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Abstract: Based on the hourly observational data during 2007-2016 from surface meteorological stations in China, this
paper compares the influence of 3-hourly precipitation data, mainly from the Chinese Reanalysis-Interim (CRA-Interim),
ECMWF Reanalysis 5 (ERA5) and Japanese Reanalysis-55 (JRA-55), on the simulation of the spatial and temporal
distribution of regional precipitation in China and the bias distribution of the simulation. The results show that: (1) The
three sets of reanalysis datasets can all reflect the basic spatial distribution characteristics of annual average precipitation
in China. The simulation of topographic forced precipitation in complex terrain by using CRA-interim is more detailed,
while CRA-interim has larger negative bias in central and East China, and larger positive bias in southwest China. (2) In
terms of seasonal precipitation, the three sets of reanalysis datasets overestimate the precipitation in the heavy rainfall
zone in spring and summer, especially in southwest China. According to CRA-interim, location of the rain belt in the
First Rainy Season in South China is west by south, and the summer precipitation has positive bias in southwest and
South China. (3) All of the reanalysis datasets can basically reflect the distribution difference of inter-annual variation of
drought and flood, but overall the CRA-Interim generally shows negative bias, while the ERA5 and JRA-55 exhibit
positive bias. (4) For the diurnal variation of precipitation in summer, all the reanalysis datasets perform better in
simulating the daytime precipitation than in the night, and the bias of CRA-interim is less in the Southeast and Northeast
than elsewhere. (5) The ERA5 generally performs the best on the evaluation of quantitative precipitation forecast, the
JRA-55 is the next, followed by the CRA-Interim. The CRA-Interim has higher missing rate and lower threat score for
heavy rains; however, at the level of downpour, the CRA-Interim performs slightly better.
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1 INTRODUCTION

The atmospheric reanalysis dataset has been
widely used as basic data for research in various fields
of atmospheric sciences (Zhao et al. [1]; He et al. [2]).
However, previous studies have shown that the
assimilation scheme, model framework, data source
and bias correction in different reanalysis datasets are
different, and moreover, the quality of a single
reanalysis product also varies in different regions,
elements, and time periods. Therefore, reanalysis data
cannot fully and accurately reflect the distribution

patterns and characteristics of meteorological elements.
Before applying reanalysis data to climate monitoring,
seasonal prediction, and research on climate change, it
is necessary to compare it with observational data and
fully analyze the spatial-temporal characteristics of
corresponding errors. A comprehensive understanding
of its applicability could provide important reference
for the application of reanalysis data.

In recent years, the assessment and analysis of
precipitation products based on reanalysis datasets is
one of the research hotspots in the field of numerical
prediction in the world. The possibility of using
reanalysis datasets to simulate precipitation is mainly
evaluated in terms of total amount, the spatial
distribution and the annual (seasonal or daily) variation
trend of precipitation.

For example, Kalnay [3] have pointed out that the
global distribution of precipitation in reanalysis
datasets is consistent with that measured by the
microwave instrument, and the consistency is better at
low latitudes, but the precipitation in reanalysis
datasets is relatively small. By comparing three
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reanalysis datasets with the precipitation product from
weather stations in China, Li et al. [4] conducted an
assessment on the precipitation field using NCEP/DOE,
ECMWF Reanalysis (ERA) and Japanese Reanalysis
(JRA). It has been revealed that the distribution
characteristics of precipitation in China can be
basically represented in three datasets. However, in the
NCEP products, an artificial rainfall center is
produced, and the precipitation characteristics in
western regions is poorly simulated. Meanwhile, the
overestimation of weak precipitation and
underestimation of strong precipitation can be found in
all the three datasets. For all the three reanalysis
datasets, the Threat Score (TS) score is around 0.6,
while the Bias (BS) score is around 1.5. By comparing
the mean values, correlations, and characteristics of
temporal variation for precipitation products in three
reanalysis datasets with the observations in China,
Cheng et al. [5] have found that in the NCEP reanalysis
dataset, the precipitation is significantly overestimated,
and the maximum bias occurs in southwest China. It
has been revealed that the locations of rain belts in
China can be basically reproduced in terms of monthly
average precipitation in reanalysis datasets of ERA-40
and NCEP-2. Similar studies have also found that for
the precipitation in the three reanalysis datasets, there
is little difference in the regions north of the Yangtze
River compared with the observations, but the
precipitation from JRA-25 in the regions to south of
the Yangtze River, especially in South China, is
obviously larger (Lu et al. [6]).

