55154 5 4 S 7 T 7 N R 1/ Vol. 15 No. 4
2010 & 7 H Climatic and Environmental Research Jul. 2010

X2Fge, w5, TARIC 2010, MR AR (E B 23 R RHE (], RS EREEHIE. 15 (4): 451-461. Liu Xuefeng, Xiang Liang,

Yu Changwen. 2010. Characteristics of temporal and spatial variations of the precipitation extremes in the Haihe River basin [J]. Climatic

and Environmental Research (in Chinese), 15 (4): 451 - 461.

1
2

76 37 i 3 B 7K AR (B Y B =2 R IR A AE

AEE mE TR

1 ARG, FIRIE 050021
2 WAL EBISOIT RS . MR, s 100081

 OE PR 104 S H oK TR, IR T IR X 47 AR B KAR (B A AR A R, ARE
IKARABAE AR £A FEfff e T 3T 1 2 87 (BB R IR . S5 IR ER I O 47 Ok, W e . VAT H AL
R HE WEFEE . H KRR R W R s, TRERIE B mas. w1 i m i
R XY A R IR 1 O R [ VA O = v N P 3y = A T W S S b s T e s S R
TR R W . B AR A S A S R KB 25 2 A AR AR BE R34 5 s (AR AT itk T 52 34 T A 3 22
SREEHGI, TR AER . IR I S A0 RS0 A R 5

KR RS BRI B AE L AR ks

XEHS  1006-9585 (2010) 04-0451-11 hE 4SS P463.3 XEkFRIRED A

Characteristics of Temporal and Spatial Variations of the
Precipitation Extremes in the Haihe River Basin
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Abstract Based on 104 stations with complete daily precipitation records during 1961 — 2007, the trend of the
temporal and spatial variations of the precipitation extremes in the Haihe River basin was investigated, and the cau-
ses of intensifying drought disasters and variation of flood disasters from the viewpoint of the change in precipitation
extremes were analysed. The result shows that, in recent 47 years, there are obvious decreasing trends in the annual
rainfall amount, light rain days, rainstorm days, severe wetness, and maximum daily precipitation, but a significant
increasing trend in severe drought duration in the Haihe River basin. All of these are accompanied with intensifying
drought disasters. The spatial variability of the precipitation extremes trends in most regions of the Haihe River ba-
sin shows a drying tendency. especially in the semi-arid southeastern region where the most significant trend can be
found. The changes of spatial and temporal distribution of the precipitation extremes have become more asymmetric,
which might be one of the main causes of the higher frequency and enhanced intensity of drought, and have far-reac-

hing effects on the eco-environment and social-economic systems in the Haihe River basin.
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Fig. 1 Location of the stations in the Haihe River basin

(E D,
2.2 B{HRFIEEMENX

KN 28 0 A R A 4 5], ARRFEE B T
SHEBEKAEZE., T G FOmE. kK
ST (J0) FEKH L KRR EE . R AE R K
WRAE A AIF 5T h i g T LA N8 80T 81 AR KR
JNFR (0. T<SH f/K 3 <<10 mm) HEr. %W (H
Bk =50 mm) H¥, FERE R KELTEKH
. TREM GEZICHW HECMET 10 d T
. FERKESA MK HE YR GESL
FEm H BN T 5 d M F ). F i K HFE
K
2.3 A E

H 0l i A (R A LU A ), P2 5
R EERE -7 2. R BN et A& B
TKARAB T 51 725 Ak e 35 T Y] it B AN [ o AR AN
P40 26 5 K A BB Rk AR 7 47 4 % 78 Ak e F5 A
Wi, R, 7ERORKEK HEL. BEKIRAE 7 51
URHA R A A, B R KR (B S 4 o &2
- (1961 ~ 2007 4D [ K A H /9 A 43 1
LR

3 HBRKESDH

3.1 FR/KBH. MEEH. ERWEHFEEL
AE 53 AT i 00 0 SOR 6L PP 91 AR AL R, 1 e 4

HERRE K B A5 SRR HL R (6 1) T i I
X P AERE K i RE7K H &R 538. 1 mm, 70.9
d, /INFH S BREK HE78. 7060, Rk i
KR 25.2% ., BMTE 2. 3% KK H N BT e Ak
AR A B K B 1) 22,196, PRt e Ak
AN RO - Sl = B € (3 R O R Y e
fEIEA EFE

x1 BEHMEKBIBEKEMMEK B BRER L
Table 1 Rainfall amount and rainfall days of each grade e-
vents and their ratios to the total

