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Abstract — China drought is particularly prominent,
involving a very wide range, mainly in the northweg north
and northeast regions, Qinghai Province is locateth the dry
arid areas of northwest China. The main objectives fothe
present study to investigate the climate and droughin
Qinghai Province using characteristics of SPEI droulgt index
as a meteorological drought index over a 53 yearsegod of
1961 - 2013, for measuring the degree of climate afge. This
study to investigate distinguishes the effects ofimate change
on grassland over the Qinghai Province. Results shed a
Qinghai Province, the high frequency of annual-SPEI
drought in Banma, Tongde, Xining, Chaka and Ge’ermu
SPEI 12-month shows a high frequency of drought in 972,
1992-1993, 1995-1996, and 1998-2004.Seven statiars
selecting from all direction of Qinghai Province, viich are:
Mangya for Northwest, Tuolei for north, Nuomuhong for
middle, Minhe for east, Tuotuohe for the west, Jiuai for
southeast and Nanggian for the south. Mangya, Nuonmong,
Tuotuohe and Jiuzhi showed significant positive reltionship
between SPEI drought index with precipitation at the0.01
while there is a significant negative relationshipbetween
SPEl and temperature at the 0.01. Minhe showed a
significant negative relationship between SPEI and
temperature at the 0.01. Nanggian and Tuolei showeithere is
no a significant relationship between SPEI drought ridex
with precipitation and temperature. Annual-SPEI UF curve
shows lines intersect in 1993 which that is the beming of
mutation detection of the droughts in Qinghai Province, the
location of the areas which is changing from humidto
drought is: Mangya, Lenghu, Xiaozaohuo, Dachaidan,
Ge’ermu, Nuomuhong, Chaka, Yushu, Jiuzhi and Qiaboig.
UF curve beyond the 0.05 level significant lines.

Keywords — Qinghai Province, Meteorological Drought,
SPEI Drought Index, Climate Warming.

I. INTRODUCTION
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anthropogenic activities, but it is almost impo#&silo
directly differentiate between these two factorg). [5
Drought is a major meteorological and environmental
problems facing humanity, according to information
released by UNESCO, about one/third of the world's
countries located in arid and semi-arid areas [Baught
index is the basis for research arid climate, st d@o
measure the extent of the drought key [7].

[8] has proposed a new drought index, precipitation
minus evapotranspiration index, which provides inguat
ideas for later research by other scholars’ draugtdaught
indices are continuous functions of rainfall and/or
temperature, river discharge or other measurable
hydro-meteorological variables, commonly used to
guantify the definition of drought.

[9] proposed a new drought index, considering alem
of elements precipitation, temperature, soil maeestu
evapotranspiration and so on. Palmer after being
recognized as a milestone in the index made therlisf
drought index, the index in the United States araliad
the world has been widely used, despite decades #ire
emergence of new drought index, but none provebeto
superior to the Palmer Index.

Both global climate change and anthropogenic dis#vi
are the main driving forces of terrestrial ecosystd10].
Meteorological drought occurs more frequently and
commonly than other three kinds of droughts; mealewh
it normally triggers other types of drought, indlgl
agricultural, hydrological, and socioeconomic drotid.1].
Drought has especially affected the agriculturabarover
northern China [12]. Northwest China is locatedtle
transitioning area of the three natural zones, mharie
eastern monsoon region, northwestern arid area,ttand
Qinghai-Tibetan Plateau. It contains four majoretypof
climate: tropical monsoon climate, temperate monsoo

Due to the monsoon climate interacted with th@|imate temperate continental (arid) climate, pateau
complicated geographical landscapes, severe droaght 5|nine climate from south to north. The regionalggical,

high frequency is one of the most devastating ‘murgeomorphologic and ecological systems are comphek a

disasters in China. According to statistics, theudht

diverse. These natural factors and climate change a

affected area and drought damaged area have gregffriwined, making regional economic and social

increased in the past 50 years [1]. In the 20008e@e
droughts occurred frequently in China, for examples

developments extremely challenging. The regional
economic community has demonstrated a high degfee o

winter-spring drought in  southwest China duringsensitivity to these changes. The research shoatgtiare
2009-2010 [2-3] and the spring-summer drought ovgf3s peen a significant warming trend in Northwelsing

the middle and lower reaches of Yangtze River ihl2{3].
Commonly, regional ecosystem changes are

since 1951, as reported by [13-14]. Thus, drougints
thefficult to pinpoint in time and space since it \ery

consequence of both climate change and locghmplex to identify the moment when a drought startd
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ends, and also to quantify its duration, magnitaahel Table 1 The Longitude and latitude, altitude andueah

spatial extent [15-16].