From the aspect of monthly variation, Su et al. [7]

have demonstrated that the precipitation in reanalysis
datasets is very close to that in observations, and so is
the annual variation trend. Zhao et al. [8, 9] have found
that the NCEP reanalysis dataset performs well in
simulating the summer precipitation and the annual
average rainfall, but the winter precipitation is not
simulated very well. Based on the four-times-daily
reanalysis data in summer, the reproduction ability for
characteristics of the diurnal variation of summer
precipitation in the three reanalysis datasets are
compared with those in station observations during the
same period (Dai et al. [10]). The applicability of the
NCEP reanalysis data for temperature and precipitation
along the Qinghai-Tibet railway were described, and it
has been revealed that the reanalysis data can well
depict the characteristics of the annual variation of
precipitation, but the precipitation values are
overestimated, and there is a huge difference in the
spatial distribution for the applicability of precipitation
data (Wei and Li [11]).

At the same time, the difference in the
applicability of different reanalysis datasets in a
specific region is also one of the foci for the
evaluation on reanalysis datasets. The applicability of
different reanalysis data has been compared in arid

regions of China, Xinjiang and Central Asia,
respectively (Chen et al. [12]; Hu et al. [13]).
Comparisons on the characteristics of precipitation
simulation in Arctic and Antarctic among different
reanalysis datasets have also been conducted
(Hurley [14]; Palerme et al. [15]). East Asia is of the
most frequent human activities, the most sensitive
global climate changes, and the most vulnerable
climate ecology. Therefore, it is of great significance
to study the climatic characteristics over East Asia.

In 2018, a reanalysis dataset named CRA-Interim
(Chinese Reanalysis-Interim) has been developed
independently in China, which is the first high-
resolution atmospheric reanalysis data with regional
characteristics of East Asia (China) in the world.
Therefore, for precipitation products in the CRA-
Interim reanalysis dataset, which is at the promotion
stage, it is necessary to evaluate its representativeness
in China (Zhao et al. [16]; Li et al. [17]). To better
present the characteristics and advantages of China's
atmospheric reanalysis data, two sets of more
advanced reanalysis data (ERA5 and JRA-55 (Dragani
et al. [18]) in the world and the observed precipitation
data in China are selected in this paper for cross
comparisons, aiming to provide references for relevant
research and development works.

2 DATA AND METHODS

2.1 Data
The hourly observational data from the weather

stations in China are derived from the platform of
China Integrated Meteorological Information Service
System (CIMISS) of China Meteorological
Administration (CMA), including the hourly
precipitation data from 2411 national surface stations
(Zhang [19]). Through the real-time quality control of
hourly observational data from surface meteorological
stations in China, the availability rate of data for each
element exceeds 99.9%, and the correctness rate is
close to 100%, indicating good quality of this dataset.

In this paper, precipitation products from three
newly released reanalysis datasets are selected for
comparative study. The reanalysis datasets include the
fifth generation of ECMWF atmospheric reanalysis of
the global climate from the European Centre (ERA5),
the third-generation reanalysis data from Japanese
Meteorological Agency (JRA-55), and the CMA’s
global atmospheric reanalysis data (CRA-Interim),
which is at the stage of trial operation. For NCEP
reanalysis data, as the resolution is quite different from
those of other datasets, it is not selected for analysis in
this paper (Kistler et al. [20]).

The atmospheric prediction model used in the
CRA-Interim is a global spectrum model (NCEP /
GSM) with spherical harmonic function. The
horizontal resolution is T574, which is about 34 km at
the equator, and the top layer of the model (64 layers
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in total) is up to 0.27 hPa (about 55 km). The global
spectral model in the integrated forecasting system
(IFS for short, version CY41r2) of ECMWF is used
for the ERA5 reanalysis data, with a horizontal
resolution of T639 (31 km) and 137 layers in the
vertical direction with the top layer of 0.01 hPa. The
assimilation scheme consists of a set of four-
dimensional variational method and EDA technology.
A global spectrum model (JMA2002) is adopted in
JRA-55, with a horizontal resolution of T319, 60
layers (equal δ surface) in the vertical direction (0.1
hPa on the top layer), and 4D-Var semi-Lagrangian
assimilation schemes (Liu et al. [21]; Liang et al. [22]).