WK it WERE H %
BfE/mm 7 H Hifti/d it i LA
JINFR 132.6 25.2% 55. 8 78. 7%
T 149. 8 28.1% 9.6 13.5%
K 133.3 24.6% 3.9 5.5%
S 122.3 22.1% 1.6 2.3%
JEN5s 538.1 70.9

K2 LB, BREKR . ZE HECR/NR H L
P LB el R e R A S — 406 (10
a) ', —8.4% (10a) ', —2.6% (10a) ', #
P HEC /N H s @S T 95 705 R
SRR EE T 90 V{5 BERER

HE IAF KR . BT H B /N H R
AW RARA P AL, LR R 20 48 60 4F
R THIR 28], 90 AU I LUR 198 T
BRI HR B A i 22 A D B B, (HH
ARAHR B X BAT I 60 AL () M1 90 4FAQ
Ja () MR, SRR TR
3.2 RREZL (F) BAKB#H. T () F

. BERXEKEREEE

e 7 ] A D s R VTR R 08 T T AL
M EAR R Z—. FEK B BOR IR FE KRR AR £l
EERGITRZ —, /NI HBOR AR R 8
SR E AR, 5 KT AR DA G
TR D R S I 2, RN 0
it BRIE P R AT BRE VAR AT IAL J8 A K
L NI H BRI D S AR 2 X At
KRR AL A A R A 7™ A — i R TR . T e X B R
gt Cf) BROKHEL T G FfE. HERRE
I AT i — AR T U T IR S A 7K il
DT, TRMBEHE T B



<5 R

454 Climatic and Environmental Research

BoOWF R 15 &
Vol. 15

y=—0.004x+0.0951 ()
- 60%
«
S 0% -
2
S 20% I H]
& 0 A o H_]_ n L
3 o I =
= a2 | J I
-40% = © © o — - [
FEREEEEREEREREEE
Year
0,
0% 7=—0.0084x+0.2027 ®)

20% [ 1

Variation rate/(10 a) .
>
o X
A Y
1 ]
J
1
—
1
I
]
I
]

Year

40%

. - ¥=-0. 0026 X +0. 0631 (©
— 0
S 20% ]
T 10% | | i
2 L _
5 0 o
; ™ Tttt
£ -10% U il
Z 0% i

B2 Wi () FERHE. (b)) W HBM (o /MR HE
AAXER GREMBHL, KEH 6 remiihZ

Fig. 2 The relative variation rate of the (a) annual rainfall a-
mount, (b) rainstorm days, and (c) light rain days in the
Haihe River basin (black line denotes linear trend and grey line

denotes the 6-order polynomial curve)

VAT b K T 2 TR K H B A R
51.8d, i A B, AL EFEN
—0.8% (10 a) ', BIEH44F 10 4E5i 0.4 d (]
3a), 20 fhal 60~80 AR, HIZEHME L F ¥k g),
AT, HAFEPR2E I, 90 AR EOF- Y (E
%, S BNE H > B R AR AR R OG R
(200, #EA 21 e RO

T 5 1961~2007 45 P-4 B4
6.8 WK, HAMELE R A 4.3% (10 a) ', 5G4
T, SEYEE 10 4R 0. 3 Yk, It T 95 %05

VRS, 3 BH M ] I 35 bl T R K RRAE A2 A i Y
TRES TSI, X AT B8 30 4ok T 240 & 1 &
TR, BT REFELSHEKREERK. T
BRI R 5 AEMKIR i 2007, 2006,
1998, 1977 11981 4F, Tiiff/K A 5 KK N
1965, 1997, 2002, 1999 11968 4F. 4 B BAYA
[ 55 AR & A B 2> 5 4F 43 il & 1973,
1964, 1976, 1990 11961 4F, Tfil&/KIRZ M 5 4F
Y 1964, 1977, 1973, 1963 1 1990 4F,
AR 2N, R, TR F AR5 Rk
SRR A R X SE R, A B4Ry n 1977
KRR E, TREEREREKE. Hit,
BEKEAmZ () FF AR R 5 % A 50 vk ek 2>
GEID s FEAH R BE K Ay s T RE S AT AN ) R
TR R L. #FE—H0h TR FABIR S /W
HARLM & C R, WEMCRE N —0.5944,
T 99N HIEERYE . WNEHE (B 200 H5F
RHEMAERBR A (8 3¢) AT LI W 5
AR AIARAEAL, BIZNE H 8w % (/b (i A
T REARD W2 . mitEH. T
RS /NN H B K, N H B >
SHEHTREMN L, M FET SR,