precipitation of meteorological stations in Qinghai

Province
Il. MATERIALS AND METHODS Stations Longitude Latitude  Altitude Precipitation
(m) (mm)
1 Mangya 38°15°  90°51 2945 49.2
A. Sudy Area S 2 Lenghu 3845 93°20° 2770 17.0
Fig. 1 shows the Qinghai Province in China hasrgela 3  Tuolei 38°48°  98°25 3367 297.1
variety of ecosystem types, from sub-tropical fairest in g é?lnlugou 33881215 1?)?)0?1’55" 57353 :&g?
; ; ilian ° ° .
southeast to alpine desert in the n_orthwest. Amat_hg 6 Xioozaohuo  36°48  93°41° 2767 28.9
types of land cover vegetation, alpine grasslandhé&s ;  pachaidan 37°51°  95°02° 3173 89.1
dominant ecosystem, combined cover an area of BL882 8  Delingha 37°22°  97°2% 2981 180.7
km? extending from latitude of 31° 40' - 39° 30' Ndan 9  Gangcha 37°20°  100°08" 8301 382.2
longitude of 89° 25 ' - 103° 04' E and altitude 178500 19 Mevuan - 37723 - JoL8T 7850 5L
. ) : e'ermu 36°25 94°54 2808 43.0
m. Table 1 shows the Iongltude and Iatltude, astand 12  Nuomuhon 36°26" 96°25" 2790 46.5
annual precipitation of meteorological stationgQimghai 13 Doulan 36°18°  98°06° 3191 202.9
Province. The irrigated area in Qinghai Provinceeports 14  Chaka 36°47°  99°05° 3088 211.3
in [17] as: total irrigated area, effective irrigdt area, ig g.'a.boq'a 36°16  100°37° 2835 3183
. ining 36°43°  101°45 2295 387.3
woodland, orchard, pasture land and actual effectivi7 Guizhou 36°02°  101°26° 2937 2555
irrigated, respectively: 259.3, 182.4, 31.2, 6.8,93and 18 Minhe 36°19°  102°51° 1814 345.2
155 (16 ha). The major economic indices as: number ofl9  Wudaoliang 35°13 93°05 4612 289.6
enterprises, employment in the year (person), kessin 20 X'”gréa' 85°35  99%89 3323 365.3
. 8 RMB 4 T ¢ (30 RMB 21  Tongde 35°16  100°39 3289 428.6
income (1 ) and Tax payment ( ) 22 Tuotuohe  34°13  92°26' 4533 291.6
respectively: 20, 2966, 1273 and 1035. 23 Zaduo 32°54°  95°18° 4066 535.0
90°00"E 93°00"E 96°0'0"E 99°0'0"E 102°0'0"E 24 Quma|ai 34°08" 95°47 4175 420.9
= 5 25  Yushu 33°01°  97°01 3681 486.2
H 26  Maduo 34°55"  98°13° 4272 3215
a 27 Qingshuihe  33°48"  97°08 4415 517.0
28 Dari 33°45°  99°39° 3968 554.2
£ 29  Henan 34°44°  101°36° 8500 585.7
z ; 30  Jiuzhi 33°26°  101°29° 3629 744.0
|5 31 Nanggial 32°12°  96°29° 3644 538.3
2 32 Banma 32°56"  100°45° 8530 659.0
B. Sandard Precipitation Evapotranspiration
Zz
Index (SPEI)
" = Revers £ Monthly temperature and precipitation records df al
Elevation (m) g available 32 stations during 1961 to 2013 were inbth
J HeEso o Qinghai Province from China meteorological data service over thegQai
& - I — — . . . -
£1™ Lowiimm Aufusn SEL o Province (http://data.cma.gov.cn), which is showrFig.

Dg 90°0'0"E 93°0'0"E 96°0'0"E 99°0'0"E 102°0°0"E

90°0'0"E 93°0'0"E 96°0'0"E 99°0'0"E 102°0'0"E

39°00"N

36°00"N

36°00"N

33°00"N

33°00"N

+  Grid points 0 Qinghai province 260

* Stations 288 Grid points

90"()"0"E 93"{)"0"E 96"(}"0"E 99"()"0"E 102";)'0"E
Fig. 1. The distribution of meteorological statiard grid
points of climate data in two study areas
*Source of DEM data: (http://srtm.csi.cgiar.org/),
resolution = 90 m x 90m

earlier, in
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2. SPEI is a relatively new drought index, proposed by
[18], which includes both precipitation and potahti
evapotranspiration (PET) influence. The SPEI issHasn
precipitation and potential evapotranspiration (PERd it
combines the sensitivity of PDSI to changes in evaiive
demand with the multi scalar nature of the SPl.abebf

the method used to calculate the SPEI can be faonnd
[18-19] and [18] applied the Thornthwaite procedi@&eto
......... estimate the PET, which has the advantage of reguir
. limited data on monthly mean temperature. Howessr,
e indicated research, the
Hargreaves-Samani equation [20] was applied toutztie
PET. Drought identification and characterization as
pre-requisite to spatial and temporal variationlysis and

