H 75 2 3R 2010,30(19) :5194—5199
Acta Ecologica Sinica

= 17 i 33 e iR X P K AR By AL H Bk B R E

xRk, FER,EFR
(h E BB X B X 8-S TR ST TG 3 Y R s 9 i 5 P il s de ke A5 /K SCEE R s, 220 73000)

FEE FI ] 1967—2008 45 H MK BT}, Xof B VA it 30T 152 X g /K s Ry I L B B AR AE HE AT R AR . SR KW EHRE KN
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BOR A EEATRE (CV =18.29% ) , 1] > 10 d [RIFEHIEREK (CV =27.21% ) , 4EREKE SRR BRI, <10 d (5] FRH
DA SRR PR A AE B2 IEAR M, <5 mm (KB F RECH 24.57% , L FREK# (27.93% ) , > 10mm 28 7 RECH
76. 68% , KA KRR B HERFFEM I EFREK SR KERERNEERH,
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Rainfall patterns and pulse characteristics in desert regions of the Heihe

River basin
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Abstract: Rainfall data were collected to systematic study rainfall patterns and pulse characteristics from 1967 to 2008 in
desert regions of the Heihe River basin. The results showed that the annual rainfall averaged 113.3 mm and the interannual
variability accounted for 27.93% of the annual rainfall that were described as a downward trend. The majority of rainfall
events were characteristic by <5 mm, and the interannual variability were relative small. Large rainfall events ( =10 mm)
were infrequent but the interannual variability was wide comparatively. Rainfall date of < 5 mm d~' were the most
common , whereas the date of =10 mm d~'varied widely. Inter-rainfall period of < 10 d accounted for the most proportion
and the variability were relative small ( CV = 18.29% ), whereas the variability of > 10 d were relative large (CV =
27.21% ). Annual rainfall were significantly positively correlated with rainfall events, rainfall period, <10 d inter-rainfall
period and total inter-rainfall period. The variation coefficient of <5 mm were 24.57% and approached to that of annual
rainfall (27.93% ), whereas > 10 mm were 76. 68% , which indicated that the interannual variability of large rainfall

events were mainly resulted in the difference of annual rainfall and rainfall pattern.

Key Words: desert region; rainfall pulse; rainfall events; rainfall date; inter-rainfall period

TEFCBEIR., M7k A SR A it R AR AR B 1 o /0 9 AN 328 5 0 RS T 00 Bk 3h 3 12 2 g K Bk 3
(OBEA A , R A T R 1) KGR BE S RHE S B A BRI RHE ™ o NEK S ( <5Smm) %
TRk Eh R, RBEK SRR 5 HEL BB o Btn, JLEE R < Smm K o5 8 MK 3R 1 70% AR K
B 25% , <10mm FEK G AEKBROKGEK 41% 5 BRI <S5 mm Bk G G Rk S 1 82%,

EETH : BE A RBP4 VB H (30771767, 40771079,40930634 )
7% H H#5:2009-09-14; 1&1T H #A:2009-12-01
* W iRAE#H Corresponding author. E-mail ; liubing@ lzb. ac. cn

http ://www. ecologica. cn



19 3 XUk 4 PRI IS B X 7K AR SRy S H B B AR AE 5195

<10 dFg/K [ BRI o5 S AR TORE K I 40. 7% 177 5 SxBRVE BB P9 &5 b T K AR A U Rk AR SR 5%

FEE X WK R I 18] b M K28 ek, B0 T T R X H AR B0 v, B 518 7K SCRIFFE 4T oxt B 4R 7K
SCHKBRIR R G5 IR A T—HoK BT RRIEY o S K /NK S R A B SR, X AR K
BT E , i IE TR WEJE 22a [B] AR 3RE K &R 137mm, <Smm [EK 4 KK B ERER
FAXHAR/N, T = 10mm 4EFRAE SRR, 2L TEE 20—170mm/a™) XK E7E L B K MR A RE S RS
Hhu A BT iRE " R R SRR TE RMKE M L E S REBOK S BRI KERESFHEERRA, F
TKAEBRAR LS MK B 2 5 BROE R, (EF SR AR D 5 WK B G K 13 B A A A

