 23
Bt — — 15.67 1
1 P>0.05 ] P<0.05|
100
9%
80 HT
60 |
§ E9°Dc3o 939, §9°Dc30
= 100%% 69 109676
X
40 (A0
20 f
0, 0,
0 A \ 10/ 0/( A \ 10/ 4 M_
P OS> & SR M >
PO FLFINF P
O QQ.QQ Q}Q N e@,\ qj" S
<
8 b
(a) P, _value

1.8 WMRAE

FHEAR L PE4E 1973—2020 4E 10 M S 4 FR
TREUERP SIS R, R E MK (P_value) | 3R
K (Slope) . FHJMH (Mean_value) . H 137 5L ( Median _
value) | B RE(CV) | HAME (Max_value) | fe/ME
(Min_value) | 4R FEARfb % ( Avg_year_change) . %5
10 A4 E(Q10) | 4 50 H M AL (Q50) K55 90 H
S (Q90) R A s By R H RN A A i O, X LB
PREVZEE 8 RE A% 4 T i A B A AR AR A B H . A
GIS F ¥ & FriEde b 5 A R B R T & s 5.
ISR 5 2 RRERE bR AR SC M, i E B di Fe F
A [ AR ST RS A RRAE

2 RS0

2.1 tRumPEKIBEE T IFIE

LLIPEAE 27 A3 W i B8 7K 8 H508 B AR fL R R 1135
gENFR 3 iy B 2 BraR ., 1320178 4 5 5 CDD
AR R B BAAH DGl AT L ] 3k )
100% , 3Pl S LA 2] 81% 5 B CWD LiAh, H
A 8 MR A K B AR LA IE A OGS S B8 £, PRCP-
TOT. R10mm ., Rxlday 5 RxSday 1FAH 53 25 He 6143
FRENT 74% . 74% . 69%5 67% , {03 IEAHEHY
S IR, I 1% . 7% . 7% 5 0, ki
LR 3 € 2 T N e N T 2 A
G 7K AR S e K T R S G s e, 8
AN,

I | Negative Proportion | | Positive_Proportion‘

100
F.60°F.60° Ao "\0(),300
80 + A3 M A3
4 A%
X 60 | N
= || | |
R oY
é ||
B 40 | 14% 140 5
(3°0 o 69 (’]0
:10 39 =1o
20 M 46"
O ()
P L& & RN
L F OO FS
PRI &
Ei- R
(b) Slope

2 WAHERERIHEKIERELEE M F)

Fig.2  Significant proportion of changes of exireme rainfall indicators in Shanxi Province
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Table 3  Calculation results of extreme precipitation indices for 27 Stations in Shanxi Province

