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Abstract: Based on the parallel daily air temperature data of automatic and manual observations at 143 na-
tional benchmark stations from 2002 to 2010, systematic comparative analysis and objective evaluation of
differences are made, especially focusing on the large differences and their causes. The impact of automatic

observation on the homogeneity of temperature time series is evaluated using the penalized maximal ¢ test
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(PMT) combined with the metadata of observation instrument changes. The results show that: (1)
51.29%, 54.14% , and 67.18% of daily average, highest, lowest temperatures obtained by AWS (auto-
matic weather station) are greater than the values by manual observation and the percentage of difference
between 10. 2C respectively accounts for 78. 8%, 63.1%, and 60. 9%. Average difference values of daily
average, highest, lowest temperature are 0. 05C, 0. 09°C and 0. 15C, and the standard deviations are
0.14°C, 0.22C and 0. 15C, respectively. The difference, absolute difference value and standard deviation
of all temperature elements have no apparent increasing or decreasing trend along with the observation time
of AWS and their spatial distributions are different. (2) By the classification comparison and screening of
the difference value, absolute difference value and standard deviation step by step, some differences are
found greater at a few stations and the differences of the average, the highest and lowest temperatures col-
lected from the same sensor are different as well. By the check of PMT, the inhomogeneous breakpoints
are found in the monthly average temperature time series, monthly average maximum temperature time se-
ries of 35% station and monthly average minimum temperature time series of 25% stations among the 20
stations with largest absolute difference values of average, maximum and minimum temperatures. (3) The
change of calibration error of temperature sensor is the important reason for difference jump between auto-
matic and manual observations. The instrument failures, such as zero drift of electronic components of
temperature sensor or data collector can lead temperature obtained by AWS to deviate greatly from the val-
ue of manual observation. The above two facts are the main causes for greater differences in temperature
between automatic and manual observations, and also possible reasons for inhomogeneous breakpoints of
temperature series because of observational instrument changes. Therefore, we suggest strengthening mo-
nitoring and quality control for automatic observation data, increasing the observation instrument calibra-
tion error correction and realizing the zero temperature compensation adopting methods of hardware and
software compensation to reduce or eliminate the instrument error as much as possible and improve the ac-
curacy of the automatic observation data.
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penalized maximal ¢ test (PMT)
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The annual comparison results between temperatures obtained by

automatic and manual observation from 2002 to 2010 (unit: C)

4 EEia H 725 R H B Ul H (%R
) Xof 3l K il e daxfEAE ZE(H ez dan2AE ZEd FRifEZE AR 2EME
2002 6 0.18 0.23 0.23 0.33 0. 32 0. 39 0.22 0.17 0. 25
2003 8 0.12 0. 20 0.21 0. 24 0. 30 0.33 0.16 0.16 0.21
2004 86 0. 04 0.17 0.19 0.11 0. 26 0.29 0.11 0.19 0. 26
2005 136 0.03 0.14 0.16 0.10 0.23 0.25 0.11 0.15 0.22
2006 137 0. 04 0.14 0.16 0.10 0.23 0.25 0.15 0.15 0.23
2007 142 0.05 0.14 0.16 0.09 0.22 0. 24 0.15 0.15 0.23
2008 142 0. 06 0.14 0.16 0.08 0.22 0.22 0.16 0.15 0.23
2009 143 0.07 0. 14 0. 16 0.07 0.21 0.22 0.19 0.15 0. 25
2010 143 0.06 0.14 0.17 0.06 0.21 0.22 0.17 0.15 0.23
F2 20032010 FHEFHEAIRUKEZREXNLER(BLM:T)
Table 2 The annual comparison results between temperature obtained by
automatic and manual observation from 2003 to 2010 (unit: C)
e B H 34 <l H 5 5 Al H B A%<
Xk B ZEfH PRdEZE 4N 2EAME ZEfH ez 4 2EME ZMH R HXF2EME
2003 8 0.12 0. 20 0.21 0.24 0.30 0.33 0.16 0.16 0.21
2004 8 0. 10 0. 20 0. 20 0.17 0.28 0.28 0.22 0.18 0. 26
2005 8 0.10 0.18 0.18 0.14 0.25 0.24 0.26 0.14 0.28
2006 8 0. 10 0.18 0.18 0.19 0.24 0. 26 0.29 0.17 0. 30
2007 8 0.11 0.18 0.18 0.19 0. 26 0.28 0. 24 0.15 0.27
2008 8 0.14 0.17 0.19 0.21 0. 26 0.29 0. 30 0.16 0.32
2009 8 0.11 0.18 0.21 0. 20 0. 25 0. 31 0. 30 0. 16 0. 34
2010 8 0.12 0.17 0.23 0.22 0.25 0.35 0.21 0.16 0. 30
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Table 3 Classification of stations about comparison results between