SARAEAL KT 43R K X IR B K AEFR P R B Bk B MK AR Bk & LR AR KRk, B AR K
B KR BRI R AR SR K S B AR SRR K . R BIZEIRBE AR b AR R K
R T DO 2232 B Pl I T2 e ™ o DRI, e T8 IX Mk T 5 465 4 mh 7 I 2K AR RS ] A8 1k A J% [ 7K 4%
Rt e A SRR SIS Y . TRR K MoK P EEE 7 E KRR A
A Bk R SR K SRR A T 7 {EAE F KA B 5 T PSS SR B AR A o BRI, LASB A
TRIRFCLE X A B, FF & B R KA R AR AR 7T, 18] B 52 X e 7K A R B L fok s 4R AE X 42 3R 28 4k 4 IX s o7 LA
HEENHEISE L.

1 #HRE5H®
1.1 W5 RARA

BRI TASGE LK, MEHE HN A, REEA NS BI6 X AT B L%, s
F113 J7 km?, Ji K 821 km, 4 F 37°45'—42°40'N,96°42'—102°04" E, BF5F X A0 T B30 o i i H 7 44 e v B
Be HAERGRM N %, Kb FHEEE P AR BRI 3 S B3I AL , TR 2727. 29 km®, J& IR K R PETE B
18, FE XK & 116. 8mm, H B HPE T—9 A, 249 5 2FRKER 65% . =S SMXRE 46% ,FHEEE
2390mm AFEHSIR 7. 6°C , Fmiik 39. 1°C , A%k -27.3°C, AVEILR 3, R IE SR 2, B X3 3. 2m
s ORI 21 mes™', > 8 GRKH BUAEY R 15d, A vE H S IRAR I + VR R o R E
FAE N, KW sh, B 2 E U DR i, s MEAE A SRR R 1 AR AR AR SR
1.2 BdRWE 54547

A 1967—2008 4RIl £ A 7% LAt it B 28 Vo Fn v [ ) 2 B 98 X5 X R BRI 5% 0 I 13 3 K52 0 H Rk
SR FEE A LAl R e V6L DX [ K A% JR B LK SR AE AT IO o oyl G 5000 e O o B (K, 3 O e M A R %
B IE 28 K B , JE R FEK BIFR R T 24 h REKAVE PR B SE K i F2 o HeAh, 385 Gauss BRI G
H Bk 21 2224k ( OriginPro. 8, Massachusetts, USA) , F| FIAHC /AT 0 AT /K 2 5 F/K IR 19 56 R B =8
1AM B A 2 2 B K BB S R K B C R (SPSS 13.0, Chicago, USA),

2 ZR5HW
2.1 BKE KSR R

WFFEIX 1967—2008 4FREK BRI GE iR, AEIFE K &0 113, 3mm, /K S 172 0—5 mm JEFE N, 4EBR7AE
AT /NE 1B) . Hipr <5, >5—10, >10—15, > 15—20, >20—25 i > 25mm [&7K 55 5 EREK B 1
44.57% 27.68% \13.03% 4. 76% .2.78% H1 4. 96% , 5 4EpE K Atk fy 72. 97% 18. 02% 3. 60% 2. 70%
0.90% F118.74% ., =10 mm FREK TR, FFRBIR K, BHEREK BRI K ER/NEE (B 1A) . B
PA, T X AN K S 3 ( <5mm) , KFEK S (=10 mm) $RZREBAR , (B R FEK S REK B ST
K, 8 FHA FREIK B ShRHE

A¥IREKER 9. 36mm , FEFRA5{LJy 84.70% , REKEEPTES—9 A, HFEREKER 63.64% . AMEKE
B HAEBRAR L N IEZAS M , BT & Gauss B7,R* =0.95 (& 2)

