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Climate evolution characteristics of Beijing Tianjirr Hebei Region for the last 55 years
MIAO Zhengwei', XU Ligang?, HAN H uilingi!
(1. Hebei University of Water Resources and Electric Engineering, Cangzhou 061001, China;
2. Ningxia Institute of Water Resources Research, Yinchuan 750021, China)

Abstract: Based on the climatic data of 22 meteorological stations in Beijing T ianjir Hebei region from 1961 to 2015, by means of
the climate tendency rate, Manm Kendall mutation test, Morlet wavelet analysis, and inverse distance weighting (IDW) ,we sys
tematically studied the temporat spatial variations of climatic variables over the Beijing- Tianjirr H ebei region in the recent 55
years. The results showed that: 1) In the past 55 years, the Beijing T ianjirr H ebei region underwent an increase of temperature
and a decrease of sunshine, precipitation, wind speed, and average relative humidity. 2) T he climatic variables all went through a
sudden change in 1979 1989, and the annual precipitation went through a second sudden change in 1996. 3) The climatic varia
bles all showed a complex characteristic of coupling at multiple time scales, and their first main period scales ranged from 8 to 25
years.4) In Beijing Tianjir Hebei region, the average air t em perature showed a decreasing trend from south to north, with the
change rate peaking in the central and western area. Both precipitation and its change rate showed a decreasing trend from east
to west. Sunshine hours showed an increasing trend from south to north, while its change rate showed the opposite trend. Rela
tive humidity showed a decreasing trend from southeast to northwest, while its change rate showed a decreasing trend from
southw est to northeast. The peaks of wind speed and its change rate both appeared in Zhangbei and Tanggu area.
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Fig.1 DEM and the distribution of meteorological stations in

Beijing T ianjirr H ebei region
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Fig.2 Trends of climatic variables over the Beijing T ianjir Hebeiregion in recent 55 years

2.2

TR LAREK N, 1] AR ST 8 RAR R A,
HR BERRE SIS 2 Bl B 3(bl) B8R
R UF M SRR ERAEAS FE B 2, TR G 3
G AERAN B3, 1X 5 [ 7K AR [ 28 (1) A6 56 485
—%. UF . .UB W Z1E15 B 26 N A7 /2 BLHE 1979 1E

(b2) %0, Pk BRI Tl 28 Sk E R DU T TG
Bee P 5, (LT 2208 Bl A B TR PR AS R0, 2% B B /K
TEAE RIZL A BR AR AL, BRI R B B 5 I A B 2 .
HHZRAE 1979 7 1996 4 A7 1EM AN B (U4 {H , 1961
- 1979 LI BT ONTE, 1979- 1996 LE3; Bl 0%
A LT, 1996 2015 4 220 T B #ass, ik 1979
1996 A2 AN ITRE ) RAL i, T3 R4
BoR HAE 1996 S T 0. 05 FIE B . M6
=P OT R £ AT ) W R 3 M X AR B KA A

1979 4, 1996 WA R AR f, 1 H#B A2 B3 i R A48

K 3 Son: SR UF JUB Bhek( B 3(al)) 15
JEZNZE T 1988 4F, e R M4k Bl 3(a2)) 1
1988 “EHUAF i/ ME, HIFZ) e R 563 1] 1988 il it
T 0 01 [ AT, DRI, AEIIRAE 1988 4F A=
T HFHR B E RN R . HIREE UF \UB it
2R cl) TEM5 RN A A ml, HE R FEF i 25 81 3
(¢2)) 7 1989 4FHU i K fE, H 1989 4Filit 75 %
PEKSE 2 0 01 [ 3 ¢ £256, B, H R 7E
1989 4ER AT Ik /b 31 12 35 b IR 9878 . FE G
FE UF \UB #h2k (B 3(d1)) TEEE LN T 1994
4F, HERREE SP il 281K 3(d2) ) FEAE 1979 £E 1 1991
SR AN B RIEAE, 1 1979 FIEIE T 0. 05 B K
SEITEEN ¢ KL, Rk, AR EEAE 1979 KA T
BN 2k DR A . S RGE UF W UB 2% (el) 75
{ERE LN 2T 1978— 1979 4F, o BRI P 28 (