§ i — drought frequency analysis. In general, droughofien

# characterized by its duration, severity, intenaitgl spatial
extent. The value obtained by the normal standeddiz
SPEI, drought grade in Table 2.
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Table 2 Classification criteria of SPEI droughteémdn B. SPEI Drought Index Analysis

Ut

Qinghai Province Fig. 3 shows the SPEI, respectively corresponding to
Drought category SPEI the Qinghai Province (32 meteorological statioS$)EI is
1 Nodrought <-0.5 calculated at time scales of 1-, 3-, 12-, 24-, 3@d
g M"d drought 05—-10 48-month of the stations from 1961 to 2013. The ISPE
oderate drought -1.0—-15 . o
4  Severe drought 15— 20 series has oscillations of a greater temporal fagy
5  Extreme drought > -2 because the time scales are shorter, whereasgarlime
Note: Refer to [21-22] scales the SPEI exhibits a lower frequency, engtiire
detection of persistent dry and humid periods. SPEI
Il. RESULTS AND DISCUSSION 12-month shows a high frequency of drought in 1972,

1992-1993, 1995-1996, and 1998-2004. 24-month slaows
Qinghai Province has a complex and diverse climafd9h frequency of drought in 1992, 1995-2005 and
types, variability precipitation and temperaturery d 2008-2009. 36-month shows a high frequency of dnoug
climate, uneven distribution of water resources seribus N 1996-2005. 48-month shows a high frequency of
water shortages in the northern west part, harstrata droughtin 1997-2005.
conditions, and high frequency of drought. A draugh
one of the most important natural disasters in Qdéng R
Province. Drought disasters in Qinghai Province -
agricultural production especially for relativelyardge

impact not only affect the stability and security food ; S P
production, one of the main factors in Qinghai Fmog, is = } ! |'m h h M”J
also one of the main factors restricting the deweient of r” lw ﬁ H] T!’ H

the economy in Qinghai Province. .
. . .. . 1965 1970 1975 1980 1985 1990 1995 2000 200:
A. Variation of the Annual Precipitation and -

Temperature
Fig. 2a shows changing in precipitation anomaly mofp S
Qinghai Province, nearly 53 year. Alternating pesitand

negative anomalies fluctuate more obvious. The ainnu O
precipitation distribution is negative anomaliesipgs of
1962, 1991, 1992, and 200-2002. The annual preadiqit ’
negative anomaly corresponding year mainly dry year

T-month SPEI

24-month SPET

and drought disaster in Qinghai Province. Annual " & w9 mF o s ww  ms w0 e w0
precipitation is positive anomalies mainly distitiésai in ;

the 21st century in 2003 - 2013. Fig. 2b shows Qhran

in temperature anomaly map of Qinghai Provinceripea

53 year Qinghai Province annual temperature anesiali
overall an upward trend, increasing rate of 0.30&/123] S month PR

reports that global climate warming and increasing =
anthropogenic  activities, the Qinghai-Tibet Plateau ..
experienced approximately a three times increasthef L i I
global warming rate over the last 50 year. Theeasing g 3SPEI values on 1, 3, 12, 24, 36 and 48-month time
in temperature one of the reasons of climate vattdme scale in Qinghai Province during1961- 2013

changing to drought, and has negative effect iretagn

cover by m\cria}kscim_sxnapofruan‘splratmn. S The drought category is consisting of four classkih
e are: mild, moderate, severe and extreme drougleT2
shows total annual-SPEI drought is: 50.30 % as 2.2
10.55, 05.34 and 02.12 % for mild, moderate, sewasck
extreme drought, respectively. The total seasoR&S
drought is 49.58, 49.76, 49.71 and 51.21 % for evint
spring, summer and autumn, respectively. Mild dhdug
a biggest amount of drought categories.

