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AW TILAERE T8 . FHEEERKEEFHM, THXAREERENIT A ERANREEAEER
BERKBHEERERT TR . BERAESMELN/NEERSWT THFERIE 44 a WEMBEKE
0, U ERIREBRET USEMAT I NSRRI B RBIR — X SR A MK A RE, T dE S
¥ B Mann-Kendall E B RA. Hit, 2 XHIES K Mann-Kendall 77 55 1R E I 40 a K EY
KBk ST 0, D LR SRR RAKE .

1 HAREER

INZRE AL F b E 4T UT S, 30 F i, R 28 114°47'~122°43", Jb 45 34°23' ~38°24", BN L. i
EEANE. BEALREY. MLUBMSHE., SikEmEl, LB AE., LEEERRAEE,
VP /N W . LR BB A RSN, RS, 28 F AR 11~14 C,FH KR 600
~900 mm,&FLFHH 6~7 A .

W 7% B 38 :2005-08-18 5 #8 208 B 3 : 2006-06-27
BEEWMA AW HREFEFEEREBHBERIZR
B EEBA REF 0962, B, RN B, SE NI KIOKBRET MKTR


http://www.cqvip.com

£ 000 http://www.cqvip.com]

388 X 8 ® % 27 %

WAREAMZKENAORE, MERRENEFREHRIL AR . EER, HEYBEFHLLNE R
KR KB IBRE R A RETF 2 RRINEEH YR E, X K350 p9 B AR K804 07, 23847 4 5
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Table 1 Statistics of air temperature for typical meteorological stations

FHMECO) P REREK BERN B/AMECC)  BKMECC ®|ECO
#H 11. 89 0.58 0.73 1.01 10. 70 13. 69 2.99
HS 12. 36 0. 54 0.18 —0.37 11.10 13. 68 2.58
#Y; 12. 31 0. 60 —0.49 —0.34 11. 00 13. 30 2. 30
e 14. 38 0.59 0. 05 ~0.33 13.20 15. 98 2.78
=M 13.01 0. 56 ~0.05 ~0.84 11. 80 14. 00 2.20
I 47 13. 29 0.50 —0.13 —0.71 12. 20 14. 20 2.00
ik 13. 61 0. 47 —0.30 —0.85 12. 60 14. 50 1. 90

3.2 ESEFHEBSH

MELTATUER, 2EREREHERL AMNETHRARN KRB EER A&, £E T
0.06 'C/10a, M ,J 0K — EFH.0, Mann-Kendall &5 %) 0. 23 'C/10a, HFig EMEE LTS,
FFBEESRIH 0.17 'C/10a.0. 15 C/10a,
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Bz WAREFSEEL
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Fig.1 Long-term trend of annual temperature Fig. 2 Annual temperature in Shandong Province

ME2TTLUES, 2ASBEEMES. B 60 FR3 70 FRITPREBE THRESI, KM FERHYE L
FraH FHR 00 FRLE, RBEAHEN EABR, NI 40 a XEBRHNY ., X5HEFEHFTHL
REEHHERNSBELBERRE-BH,

3.3 ESEFVEBSH

B ILRE W SREFE ¥ 3—5 AR RES 68 HNEE 9—11 A REkE 12 AZRE 2 A W&FY,

B¥ILARE & ETH Kendall A RLH B EHEEE, A 3 Fix,

ME3AUEH AFZ5BM2FRBABHTRERK.

52 . FHSBEARMKEE, FHRRBEERN0.09 C/l0a, £2AHEHMERKBEBIAE,H 0.19
‘C/10a, HRBASMEEHE R TFHEBHBEX ., PO EFEEHR K, &L 0.48 C/10a, W FHER
0.29 C/10a, HS . HR . HFHELAFAKBABT L. BETFEEPFLHRBASHEBWE LG SHE
# 53.3%.

HE HESBAFAE. EHE L NP, B 6 NRIAETHRES .S ARIAE EABES, 1 ANEE
AFXTL, SBETHEOESAEASAEPE R EERASH L FER , MEENTHREERER, N
0.17 'C/10a, HAR I MEN HREH T REHUEAL.

