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Meteorological Information Centre, a data set of 1991-2020 China Climate Normals is
developed. During the development of the data set, the metadata of the observation
data since 1991 was systematically checked, verified, and revised. All elements are
segmented by 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 by using
manual and automatic observation and adjustment information. The segmented
processing of visibility observation data is completed. This provides a better
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. It reflects the seasonal
transformation of meteorological variables and avoids abnormal mutation
characteristics. 1991-2020 China Climate Normals provides climate background
information of 14 elements of 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, providing data support for weather and climate research.

Keywords Surface observation, Statistics, Climate Normals, Homogeneity, Harmonic

processing

1 5

SERARARAL I H 26 5] EBUR - BHE A A OGE, ARAE 2 A
SRR ARG ILFEE AR (T —IE45, 2016) o “~URbrdEfd” —inl&
L HIRAE 1840 4F Dove XT3 RZI L E T (Landsberg H. , 1955 £F)
PRAE R TR T 5 S R T DL SR VF R AR RIS FOIRAS, AT DU SR th g Fi
T AR, KB HRAT ZEAT AT A A, LR BLAN A2 I i 22 7k = AN AL 55 (Arguez
A.etal, 2012) o FRifESARAE 2 RO TRALAG B ER 2R 2 —, AR
AN AR AR A S BN IR UM AR A T ] A AR A B R SRS A4
I SCHE o BRI SR AR vt i IR S5 S S50 IR A 4 2538 FH R it b B b R <L 4

T



SRR AR T A A6 BRI AR A 5 A D R KRR KB R Ak
ARERES . Mo PR S CT—IC%, 20165 XIHEZE, 2015; Luetal., 2021;
Trewin B Cetal.,, 2007; FEZHEEE, 2014; FES, 2010) o ArdESIREERT N
B v v [ 7 [ B S AR AR FE AT TEE AN, SRARRLE RS A A T R
FHAU A B Y A4 A S S RO S A% s AT AR Do s b R AR T B AT e 2 T RS
AR FAT TR K7 LA I AR A (R g B E - (WMo, 2011 WMO, 2017) o

1872 4, MHAKZRML (World Meteorological Organization, WMO) ]
BT S E R R R (International Meteorological Organization, IMO) i
PRAESAEAE TR B IR B oA 1901-1930, &R E LA 30 4 AIAIRG, 4R
#ESM%{E (Guttman N Betal, 1989; Trewin B Cetal., 2007) , M+ 30 MK
JE ORI RAEA R (MO, 1989) , il & [ LUK B b, A
IFER ISR TURARHE(E . 2015 4F, SH-ERIEEFR A5 Re (MO, 2015) b
XA A E ) — RINE . b i B E B SO K AR A =R E XN 0
B (T 30 4R (41 1971-2000, 1981-2010) , T A2 4% ART AR KR ) 3E
AN 30 1 (40 1931-1960. 1961-1990) (Arguez Aetal., 2011) . #RT,
1961-1990 4 ARAEAEATI IR Dy K Mg AR A D1l PR s TR R VA

RE DI 4 WA S AF A TAF, B 1951-1980. 1961-1990. 1971-2000
19812010 4F (ZFPRFESE, 2018) , AUARAR™ i CAE R AN S BHHF 2
N (ZERREESE, 20055 GKKGRSE, 2013) , FHSn T EEFRACHE. 1961-1990
TEARESGRAA I GE T B 647 ANk, 1971-2000 4 R 135 208 n 22 722
U, XA ) R RS g [ SRR A L R B AR R R A B R
1981-2010 4 H/SFAEBEE I F) 2414 4, X FEERT 2012 /i), 528 T
2400 RAEF Y TR FAC R RN, 2 A E5ITIE, AT —
B SER MR (RO N R IR (285, 2015) o 1981-2010 4F < fE{H

AR B AR KA RGE L KPR ARHBEE . = KRR BE LB

. E . MR %t HIBREER AL 15 KBRS b

2021 4, HESZ/ITRE 1991-2020 4= [E Hh S AEE R Z%SRE
AR 1981-2010 AFAMREAR, S 7 U1 fsz B 88/ G AN ks w14 = A 4= Ak A0 A )
K0 1991-2020 47 Hb [ 1 i <R I B3R SR AL 2 1 4z 2438 A>3l U
BEAK. AR KGR, KR AHRE. = REIS. RELE. K.