temperature obtained by automatic and manual observations (unit; C)

ez 2R TR H RS O
E AT T S TE TN TR
: RIS 005 4L 2005 LS 5 A e
: 15 ol B R T 3] T B
RS R TN -
b B B % IR R B AR A T B
! AT AR B DU B B 3 % DR
L TS 5 R R TR R AL AR L
d R R N RN




%8

AN A B 85 N DR 22 7 i R Y SRR R R iR 23 BT —— LA 143 A [ 5K Ak v i A 441 1013

LI 9 X5k B 22 L 4 F 22 B 0 A 9 2 g ) 7
AR R B 20 A B ol H XA BAR G
CRIERRCNEE T INIEE =4 iR /- NibN = o BN WU R ]
S LS R B AFTEA — B 00 JCI8 2 B 2246
ot % 25 (ELIE J2 B ofE 22 L AT LA DRy 4 Bl O R Kk
(R ORIl =& IR0
RV i AU P R e IR R BN O 2
IR RCN R RN g R N OO &
RN IR ER . HAl A B — R ZE R BRI
BT HIE.

PAZE AR ] DA L0 BT 5 H Bk
MAE 4 ol , Q2R A HHL R RS 3l @bk
A RA G R AR GER BAE 6 AL
ol H 5 o H B IR P 2 22 (8 A K P-4 iR 22 {E
Mg/ o DA X 2 ER O B, @K Gl 25 8 4,
HUJEOFeul 4 A~ L MEZEE R KT QK G
AW QREBUA 5. DK 4 3,

LR PR VRS @ E B PURII IR S R R SR RN
AR IR A 7] — R & Hh T % AR LA,
LA AR X IO 189 T 0 =l e 1 D B S T X351
H2E X E R WA — 2, o205t T P il Y
ERSUNEE SN R SRR P ERIE (PO Rk
R B L = AR R 1 2 0 22 (bR 22 BOR

3 H3hS AU AR 22 5 1 AT HE
73 B

MNE 2 T AR Sy BT Rl A, B 35 O T
H-F-34 H e H B IR b 25 (E 8 13 0. 2°C
B 43340 A 21, 296,36, 9% F 39. 1% , [a] i} A
ARG HT IR W 2 (A B K 5 0 i 2= (R B AT LA
HZ5 A S FE 6 MR, B2k ashy
N TS IR A8 TR B Y 22 5 0000 B fa) /9 AS
— B0 A5 A B Y X B AR ROR R B B AR L A
BB W AATAE MY 22 5 A 45 8 R 5o 22 1935 8 4
AN TR 6 3 F 305 O 00 S 48 22 0 B8R B
NS HI LI S5 R 63X G 28 B A T T R )2 R
PRI g 7 3 2 %o U0 ) AL 45 T U ) AL 2% 7 i FH L 4
PR I G S R 1 T A O R B, i X
PR B A 1 DR AT LA 485 R DA R A