A time period ranging from January 1, 2007 to
December 31, 2016 is selected for the above datasets.
In addition, the three-hourly precipitation is obtained
from the composite of hourly precipitation (0000-
0300, 0300-0600, 0600-0900, 0900-1200, 1200-1500,
1500-1800, 1800-2100, 2100-0000 UTC).
2.2 Methods

In order to facilitate the comparison of observed
precipitation, the bilinear interpolation method is used
to interpolate the grid data into data from national
stations. Thus, three sets of reanalysis precipitation
data at 2411 surface observation stations are obtained.

In this paper, two basic statistics are used to
describe the bias of reanalysis data, namely the mean
error (ME) and root mean square error (RMSE). The
calculation formulas are as follows:

MEAN=
1
N∑t = 1

N (Observed t - Predicted t ), (1)

and

RMSE=
1
N∑t = 1

N (Observed t - Predicted t )2 . (2)

where Observed denotes the observed value, Predicted
denotes the precipitation value in reanalysis datasets,
and t is the data time.

3 COMPARISONS FOR PRECIPITATION PROD‐
UCTS IN THREE REANALYSIS DATASETS

3.1 Spatial distribution characteristics
3.1.1 ANNUAL PRECIPITATION

Based on the interpolated precipitation data from
the three reanalysis datasets and the observed
precipitation at stations, the spatial distributions of ten-
year-averaged annual precipitation in China during
2007-2016 are shown in Fig. 1. It can be seen that the
basic distribution of the annual average precipitation in
China, which exhibits the characteristic of increasing
from northwest to southeast in observations, are
slightly different among the three reanalysis datasets.
Specifically, in northwest regions, CRA-Interim and
ERA5 overestimate the annual precipitation in the
Tianshan Mountains and the Altai mountains. For the

Tibet Plateau, the CRA-Interim and ERA5
overestimate the precipitation over the southern Tibet
southeast of the Himalayas, and the average annual
precipitation in Tibet is higher than that of JRA-55. In
the northeast and north of China, the annual
precipitation in reanalysis datasets is about 200 mm
higher than the total observed precipitation for the
same year. The CRA-Interim performs more detailed
simulation of precipitation triggered by topographic
forcing in the Changbai Mountains and Lesser
Khingan Mountains in Northeast China, Taihang
Mountains and Lüliang mountains in North China. In
the coastal areas of South China, Southwest and
Southeast China, the precipitation over complex terrain
in the CRA-Interim dataset is closer to the observation
in depicting the details of the precipitation distribution.

The regional distribution characteristics of the
precipitation bias vary in three reanalysis datasets.
From Fig. 2, it can be seen that the simulated
precipitation in the CRA-Interim shows negative bias
in China, indicating that the precipitation is
underestimated by the reanalysis data. The center of
negative bias is located in the middle and lower
reaches of the Yangtze River, with a maximum of
about - 400 mm. In regions of Sichuan, Yunnan,
Guizhou, Guangxi and Guangdong, the CRA-Interim
shows positive bias, and the center is located near the
Sichuan Basin, with a maximum of more than 1000
mm. ERA5 generally shows positive bias across
China, indicating an overestimation of the
precipitation. Positive bias can be found in Hunan and
Hubei in ERA5. Meanwhile, contrary to the other two
reanalysis datasets, the negative center of precipitation
bias in ERA5 is located in the coastal areas of
Guangdong and Fujian, with the maximum of about
-200 mm. Precipitation in JRA-55 also shows positive
bias in China, and the area with positive bias is larger
than that in ERA5. Meanwhile, the area with
maximum bias is mainly distributed in the south of the
Tibet Plateau, Sichuan Basin and Yunnan-Guizhou
Plateau, with a maximum value of more than 800 mm,
whereas relatively smaller positive bias occur in the
northwest and northeast regions.

