45 4 ( ) Vol. 45 No. 4
2016 7 Journal of Inner Mongolia Normal University (Natural Science Edition) July 2016
1,2 1,3 1,2 1,2 1.2 1.2
’ ’ ’ ’ ’
(1. s 010022
2. , 0100223
3. , 010022)
47 1961 —2013 , N
53 . D —0.0395mm/a s
NO) , s
s (—0.32mm/a) s ,
.® SPI s
.@ SPI s s
s SPI s
, SPI .® A ,SPI
. P 466 A : 1001—8735(2016)04—0533—07
[1]
b N b
[2-3] . 30 [4-5] s ,
(6]
b b
[7-8]
b b .
_ [1] .
s 50 a ’ s ’
[9-10] [11-12]
SV 5 [u15) REAN
[17] [18]
’ . b
s 50
1
1.1
29°C 1), ,
9.3~—4.4°C 35~550 mm , )
[19]
1.2
47 C D s ,
: 2015-12-21
(41261008) ; (2012CB426508) (CYYC2013103);
(1991—)>, . s
(1965—), . . E-mail; chunxi@inmu. edu. cn.



e 534 - ( ) 45
110°00” 120°00" 130°00”
1.3
SPI(Standardized Precipitation Index) L 50000
[20-21] 5000104
I ,
k45000
45700
1 =
G(x) = BVF()/)JOJC}H” dx.x > 0.
G(x) r L s0v0r0
i By , 40007 FI
o SR - 31?:éilplﬁ::ion
x , x 34.8mm
e ——— Miles
0, 050100 2000 300 400
H(x) = p+ {1 —p)Gx) 100°00" 110°00" 12000"
x) = — x).
P x=0 !
Fig. 1 Distribution of precipitation and meteorology
’ stations in study area
(cst+ )t + ¢ 1
—t, t= |/In(——=), O0<H < 0.5,
SPI _J[(d3t+d2)t+d1]t+1.0 n(H(1)2> <H@®» <
(eyt+c)t+ ¢ «/ 1
t— ] t = 1 Y 17, ~ 2 )° O. 5 H < 1.
[(dyt+d))e+d Jt+1.0 n((l-H(I))‘) <H@® <

: g = 2.515517,¢; = 0.802853,¢, = 0.010328,d, = 1.432788,d, =0.189269,d; = 0.001308.

{ yre
Z 1 SpJI

2
2.1
2.1.1 53 .
—0.0395 mm/a ( 2a),

, —1mm/a.
2.1.2 C 3,

60%~80% ,

2.2 (SPI)
2.2.1 SPI12 2 10

¢ 1; SPIlz SPI3

1 (SrI)
Tab. 1 Classfication of SPI

SPI

—0.5<<SPI<0.5
—1<SPI<<—0.5
—1.5<<SPI<—1.0

—2.0<<SPI<<—1.5

SPI<<—2.0
, C 2b),
b 27%’
12 s 35
(_O. 32 mm/a) ’
, —1lmm/a,
s .20 60 7

3%



4 SPI *« 535 -
1965 s 3 s
2 SPI12
; 70 6
g Tab. 2 The times of 4 types drought of SPI12 in every decade
’ H O 5
1960s 1970s 1980s 1990s 2000s
4 ; 90 4 , s S S s s
; 2001 —2010 4 4 1 4 2
50 s 1999 0 1 1 0 5
2002 4
3 1 0 1 4
2001 0 0 0 0 2
88.4%, 80 . 7 6 5 5 10
55. 9%,
s s SPI12 ,
4509 _,_ AR . © 100°0°0" 110°00" 120°00” 130°00"
—— ES N
400 - 2F
L 50000"
350 1 /\,/ Iy /\ —
= s VIV W /\
Eﬂ\EH .. F 45°00"
% 250 1 / 45°0'0"" 4
/ b o
¥ N "'\. 2 \\./ .
=V /\ .
‘/ b 400070
150 -
40°0°0" 1
¢ bIhEH
100 T T T T T T T T T T 3 TR .
1960 1970 1980 1990 2000 2010 CSETo0 200 300 300 <
G 100°0°0" 110°0°0" 12000'0""
a b
2
Fig. 2 Temporal-Spacial trend of annual precipitation
N
B A 60s 70s 80s
100s
SPI12<-14E%
.03
T EIha :471:8
mvy les ™ 1 TrEkas T T T les
3 4 SPI12<<—1
Fig. 3 The trend of seasonal precipitation Fig. 4 The times of SPI12<C—1 in every decade
2.2.2 SPI12 4 (SPI<—D s
1960s 3~5 , N 6~7 ,
; 1970s N 6 5 1980s



