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Abstract

Using precipitation observed data from 1988 to 2015 from Platform A of Chengbei Oilfield over
Bohai Bay and Tanggu and Xiqing observation stations, the climatic characteristic and changing
trend of rainfall amount and rainfall days and diurnal variation of summer rainfall events over
Bohai Bay and the land (coast and inland ) were analyzed. The results show that the annual rain-
fall amount and rainfall days of Bohai Bay are less than the land in nearly 30 years. The annual
rainfall amount and rainfall days of Bohai Bay and coast appear linear upward trend, while inland
appearing linear downward trend. The seasonal rainfall amount and rainfall days of Bohai Bay are
also less than the land, while seasonal distribution characteristic is the same. Compared with oth-
er seasons, the rainfall amount and days in summer are the most, followed by spring and autumn,
and winter is the least. The diurnal variation of rainfall in summer is different between Bohai Bay
and the land. The high value area of rainfall amount and frequency of Bohai Bay and coast concen-
trates on the period from night to morning. However, the high value period of rainfall amount and
frequency of inland is from afternoon to fore midnight. The diurnal precipitation variation of Bo-
hai Bay lags behind that of inland obviously.
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e NER N ENITEZN G o2 A e SO VAR R R4 15 =g N P == S R B v R PN S 27 S L 1S
IKAERS 23 004 E SRR R ZE 5 o B KR AR 2 DX S UM () B BRI, 41 3 ) SR A X AT
WSS AN LRSS AE BB .. BIRENIRE LB RIE R O, TR R WATFR.
W E USRS E I AP R PR EEAEH, JRIMIX g 3352 2 23 E A Bk FAR AR R0 .
G, RN K B SR RRAE, A B T4 e X K i R K P

FH TR A 22 S AN 3N g BT s aa 3L [FE F , U 1 S5 Rl M AE K N 2 AR RS RO R i 22 e [1],
H Al 5% -1 T P K SHAE AT Fe A X B2 . Gray AT Jacobson [2]. Murakami [3]45 H i X i b _E i Bk
VA HAIAE 2P AR I, T I AUV PR T PR /K I R IRAE VR R o SRR E [A]W U R IR — R ARG
W R, Bl A S0k B K E AR K . X TR PR O ASRARAE, B N A3 T T KB
FLAE[S] [6] [7]o JE)LH4ER, FRIE G/ X A FoK BEGE T, tombeKias &I B8k, (|
Fomp 2 Z2 5 BOK[8] [9] [10]. FEHELANELERE[LLIAT TR . 20 4D 80 4EAALIK, 4 &K EAZE
AAB I, AR Y H R D, OB K G B R R 5 o SRR S [12] 50 BT T BRI i DXAS [R5 B 7K H 3L
e 7 BRI B 7K B B PR SRR AE A AR A e 35, 48 HH A G DU H 38 Rl b iadh, Bk EERg A3 n. Yu &%
[13] [L4T%F r R RE X3 52 = K HARAFAEEAT 1 R G50 A, 48t B = =K i) F AR A B A B B
XIFMEREAE . 2RSS (1SR AT, RIRE ZE—H AR R SRR P K & 2 B B DR, =i 2 i)
HILTEST 5 17 I FA-1 02 I

ASCHNIE L = A AR DR S kB AW ok, XS VR R PR KARAE AT ZE Rt b,
HL AT VE L5 s B AK FR SAGAREIE S E R AR, i S B K TR AR A 2 28 0 A TRAR P A -
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Figure 1. The observation stations of Bohai Bay and the land

B 1. #EE R f IR B

I A EULINEE . SR P I E RIS WM . o, B A TS IR R R AN R T4
W HL, 7T 118°25'E, 38°27'N, [ 1988 4 1 H IFAA TG UL ; I it vk 55 b i ¥ AN R ek, 67T 117°43'E,
39°03'N, H 1946 4 1 H SN PaF uhith b REEF R HiHLIX, 7T 117°03'E, 39°05'N, H 1958
1 ARSI

T A P& H 2005 SEHFA6RH B 2R B0E N B, 5 RSB A i — ik, ATk
WA CFE . AT T UL, 1988~2015 4% H Bk B i F1 2005~2015 B Z= %/ N, WS S
Wi b e A REAE EAT Ge i E A ATt 7

ZHERTNIBE K G J7E[L7] [18], 4R (2. B)BE/K BEGE ONSUHi B ) H /KR > 0.1 mm HEUSAL.
H /K EAE 0.1~1 mm iR, 1~10 mm Jy/if, 10~25 mm e, 25~50 mm A KR, >50 mm N .
KNAZFNI12~2 H,HFZF N335 H, EFN6~8 H, KFH 9~11 H . Ch EERT 2 - H1E/R(Mann-Kendall)
JiEs MRS G T, BBV R AR TV, I A Bt b K BRI B AR AR

