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Abstract: [ Objective] The aims of this study are to investigate the historical and future trends of drought,
precipitation, and the water requirement of major crops, to gain insights into the evolving characteristics of
meteorological drought and the water balance for key crops in the loess hilly region of northern Shaanxi, and
to provide the reference for implementing effective irrigation practices and optimizing crop cultivation in this
region. [ Method] The daily-scale basic meteorological data from the loess hilly region of northern Shaanxi for
the period 1980 to 2017 were utilized. The Mann-Kendall method with pre-whitening and the R/S method
were employed to analyze the trend changes in drought, precipitation, and crop water requirement during the
crop growing season (April to October) in past and future. [ Results] (1) Drought showed a decreasing trend

from April to June and an increasing trend from July to October. The variation in effective precipitation
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exhibited different patterns across the months and regions. Crop water requirement showed an increasing

trend from April to August. (2) In the future, the effective precipitation in May, July, and October is

projected to decrease, while the effective precipitation in August and September will experience an increasing

trend. Drought and crop water requirement in Yan'an will exhibit opposite trends from April to June

compared to that in Yulin. [ Conclusion] The frequent droughts occur, and the available precipitation is

insufficient to meet crop water requirements in the Loess Plateau of northern Shaanxi. The measures to

control the cultivation area of jujube and apples, to increase investment in millet cultivation, and to

implement a combination of rainwater harvesting and mulching are suggested in order to meet crop water

requirements, achieve higher yields and increase income.

Keywords: loess hilly region of China; drought; precipitation; crop water requirement; trend analysis
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Table 1  Crop coefficients of five types of crops in growth period
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B 0.45 074 1.08  1.00  0.63
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Fig. 1 Dynamics of Standardized Precipitation Evapotranspiration Index in different
months and years in Loess Hilly region of Northern Shaanxi
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Table 2 Z of Mann-Kendall test of Standardized Precipitation Evapotranspiration Index in different months
A
X )
1A 2 H 3 A 4 A 5H 6 H ;) 8 H 9 H 10 H 11 H 12 H
HE 2 0.53 1.03 —3.24"" —0.96 —0.05 —1.79 0.28 0.96 0.70 1.01 —0.40 0.73
i pk —1.99° —111 —267"" —043 —1.66 —0.85 0.65 1.03 2.09 0.65 —1.66 —2.61°
x3 MRAELEKEBIERERRERMBH Sen FRE
Table 3 The Sen’s slope of Standardized Precipitation Evapotranspiration Index in different months
A
Hy X o
14 2 H 3 A 4 H 5H 6 H 7H 8 H 9 A 10 A 11 A 12 H
HEZ 0.01 0.02 —0.04 —0.02 0.00 —0.03 0.01 0.02 0.01 0.01 —0.01 0.02
i pk —0.03 —0.02  —0.04 —0.01 —0.03 —0.01 0.01 0.02 0.04 0.0l  —0.03 —0.04
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Fig. 2 Dynamics of month precipitation and effective precipitation in 1980—2017 in Loess Hilly region of Northern Shaanxi
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Table 4 Z of Mann-Kendall test of effective precipitation in different months

. A
Hb X
1 H 2 H 3 H 4 A 5 H 6 H 7H 8 H 9 H 10 A4 11 A 12 A
HE % 0.00 3.24"* —1.33 —0.13 0.75 —1.43 0.50 —1.48  0.80 1.21 0.41 0.44
i A —0.60 2.10" —1.06 1.73* —0.10  —0.08  2.06" 0.96  2.01° 1.33 0.72 1.03
Her ot I IRTE « 4 0.001,0.01,0.05 KFEFRE, FFH.
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Table 5 The Sen's slope of effective precipitation in different months
. A
X
1 H 2 H 3 H 4 A 5H 6 H 7 H 8 H 9 H 10 A 11 A 12 A
I 2 0.00 0.16 —0.12  —0.01 0.17 —0.23 0.10 —0.37 0.19 0.19 0.03 0.00
i K 0.00 0.09  —0.09 0.18 —0.01 0.00  0.34 0.24  0.42 0.12 0.02 0.00
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x6 TEEWEXKEESREARMH Mann-Kendall #3EH Z FitE

