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Xinjiang GPM Precipitation
2023-07-27 16:00 UTC
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Xinjiang Radar Echo
2023-07-27 16:00 UTC

48°N

46°N

44°N

42°N

40°N

38°N

36°N

37.5°N

35°N

32.5°N

30°N

27.5°N

25°N

22.5°N

T5°E

78°E

81°E

84°E

87°E

90°E

Southeast China Radar Echo
2023-07-27 16:00 UTC

102.5°E

105°E

107.5°E

£ X5
1J0°E

112.5°E

115°E

117.5°E

65

55

45

35

N
wn

15

55

a5

35

[
v

Radar Reflectivity (dBZ)

Radar Reflectivity (dBZ)

1. BIAEEGRYTER (dBZ)
FeEEERITEIRRAIELER

T H SRR 7J<IEI7)S'Z§EF§°

R EmFTEERAAIIIR

, R&RT



REUE: GPMIg=PEKEE
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Xinjiang Radar Echo
2023-07-27 16:00 UTC

48°N

46°N

44°N

42°N

40°N

38°N

36°N

T5°E 78°E 81°E 84°E 87°E 90°E 93°E 96°E

Southeast China Radar Echo
2023-07-27 16:00 UTC

=—

37.5°N

35°N

32.5°N

]

30°N

27.5°N

25°N

22.5°N

e
+

Ao
102.5°E 105°E 107.5°E 110“E 112.5°E  115°E 117.5°E

65

55

&
g

w
wn

N
wn

15

65

55

S
O

w
[

N~
(]

15
0

Radar Reflectivity (dBZ)

Radar Reflectivity (dBZ)

1. GPMigRBEIK:

SN EE~m,
R,

FRTREIERZRL



1EBYHA

Adl8): 2023581898318, F/\adiEkE, HRRgH69134
SRR smgs 1%
Baseline:

'unet','u2net','VGG_UNet' (discriminative, Z3JFEHIERSHP(Y]X))
'pix2pixgan’ (generative, ZEJEXEMERSMP(X,Y)) . (EHRIIINEREMEREIEN

Zx. Yk (I

FITRER R EREERE) « Wi (1E8ERHE)

Radar inversion_result
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I BIHRBIERKERASS{ZENE (Tu, 2025)

Tu, S., Fei, B., Yang, W., Ling, F., Chen, H., Liu, Z., ... & Bai, L. (2025). Satellite Observations Guided Diffusion Model for Accurate Meteorological States at Arbitrary Resolution. arXiv preprint arXiv:2502.07814.



BARIESR: Conditional Denoising Diffusion Model, DDPM

BESFERNET 8RR, FRU-NeEAY BUEEHIBTM
&, BREEFIESTENERAETEEERE FiHE, /BN
U-NetBU%iIAN, KFUMIERS,

1. BIAEFE: MESIRY. EWHEIREIGR XoZEE. &t
wINSHERE, H#1T TS (AIEH T=500) . EEFR
FJiEss t, FIREG X s Hh e A— N HAEAN A ATNERE
M Xo 1+ E#E

q(x¢|xp) = -/MP(XI; \/E_:-'{Ua (1 —anl)

Hrh a, 2IRIETIE X HERTEE (noise schedule) BitHE
T RRE B BT,

Po(X¢—1|x;)

q(x|xe—1)

4 -——— Forward Diffusion

------ -» Reverse Diffusion

Ho, J., Jain, A., & Abbeel, P. (2020). Denoising diffusion probabilistic models. Advances in neural information processing systems, 33, 6840-6851.



BARIESR: Conditional Denoising Diffusion Model, DDPM

2. RAEE: N—PMESHRIEFER xr ~ N (O, HK,
o AT BERESRM ¢ IEST, BEERIBEIRIERS,
BAIRE HEWHIBIAENR X.

3. BTMLS: IEEFRNRERASRIEERARSAFU-Net, H
HIRBAEXANFM EEE EEERRE LHEmk, R
FIEZP BT IESA N E RN ERIAKES, LSS AR TERRY
K%, HXIFRAIIRASES-fERDes S AN Bk ER R e ELREIRTE

q(Xe|xe—1) Z REZ|a8F I,
T e aiftasion 43|55 )% EiFERIVEIIIES SE IR
ey R RIL1RSE, HEEME—NEHSRAETIE, MAIRAETHE,

83k T IRZESEIR,

Ho, J., Jain, A., & Abbeel, P. (2020). Denoising diffusion probabilistic models. Advances in neural information processing systems, 33, 6840-6851.