RERER BY ANE THRARN  HABRSBYREAR. 28FFHKEAR 0.1 C/10a, J
OB A EEFC,H¥N0.29 'C/10a, HEHKX, ¥ . H BEHBEE 0.2 'C/10a,

A% . ESBHELABE, SHESHHL A SHBEE. FTPHHEARL0.036-C, EHEH
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B3 WRAWBSEIFIA Kendall i R FHLKE
(@FZFE WEEFE OKFE (DEF
Fig. 3 Long-term trend of seasonal temperature
(a) spring (b) summer (c) fall (d) winter

3 THE R E R T A R C, TR O B F B ENESEE 0.04 C, HPHEMEREE.HE
0.54 C/10a, FEPTER 15 NH . H 6 MEREMTL 0.04 C.F 12781 0.03 C, FMlLAFRR L
FHxE R E SEBTE A FTRE R, REER 445, KFER 3.6 £,

4 BEANZESTEEHRES

4.1 BEKHIZ @5 T

ME 4 TTES, ILREBKBEES A LA T ILARA

(DERBEHETIER. &Pl AERY S HEWX,FEREKEX 700 mm P b &0 FRADW
X, B KEE 550~600 mm A4 . :

(DWHE TR, BEESSHEMXMEL . BAUBRE, XFERFAIZXEREFERE.REE
ERARBRRZWIEA  BHmERK, B, FRKBEZTHME.

OUMEZTFEE. HTFLUEBENBEAER . BEIR SR HBEZEE. F2 R LK KD
WLEBBK RS BKERANBX. Fl, &4 B0 EEXE LRSI FERXEE 100 mm &

4 FEVHHKRERS N B 5 ERKFFIH Kendall i REELH

Fig. 4 Spatial distribution of annual precipitation Fig.5 Long-term trend of annual precipitation
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4.2 FHKFHERSH

MBS AT LAE H, 2E BRI K/ 20 EFHEESN CE B4 LI 0. 837 mm) , H AR 3y X ) F K {5
] 2 0 A 08, 24 W FEK R 3 —3. 05 mm/a, EHIILRE B 1960 fELK, EHEKE LM HE.
P /0 W B AR B R R T AL AR, LUK W I R R R K. B B RO — WAl B 7. 59 mm,
H S EHEE A EEGAET 6 mm/a. PEHBXMBRZBREB AT L5517 mm/a, W/NE BB /D
WEITIE,H—0.62 mm/a,

MNE 6 TUFL IWRERKBEABHTREZS . 2EBKEETHRER. 60 a R FFEKE,BEX
BRI 40 a REER, BE 60 FRTHEKZERTRHEER, B 70 FAMBIRKEXFHREL,70 £/
HEWH. 80 ERB| 900 FRATRLWH., A MFEAKBIE K —30.5 mm/10a, BISFH & 10 a b
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Fig.6 Annual precipitation in Shandong Province

4.3 FRKFIINEBSH
R2HBTMARAWNENSFEREKNETE MR 2TUEL, WREALFEBRKEFEETERSE. Y

HAEFEREKERK 63.2%. BFNKENLTWEN . LZNEATELWHES.
%2 Bkgit

Table 2 Statistics for precipitation series

FHE(mm) | FE PR WERE #BERE B/MI(mm) BAHEG(mm) HE(mm)
H#E 102. 4 2 446.1 48.9 0. 90 0. 61 27.3 238.3 195.8
S 443.2 26 108. 2 159.1 0. 65 0.23 161.0 863. 6 702. 6
& 1321 5 780. 2 73. 4 0. 83 0.63 25.5 340.5 314.9
&% 33.9 324.2 17.5 0.70 —~0.01 3.5 76.0 72.5
L4 711. 6 8 664.7 74.7 0.77 0.37 54.3 379.6 321.4