Table 6 Z of Mann-Kendall test of water demand of main crops in different months

A
£ i1 X
4 A 5 H 6 A 7 H 8 H 9 H 10 A
JIR7S 0.85 2.10" 0.65 0.94 —0.77
Tk
i A 2.90"" 2.50" 0.39 0.19 0.00
. IR 0.85 2.10" 0.65 0.94 —0.77
“F . v
i A 2.90" " 2.50" 0.38 0.19 0.00
Ik 22 0.85 2.10° 0.65 0.94 —0.77
Ry
i A 2.90"" 2.50" 0.38 0.19 0.00
e Sk 27 1.24 0.85 2.10" 0.65 0.94 —0.77 —0.67
3 N
i Ak 1.81" 2.90" 2.50" 0.38 0.19 0.00 2.49"
HiE 2 1.23 0.85 2.10" 0.65 0.94 —0.77 —0.68
FARA
i A 1.81° 2.90" " 2.50" 0.38 0.19 0.00 2.49"
x7 FEMEYEKEETREBMBH Sen R EE
Table 7 The Sen’s slope of water demand of main crops in different months
AW
EW X
4 A 5 A 6 A 7 A 8 H 9 A 10 A
JiE 2 0.18 0.28 0.28 0.26 —0.16
Tk
i A 0.51 0.44 0.13 0.04 0.00
I 2 0.11 0.26 0.18 0.15 —0.08
“F
i A 0.31 0.41 0.09 0.02 0.00
Ik 42 0.08 0.24 0.22 0.29 —0.24
o
i Pk 0.22 0.38 0.10 0.04 0.00
- SE 2 0.14 0.17 0.28 0.17 0.15 —0.10 —0.05
j'z:
i B 0.20 0.48 0.44 0.08 0.02 0.00 0.25
HiE 27 0.10 0.12 0.23 0.17 0.23 —0.16 —0.07
FARA
i A 0.14 0.33 0.36 0.08 0.03 0.00 0.40

F8 IRAEKPEKEBIEL SPEI EEAE A 44 Hurst &
Table 8 The Hurst index (H) of standardized precipitation

evapotranspiration index in different months

ikl
‘1A 5A  6H TH 8H 9H 10AH
JiE % 045 045 047 044 040 057 0.44
fidk 0.54 048 051 047 053 055 0.35

x99 BHEWEEARARBH Hurst &
Table 9 The Hurst index (H) of effective rainfall

X

in different months

At

4B A 6A THA 8A 9 10A
fE% 0.42 049 053 037 041 056  0.42
ik 0.00 055 050 043 054 055 042
el 8 4 b X T 5 A M3 R 3k 56.76 26 ([
1) B8 el DO AR 5 R85 e 55 i HL X e 22 Ak
S H RO A I T 5™ R A O X A S PR B
M E ZhH WAE 19512012 4F oy B S0 siig 1 5245
BRI I T K BUE AL AR Y Rl s

X

PR, Z B AT A 3 333.3 km” L MR
210 kg 45 1 Hb 28 B R T A5

Bt P IXCREAE Y F2 K 43 R IR A R [ W (H AR A
WA BIN A RO R AR 1.97~121.31 mm, 1 HL7E
28 E A AR AN E (B 2) 5 Mk DA 2 R R 2R 0 7K
SR (B 3) . FEARK  BRAL B+ B DA R K
Gral#E 5 A7 H 10 A 2 BRI SAE 8 .9 Ay
SHEIEAF (R 9 s T 5AE 4—6 F 0y ZE 2RI AR ) )
PIEIAIREACEA (3R 8): /EW R K AR L 5 T 2
RN 10) . S Tl AR KA 75 R R UKk e 4
AN AR Z AR KRB KR I 28 L alF A7 I
AT RAEDIAE AL B XK A i 7 5K 2 52 i 7K 40 AR
R FRPIK o LT HE O 1A B i, Qo 2 - 2R R R
FHAE T AMIE , BB & 3 42 TH K 20 R 80, 45 7 7= b 3
Ik 16.7%0, Bk Ah. AT LLFE H 8] >R FH RS A 3 55 5%
A G it L DABE TN RN L AR T K A L BRI
T AR K, E AR L e K+ R Ak
AR TR 4 TR P 5 ek KoK g R AR
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F10 FEEMEKEELREAR B K Hurst B
Table 10 The Hurst index (H) of water demand of main crops in different months
H
£ b X
4 A 5H 6 H 7H 8 H 9 H 10 A
JiE 2 0.45 0.48 0.50 0.50 0.60
ik 0.53 0.54 0.36 0.53 0.54
I It 2% 0.50 0.48 0.50 0.50 0.60
7"F )
i Ak 0.52 0.54 0.36 0.53 0.54
Ik 42 0.49 0.48 0.50 0.50 0.59
R N ; ; _
i A 0.52 0.54 0.36 0.53 0.54
- HiE 2 0.45 0.49 0.48 0.50 0.50 0.59 0.34
* i A 0.58 0.52 0.54 0.36 0.53 0.54 0.49
HiE 27 0.45 0.49 0.48 0.50 0.50 0.60 0.34
a8
Hhiy AR 0.58 0.52 0.54 0.36 0.53 0.54 0.49

WA X EEY (B, SR FHKkERT
RRAEY) (LIRS (F 3) , Pedb i & 1B £ 2
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