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Evaluating the Performance of GRU-LSTM

Hybrid Model in Predicting the Dust Storms

Events (Case Study: Khuzestan Province in
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Abstract

Understanding the frequency of dust storms in each area and
being mindful of temporal-spatial variation of this event can
help to monitor and reduce the damages induced by dust
events. Due to the increasing development of metamodels and
their combination with optimization algorithms used to model
and predict hydrological variables, machine learning models
due to high accuracy in forecasting, in the form of a black box,
have received a lot of attention. Therefore, in the present study,
a hybrid approach is proposed to predict the Frequency of Dust
Storm Days (FDSD) on a seasonal scale, which uses a
combination of Lang Short Term Memory (LSTM) and Gated
Recurrent Unit (GRU) neural networks. In this study, the
performance of the proposed hybrid model was compared with
a neural network based on Radial Basis Functions (RBF) and
Support Vector Machine (SVM). For this purpose, hourly dust
data and codes of the World Meteorological Organization were
used on a seasonal scale with a statistical period of 30 years
(1990-2019) for seven synoptic stations in Khuzestan
province. The results of the evaluation criteria in the training
and testing Stages showed that the GRU-LSTM hybrid model
offered better performance than other models used to predict
the frequency of days with dust storms; The proposed hybrid
model with correlation coefficient (R) of 0.905-0.988, Root
Mean Square Error (RMSE) of 0.313-0.402 day, Mean
Absolute Error (MAE) of 0.144-0.236 day, and Nash-Sutcliffe
(NS) of 0.819-0.903 had better performance compared to the
other models used in predicting the FDSD index. In general,
comparing the models used in this study, the GRU-LSTM
hybrid method and the SVM model, respectively, provided the
best prediction skills. As a result, application of the proposed
hybrid model can be used as a suitable tool to predict the FDSD
index and adopting management decisions to reduce the dust
storms damages in the study area.
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code description
06 Dust haze
07 Raised dust or sand
08 Well-developed dust whirls (dust devils)
09 Distant or past dust storm (distant at time of obs or past station in the past hour
30 DECREASED slight or moderate sand or dust storm with visibility <1000 m but >200 m
31 STABLE slight or moderate sand or dust storm with visibility <1000 m but >200 m
32 BEGUN or INCREASING slight or moderate sand or dust storm with visibility <1000 m but >200 m
33 DECREASED severe dust storm with visibility <200 m
34 Stable severe dust storm with visibility <200 m
35 BEGUN or INCREASING severe dust storm with visibility <200 m
98 Thunderstorm with dust or sand storm
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Fig. 2- Schematic of Radial Basis Function
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Table 3- Statistical results of RBF model input patterns in predicting FDSD index
FDSD ad W s 53 RBF Je (6399 (s1agSl (5 bl gl -V Jguo