Further analysis has been conducted on the spatial
distributions of the RMSEs of the total annual
precipitation in the three reanalysis datasets. It is
shown that, due to the particularity of the precipitation
data, the area with large RMSEs is basically consistent
with the area with large total annual precipitation
(Yang and Smith[23]; Jia [24]). The RMSEs of
precipitation in the CRA-Interim in southwest and
southeast regions are larger than those in ERA5 and
JRA-55, while the RMSEs in JRA-55 in northwest and
northeast regions are slightly larger than those in
ERA5 and CRA-Interim. Overall, the RMSEs of
precipitation in ERA5 are the smallest.
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3.1.2 SPATIAL DISTRIBUTIONS OF PRECIPITATION IN EACH
SEASON

Based on above analyses, the spatial distribution
of daily-average precipitation rate in four different
seasons in China during the 10 years is further
obtained by using the reanalysis and observed
precipitation data.

It can be seen that in spring, the precipitation is
mainly concentrated in South China. Compared with
the observations, the western boundary of the rain belt
in spring simulated by the CRA-Interim is more
westward, and the northern boundary is more
southward. The overestimation of precipitation rate in
the CRA-Interim mainly appears in Southwest China
(Sichuan, Chongqing, Yunnan and Guizhou), while the
underestimation appears in Central and East China
(Hubei, Hunan, Anhui and Zhejiang), with both the
bias of about 2 mm d-1. The simulation results of
ERA5 in Southwest China are similar to those of CRA-
Interim, and so are the bias (2 mm d-1). However, the

northern boundary of the rain belt is more accurately
simulated in ERA5, which coincides with the
observations very well. Basically, the distribution of
the rain belt in spring simulated by JRA-55 is
relatively more accurate, of which the range is slightly
larger and the intensity is slightly stronger. The
overestimation of precipitation appears in Southwest
China (Sichuan, Chongqing, Yunnan, Guizhou),
Guangdong and Guangxi, with bias of about 2 mm d-1.

Precipitation in China is most concentrated in
summer, which gradually increases from northwest to
southeast. Fig. 3 shows the spatial distributions of
summer-averaged daily precipitation in the three
reanalysis datasets and observations. Compared with
the observations, the summer-averaged daily
precipitation simulated by the CRA-Interim is
overestimated in Southwest and South China, which is
the region with most precipitation, with bias of about
4 mm d-1. However, for regions with second-most
precipitation in summer, the daily precipitation is
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Figure 1. Climatological annual total precipitations (mm year) 2007-2016 in CRA-Interim (a), ERA5 (b), JRA-55 (c), Observation
(d).
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Figure 2. Climatological annual total precipitations mean error(mm/year)2007-2016 in CRA-Interim (a), ERA5 (b), JRA-55(c).
(reanalysis data minus observation).

underestimated, with bias of about 2 mm d-1. For rest
regions in China, the simulated precipitation is similar
to the observations. ERA5 generally shows positive
bias in summer, with an overestimation in the key rain
belt. The simulation shows that there are positive bias
of about 4 mm d-1 in the southern Tibet, Sichuan and
Yunnan. Meanwhile, JRA-55 also overestimates the
range and intensity of rain belt in summer of China,
and shows positive bias of about 4 mm d-1 in the
southwest and northeast of China.

In autumn, the intensity and range of the rain belt
are greatly weakened. Compared with observations, the
simulation bias in the CRA-Interim is similar to that in
spring. The overestimations in the CRA-Interim appear
in Southwest China (Sichuan and Yunnan), while the
underestimations appear in the Central and East China
(Hubei, Hunan, Anhui, and Zhejiang), with both bias
of about 2 mm d-1. ERA5 shows overestimations in

the range and intensity of the rain belt in autumn.
Positive bias, which are similar to those in the CRA-
Interim, appear in the southwest region; however, few
negative bias can be found in Hainan Island, which
may be attributed to the poor performance in rainfall
simulation caused by typhoon. The rain belt in autumn
simulated by JRA-55 is similar to that by ERA5, but
the negative bias appear in Hubei, Hunan and Anhui
instead of Hainan.

In winter, the intensity and range of the rain belt
along the southeast coast continue to weaken. The
simulated range of the rain belt in winter is
underestimated in CRA-Interim and overestimated in
JRA-55. However, it coincides well with ERA5.