2.2 [EAKIAG M AR PR AL
WX < 5 mm [F7kH40.36 d a™' , AFRE$016.07% ,=10 mm [&7K2.08 d a™' ,AER R E(71.91% ,4F
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Fig. 1 The frequency distributing of rainfall and rainfall events, and the interannual variability

[k 46.97 d a™', FEKLA<S5 mm d' FEIK N 3, 50 -
=10 mm d ' FEK(E 3), EER, <5 mm d [ :(5):
JK/NIE R, = 10 mm d ' 2 FF#a R (HAE N BB as |
7k B IREARLE . g
2.3 Wk IRI RIS B4R IR 1L el B
VORI, <10 d IR & LR B, AETREK  Los|
HAMY 67.56% , Hrp >10—20 d, >20—30 d. >30—40 £ 0l
d.>40 d [EIFEE, 4805 13.23% .10. 01% 3. 84% . f,:
3.82% . I BRI K, A ) [a] Rt A o5 EL B 2 T R SEL 0 0y

1 2 3 4 5 6 7 8 9
H 4 Month

10 11 12

F(E 4A) . <10 d FEK (] REA T3k 20. 67 IR, >
10 d [E]fEHEAR 9. 21 IR, <10 d K [a] fR A 4R e B AR £
7 (CV=18.29% ,/8 4B) ,{H > 10 d [ g #A 45 % B
TREHEREKR (CV=27.21%,K 4C),
2.4 FERKESHEKEIRKER

PORLERB, AEREK & 113, 3mm, 4EBRAE AL 27.93% , SRR PR T REBEFE (B 1B, B 5), FEKH
35.25 R, EFPRAEAE 13.32% o, AFRE/K H %046, 97d, 4EBRAEM 15.32% , 4ERE/K & 5K K. <10 d
VE1 % 00 0 AR /K B o 22 S TE RIS (R > 0.431, P < 001 ) , B4Rk BBl 5 [ /K S0 [ /K L < 10 d [i]
B A LSRR K (R R 3 g K (R 1) 6

B2 ARKERAFEREN
Fig. 2 The monthly rainfall and the interannual variability

of rainfall

®1 BKEBSEAETFHEXARK
Table 1 Correlation coefficients between rainfall and rainfall factors
Kk B & Pk 38 <10 d [aIF& >10 d (] K@ SRR TR
Rainfall factors Rainfall events Rainfall period <10 d inter-period >10 d inter-period Total inter-period
[%7K & Rainfall /mm 0.676 ** 0. 636~ 0.479 ** -0.034 0.431**
123k significancy 0.000 0.000 0.002 0.834 0.006

* % P<0.01,* P<0.05

T X <5 mm Fl > 10mm K S8 SFEFEKBERMERR, REH1070.62 F10.70, <5 mm FEK2E
FRBN 24.57% ,FOEFERFRL(27.93%) , 1T > 10mm 2557 RECK 76.68% (& 6) , RN FIK AR 1E
KREEKEM E 2R RHBK BB BKERZRNEZER

http ://www. ecologica. cn



19 3 XUk 4 PRI IS B X 7K AR SRy S H B B AR AE 5197

60 - A ——<5mm/d 80 - A
| 70 |- {
=
% 60
< 50 xX
3 3 s
o= =]
s 45 5 a0
o
& 2
= 40 = 30|
§ @ 20
& 35
10 {
30
oL i
25 Il Il Il Il Il Il Il Il | _10 | | | | |
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 210 10-20 >20-30 53040 40
8 B >10mm/d i) B3] Inter-rainfall period/d
7t s 2r g — <10d
30+
= 6 = 28l
g sl 2
= i 26 -
T 4 = 24
& s L T 2L
= g
£ 5| 5 20f
§ E 18
1+ g 16 &
0r =2 14+
-1 | | | | | | | | | 12 -
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 10 1 1 1 1 I I 1 1 ]
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
651 C " — bk or ¢ —>10d
14
60 - 3
: :
gt g 121
= =
«g 50 |- E 10 -
& 7
= 8
Zasf E 8¢
% =
®oq0 L B 6t
=2
35 | 4k
1 Il 1 Il Il 1 Il 1 I} | | I I | | | | |
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
B4 Year 4E4y Year
B3 MAKHEREEREWL B4 REKERESHTREEREN
Fig. 3 The rainfall period and interannual variability Fig. 4 The frequency distributing and the interannual