3. GRS 5
3.1 FRKEHHSIREFIE

3.1.1. BEkE

M\ 1988~2015 4 iZ 4 [ K B AR KT (14 2), 48 K ZHAE 0 ihifE AV SRR K 2 WD T U v 7
IXAE 1989, 2013 £ELLIHIG W2, £ 1989, 2006. 2013 fELLIFHIS N . hiE A VG E TP FKEN
3232 mm, HZFA A 505.6 mm (1990 ), HAFEM A 140.4 mm (2014 4F), FHZE 2.6 f5. TEIEFT
Rk &N 533.5 mm, HxZ4EA N 833.9 mm (2012 4E), FHDEEAN AN 294.2 mm (2002 4E), AHZE 1.8 f5. 7
AR B /K BN 508.8 mm, H £ 4FE43 A 753.5 mm (2012 4F), /D 4E4 A 327.0 mm (1989 4F), FHZ 1.3
£, BHULATEN, T 30 4RSS T3y MK B Ll i B2l A2 — £

DOI: 10.12677/ccrl.2019.86092 837 SR AR


https://doi.org/10.12677/ccrl.2019.86092

1000 —ATE = = Hilieeeeer i
800
600
400

BeKE (KD

200

0
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
F4

Figure 2. Annual variation of rainfall amount over Bohai platform A, Tanggu and Xiging during 1988-2015
2.1988~2015 FFighiE A &, BARASFERKETIL

TR FLAR H, HRAE IR 7 M X IR A B K B AN R AR BE sk i 95 [19] [20] [21]. M\ 1988~2015 43
KRGS RE(KHR), B8 A Fa. S ERKEDY 24N A&, FEmEE SN 8.7
mm/10a. 21.8 mm/10a, ¥JARIEIE 95%[KIME AL 17 V6 5 4 B /K B AR PE R ek, Huk DR
10.5mm/10 a, AL 95%IKIME FEAG L .

X B K 5K H Mann-Kendall A48 36 (14 3), RI%07E 20 tH4d 90 “EARHIHA, & 3(a)~(c) " UF {H 4 H
BUNT 0 Bl R =8 FMoKLEZI BE IR G543 . 1€ 20 a0 R E 21 {2 w1, 4 3(a)~(b)H UF {4
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Figure 3. Mann-Kendall statistics curve of annual rainfall over Bohai platform A (a), Tanggu (b) and Xiging (c) during
1988-2015
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3.1.2. kB
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Figure 4. Annual variation of rainfall days over Bohai platform A, Tanggu and Xiging during 1988-2015
4.1988~2015 g A F & FEAKRABTFEKAREN

MAE B 7K H % Mann-Kendall 45115 #i 2 vl %1, [ 5(a) AT 5(b) 28 4 AR —, 7F 20 tH4d 90 4
ARATEAZ 21 tH209) UF [EHI/NT 0 1E, R A & T E K BEE 20 B RS, b
J& UF EX KT 0 ME, K HEE BT, W a 0K HEGE 20 40 90 =400, 21 4 10
ERJE IR AERAL . T 5(c)H UF {BAE 1992 FF 2 JaHF8/NT 0, RIIPUHEF K HEE 20 4 90 4
RYIRAERBZ G, —HERTEES.

4 4
(@) —UF ---UB (b) —1UF ---UB
3 34 ,A\ .
2 2 S~ ~7 AN
N7 N ,' ~
7N, \,’\\ ~
1 7 ~ - \ 1 A4 \‘ -~
Vaht \\ AN - Q r T = SN
0 N_ L ) \ 0 N
A
w -
1 -1
2 -2
-3 T T ————————— -3 T T T T T T T T T T T T T —r—
1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015
4
(c) —UF ---UB
3 4
2
1 . N
. //\ ,/‘—\ VAN -~ . /’ \\
7~ P ’ \v’
7’ N
1 \,/ ~
-2
BT T T T T T T T

1988 1991 1994 1997 2000 2003 2006 2009 2012 2015

Figure 5. Mann-Kendall statistics curve of annual rainfall days over Bohai platform A (a), Tanggu (b) and Xiging (c) during
1988-2015
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3.2. BRFEKEHIFTISHHE

3.2.1. BEKE

MoK B LA (R 1-3), =H P WNERE R KEN EERKETTIR R K, (HEFERKER 30%/4%
fio i A CFE/PNWNERFERKELORTHW, KWATE N OTER A 2, A sk, (U 2%.
52 AFRR, PGS RWSERERKE BRI EH =, ME2&KWA/NNE, &EZRMW.