In general, all the three reanalysis datasets show
overestimations of precipitation in spring and summer,
especially in Southwest China, where positive bias can
be found in all the three reanalysis datasets. This may
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be related to the large simulation bias of numerical
model in the lower reaches of the Tibet Plateau. The
CRA-Interim shows a range of negative bias in the
central region, which may be due to the assimilation
schemes adopted in the CRA-Interim. With more
ground information added in the schemes, more
detailed simulation of precipitation triggered by
topographic forcing would be obtained; however,
detailed distribution of observed precipitation cannot
be reflected as there is not enough observation over
complex terrain. There are few or no stations in
mountainous areas (especially in the western
mountainous areas); however, the corresponding
topographic information has been added into the
model, leading to some artificial precipitation triggered
by topographic forcing.
3.2 Temporal distribution characteristics of
precipitation

3.2.1 ANNUAL-MONTHLY VARIATION OF PRECIPITATION

As shown in Fig. 4, based on the monthly
precipitation averaged at all the stations in China, the
monthly-annual variation of monthly average
precipitation is obtained. It can be seen that as most of
China is located in the East Asian monsoon area, the
distributions of precipitation show obvious seasonal
differences. From 2007 to 2016, the monthly average
precipitation in summer all exceeds 150 mm, with the
maximum of more than 180 mm. Meanwhile, the
monthly average precipitation in winter is less than 40
mm, with a minimum of lower than 10 mm.

Precipitation simulations in three reanalysis
datasets show different bias. The JRA-55 presents
positive bias in almost the entire periods, whereas the
CRA-Interim shows negative bias in almost the entire
time periods. The ERA5 presents overestimations in
spring and autumn for some years, and

Figure 3. Spatial distribution of average daily precipitation (mm d-1) in summer in CRA-Interim(a), ERA5(b), JRA-55(c), Observa‐
tion (d).
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underestimations in other periods.
The inter-annual variation of the monthly

precipitation is relatively accurately simulated in three
reanalysis datasets, reflecting the distribution
difference of drought and flood in different years. It is
shown that the precipitation in the summers of 2008,
2010, 2012, 2013 and 2016 is more than that in other
years, while that of 2009 and 2011 is significantly less.
As the difference in the time series of precipitation
bias in three reanalysis datasets, the time series of
monthly precipitation bias in three reanalysis datasets
are obtained by subtracting observational data from the
simulated precipitation in three reanalysis data sets.

As shown in Fig. 5, the monthly precipitation
averaged at all stations in the CRA-Interim during
2007-2016 generally shows negative bias, with an
average of -2 mm. The seasonal variation of the bias
is not obvious. The maximum negative bias occurs in
spring (March), summer (August) and autumn
(November), with a magnitude of more than 20 mm,
while the maximum positive bias occurs in summer
(July and August), with a maximum of more than 20
mm. In terms of bias characteristics, it might be
occasional errors caused by typical weather processes.

ERA5 and JRA-55 show similar bias variations in
the 10 years, both of which generally exhibit positive
bias. The average bias in ERA5 is 7 mm, with a
maximum positive value of 18 mm, while the average
bias in JRA-55 is 10 mm, with a maximum positive
value of 23 mm. The bias in ERA5 and JRA-55
present certain seasonal variations, which might be due
to the systematic bias.

From the temporal variations of the RMSE of the
monthly precipitation averaged at all stations in three
reanalysis datasets, it can be seen that, in summer, the
RMSE of precipitation in the CRA-Interim is the
largest, followed by JRA-55, and that in ERA5 is the
smallest. The trends of the RMSE in three reanalysis
datasets are basically the same, which almost coincides
with the variations of the monthly precipitation
averaged at all stations. The RMSE in summer is
significantly higher than that in winter, which is almost
the same in spring and autumn.
3.2.2 CHARACTERISTICS FOR DIURNAL VARIATIONS OF
SUMMER PRECIPITATION

Summer is the season with most precipitation in
China. The simulation on diurnal variations of
precipitation involves many physical processes in the

Figure 4. Interannual variation of average monthly precipitation (mm momth-1) of all stations 2007-2016 in CRA-Interim (a),
ERA5 (b), JRA-55(c), Observation (d).
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model, such as the convection, radiation transfer, cloud
physical process, terrain difference, flux exchange
between the surface and boundary layer, etc.
Therefore, it is an ideal method to evaluate the
physical process of the model (Trenberth et al.[25]; Cui
et al. [26]; Sun et al.[27]; Wei[28]). To further study the
applicability of precipitation products from China's
atmospheric reanalysis data, comparisons among three
reanalysis datasets are conducted on the distribution
characteristics for diurnal variations of summer
precipitation.

