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Modeling and verification of soil moisture recession curves
based on seasonal variation

CHEN Xuezhen, MA Lin
( Nanyang Hydrology and Water Resources Survey Bureaw of Henan Province, Nanyang, Henan 473000, China)

Abstract: Soil moisture data collected between 2011 and 2015 from 12 soil moisture monitoring stationsin Nan-
yang, Henan, were used to analyze the decreasing pattern of soil moisture content without water input. Based on
these data, a soil moisture recession model was constructed and the parameters were calibrated by programming sol-
ver. After being examined with soil moisture data from 2016-2017, it was found that the parameters of the model
were a=1.023(1-0/4353)"?, a=1.013(1-0°/7005)"*, and a=1.008(1-w’/9303)"* for summer, spring-
autumn, and winter, respectively. The results suggested that the proposed model can be used to describe the de-
creasing pattern of soil moisture for clay and loam soil in farmland for fallow and planting wheat or rice, but not
suitable for drought prediction in summer and spring-autumn for fallow sandy soil.
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Table 1  The basic information of soil moisture observation stations in Nanyang City
AEFR Coordinates
FF5 w4 itk Rate &3] ®ILES
Number Site Situation of observation station R Je4 Type of soil Type of crops
East longitude Northern latitude
1 IS S Wi B ECEHIT T PP 111°01" 33015 NE
Jingziguan Hanwangping village in Xichuan County Wheat
s 5T s Bt A =
2 i PUP LI 5 S 112010’ 33010’ R
Zhaowan Tanglishu village of Zhenpin County Rice
X W 9% BRI LSt 03
Neixiang Huayuan village of Neixiang County ) e+
F: FeisERIEN P Loam
4 fﬁ il %ﬂ]’f‘ ﬁﬁ)‘fiﬂ'ﬂ? 112°21' 32032 U3
inye iluan village of Xinye County Wheat
; g ITHE A K . N
Wanghuating Wanghua reservoir of Fangcheng County
S = T A R
6 T i ol 113°03' 32033’
Pingshi Qianbu village of Tongbai County
7 (L3 Pk 5L T HUSE £ B A 111°29' 33016/ PR
Xixia Huangwan village of Xixia County Fallow
s - TS '
g Him _ l¥JE’%Himé FR &S A 112°24" 33°26"
Baitugang Baihedian village of Nanzhao County g
e RIS S KR o5y op1" Clay A
o Sheqi Dazhuying village of Sheqi County 12°58 33701 /M Wheat
iy ST L3 S A 2
0 e R R . oy
Tanghe Xiguan village of Tanghe County
- b B IK 1 AT 4 A
" 3 FH R PHTIT S 1 G o 112°37" 33°01" N
Nanyang Penyao village of Nanyang city - Wheat
s s Sandy soil §
" i A 7% M2 L2016 04l ’ i
Jitan Liaozhai village of Dengzhou city Fallow
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Table 2 The fitting parameter of soil moisture

recession curve in Nanyang

e BRI ZH
5 ars s of 2
Parameters of the model R
Season
a b
X Summer(n=38) 1.023 4353 0.6842
FFK Spring and autumn(n=79) 1.013 7005 0.7332
A Winter(n=44) 1.008 9303 0.9013
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Table 3  Prediction and verification for soil water content of summer in Nanyang
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Site Type of soil Crop Initial date Water content Attenuation Forecast date Forecast Actual Absolute

(y-m—d) /% factor (y—m—d) value/ % value/ % value/ %
- INFE 2016-06-11 19.7 0.9763 2016-06-21 15.5 16.1 -0.6
Jing;;guan Wheat 2017-06-11 19.3 0.9783 2017-06-21 15.5 15.0 0.5
IKFH 2017-08-01 22.1 0.9639 2017-08-11 15.3 16.0 -0.7
X Rice 2016-07-01 21.0 0.9698 2016-07-11 15.5 16.7 -1.2
Zhaowan 2016-08-11 21.5 0.9672 2016-08-21 15.4 14.5 0.9
NZ o 2016-06-11 17.9 0.9846 2016-06-21 15.3 13.8 1.5
Neixiang ffdj;] 2017-06-11 21.2 0.9688 2017-06-21 15.4 15.0 0.4
iéfn%l INEE 2017-06-11 23.0 0.9588 2017-06-21 14.5 14.8 -0.3