variability of inter-rainfall period

3 itig

TEFCBEIX Mk R R EBE RS RE " . MoKk EREE MK, FEX /MK E G
BE " Bl ERETRK <5 mm BEK & EFEKELER 47% , >30 mm [FK 5 2% —23% ; 5 AN
<5 mmfK G AEMKFF) 64% , >30 mm FEKALE 1% . ERBH LN <5 mm Bk 4 MK 41
65% ), <15d HIRE/K AR HHABIE 90% 7 5 SRT, 7635 B R Vb, 76 H Ze [k ik sh il FR B i< , BRIk
B E AR

AR TR E S RN, B TRA K TR, HFEEERRNIZBX S Egm , 2H
R, FESR 30 X R 2R BRI 38820 X3, 22 2R .28 JRURIAR 78 L HB T R 4556 32 i), 45 SRAE 99—99. 5°E
1 TE R P ARG AR , 5 550 ST 0 5 IX A 7K e /0 B A p ) R 3 I SRS R 2 X A <5 mm [ 7K g
X, HAEMIK R 44. 57% FAERKEIFR) 72.97% . Z4EREK 2R T REEE, X 52 5% LT Hif
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Fig. 5 The relationship between annual rainfall and rainfall day

E6 <5mm f1>10mm &k ZEMERKBENXR
Fig. 6 The relationship between total rainfall of <5mm and >
10mm and annual rainfall

Bill Lauenroth T\ R/ 35158 5 e K 12t | ig 7K B ) B HCRA K TR SR SE 1 o RS IX AR Rk I S Rk 3 44
WK < 10 d 5] B 353 FLE W /K 18] R 774E 1B 35 TEAH G HE (R > 0.431,P <001) , 5§ Lazaro %™ ZEFG PEIF /R
MR T RXHPIRER - <5 mm KFKEBIEFERIKFERZAAYE, M= 10 mm KK EERE
SRR IR R B X5 Golluscio % * 7ERT Y B 35 F JE WA R (B TR L T RAUE) PR R
AR, X 1 R K B 8 3l 3 BER th TAE N KRR I = 10 mm FIREK BB B REIR K. sk, BT
T B M 1 B AR R , %25 B A/ MR 0. 1 mm 3% %0 BE DL T BT ok 10 S 72 9, Bl i) /N ek 28
PR K BRI o X B AR K FE T 5 X R A AR o5 , b5 S R e 4 AR K W (LA™ o
4 #Hit

FIFH 1967—2008 4 H 7K BORE, X et X FE 7k A% J7 S HEBK SRR AE A I TS 2 B -

(1) FEEEX/NEARFAF(<Smm) 3, RFEFKEMA (=10 mm) FREAR, BERZUEERLK. HE,
RFFEZKEEAFXT K B TTREBOR , Bk BA TR X Rk Bk Sh L o

(2) FRKEFERER S K <10 d (8] FR A0 G K 6] a0 IR T3 Ko <5 mm A1 > 10mm [
KB BHAEPR I 5 ki 24.57% F176. 68% , WA R K SCEE 18 R MK 244 1 i) 22 57 = LR K B AR
KRR EERH

(3) <5 mm FEAK/ME T &S = 10 mm 2 EFHEE K2 PR TREES . FKZEARNR, (B4
PEREK H BEEA TR RE o
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