In this paper, the total precipitation during 08:00-
20: 00 Beijing time is defined as the daytime
precipitation, while that during 20: 00-08: 00 Beijing
time is defined as night precipitation. The spatial
distributions for the percentage of the daytime
precipitation to the total daily precipitation averaged in
summers of 2007-2016 are shown in Fig. 6.

From Fig. 6, it can be seen that there are some
differences between three reanalysis datasets and the
observations. Generally, all the three reanalysis
datasets have well simulated the distribution
characteristics for daily variations of precipitation in
southeast coastal areas, the northeast of Inner
Mongolia and the northern part of Heilongjiang. The
CRA-Interim performs the best, followed by ERA5,
while JRA-55 is slightly inferior. All the three
reanalysis datasets show slightly poor simulation
abilities for the "night rain" in the southwest of China.
For the CRA-Interim, the simulated night precipitation
in the southwest is basically the same as the daytime
precipitation. For ERA5, the "night rain" could only be
simulated at the border regions of Sichuan, Chongqing,
and Guizhou. The night precipitation simulated by
JRA-55 is closer to the observations. In addition,

compared with the other two reanalysis datasets, the
CRA-Interim overestimates the daytime precipitation
in the Shandong Peninsula and the North China Plain,
and also overestimates the night precipitation in the
Tarim basin.
3.3 Comparison of simulation ability of precipitation

By referring to the operational verification
methods in National Meteorological Center, indexes of
Threat Score (TS), Missing Rate (PO), False Alarm
Ratio (FAR), Equitable Threat Score (ETS) and True
Skill Statistic (TSS) are selected for verifying the
reanalysis datasets (Pan et al. [29]).

Based on the above-mentioned reanalysis products
and observations, the results of 24-hour forecast from
00: 00 UTC (i. e., 08: 00 BTC) are analyzed in this
study. According to the precipitation value, five levels
are defined, namely light rain (≥ 0.1), moderate rain (≥
10), heavy rain (≥ 25), rainstorm (≥ 50) and downpour
(≥ 100). If the precipitation is ≤ 0.1, it is considered
that no precipitation events occur.

Indexes for precipitation of five levels in three
reanalysis datasets, including TS, PO, FAR, ETS and
TSS (table omitted), are calculated. The line chart
shows that there are some differences in the scores of
different indexes in three reanalysis datasets (Fig. 7).

The results show that the TS decreases with the
increase of rainfall. At the level of light rain, the TS
scores are all close to 0.6 in three reanalysis datasets,
of which ERA5 scores slightly higher, while those of
JRA-55 and CRA-Interim are equivalent. At the level
of moderate rain, TS has dropped to 0.433 in ERA5,
but it is still significantly higher than those of JRA-55
(0.394) and CRA-Interim (0.358). At the level of
heavy rain, the TS scores have dropped below 0.3 in
all the three reanalysis datasets, whereas the TS of

Figure 5. Mean error of monthly accumulated precipitation of all stations Jan 2007-Dec 2016 of 3 reanalysis data.
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Figure 6. Spatial distribution of average daytime precipitation in summer as a percentage of total daily precipitation (%) in CRA-In‐
terim(a), ERA5(b), JRA-55(c), Observation(d).

Figure 7. Scores of five indexes for precipitation of five levels in three reanalysis datasets. (Blue: TS, Red: PO, Green: FAR, Purple:
ETS, Cyan: TSS).
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ERA5 is still higher than those of JRA-55 and CRA-
Interim. At the levels of rainstorm and downpour, three
reanalysis datasets have comparable performances,
with the TS scores between 0.16-0.17 for the level of
rainstorm and 0.08-0.10 for downpour.

With the increase of rainfall, the score of PO
increases significantly. At the level of light rain,
missing events account for less than 10% of the total
light rain events in three reanalysis datasets. This
percentage increases to 35% - 48% at the level of
moderate rain, 60% - 68% at the level of heavy rain,
close to 80% at the level of rainstorm, and close to
90% at the level of downpour. Similarly, at the levels
of heavy rain or below, the ERA5 performs better than
JRA-55 and CRA-Interim, while at the levels of
rainstorm and downpour, the PO scores of three
reanalysis datasets are basically equivalent, and the
CRA-Interim performs slightly better.