Table 1. Seasonal average rainfall amount of different categories over Bohai platform A (mm)
1 38 A LENFEEREHIEKEENK)

(GG /NF i K FH YT
K2 11 3.7 0.8 0 0 5.6
= 2.1 20.9 16.5 1.7 0 412
Az 2.6 49.1 64.2 57.4 54.6 227.9
= 1.8 18.7 20.8 42 3 485
4 76 92.4 102.3 63.3 57.6 3232
Table 2. Seasonal average rainfall amount of different categories over Tanggu (mm)
2. ERANERREHEKEENXK)
(EGH /R P K T MY E
RZ 1.1 79 3.7 0 0 12.7
= 2 259 17.7 224 1.8 69.8
HZE 25 52.6 88.8 81.8 125.4 351.1
B 1.7 27.1 36.8 219 12.6 100.1
4 73 1135 147 126.1 139.8 533.7
Table 3. Seasonal average rainfall amount of different categories over Xiging (mm)
3. AENERRFHFKEENK)
(G /INFR i N T MR
R 0.9 7.2 1.4 0 0 9.5
= 16 25.1 17.8 16.9 2 63.4
k=S 2.7 51.1 90.5 755 122.6 342.4
&S 1.6 26.4 376 22 5.9 935
& 6.8 109.8 1473 114.4 130.5 508.8
MVUZEREKE BF, @il ASFEG A ZTT 1 K S LE I A > . =3 1 2 2R K S 44
B K B oTik R, 5 EERRKE R 70% /4 AZF ok, ARIEERKER 2 %. 8l A F5 47,

BRERK VN ER TTIREK, 7000 =R E R 66%. 51%: B3, KEUTHWERTTIRE K, 707
HEEFEKR 28%. 43%. S AFERIE, SBGATEE =R K DLR I S ok, B g 2= KR
=0z, MM =T ok e R KSR S AT G .

3.2.2. FE/kKB%
Wi A S SYE AT EE TR HEAEZE 7 REFR . SHFEKHECT AR 4~6), @il A

DOI: 10.12677/ccrl.2019.86092 840

SRR TR AR


https://doi.org/10.12677/ccrl.2019.86092

e A

FEBR TN K B TR AT E 2 4h, A SR KB DT EWE . =&/ WK HERZ,
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Table 4. Seasonal average rainfall days of different categories over Bohai platform A (d)

® 4. 58 A FENFRRFHREKEHX)

GET /NF i PN 2 HWH
A 35 15 0.1 0.0 0.0 5.0
T 5.9 6.1 1.1 0.0 0.0 13.2
HE 6.7 11.8 4.0 1.7 0.8 24.9
hE 4.9 5.3 13 0.1 0.0 115
i 21.0 24.6 6.4 1.9 0.8 54.6

Table 5. Seasonal average rainfall days of different categories over Tanggu (d)

5. VEENEZRFEREKHEB(R)

W /NFE I K 2 HWH
A7 3.5 2.7 0.3 0.0 0.0 6.4
T 5.1 7.1 1.2 0.7 0.0 14.1
HE 6.8 12.3 5.5 24 1.6 28.6
= 46 6.4 2.4 0.6 0.2 14.2
1 19.9 285 9.4 37 1.9 63.4

Table 6. Seasonal average rainfall days of different categories over Xiging (d)
6. AEFERRFHEKBH(R)

T /NF T K #W MW H
pES 2.9 2.4 0.1 0.0 0.0 5.4
B 4.4 6.5 11 05 0.0 12,6
FES 6.6 12.7 5.7 23 1.7 28.9
K 43 6.8 2.4 0.7 0.1 14.2
e 18.1 28.4 9.3 35 1.8 61.1

MIUZEREK AR, B Tl AT 6 HFFREKH LIS W2 250, HARZ il A T 6 1FEK
F 2 B RS b o B80S 5 R K H B3 ARl — 3. R R%, BEMKFRL,
KD . AXFHAMWELFKH R Z; 5. LFMKERKHBO BN 52, FREUN
JE A RS UL ERRg K HAGR D, TRk AN 15%, HILFOKBRIET S48 K E
i1 60%. [Hlit, B Z=rpEg S DA R RE K H O s A K R 2 /b R H

3.3. PE/KHIHELAFE

R AIZETE 46 SR A6 Y, )i AR i S Z= K R 20 5 4R BRI 70 %, itt, H 3R B H RS,
MR BN R HNER . B TR A Z RN ). RO maa g3 EIVER], i 5 i B K H AR AR
MEAFAE W R ZE 5, AR SCEE R X it 5 it B2 2R Bk 1) H AR RFAE HEAT X LE 73 A
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3.3.1. F/IKREKE

6(a)zs it 1 bty Skt 2005~2015 4 H 2= H /K AR 2. AT AL, Bl AFEEZFE—
H A A EI X K B s, =0, I(E R IR R 2 5 B By, SR AR TS
= 08 ), HUURER 04 B FIRLIE] 23 BF, s/ MEHIBLE N 15 I, 08 B[ /K & & 15 B 6 fir. YEl
Lighig A6 B2 K HARRHEARRL, Ry =06 R, WAE U RIAH L bR A P S w5, BoRME
HITEIE R 05 I, HUOUEER 02 I AR 23 . 1M 6 /K B s E X R 7R A 20, moREH
BUAERCIA] 22 B, LG A 17 I o

