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Fig. 1 Spatial distribution of meteorological stations

in the study area
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Tab. 1 Definition of atmospheric-ocean indices
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Tab.2 R’ for linear regression between CCLI and varied types of DDI
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NDD 0.67 0.55 0.78 0.70 0.45 0.68
NDS 0.34 0.29 0. 54 0. 40 0.27 0.40
ADS 0.54 0.47 0.61 0. 45 0.39 0.61
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Tab.3 Correlation analysis between CCLI and DDI of different months in different provinces
Ay e San] AR L LI R ] VLY | mEE BB Ak ST
1H —0.12 0.02 —0.13 0. 04 0.16 0.16 0.05 0.07 0.18 —0.17 —0.16 —0.17 —0.19
2 H 0.24 0. 10 0.21 —0.07 0.09 —0.04 —0.11 —0.08 —0.07 0.12 0.01 0.08 0.13
3 H 0.13 0.06 0.32" 0.27 0.19 0.24 0.01 0. 00 0.01 0.02 —0.13 0.09 —0.01
4 A 0.15  0.20 0.40" 0.33" 0.21 0.28 0.12 0.01 0.10 0.22 0. 30 0.28 0.33"
5H 0.34" 0.18 0. 30 0.26 0.17 0.17 0.15 0.49" " 0.07 0.43" 0.38° —0.04 0.12
6 H 0.28 0.43"" 0.51""0.15 0.05 0.22 0.23 0.32° 0.01 0.38" 0.25 0.37" 0.37"
7H 0.50" " 0.39" 0.38" 0.61"" 0.52"" 0.63"" 0.66"" 0.57"" 0.52"" 0.60" " 0.17 0.48" " 0.55"
8 H 0.27 0.42"" 0.39" 0.28 0.11 0.42" 7" 0.39° 0.24 0.22 0. 26 0.23 0.24 0.40"
94 0.14 0.17 0.21 0.13 0.15 0.10 0.10 0.17 —0.16 0.02 —0.18 0. 00 0.18
10 H —0.17 0. 04 —0.09 —0.19 —0.08 —0.18 0.21 0.26 —0.02 0. 06 0.05 0.02 —0.11
11 A —0.30 0.19 —0.08 0.03 0.01 0.18 0.34" 0. 26 0.15 0.24 0.15 0.15 0.18
12 A 0.01 —0.26 0.04 —0.15 —0.03 —0.11 0.17 0.14 0.08 —0.03 —0.06 —0.05 —0.09
T B IITE 0.05.0. 01 BAEATE L BEME,
FHT R | LU AR R R VT T G B R ) 4 i) SR I R 0 A, L R 0 A S L

H6.6.5 A, AL BN 7 AL Bkl
HT R AR RV B R B 7 (PDCE) 4y
#% 6 A MDS(MDS_6).6 4 NDD(NDD_6).5 H
NDD(NDD_5), ifi Al 4 15 ) PDCF ¥ 28 7 H
NDD(NDD_7) . #f— 25 Xf #H & M HE Y, ] & 30 30]
A6 IR BT TP S R IRV KA

WO SZ e 30 ok 5 22 A Ay i HeAth 28 40 1) 918 R
KEE W R Ay, LR THaREZHE
By R0 R Tk o RO R R L R E 7 H

ORI, X S RORAEYI K 435 R B U
WAV LRI 7 F AR 5 5 | kR s .
32 HENEREEFHETHE

* 4l MK K5zt T &4 7y PDCF 1Y
AR F, R 4 AT, )R R VLY S B s
4D U 2 B T P Sl Y S B A S S e i e,
SO Rk R e BA R T 38% ., T
HAR10MA 2 IR ma s i NEs

R4 BL1 PDCF MBS

Tab.4 Trend characteristics of PDCF in each province
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MJL NDD_7  0.73 5.26 15.79  73.68  0.00 5.26 26,32
WH OMDS 6 2.63% % 29.41  58.82  100.00  0.00 0.00  0.00
% NDD_6  0.77 0.00 0.00  63.16  0.00 0.00 36,84
G NDD_7  1.08 4.76 9.52  95.24  0.00 0.00  4.76
L NDD7  1.78%  0.00 0.00  86.36  0.00 0.00 13.64
#db NDD7  2.23* 1481 29.63  100.00  0.00 0.00  0.00
B# NDD7 —0.14 0.00 0.00  37.93  0.00 0.00 62,07
PG NDD_7 —0.14 0.00 0.00  36.00  0.00 0.00  64.00
Jg)il NDD_7  1.27 8.33  16.67  83.33  2.78 2.78 16,67
WEd NDD_7 1,90 13.89  19.44  86.11  0.00 0.00 13.89
BT MDS 5 —2.23% * 0.00 0.00 588 20.59 38,24 94,12
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Fig. 2 Spatial distribution of the changing trends of PDCF
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Fig.3 Annual average of PDCF in different periods
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Tab.5 Period characteristics of PDCF in each province