o CDD CWD PRCPTOT R10mm R20mm
HOE -1.18(0) -0.01(0.28) 1.70(0.05) 0.10(0.01) 0.03(0.1)
KX [ -1.00(0.01) 0.01(0.59) 1.60(0.06) 0.07(0.08) 0.04(0.02)
PN -0.78(0.02) -0.02(0. 18) -0.02(0.99) 0.01(0.71) -0.02(0.48)
i -0.37(0.20) 0.01(0.46) 0.91(0.45) 0.04(0.31) 0.02(0.36)
WM -1.05(0) 0.01(0.69) 1.78(0.05) 0.09(0.01) 0.03(0.19)
NIl -1.85(0) 0.01(0.75) 1.19(0.45) 0.03(0.64) 0.04(0.36)
R -0.76(0.07) 0.01(0.4) 0.51(0.57) 0.06(0.09) 0.00(0. 82)
T % -1.45(0) 0.01(0.55) 2.17(0.03) 0.06(0.21) 0.04(0.14)
M B -0.56(0. 10) -0.01(0. 44) 1.58(0.17) 0.08(0.07) 0.03(0.28)
J -0.69(0.05) -0.01(0.74) 0.56(0.61) 0.04(0.42) 0.00(0. 86)
FoE -1.30(0) 0.00(0. 85) 1.00(0. 46) 0.06(0.26) 0.02(0. 64)
8| oA -0.86(0.01) 0.01(0.71) 1.79(0.17) 0.04(0. 44) 0.00(0.97)
K R ~1.08(0.01) 0.01(0.61) 0.41(0.69) 0.01(0.83) 0.05(0.07)
K # -1.19(0) -0.01(0.35) 1.49(0.21) 0.03(0.47) 0.05(0.05)
TR o -1.22(0) -0.02(0. 14) -0.32(0.79) -0.02(0.69) -0.03(0.25)
(== -1.24(0) 0.02(0.29) 0.05(0.97) 0.04(0.39) -0.04(0.10)
# R -1.02(0) 0.01(0.63) 0. 15(0.90) -0.01(0.74) -0.03(0.32)
PINE N -0.95(0) 0.00(0.93) -0.01(1.00) 0.01(0.76) -0.01(0.77)
U -0.78(0.02) -0.03(0.08) -0.02(0.98) -0.07(0.1) 0.01(0.64)
7O -1.07(0) -0.03(0.21) 0.19(0. 88) -0.04(0.35) -0.02(0.53)
K A -0.94(0) -0.01(0.45) 1.37(0.27) 0.08(0.12) 0.00(0.96)
# i -0.97(0) -0.02(0.17) 1.01(0.36) 0.02(0.70) -0.02(0.40)
%W -0.53(0.07) 0.00(0. 85) -0.92(0.48) 0.01(0.89) -0.01(0.71)
e 5 -0.62(0.07) -0.02(0.30) 0.70(0.55) -0.02(0.71) 0.03(0.25)
H ol -0.84(0) -0.03(0. 13) 1.60(0.33) 0.02(0.76) 0.01(0. 80)
FH R -1.12(0) -0.01(0.49) -0.03(0.98) -0.01(0.80) -0.02(0.57)
XKW -0.61(0.05) 0.02(0.35) -0.61(0.62) -0.03(0.58) -0.03(0.24)
vl R95p R99p RX1day RX5day SDII

HoE 0.59(0.32) 0.13(0.74) 0.05(0.71) 0.37(0.11) 0.01(0.42)
X [ -0.17(0.78) -0.59(0. 13) -0.15(0.27) 0.11(0.61) 0.01(0.46)
PN 0.12(0. 87) -0.29(0.57) -0.10(0.55) -0.12(0.62) 0.01(0.75)
ol -0.83(0.29) -0.36(0.54) -0.09(0.72) -0.23(0.51) 0.00(0.98)
BN 0.37(0.6) 0.23(0. 64) 0.16(0.42) 0.29(0.31) 0.02(0.21)
HAELWL 1.00(0.41) 0.58(0.55) 0.11(0.66) -0.05(0.9) -0.01(0.75)
R E -0.67(0.33) -0.37(0.36) -0.26(0.06) -0.36(0.18) 0.00(0.94)
T % 0.83(0.28) 0.09(0. 88) 0.10(0.63) 0.26(0.38) 0.01(0.48)
X A 0.91(0.33) 0.70(0.24) 0.02(0.93) 0.34(0.32) 0.02(0.33)
B 0.51(0.54) -0.86(0.19) -0.1(0.62) -0.27(0.35) 0.01(0.68)
o -0.40(0.7) 0.36(0.63) 0.14(0.62) 0.24(0.63) 0.00(0.97)
B oA 1.61(0.1) 1.12(0.09) 0.20(0.39) 0.35(0.36) 0.01(0.63)
NI 0.35(0.61) -0.17(0.73) 0.00(0.98) 0.26(0.42) 0.02(0.32)
K # 1.75(0.05) 1.42(0.01) 0.46(0.02) 0.63(0.06) 0.04(0.04)
LT -0.19(0. 83) -0.01(0.98) 0.03(0.91) 0.02(0.95) -0.03(0. 15)
(2 -0.78(0.37) -0.32(0.63) -0.18(0.53) -0.34(0.35) -0.03(0.15)
#OR -0.12(0.87) 1.23(0.03) 0.32(0.13) 0.29(0.32) -0.03(0.06)
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KW -0.41(0.58) 0.49(0.26) 0.03(0. 84) -0.11(0.73) -0.02(0. 15)
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Fig. 3 Examples of interannual calculation results of extreme rainfall indicators
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