VT I 3 e K 3 AT B K HECT- I (Bl 5.7
d, ZRfEHE R —2% (10 a) ', I F
BB, P4 10 40 0.1 d, HARRR AR
fERHERA S, 60 EAUE R Z B BL, 90 4R L
JElE . PR BUR 2 () A5 K
HAMEARXT R (] 2a), R ok, Xl i
KA SEAT R K H AR A — 2 R BT b e s B /K AL
HAE, 70 AERE 80 AR WD, 80 AR
FHE 90 R IR Z ., EIRESAK (F
3b),

VAT UL 3 B 5 1961 ~ 2007 4F - B BRAF Ny
L3RR BE TG, HERH—83% 10,
FHIAE 10 TR 0.1, Tl T 95N E R .
70 AEARE] 90 AR I K A KB TSI . AR RR
25, 60 AEARAL T 2B ], 90 4EAR R G
JE A w3 (L 3dD 5 A0 I st BB R K o i 2
) BB RRESAFKHERZ () BB
FXFRL o AHIE R B0 h 0. 7436 1 0. 9227, {@¥F
FEAESRKELAEKBEOCREY), HA
fE—E R E D ERoKEZ D, BoKE S5 Y



44

X 2F A T A SRR BB (L4 P 2 38 AR R AIE

No.4  LIU Xuefeng, et al. Characteristics of Temporal and Spatial Variations of the Precipitation Extremes in ... 455
40% 40%
_ 3=—0.0008x+0.0184 (a) _ 3=—0.002x+0.0474 (b)
~ 30% | - 30% f
S 20% [ 1 S 20% | ] N
3 o10% H 3 10% I U
£ -10% | I_U - T £ -10% I_U - H[E
~ 20% | apl Z 0% Ua
-30% = =~ © 0O o = q -30% =) © o n — ¢
ZZEEESE8EE8 38588 22 EEE5E88E25 38588
Year Year
40% 40%
_ 3=0.0043x—0.1029 (© _ 3=—0.0089x+0.2128 (d)
- 30% ~ 30%
S 20% |l M S 2% |
ERRT i 3 10%
£ 7 i I E _{
o T g o 1 o
£ -10% I.H H [ £ -10% u_| T
Z20% u4 Z20% 4
-30% =~ o © o = q -30% =) o n — o
22 EEE588E825358E5E¢8 ZZEEE5E88EE5 38588
Year Year
40%
. y=—0.0041x+0.0982 ©
- 30%
S 20% | T 1
3 1%t |l l :Ll
g 0 o art T - =
= [l L
£ -10% u H
S L
20% L4
30%

— e e =

—_— o = e .

F3 R (0 BIKELETHOK AL () BIGEZAROK R (o TRIMA. (O BEFFAM (o HERFRKEN LR

GREBHRL . IREN 6 r 2T

Fig. 3 The relative variation rate of the (a) extreme drought spell length, (b) extreme moist spell length, (c¢) severe dryness, (d) se-

vere wetness, and (e) annual maximum diurnal precipitation in the Haihe River basin (black line denotes linear trend and grey line denotes

the 6-order polynomial curve)

HA R e, I AT A I T R R R
BT REER.

