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Abstract: The traditional historical frequency matching method (Hist-FMM) selects training
samples by calendar date and does not distinguish circulation backgrounds, so it has difficulty in
correcting the positional bias of model rainfall areas. In this paper, an improved scheme
(Sim-FMM) is proposed, in which historical samples are retrieved by the similarity of 925 hPa
wind direction and speed instead of calendar proximity. The tolerance settings are obtained from
the coupling analysis between precipitation and the 925 hPa wind field and from sensitivity
experiments. A wide window (30<in wind direction and 4 m s™ in wind speed) without seasonal
constraint is used for general precipitation, and a narrow window (10°and 1 m s™*) together with a
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#45-day seasonal constraint is used for rainstorms so that the samples can simultaneously meet the
similar circulation and climate background. Verification based on observations at 416 stations over
Hainan Island and ECMWF forecasts from December 2023 to May 2026 shows that the
Sim-FMM scheme performs better than Hist-FMM as a whole. In the winter cold-air cases, false
alarms over large areas are reduced and the rain/no-rain accuracy is increased by 1.9%. In spring
and summer, the systematic underestimation of rainstorm magnitude is alleviated, with the spring
rainstorm threat score (TS) raised by 8.4% during 2024—2026. For autumn heavy rainfall,
however, Sim-FMM is slightly inferior to Hist-FMM. This is probably related to the strong
seasonal concentration of autumn heavy rainfall and the limited ability for the regional average
wind field at a single time to represent the heterogeneous structures of typhoons and shear lines.

Key words: frequency matching method, circulation similarity, precipitation correction, localized
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Fig.1 Characteristics of regionally averaged wind direction at 925 hPa around Hainan Island during 2016—
2025

(a) rose chart of annual mean days of wind direction, (b) boxplot of monthly wind direction
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Fig.2 Spatial distribution of annual average precipitation frequency (colored, unit: %) and average daily rainfall
(contour, unit: mm) in Hainan Island under different wind directions in 2020—2025
(a) NE wind, (b) E wind, (c) SE wind, (d) S wind, (e) SW wind
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Fig.3 Characteristics of land-averaged precipitation frequency in Hainan Island as a function of wind speed in
2020—2025

(2) zonal mean under NE winds, (b) meridional mean under SW winds
PA_EZERAEW], 925 hPa i) 55 X [R5 M i e 5 B K (R 25 18] 3 AT o 2% R B A7 AEAH
XPARFRGEX A Faok, LA K% 925 hPa MUA . KGEXCE ARG 2R I 2 re A, (8255
W AT IE R B2 R USRI A 22 U, A28 FMM FEAN R R T 2R

3 ARG A RE TS Rk

NHE R I, BT 2 U6 BRI, PO E XA XU 22 T 1 I R VA R R R
PALE TS VE4r. RZAZERL10°, 20°, 30°, 40°PUANNELR, KXUEAZEI L. 2. 3.4 . 5ms T
AT, 320 PG, A REREARIE IR RISV By 2023 4212 1 H &
20254 11 H 30 H, 24 N, B8R 5 & Z= 1 M IA RN F 2RO . A IR 2L
N 36h, dERUIE da, 4b FR.

3.1 TR ERHLIRT KRG A ZHURME

B da g5 G T AERf 2600 XUR] . RGBS ZE MmN, /R AR TS $R4r (IS (784 A
Lo [l e — BRI, PEPRIp S ARE 5 — IR ZE 1 K2 BT, 7E 3074 ms HIZHE T
A, WERHERHZ 75.58%, /NFLLE TS $F4r 0.541. #MLLEFEK (B 4b) WA, TS
VPO R T KU A 7 % KA 2 PR EMHIE 1ms 3 K 1091 ms ¥,
4 0.243. TT W SRFEAKR)Z I A ZE 0+ BUR, BZEBEE R ISR, &
M PR IERCR



(a) (b)

10| 0.7504 0.7530 0.7527 0.7541 0.7536 | 10 0.232 0.233 0.231 0.233
~ 201 0.7521 0.7533 0.7548 0.7545 0.7554 | 20 0.235 0.234 0.230 0.229  0.230
O
EgSO 0.7530 0.7539 0.7546 0.7558 0.7556 | 30| 0.237 0.233 0.232 0.232 0.232
X