EEEHE - 127 -



£16 % &% 96 H - mAAEE AR FHE - 2018 4 6 A

3(€2)) A K AT 1981 4, 153 ¢ K5 BoR,
1978 1981 4 4 M4 ¥ 7 0 01 BB 3 Mk
56, 3k 20 R 2 W Bl ¢ K TE 8 T BT 54 10

3 55 a

W 12, HA 1981 A 7 0 01 B8 A
0%, DRI AT, SR Y XGEZE 1981 SE R AT /3
WE N FIRAS,

M anr Kendall

Fig.3 ManmKendall test and cumulative anomaly of clim atic variables over the Beijing— Tianjir Hebei region in recent 55y ears
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Fig. 4 Morlet wavelet analysis of climatic variables over the Beijing T ianjir Hebei region in recent 55 years
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Fig. 5 The spatial distribution of clim atic variables and their climate tendency rate over the Beijing T ian jir Hebei region in recent 55 years
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DR b XS AR Ah S i B At [X ) AR
A0 S, R L P SR DR T AR A T £ 1 R
—35 BT

4

(1) 1961- 2015 47, 5 M X 423 < i DA
029 C/ (10a) HIIEFREE FTH( P< < 0.01); 4%
JKEL 11. 76 mm/ ( 10a) (38 R 20>, (H A RE 3,
H ISP AT B S 3 XU 38 2 I8 3% T Rk 3,
A AR 4 A N - 90 60 b/ (10a). - Q 58
%/ (10a)\— Q 11[(m/s)/ (10a)] .

(2) SAREE M A8 2R AEAE 80 FARAT )
B R AR TRAR R 2 R KR AR AR E, — 35 #RAE 1979
SR TR AS S b, A S KU AE 1981 4F EIR /I
FAR N YN, SR ISIRAE 1988 FEH FFF SRR
B BT, A H BRI BUE 1989 i b AR AN 3
8D, AP IKTE 1996 AF-FF UK H 390 9878 A 2> o

(3) Wt TR B P AN [ 1) - I 38 L A A [/ 179 ) 1]
JRUBE Gk, T[] — B 8] ROBE b [R5 5 %35 2 I 4
W WA A, 1K 5t e T AU 5K AR AR 1Y
SR A, A PR BRK & AR H RN AR A
P B A P38 KGR (13 — = L RUBE 400l /2 211 a
8 a8 a17 a-25 a, XN {°F 35 JH B A& 9 a3 a.
3a.7 a-10 a.

(4) 73 [a]_b, AE3) S I BRI (%) e e ) s vk
()7 A, T Pl T 2 ) A7 AE B B db ot SR = ik dle
RE-AX TG — B — WA A X K &
HAS RIS RI Y B AR [0 7 38 95 1) e A e s H I
Iy 250 E e ) st 38, 17 G 95/ S 3 T R [ b gk s
FERT IR B 2R R 1) 78 b o, FLoat /I 1 26 U] e 17 g
) 2R LI IRL; 1 351 R T F AR 38y DLk b A v

PRI SR S o [ At e X326 9k

[8]

( References):

YRR, S . L OR B 60a UM AR AL RFAE K H
[J]. AEBUM R 224 (B AR FEARR) , 2015, 51(3) : 293298,
(XU Y, TANG H P. Characteristics and impacts of climate
change in Huailai Basin during the past 60 years[ J]. Journal of
Beijing Normal University ( Natural Science), 2015, 51( 3):
293298. (in Chinese)) Doi: 10. 16360/ j. cnki. jbnuns. 2015.
03. 013.

AT, XSO, AT ZE. BUABLILIX G 50 4R MK 51T
AEEAWT (I T8 XHIES5H %, 2015,29(3): 137
143. (L1 P F,LIU W J, ZHAO X Y. T he changes of atmospheric
temperature, precipitation and potential evapotranspiration in Ber
jing Tianjirr H ebei region in recent 50 years[J]. Journal of Arid
Land Resources and Environment, 2015, 29( 3) : 137 143. (in Chr
nese)) Doi: 10. 13448 /. cnki. jalre. 2015. 094.

X5, H e, ) 9€, b H X SR AR K X ARl R
m[ J] . HE S R AR B R, 2014, 30(4) : 122-126. (LIU F Y,
XIAO S R,LIU H, et al. Research of im pacts of climate change
on agriculture in Hebei Region[J]. Geography and Ges Infor
mation Science, 2014, 30( 4): 122-126. (in Chinese)) Doi: 10.
3969 /j. issn. 1672 0504. 2014. 04. 025.

TR IE R, SRILVE, @R, 4. B0 HESLI T e il U0 R0 S
IR REBE[ J] . A 25 IR BE 23R, 2012, 21( 3) : 455 463. (ZHANG
GH,ZHANG JT,JIN X Q, et al. Climate characteristics and
effects of urbanization of the urban high tem perature of Ber
jing, Tianjin and Hebei, China[ J]. Ecology and Environmental
Sciences, 2012, 21(3) : 455463. (in Chinese)) Doi: 10. 16258/
j- enki. 1674 5906. 2012. 03. 010.

