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Abstract: With the global environmental change, extreme climate events occur frequently and meteorological disasters
become more and more serious, and mountain disasters are frequent. Based on the long-term monitoring data from 32
meteorological stations in the Qinling Mountains, we conducted a study using the standardized precipitation
evapotranspiration index ( SPEI) as a quantitative indicator of drought and flooding. We haved studied the spatial and
temporal characteristics, frequency, and periodicity of drought and flood in the Qinling Mountains over the past 60 years.
The results showed that: (1) from 1960 to 2019, the annual SPEI index in the Qinling Mountains decreased at a rate of
0.124/10 a. Of which, 90.23% of the area showed a significant decreasing trend and 1.96% showed a significant increasing
trend, and aridity mutation occurred in 1990. The aridity trend of the northern slopes of the Qinling Mountains was greater
than that of the southern slopes, and the aridity was more obvious at high altitudes. (2) The average wetness ratio of the

Qinling Mountains was 36.94% before the mutation, and decreased to 18.19% after the mutation. The aridity ratio increased
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sharply from 17.64% before the mutation to 38.19% after the mutation. The frequency of extreme drought events and severe
drought events in the Qinling Mountains in the 30 years before the mutation was almost zero; the frequency of severe drought
and extreme drought events increased in the 30 years after the mutation, and the extreme wetness and severe wetness events
on the north and south slopes of the Qinling Mountains nearly disappeared. (3) On the whole, there is a negative
correlation between sunspots and drought and flood changes in the Qinling Mountains. ENSO events had a greater impact on
drought and flood changes in the Qinling Mountains, and were prone to flood events in La Nina years and drought events in
El Nifio years. The impact of SSTA ( Sea surface temperature anomaly) on drought and flood changes in the Qinling
Mountains is different in different time domains; before 1990, there was a significantly negative correlation between SPEI
and SSTA; After 1990, there was a strongly cohesive resonance cycle of 5—6 a between SPEI and SSTA, and SPEI lags
SSTA by about 1/4 cycle. These findings would be of important reference value for the prevention of droughts and floods on
the southern and northern slopes of the Qinling Mountains, and the development of forestry and agriculture in the Qinling

Mountains.

Key Words: standardized precipitation evapotranspiration index; ENSO; sunspot; cross wavelet analysis;

Qinling Mountains
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Fig.1 Spatial distribution of meteorological stations in the study area
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Fig.2 Data consistency test between lack of measured data site and adjacent site
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Table 1 SPEI grades for drought and flood

ST =00 ST =g0
ey SPEI fi b *b’fidg: . £ SPEI {ff b *b’fif o
Grade SPEI value cegree of droug Grade SPEI value egree o droug
and flood and flood

4 [2,+%) B N 1 -1 (-1.0,-0.5] BT R

3 [1.5,2.0) Jig LA | -2 (-1.5,-1.0] hETR

2 [1.0,1.5) rh AR -3 (-2.0,-1.5] JEHE TR
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SPEL; #RifEfLF/K 28 HHE L Standardized precipitation evapotranspiration index
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Table 2 Results of SPEI spatial interpolation of the Qinling Mountains

il AR I Gy RS S ININ T ¥Rt
Interpolation validation Year Mean absolute error (MAE) Root-mean-square error ( RMSE)
TR X 2013 0.136 0.172
Middle and high altitude area 2014 0.041 0.061

2015 0.242 0.315
H kIR X 1971 0.014 0.129
Middle and low altitude areas 1991 0.121 0.162

1981 0.158 0.184
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Fig.3 Interannual variation of SPEI value and M-K mutation test in Qinling Mountains from 1960 to 2019
SPEIL: FrifEfbFE/KZE L F5 %L Standardized precipitation evapotranspiration index; M-K: Mann-Kendall; UF, Forward standard normal distribution;
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Fig.4 Spatial distribution of SPEI tendency rate and its significance in the Qinling Mountains
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R SR T 20 4l 60 AT 5, HAL ) TR E R TR R

ZRIEHEIX 1960—2019 4 SPEI 5 4UAE 1990 4F % AE FEARSEAE | (B AR 1 5 1Y 2, 2278 Hij 30 4F (1960—1989
AF) ZR I b X ARV LU S 3AE R 36.94% , 2875 5 30 4F-(1990—2019 4F ) Ji il L 5 F- {8 R R# R 18.19%
TR B 22 A8 AT Y 17.64% ) FTHRI 5848 J5 19 38.19% , 21 1990 4F- L5 , 2518 f ¥R i 5% [n] T 2119
SR, AR, 2R R AR ZE IS B AL s T R AR R A P T R SRR I, 5 5 T R
Rt T 5 S R A AR A R 5 TR, 7 5 2% 0 T e A o Y 1) R 7 Y = 3 T 7R BE D, 1990—2019
AR HURAE 3 ™ B S

F£3 1960—2019 FRICHILRHFEEME/ %
Table 3 Frequency of drought and flood in the Qinling Mountains from 1960 to 2019

Ay Year 1960—1969 1970—1979 1980—1989 1990—1999 2000—2009 2010—2019

RYRIE

Degree of drought and flood NS ss NS ss NS SS NS SS NS SS NS SS
W3 Extreme wet 083  0.00 000 0.0 1.67 417  0.00 0.0  0.00  0.00  0.00 0.00
JEHE AN Serious wet 750 583  0.83  0.00 1250 667  0.00 000 08  0.00 0.83 0.83
HAFIE Moderate wet 6.67 58 10.00  0.00 1500 1500  0.83 1.67 833 750 833 1083
FRPZRRE Mild wet 2583 2250 1583 11.67 2250 30.83  9.17 1333 417 417 2167 13.33

B & A AR Wet frequency  40.83  34.17  26.67 11.67 51.67 56.67 10.00 15.00 13.33 11.67 30.83  25.00
IEH 5% Normal frequency 41.67 46.67 51.67 56.67 35.83 36.67 4583  44.17 38.33  46.67 40.83  49.17

%% T 5 Mild drought 11.67 15.83 13.33  29.17 12.50 6.67 20.00 20.00 25.83  20.00 10.83 15.83
1B T 5 Moderate drought 5.00 3.33 7.50 2.50 0.00 0.00 7.50  10.83 19.17  20.00 11.67 8.33
J“FE T 57 Serious drought 0.83 0.00 0.83 0.00 0.00 0.00 6.67 8.33 3.33 1.67 5.00 1.67
Wi T 57 Extreme drought 0.00 0.00 0.00 0.00 0.00 0.00 10.00 1.67 0.00 0.00 0.83 0.00
TR LR

17.5 19.17  21.67  31.67 12.50 6.67 44.17  40.83  48.33  41.67  28.33 25.83
Drought frequency

NS: Z4 L3 Northern slopes of the Qinling Mountains; SS:Z&I8 i3 Southern slopes of the Qinling Mountains
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Fig.5 Wavelet analysis of SPEI index in the Qinling Mountains from 1960 to 2019
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