¢ 036 - ( ) 45
3 3~5 . 6~7 ’
. 1990s 5 s
0~2 30 ; 2000s s
s 8~9 s 6~7
, 2.7m"™, 2002 ;
s 5
2.2.3 SPI3 SPI3 SPI12 , s
« 3.
3 SPI3
Tab. 3 The times of 4 types drought of SPI12 in every decadal season
1960s 5 2 0 1 1 2 1 1 2 0 2 1 2 1 2 1
1970s 4 2 1 0 2 1 3 0 5 1 0 0 2 2 2 0
1980s 4 2 1 0 2 3 0 0 1 2 0 0 4 3 0 0
1990s 5 1 1 0 1 2 0 1 2 3 1 0 1 2 1 0
2000s 1 3 0 0 2 2 3 0 2 2 3 1 2 0 0 1
19 10 3 1 8 10 7 2 12 8 6 2 11 8 5 2
s 33 1961~2000 7T~8
2000 4, , 3 ,
s s 2000 s ,
s s , 1980
2.2.4 SPI3 5 SPI3<<—1
N
A FE BZ
’ 10 ’
20 s
, 10
19 ,
11~15 N
. SPI3
s SPI12<-14E4
- < 0-10 0 16:20
N 050100 200 300 400 *11-15@21-23
, SPI

5 SPI3<<—1
Fig. 5 The times of SPI3<C—1 in every season




4 SPI e 537 -«
2.3 A
(  b6a) ,1960s 1965 ,1970s 1980s
,  1980s 5 1990s 10 , 1998 120 mm,
,2000 . g8 2012 40 mm, 53
Z ( 6b) ,
, 0.90, 1960s ,1970s 1980s ,1990s . 2000
a8 3 )
120 . 34
(@ (b)
80 - . ° 2
°
el T T b £ b A
= o e A A T %‘0 g t
- TV Y AP vl
0 4o Y y J | e u
AR / et
A AT
° $ o
-40 \. I / .Q. ! ° -
b
e
-80 T T T T T T T T T T -3 T T T T T T T T T T 1
1960 1965 1970 1975 1980 1985 1990 1995 2000 20052010 2015 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
A Ay
6 4
Fig. 6 Anomaly figure a and Z index b distribution of annual precipitation
3
@D) —0.0395mm/a , ,
(2 3 ;
(—0.32mm/a) ,
3) SPI , s 1999
(€))] SPI s s
,SPI , s SPI
(5) Z R 1960s 1990s , 2000
50 .
,SPI ,
, SPI s Z ,
, 2003 s 1998
, SPI
[1] IPCC. Summary for Policy makers of the Synthesis Report of the IPCC Fifth Assessment Report [ M]. Cambridge,U K:

Cambridge University Press,2013.




« 538 - ( ) 45

[2]

[3]

[4]

(5]

L6]

L7]

(8]

9]

[10]

[11]
[12]

[13]

[14]
[15]

[16]
[17]

(18]
[19]
[20]

(21]

[22]
[23]
[24]
[25]

Gao G,Chen D L, Xu CY.,et al. Trend of estimated actual evapotranspiration over China during 1960 — 2002 [J].
Geophysical Research letters,2007,112:D11120.
Zhang Q.Xu C Y,Becker S,et al. Trends and abrupt changes of precipitation maxima in the Pearl River basin,China [J].
Atmosphere Science Letters,2009,DOI:10.1002/asl.211.
Gu G, Adler R F,Huffman G,et al. Tropical rainfall variability on interannual-to-interdecadal / longer-time scales derived
from the GPCP monthly product [J]. Journal of Climate,2007,20:4033-4046.
John V O, Allan R P,Soden B J. How robust are observed and simulated precipitation responses to tropical ocean war-
ming [J]. Geophysical Research Letters,2009,36.:1.14702.
Groisman P, Karl T, Easterling D, et al. Change in the probability of extreme precipitation: important indicators of
climate change [J]. Climatic Change,1999,42.243-283.

New M, Todd M, Hulme M, et al. Precipitation measurements and trend in the twentieth century [J]. International
Journal Climatology,2001,21(15) :1889-1922.
Trenberth K.Jones P, Ambenje P,et al. Observations: Surface and Atmospheric Climate Change [ C]//Solomon S, Qin
D, Manning M, et al. Climate change 2007 the physical science basis. Contribution of working group I to the fourth
assessment report of the intergovernmental panel on climate change. Cambridge Cambridge University Press, 2007:
235-336.
Wang Hui jun. The weakening of the Asian monsoon circulation after the end of 1970s [J]. Advances Atmosphere
Science,2001,18(3) :376-386.

