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a single region or on a 2~3 years time scale, while the analysis and comparison on multiple observation
stations with different longitude and latitude and large time scale are few. In this study, the
observational data of near-surface fair-weather atmospheric electric field from five stations of the
Meridian Project in recent ten years were compared and analyzed on three different time scales: annual
variation, seasonal variation and diurnal variation. The results show that the peak and valley types of
the average daily fair-weather atmospheric electric field are different at different latitudes, and the wave
peaks at Zhaoqing Station in Guangzhou, Jiufeng Station in Wuhan and Mohe Station in Heilongjiang
tend to shift to the left or the right year by year. Located in the low latitudes in Zhaoqing, Guangzhou,
Wuhan, Chengdu PI county stand the Jiufeng station sites, such as nearly a decade of sunny overall
atmospheric electric field amplitude shows the characteristics of the change of the reduced year by year,
while the electric field amplitude of Changchun Nong'an Station and Heilongjiang Mohe Station in the
middle and high latitudes showed an annual increase in the overall trend, and the annual changes were
linear. The occurrence time of maximum crest is negatively correlated with geographical longitude, but
positively correlated with geographical latitude. There was no obvious latitude effect at each station in
the last ten years. The daily average level of the fair-weather atmospheric electric field is higher in
winter and lower in summer, and the minimum and maximum values of the daily average fair-weather
electric field are approximately normally distributed in all seasons; the variation of the minimum and
maximum values is generally consistent on both annual and seasonal time scales. The results reveal the
variation characteristics of fair-weather atmospheric electric fields on different time scales.

Key words Meridian project, Fair-weather atmospheric electric field, Variation characteristics,

Comparative analysis

2022, 42(3)

0 5l5

3T 1 TR A/ FRL 3 A kg R H 2 S ) — A
G020y (NG S 0 ot N E R ) I L o6 5 o W
PR (GAEC) 550 AE A OC & | I = wir IR
AR PV AR AL R . BRI, KIATE ST fig
T 0 2 R b DX R R R A SN, TR SRR
Tk XA, T (AT R S R
Wilson 251921 4F#2 11 T 2B LR, KA
i FR 8 Y 2 B U AR P RS O 3 R
SR H KA Pulinets % SR A
PEl . KARTHE B 2R A AL (LAIC), A A =G shnl
BB R X AR ABEGEMIH TR B EZ 55, m
LAIC HERIA] DUAR 3 e R 25 )2 2 (8] (1 A
YE AN S35 A8 Aok fif B B Hb R AT JR 9P BT . Chen
2 LR R R T KR L% S R B A L
P T — o R U E L W W ik S BRI . A
g ER Oy, Ju " A Xing 27 HRAE RS H
YR e o B T 7R LI T PO Ty ik, RIS T s

TR . (BB T, KRR 32 2 Bkak
R (. KGR FH AL e e s A%
RAR HiL T 7T 28 52 AR ) L o A5z (81l ann s A e vk
&SR ST AR s 0 Ei,
HE—25 T X KA LA A SCH ST, 45 R i)
LEps VIRTXEY ke

E R R KT 5,
iR AT KA R IRt S fh R FR A+
P4 . Harrison 2500 % 20 th-20 w4 i Py 3
TIFE T A8 I 5 5 A T 50 H, R S K H 3
THE SRR HSF 118 25 A 5 000 b PR A7 TG . (FL R AOR
Z W KB, TR SRR e ) 22 5, N [R] Hb s 1 B
KRS A S FN LA ERKE
9. Yaniv 20 BE5E & B, L@ SRS 2013— 2015
MR KA T 5 R NIEILA—FE R
IE£(08:00—10:00 UT), iZj=W4 5 Hb e i 3 s e vk i
B %, B Arctowski 3 2012— 2013 4F By i K
KA H AR 28 AR -t 5 SR A ek
P S E M i VA vk B X R S A



