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Precipitation variation characteristics of Fenhe Basin from 1961 to 2012

HOU Jianying
(Hydrology and Water Resources Survey Bureau of Shanxi Province, Taiyuan 030002, China)

Abstract; Based on precipitation data from twelve weather stations in Fenhe Basin from 1961 to 2012, using

statistical method, linear trend estimation, and Morlet wavelet analysis method to analyze variation characteristics of

natural precipitation. Results show that the natural precipitation in Fenhe Basin has been continually reducing

during the recent 52 years. Since the 1990s, the reducing rate has been increasing and shortage of water resource

became more and more serious. Also, the coefficient of variation has been bigger than ever, which means the

annual variation of precipitation over Fenhe Basin being too large, lacking in rain and water resource utilization of

low value. The cycle of precipitation in Fenhe Basin has multi-scale characteristics. In the 2010s, the abundant

water period started. The abrupt junction and variation trend of precipitation over years and seasons in Fenhe Basin

plays apparent seasonal weather characteristics.

Key words: precipitation; variation characteristics; linear trend estimation; Morlet wavelet analysis; Fenhe Basin

YR IR T I P ILEs m TR B Sk 6 ST
1 34 A~ ELTT, e ITESE A B0, 24K 716 km, Uit
WAL 39 741 km®, 2 7 1L PE 4 BRI ALY 174, & 1L
PEA48 Tl ARk & ik i) MK VY 2 1l X A4
P RT Y QS i ok =l A 71| I DS ]
46% " AT ALK

AR CIRTTRE Wi ARV Tk R N A R 283 [
FEM T 2R, K06 R 28 42 32 31 7™ 5 b
H AT, H 7K 8 U B TSR 1 B )R] S B Hh T K
AT P2 B 28 A V3 AT B AR 25 3RS 1 AL
Z 0 T R K SR AL P IS, W KR
B2 8 M VF 22 30T 1 B K R TR 2 — | R RR K

FFHAMLBER R 57 K IR HE 22 3 Ak /DA I | 2% i
KR 7, i HLRERE s A 253008 A R 22
Pralas A Sas FIRBEALAE Y o 1T R K R A6 0
FEIYTE . FLIRIE K 1) 22 AR AR, A REIA B BEAE
ROR BN — L8 5 B B =M T FAETL
SEM IR AP K AR EEAT T RIFSE, A5 1 — 2
SCHESIE M o AR B H R K BERE, BT ¥ 1T g
SR KR AR IR AT B S Ml 4l 23 LA
T 12 ARG 52 AFFEK TOR A A, 7 2
PP IEEEA TS . DFFEEE A AT Al T
AR R ER TR 5 T BRIG A2 AL RLAE, S & B
TFRIKGEIR ATBOR PR K BEIR I G e K o & 4 it

FEB A ARG T (1968—) , 2, TR, KIH MK SOK B BT FE TAE . E-mail: sxtybhxq0308@ 163. com

- 63 -



EESE,
1 HEMGE

1.1 HUEEE

PR IE T U R 12 R A0k (B 1) R
TREWI 12 ANSG 055 B F 3k U Fn T Ui
M DX, BEAC R S R A SR R K o A L, R8I
JEN 1961—2012 4, LA 12 ANl i4E  ZEffoK B F- 1
{EAE R i AT 2R R OK &, 248 B K F ¥ R
1981—2010 4F S 5AH

B1 WMREREGREE

1.2 WHRAE

B 7 R g it i A0 1] A 112 F Morlet
AN AR A

Biit S BOR ZAEREIKT S E NS 25 2B 21k

R 7K AR 22 R BUR AR AF R K B IR 5 S 2451
BIREAK  2Z F B 43800, DA R AE BE — b X [ K 1Y
EPRAERRE . — NI K E AR, 1
K B2 I8 R FANME =

T AT TR AR B SRR L [REE EA RAY
Jry RV, AT LIRS = #5647 22 RUEE 20 B 91 B SR A5 21
TR AT BN, R, - e A B
N HTFAG S A MR i AR LB A
11l Morlet I 73 %87 S s i IZ Wik A 807 1Y
JEVEAE (VR TP A o AR SCEE H Morlet 3 53 By
AT R A AT AN R A 34T

s I BOE /N RO Morlet - b

o) =™ (% - e Te) (1)
H Fourier ZZ# AN M IE A

.64 -

o?