(FSMGH1 BAEREETEE (DDPM) AR

dBZ|CSI |POD  |FAR
=k B 2

Hi& M EESu#E[10,70] 10 10.1953 | 0.2521 | 0.5356
20 0.1561 |0.2430 |0.6962
—ARERIAEIRGRER T 10dBz RlIAS 30 Io.0759 IO.1620 IO.8750
*SszEEI:_FﬂBE"‘i%FE%Iﬁ_E’JmEZ ) 40 10.0147 | 0.0416 | 0.9777
T0M—RAARIKEINE., X—3nE 50 |0.0012 | 0.0050 |0.9983
}Eiﬂzlﬂ%—?—jﬂéwﬁmf FIER=, 60 10.0000 |0.0000 | 1.0000
e dataload 70 10.0000 |0.0000 | 1.0000

FRIBHBCSIEF 2% % wzios_1Poo e
FARTB#1-3% AR/ 10 102119 |0.2753 | 0.5207
P 20 0.1788 |0.2820 |0.6717
S EER TR EENNENES > 0 te 10857 1046
40 10.0272 |0.1495 |0.9678
50 10.0019 |0.0279 | 0.9980
60 10.0000 |0.0000 | 1.0000
70 10.0000 |0.0000 | 1.0000




Bt ik

[OliRi=EEE (DDPM)

dBZ|CSI |POD |FAR
10 10.1953 | 0.2521 | 0.5356
20 10.1561 | 0.2430 | 0.6962
30 10.0759 |0.1620 | 0.8750
40 10.0147 |0.0416 |0.9777
50 |0.0012 |0.0050 |0.9983
60 |0.0000 |0.0000 | 1.0000
70 |0.0000 |0.0000 | 1.0000
dBZ|CSI |POD  |FAR
10 10.2119 | 0.2753 | 0.5207
20 10.1788 |0.2820 |0.6717
30 10.1119 | 0.2857 | 0.8446
40 10.0272 |0.1495 |0.9678
50 10.0019 |0.0279 | 0.9980
60 |0.0000 |0.0000 | 1.0000
70 |0.0000 |0.0000 | 1.0000
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H2{ERAI A6 (DDPM)

Comprehensive Evaluation for a Single Timestamp: 202309150530
Model: model_best.pth
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Comprehensive Evaluation for a Single Timestamp: 202309152330

Model: model_best.pth
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Comprehensive Evaluation for a Single Timestamp: 202309160330
Model: model_best.pth
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2{EFAIA5E (DDPM)
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R R] D YSRITEIIES,

A AIRFRRY1/3

22 Ma0-10=RIS PRI WA EBERER

¢

AREECSHEA6%ER

FARTB£E10-15%%A R

JIAHERIEEIREE, FEEY
TIMESTEPS = 500i% £

P ERELE(ASEE,  FrLARIGE

A e L e =)

dBZ|CSI |POD |FAR

10 10.2119  |0.2753 | 0.5207
20 10.1788 | 0.2820 |0.6717
30 10.1119 | 0.2857 | 0.8446
40 10.0272 | 0.1495 |0.9678
50 10.0019 | 0.0279 | 0.9980
60 10.0000 |0.0000 | 1.0000
70 10.0000 |0.0000 | 1.0000
Threshold (dBZ)|CSI  |POD | FAR
10 10.2764 | 0.3133 | 0.2985
15 10.2526 | 0.2942 | 0.3590
20 10.2057 |0.2515 | 0.4692
25 10.1406 | 0.1785 |0.6016
30 10.0786 | 0.1010 | 0.7384
35 10.0337 | 0.0437 |0.8715
40 10.0112 ]0.0152 | 0.9585
45 10.0036 | 0.0052 |0.9879
50 |0.0005 |0.0009 |0.9986
55 10.0000 |0.0000 | 1.0000
70 10.0000 |0.0000 | 1.0000



EAHESE: Conditional Flow Matching Model, CFM

Target distribution Noise distribution
; x(1),1
X iy ol T0(X(8):2) 7
: Neural ODE '
(suchas | /
real image manifold) i
’ : - - - - . = ’
Sample from Likelihood estimation Sample from
target distribution <--"" using Change of Variables formula “=--= noise distribution

