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Fig.7 The ratio of the maximum 5-day precipitation to the total annual precipitation. The dots represent the annual average re-
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Fig.8 Study area and regional mean trends of the cumulative fraction on 99th, 95th and 90th percentile of hourly precipitation
for gauge observations and ERAS in (a) China, (b) Northwest China, (c¢) North China, (d) Northeast China,
(e) northern Southwest China, (f) central China, (g) East China, (h) southern Southwest China and (i) South China.

The black bar represents the uncertainty range of the 95% confidence interval ( cited from Wu et al.(2024) )
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Fig.9 Study area and regional mean trends of the cumulative fraction on the 99th, 95th and 90th percentile of daily precipitation

for gauge observations and ERAS5 in (a) China, (b) Northwest China, (c) North China, (d) Northeast China,

(e) northern Southwest China, (f) central China, (g) East China, (h) southern Southwest China and (i) South China.

The black bar represents the uncertainty range of the 95% confidence interval (cited from Wu et al.(2024) )
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Fig.10 Normalized surface wind speed, geostrophic wind, and five reanalysis data for China and six regions from 1980 to 2017,

including interannual ( solid line) and decadal variations ( dashed line) of wind speed anomalies ( cited from Zhang and

Wang(2020) )
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- ARTICLE -

Global atmospheric reanalyses and their applicability in China

WANG Kaicun

International Joint Research Center for Sino French Earth System Simulation/ Carbon Neutrality Research Institute ,School of Urban and Environmental

Sciences ,Peking University , Beijing 100871, China

Abstract The concept of reanalysis can be tracked back to synoptic analysis in the era of manual weather fore-
casting ,in the era of numerical weather forecasting the data assimilation methods were used to provide initial con-
ditions for numerical weather prediction models.However,due to the rapid updating of assimilation methods and
numerical weather prediction models, the application of these data in climate research is limited. Therefore, the
concept of reanalysis was proposed,whose core is to use fixed assimilation methods and fixed numerical models
to reanalyze historical data.It interpolates the observed data based on physical model, and can provide estimates of
unobserved variables, which solves the problem of sparse and irregularly distributed observation stations.In order
to improve accuracy ,the major global atmospheric reanalyses assimilate as much observational data as possible,
that is,all input atmospheric reanalyses. Although the numerical models and assimilation methods are fixed, the
observation system has been evolving, with major changes including modern sounding observations since the
1950s and satellite observations since 1979 ,as well as the upgrading of ground-based and satellite observation in-
struments. All of these have introduced inhomogeneity into global atmospheric reanalysis products. Therefore , there
has been ongoing controversy over whether global atmospheric reanalysis can be applied to climate change re-
search, which has also given rise to the sparse input reanalysis, such as 20th century reanalysis.In order to reduce
the impact of observation system evolution, this type of reanalysis only assimilated a small amount of ground ob-
servations such as atmospheric pressure,which extended reanalysis to the mid-19th century.

For global atmospheric reanalysis, atmospheric sounding observations are much more important than surface
observations.Early data assimilation was mainly based on the simplest optimal interpolation method, assimilating
the satellite retrievals of atmospheric temperature and humidity profiles. However, the vertical resolution of satellite
observations was too low,and the effects of assimilation were low or negative.This is because optimal interpola-
tion is based on linear theory and cannot handle and analyze observations related to variables in a nonlinear man-
ner.The variational method allows for direct assimilation of satellite radiance observations, significantly improving
the value of satellite observations.But the types of observations that can be assimilated are limited to variables that
can be accurately simulated.In the late 1990s,a rapid radiative transfer model was developed to accurately simu-
late microwave brightness temperature observations under cloudy conditions, achieving full sky assimilation of mi-
crowave radiation.But only recently attempts have been made to assimilate key but discontinuous observation pa-
rameters,and only one global reanalysis has achieved assimilation of satellite aerosol optical depth.But so far,
there is no global atmospheric reanalysis that can truly assimilate precipitation observations.

Global atmospheric reanalysis surface analysis products may be the most widely used data.In order to im-
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prove the accuracy and spatiotemporal resolution of land surface analysis, many global atmospheric reanalysis sys-
tems also perform offline land surface analysis.In general, these land surface reanalysis use multi-source merged
precipitation data to correct the precipitation products of the atmospheric reanalysis system ,because the precipita-
tion simulated by atmospheric models still has significant errors.But ERA5 Land did not perform such correction,
likely because such correction affects the real-time performance of the product, as merged precipitation products
are generally delayed by more than a month.

However, the existing global atmospheric reanalysis systems exhibit significant differences in the surface a-
nalysis.The European Centre for Medium Range Weather Forecasts and Japanese Meteorological Agency reana-
lyzed and assimilated the observed surface air temperature and humidity observations collected at weather stations
over global land, with the latter further assimilating land surface wind speed observations.The reanalysis series
done by the United States agencies (i.e.,the National Oceanic and Atmospheric Administration (NOAA) and the
National Aeronautics and Space Administration (NASA) ) did not assimilate surface temperature, humidity, and
wind speed observations collected by weather stations over global land.This results in lower consistency between
reanalysis produced by the United States agencies and ground-based observations, while reanalysis produced by
Europe and Japan agencies has higher consistency, making their applications more widespread.But until now all
global atmospheric reanalysis have not included interannual variations in land cover, land use, and vegetation
growth yet, which limits its accuracy in estimating surface variables.This article reviews the historical evolution of
global atmospheric reanalysis done by Europe,the United States,Japan,and China,as well as the applicability of

their surface analysis products in China.
Keywords atmospheric reanalysis;land surface reanalysis;data assimilation ;climate change ; ERAS;JRA-3Q
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