— e’Te’T (2)
U ARt Wy 3 s (8] RO L 55 4 4 b 2

HF a ZIRI KRN L=7a/0 5
T = [4’”
0+./2+07
A0 B T N5 Fourier 43 #1 i i Xif i #4) J&]

W, QBUES. 4,

2 REEKENERFEMLEEE TN

2.1 ERFE

YT BRAT R K i 1 Z24E 241 R 443. 9 mm,
BRME N 714.2 mm (1964 4E) |, Fe/ME 4 287.3 mm
(1997 4F) AR K & fe R AE 2 e /MBI 2.5 4% 5 i
B2 KRR 2 AR {H 505008 78. 4 mm
243. 6 mm 109. 3 mm , i KAE S50 177. 2 mm (1963
) 414. 9 mm (1966 4F) 232 mm (2011 4F) | fe/IMA
3512 21 mm (2001 4F) (125. 1 mm (1997 4E) 35.7
mm (1998 4F) . AT UL, Y838 B K o i KB AR
TE 1960 A8, fe/ME HBAE 1990 4R F] 21 e
W, AF R K I f KAE N 270. 3 mm), e /ME R
-0.2mm, 8% BN 41.9 % , 3 W] AR FE K &
AIAEPRAE AL, B K B =, 7K SRR A PN (B3I

Yrimlii IR 1961—2012 4F4F 4 B K & 4 4R
WE 1, 1 Al i, 1960 4E4% 1970 4E4LF1 1980
AEAR VAT AL S8 1 B K e B SR IE 8 B N B PN
KEImZ Mk A 1990 4EAX5 , rin] 35k 1) [ 7K it
FESE A B 8 B2 B B PN [ K Al 2D, v 1990 48
R/ BESEH R -4.5% , 21 2 LISk, Y]
T R K B B P BRI O RUE L (B 1990 4R 4RAH
Fb, Bk A B

1 19612012 ERAiRESEHEKEERETE

};:1.14411 (3)

SR WK BB T/ mm WK LI - 433/ %
1960s 71.6 6.1

1970s 23.6 53

1980s 25.0 56

1990s -20. 1 4.5

2000s ~0.4 ~0.1

2010s -0.2 ~0.04

2.2 TR

& 2 SN UM ER 1961—2012 4E4E K
AT ZR . MK 2RI YT 52 4R il s ek A 41
Rk 7K 2 78 9 3l v A W7 sk 2D 9 /b R R A 10 4R
16. 7 mm, 1961—1990 4F 30 4E /b $L45 12 4FE K
HB/NTZAEEMHE M 1991—2010 4E 1 20 459 A
13 AEREAK /N T 24548, U 1990 4R LUK,
LD AR IR, FARK BT IR BRI T



— H% - HF
800 —~ K

LRI (5)

0 . R L MR ST ST
1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012
gy

B2 AiE 1961—2012 EREKELEBER TN
XK AU, KRR K 1
D ad 10 B A3 R 5.8 mm 7. 4 mm il
3. 8 mm, B ZRl /D R ik, H U = sl Bt ok
ULHAAE oK i i AR b = A2 K b 35

3 ik ER R EEMRTER

FIHE (1) ~ (3) XUl il AE | ZEp K s 17
AN AR AR A BT TR AR R AR I L
3.1 PFHTSHE

Bl 3 S T I 52 4R K AR AL Morlet ¥
WA SRAE LR, S 2 IEAE, I M T,

—_— N\
N B
A\
G ;‘
.

) R /a

I (8] R /a

I (] R /a

I 1] R fa

1961 1964 11%7A 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 200 706 29 20]2

G
(d) Bz

3 TR 1961-2012 £ pEK /N E T HREED

M 3 AT F 3T 52 A 1 I I AR B K AR
16 ~64 a B R I (55 RN E FFTE30 ~32a
MY JEIBT, LA 1995 AR R Z iR Fok I, Z Ja Atk
W74 ~8a MBS RE L G5 W, /A 7E S ~
Ta WA, HABES ] RO | 5548855

FREKE AR IE R A B 2R, FE.