B A F R KA T TACHAESHT

Bhattacharyya 25" 3 52 BF 5% B T 50 1) 4% 30 125 36
Pk 2017—2018 4EIE R KA ISR SR £k
Xt b, % BN S R I (R R TR N R £, O
T 5 YRG5 SEO KA B8 A M .
Gurmani 25 M % ELU L 3 A4S & 36 2015— 2017 4F
FIE R RSB RN, 3 MG T 5 R~N
SR 25, JF B RS A ) B[R] 52
TR o [ A AR A T A SCATE SR, 61 an
X" % v g2 /A JE X 2005 — 2007 4F (1 i KA
ST AT, B HE RK KA H AR L 2
KIS B OUAERLAY ), I FLAshfZE 754k Liu 21
X G ER H X 2009 — 2015 4F- [ B K RS S ifF o &
W1, Y A (LS B SIS L, Zhang 5517 X RR
VA 9 AN sk A5 AE 20 22T B AYIE KRR
HL B EA T4 BT, e R H: H AR Ak 32 2 5 B B R
XU XA PRI TR , I HLAR B 5 215 AR L A4 X i
JiE SR R SRR ORI SEE . Yang 25 Xt £ 15 g 1
P 2014— 2015 4E Y IE KRG #7504, K3
V5 R0 VY R I R R H 37 H AR b 2 AU AU R 1IE,
It H 5RO R B # Y] .

RS R T AR X R IS R KR g 2
KRR, e BRIE R KA 32 Jmy 3 5 s e B i, HL
22 Jp %t PR — M [X ol 7E B AR R s (R ROBE b R4 74y
Hr, e = X6k Z2 A AN [) 25 243 ORI sy w55 R 25 R sk i) R
BT o AR SCRI A -7 T2 5 4 KA 0
il T 10 AR ALK , 38 a5 LA s A 3l
By, S FTH E B 103.8°E—124.9°E, 23.1°N—53°N
BRI g KK, Mg XK H
ity H 224k 22757840 | AEARABERRAE

1 Bs505k

1.1 kiR

A SC T R KA R REAE S8 A 43 BT (4 30 b
TR A B R U T 728 R h e, o8
AR T TR A M E2E RS (ZQT) | A%
HRAEE B3 (PXT) . s SR (JFT) . KB L1
(NAT) . BB yTaial st (MHT) %5 5 />l s i KSR

* http://data.cma.cn/
** https:/ /www.gfz-potsdam.de/en /kp-index/

** https:/ /ladsweb.modaps.cosdis.nasa.gov/

405

G g, ikl S 1R, T
BRI ABEIER A 0 G T, 5
PERA 2.5 Ve |, BHRIM R 1s, X BAHRS
SRR A T ES SRR L R
Kp, Apt& 80k B T 18 [ s BR BL 2 0F o8 oo 4t
(Kp and ap/Ap indices) B, {8 HI A O G
JERE (AOD) il A U5 T 56 [ 1Bl 8 T =) (NASA) 4
HE MODO4 3 K $tiade, H_ R vk it a]
o8 2011—2020 4.

1.2 HIELERE

W DR AR L A 5000 11 7 328 2% e LR 3% Bl 48 5L
Kp < 3, KR, L% Bk, BTG ESLE, K
HEAKT 8 mes o Xt b 450 1 A f s K
CHLIHEAE, O A (0T S S 1 R S AR R A T 33
I8, I FEAT B 4, X 3% Sk kR A oSO i
3600 ~(RI 3600 s) [ KA IGEEE T L& 5.

K FH i IR 311 F- Y0k U i 5 i) Bk i b
AR HEAT V-0 DR, LATHAE G KR L H Pt
Lo T IASURS Bl V- S5 08 8 2 SURR A v 3 AL o BT
T, R DA T R B R RR B, AR v S 7 R AR R
ANEBERUE AT S AR DR, 1 K e A% R S
SRR (55 AT B RS BRI G B1E 5 o ST e
D82 PRBSCELAT T 08 0 2 P M T, 1 A R0 I v 4
HUMRAE O T U U T 2R
I h(r)g(t — T)dr

fj;: g(t —7)dr .

