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Abstract Based on surface observation data archived by the National Meteorological Information Centre, a dataset of
the 1991-2020 China climate normals is developed. For the development of the dataset, the metadata of the observation
data since 1991 is systematically checked, verified, and revised. All elements are segmented using the station location
migration information, and the segmented processing of the temperature series is completed based on the heterogeneity
test results. The segmented processing of visibility observation data is completed using manual and automatic observation

and adjustment information. The segmented processing of visibility observation data is completed, providing a better
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representative climate background field consistent with the current visibility observation method. The Fourier series

theory is used to deal with the harmonics of the annual daily value series of temperature and precipitation, reflects the

seasonal transformation of meteorological variables, and avoids abnormal mutation characteristics. The 1991-2020 China

climate normals provide the climate background information of 14 elements, i.e., temperature, precipitation, air pressure,

wind direction and speed, relative humidity, water vapor pressure, cloud, weather phenomenon, visibility, evaporation,

snow, ground temperature, frozen soil, and sunshine, of 2438 stations in China and data support for weather and climate

research.

Keywords Surface observation, Statistics, Climate normals, Homogeneity, Harmonic processing
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MAIRBIRVE, R BRI ARG 5) 3L
FERBEER T —ICMESZE, 20160, “SfE
PRUEME” — i B L IAE 1840 4F Dove 5% T4 Bk
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Table 1 Statistical items of the 1991-2020 China ground standard climate normals
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S (10 v T TS A A AER R B RR S — H Rk
W7 KU L, HESBRENT . AT RIES 1981~
2010 45 v [l Hh T A0 b 4B G837 9 — B0k, 7
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Fig. 1 Locations of 1991-2020 China ground standard climate normals and provisional normals stations.
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X, (A0 199141 H 1 H. 199241 H 1 H.
2020 5 1 7 1 HHFEKE, =1,2,3,..,365) i
AR R H A A T 2R H R A
Mo W SRR B AR BRG]
( Arguez and Applequist, 2013) . A T /01X 5
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FNEP AR ST A f (1) -
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wr = %(, 2

ap = % ilXt, (3)
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Table 2 Error of the annual temperature daily value series from 1991 to 2020 before and after harmonic processing
A0
X M=1 M=2 M=3 M=4 M=5 M=6 M=7
B 7 (3 %5: 56843) Tave 0.13 4.65 0.84 0.36 0.18 0.14 0.10 0.07*
Tmax 0.09 3.07 1.05 0.18 0.17 0.10 0.08 0.07*
Tmin 0.12 6.34 0.68 0.51 0.21 0.16 0.14 0.09%*
L R RF A E GG 52 53433) Tave 0.13 12.18 1.24 0.44 0.09* 0.09 0.13 0.14
Tmax 0.12 12.30 1.61 0.49 0.16 0.11* 0.12 0.11
Tmin 0.12 11.78 1.10 0.56 0.14 0.12%* 0.15 0.15
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Fig.2 Daily temperature before (Tave, Tmax, Tmin) and after (Tave_h, Tmax_h, Tmin_h) harmonic treatment from 1991 to 2020 in (a) Changning,

Yunnan and (b) Wulatgian Banner, Inner Mongolia.
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Fig. 3 Daily precipitation over the years before (line: Pre) and after (line: Pre_h) harmonic treatment from 1991 to 2020 at Fangchenggang station in

Guangxi.
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Table 3 Number of stations for the China ground climate normals in each statistical period

I B 1961~19904

1971~20004F

1981~20104F 1991 ~20204F
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R4 BEZFREEBSY

Table 4 Number of stations of each variable
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wE - HE R KEE

REWZ  RAHZR A

AL 683 2352 1204 2431 2419 2436 2360

2430 2421 2437 2429 2309 2424 2431
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Fig. 4 The spatial distribution of (a) annual mean temperature, (b) annual maximum temperature and (c) annual minimum temperature over the years

at various stations in China for 1991-2020.
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Fig. 5 The spatial distribution of (a) annual average temperature, (b) maximum temperature, and (¢) minimum temperature difference at various

stations in China from 1991 to 2020 and from 1981 to 2010.
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Fig. 6 Frequency distribution of the annual average, maximum, and minimum temperature differences at all stations in China over the years in

1991-2020 and 1981-2010.
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Fig. 7 Series of annual mean, maximum, and minimum temperatures at Yuanyang station from 1981 to 2020.
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Table 6 Stations with the annual precipitation difference
of 200 mm between 1991-2020 and 1981-2010
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Table 7 Difference of the precipitation days of various
rainfall levels between 1991-2020 and 1981-2010
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Fig. 8 (a) Annual precipitation (units: mm) normals for 1991-2020. (b) Difference between the annual precipitation normals for 1991-2020 and

comparable averages for 1981-2010 (units: mm). (c) Linear trend of the annual precipitation at various stations in China from 1991 to 2020 (only the

trends significant at the 99% level are shown, units: mm a ).
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Fig. 10 Map showing the visibility station distribution and manual automatic switching time.
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Fig. 11 Frequency distribution of the frequency difference of visibility less than 10 km at all stations in China between 1991-2020 and 1981-2010.
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Fig. 13 Spatial distribution of the frequency difference of visibility less than 10 km between (a) temporary normals, (b) reference normals, and

1991-2020 climate normals.
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Fig. 14 (a) Annual mean wind speed normals at various stations in China for 1991-2020 (units: m sfl). (b) Differences in annual average wind speed

and climate values between 1991-2020 and 1981-2010 (units: m sﬁl).
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