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Abstract: Reanalysis products hold significant application values in extreme weather risk
assessment, renewable energy planning, climate research, and artificial intelligence.
Systematically assessing the accuracy and applicability of 2 m temperature reanalysis products is
conducive to the reliable utilization of data and the scientific research. By using the 2021-2022
hourly 2 m temperature observations from China’s automatic weather stations, this paper evaluates
three reanalysis products—CMA Regional Re-Analysis (CMA-RRA), ECMWF Reanalysis v5
(ERAD5), and Modern-Era Retrospective Analysis for Research and Applications, v2 (MERRA2).
The results show that in the summer of 2021-2022, high-temperature events in China were mainly
concentrated in the Yangtze-Huaihe River basin (June), and the South China and Sichuan Basin
regions (July-August), with the 2021 events exhibiting lower intensity than those in 2022.
CMA-RRA reanalysis product demonstrates superior performance with the smallest root mean
square error (RMSE < 2°C) and highest correlation coefficient. It accurately captures the
spatio-temporal characteristics of high-temperature events, though it slightly underestimates the
frequency of extreme high temperatures. The ERA5 reanalysis data also shows reasonable
consistency with observations in temporal-spatial distribution of high temperatures, but represents
high-temperature periods to come earlier and overestimates the spatial extent of temperatures
exceeding 40°C. The reanalysis product of MERRAZ2 systematically underestimates the duration,
intensity and spatial coverage of high-temperature events, showing the most significant
underestimation of extreme high temperatures. In general, all three reanalysis products perform
better in eastern China than in western regions. In particular, the CMA-RRA product exhibits
better adaptability in complex terrain areas like the Sichuan Basin. These findings could provide
references for data selection when studying extreme high-temperature events.

Key words: high temperature, 2 m temperature, assessment, CMA regional reanalysis product
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Hersbach et al, 2020) /% The Modern-ERA retrospective analysis for research and applications
version 2 (MERRA2; Gelaro et al, 2017) FO 84, 156 RGP 8T %oRXT 2021
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197 Fig. 1 Spatial distribution of high-temperature duration under the two thresholds of (a, b, ¢) 35°C and (d, e, f) 37°C
198 in China in (a, d) June, (b, ) July and (c, f) August 2022 based on observation
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211 Fig. 2 Time series of high-temperature station counts in China in summer 2022 under (a) the =35°C threshold
212 and (b) the =37°C threshold based on observation, and the CMA-RRA, ERAS5 and MERRAZ2 reanalysis data
213
N el
214 32 m IR VRS
215 TERNVEAS PR 0 B R RE R, 8 S 120 B B RS LI ) Bias A RMSE < ka4 3t

216 4TV (B3, EEMITIE) - UL CMA-RRA Fl1 ERAS 45 5k, FLAEREE L, CMA-RRA
217 5 ERAG5 ) Bias f RMSE R —EEE M. B MFERZIEE. CMA-RRA f Bias



218
219
220
221

222
223
224

225
226

227

228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

245
246

1 RMSE fE4Z K, HZ/N, 1fii ERAS NI#H < - CMA-RRA [] Bias 7£ 1E 61 2.5°C ¥ Fl N 51,
Bias {4 ERAS B #5ilr 0, H RMSE fH—HE /N T ERAS (FEAANEIL 4C) . CMA-RRA2m
T = AR LU /N (w22 5 1 ERAB A WL 22 A IEA 1. @K E, CMA-RRA
FTERAS [1] 2 m i FE 77 i IS 52 A ARy S 5 A0 A 2 2

2020 2021 2022 2023 2024 2025

RMSE (°C)
&}

2020 2021 2022 2023 2024 2025
i B ERAS, A{Z: CMA-RRA.
K 3 2020—2024 4F H [H 43 T BORHS WL BERE 2 m IR B A K8 /NN Bias A1 RMSE I 8]/ 41

Fig. 3 Time series of hourly Bias and RMSE for 2 m temperature products between reanalysis data and observation

data in China from 2020 to 2024
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Fig. 4 (a) Bias, (b) RMSE and (c) R of 2 m temperature products between reanalysis data and observation data in

China in the summer of 2021-2022

% 22021—2022 FEEREETEEFTHE ARSI ZER 2 miRE =M Bias, RMSE fIR
Table 2 Bias, RMSE and R of 2 m temperature products between reanalysis data and observation data in China in
the summer of 2021-2022 after elevation correction

Bias RMSE R
2021 2022 2021 2022 2021 2022
CMA-RRA -0.28 -0.42 1.73 1.83 0.92 0.93
ERA5 0.62 0.05 2.01 2.20 0.90 0.91
MERRA2 0.26 0.10 2.26 2.39 0.87 0.89
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a0 (W5 o BB 5 A, CMA-RRA 2 m iR JE o7 S i fa e vk, HoHs
Gl R ZEAE B RN, Bk RIE B 22 50 0 A I S RS . ERAB Al MERRA2 i 22
FHXTREA, JUH: ERAS £8P0 )1 754 120 3 [X B0 L I 42 IE (w22, 8 ) M 4t [X 1 fiw 25 31 Bl ok
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375 =3 BOMERER)IZib="x5REH+H CSI, FBI, POD & FAR

376 Table 3 CSI, FBI, POD, and FAR of CMA-RRA, ERA5 and MERRAZ2 reanalysis data for the three
377 high-temperature events in Sichuan Basin
csl FBI POD FAR

CMA ERA5 MERRA CMA- ERA5 MERRA CMA- ERA5 MERRA CMA- ERA5 MERRA

-RRA 2 RRA 2 RRA 2 RRA 2
21SC(35C) 051 0.44 0.25 1.08 0.74 0.44 0.70 0.53 0.29 0.35 0.29 0.35
21SC(37°C)  0.39 0.21 0.03 0.87 0.35 0.07 0.53 0.24 0.03 0.39 0.33 0.52
22SC1(35C  0.54 0.36 0.35 0.92 0.56 0.61 0.67 0.41 0.42 0.27 0.26 0.32
)
22SC1(37C  0.33 0.13 0.14 0.50 0.18 0.27 0.37 0.13 0.15 0.26 0.25 0.44
)
22SC2(35C  0.59 0.57 0.40 0.97 121 0.62 0.73 0.80 0.46 0.24 0.34 0.26
)
22SC2(37C  0.53 0.52 0.23 0.87 1.05 0.35 0.65 0.70 0.26 0.25 0.33 0.27
)
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