BN R, T 0, AR M. 1921-2010 4K /< i AR K 27 51 1
Z R ). SAES BT AL, 2014, 19(4): 515522, (DU-
ANL Y, DING Y H,REN Y. Multiscale examination on the
temperature and precipitation series in Tianjin during 192F
2010[ J]. Climatic and Environmental Research, 2014, 19(4):
515522. (in Chinese)) Doi: 10. 3878/ . issn. 1006 9585.2014.
13020.

BIER B, SERASC, . Ab S X IR AR AL AL J]. RRBHE,
2014, 42(5):852-855.(HU BK,DOU Y W,CHU W. Charac
teristics of temperature variation in Beijing urban area J]. Me
teorological Science and Technology, 2014, 42(5): 852 855. (in
Chinese) ) [7] [I5%, 324, 22 H k. 5. Sla A8 BEK R 2
GrAT KRR AE[J]. TR X M B, 2014, 37(1): 5665,
(XIANG LLHAO LS, AN Y G, et al. T ime Spatial distribution
and variational characteristics of rainfall in Hebei province in
51years[J]. Arid Land Geography, 2014, 37( 1): 56 65. (in
Chinese)) Doi: 10. 13826/ j. cnki. cn65 1103/ x. 2014. 01. 008.
PR, AP, EMEE, . 4 BRARL T SR B T X RGE
S AR AE T] . DI, 2017, 37(3): 554561, (LU J Y,
YAN]J P,WANG P T, et, al. Wind speed change characteris
tics of Shanxt Gansu Ningxia Area in 1960-2014[ J]. Journal of
Desert Research, 2017, 37(3) : 554 561. (in Chinese)) DOT: 10.
7522/ j. issn. 1000 694X. 2016. 00114.

=5 HE - 133 -



%16 % 2% 90 H+ A AE G AH R - 2018 F 6 A

[10]

[11]

[12]

[13]

[14]

[15]

[16]

A GE MARAEG TS W S TR 200 [M]. dbx: <
% i, 2007. (WEILF Y. M odern clim atic statistical diagno-
sis and prediction technology(2nd) [ M]. Beijing: China Meteor
ological Press, 2007. (in Chinese))
AR, LKA, B 4T, S K W 61a B KR EAL AR
[J]. KO3 B I8 535 85, 2016, 25(2): 292299. ( PENG J
X, WU Y N,HU X P, et al. The evolution characteristics of
precipitation in the past 61 years at the lake Changdanghu
[J]. Resources and Environment in the Yangtze Basin, 2016,
25(2): 292299. (in Chinese)) DOI: 10. 11870/ ¢jlyzyy
hj201602. 015.
HAR, 45 5L 0R. 195 2015 4Rl J W X 5 55 5 A% 2 LAY 44y
FB 2R AT )] R TR 2R, 2017, 33(7): 107-115.
(HU Y H, LIJ B. Analysis on evolution of drought flood and
its abrupt alternation in typical year from 1951 to 2015 in
Dongting Lake area| J]. Transactions of the Chinese Society
of Agricultural Engineering, 2017, 33(7): 107-115. (in Chr
nese)) DOI: 10. 11975/ j. issn. 1002 6819. 2017. 07. 014.
X E, SRR, ERAA, 55, UL 55a K7 M m 5 2R S A R AR AR
fE[T). T B X #F 5, 2015, 32( 6): 1088 1096. (ZHAO X Y,
ZHANG Q,WANG Y R, et al.Climate evolution characteris
tics of eastern Tibetan Plateau for the last 55 years[J]. Arid
Zone Research, 2015, 32(6): 1088 1096. (in Chinese)) DOT:
10. 13866 /j. azr. 2015. 06. 07.
kR, XA, EE. LT A KR LA B REK H Bk S
SHTLT]. M ER R B, 2015, 34(8) : 1052-1060. (CAO Y J,
LIU J J, GAO L. Distribution and trend analysis of heavy pre-
cipitation days in Liaoning Province[J]. Progress in Geogra-
phy, 2015, 34(8): 1052 1060. (in Chinese)) Doi: 10. 18306/
dlkxjz. 2015. 08. 012.
SR, FAEEN, 2205, S i 50 4 RIS AR K i
BARAAE ST [ T]. KL AREE BT, 2017, 24(3): 151-156.
(SHI J L, WANG X R, LI SF, et al. Variation characteristics
of air temperature and precipitation in Henan province in re-
cent 50 years[]J].Research of Soil and Water Conservation,
2017,24(3): 151-156. (in Chinese)) Doi: 10. 13869/ . cnki.
rswe. 2017. 03. 028.
FHNE, TR, SRXNAR, 5. 1960-2013 4F 2= & MK 2548
FRRFAEAM AT 0] . 7K HLRE IR B2, 2016, 34( 12) : 26:24. (WANG
L P,WANGS F,ZHANG L D, et al. Spatiat tem poral charac
teristics of precipitation in Yunnan province from 1960 to
2013[J]. Water Resources and Power, 2016, 34( 12) : 20-24.
(in Chinese))
B, BB, mER, & 1961 42 Z 2007 4 H A A8 K 3
REESAFRFEL J]. BPRAL 24, 2010, 32(4): T01-711. (ZHAO
D,LUO Y, GAO G, et al. LongTerm changes and essential
climatic characteristics of sunshine duration over China during
1961-2007[ J]. Resources Science, 2010, 32(4): 70k 711. (in
Chinese))