A 7 R BT PR IR () _E A PP 555 Ry (8) 2R
Aok g S T DB B I TSR A S s g(t — 1) M

\/21777 exp <_22;2> . (2)
K, oo i i R B AR o 22, T ol v S0 T R B
AR08 DV v ST T U D R K o I 3 o 4 o v A
7 BRI S8 B R AT R . TR I A v i B
HLIE P R A 3 /0, TR 3 FEL 6 % 5000~ 8000 FY i) 4
B B (Bl 5000~8000 s) FEAT V-1 I I M, DA AE X
AT ML P i [R]i, RE 2 R B A U -

hg(t) = (1)

g(t) =


http://data.cma.cn/
https://www.gfz-potsdam.de/en/kp-index/
https://ladsweb.modaps.eosdis.nasa.gov/

406

H ] 14

1431
* bt EHER

=L @R
H. ARK,
BT
1:48000000
# &5 GS(2019)1823 5
AR BEIER Wil

Chin. J. Space Sci. =IFAFFIR 2022, 42(3)

MHT(122.37°E, 53.5°N)

K1 TR Gl

Geographical distribution of atmospheric electric field stations in the Meridian Project

Fig. 1

ARG VLB 3l 2020 4F A 1], Fe 45 3] 1 0 K
KAH B & E 2 Bos. S0 2 aral, -
RBAEAL BT AT AT

2 HAMLRAFAA

2.1 HIEAELER
R LA B8 0 45 8 S A 317 %, B X +-F 1
25 AN KA HL 37 00 I il e %) 0L I S 8, 43 ) 3B
2011—2020 4ERE RARHLY A2 X X4
JFEA B RBUNT 10 KAy B H ke = Ge i35 i
AT UG, B2t as RanE 3 3R 1 .
2.2 YIBHLHIFRRE
FETC R AR G IR AT, KA F 20
WEE TS . R R AT AR R 1
B, == (3)

Horp g R 3T b R 5 1 T 22 [R] A FEL AL 5 A
SR FERR TSP PR E TR R, U
HE/NE T (HZR N <1071 ~ 1 x 10-° m)!", Hik

® Data

95% confidence interval
—— Smoothed curve

025 — 7= Envelope i
max min
15:43 23:14
0.20 +
‘.E 0.15
>
) L
~ 0.10
N
0.05 + :
0 1 1 1 1 1
00:00 06:00 12:00 08:00 24:00
Universal Time (UT)
K2 BIRVLED G 2020 AENE KRS H AL
Fig. 2 Daily average curve of the fair-weather

atmospheric electric field in 2020 at Mohe Station

in Heilongjiang Province

/(1

o=e(nppp+n_p_)=2enpu. (4)



B

e o wE

E/(KV-m™)

E/(kV-m™)

E/(kV-m™)

R R A 0 2 BACHFAE AT
—2011 ——2016
—_—2012 —— 2017
—2013 ——2018
—2014 2019 —2016 ——2018
—_—2015 —2017 ——2019
ol ZQT PXT
: (a) 0.20 (b)
0.15
0.10 o
= 0.10
>
< 0.05
0.05 9
0
-0.05
0
00:00 00:00
%
f 24:00— 207 2015 201
Years
—2011 =——2016
—2011 —2016 —2012 —2017
—2013 ——2017 —2013 ——2018
—2014 ——2018 —2014 ——2019
—2015 2019 —2015 2020
06 ‘ © 0.8 @
0.4 | | | % o
) ‘E
}\w\«\ 3 /
\ h \
2011
—2011
—2013 —2017
—2014 ——2018 (f)
—2015 ——2019 1.0
—2016 2020
MHT 0.8
0.3 (e) Or .
~ 06}
0.2 ‘E
‘ ‘ \z/ 0'4 -
0.1 L;é
W 0.2
0 . ol ©ZQT e NAT
00:00 o o PXT o MHT
’ ® JFT — Linear fitting
12:00 -0.2 *

07‘ =01 0 01 02 03 04 05 06

24:00
2020 Years Euin/ (kV-m™)

K13 (a)~(e) & Ul 2011—2020 4EMFR ARSI HFEMIZL, () %Gl 2011—2020 45
H P25 R i ME- R KA S

Fig. 3 (a) ~ (e) Daily average curve of the fair-weather atmospheric electric field at all stations from

2011 to 2020. (f) Min-max fitting of daily average fair-weather atmospheric
electric field from 2011 to 2020 at all stations

