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SPEI-based analysis of drought characteristics and trends in Hulun Buir

grassland
ZHANG Qin, TANG Haiping ", CUI Fengqi, DAI Luwei

State Key Laboratory of Earth Surface Processes and Resource Ecology, Faculty of Geographical Science, Beijing Normal University, Betjing 100875, China

Abstract: With increases in global warming intensity, the frequency and duration of droughts are showing a clear upward
trend, and the global terrestrial extreme drought area is expanding, particularly on the Eurasian and African continents.
Hulun Buir grassland is an important wind —fixing and water —reserving ecological functioning area in northern China.
However, due to the superimposition of climate change effects, such as the frequency of drought, and human activities, the
grasslands have gradually degraded to a simpler community structure with reduced species diversity, intensified
desertification, and increased pests and diseases. Based on monthly precipitation and temperature data from four
meteorological stations in the Hulun Buir grassland from 1960 to 2017, the standardized precipitation evapotranspiration
index (SPEI) was calculated. The Mann-Kendall mutation test, Morlet wavelet analysis, and R/S analysis were used to
analyze the drought change characteristics and trends on both annual and seasonal scales in the Hulun Buir grassland over
the past 58 years, and the SPEI index was verified by the actual disaster events in the area. The results show that; 1)
between 1960 and 2017, the temperature of the Hulun Buir grassland increased gradually at a significance level of 0.05,

while precipitation showed a slight decrease. In addition, the seasonal variations in temperature and precipitation are

EEWH : [FZEAD KT (2016YFC0500608-3)
s B #1:2018-07-06; W 4% tH kR B 8 : 2019-00- 00
# W IRAE# Corresponding author. E-mail ; tanghp@ bnu.edu.cn

http ://www.ecologica.cn



2 S % 39 &

different. Among them, summer precipitation is gradually decreasing, while the other seasons are increasing at different
rates. In addition to winter temperatures, the interannual temperature changes in other seasons showed an upward trend at a
significance level of 0.05. Among them, the spring temperature rose at the fastest rate, reaching 0.46 °Cx10 a™', followed
by summer (0.39 °Cx10 a™'). 2) On the annual scale, the SPEI index of this region showed a downward trend with a
tendency of —0.218x10a"'(p<0.01). 1998 is the year of drought intensified in the region, and there is a trend of persistent
drought on the 11 a scale for the future; On the seasonal scale, the winter SPEI index increased significantly, and there is a
trend of continuous wetness on the 17 a scale for the future. However, the SPEI index in spring. summer, and autumn
showed a downward trend, and there was a trend of persistent drought on the 22 a, 9 a and 15 a scales, respectively; 3)
The frequency of moderate drought occurrences is the highest among different years and seasons, and that of extreme drought
is the lowest. At the beginning of the 21st century, the frequency of drought, especially severe drought and extreme
drought, was significantly higher than for the past four decades. 4) Summer and autumn were the seasons with the most
frequent occurrences of severe and extreme droughts, respectively. 5) The SPEI index can well characterize the drought

characteristics of the Hulun Buir grassland.

Key Words: drought; hurst index; SPEI index; Hulun Buir grassland
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Fig.2 Annual average precipitation and temperature changes in

Hulun Buir Grassland from 1960 to 2017
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Fig.3 Seasonal precipitation and temperature changes during the spring, summer, autumn, and winter seasons in Hulun Buir Grassland

from 1960 to 2017
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Fig.7 Wavelet analysis of SPEI index at the year—scale in Hulun Buir Grasslaland from 1960 to 2017
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Fig.8 Wavelet analysis of SPEI index at the seasonal scale ( spring, summer, autumn and winter) in Hulun Buir Grasslaland from1960
to 2017
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Table 2  Statistics results of R/S analysis

H Cy H Cy
4P SPEI Interannual SPEI 0.834 0.590 FkZ= SPEI Autumn SPEI 0.712 0.341
#7Z SPEI Spring SPEI 0.665 0.258 &2 SPEI Winter SPEI 0.920 0.789
X 2% SPET Summer SPEI 0.802 0.521

H: Hurst $850; Cyy : AHC R L

3.5 SPEI 45%80/E MR DUJR B 5 i i M o3 A
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Table 3 Verification of drought events and SPEI in Hulun Buir Grasslaland over last 57 years

TR R FE R AT FRAfEAL K ZE R 4L SPEI
Time of occurrence of drought Standardized Precipitation Evapotranspiration Index
1965 4F 3—6 J BATE(-1.43, 8 SRR (-1.30, 1 F)
1972 4 6—8 A B (=1.161, 8 WGHIK (-1.032, 1 5)
1992 4£ 7—8 H THPNIL(-1.900, T 5) B4 (- 1.733, 2 ) s Wi A (- 1.371, T 5) S IBRUR (-1.374, 1 )
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1998 4F 5—6 A TP L (=2.220, 054 s AT HE (= 1.355, 1P 2 i e ME( - 1.829, B 2 ) ;iR (-1.580, )
1999 4 6—9 H TN (-1.314, 5 B A (-1.342, 5 S IRIUR (-1.077, R &)
2004 4F 6—8 A T (=2.394 L5 ) A E( —1.853, B ) s Wi A ME(-1.295, Hh &) s IHI/R (- 1.106, )
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2010 4F 6—8 N (-1.132, H 5 B A (- 1.568 , 5 ) s B e e ( -2.226 M 54) s FHI /R (- 1.645, F 5L)
2011 4F 6—8 H TN (-2.020 B 52 ) s B AT IIE( -2.144 B2 ) s B 28 (- 1.988 L5 ) SRR (- 1.438, P )
2012 4E3—5 A W (-1.119, 5 sHiA i (-1.356, 1 &)
2015 4¢ 6—8 A T HL(-1.802, T 54 B4 (—1.523, 5 ) i i (- 1.222, 54
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