=05 +
Ri=0.07

""" |l||l||

AT PR SR B, R A S S SR B B\ C R I B B S T
000 o P ST PGP T T B P R P D

1 ®™

—— Temperature

--=-=- Linear (Temperature)
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Fig. 2 (a-b) The mean annual precipitation and
temperature trend in Qinghai Province during 198013
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Table 3 The percentage of seasonal and annual-SPElincreasing anthropogenic activities, the QinghabeTi
drought index frequency in Qinghai Province duri@@l - Plateau has experienced approximately a three times

2013

increase of the global warming rate over the l&sy&ars

Drought category

SPEI % [23].

winter spring summerautumn annual

= 00576x-39.233 SPELy=0.0548x~ 1483
s RE= 06043

ArWNEF

No drough 50.42 50.24
Mild drought 32.81
Moderate drought 12.08 10.02
Severe drought 03.85 06.13
Extreme drought 00.84 01.95
Total drought 49.58 49.76

31.66

50.29  48.79 49.94 o

30.96 33.7132.29 23 Al HHHHHHHHHHHHL‘@
10.14  09.980.55 E A V- PAAN]
06.43  04.995.34

02.18 02.592.12 R
49.71  51.2150.30 s

¥= 0.0853x+03742

C. Correlation of the SPElI Drought index with
Climate Factors
Seven stations are selected from all direction iofyQai

Ri= 0.8386

Province, which are: Mangya for Northern west, Bufor ol
northern, Nuomuhong for middle, Minhe for eastern,
Tuotuohe for the west, Jiuzhi for southeast andggam S [ ) k]

for south. The 12-SPEI is analyzed in each statton, i3
correlate with annual precipitation and temperattig. 4 , |

(a-g) shows SPEI drought index and annual pretipita - j Ve v ‘\AJ VIV
and temperature in Qinghai Province during 53 year

obvious, Fig. 4a which that is Mangya shows the ISPE
downward trend, the rate of decline is: -0.548/10a. .
Temperature is an upward rate of 0.853/10a. Table 5
shows there is a significant negative relationgepveen
SPEI and temperature at the 0.01, correlation moexfits

e e HMMHMFE

s D B @
N @ O o
—— 12.SPEI

-0.905** with P value 0.00, there is a significgusitive ST

relationship between SPEI with precipitation at thel, *
correlation coefficients .353** with P value 0.08ig. 4b, .
which that is Tuolei SPEI, precipitation and Tengtare
shows an upward trend, the rate of increase i3/00@,
0.0255/10a, and 2.758/10a, respectively. Temperasan
upward rate of 0.083. Fig. 4c, which that is Nuoonip
SPEI, is a downward rate of -0.394/10a. Table 5asho
there is a significant positive relationship betweePEI

Vi

: o0 /ﬂ\ \ PN
¢ iy

35
R N S S N S P S ICRRCERCEIRVIR
R R I AR A G G MU LB LIC L M R S P PR
I Precipitation

——12:SPEI —— Lincar (Precipitation) ---~-Lincar (12-SPEI)

T ¥=0.0401x+3.9002

with precipitation at the 0.01, correlation cog#iats ;] (@ Nuomu o] [ r-amoss

0.457**, with P value 0.00, respectively. There as
relationship between SPEI with
temperature at the 0.01, correlation coefficien®0**
Fig. 4d, which that is MinheE3Rnd
precipitation shows a downward trend of decline:
-0.182/10a, -0.065/10a, respectively. Temperatgrean M

significant negative

with P value 0.00.

(@) Minhe

upward rate of 0.247/10a. Table 5 shows there is a ‘|| jl|[l

significant positive relationship between. There as
relationship between SPEI with
temperature at the 0.01, correlation coefficieft§91**,
with p value 0.00. Fig. 4e, which that is Tuotu@fEl, is
downward rate of -0.048/10a. Table 5 shows thera is
high significant positive relationship between SR#th
precipitation at the 0.01, correlation coefficie6t904**,
with P value 0.00, respectively. Fig. 4f, whichttlsaJiuzhi
SPEI and precipitation show a downward trend ofidec
is: -0.245/10a and -0.072/10a, respectively. Teatpee is
an upward rate of 0.383/10a. Table 5 shows thera is
relationship between SPEI with
precipitation at the 0.01, correlation coefficieft925*,
with p value 0.00, respectively. Fig. 4g, whichttimthe
Nanggian, precipitation and temperature show anangw
trend of increase is: 0.128/10a, 0.951/10a, rebmdyet

significant negative

significant positive

SPEI is a downward trend, the rate of decline is:
-0.026/10a. With both global climate warming and
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Fig. 4 (a-g)The SPEI drought index trends of seven
stations and relationship by precipitation and terafure

in Qinghai Province during 1961-2013

Table 5 Correlation coefficients of SPEI drouglier
with climate data using SPSS software of severipsiin
Qinghai Province during 1961 - 2013
SPEI with SPEI with Temperature
Precipitation
Pearson P value, PearsonP value, Sig

correlation Sig. correlation

Mangya .353* 0.009  -.905* 0.000
Tuolei 0.046 0.742 0.002 0.988
Nuomuhong .457** 0.001  -.700** 0.000
Minhe 0.178 0.202  -.591* 0.000
Tuotuohe .904*  0.000 -0.172 0.219
Jiuzhi 925  0.000 -0.265 0.056
Nanggian -0.047 0.739 -0.109 0.436