ERTIRR AR N T i AT A S 8
R —4.1% (10 &) ', 5l 95% 15 AL IR
SEHIAE 10 45070 3. 1 mm.  HAEfCBRASLAE 60 4E
RETE T AR R, 63 « 87 FF Rt gt
RALEIH B, 90 AR W 22 )5 Ja W 2 /N 391
M HAR S BUAE PR AR fb 22 S W1 . 0 W1 i A 4R
PRASfE R AE (B 3e) . H e KR K i B K i J2
1963 F1 1996 48, JHPHAES; I B 1 Il I 4
ff) “63 87 1 “96 « 87 Fp KUY F M. HIK

WK AL 5 2 H AU R R, HARG R
B 0. 7899, TR TSRS HL2x AL 5k e
P HBOA ¢ 305 5 FK S DA G

GRORR R RS SRR MIN NS R ¢ e
TR R A K 55 T A A ST A A il ——
XIS AR UL, AR 7K S ok A EUA 32 X Sl ]
TR WA PSR 2 33k B R KA ) )
oA EHOIANE 5T T 5 | 52 R A R
AR FESE T e 7 XK PR s 1BV
PR E IR | R LA R K H B8 b 2 K R
SRS IRV INES IS 2 ] Wy s RUTATE Y £ R R R




<5

456 Climatic and Environmental Research

B oM %5 154
Vol. 15

BT RIERMN . HRKFKEMEWNH R
B s, SO E K B R T, R
KA H RO BRI, B A R A
. B2 WRIEGE L AR T R R
HE gl DT 2eh S, TR
R T ULEs B
3.3 £BKkE. MEHH. ERBAHTEATWL

1

VA SR R R R BT R ), RS A X
Bk WA Xk R R Hi. A
DABEXF R IK AR A 23 (8] A A E R A ST

VT SR R K A 2 B b AR 1) P I 3 0 ) A
(] 4a), PHICIXIRAE 500 mm DLF . 2514 3 IX 45§
f£ 550 mm Pk b, FF0 . RIEWMAFELE/NF 500
mm AIAE s T RS R 32 L] X R T L
RGN R —Z WL, NETE 600 mm
PA_b s BB B s ] i dek b i S 55 3 Ak, Hi 4y
DX S /A e o i e A X R O
it (B 4b); BEK LA AR ACBRAE fL N 20 HH
4 60 AEARE 21 e BAT WA FRAE, — i
Jb 2 5 i 52 AL Z2 TR H o0 5 B RS . Y
/N o TORF I RE T DAL F O 3 B
YK, A, WM ZIW L 60~80 4ERTEH &
4N, 90 ARG YR (EI

VRT3 35 /N RN H 53 A H AR T 1) PG b 3
(Bl 5a), SREKE M RAHREE, NEH 5k

38°N -

37°N +

36°N -

35°N 4,
112°E

" 114°E 116°E 118°E

B4 R (0 FoKRERER (b R R

PR R KA LA Dy B e, Hop ez
SR A B TR 4y X DL R BRIV X
WO/ 2, U B I DR K R AR T S A
(E 5¢),

VTR I 8 TR 053 A 5 AR A ) Y b s e
P, KEgIXIRAE 1.5 d A E. LRI 1 dAF
(8 5b) s ZRFA BB A A BE P R R T Pa AL aE. 25
H B0 80 A 3% V3 30T I U 38 4 X35k o 348 s #4400
HARKEBR I LI ARy &, (R A ET R, N
A e X E T 95 Vol BEA I (& 5d).

3.4 ERKEHER (F) BXBH., T (B) =

%, BRAMKETEEL

FEd K SL OB 7K BB 28 (8] A b, T
MRS RZEAAAAE— S m G, £E 55 d B
s ARG P A AR R I (] 6a) . Ak
STV S AR e SR AR ok FE ., S5/ H 8
LG DX 35l 5t R 2 0D S S AR R 0L U ] AR P B
DI T AR B A T s 76 PG AL E8 X3 LAk D
FRE, HBERAEL KR KAV (B 7a),

VR I I e K 3 2 B K H R el AR R 1 PR L
WYL, P XSO B B4R 5 d B PSR
F 7 dE (B 7b), S/ HEC A AR i
LKA A . FE PG AL ER X S N S R R 2
ARSI B I s I KIS A R /K H AE v
BRI X I N R g, 5% KR K S T K
H B8 DA X s 32 X8 T AR A 31— 1Y)

38°N -
37°N -

36°N{

35°N 4,
112°E

" 114E 116°E

Fig. 4 Spatial distribution of (a) average field and (b) trend coefficient of the rainfall amount in the Haihe River basin
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