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Study on Extrapolation Predictability of Cloud Clusters in Different Space
Scales Based on FY-4 Infrared Data and Optical Flow Method
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Abstract: In order to study the extrapolation predictability of cloud images or cloud clusters with different
scales, two things were done. First, a cloud detection method suitable for FY-4 satellite infrared cloud im-
ages (10.8 pm) was designed, and the cloud clusters with different scales were separated by the regional
recognition algorithm. Second, the optical flow method of HS global constraint scheme was used to carry
out extrapolation test. The statistical results from 12 examples in 2020 show that in the extrapolation fore-
casting of brightness temperature, the available optical flow information is close to 6 h. The RMSE of
bright temperatures in 0. 5, 1 and 6 hours are about 4.4, 7.1 and 16. 7 K respectively. The accuracy of ex-
trapolation prediction decreases with the increasing of time length in forecasting. In addition, because of
diurnal variations in brightness temperature, the cloud detection results are used in the following extrapo-
lation tests. In the short-time (0—1 h) extrapolation forecast, the error increase is mainly caused by the

deviations from cloud location. During the first to sixth hours, the main forecast error is caused by the
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prediction errors in cloud location and cloud area. The accuracy of extrapolation forecasting decreases as

the spatial scale of the cloud cluster decreases. The useable time lengths of extrapolating cloud clusters in
scales >>2000 km, 200—2000 km, 20—200 km, and < 20 km are shorter than 6 h, 1.5 h, 1 h and 15 min,

respectively. The extrapolated results in all scales are similar with that in the scale >>2000 km. The re-

search results can give a significant guide in extrapolation forecasting of infrared cloud image in operational

applications.

Key words: optical flow method, cloud cluster, scale, forecasting, time length
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Fig.1 Test of optical flow method in 24 h interval of the example at 12:45 UTC 23 April 2020

(a) initial cloud image at 12:45 UTC 22, (b) target cloud image
at 12:45 UTC 23, (o) result cloud image at 12:45 UTC 23

Bl 2 2020 4F 4 H 23 H 12:45 6l = Kl 5 A R RE = B (e HEF A 4 km X4 km) AR iR
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Fig. 2 Distribution of cloud clusters (horizontal resolution: 4 kmX4 km)
with different scales of the example at 12:45 UTC 23 April 2020
(a) all cloud clusters, (b) >2000 km: >>7500 pixels, (¢) 200—2000 km: 2501 —7500 pixels,

(d) 20—200 km: 26—2500 pixels,
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Fig. 3 Distributions of forecasted and observed cloud images of the example at 12:45 UTC 23 April 2020

(a) 2 h extrapolation forecast, (b) observation at 14:45 UTC,

(¢) 6 h extrapolation forecast, (d) observation at 18:45 UTC
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Table 2 Averaged values of verified results from E tests in all examples

Kz 55 A [X R = X
BB RMSE/K MAE/K R RMSE/K  MAE/K
BE P4 2% 18 mf 00 I} 06 I 12 W}
Es m 1.213 0.252 1.072 0.983 1.524 1. 275 0.737 0.998 1.815 1. 259
Eiom 1.816 0.392 1.629 1. 504 2.275 1.857 1.127 0.995 2. 606 1.822
Esom 1.417 1.000 3.953 3.845 5.515 4.356 2.794 0.974 6. 657 . 672
Ein 7.090 1.733 6. 191 6. 304 8.727 7.137 1.620 0.933 10.918  7.849
E2n 10.516 2,398 8.838  10.526  12.809  9.890 7.147 0. 859 15.984  11.867
Ein 14,433 3.202 11.560  16.457  17.068  12.646  10.309  0.748 21.057  16.201
Es 16.733 3.323 14.009  18.403  19.019  15.500  12.173  0.657 24.188  19.178
Eiss 19. 676 1.415 22.655  17.315  20.372  18.362  14.763  0.523 29.719  25.115
Exi 18. 904 4.055 19.251  16.690  21.155  18.519  13.304  0.493 31,113 26.652
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Table 3 Averaged values of verified results from C tests in all examples

L 5T i m!ﬁ%@_’l“[ﬁiﬂi _ F\&!}ﬁz’lﬁ“ :

RMSE MAE R RMSE RMSE—MAE
Csm 0. 147 0.022 0.918 0.108 0.096
Ciom 0. 159 0.026 0.903 0.157 0.132
Csom 0.213 0.047 0. 824 0.309 0.212
Cin 0. 265 0.073 0.731 0.421 0.241
Can 0.320 0.107 0. 608 0.539 0. 246
Cyn 0.374 0. 146 0.469 0. 640 0.226
Con 0. 409 0.173 0.362 0.712 0. 200
Cizn 0. 450 0.211 0.197 0. 808 0.148
Coin 0.463 0.223 0.152 0. 829 0.136
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Fig. 4 Averaged values of verified results from extrapolation tests of cloud clusters (data 0/1) with different scales

(a) RMSE, (b) average deviation of RMSE. (¢) RMSE—MAE, (d) R. (e) average deviation of R

(C)
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Fig. 5 Distributions of extrapolation forecast results of cloud clusters (data 0/1)
with different scales of the example at 12:45 UTC 23 April 2020
(a) the 2 h extrapolation forecast of cloud clusters with all different scales,
(b) the 4 h extrapolation forecast of cloud clusters with scale >>2000 km,
(¢) the 30 min extrapolation forecast of cloud clusters with 200—2000 km scale,
(d) the 10 min extrapolation forecast of cloud clusters with 20— 200 km scale,

(e) the 5 min extrapolation forecast of cloud clusters with scale <20 km
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