**Correlation is significant at the 0.01 level (2ied)
*Correlation is significant at the 0.05 level @hed)

D. Drought and Flood of SPEI Drought Index
I dentify the Typical Drought Events
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monitoring a drought of Minhe in: 2013/3, 1994/11,
1966/6, 2013/10, 1962/6, 1980/10 and 2000/7. 1-mont
SPEI index is monitoring a drought of Tuotuohe in:
1994/7, 1987/6, 1995/5 and 1986/7. 1-month SPEbinsl
monitoring a drought of Jiuzhi in 2000/5, 1964/834%/8,
2008/3, 2002/6, 1997/4 and 2001/4. 1-month SPEbinsl
monitoring a drought of Nanggian in: 1974/11, 1499
2006/7, 2004/3, 2010/3, 1981/10, 2003/4, 1995/5 and
1971/7.

1-month SPEI, Mangya

[ | | | | |
I 1995 2005 2010

1-month SPEIL Tuolei
]

| |
3 7470 o7 = (£ 1220 1995 2000 2005 B
Yoar

2005 2010

1-month SPEIL Jiuzhi

| e | | |
1970 1974 1950 1885 1930 1995 x 2010

Fig. 5 Drought and flood of seven stations 1-mafth
SPEI in Qinghai Province 1961 — 2013

E. Drought Frequency Spatial Variation

Fig. 6 shows that the frequency distribution of an
annual-SPEI of a total drought category in Qinghai
Province during 1961 - 2013. The high frequencyaof
annual-SPEI drought in: Banma, Tongde, Xining, Ghak
and Ge’ermu. The high frequency of a winter-SPERoOf

Fig. 5 shows 1-month SPEI index and monitoring &tal drought category in Qinghai Province durir@f1 -
drought of Mangya in: 2001/7, 2004/3, 2007/8, 2607/ 2013. The high frequency of a winter-SPEI drought i
1998/4, 2010/8, 2002/8. 1-month SPEI index is nwitiy  Xiaozaohuo, Mangya, Lenghu, Tongde, Yeniugou,
a drought of Tuolei in: 1998/4, 1995/5, 2009/4, @8] Qingshuihe, Yushu and Nanggian. The high frequeriay
2008/5, 1999/9 and 2004/4. 1-month SPEI index i8Pring-SPEI of a total drought category in Qinghai
monitoring a drought of Nuomuhong in: 2001/7, 2®]3/ Province during 1961 - 2013. The high frequency of
1998/4, 2006/8, 2013/8, 2009/6, 2009/4, 2007/5,91®9 Spring-SPEI drought in: Mangya, Doulan, Zaduo,
1995/5, 2001/6 and 2000/7. 1-month SPEI index ianggian, Dari and Xining. The high frequency of a