3.3.2. FMEIREIKITR

MBEAATR B A8 £k 2R (1] 6(b))RT &N, B SIRI R K B R I B — B A AT . 01 A B S
B KA IR B X S AR 1) 28 . R B, R KB AR /R 03 I, St /IMEL L BLTE R 47 16 B o 3R 4K
AR EAE XA AR R R R B, KA IER R 00 I, f/IME HILZE RS 19 1. 17 76 75 B K
B X P N, OKEHBUEER 00 B, K T4 16 i,

3.3.3. E/EIPEKIEE

e B K s H AR 2R (1] 6(c))rT %N, ¥hifE A SPGB N BE /K58 5 2 B 0 IR B RFAE B /K ik B
B MEHIR R SBEKE S, SKEIHIERR 08 i, HIZER 04 I AIRH 23 s fe/MEH
DR JG 15 I B R K2, i A 76 B R/ 5 K o 5 AR AR AIE 590 2 K PN it A7 7 B XA
Y B KSR B B K M BLAETE R 05 B, LGRS 14 i M & KRS S EXERER Sy FRE
AR, BOREHBE RS 12 i, HUORRIE 22 1,
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Figure 6. Diurnal variation of rainfall amount (a) and rainfall frequency (b) and rainfall intensity (c) over Bohai Bay and
land during 2005-2015 summer
6.2005~2015 SFEZ=HFEKE (). BEKIR (b)FfEK 3R E (c) L HRLE

3.3.4. BEESEMRIKEERATEEHEX

7 gy T IS S R HIZ /N PR R KR B 7K 5 JEE PO AT R A DG 2. P 7(a)
R RGP R AT A ST 6 3 /NS IS R RN, PEE KRBT A T 6 6 NIIHK A
ok, LT 99%(E K thads. K 7(b)har i, EhilE A TG RIS NG B AR UK R D Rk R 5
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A, PUHE ARG A TG 4 /NSRS R BN, Y T 99% 5 tha K. MGZ/ K
SR FEAH S i 2k B 7(c)) T Rn, BN BE/K SR FOR TN A P 6 3 /NS REUROK, P H FR/K s
Al A6 7 /NN IR REUR R, L T 95% 5 B2 t ke . HBb Rl A, i H K AR URAIE S Bl AR
EEAFAE B S R I 12k

(@) (b)

0.5 o 0.5 < <
HAF A, S —— (AT G, WD
e . ¥ = L L R S ToorATE. WD
9 8765 4-3-2-1012 34526 7 8 9 9 8-7-654-3-2-10172 34526 7 839
N N
1
()
0.5
/--\
bi:| 4 N\ ’,
e e Nl ’ A N
% \ 7 / ’
CNN WAL
\ \\’ i
-0.5 4
—r(AFE, P
4 ---rATE, FED

9 8 -7 6 -5-4-3-2-1012 3 4586 7 89
N

Figure 7. The leading or lagged correlation coefficient between time series of rainfall amount (a) and rainfall frequency (b)
and rainfall intensity (c) over Bohai Bay and the land (dotted line denote the 99% confidence levels)

B 7. #55E ShE R N K B (a) FEIKTR (b) B M7k TR EE (o) MBS /S A 2 SR B (154 Joi T 00% (S FE 1)
4, &Eig

AR ABE=14EREE A PG BTG SO BEKSORE, BT 1 i i SR . 2=
BRI, FEoth T2 FEK— B AR . BEFCRY, s SR EKE . KR
BE . FRACRE LR T K DR AFEZ R . BARGS R N:

1) SRR R S AR LB S /L, P A 21— DI R R K H it Rt Pk H Ktz

2) 1 30 FERINHEE SUT R K E L K H B @SBAE, 2Lk L@ WRFERKE.
B /K H B RN By .

3) R DU K S A D, BT ATRHEAR R his 5 K . oK D8O
R%, BFEMKTRL, XFRD.

4) IS U R R H KR BERKBCRHEA L, s X e rh e =5 L B, 1 oy i i
XEEHAE P2 AT R 5 I K 5 AR AFAE R AN R . SR B, i K
ARAMCRFAEAF 7E B 8 A I 12k

ASCELGET T, AFH T DR I B /K5 R B K R U RAHIE Sz H AR AR, ity i T e /K T
RIRHE T SHUAE  O T HRos i i S R B EE R 2 D R SR AT, B R AR A R ARSI 22 S O BT L
ERERE P NIRRT STE R ARG EN AL IR RIARAE 2 T TR, BEATABURARIBT T .
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