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Abstract: The quantitative analysis of drought is crucial essential for drought risk assessment. The standardized
precipitation evapotranspiration index (SPEI) has been widely used as an effective approach to quantitatively analyze the
trends, duration, frequency, and severity of drought. However, how to calculate the evapotranspiration is big challenge for
the reliable and accuracy of SPEI results. The most previous studies calculated SPEI based on an empirical
evapotranspiration equation, such as the Thornthwaite method, rather than the physical Penman-Monteith equation.
Moreover, majority of the studies analyzed the spatio-temporal pattern of the index without linkage of the relationship
between the climactic drought index and actual cropland drought areas. This study utilized SPEI based on the Penman-
Monteith equation to explore the variations of drought frequency and duration during 1963—2014 in 3H Plain, and

established the relationship between SPEI and the actual field drought areas by Pearson correlation in Henan, Hebei, and
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Shandong Province separately, which aims to understand the trends of drought during the past 50 years and to explore the
relationship between the climatic drought index and actual field drought areas. The results showed that the SPEI had upward
trend for 1, 3, 6, and 12-month scales in most areas of the 3H Plain while as the 1- and 3-month scales, the wetting trend
was significant (P<0.1) in the northern regions of 3H Plain. Drought frequency in the 1960s was the highest during the
past 54 years, but lowest in 2000—2014. The longest duration was occurred in the 1960s by comparing the decadal spatial
distribution of drought duration. Moreover, the mean drought duration declined from 2.6 months in the 1960s to 1.5 months
during 2000—2014. The changes of annual drought areas decreased in Henan, Hebei, and Shandong Province, which
could be partly attributed to the lower frequency and shorter duration of drought detected by SPEL. Correlation analyses
indicated that the index series of Dec-SPEI-12 had medium to high correlation with observed cropland drought areas. For
example, Pearson’s r between Dec-SPEI-12 and the drought area of Shandong Province were —=0.7, —0.7, and —0.8 for
affected , disaster and no harvest drought areas, respectively. The results of the study suggest a wetting trend in the 3H Plain
during the past 54 years, and the chosen of Penman-Monteith evapotranspiration model with decreasing evapotranspiration
over the past years in the 3H Plain attributes to this wetting trend. The high correlation between the climatic drought index
and actual drought area indicated that SPEI could be used as a reference or trigger for establishing a drought warning system

in the 3H Plain.
Key Words: SPEI; Penman-Monteith equation; drought index; drought frequency; Huang-Huai-Hai Plain
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Fig.1 The location of meteorology stations in Huang-Huai-Hai Plain
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Table 1 Drought classifications based on SPEI

THAF W/ % SPEI T RaEg W/ % SPEI f&
Drought class Probability/%  SPEI value  Drought class Probability/ % SPEI value
e st/ Extremely wet 2.3 =2.0 o5/ Moderately dry 9.2 -1.5—-1.0
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Fig.2 Trend variations of annual SPEI with time scales of one-month (A), three-month (B), six-month (C) and twelve-month (D) in

3H Plain
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Table 2 Decadal Variation of drought frequency at different scales for each region in 3H Plain

M [X/Sub-regions 1960s 1970s 1980s 1990s 2000—2014
[ IX./Sub-region |
SPEI- 1 25.00 24.17 15.00 18.33 13.33
SPEI-3 21.88 18.33 8.33 11.67 10.00
SPEI-6 16.67 16.67 13.33 11.67 8.89
SPEI- 12 21.88 21.67 16.67 16.67 7.22
Il [X/Sub-region Il
SPEI- 1 18.75 9.17 10.83 14.17 8.89
SPEI-3 23.96 11.67 11.67 14.17 9.44
SPEI-6 16.67 5.83 10.83 14.17 9.44
SPEI-12 14.58 2.50 10.83 17.50 7.22
[T X/ Sub-region Il
SPEI-1 27.08 22.50 13.33 13.33 15.56
SPEI-3 26.04 20.00 16.67 14.17 10.56
SPEI-6 28.13 19.17 15.83 15.00 7.22
SPEI-12 29.17 10.00 8.33 19.17 8.33
IV IX/Sub-region [V
SPEI-1 20.83 19.17 17.50 20.83 15.00
SPEI-3 19.79 13.33 20.00 17.50 12.22
SPEI-6 17.71 11.67 27.50 19.17 13.89
SPEI-12 31.25 4.17 35.83 20.83 12.78
V X /Sub-region V
SPEI-1 26.04 15.00 12.50 16.67 14.44
SPEI-3 26.04 11.67 13.33 14.17 11.67
SPEI-6 20.83 11.67 14.17 12.50 10.56
SPEI-12 26.04 11.67 18.33 11.67 9.44
VI IX/Sub-region VI
SPEI-1 21.88 20.00 11.67 18.33 13.89
SPEI-3 27.08 21.67 12.50 18.33 15.00
SPEI-6 18.75 21.67 9.17 19.17 12.22
SPEI-12 26.04 19.17 3.33 22.50 14.44

X E U R T T R 3T HET , o BT Re i Rl 1 10 T804, WLER 3. RS R 0 2 Sl e
1975 43 H—1976 4 1 H A1 1988 4 12 H—1989 4 10 H &4 T HrsE 11 AWM TR F4F, HARK R T 57
PL K- (SPEI<-1.5) ;540 , N 1968 42 A 2 1968 4F 10 A |, fdb bbb F B0 B s v DL e K
A & AR T RESE 9 N A ZE A IR RR R, R 1968 ARl M X AR B R RS X & A T — UM E A TR
FifE,

2.4 SPELE¥S T 525 MR A4 iom AU 5C &
BRI F R TR EAR B 77 X, TRA & A E I X Al A 7= v i, A T #R1T SPET 458k
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Table 3 Top 10 drought events ranked by duration in 3H Plain from 1961 to 2014
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Fig.5 Temporal evolution of drought area causing 10% (A), 30% (B) and 80% ( C) yield loss in Henan, Hebei and Shandong province
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Fig.6 Pearson correlation coefficients (r) between monthly SPEI series at 1—12 month scales and drought area of Henan, Hebei and

Shandong province
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