H.OMIE. Kb HIRSE 14 RER (M THRRMMARD, ARAUREA LR
FEED MTEME. SR BE. B8 PR, sk HAE 553 6
KRG dh o AL BB SR S I EIEIR . Gt Ik mvrG 4 AL,
HSHEMH

2 g

1991-2020 4 [ b [ = A8 248 B2 0T 1 K (0 B0 U508 [ B B
O VRS ) P ] T SR ol R I D K00 - 2011 48, ERSR %5 B0t 1951-2010
A 2400 ARNHUTH G A BRKL IR, HBRSE 19 R e I I 7 Ak
A E AR AR B R} R A 5 LR 1) R e 1) g G A T RS R B DL (] D
BEAT R AN O A ) A R AR R B TE TR R R T R b T A TR ([T
ZAEE, 2012) o APARMEMTHIR 7 XE BT RHE IR 1991-2010 A= H
EHFE . 2011-2020 4F (IR VR T % G ol Bk p i A R e (A se
R A EEE, 2P ESRES =R s, BB (2165,
2015)

BT W RE, — LS RIS TE 90 SEARHIMIIMTESS RAET, FEA X
PEAFAEER G . 1991-2020 “FHRE M (B Z s AT A2 1, XF 1991-2020 £EHT A
SO SEREMEREAT T TR, S AR REE BRI 187 ANl i, SRk T AR L
PERIRZSZMIANTS, FNFEH A SCARILTE 865 ANl H, MR M s Bt — 3BT, 1
b, AEBER RIS AR T RIS A SRS AR, TFRE T AR 13T IE
TAE. BEH X R ERE BRI E AR (D S0 4R
SRR (2) EBREAE R G0l S5 WS 1 R A W Bk, R H i T
PEAR T, X EARIREAT T B, 0 A e gl it (] 5 51 AS A2 5 A i) e
BEAT 7 5% 17 LA A IR B K R O e L A S . R,
oK H 4 ML H G XK S LS W SO I L
(http://www. cwb. gov. tw[2022-03-011) &AW ) 24 /INFFEE /K B4 Ay FE At Ui
2Vl B XA R, IR R AT 99. 2%, IEFIE 99. 8%: & A
TR JE S 3 98, 4%, IEAZ 99. 8%; UKSEAH F 95. 0%, IEAIZ 80. 4%; KSZAHH
98. 6%, IEAfZE 95. 9%; P& /KEHE RIE 5 LA EZ AR, 50F R AER 235 100%.



3 Gt hiE
3.1 G IMBEREE

o [ TR A 2 1991-2020 ST RAE AR RIR . FRKSE 14 K5 R
(FERGUTE MEERER D WFME. S8E. RE. B E. &K
EEL: HHON IR H L Fa e i % AR IR L B A R H AR BEKE . H R
BESL 7RG E o B SURE R SE T T vEIEAE T E SR CHb bR v AR
GeitJiik) K (WO S MERTHE SRR ) (MO0, 2017) .

£ 1 1991-2020 LEhEREIRESEESHTRE
Table 1 Statistical items of 1991-2020 China Climate Normals
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Fig. 1 Locations of 1991-2020 China climate normals and provisional normals stations
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Table 2 Error of annual temperature daily value series before and after harmonic processing

X(t) £(t)
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5 A I Tave 0.13 12.18 1.24 0.44 0.09%« 0.09 0.13  0.14
(359 :53433)  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%x 0.15 0.15

2 ZEET (a) SERRSHHFRIE (b) IR ERTEHNRFSEHERFT
Fig. 2 Daily temperature before and after harmonic treatment in Changning, Yunnan (a) and
wulatgian banner, Inner Mongolia (b)
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Fig. 3 Daily precipitation before and after harmonic treatment at Fangchenggang in Guangxi
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Table 3 Number of stations in China Climate Normals in each statistical period
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Table 4 Number of stations of each variable