IMF1 IMF2 IMF3 IMF4 Trend

& 1y COOR sk A SR R SR R R iR
Ja B/% Ja BIU% Ja BIU Ja F/U B/%

b NDD_7 2.86 49.38 5.00 18.94 13.33 21.45 35.14 9.42 0,81
TE MDS_6 2.67 42.46 6.67 30.67 10,00 9.49 19.78 2.71 14.67
% NDD_6 2.50 65.16 6.67 23.08 10.00 9.83 31.90 0.17 1.75
%H NDD_7 2.86 59.38 5.71 9.36 13.33 14.25 35.54 4.33 12.68
VL7 NDD_7 2.86 41.64 5.71 26.29 10.00 8.74 20.95 6.30 17.02
Widt NDD_7 2.67 54.10 5.00 9.09 10.00 14,30 38.09 4.28 18.23
W NDD_7 2.35 42.97 4.44 14.82 10,00 7.05 37.33 23.17 12.00
JLP§ NDD_7 2.50 39.32 5.00 8.43 10,00 13.50 36.32 23.31 15.44
Pgjil NDD_7 2,67 52.24 5.00 34,01 10.00 5.60 23.75 2.16 5.99
M5 NDD_7 3.33 62,68 5.71 11.05 13.33 4.92 37.73 4.09 17.26
MJpiT NDD_5 3.33 63.15 6.67 11.11 13.33 4.80 37.67 3.90 17.04
HHk NDD7 2.67 49.97 4.44 15.01 10,00 9.20 34.62 3.42 22.41
i NDD_7 3.08 58.77 6.67 11.53 10,00 15.88 37.95 0.76 13.06
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Tab. 6 Time-lag correlation analysis between PDCF
and LAOI in each province
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Trend Analysis of Precipitation Evolution Based on Multiple Trend Analysis Methods
LI Xin-yang'*, DU Jun-kai”’, HU Xin-gong’, QIU Ya-gin®, LIU Hai-ying’

(1. School of Water Conservancy, North China University of Water Resources and Electric Power,
Zhengzhou 450046, China; 2. Department of Water Resources, China Institute of Water Resources and
Hydropower Research, Beijing 100038, China; 3. Yili Hydrological Survey Bureau, Yili 835000, China)

Abstract: In order to solve the problem that the current existing precipitation trend analysis methods cannot simulta-
neously detect precipitation trends in low and high value areas, this article introduces innovative trend analysis (ITA) and
combines it with traditional trend analysis methods for analysis. Taking the station data of Yili River basin from 1961 to
2020 as an example, the ITA and Mann-Kendall (MK) series, Theil Sen and other seven methods are compared and ana-
lyzed. The results show that the annual precipitation of stations in Yili River basin, except Huocheng Station, Yining
County Station and Zhaosu Station, increases significantly in other stations in high value areas, which is the same as the
trend of annual extreme precipitation; The extreme precipitation intensity in the low and median areas of other stations
shows an increasing trend, while the high value areas show a decreasing trend, and the overall trend is increasing; The
ITA can reflect the range of rainfall changes and detect the trend changes of rainfall in low, medium, and high value are-
as. Therefore, the combination of ITA and traditional trend method to conduct trend analysis on the overall rainfall and
rainfall in high and low regions simultaneously will help to more comprehensively analyze the precipitation change law of
Yili River basin.

Key words: Mann-Kendall trend test; innovative trend analysis; precipitation trend; Yili River basin
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Evolution Characteristics of Extreme Dry Events in Chinas Main Grain

Production Areas Based on Analysis of Agricultural Drought Conditions
HUANG Jin, LIU Yi-bo, ZHANG Fang-min
(School of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: Based on the agricultural drought-affected rate of 13 major grain producing provinces in China from 1980 to
2019 and the daily rainfall data, the climate-caucusing loss intensity (CCLI) were extracted using H-P filtering, and its
responses to dry-days indices (DDI) and large-scale atmospheric-ocean indices (LAOI) were explored. The correlation a-
nalysis between CCLI of each province and DDI in different months indicated that summer drought had the higher contri-
bution to the disaster situation, especially the total number of dry days in July was identified as the primary drought-cau-
sing factors (PDCF) in 10 provinces. The PDCF in Henan, Jiangsu, Hubei, Inner Mongolia, Jilin, and Liaoning all
showed a significant strengthening trends, indicating the intensification of drought risk in the key month of summer; The
fluctuation of PDCF in each province had a main cycle of 2-3 years; At the time-lag of 0-12 months, circulation signals
such as North Atlantic Oscillation, Pacific Warm Pool, and Arctic Oscillation had the significant impacts on the drought
situation. This study can provide scientific basis for regional drought monitoring and early warning.

Key words: agricultural drought-affected rate; H-P filtering; dry-days indices; large-scale atmospheric-ocean indices