40| 0.7532 0.7529 0.7544 0.7548 0.7552 | 40, 0.238 0.228 0.233 0.230 0.232

1 2 3 4 5 1 2 3 4 5
(c) (d)

101 0.7511 0.7499 0.7508 0.7506 0.7522

20{ 0.7497 0.7512 0.7524 0.7541 0.7540 0.241  0.237

30{ 0.7503 0.7516 0.7537 0.7540 0.7553 0.242 0.237 0.238

RE@a ()

401 0.7502 0.7530 0.7535 0.7551 0.7550
5

0.236 0.236 0.235

2 3 4 2 3 4
MUEEO (m/s) KEHO (m/s)
[ 4 RIFLIHREAET SIM-FMM S35 YT o R 91240 @) S T E B . (0) BT TS 343 %
A 13 S R L R () I AR R L (d) 2R TS ¥F4)

Fig.4 (a) Rain/no-rain accuracy and (b) TS score rainstorm without historical analog constraints, and (c)

rain/no-rain accuracy and (d) TS score of rainstorm with historical analog constraints for Sim-FMM parameter
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Fig.5 Seasonal verification results of ECMWF forecast, Hist-FMM correction and Sim-FMM correction

(a) rain/no-rain accuracy, (b) TS for rainstorm and above
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Fig. 6 Accumulated precipitation and correction results of two winter rainfall events in Hainan Island

(a;) observations (08:00 BT 2 to 08:00 BT 3 December 2024), (a,) observations (08:00 BT 22 to 08:00 BT 23
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December 2025), (bs, b,) ECMWEF forecasts, (c;, ¢,) Hist-FMM corrections, (dy, d,) Sim-FMM corrections

4.3 [RHBSRFEKHIITIERCR

7. B8 APREE Z R MAITIESS . 2025 4£ 6 H 25 H 08 I %5 26 H 08 i, 7]k
ALK EIRWN . Rt KRN, MMAEREAN EERIKRIRBIBIHME. ap. EC TR
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— R, ARG R R FR Y, B A KT YE LG Hist-FMM K (B 7d). 4y
guknss (B 8a) Wow, 1Zd RN KL T EEM/KFE S (Bias>1). Sim-FMM 1754k
Mg, (HREWLL REY TS W2 0.16, HFIA =M ZER A FiRkAE); FWLL L
B2 Sim-FMM 5 Hist-FMM A3, TS #4334 0.41,

2026 45 FJ 15 H 08 Itf 2= 16 H 08 I, AGHEBHRAE. R ALV AN AR e 5 P il o i L B
KEVREW, DA RRERES (K 7ay). EC JEIATIR R4 A L3R4 e 345 = Hh K R 1
55, RIMHBEF R EEZEK (B 7hy). Hist-FMM 18 IL#E 7R 4 Fg B2 212 5 &
G, BB SO, HVEIXFEL, R AR AN U R N B A B SR (B 7e). Sim-FMM
(B VR X AR, RAGHSERNEEE R, HA R KRWKES, REBATERTE RN
Wi () R AR SR B /K P B K B2 (] 7d) . ks (B 8b) o, =P RAE/NW. H
RYFIKRY A 4 i) TS PP, 2250 1 EAE T 2B P L8 2% EC AT TS W44 0,
Hist-FMM 2}y 0.094, Sim-FMM >} 0.161, H Sim-FMM [ W = R T Hist-FMM.
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Fig.7 Accumulated precipitation and correction results of two spring-summer rainfall events in Hainan
Island
(a;) observations (08:00 BT 25 to 08:00 BT 26 June 2025), (a,) observations (08:00 BT 15 to 08:00 BT 16 May
2026), (by, b,) ECMWEF forecasts, (c;, ¢,) Hist-FMM corrections, (dy, d,) Sim-FMM corrections
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Fig.8 Hierarchical comprehensive verification of the two spring-summer rainfall events from (a) 08:00 BT 25

to 08:00 BT 26 June 2025 and (b) 8:00 BT 15 to 08:00 BT 16 May 2026
5 g5t
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