407



408

A, ny M350 IE SR TR, o R 2350
IERETIERR, e NILHM . HIEFE TR EMSE
i, apt BT R =PI IE e T R 2Ok A
TR L AT PR B (A% R, BE5T
PORn ) AL, R AR A b sl AR R
R AR A AT o P 7 Rt

q—an®*—nBZ =0, (5)
q=qc+ g, (6)
Z=Zy+ 7, +7.. (7)

Hrb, g BB TARCR, o N T B T2 G R, B
BRI R R AL, g Mg 7350 0 T i B S A 1
SEFPUNPEYI B AL S R B TR INR, 282, 2.,
Z ., 7 3 RIFR AN TR IR | TE R R
JE | SR R TR AR A I

ST HL TR R I B A A B — R I, AR
I e 307 A B, AU IR BORE L A F T 2 R R R
%, 11

ve, =2 (8
€o

~—

Ha(3)~(5) s, KRB EE S EE S EBR
WHCHRIE 7 IR N

E. - -2 )
(VFZ" + 4qa - BZ) pe
TEFEIGRIFIL T, n82Z > an®™,
n= 5%. (10)
I,
- (1)

P, 73215 e R X380, KRS B, 5 R R
ZIWAE . VFZ2METTE R, KA AR Ik

Chin. J. Space Sci. ZIAFAFFIR 2022, 42(3)

JiE 2 [ AFLE ML) A8 A ML P2 (R R 3275 e
HYRRRER/NIEO T, RSB E, 5SRIERERE 7
MR C R, I HAERZECE LT, AR 1<
VA TSNS HL 37 1) JRy s i AN S, U RS 3 R B
A BRON R 126  FEE H DX A T B K B I 35
T 1 s T A s R s R T A SR
AR B N, 2ET( 23 [) F Aer 3E , DAS BOR A
st
2.3 BRXSBFATK
ML 3(a) ~ () AT AL, £5 53l 1 H IR KA
137 B LA R T ZE PRI ) H P0G KK
YR T, — N RA R AR A
B, 2011 — 2018 4 F U B A% 1 3, ik Ak
WA A S A % R 3 CHR A Bl () H P 34 I R RS
FL b 2 p VA 614 7P A = e 0 R e ) f — S ok A 0
R PO H P R KRB FE R —1
D W — S 2 2E B, AR AT 3t BT BLE XA 1Y)
L, H P 2011 —2018 4R B A B Hy; K
BRI H BN KRR B — N, —
AN ALK, Dl WD A% D AR B AR AR s B
VLB 1 H P-4 RO 2 — e —
AN L, A ARGy R BT JC W I A B,
H F P 2011— 2020 4FA B %A HE . K,
R B 3l i ) H P-4 R K L S W 4 SIS TR Ay e
XA B 20 W 22 4 700, T o i 26 38 3l o5 D) Oy L pp
R HAR TN EE PR, | RICILIES, | SRR VT 3 (1
P I T B AE AR S R R . BT, R
SR R R PR, RIABTES
i 2011 —2020 4EIE KRS H A &gt 4h At .
L 10450 X KA HE &
22:00—04:00 UT (X1 24 Hs b A] 06:00—12:00 LT)y

*1 B35 20112020 FRERASHEIG HFHHLLEITER

Table 1  Statistical results of the average daily curve of the fair-weather atmospheric
electric field at each station from 2011 to 2020
A HHZE/(°)E LR/ (°)N B 2o S| R AP 14 s B (] (U'T)
I NP 113.44 23.01 XU RLAT 09: 44
SRR EL v 103.89 30.9 SIE=A 20: 37
DU LG, 114.48 35 gL 14: 15
KAACL 124.96 44.08 LN 3N 08: 33
AR AT 122.37 53.5 LN 3N 15: 37