Wheat
HpE 2017-07-21 20.8 0.9708 2017-08-01 15.5 16.2 -0.7
Wanghuating 2017-08-11 22.6 0.9611 2017-08-21 14.6 14.6 0.0
G 2016-07-21 23.2 0.9577 2016-08-01 15.1 14.9 0.2
Pingshi 2017-06-11 22.6 0.9611 2017-06-21 15.2 15.1 0.1
Pﬁﬂy‘é PRI 2017-06-11 22.5 0.9617 2017-06-21 14.6 14.5 0.1
Xixia Fallow

JEA] 2016-08-11 23.7 0.9547 2016-08-21 14.9 16.2 -1.3
Tanghe Hh 4 2017-06-21 16.5 0.9905 2017-07-01 15.0 13.3 1.7
4 Clay INFE 2016-06-01 19.1 0.9792 2016-06-11 15.5 14.6 0.9
Baitugang Wheat 2016-08-11 20.0 0.9749 2016-08-21 15.5 14.3 1.2
i 2016-06-11 19.4 0.9778 2016-06-21 15.5 15.8 -0.3
Sheqi 2016-07-21 21.1 0.9693 2016-08-01 15.0 15.7 -0.7
L I 2017-06-11 21.7 0.9661 2017-06-21 15.4 16.5 -1.1
Nanyang At Wheat 2016-06-11 21.2 0.9688 2016-06-21 15.4 11.8 3.6
a Sandy soil NG| 2016-07-21 20.4 0.9729 2016-08-01 15.1 9.8 5.3
Jitan Fallow  2017-08-11 17.3 0.9872  2017-08-21 15.2 11.9 3.3
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Table 4  Prediction and verification for soil water content of spring and autumn in Nanyang

. . wy  WEEE ks GORFEC BNAN O BOME SN i

Site Type of soil Crop Initialdate ~ Water content  Attenuation  Forecast date Forecast Actual Absolute

(y-m-d) /% factor (y-m-d) value/ % value/ % value/ %
il e INFE 2017-03-01 15.5 0.9955 2017-03-11 14.8 13.3 1.5
Jingziguan Wheat 2017-09-11 23.6 0.9719 2017-09-21 17.7 17.4 0.3
ERE 7K 2016-03-11 19.1 0.9863 2016-03-21 16.6 16.2 0.4
Zhaowan Rice 2016—-10-01 25.5 0.9648 2016-10-11 17.8 17.7 0.1
NZ 2017-04-21 20.4 0.9824 2017-05-01 17.1 17.8 -0.7
Neixiang W+ 2017-09-11 21.6 0.9787 2017-09-21 17.4 17.4 0.0
Feiig Loam 2016-10-01 27.4 0.9572 2016-10-11 17.7 18.6 -0.9
Xinye 2017-05-11 22.8 0.9747 2017-05-21 17.6 18.7 -1.1
g \g;it 2016-03-11 24.7 0.9679 2016-03-21 17.8 18.6 -0.8
Wanghuating 2017-03-01 24.0 0.9705 2017-03-11 17.8 18.3 -0.5
2017-04-21 21.0 0.9806 2017-05-01 17.3 17.4 -0.1
SIS 2016-04-21 23.9 0.9708 2016-05-01 17.8 19.2 -1.4
Pingshi 2017-04-11 23.4 0.9726 2017-04-21 17.7 17.8 -0.1
] ‘ 2016-04-11 17.8 0.9898 2016-04-21 16.1 14.4 1.7
ake NG 2017-05-11 16.1 0.9941 2017-05-21 15.2 13.8 1.4

Xixia Fallow ’ ’ ' ' ’