TR~ AR FLE HE O OHE BK AE O OEBE O OHE O OEE KARE BILE KRR
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Table 5 Annual mean of different statistical periods at Yuanyang station, Yunnan Province
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Fig. 4 (a)Annual mean temperature(°C) normals for 1991-2020. (b)Annual maximum temperature
normals for 1991-2020. (c)Annual minimum temperature normals for 1991-2020.
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8] 53 75 [E]
Fig. 5 Difference between the new mean temperature(°C) (a), maximum temperature(b) and
minimum temperature (c) normals for the 1991-2020 period and comparable averages for the
1981-2010 period.
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Fig. 6 Frequency distribution of annual average temperature, maximum temperature and minimum
temperature difference in 1991-2020 and 1981-2010.
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Fig. 7 Series of annual mean temperature, maximum temperature and minimum temperature at
Yuanyang station from 1981 to 2020
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Fig. 8 Annual precipitation(mm) normals for 1991-2020(a). Difference between the new annual
precipitation normals for the 1991-2020 period and comparable averages for the 1981-2010

period(b).Linear trend of annual precipitation at various stations in China from 1991 to 2020 (only
the trends significant at the 99% level are shown)(c).
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Fig. 9 Frequency distribution of annual precipitation difference in 1991-2020 and 1981-2010.
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Table 6 Stations with annual precipitation difference of 200 mm between 1991-2020 and

1981-2010.
PR 1991-2020 S A4 (mm) 1981-2010 S fi & (mm) Z248 (mm)
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59288 1793.9 (1991-2020) 1553.8 (1981-1991) 240. 1
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Table 7 Difference of precipitation days of various rainfall levels between 1991-2020 and

1981-2010.
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T %) B ) WL (%)
JNFR
(0. 1-9. 9mm) 28. T 69. 7% 1. 6%
o
(10. 0-24. 9mm) 63. 4% 31. 6% 5. 0%
KW
(25. 0-49. 9mm) o7 9% 29. 4% 12. 7%
N UL b
(KF 50. Omm) 7 A 27. 1% 24. 5%
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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 frequency difference of visibility less than 10km between
1991-2020 and 1981-2010.
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Fig. 12 Frequency of visibility at Beijing station in each period less than 10km frequency (a) and
less than 1km frequency (b).
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Fig. 13 Spatial distribution of the difference of frequency of visibility less than 10km frequency
between temporary normals (a), reference normals (b) and climate normals.
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Fig. 14 Annual mean wind speed(ms™) normals for 1991-2020 (a). Difference between the new

annual wind speed normals for the 1991-2020 period and comparable averages for the 1981-2010
period (b).
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Fig. 15 Frequency distribution of annual wind speed difference between 1991-2020 and
1981-2010.
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Fig. 1 Locations of 1991-2020 China climate normals and provisional normals stations

w
o
o

400
—Tave_h —Tmax_h—Tmin_h—Tave -~ Tmax—Tmin —Tave_h —Tmax_h—Tmin_h-——Tave -~ Tmax—Tmin

(@) 300

nN
(3]
o

L]
(=3
o

Temperature (0.1°C)
o
o
o

. Temperature (0.1°C)

o
o

-200

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

B2 z@ET (a) SARSHFFEE ©) IERAEFEHNRFIIERERFS
Fig. 2 Daily temperature before and after harmonic treatment in Changning, Yunnan (a) and
wulatgian banner, Inner Mongolia (b)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

400

350 ——Pre_h

300 r Pre

Precipitation (0.1mm)
- - N N
o (¢ (=) (4]
o o o o

(o))
o

_50 L 1 L 1 1 L L 1 1 L 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec

[ 3 I AR ISR ARG REREKBERFS

Fig. 3 Daily precipitation before and after harmonic treatment at Fangchenggang in Guangxi
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Fig. 4 (a)Annual mean temperature(°C) normals for 1991-2020. (b)Annual maximum temperature

normals for 1991-2020. (c)Annual minimum temperature normals for 1991-2020.
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Fig. 5 Difference between the new mean temperature(°C) (a), maximum temperature(b) and
minimum temperature (c) normals for the 1991-2020 period and comparable averages for the

1981-2010 period.
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Fig. 12 Frequency of visibility at Beijing station in each period less than 10km frequency (a) and
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Fig. 13 Spatial distribution of the difference of frequency of visibility less than 10km frequency

between temporary normals (a), reference normals (b) and climate normals.
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Fig. 14 Annual mean wind speed(ms™) normals for 1991-2020 (a). Difference between the new
annual wind speed normals for the 1991-2020 period and comparable averages for the 1981-2010
period (b).
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Fig. 15 Frequency distribution of annual wind speed difference between 1991-2020 and
1981-2010.