B A F R KA T TACHAESHT

IR R . R TR H B 5RR
AT A L, FBOL T K S SRR &
HEAS A, TS KA L B s ke A
R AT 0 SRR, Hb R AW, AT I R G U
T, N0 s S BUE IR EE B AL B, AR
JE T e (A A P B et R o, A F B MR BE RGO
FRE (8) A= (9), SV ISR H, 15—V B2 g 388 &7
S RERTASERIGE R, X PP RFRAAE 06:00 UT
(X N7 24 M B[] 14:00 LT) 26 A+ 35 215 1 i 37 A i A
B, JF7E45 & ol B i KA A LT ],
IR PR S RN N2 shist s, I ELUB-ROR AR fe s 1
A2 KA A AN i 9 1)L 26 SO I R BE A, i
FHRB R BRI HR BE W/ IS, DA T3 T 302 s
KA B G, A GBI E ,
24 BRASHEHETK

Pl 3 38 W] LA H s 01 A AR o 1 DX ) N 2
Pty AR Bl | m LI S U TG 10 AR I
RS L Wy i (R S T SR A AT ) B AL RS AR T
7 v e 8 B A R AR Bl | P T VL Tl A il o
VT 10 A I R R HL 3 R B U R B R — R B AF
AR, Hor R AR 22 il v 37 1 (2 R 2 B0 iR A
BN AS A RRAE , 17 2B R VT3 2011 — 2015 4FH
YR AE 2 AR, 2016 4FHL I IR (E AL E— R R
I, I FE 2016 — 2020 4F 5B 5 B0 & AR B N
B k20 PRSP E 3 (R 2 AT AR AR
TIE, H 45 5 03T 10 AT I R KL 3 RE 1) S5 /M FI
KMEHATEMRS . AT IWH AR5 SHUE
SRR, SR AR N IR TG, A S
FME 3(H) PR, BARRILM A

By = 1.7240E,,, + 0.0175. (12)

Fo, B F1E, 0 70 591 6 755 B KK H 37 W {1 19 Ak
(E AN /IME, B35 KV - m—te A RIR2E R
0.0325, JHIHE 5 AR E R A (SR 2 0.9765, 2 W]
AN G BOR BT, W BRI 5 B/ INIR B Z R
TEL PSR A S, 45 0l 53T 10 4R K KA H IR
4328 AR AL TS S B A S P R R R 1

KB (Aerosol Optical Depth, AOD)
S R BRI B B ARy, AT A R RS
YRR, Y SO RS AR f AR L B e L
T S R VAT RN A S T A B e 7 A ) R 55 e
AOD Z 3 H 7 In] b RASIE R, If 5

409

AU B RAE LT BRI, AOD R AT il 2 S e X
B R B AR e AR B . 8] 4 IR s KA
HL37 B sl T Ak X 35 2011 — 2020 4ERYAEE 15 R AOD
HA AL B MG o DB 4 AT AR e TINEERR
BCAR R B . BRI LIEAE G A X AOD fHAL =, IF
HIBAFLANE T RS R, 505 85 e Ko< g
WEHEL P SR AT P 2ol D AR T 7, 3 3 B 3R X Sk iy
KA YRR RO ™5, SR 5 RS EZ
[ R IEAHE KR, 258 2.2 15 R A5 Je e ™ I Y
T T A T35 v 4 B R R AR 22 . R e VL] 5y
SIS AOD A WA, B AF AR a5 1 oK
G IREN A FARRL, H R AR, iR 2.2 1y
SROE7/BLIETIN I N R R Y Y 2 =1 N N W iR 7L
iz X SR Z ) AR R, I 2
A BRAKON (R 5E R, RS L R B A 2 3 T e 4
N T AR B S AR B
2.5 ERKiRKUE LT iE] 5 ik A T 42 46 B O KRBk

FH e 1 AT, SR R I 06t BR[0T J2: Bt 43 1 1
B JE A%, (H AR R Bk A R L H B Ah . X
B TS5 I 0 BT [B] T B ] At 5 0300 ) b B
AR FEAFTEIRZR, DR HOOGT 3l ot M B 20 25 38 T A U 0
BRI 2 oo vk 1T, DIRTE =& Z B A AR .
TS P ) B B A TR S R, e A mT
A GECh 31, ZI04 R RIASE RN 5 fis.