2017-09-01 22.2 0.9767 2017-09-11 17.5 16.4 1.1
JETA] 2016-03-11 19.0 0.9866 2016-03-21 16.6 16.6 0.0
Tanghe 4 2017-10-21 21.6 0.9787 2017-11-01 17.0 17.2 -0.2
SR Clay ) 2017-05-01 20.9 0.9809 2017-05-11 17.2 17.6 -0.4
Baitugang Vg;]it 2017-10-01 23.2 0.9733 2017-10-11 17.7 19.6 -1.9
-~ 2016-03-11 21.9 0.9777 2016-03-21 17.5 17.4 0.1
ShAe:I‘i 2016-09-01 16.4 0.9934 2016-09-11 15.3 13.5 1.8
2017-03-01 21.8 0.9780 2017-03-11 17.5 18.4 -0.9
Eag| 2016-04-01 21.7 0.9784 2016-04-11 17.4 17.1 0.3
Nanyang Vg;lit 2017-10-21 24.1 0.9701 2017-11-01 17.3 17.6 -0.3
W+ 2016-03-11 19.3 0.9857 2016-03-21 16.7 15.9 0.8
V& M Sandy soil ‘ 2016-10-01 15.1 0.9964 2016-10-11 14.6 11.3 3.3
Jitan F{ﬁll:)ﬂw 2017-03-01 15.3 0.9959 2017-03-11 14.7 10.7 4.0
2017-05-01 16.0 0.9943 2017-05-11 15.1 10.8 4.3
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Table 5  Prediction and verification for soil water content of winter in Nanyang

", e pwy  PURR Ak RMREC BONRM BN SO AR

Site Type of soil Crop Initialdate ~ Water content  Attenuation  Forecast date Forecast Actual Absolute

(y-m-d) /% factor (y-m-d) value/ % value/ % value/ %
FH L INFE 2016-01-21 17.5 0.9913 2016-02-01 16.0 16.8 -0.8
Jingziguan Wheat 2016-12-21 21.1 0.9836 2017-01-01 17.6 19.0 -1.4
Fo8F IK G 2016-01-11 17.3 0.9917 2016-01-21 15.9 15.5 0.4
Zhaowan Rice 2016-12-01 22,5 0.9802 2016-12-11 18.4 20.3 -1.9
NEZ 4 2016-12-01 19.5 0.9872 2016-12-11 17.1 17.8 -0.7
Neixiang Loam 2017-12-01 19.0 0.9882 2017-12-11 16.9 17.6 -0.7
B INFE 2016-01-21 19.9 0.9863 2016-02-01 17.1 17.8 -0.7
Wanghuating Wheat 2017-12-01 23.8 0.9768 2017-12-11 18.8 20.6 -1.8
YK 2016-01-11 18.0 0.9903 2016-01-21 16.3 15.9 0.4
Pingshi 2017-12-01 18.9 0.9885 2017-12-11 16.8 17.9 -1.1
Pk LYNL| 2017-01-21 19.3 0.9876 2017-02-01 17.0 17.7 -0.7
Xixia Fallow 2017-12-01 16.8 0.9926 2017-12-11 15.6 15.6 0.0
] 2016-01-11 20.4 0.9852 2016-01-21 17.6 17.6 0.0
Tanghe e 2017-01-11 19.3 0.9876 2017-01-21 17.0 17.8 -0.8
M+ Clay NG 2016-12-21 18.9 0.9885 2017-01-01 16.6 16.1 0.5
Baitugang Wheat 2017-02-01 18.4 0.9895 2017-02-11 16.6 17.6 -1.0
i 2016-01-11 18.7 0.9889 2016-01-21 16.7 16.4 0.3
Sheqi 2017-01-11 23.8 0.9768 2017-01-21 18.8 20.1 -1.3
) 2016-02-01 22.1 0.9812 2016-02-11 18.3 19.7 -14
R /A 2016-12-11 23.3 0.9781 2016-12-21 18.7 19.8 -1.1

Nanyang W+ Wheat

Sandy soil 2017-02-01 12.7 0.9992 2017-02-11 12.6 11.9 0.7
& M KR 2016-01-11 15.9 0.9942 2016-01-21 15.0 14.0 1.0
Jitan Fallow 2017-02-01 17.5 0.9913 2017-02-11 16.0 16.8 -0.8
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