134 « £55FE

[17]

[ 18]

[19]

[20]

[21]

[22]

[23]

[24]

2R, AT, T . P EM X H R T 50 4Rk
AFHFAE] J) . A% S IRBEHE AT, 2013, 18(2): 203209. (LI H
Q,FU Z T, WEN X Y, et al. Characteristic analysis of surr
shine duration change in China during the last 50 years[ J].
Climatic and Environm ental Research, 2013, 18(2): 203 209.
(in Chinese)) Doi: 10. 3878/ j. issn. 1006 9585. 2012. 11052.
HANEE, B, B, . motm RO 45 ok H R R R
FEAAR S EC R TG M [ T]. T RS %, 2010, 29( 4) : 992
998. (ZHENG X B, LUO Y X, DUAN C C, et al. Change
trends and causes in sunshine duration and visibility over
Yunnarr Guizhou Plateau in recent 45 years[ J]. Plateau M ete
orology, 2010, 29( 4) : 992-998. (in Chinese))

XIETE, F/N T, 225 FL. 196F 2012 4E 75 b H B B 38
PRAE S WA 211 D). SR BEUR 22 4%, 2015(8): 1367 1377.
(LIU Y Y,WEI X L, LIY F. Variation of sunshine duration
and related driving forces in Jilin Province during 196F2012
[J]. Journal of Natural Resources, 2015( 8): 1367 1377. (in
Chinese)) Doi: 10. 10. 11849/ zrzyxh. 2015. 08. 011.

FRRE, ok R, EFF, S U X RS R
SCVBUIR B J B2 ). M BR Bl E €, 2014, 29(3) : 388 396.
(WANG Y S, ZHANG J K, WANG L L, et al. Researching
significance, status and expectation of haze in Beijing Tianjin
Hebei region[ J]. Advance in Earth Science, 2014, 29 3) : 388
396. (in Chinese)) Doi: 10. 11867 /j. issn. 1001- 8166. 2014.
03. 0388.

A, AR IR, o, . RUEESE X I R AURHEL)] . P E R
ikl 2012,32(1): 31-36. (ZHAO P S, XU X F, MENG W,
et al. Characteristics of hazy days in the region of Beijing,
Tianjin, and H ebei[ J]. China Environmental S cien ce, 2012, 32
(1):3F36. (in Chinese))

VEPE A5 ORAE, MRk, 46 AR S K IR I 2 A 3
SYMTL )] HhER(S BBl 2253, 2011, 13(4): 526 533. (FAN Z
M,YUE T X, CHEN CF, et al. Spatian change trends of tem-
perature and precipitation in China[ J]. Journal of Ges Infor
mation Science, 2011, 13(4): 526 533. (in Chinese)) Doi: 10.
3724/ SP. ] 1047.2011. 00526.

R %2, BEYL, XS0, 5. 1960 ~ 2013 4F H b JFUAS (% A5 fb i
T RFAIE B R BH & Bl AR AR AR A B MR ] R
2.2016, 36( 10) : 1555-1564. (A D, XIONG K, ZHAO W J, et
al. Temporal trend of climate change and mutation analysis of
North China Plain during 1960 to 2013 [ J]. Scientia Geo-
graphica Sinica, 2016, 36( 10) : 1555 1564. ( in Chinese)) Doi:
10. 13249/ j. enki. sgs. 2016. 10. 013.

kb, R, TERE, I 1951-2009 400 FEK
BARFAELJ]. B AR E I AR, 2011, 26 (11): 1930 1941.
(ZHANG Y C,WU K, YU J J, etal. Characteristics of precip
itation and air temperature variation during 195F2009 in
North China[ J]. Journal of Natural Resources, 2011, 26( 11):
1936 1941. (in Chinese))





