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MODIS drought monitoring index combined with
PSO_RBFNN for soil moisture retrieval at the
seedling stage of flax in Gansu Province
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YAN Bin, ZHOU Hui, TANG Jie, ZHAO Yongwei
(College of Information Science and Technology ,Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: Given the limitations of a single remote sensing drought monitoring index in fully capturing the dy-
namic changes in soil moisture during crop growth, this study focuses on field soil relative moisture during the flax
seedling stage in Gansu Province. The selected remote sensing drought monitoring indices include crop form and
greenness, canopy temperature, and crop canopy water content. Utilizing the MODIS drought monitoring index and
measured soil relative humidity data, combined with a radial basis function neural network ( PSO_RBFNN) opti-
mized by particle swarm optimization, an inverse model of soil relative humidity in farmland was constructed. The
accuracy of inversion results of different models—BP_NN, RBFNN, PSO_RBFNN artificial neural network, and
logistic regression ( LR)—was verified and compared using measured soil relative humidity data. The results indica-
ted that the combination of the MODIS drought monitoring index and PSO_RBFNN outperformed the other three

models in retrieving the soil relative humidity at the flax seedling stage in Gansu Province. The average inversion

Y75 B #7:2024-04-29 & B H #§:2024-06-27

EEWE . FR HRBIAI 4 (32460443 ,32060437 ) 5 HR A BB - 5 SRRl £ 3 4 530 H (23JRRA1403)

TEEBN A (1999-) , &, Hilt BRBH A, Bl -H A9 A BF 9 18] R AR FE 2% 3, E-mail ; 2369779565@ (q.com

BIEEE I (1979-) 2, HN AN 808, B+ R 00, 22 R E Al A TR RE AR BUE A AT i2 858 . E-mail: liyue@ gsau.

edu.cn



268 T b KA B

5543 3

accuracy for soil relative humidity at 10 ¢cm and 20 cm depths was 89.91% and 91.71%, respectively. Compared
with the RBFNN, LR, and BP_NN models, the average accuracy improved by 8.69, 4.94, 4.76 percentage points
in 10 ¢m soil depth and 6.91, 6.86, 9.32 percentage points in 20 e¢m depths, respectively. Regression analysis

showed minimal deviation relative to the 1 : 1 slash line, with correlation coefficients for soil relative humidity at 10
cm and 20 em depths reaching 0.68 and 0.74, respectively. This study highlights the effectiveness of the PSO_RBFNN
model and offers a valuable reference for remote sensing monitoring and the inversion of regional farmland soil moisture.
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The parameters for monitoring drought and the calculation method of MODIS drought monitoring index
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Table 2 Inversion of the input and output parameters of the soil relative humidity model

B8 HA T/ M SN 25% I %K 50% T %L 75% 53 %K FRifi2E
Parameter Status Minimum Maximum 25% quantile 50% median 75% quantile  Standard deviation
NDVI HIA Input 0.2609 0.5113 0.3074 0.3487 0.4094 0.0635
4¥) A Input 0.1318 0.6057 0.2563 0.3220 0.4392 0.0228
NDIIB7 i A Input 0.0432 0.3436 0.1085 0.1437 0.2129 0.0715
NMDI HIA Input 0.4502 0.6218 0.5183 0.5505 0.5786 0.0434
TCI HIA Input 0.1810 0.8019 0.4468 0.5566 0.6027 0.1161
VSwi A Input 0.0133 0.0403 0.0191 0.0215 0.0263 0.0058
10 em )2 -4
Soil r‘j‘lﬁdiiflkf midity Hith Output 0.2200 0.9600 0.5600 0.6400 0.7600 0.1439
of 10 cm layer
20 cm )2 13
FXHREE it Output 0.4200 0.9800 0.6700 0.7600 0.8300 0.1260

Soil relative humidity
of 20 cm layer
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Table 4 Comparative analysis of soil relative humidity models of varying depths in 2016