3.1 REGRRFMNRETERENBHSAIN
NKIRZEFHIF T

HRA B Bl ol A6 o ML il R A SR A6 SR A O

2 AR R T B A IR AE T O U B R A B R
H R 220 R BRSO e WA, KGR g IR .
AP EMRE KRR R ATFRZENLT0.2C, FEHR
A7 B Sl W0 00 0 K54 i Ak B 553X S R AE
WZEIFASHB A Sl RETHE P X F il TR E
FIFE X 7 AH 158 22 0 e K SR VA S B 8l ol 45 2 AL K
R 5 R AN A B CR AR A, 2006 5 47 R A
2014) 23 o I BE I R FE 4L

FIF 22 FERIL R W 2004 48 1 A 1 H & 2012
3 H 31 HAS S AT M B H fem . B
AR SRR P Y0 b 224 I 4 0 4 BRI
JEE A% B 1 foff A 28 ) () [ 28 B - 2004 4F 1—5 /.
2004 4F 6 H & 2006 4F 4 H .2006 4 5 A & 2008 4E
3HUAT7 Fidha). 2008 £ 4 A & 2010 4£ 8 A (K
7 d19i28 b) 2010 4FE 9 H & 2012 4 3 H (& 7 i
B o) I H 2004 4E 1—4 H 2004 4£ 5 H & 2006 4F
4 F.2006 4 5 H Z 2008 4 3 H.2008 4 4 A&
2010 £ 3 A (E 7 vhidlhy d).2010 4F 4 A F 2012 4
3 H B 7 oy e Ik R BT SR B A JE BT A Bl
55N TS0 A0 A S 4 2 (B, o REAE AR B 5 RAY
AR E A UMEUE A5 b BT A 7 i BE AL A 1 e KR 22 (a
BE+0.1C.b K —0.2C,c Bt —0.2C.d E
+0.2°C e BE40. 1O PFAl IR B A% 8% 25 K 2 o 48 )
ARSI ) 52 e (7 & B, 7R TR B AR 1910
AE BN, AR R e R iR 2ZE AN, A5 A
ORI AL PR - 34 22 (B A B B R Bk )N Y i A
A BAS AEE EY H 5HET— A M2 ER K, B
HV-3H s H e A 22 (3 R 8/ )N 1) 8 3
FEA . 5 AKE R E S AN B A 5 A T
WXT bb 22 (L 7F (8 1 A8 4k b A e SQ I, e il 7 d %)
e B, BE A 7 fH 15 25 B 3/ A I 25 (B L/ .l DA
A AT BT S R R AR SRS R R A s (1R 25 2 S T A
5N T 25 5 ) 5 2 2 (H iy T 48 4 2 A AY
R E R HEUE PR 0 IR R AR R IR 25 5 A
g5 N TR 2ZE N R R AR — 205

3.2 UHRFLAEBXMEHSAIUNSEEZRD
5 i

3l Gl il B R AR A A% 2R AL I Ll IR
e AR BRSO B Bl G O B B R
g B oC AR F 2 32 B PR B3 1 B B2 i 3 N AR 4 i
RATER E M55, 2007) T Wk B2 A% J% 25 AR 416 401 F
BH (P100) Y L BHL L i it 122 722 1 A Jit B A 00 3t 2
B 4 IO LR A R S L A A AR ER



1014 A, % 41 %
03 (a)) TP i e e s
0.1 "=\_‘ [ a:"'D.l"C‘.\"I bi=0.2°C W
o]
= : I
0.5 \ FISE
—\ - — —FiwFEMTEEE
—0.9 4
0.5
(ay) A
8 0.1 -M MFA 7 = y ! .‘:“ IA
e —
0.3 \‘ ........... i
A
"V\ —EESE
—0.7 | w ......... e BRI EE
0.5 (a) "\
° o oD\
2 ‘l \&_ | & \/
—0.3 s
\
\ —BRSE
—0.7 — — B EEHRTHEE
20041 2006—1 2008—1 2010—1 2012—1 2004—1 2006—1 2008—1 2010—1 2012—-1
Lo e

E7 AzhS AT EZ A FEHEE
(a) ZREus, (b Wl

Fig. 7 The monthly average difference between temperatures obtained by automatic

and manual observation
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