. Combination Test Training
Station
number R RMSE MAE NS R RMSE MAE NS

1 0.725 0.645 0.595 0.711 0.807 0.614 0.531 0.748

Dezful 2 0.793 0.641 0.592 0.714 0.811 0.611 0.523 0.756

3 0.713 0.648 0.597 0.707 0.793 0.617 0.537 0.743

4 0.698 0.649 0.603 0.702 0.785 0.623 0.541 0.739

1 0.728 0.64 0.588 0.714 0.813 0.605 0.527 0.753

Safiabad 2 0.795 0.635 0.586 0.721 0.819 0.603 0.511 0.764

3 0.715 0.644 0.593 0.711 0.803 0.609 0.533 0.749

4 0.699 0.645 0.594 0.704 0.794 0.614 0.538 0.742

1 0.731 0.639 0.562 0.725 0.823 0.601 0.518 0.764

. 2 0.798 0.632 0.555 0.732 0.827 0.598 0.503 0.773

Masjedsoleyman 3 0.717 0.642 0567  0.719 0821  0.605 0527  0.752

4 0.701 0.643 0.571 0.713 0.809 0.612 0.531 0.749

1 0.803 0.631 0.547 0.748 0.834 0.586 0.498 0.781

Bandare-Mahshahr 2 0.756 0.637 0.551 0.739 0.829 0.595 0.505 0.775

3 0.743 0.642 0.564 0.722 0.825 0.598 0.515 0.765

4 0.722 0.643 0.569 0.718 0.813 0.603 0.526 0.755

1 0.817 0.63 0.542 0.757 0.842 0.574 0.481 0.785

Bostan 2 0.772 0.632 0.547 0.746 0.837 0.576 0.495 0.779

3 0.756 0.641 0.561 0.733 0.833 0.593 0.503 0.774

4 0.734 0.643 0.563 0.725 0.828 0.597 0.511 0.765

1 0.837 0.628 0.538 0.766 0.849 0.561 0.475 0.789

Ahvaz 2 0.777 0.629 0.544 0.752 0.842 0.574 0.481 0.781

3 0.761 0.637 0.553 0.744 0.838 0.585 0.494 0.776

4 0.742 0.639 0.559 0.732 0.831 0.589 0.503 0.769

1 0.785 0.627 0.524 0.765 0.852 0.557 0.472 0.795

Abadan 2 0.834 0.624 0.531 0.752 0.854 0.545 0.456 0.787

3 0.766 0.634 0.546 0.747 0.846 0.563 0.485 0.783

4 0.747 0.637 0.551 0.739 0.837 0.579 0.493 0.774

. Combination Test Training
Station
number R RMSE MAE NS R RMSE MAE NS

1 0.725 0.645 0.595 0.711 0.807 0.614 0.531 0.748

Dezful 2 0.793 0.641 0.592 0.714 0.811 0.611 0.523 0.756

3 0.713 0.648 0.597 0.707 0.793 0.617 0.537 0.743

4 0.698 0.649 0.603 0.702 0.785 0.623 0.541 0.739

1 0.728 0.64 0.588 0.714 0.813 0.605 0.527 0.753

Safiabad 2 0.795 0.635 0.586 0.721 0.819 0.603 0.511 0.764

3 0.715 0.644 0.593 0.711 0.803 0.609 0.533 0.749

4 0.699 0.645 0.594 0.704 0.794 0.614 0.538 0.742

1 0.731 0.639 0.562 0.725 0.823 0.601 0.518 0.764

Masjedsoleyman 2 0.798 0.632 0.555 0.732 0.827 0.598 0.503 0.773

3 0.717 0.642 0.567 0.719 0.821 0.605 0.527 0.752

4 0.701 0.643 0.571 0.713 0.809 0.612 0.531 0.749

1 0.803 0.631 0.547 0.748 0.834 0.586 0.498 0.781

Bandare-Mahshahr 2 0.756 0.637 0.551 0.739 0.829 0.595 0.505 0.775

3 0.743 0.642 0.564 0.722 0.825 0.598 0.515 0.765

4 0.722 0.643 0.569 0.718 0.813 0.603 0.526 0.755

1 0.817 0.63 0.542 0.757 0.842 0.574 0.481 0.785

Bostan 2 0.772 0.632 0.547 0.746 0.837 0.576 0.495 0.779

3 0.756 0.641 0.561 0.733 0.833 0.593 0.503 0.774

4 0.734 0.643 0.563 0.725 0.828 0.597 0.511 0.765

1 0.837 0.628 0.538 0.766 0.849 0.561 0.475 0.789

Ahvaz 2 0.777 0.629 0.544 0.752 0.842 0.574 0.481 0.781

3 0.761 0.637 0.553 0.744 0.838 0.585 0.494 0.776

4 0.742 0.639 0.559 0.732 0.831 0.589 0.503 0.769

1 0.785 0.627 0.524 0.765 0.852 0.557 0.472 0.795

Abadan 2 0.834 0.624 0.531 0.752 0.854 0.545 0.456 0.787

3 0.766 0.634 0.546 0.747 0.846 0.563 0.485 0.783

4 0.747 0.637 0.551 0.739 0.837 0.579 0.493 0.774
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Table 4- Statistical results of SVM model input patterns and optimal parameters in predicting FDSD index
FDSD (yad i g ybut 50 4t S 5ol )l 9 SVM o (5395 (sgR! (5 bl ol —F Jou»