X IR S I Predicted value PV RS Prediction aceuracy P/%
Area Soil depth Actual value
Jem AV LR BP_NN RBFNN PSO_RBFNN LR BP_NN RBFNN PSO_RBFNN
ET 10 0.61 0.6064  0.6099  0.5134 0.5512 99.41 99.98 84.16 90.37
Dingxi 20 0.52 0.6755  0.6776  0.5087 0.5331 70.09 69.68 97.82 97.48
g 10 0.69 0.5990  0.6578  0.5895 0.5506 86.81 95.33 85.44 80.67
Xifeng 20 0.63 0.6672  0.7557  0.6837 0.6487 94.09 81.63 91.50 97.03
o 10 0.61 0.6504  0.6604  0.7614 0.7016 93.38 91.37 75.18 84.99
Wuwei 20 0.83 0.7433  0.7485  0.8899 0.8315 89.55 90.18 92.87 99.82
B 10 0.70 0.5951  0.6566  0.7641 0.7003 85.01 93.81 90.85 99.96
Pingliang 20 0.63 0.6557  0.7502  0.8823 0.7915 95.92 80.93 59.95 74.36
[3-1 10 0.77 0.6847  0.6579  0.6972 0.7049 88.92 85.44 90.54 91.55
Linxia 20 0.79 0.8113  0.7531  0.8339 0.8566 97.31 95.33 94.45 91.57
s 10 0.48 0.6395  0.6372  0.6800 0.5588 66.78 67.25 58.33 83.58
Dongxiang 20 0.61 0.7054  0.6984  0.6873 0.5661 84.35 85.51 87.32 92.81
e L 10 0.56 0.5875  0.6809  0.5369 0.6052 95.10 78.41 95.87 91.93
Minxian 20 0.62 0.6827  0.7860  0.5625 0.6983 89.88 73.22 90.72 87.37
FH 10 0.58 0.6644  0.6792  0.7509 0.6039 85.44 82.89 70.54 95.89
Maiji 20 0.73 0.7985  0.7878  0.8922 0.7084 90.62 92.09 77.79 97.04
Fz5 2017 FARELEAEEERNLR L RILR
Table 5 Comparative analysis of soil relative humidity models of varying depths in 2017
Hi X i%]ﬁ%}}{ SEE FHIMAE Predicted value PV FHMAE FE Prediction accuracy P/ %
Aren Soil depth Actual value
Jem AV LR BP_NN RBFNN PSO_RBFNN LR BP_NN RBFNN PSO_RBFNN
i 10 0.56 0.6693  0.6743  0.6274 0.5859 80.49 79.59 87.97 95.38
Yuzhong 20 0.68 0.7430  0.7217  0.6448 0.6359 90.73 93.87 94.83 93.52
E 10 0.53 0.6384  0.6370  0.5918 0.5933 79.55 79.82 88.33 88.07
Dingxi 20 0.50 0.7082  0.7022  0.6338 0.5925 58.37 59.57 73.25 81.50
i3 10 0.48 0.6054  0.6732  0.4625 0.4449 73.87 59.76 96.36 92.69
Xifeng 20 0.44 0.6538  0.7386  0.5041 0.4799 51.41 32.13 85.44 90.93
o 10 0.58 0.6486  0.6714  0.6632 0.6265 88.17 84.24 85.66 91.98
Wuwei 20 0.68 0.7390  0.7382  0.7557 0.7173 91.33 91.45 88.86 94.51
S 10 0.46 0.5942  0.6289  0.5420 0.5529 70.82 63.28 82.18 79.80
Pingliang 20 0.53 0.6353  0.7052  0.5888 0.5876 80.13 66.94 88.91 89.14
[3=1 10 0.74 0.6617  0.6927  0.7016 0.7103 89.42 93.61 94.82 95.98
Linxia 20 0.88 0.7756  0.7825  0.8470 0.8624 88.14 88.92 96.25 98.00
s 10 0.68 0.5992  0.6582  0.4956 0.4970 88.12 96.80 72.88 73.09
Dongxiang 20 0.56 0.7147  0.7194  0.4984 0.5416 72.37 71.53 88.99 96.71
e L 10 0.68 0.6321  0.6988  0.6673 0.6570 92.96 97.24 98.14 96.61
Minxian 20 0.91 0.7222  0.8000  0.7439 0.7479 79.37 87.91 81.74 82.19
M 10 0.63 0.6528  0.6659  0.6662 0.6362 96.39 94.31 94.25 99.01
Maiji 20 0.80 0.7685  0.7607  0.7882 0.7860 96.06 95.09 98.52 98.25
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Table 6 Comparative analysis of soil relative humidity models of varying depths in 2018
WX TR F W Predicted value PV WK Prediction accuracy P/%
Jo Soil depth Actual value - :
Jem AV LR BP_NN RBFNN PSO_RBFNN LR BP_NN RBFNN PSO_RBFNN
Hiep 10 0.71 0.7109  0.6090  0.7694 0.7892 99.87 8577  91.63 88.84
Yuzhong 20 0.78 0.8036  0.6694  0.8372 0.8094 96.98 8582  92.67 96.24
] 10 0.54 0.6847  0.6142  0.6719 0.6043 7320 86.27  75.58 88.10
Dingxi 20 0.63 0.7878  0.7042  0.7352 0.6655 7495 8823  83.8 94.36
il 10 0.50 0.6157  0.6762  0.5989 0.4440 76.86 6476 80.23 88.79
Xifeng 20 0.65 0.6583  0.7782  0.6757 0.5899 9872 8027  96.04 90.75
A 10 0.60 0.6916  0.6375  0.8095 0.6896 8474 9375  65.00 85.07
Wuwei 20 0.80 0.8013  0.7186  0.9639 0.8450 99.84  89.83 7951 94.37
55 10 0.64 0.7259  0.6245  0.8191 0.6733 8657 9758  72.01 94.79
Dongxiang 20 0.72 0.8637  0.7083  0.8991 0.7667 80.04 9838  75.12 93.52
R 10 0.80 0.5980  0.6899  0.6578 0.7559 7475 8624  82.23 94.49
Minxian 20 0.96 0.6838  0.8011  0.7795 0.7672 7123 8345  81.20 79.92
£ 10 0.78 0.6569  0.6507  0.3650 0.6777 8422 8343  46.80 86.89
Maiji 20 0.91 0.7890  0.7695  0.4321 0.8192 86.71 8456  47.48 90.02

®7 ARRELFEENEEREBUKLERDEILER
Table 7 Comparison of mean values of soil relative humidity

model test results of different depths

R TS Prediction accuracy P/%
Soil depth/cm LR BP_NN  RBFNN  PSO_RBFNN
10 84.97 85.15 81.22 89.91
20 84.85 82.39 84.80 91.71
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Fig.4 Inversion results of soil relative humidity in 10 cm depth from different models at key growth stages of flax in 2017
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Fig.5 Inversion results of soil relative humidity in 20 cm depth from different models at key growth stages of flax in 2017
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