The score of FAR increases slightly with the
increase of rainfall. Below the level of rainstorm, three
reanalysis datasets have comparable performances. The
FAR scores are about 0.40, 0.45 and 0.5 at the levels
of light rain, moderate rain and heavy rain,
respectively. At the level of rainstorm or above, FAR
is relatively low in JRA-55, while it is relatively high
in ERA5.

The score of ETS also decreases with the increase
of rainfall, which is lower than TS score. Moreover,
the higher the precipitation level is, the closer the
scores of ETS and TS are. The ETS score of ERA5 is
slightly higher than those of JRA-55 and CRA-Interim
at levels of rainstorm and below. At the levels of
rainstorm and above, the scores in three reanalysis
datasets are basically the same, where the CRA-
Interim performs slightly better at the level of
rainstorm.

The variation trends of TSS score at different
precipitation levels and the distribution of scores in
three reanalysis datasets are basically the same as the
performance of TS score. Compared with the TS score,
the TSS scores are about 0.030, 0.150, 0.100 and 0.05
higher at the levels from light rain to rainstorm,
respectively, and basically the same at the level of
downpour.

Through the evaluation on quantitative
precipitation forecast, it can be seen that the ERA5
performs the best, followed by the JRA-55 which is
better than the CRA-Interim. However, at the level of
downpour, the CRA-Interim performs slightly better
than the other two.

4 CONCLUSIONS AND DISCUSSION

The present paper compared the data of
precipitation observed at the surface meteorological
stations of China with the reanalysis datasets of CRA-
Interim, ERA5 and JRA-55. The simulations using three
reanalysis datasets have some similarities. However,

significant differences appear in different regions and
at time scales. The main conclusions are as follows.

All the three reanalysis datasets can basically
simulate the spatial distribution characteristics of
precipitation in China. The simulations of major rain
belts in spring and summer mainly show positive bias.
CRA-interim has larger negative bias in central and
East China, and larger positive bias in Southwest
China. Especially, the CRA-Interim exhibits
underestimations of the precipitation during the First
Rainy Season in South China and the autumn rainfall
in West China. However, the CRA-Interim coincides
well with the observations in simulating the Meiyu in
the middle and lower reaches of the Yangtze River.
Besides, the CRA-Interim is more detailed in
simulating the precipitation triggered by topographic
forcing.

All the three reanalysis datasets perform well in
simulating the temporal variations of precipitation of
inter-annual variation by basically reflecting the
distribution difference of drought and flood in different
years. The CRA-Interim mainly shows negative bias,
and the seasonal variations of the bias are not obvious.
ERA5 and JRA-55 mainly show positive bias with
certain seasonal variations. The RMSEs in winter are
similar among the three reanalysis datasets, which are
significantly lower than those in summer. For the
diurnal variation of summer precipitation, the CRA-
Interim performs better in simulating the daytime
precipitation in most areas, whereas the JRA-55 is
better in simulating the night rainfall in southwest
China. The bias of CRA-interim is less in the
Southeast and the Northeast than in the Southwest.

According to the evaluation on quantitative
precipitation forecast, ERA5 generally performs the
best, and the JRA-55 is the next, followed by the CRA-
Interim. For precipitation at the level of downpour, the
CRA-interim is slightly better than the other two.
However, at the level of heavy rain (≥ 25) and
rainstorm(≥ 50) CRA-Interim has higher Missing Rate
(PO) and lower Threat Score (TS). The three
reanalysis datasets are relatively consistent in
simulating weak precipitation.

The above analyses of the precipitation bias of
China's atmospheric reanalysis datasets
comprehensively show the data applicability at both
the climatic and synoptic scales. Therefore, this
study could provide some valuable supports for the
application of China's atmospheric reanalysis data in
climate monitoring, seasonal forecast of
precipitation, as well as the research on climate
variability, climate change, water cycle and typical
rainstorm cases. On the basis of this study, we can
continue to study regional climate characteristics,
extreme weather, and climate events simulation and
evaluation in the future.
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