Zhu Jinhong, Wang Shaowu. 80a-oscillation of summer rainfall over the east part of China and East-Asian summer

monsoon [ J]. Advances Atmosphere Science,2001,18(5):1043-1051.

, . 0. ,2003,61(6) :641-654.

. , . L1l .
2007,30(6) : 290-1300.

. . . [Jl. ,2003,23(2);
152-164.

, . 2009—2011 [Jl. : ,2013,49(6) :1083-1097.

Liu Q.Yang Z,Cui B. Spatial and temporal variability of annual precipitation during 1961 —2006 in Yellow River Basin.
China [J]. Journal of Hydrology,2008,361:330-338.

, , .o 60 0. ,2013,33(2) ;43-50.
. . - 1960—2011 [J]. ,2014,
34(3):827-834.
. . . L. ,2008,27(1) :171-180.
. . 40 (. ,2006,34(1) :102-106.

McKee T B,Doesken N J,Kleist J. The relationship of drought frequency and duration to time scales [J]. Eighth Conf
on Applied Climatology, Anaheim,CA, Amer Meteor Soc,1993(1) :179-184.
McKee T B,Doesken N J,Kleist J. Drought monitoring with multiple time scales [J]. Ninth Conf. on Applied Climatol-
ogy,Dallas, TX, Amer Meteor Soc,1995:233-236.

(GB-42) [Z]. 2007-11-10.

, . . [J]. ,1998,17(4) :381-389.
, [M]. : ,2002.
s . .. [J]. ,2007,29(5) :795-801

Dryness Temporal-Spatial Distribution Based on

Standardized Precipitation Index in Inner Mongolia

LIU Jiyao"?, Chunxi'®, LIANG Wen-jun'?, SONG Jie"?, BAI Xue-mei'?, Siqinbilige'"*



4 : SPI + 539 -

(1. Key Laboratory of Mongolian Plateau Environment and Global Change , Inner Mongolia Normal University ,
Hohhot 010022 ,China; 2. College of Geographical Science , Inner Mongolia Normal University ,
Hohhot 010022 ,China; 3. Inner Mongolia Repair Engineering Laboratory of Wetland

Ecoenvironment System , Inner Mongolia Normal University , Hohhot 010022, China)

Abstract: In order to monitor the drought disaster variation in Inner Mongolia, the fundamental char-
acteristics and temporal-spatial distribution of the drought disaster were analyzed using methods of linear
regression and Standardized Precipitation Index based on climate data from 1961 to 2013. The results of
trend analysis showed that annual precipitation in research area had a downward trend with a rate of
—0. 0395 mm/a,and the pattern of a decrease trend in the whole area and an increase trend in locality was
significant spatially. In addition, there were obvious differences between every seasonal precipitation, an
upward trend over the total area was showed in spring and winter,autumn with a decrease-increase situa-
tion from west to east,and summer decreased faster than annual precipitation with a rate of —0. 32 mm/a.
In spatial pattern,the most significant downward trend occurred in semi—arid region, which is sensitive to
climate change. The drought volatility and intensity enhance was analyzed by SPI12, with the range of
influence enlarging and moving to east. While the SPI3 was more sensitive to short period rainfall,indica-
ting that increasing intensity of drought resulted in the eco-environment degeneration, where semi-arid
region as seasonal drought high incidence area was extremely sensitive to climate changes, which means
that SPI was a good monitor to the area owning larger precipitation changing rate. Compared with precipi-
tation anomaly and precipitation Z index, SPI was more perceptual and accurate in quantify and procrastina-
tion effect descriptions, which could evaluate the area drought condition reliably.

Key words: drought; standard precipitation index; precipitation; Inner Mongolia; linear regression
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Study of Improved Algorithm Based on SEP in WSN

FANG Huirrong, LIAO Chuan-zhu

(College of Chemical and Enviromental Science , Inner Mongolia Normal University , Hohhot 010022 ,China)

Abstract; For the issue of network lifetime of wireless sensor network (WSN), a node Energy
Consumption based Stability Election Protocol (EC-SEP) is proposed. In two level heterogeneity network,
EC-SEP combines node energy consumption rate with traditional SEP cluster head election mechanism,and
update node election probabilities in each round, therefore increase the election probabilities of nodes with
higher residual energy, so as to balance node energy consumption as well as increase lifetime and
throughput of network. Experimental results illustrate that, compared with LEACH, SEP and ESEP
protocol, EC-SEP may provide better performance on network stability and throughput.

Key words: wireless sensor network; stability election protocol; energy consumption factor; network

lifetime