FRAKBBINERN . EFZLEBKERE EABE EHEEHEM0.25 mm, BREY . FS . WNE
TRBEISN, REIHMEXERRBER LA, MNEEHESERA LSRR, L, 8 WEX EFAD
L4 HE ] 0. 96 mm/a 1 0. 77 mm/a. ¥GMH EFHIEE K /N, N 0.005 mm/a, EEREKE BB/ #H
B, BHEHK—2.24 mm/a, REBRIDECEX, 0 KRN HERBARBENTREE. HHEHEKHT
R R BE B K, B AL PR T FR IR B /. TRRIREE B KX AL F H B8, AR K —5. 56 mm/a, BKFEREK
WwHB CEBR BHEZEERNBBN, EYEEK—0.91 mm/a, 2ESHYERNE FTHRER, Ly HRB
RATFEERL,ED) 1.88 mm/a, FE . EOGHE K FREDL,BESHH—1.76 mm/a, —1. 48 mm/a,
—1.34 mm/a, XFLHBKERETHRBLE . BTRELZAAE, FRMHN—0.022 mm/a, BERKEES
ALEABEN EASHHERARRBEW THRAES,
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AERIL 40 FRMOBAFKEMERATUE L SBREHR EFAR TE KD ERTFREEE . HER
MR ZERBES . FIRGET 8 SPSS X P H BT RMER L MK RHR —0. 063, XK BE,

A8 WWARMNZEMREKFFIK Kendall i1 FELAE
(DFF WEF OKE (D4LF
Fig. 8 Long-term trend of seasonal precipitation
(a) spring (b) summer (c) fall (d) winter
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A A Mann-Kendall #5877 3% , 3 (1 7R 20 A 5T 89 15 MR R 1958—1998 4 1 SR FE A T 51
HTTRPBHEREST. SRR 2AERAEFEMNERL ENETHREEN, KBS BXEH LA #
#,28 V¥ ET0.06 C/10a, FHZ 90 FEALK, LBEER BB M LA EH, KT 40 a kREE K BT
B. FREFNLFEERE EABE . HPLFRBREANLEB EANTRERER. EE[EEFRR
BAZ MEARATHAY. 2ERTERKRERM EA BRI, H A X 6Bk E 88 0, A
—3.05 mm/a, RHWLKAE A 1960 F LR FHREKBERR OEY. BAOBEREHR FREILE, IR
B TFYRCEERR. WRAASERKBRIEETERS ANLERKREY 63. 2% . FZHHKER
THREN.ZAZUMEATRELWHES. ERESA L BEESHEXEAEE TFTRRBBX . AU L
FESBAEKORIZELEEHET TN M5B ILRERMBEKEAMREE fr SRS,
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LONG-TERM TREND ANALYSIS FOR TEMPERATURE AND
PRECIPITATION IN SHANDONG PROVINCE

Xu Zongxue Meng Cuiling Zhao Fangfang
(Key laboratory of Water and Sediment Sciences, Ministry of Education
College of Water Sciences, Beijing Normal University, Beijing 100875)

Abstract The Mann-Kendall statistic test is a rank-based, non-parametric method. It has been widely
used to estimate the significance of long-term trends in hydro-meteorological time series such as water qual-
ity, streamflow, temperature, and precipitation, etc. Temperature and precipitation are two kinds of the
most important climate factors. It is of great importance for the development of econiomics and agriculture
to analyze the long-term trends of temperature and precipitation. The long-term trend of temperature and
precipitation in Shandong Province was analyzed in this paper. The data used in this paper were observed
at 15 meteorological stations, The Mann-Kendall test was applied to annual and monthly temperature and
precipitation time series. The results show that the temperature exhibited an increasing trend during the
past 40 years, especially in winter, during which the slope was 0. 36 'C/(10a). The 1990s is the warmest
periods in the past 40 years, and the eastern region of the study area show more obvious increasing trend.
The precipitation exhibited significant decreasing trend and the slope is 3. 05mm/a. The north-eastern area
of Shandong Province contributed the most to decreasing trend of the precipitation.
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