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Abstract

The accuracy of numerical weather prediction heavily depends on the quality of model initialization
fields and their spin-up process, which is particularly crucial in tropical island regions characterized
by complex terrain and significant land-sea interactions. This study systematically investigated the
impact of initial fields with different resolutions on model spin-up characteristics over Hainan Island
using the WRF model. Using ERA5 (0.25°) and ERA-Interim (0.75°) reanalysis data as initial fields, we
analyzed the spin-up characteristics of near-surface variables including 2-meter temperature (T2), 2-
meter specific humidity (Q2), and 10-meter wind fields (U10, V10) through both short-term and long-
term parallel experiments. Results demonstrated that high-resolution initial fields significantly en-
hanced model spin-up efficiency. In long-term simulations, ERA5-driven experiments showed shorter
convergence times compared to ERA-Interim: temperature field convergence time decreased by 2.7
hours (17.4 vs 20.1 hours), specific humidity field by 3.3 hours (18.1 vs 21.4 hours), and wind fields
by 3.0~3.5 hours (U10: 20.2 vs 23.2 hours, V10: 21.1 vs 24.6 hours). Short-term simulation results
revealed distinct temporal dependencies among different physical variables: temperature field aver-
aged 2.8 hours for convergence, specific humidity field required 3.3 hours, while wind fields needed
3.7~4.0 hours. Notably, in forecasts initialized at 18, ERA5 temperature field achieved the highest
DTW correlation coefficient of 0.93, while ERA-Interim dropped to 0.87, indicating ERA5’s superior
performance in capturing temperature variations during sunset transitions. Based on these findings,
ERAS5 demonstrated superior performance in both convergence speed and forecast accuracy across
all physical variables, providing valuable insights for improving numerical weather prediction capa-
bilities in tropical island regions.
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Figure 1. Study area location and meteorological station distribution map (Approval No. GS(2019)1822)
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Figure 2. Temporal evolution of near-surface parameter forecast errors in WRF model driven by different reanalysis datasets
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AN o, R (T2m) R IR, WS A RS 2.8 /DI, % ERA-Interim (1) 3.2 /N2 AT
T 0.4 /s EEIEIA(Q2m) IR 2, ERAS ~FIJWLSLI A2 3.3 /i, Et ERA-Interim [ 3.7 /NEHEHT T 0.4
ANET s T RIHEEZ(U10m. V10m) SR TR AR X 04, ERAS 1 U10m A1 V10m ~“F St 6] 4 514 3.7
/NEF AN 4.0 /N, {EATSEE ERA-Interim 23 BER 0.5 /NI o MAS[EI SRS ACR T, 12 I ER 3 A0 T YAe S5t 1]
W 3 K
Table 1. Statistical analysis of error convergence characteristics for near-surface parameters in WRF model with different

initial times

1. WRF R EIEHR ALt 2 R TR IR E W S HE S vt

A AR [A](CST) KBS 1] (h) ERAS/ERA-Interim DTW 2% R %
06 2.8/3.1 0.92/0.89
12 2732 0.91/0.88
T2m
18 2.9/33 0.93/0.87
Mean 2.8/3.2 0.92/0.88
06 3.2/3.5 0.90/0.87
12 3.4/3.7 0.89/0.86
Q2m
18 3.3/3.8 0.91/0.85
Mean 3.3/3.7 0.90/0.86
06 3.6/4.0 0.88/0.84
12 3.8/42 0.87/0.83
Ul0m
18 3.7/43 0.86/0.82
Mean 3.7/42 0.87/0.83
06 3.8/43 0.85/0.82
12 4.1/45 0.84/0.81
V10m
18 4.0/4.6 0.83/0.80
Mean 4.0/4.5 0.84/0.81
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&, ERAS IRFNIHILSE B (/4 41) 5 ERA-Interim DX K145 BL(4 41 E 15 2 B G0 R IN [A) s AR R AiF_E 397 7
W2, ATLURIL, 2 KRR ZE(E 3(a) & 3(b)RBLH£2.5 K B EIERE, b ERAS JXEhHHL
FERSY BT HA(0~40 h)F I BRI IEmZ, 1 ERA-Interim XZN 45 B0 575 HAE A2 58 HR 2454 . 2
KRR AR ZE (] 3(c) R 3(d) Bk, BB HAEL0.001 kg/kg TEHIA, {H ERAS BREH AR B H 5
DR HARRHE . 3T 10 KX, Zhim G B (1 3(e) R 3(0) iR Z B ) Tu B fE+2.5 m/s Z 8], £
) 43 B (P4 3()RTE 3(h) 7R tH43.0 my/s WRZETREE, H AN I 0 B #0232 2 1 8 REE,
XA SATECE ERAS DXB A R RIS AR H

R FIET 7S F SR ] A A R, KRG HITAL T ERAS 1 ERA-Interim P&/ #7 #EkH
FEHR RPBERUE TR A P R R . % 2 453 EIR, BRAS A QUSSR 8] A IR A P A S B4R
Fr L3848 T ERA-Interim. MIREIA(T2)KE , ERAS T340 8L (8] 4y 17.4 /NS, %8 ERA-Interim 1 20.1
N EGERE T 2.7 /N, H DTW A% 2504 #] 0.871, & ERA-Interim [ 0.844. 5 552Z7E 0601-00
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0.845 1 0.832, % ERA-Interim [J 0.819 F1 0.805 H Frig &, (HUCGHIEE /N THEFKR. 2% LA,
PIE O BORME R FARR I R R BT — 8k, RBEE TR A RS, Wie Skt 1) S B0t St n Js
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Figure 3. Time series of near-surface forecast errors from multi-initialization WRF simulations driven by ERAS and ERA-Interim
reanalysis data
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Table 2. Statistical assessment of initial field effects in multi-initial time WRF integration driven by different reanalysis da-
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