FE4 ~16a B RE I G55, A7 11 ~13a
JE . L BRIRK T . e A R RORE R i [a] RO |,
fEo ik, 16 ~64 a MBI RBE I, B A7 4E
32 ~34 affyJE I, LA 1993 4K B Z i Fok, 2
J5 ARG K] BB AEAE 25 ~27 a BRI ;2 ~4 2 BYSE
WA R b, HZAEAE 16 ~ 18 a B AW, Bk EAE7E
6 ~8alyfEHA,

AL AN [) 275 L JE I R AR [) 5 A [ s i) RUJE
HAFZHRIGANE , HTCIE R K B 2T REK
it ,2010 AFEAR LSRR HE A TR,

AN ARSI S AT LA, 7E 16 ~ 64 a B[R]
RUE | ,2002 4 LLUS FF 46 38 A 7K 0, A B K = 7R
2025—2030 4F K R K i 7E 2035—2038 4F  fkZE
B K AE 2022—2028 445 AT AE ) BLMAE
3.2 RiERBEAENRTER

(SRR SETRTIN R 5 SN O e <k I
L AR K B E 64 a F1 32 a HUIHE]RE | 1

HAE 1 ANRAE S 405100 2002 4EF1 1986 4F, Hos 4k
R K R A A AR B 1 A e —

., 16aBfRINE A 4 4 96/1,“\,7(:119765?
200 —64a N ----32a N e 16a JUJi

150 T
100 [ 5=
50
0
-50
-100
aso bl
1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012
)

(@ 4

BEF /mm

100
50

0
-50

FAF /mm

1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012
Fhr
(b) HFZE

ooL— v v oy
1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012

Ay
OFE=
g
E
H 50t
100 L ! L 1 ! L L 1 1 I L 1
1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 ]994 1997 2000 2003 2006 2009 2012
Ay
(d) k=

4 iaiiE 1961-2012 FFEKE/NET RS

- 65 -



1983 4F 1988 4EF1 2006 4F , H.1E 1976—1988 4E[H]
Bk AR T Ra , SEAAE I - r 22 5h . 7 32 a Al
16 a B [E] RUEE = ,2006 4 LAJG oA BH S8 384 hnga 32,

X T 2T KT, L5 AR SR AR b e B
NGE

HZ=.64 a F132a TR AT A%
A8 A3 AR 2004 AEFT 1992 4F | B | R R D
B ATE 2011 A LLJE, JF et s i e, i
16 afyit ] )R B A 4 SRS, N 1962 4F
1965 4F (1986 F1 2011 4, 7E AW [A] 7 41 | FeA
RIE AL (HAR PRI AR IR AR N,

k.64 a BFARUEE [, 1 A48 05, R 2004
AR F ORI H 32a FI 16a I E] RO | 8
F 2 ANRAR A0 1977 4E 12006 41974 4EF1
1999 4F ; HAEEABHEFH) I, ¥ o0 1E5% 048 1k 5
AEBRIEAR R 2245, 1970 AR K LRI AR 06 K, 2 J5 48
R T80y ;21 22 LR AR IR Tk,

CIRRY R TR R G NKE T EoR vl e ) & - e T =R N
S BIEAE 2E 7

4 & ¢

a. 1961—2012 4F Yyl sk F K & i RAE SEAS
HITE 1960 4EAX, fe/IME H BRAE 1990 AR F 21
20 W), 25 25 RBUN 41. 9% , 7 Wi AR K &= 1
FEBRARE A K B = | /K BT A (A1

b. 52 AR [H], Wk A R 2R H RS
(R REE 7K SR U B rROR WD, B 10 AR 3R 43
5% 16. 7 mm 5. 8 mm 7. 4 mm F1 3. 8 mm, 2 E
ZEpl /D IR IR, 1990 AF ALK, [ /K ik 2
T, A SRR IR BB A kA T

. YT s A K e 1 SR SR I 22 ROBERRAE
ATCIE AT AR ZE TR K 2, 2010 4F LK, ¥9F 1R
HEAFIKIA, KB REE b 4F B 2Rk K
48 WITE 2025—2030 4F ., 2035—2038 4F ., 2022—
2028 4K AT BE Y BRI AE

d. PTRIRATE | 2 R K R 2878 A5 AR Ak
U R TR], B0 IR 5 T SRR A

SE

[ 1] HER,EKE. ik SRR B s T Free &
FEATHEDRSE (1. TR A LT - V69 5 R 55, 2001 (41
1):64-66. ( YANG Guodong, MENG Qinzhen. Present
situation of  water

environment and  sustainable

development  countermeasures ~ for  economy  and
environment in Fenhe River Valley [ J ]. China
Population, Resources and Environment, 2001 ( Supl ) :