(such as animage) (such as Gaussian)

z = g(x) = logp(x) = log p(z) + log | det g—f—j
I ERBRNENEE, HiRE
ERFTHISE RARBIZRIEFlow Matching, Z3— MRS HEIREEE D HRIHEME TR

1. REABEIMIEE, MEFI—NMEXBEARIIEENRER (Vector Field) . XNEE7EIA 7
A MEERAIER =X, el B M AYESCER X RN E. B —1TNERD TP, (SETERE) REHE
72P, (EEEHR) RIZMERsEE: X, = (1 = )xp + 1x, HFt € [0, 1]

2. YIEEBR: IHERTRUIM S5 SESSNERERE 5 L = Ewx 1 = x0) = 0o((1 = Dx0 + 1x1.1. )]
3. SR BIIKRERMOTSIE (ODE) KL, SIEEHELERY, SEIMEL BURBIEIRAIREFERE

Lipman, Y., Chen, R. T., Ben-Hamu, H., Nickel, M., & Le, M. (2022). Flow matching for generative modeling. arXiv preprint arXiv:2210.02747.



EAHESE: Conditional Flow Matching Model, CFM

Threshold (dBZ)|CSI  |POD | FAR
10 10.2764 ]0.3133 | 0.2985
*Egz T?FE&EEE 15 10.2526 | 0.2942 | 0.3590
' 20 |0.2057 ]0.2515 | 0.4692
he <y r=T 1]} = A =3 1= k&4 25 0.1406 0.1785 0.6016
blb*;imﬁglzizﬂ-g*uu net*{uo 30 I 0.0786 I 0.1010 I 0.7384
=12 = =) 0 35 |0.0337 |0.0437 |0.8715
n . . .
Z:E'":EME;’-EHCSHEHZO /o 40 |0.0112 |0.0152 |0.9585
45 | 0.0036 | 0.0052 |0.9879
MODEL_TYPE = 'flow_matching_unet' 50 |0.0005 |0.0009 |0.9986
IMAGE_SIZE = (256, 256) 55 | 0.0000 | 0.0000 |1.0000
RADAR_CHANNELS = 1 70 | 0.0000 | 0.0000 |[1.0000
SATE_CHANNELS = 22 ‘
LEARNING_RATE = 1e-4
BATCH_SIZE =16 Threshold (dBZ) | CSI | POD | FAR
NUM_EPOCHS = 100
0-10AM 10 | 0.5023 |0.6603 |0.3228
15 | 0.4702 | 0.6338 |0.3544
20 |0.4115 ]0.5976 | 0.4307
25 | 0.3402 | 0.5475 |0.5268
*EE?E?U nhet 30 |0.2616 | 0.4677 |0.6275
35 | 0.1606 | 0.3314 | 0.7623
40 |0.0567 |0.1559 |0.9183
45 |0.0137 | 0.0479 | 0.9811
50 | 0.0018 | 0.0073 |0.9976
55 |0.0000 | 0.0000 | 1.0000

70 |0.0000 |0.0000 | 1.0000




EAHESE: Conditional Flow Matching Model, CFM

Threshold (dBZ) |CSI  |POD  |FAR
10 |0.2764 |0.3133 | 0.2985
15 |0.2526 | 0.2942 | 0.3590
20 |0.2057 |0.2515 | 0.4692
25 |0.1406 |0.1785 |0.6016
30 |0.0786 |0.1010 |0.7384
35 10.0337 |0.0437 |0.8715
40 |0.0112 |0.0152 |0.9585
45 |0.0036 |0.0052 |0.9879
50 |0.0005 |0.0009 |0.9986
55 |0.0000 | 0.0000 | 1.0000
70 |0.0000 |0.0000 | 1.0000

Threshold (dBZ) [CSI  |POD  |FAR
10 |0.5023 |0.6603 |0.3228
15 |0.4702 |0.6338 |0.3544
20 |0.4115 |0.5976 | 0.4307
25 |0.3402 | 0.5475 |0.5268
30 |0.2616 | 0.4677 |0.6275
35 |0.1606 |0.3314 |0.7623
40 |0.0567 |0.1559 |0.9183
45 |0.0137 |0.0479 | 0.9811
50 |0.0018 |0.0073 |0.9976
55 |0.0000 |0.0000 | 1.0000
70 |0.0000 |0.0000 | 1.0000
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piHEgEm: RIAESCE (CFM)
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1. BISBENZE (24-40)