Copyright © 2016 IJRAS, All right reserved
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s
summer-SPEI drought in: Dachaidan, Ge’ermu, Qumalai = LU SR N 1
Yushu, Nanggian, Dari, Maduo, Qilian, Xining, Torgd | |
and Minhe. The high frequency of an autumn-SPEI - a
drought in: Lenghu, Xiaozaohuo, Chaka, Tuolei, Tamg g oAl
Dari and Banma 2 ’“ - i
90°0'0"E 93°0'0"E 96°0'0"E 99"0‘0"}2 102 "O'O"E Lot Nuomuhong - ul
) ) ) g Dnl* _g
& &
_Dg =
) z
=3
z g
2 - 5
g Drought frequency % S
g High: 7923 i , Qinghai Province
§ -Low 534 Autumn-SPEI ——
g_ g 90"00'E 93"0"0"]5 96"()"0"E 99"0"0"13 102";)‘0"}2
g N Fig. 6 The frequency distribution of an annual and
Drought frequency % B seasonal-SPEI pf a tota_l drought category in Qingha
High : 6226 o Province during 1961 - 2013
0ngh:ﬂ Province -
g_ I Fow 4527 Antiual SPEI Kilometers . .
Z oog0E o0 9600 o e 10290 F. Drought Trends and Mutation Detection
A\ N A b Fig. 7 shows that the annual trends of SPEI drought
£ index in Qinghai Province, the annual-SPEI UF curve
A shows that the nearly Qinghai Province 53 yearsh&o
= overall trend shows a drought, which in the 19GDshe
&1 1990s drought trend is not significant, alternativet and
K |2 dry cycles; after the 1990s, drought aggravatedhn@st
e 2 of Qinghai Province. Fig. 8 shows that the locatidrihe
areas which are changed from humid to drought: Mang
z . . ,
= Lenghu, Xiaozaohuo, Dachaidan, Ge’ermu, Nuomuhong,
i e Chaka, Yushu, Jiuzhi and Qiabogia. The UF cun@.0s
Drought frequency % ‘ 2 level significant lines, in 2001 shows that the wdylot
el ,Qinghai Province trend is very significant level at 0.05 in the lingF and
£ | row: 1938 WinterSEEL T UB lines intersect in 1993 which that is the begignof
FOOVEONOUE SFOOE L 900E 102008 mutation detection of the droughts.
90°0'0"E 93°00"E 96°0'0"E 99°0'0"E 102°0'0"E .
+ ) * * L * B SPED —UF eee- TR i
z 2
5 1 )
& 50\U/H\M\Z\MHHJ\/E e R -
1 B WU U‘ - U{ s
cg_ . e em N -~ s
i £ FPELLF P ISP EF IS PSSP F LSS
& Flg. 7 Interannual variation and Mann—KendaII tefst
. SPEI drought index in Qinghai Province during 1961
£ 2013
& z 90°0'0"E 93°0'0"E 96°0'0"E 99°0'0"E 102°0'0"E
Drought frequency % I § b
= Lo
High : 5849 OQiughai Province 60 g
Z |l row:2642 Spring-SPEI —
g QO“OI'O'T_‘ 93“0"0"]5 96"0"0"E 99“0"0"12 102“‘0'0"}2 §_
90°0'0"E 93°0'0"E 96°0'0"E 99°0'0"E 102°0'0"E g
s g
o ]
z =
] :
& - z
z Lo
LS Value ;
8 High: 0.71 Qinghai Province -
:Z g_ - Low :-027 Annual-SPEI, 1961-1993 —
§_ é 90"()"0"E 93"0"0"]5 96"()"0"E 99"0"0"13 102";)‘0"}2
" z
L2
Drought frequency % S
Bighis 5471 OQingl]ai Province "
i_ | Low:3585 Summer-SPEI ——
g 90"()"0"E 93"0"0"]5 96"()"0"E 99"0"0"13 102";)‘0"}2
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36°00"N
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Fig. 8 Drought change point by UF curve, annual4SPE ) . . . .

during 1961 - 1993 and annual-SPEI during 19940320

in Qinghai Province

G. Actual Comparison of SPEI Drought Index in a

High Drought Periods

Fig. 9shows that the monitoring of SPEI drought index
of 1962, 1991 and 2001. The actual comparison &SP
drought index in high drought periods to monitoe th
degree of drought in Qinghai Province using SPBLdht
index, three years of the high drought frequeneytsren Severe drought
selected (1962, 1991 and 2001). 1962-SPEI drounglexi Moderate drought
shows that the extreme drought in: Qumalai; severe
drought in Doulan and Jiuzhi; moderate droughténghu,
Tuolei, Yeniugou, Qilian, Chaka, Xining, Minhe and
Henan and

Guizhou; mild drought in Yushu, Dari,
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Izig. 9Monitoring results of SPEI drought index in
Qinghai Province of 1962, 1991 and 2001
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Menyuan; there is no drought in the most of middle,

southern west and south part. 1991-SPEI droughexind IV. CONCLUSIONS

shows that the extreme drought in Yeniugou and ngni _ ) _ )

severe drought in Gangcha, Menyuan, Minhe and Xingh ~The discussion and conclusions of this study shwaw t
moderate drought in Lenghu, Henan, Qiabogia, Guizhdvhen drought occur due to decreased of precipitatian
and Qilian; mild drought in: Jiuzhi, Banma, Tongdereduce the natural vegetation cover and cropsstiex
Maduo, Qingshuihe, Nuomuhong, Tuotuohe and MangyRroduction consistent with actual losses. In reqgdrs:
2001-SPEI drought index drought index shows that tHinghai Province there is affected climate warming
extreme drought in Xiaozaohuo and Doulan; severgtensifies and decrease of precipitation, aridezehowed
drought in Mangya, Dachaidan, Banma, Jiuzhi, Yushdfequent trend in recent years, affecting the negieore
Gangcha, Menyuan, Ge’ermu and Nuomuhong; moderatédely, the economic losses caused by drought se al
drought in Lenghu, Qumalai, Delingha, Guizhou an§rowing, the need to take comprehensive measunes, t

Minhe; mild drought in Dari and Tuolei.
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whole society a common response, the principlehef t
whole society to participate fully in the role offiet
government and drought relief headquarters, coatidin
and management functions. The interaction of mleltip
stresses-endemic poverty, ecosystem degradatiomler
disasters and conflicts, and limited access to takpi
markets, infrastructure and technology have allkeead
people’s ability to adapt to changes in climate.