Test Dataset

Train Dataset

Station Combination Parameters
number R RMSE MAE NS R RMSE MAE NS C*10° o €

1 0.837 0.545 0.437 0.752 0.865 0.489 0.395 0.801 12.0 45 0.325
Dezful 2 0.844 0.542 0.431 0.756 0.874 0.486 0.392 0.803 16.5 0.021 0.212
3 0.833 0.547 0.441 0.748 0.859 0.492 0.398 0.796 78.2 5.6 0.421
4 0.831 0.551 0.447 0.746 0.852 0.497 0.402 0.791 53.0 17.6 0.378
1 0.844 0.538 0.431 0.759 0.875 0.479 0.391 0.807 48.0 14.3 0.122
Safiabad 2 0.849 0.528 0.422 0.764 0.883 0.471 0.381 0.811 56.1 3.9 0.125
3 0.838 0.541 0.438 0.751 0.864 0.485 0.394 0.794 102.0 0.6 0.011
4 0.833 0.544 0.441 0.748 0.859 0.491 0.396 0.796 84.0 4.1 0.256
1 0.849 0.531 0.425 0.769 0.881 0.466 0.374 0.819 31.0 35 0.298
Masjed 2 0.855 0.522 0.413 0.783 0.894 0.457 0.365 0.825 36.0 0.9 0.412
soleyman 3 0.843 0.538 0.431 0.771 0.879 0.471 0.381 0.802 34.0 7.8 0.511
4 0.839 0.541 0.44 0.756 0.868 0.485 0.392 0.799 55.0 32.12 0.396
1 0.867 0.515 0.402 0.798 0.899 0.441 0.345 0.834 31.0 0.06 0.321
Bandare- 2 0.858 0.523 0.417 0.784 0.887 0.453 0.356 0.827 67.0 4.7 0.422
Mahshahr 3 0.849 0.531 0.421 0.779 0.873 0.465 0.369 0.811 9.4 9.11 0.566
4 0.844 0.538 0.434 0.765 0.871 0.471 0.378 0.804 7.6 12.15 0.721
1 0.875 0.503 0.394 0.812 0.905 0.431 0.327 0.845 4.1 0.13 0.412
Bostan 2 0.866 0.508 0.397 0.802 0.901 0.448 0.331 0.833 55 4.7 0.309
3 0.855 0.522 0.403 0.785 0.898 0.455 0.346 0.819 13.0 3.9 0.122
4 0.848 0.529 0.419 0.774 0.884 0.467 0.354 0.808 12.0 12.1 0.023
1 0.884 0.498 0.376 0.821 0.914 0.419 0.311 0.863 10.5 1.2 0.451
Ahvaz 2 0.873 0.502 0.384 0.813 0.907 0.431 0.321 0.852 11.0 4.3 0.235
3 0.869 0.513 0.397 0.796 0.903 0.442 0.334 0.823 12.0 7.2 0.422
4 0.853 0.517 0.401 0.783 0.893 0.455 0.341 0.817 5.6 11 0.196
1 0.889 0.491 0.371 0.824 0.912 0.412 0.302 0.875 4.8 2.7 0.201
Abadan 2 0.895 0.482 0.362 0.837 0.921 0.403 0.307 0.861 13.0 0.6 0.122
3 0.874 0.505 0.384 0.807 0.905 0.431 0.324 0.854 14.4 9.7 0.325
4 0.866 0.509 0.399 0.794 0.897 0.439 0.333 0.831 15.6 14 0.512

Table 5- Statistical results of input patterns of GRU-LSTM hybrid model in predicting FDSD index