HAFEXASCERS], 20-2456ER
” BHEFEFZIRREK, KR T20%HE
z resize E{&IFHNI) |25

Xinjiang GPM Precipitation 50.0 Xinjiang Radar Echo
2023-07-27 16:00 UTC I 2023-07-27 16:00 UTC

Radar Reflectivity (dBZ)

75°E 78°E 81°E 84°E 87°E 90°E 93°E 96°E 75°E 78°E 81°E 84°E 87°E 90°E 93°E 96°E

. . - | ° (i dataload
| o AREIEHECSITFE3%
. - e C i e Sy
_ CSIBEHBRIE. (BRRAEKRTER, Fr
™ I R,
(BELHIREATRER, FRIAZEKEHZER)
22.5°N At g _-'L 3 v Ll 22.5°N g/ \%géﬁmgBﬁj\Egéﬁiﬁfﬁ;)n:u%ﬁ&_g I
gt Sy F sl B Y- S5EXLEREBLLATRERIRIA S

102.5°E  105°E  107.5°E 110°E 112.5°E llS’E 117.5°E

R’FP)




piHEgEm: RIAESCE (CFM)
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ARIREFARTBE

Threshold (dBZ) |CSI  |POD  |FAR
10 |0.5023 |0.6603 |0.3228
15 |0.4702 |0.6338 |0.3544
20 |0.4115 |0.5976 | 0.4307
25 |0.3402 |0.5475 |0.5268
30 |0.2616 | 0.4677 |0.6275
35 |0.1606 |0.3314 |0.7623
40 |0.0567 |0.1559 |0.9183
45 10.0137 |0.0479 |0.9811
50 |0.0018 |0.0073 |0.9976
55 |0.0000 |0.0000 | 1.0000
70 |0.0000 |0.0000 | 1.0000

Threshold (dBZ) |CSI  |POD | FAR
10 |0.4499 |0.5521 |0.2916
15 |0.3981 |0.4859 |0.3124
20 |0.3146 | 0.3901 | 0.3809
25 |0.2114 | 0.2623 | 0.4785
30 |0.1132 | 0.1368 | 0.6031
35 |0.0479 |0.0564 | 0.7581
40 |0.0170 |0.0205 | 0.9083
45 |0.0074 |0.0092 |0.9628
50 |0.0027 |0.0035 |0.9881
55 |0.0000 |0.0000 | 1.0000
70 |0.0000 |0.0000 | 1.0000




PESEBSEAHS RIIFHEXME

Comprehensive Evaluation for a Single Timestamp: 202309150530
Model: model_best.pth

BTD_13-12

—40

6N IFEVIS, INMIIMR, TANESHHIE -

Juim

Channel VIS_CH_1
Channel VIS_CH_2
Channel VIS _CH_3
Channel VIS_CH_4
Channel VIS_CH_5
Channel VIS_CH_6
Channel IR_CH_7

Channel IR_CH_8

Channel IR_CH_9

Channel IR_CH_10
Channel IR_CH_11

Channel IR_CH_12
Channel IR_CH_13
Channel IR_CH_14
Channel IR_CH_15
Channel BTD_10-11
Channel BTD_13-14
Channel BTD_13-8

Channel BTD_13-9

Channel BTD_13-12
Channel BTD_13-15
Channel BTD_14-11

5 SixHiEtEXE

--- Channels and GROUND TRUTH ---
: 0.1991
:0.2048
:0.1970
:0.2343
: 0.0038
: 0.0902

: -0.4303

:-0.4332

: -0.3316
: -0.3644
:-0.4105
: -0.4391
: -0.4361
:-0.4321
: -0.4253
: 0.3915
: -0.1535
:-0.2180
:-0.4254
:-0.2114
:-0.4162
: -0.4053



HaJgEs: EEuEE (CFM)

Comprehensive Evaluation for a Single Timestamp: 202309150530

Model: model best.pth

BTD_13-12
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PUHAIEER . EiEi%EY (CFM)