64-66. (in Chinese) )
- 66 -

(2 ] AR, A0 T 5 2% 10 T U it 3K 5% 1 22 22 F 50
[J]. NE#T,2013,35(7):46-48. ( REN Shifang.
Research on the water resources security under extreme
drought conditions in the Fenhe River Basin[]J]. Yellow
River, 2013,35(7) :46-48. (in Chinese) )

[ 3] BEGEEE. KGR A PR B X3 0 UK AR SR NS
PERIBIHR B[ )], PG 7K #], 2003 (6) :22,46. ( FAN
Xiaoting. Rational allocation of water resources for water
ecological environment improvement of Fenhe River Basin
[J]. Shanxi Water Resources, 2003 (6):22,46. (in
Chinese) )

[ 4] $hi BUACHE Bk A3 JUaTTT oK & (4 I [ 25 £k 43 B
[J]. dbmT /K 45,2007 (1) :20-22. (SUN Jing, RUAN
Benging, ZHANG Chunling. Analysis of time variation of
precipitation in Beijing City [ J]. Beijing Water, 2007
(1) :20-22. (in Chinese) )

(5] Ak, i fd, BRo e, 55, B0 =S 1961—2000 4F7K
GEURE 2 ARACREE [ ). KR DR AR, 2012,28 (1) :31-
34,37. (LIN Lin,LIU Jian,CHEN Xuequn,et al. Spatial
and temporal characteristics of water resources in Yellow
River Delta from 1961 to 2000 [ ] ].
Protection ,2012,28(1) :31-34,37. (in Chinese) )

[ 6] FIHIE, SRHEIL AL ARV BT I XK BT Y
R[], KA, 2012,28 (1) :47-50,57. ( BAI
Luyao, RONG Yanshu. Impacts of climate change on

Water Resources

water resources in source regions of Yangtze River and
Yellow River[ J]. Water Resources Protection,2012,28
(1) :47-50,57. (in Chinese) )

07 ] Ruagh, Bt % skbedd. KITHBK 1951—2000 472 %
MmzE kAR EF ], KGR, 2011,27 (1) :24-
27,33. (SONG Mengho, CHEN Jiqin, ZHANG Xiaojian.
Pan evaporation trend in Yangtze River Basin from 1951 to
2000 J]. Water Resources Protection,2011,27 (1) :24-
27,33. (in Chinese) )

[ 8 ] WIRAL, BR58F R4 5, 5. 3L 50 4F P ] i 30 Ui A
PEAFAEIAT [T ] KA K L B 0 R, 2006, 26 (3 Tl
1):1-6. (HU Caihong, GUO Muping, REN Jianmei,et al.
Climate variation features of Fenhe River Basin for last 50
year[ J]. Advances in Science and Technology of Water
Resources, 2006,26(Supl ) :1-6. (in Chinese) )

[ 9] skabni, BRibEl, BT 25, 1 MR R IX 1970 4F- LIRS
RASAAEAE ST [ J ] K BEIEAR Y, 201,27 (4) 14246,
(ZHANG Zhiyue, CHEN Haorui, XIONG Mengqin.
Analysis on characteristics of climate change in southern
district of Cangzhou since 1970s[J]. Water Resources
Protection ,2011,27(4) :42-46. (in Chinese) )

[10] F4, 56 5%, FRedn, 55, P EHL 7 i miK g s A
B[], K BEIR AR, 2009, 25 (4) : 86-90. (WANG
Qing, ZHANG Guanglu, WANG Xiaolei, et al.
Investigation on utilization of rainwater resources in North
China cities [ J ]. Water Resources Protection, 2009, 25
(4) :86-90. (in Chinese) )

[11] ARgR L, X6 A BE. T ¥ B2 W AR [ M]. b
BB, 1999:98-103.

(Wi H391:2014 -05 - 14 Fhdit . w538 30)