Most drought studies focus on quantifying drought a
the regional or global scale, but this generaliratcan
obscure localized effects. This study is focusiny a
Qinghai Province by using inputs and outputs of ISPE
drought index, to characterize drought type, séyeaind
duration, which that can assist in identifying aypiate
adaptation strategies to minimize the impacts ofight to
the agriculture and water sector. Losses in adticail
production occurred during drought years, with ldrgest
losses in Qinghai Province 1962, 1991, 2001.

This study recommends adapting and mitigating the
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drought periods: improving livelihoods, agro-ecdeys

resilience, agricultural productivity and the pmien of

environmental services. Also essential to note éhatnge [1]

of fundamental natural resources, including lanatew air,

biological diversity including forests, grasslandic.,

provide the indispensable base for agriculturadpodion 2]

system and sustenance of agricultural ecosystehesser

linkages between natural resource use and thel saia

physical environment across space and time arerianto (3]

issues for scaling out and the dissemination otatjural

knowledge, with significant implications for sustable [4]

development and the mitigation of adverse impadts o

climate change. 5]
This study recommends with more additiona[

investigations on crops suitable to the Qinghaiviiae

during drought should be carried out for more aatur [6]

information, which can be used for crop modeling of

appropriate agricultural and water management gurirm
drought. Further studies on drought prediction gi$iriure
climate scenarios in Qinghai Province using methods

presented in this study will be part of the futdieection (8]

of this study.

Notes: [9]

¢ The seasonal-SPEI drought in Qinghai Province teran >
spring > summer > winter. (10]

* The SPEI drought periods in Qinghai Province, regpely: [11]
1990s > 2000s > 1960s > 1970s > 1980s.

* In Qinghai Province the northern west part is anificant
changing to drought since 1990s, while some ofesast [12]
southern and east southern significant changertochu

* The climate factors have a high result in drougitQinghai
Province is temperature > precipitation.

e This Study provides a clear picture of the increade
temperature and decrease of precipitation trendssaanost [14]
areas of Qinghai Province.

* This study assesses Qinghai vulnerability to clenebange,
by overlaying maps of precipitation distributiordavariability ~ [15]
and year’s drought frequency and incidence of emvirental [16]
hazards.

¢ The influences of drought in Qinghai Province aheT
shortage of food security led to humanitarian desaas the [17)
risk of death, injury and diseases during the fasimmany of
individual's perished in rural areas; a successiodry years
resulted in severe social and economic impactdudirg
many human and livestock. Reduced moisture contiesbib (18]
led to direct affect in agricultural productionsuiting poor
plant growth, or even wither and significantly redd crop
yield; Grassland is decline and decreasing thetgaka forbs [19]
led to appear the invader grasses which is an atgidé¢ to
livestock and affecting by derogates from livestdok the
death, emergency slaughter, direct economic losmed
affected in livestock herders.

« It also outlines some of the actions being takerdtp the [20]
country to adapt to climate change, and make[all
recommendations for how such actions could becoraeem
effective.

« For example: Adaptation activities need to be imm@ated in
an integrated way and take a long-term view, ratian [22]
involving short-term, stand-alone projects. Ingtins
working on environmental issues should be betterdinate.

N R -

[13]

(23]

International Journal of Research in Agricultural Sciences

Volume 3, Issue 3, ISSN (Online): 2348 — 3997

REFERENCES

Wang X. J., Zhang J. Y., Shamsuddin S., Amgad E,,’{ M.,
Bao Z. X. and Ali M., (2012). Water resources maragnt
strategy for adaptation to droughts in China. MitigAdaptat.
Strategies Global Change 17 (8), 923-937.

Lu E., Luo, Y., Zhang R., Wu, Q. and Liu, L., (201Regional
atmospheric anomalies responsible for the 2009-28dwkre
drought in China. J. Geophys. Res. 116 (D21).

Zhao C., Deng, X., Yuan, Y. Yan, H., Liang, H.,013).
Prediction of drought risk based on the WRF modeYunnan
Province of China. Adv. Meteorol. 1-9.

Lu E., Cai, W, Jiang Z., Zhang, Q., Zhang, C., diig, R.W.
and Halpert, M.S., (2013). The day-to-day monitgriof the
2011 severe drought in China. Clim. Dynam.

Wessels K. J. (2007). Can human-induced land daticadbe
distinguished from the effects of rainfall variatyil A case study
in South Africa. J. Arid Environ. 68 (2), 271-297.

Zhang J., Liu X and Yu C., (2012). Analysis on disition and
variation of drought in Hebei Province. Arid ZonedRarch.29
(1), 4l-46.

Piara Singh, Nedumaran and Traore (2014). Quangjfyi
potential benefits of drought and heat toleranceniny season
sorghum for adapting to climate change. Agricultarad forest
meteorology. 185, 37-48.