FDSD (ad L (st st 53 GRU-LSTM (85 Jobo (5399 sRgR! (5 lol ol -0 Jgu

Station Combination Test Dataset Train Dataset
number R RMSE MAE NS R RMSE MAE NS
1 0.921 0.385 0.225 0.828 0.947 0.322 0.178 0.873
Dezful 2 0.923 0.382 0.223 0.833 0.954 0.317 0.171 0.879
3 0.917 0.387 0.229 0.824 0.936 0.329 0.186 0.865
4 0.905 0.402 0.236 0.819 0.932 0.336 0.195 0.861
1 0.932 0.369 0.219 0.837 0.963 0.319 0.171 0.891
Safiabad 2 0.941 0.365 0.217 0.846 0.967 0.303 0.162 0.893
3 0.927 0.376 0.223 0.831 0.948 0.324 0.182 0.888
4 0.913 0.384 0.231 0.826 0.946 0.331 0.193 0.874
1 0.944 0.361 0.209 0.852 0.967 0.297 0.152 0.901
Masjedsoleyman 2 0.956 0.353 0.203 0.861 0.972 0.292 0.143 0.905
3 0.933 0.357 0.214 0.848 0.953 0.305 0.164 0.894
4 0.921 0.363 0.226 0.833 0.951 0.314 0.173 0.888
1 0.961 0.342 0.196 0.873 0.979 0.281 0.126 0.914
Bandare- 2 0.957 0.351 0.201 0.864 0.976 0.287 0.138 0.908
Mahshahr 3 0.941 0.354 0.206 0.852 0.966 0.299 0.153 0.899
4 0.933 0.355 0.214 0.847 0.959 0.303 0.166 0.892
1 0.967 0.331 0.181 0.881 0.984 0.269 0.104 0.923
Bostan 2 0.963 0.341 0.192 0.874 0.981 0.279 0.117 0.917
3 0.955 0.347 0.201 0.865 0.975 0.284 0.132 0.902
4 0.942 0.351 0.206 0.853 0.966 0.296 0.141 0.896
1 0.973 0.324 0.156 0.894 0.987 0.244 0.097 0.934
Ahvaz 2 0.971 0.329 0.167 0.888 0.985 0.261 0.103 0.926
3 0.965 0.338 0.174 0.874 0.979 0.273 0.116 0.919
4 0.954 0.343 0.183 0.862 0.971 0.285 0.125 0.902
1 0.988 0.319 0.152 0.901 0.993 0.226 0.087 0.946
Abadan 2 0.979 0.313 0.144 0.903 0.989 0.234 0.095 0.951
3 0.973 0.325 0.167 0.886 0.986 0.251 0.102 0.923
4 0.965 0.338 0.179 0.874 0.975 0.267 0.113 0.907
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Table 6- Comparison of the average measured and predicated time series of FDSD index
FDSD (yad Wi 00wl sy 9 (ldliio dlie (piSlo dunylile (9051 % Jgu>

Average t Statistics
Station Combination No. GRU- GRU-
Measured RBF SVM LSTM RBF SVM LSTM
1 0.944 0.913 0.932 0.935 0.870 0.891 0.823
Abadan 2 0.947 0.924  0.931 0.932 0.865 0.861 0.823
3 0.942 0.916 0.935 0.930 0.862 0.866 0.827
4 0.939 0.912 0.937 0.927 0.891  0.869 0.833
1 0.936 0.919 0.393 0.931 0.886 0.871 0.885
Ahvaz 2 0.940 0.921 0.933 0.925 0.882 0.874 0.883
3 0.935 0.914 0.928 0.925 0.873  0.878 0.883
4 0.933 0.907 0.931 0.925 0.871  0.878 0.876
1 0.937 0.903 0.926 0.923 0.852 0.856 0.874
Bostan 2 0.938 0.906  0.923 0.927 0.854  0.853 0.874
3 0.924 0.914 0.918 0.919 0.857  0.857 0.871
4 0.917 0.902 0.916 0.914 0.861  0.857 0.875
1 0.916 0.894 0.924 0.913 0.852  0.859 0.879
Bandare- 2 0.922 0.886  0.931 0.911 0.850 0.871 0.862
Mahshahr 3 0.904 0.992 0.926 0.918 0.850 0.852 0.858
4 0.893 0.995 0.937 0.922 0.855 0.831 0.846
1 0.902 0.881 0.922 0.922 0.856  0.872 0.848
Masjedsoleyman 2 0.894 0.879  0.917 0.916 0.847 0.886 0.843
3 0.892 0.904  0.920 0.914 0.832 0.852 0.844
4 0.901 0.915 0.924 0.919 0.837 0.850 0.832
1 0.876 0.904  0.927 0.910 0.834  0.837 0.851
Safiabad 2 0.882 0.897 0.917 0.910 0.833 0.832 0.856
3 0.896 0.888 0.913 0.913 0.845 0.844 0.837
4 0.897 0.872 0911 0.907 0.851 0.841 0.836
1 0.892 0.861 0.911 0.906 0.858  0.838 0.834
Dezful 2 0.902 0.859 0.912 0.911 0.853  0.899 0.834
3 0.874 0.853  0.905 0.904 0.862 0.827 0.828
4 0.896 0.834  0.903 0.905 0.866  0.825 0.826
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