Comprehensive Evaluation for a Single Timestamp: 202309150530

Model: model_best.pth Threshold (dBZ) | CSI | POD | FAR

10 |0.3054 |0.3810 |0.3936

15 |0.2849 |0.3514 |0.3992

20 |0.2741 | 0.3530 |0.4493

25 |0.2575 |0.3594 |0.5242

30 | 0.2044 | 0.2999 |0.6092

— . 35 |0.1318 | 0.2072 |0.7340

Y - R 40 |0.0645 |0.1191 |0.8766

- o8 f ~ & 45 | 0.0240 | 0.0515 |0.9571

i SN 50 | 0.0047 | 0.0115 ] 0.9921

_;_'_ﬁ;;_?-r 55 | 0.0000 | 0.0000 | 1.0000

ﬁwﬁ : 70 | 0.0000 | 0.0000 | 1.0000

T = 375.13.14 '

Threshold (dBZ) | CSI | POD | FAR

3 10 |0.2258 |0.2597 |0.3665

- 15 |0.1992 | 0.2299 |0.4019

4 20 |0.1785 |0.2115 | 0.4664
i 25 |0.1563 | 0.1914 | 0.5401
. 30 |0.1121 ] 0.1379 | 0.6247
y p 35 | 0.0647 |0.0804 |0.7514
- 40 | 0.0270 | 0.0355 |0.8989

. 45 |0.0076 |0.0103 |0.9718

50 |0.0013 | 0.0018 |0.9955

+ — I 55 | 0.0000 | 0.0000 | 1.0000
ﬁ*ﬂ;ﬁ& Z:lE_"EE"ECSFFB%B-" 0°/o ’ FARZ:E 70 | 0.0000 | 0.0000 | 1.0000




PUHAIEER . EiEi%EY (CFM)

Comprehensive Evaluahzgnge-ﬁ?:naogg}géiingﬁtamp: 202309150530 Threshold (dBZ) I CS| | POD | FAR
. : 10 |0.5023 |0.6603 |0.3228
- 15 | 0.4702 ]0.6338 |0.3544
; : 20 |0.4115 | 0.5976 |0.4307
: 25 |0.3402 | 0.5475 |0.5268
30 | 0.2616 | 0.4677 | 0.6275
35 |0.1606 |0.3314 |0.7623
3 TR 40 |0.0567 |0.1559 |0.9183
‘ 21 BB 45 |0.0137 | 0.0479 | 0.9811
) 50 |0.0018 |0.0073 |0.9976
55 | 0.0000 |0.0000 | 1.0000
70 | 0.0000 |0.0000 | 1.0000
- Gl N '
n [N L
v ORI A .
; *g |1 Threshold (dBZ)|CSI  |POD  |FAR
N =7 a 10 10.3388 |0.5295 |0.5153
15 |0.3100 |0.4804 |0.5335
! 20 |0.2567 |0.4174 |0.5999
i 25 |0.1943 |0.3371 | 0.6855
y 30 |0.1321 | 0.2400 |0.7729
35 |0.0682 |0.1313 |0.8758
40 |0.0208 |0.0475 |0.9644
45 |0.0045 |0.0126 |0.9931
50 |0.0005 |0.0018 |0.9993

o] RAEHE REBHECSITE10-20%, FARIFX 70 10000 [0.0000 10000




StxkEEeR/ITIERIRILE

tHeihsota et iZRsota
AR T DR R AR SRR AT A%

Threshold (dBZ)|CSI  |POD | FAR

Threshold(dBZ) Csl FAR POD HSS _— -_— -_— _— _— ————
10 | 0.5023 | 0.6603 | 0.3228

10 0.4299 0.4420 0.6837 0.5105 15 |0.4702 | 0.6338 |[0.3544
20 104115 | 0.5976 | 0.4307

25 0.3402 0.5475 0.5268

20 0.3687 0.4642 0.5842 0.4877 ~ I 09616 I 02677 I 0 6o7E
35 101606 |0.3314 |0.7623

30 0.2271 0.5015 0.3393 0.3336 40 10.0567 |0.1559 |0.9183
45 10.0137 0.0479 | 0.9811

35 0.1243 0.4181 0.1687 0.1916 50 10.0018 |0.0073 |0.9976
55 10.0000 [0.0000 | 1.0000

40 0.0475 0.2315 0.0576 0.0712 70 | 0.0000 | 0.0000
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> 29dit: diffusion+transformer (B=2K, MEREAE)
> LtidiscriminativefD&EHIX B : SEiainmiEIGIsinES
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