Thornthwaite C. W, (1948). An approach toward aorstl
classification of climate. Geogr Rev 38:55-94.

Palmer W. C., (1965). Meteorology Drought. US Dépant of
Commerce. Weather Bureau. Reseach Paper, 45-48.

Field C., (2001). Global change. Sharing the gafigence. 294
(5551), 2490-2491.

WMO (2006). Drought monitoring and early warningr€epts,
progress and future challenges. World Meteoroldgica
Organization. Report WMO-No. 100692-63- 11006-9 [§p4).
Wang A. H., Lettenmaier D. P. and Sheffield J.,1(0 Soil
moisture drought in China, 1950-2006. Journal afm@te. 24,
3257-3271.

Wang, P. X., Yang J. H. and Zhang Q., (2007). lerzhange
characteristic of Northwest China in recent halfntoey.
Advances in Earth Science (in Chinese), 22(6), 689-

Yu S. Q., (2005). The change of daily temperatunend recent
50 years in China. Quarterly Journal of Applied &teblogy. 16
(6), 787-793.

Burton, I. R. W., Kates and G. F. White, (1978)eEnvironment
as hazard. Oxford University Press. Nueva York, pd0
Wilhite, D.A., (2000): Drought as a natural hazazdncepts and
definitions. In Drought: a global assessment. (DOlhi¢ ed.).
Vol 1: 3-18.

China Agriculture Yearbook (2014). Sponsored byistry of
Agriculture, PRC. Compiled by Editorial Board of iGh
Agriculture  Yearbook. China Agriculture Press. N@
Nongzhanguan Beilu, Chaoyang District, Beijing, 198.
Vicente-Serrano S. M., Begueria S. and Lépez-Morénd.,
(2010). A multi-scalar drought index sensitive tobgl warming:
The Standardized Precipitation Evapotranspiratimtex - SPEI.
J Climate. 23, 1696-1718.

Begueria S., Vicente-Serrano S., Reig F. and LatBry (2014).
Standardized precipitation evapotranspiration iNndéPEI)
revisited: parameter fitting, evapotranspiration dels, tools,
datasets and drought monitoring. International ralurof
Climatology.

Hargreaves G. L. and Samani Z. A., (1985). Refereciop
evapotranspiration from temperature. Appl Eng Agtic9699.
Khalili D., Farnoud T., Jamshidi H., Kamgar-Haghigh A. and
Zand-Parsa S., (2011). Comparability analyses ef SRl and
RDI meteorological drought indices in differentnatitic zones.
Water Resour Manage. 25, 1737-1757.

Wang Q., Li F, Liu B., and Hu L., (2015). Variatién Drought
and Its Response to Climate Warming in Qinghai €@latin
Recent 50 Years. ARID ZONE RESEARCH. 32, (1).

Piao S., et al., (2011). Altitude and temperatuepethdence of
change in the spring vegetation green-up date fi882 to 2006
in the Qinghai—Xizang plateau.Agric. For. Meteorbbl (12),
1599-1608.

Copyright © 2016 IJRAS, All right reserved

126



International Journal of Research in Agricultural Sciences
Volume 3, Issue 3, ISSN (Online): 2348 — 3997

\'*'!'
"

AUTHOR'S PROFILE

Ut

Dr. Yousif Elnour Yagoub

Sudanese. He has born on January 15, 1980. Leat
University of Khartoum, Faculty of Forestry, Sudéte

is specialized in Regional Environment and Resc
Development. He has conducted research on Lanc
Land Cover change, Climate Change, Drought Indices.

Prof. Zhang Bo

Chinese. Professor of Geography and Environme
Science,Northwest Normal University, China. He
specialized in physical geography. He has condt
research on Arid Region Environmental Chanigend
Use Land Cover Chaegand Ecological Economics a
Sustainable Development of Oasis.

Ji Ding-min

Chinese Master of College of Geography &
Environment Science, Northwest Normal Univers
China. He is specialized in Regional Environmend
Resource Development. He hesnducted research
Climate Change.

Dr. Yaozong Zhang

Chinese He has born on April 10, 1982. Lecturer
Longdong University, College of history and geodmg)
He is specialized in Regional Environment and Rees
Development. He has conducted eash on Climat
Change.

Ma Bin

Chinese. He has born daly 8, 1990. Master of Colle(
of Geography and Environment Science, Northy
Normal University, China. He is specialized in Rewil
Environment and Resource Development. He
conducted research on Climate Change.

Tang Min

Chinese. She has born on May 13, 1991. Mast
College of Geography and Environment Sciel
Northwest Normal University, China. She is spezed

in Regional Environmenand Resource Developme
She has conducted research on Climate Change.

Copyright © 2016 IJRAS, All right reserved
127