13BN Z2 0Lk Il A Sy

T = —0.8506L, + 0.4433L, + 95.732. (13)
A, 7O R U BT TR], Lo PR, Lo
«ZQT *JFT *#MHT
- « PXT »NAT
‘ ’ R=0.9343
R>=0.7095 R*=0.1669
LOF R*=0.1390
0.8
8 06
<
04|
02} .
¢ - - T+

2012 2014 2016 2018 2020

Year

K4 Al i XK AOD {HARB AL EH
Fig. 4 Annual trends in fair-weather AOD

values at site area



410
©ZQT e NAT o JFT
ePXT e MHT
£ 24:00
2
: H
g
2 2.
E 12:00 8
2 . U
: }
g v g
o .
= 00.%0 _____
S 4
(}Q'% ’ 12 130
5 2700 110 g
Longitude / (*)
Kl 5 ZIokbEmHags
Fig. 5 Results of multiple linear regression

PREGRE . AR =M h T R 5 ¢ RS p (E 5351
J99.70 x 10721, 8.96 x 10720, 8.55 x 10722, f& 7 F
fr i p (H M2.75 x 10720, BRI 7 ML 22 0.7630,
PR T g RECH 0.9570, FIRGEFFER. =M
THRE ¢ K5 p (AN T 0.05, FIALE 5% /K1
G, TR R R AR SRR T F AR Y p
FEU, BRSSP 22 A R e R
H AT AR DGR AR 5 . DI R SR ik ] L
o KUk U M B[] 5 b P B 5 B A O, 5 P
JE SR AE ARG, L b P20 T A A 1 3R i ] 749 52 e
FREE (B ) JLF- R M 38 45 B W% o TR S R DR
FEFRW, 95% 1 E KU et BN ) AR A 5 [ A8
PRZ LR BEMIOC, T4y 5% 15 U 04 H B B] AR £k mT
AESEI B IR 22 B AN IR R AT R .
AYMTINA, R SR B T i A 06 ) PR (1]
55 LI 3t BB 2 25 5 ) SR A S, 3K T RS T
P28 245 B 2 b D HE B R] 199 5 0 BT 15 0 . A BH 4
Fen KA R E SRR, HFRASFERTEY
S S S VT o & I o1 a1 e A P B Oy A
KA S AL B R . 1T R R Az
S RS SRR, ZRE DL L
R 2, 76 [ XN, B N | 43 s, D) H
TG, 52 2 U L P, ok A S e e 30
(B AT 2 5 22 B R AR O . 5 4 B B TE A OCARAT .
85 0 [ A, pR T T 48 10 s A PR 22 4 P Y A
B, 2R R 0 A7 A — i 1 S B, £97) 2 o 2 YO i 228
REIE R YTOR, _aAs ] VSRR S0 ) 5 A 0
PRI B AT BE 238 H 24:00 UT s/ F 00:00 UT, X &

Chin. J. Space Sci. ZIAFAFFIR 2022, 42(3)

I RTZA R L A R 1, 30 B IR 5 12 M 80 ] i
& T B AR E R IX . B, X T E R
25 5 5 315 B B R D 1 LT (V) L b 390 22 £ ] £
KB A FHE— BT
2.6 ZEEFMN

TR o A R R BT S AR AR AR
A2, e 6 Bk, mE 6 AT, &k S AL 10 4F
T8 5R B S B A, % KR
H S8 I R B o 5 25 B B4 i #8455 Harrison
A 00T v SOLI ) 1 2 B 28N AN, X T i Bl b
U R G R E ARSI S S8

3 FTAM

BT UL B O e A5 R, AR 24 TR TR
Atrmndl(F:2H,3H,4H. :5H,6 H,7H.
8 H,90,10 4. &:11 A,12 4,1 A), iHE158
) 5 A 10 4EAY 4 ZE I R H A HIE
Kfefl . X FERL R R KRS H H A ¥1E
F #5453 p {4 0.0021, 3£/~ F 0.05 Y & 25 7k
-, X R E 5 A MR RS HEHE B
RIFo T34, 22150 KA HL I H S (E A U 434
AN 7 B, dobbRic s AL, # TR
RTG53 S 7820 25 N F1 75 AN i B, HEZR LA
(R Rk B L

GBI T RN A ZRIE R R Y H ORI E R

-4 -7ZQT e NAT —<— PXT

-o-- JFT MHT
0.8
0.6 F "
= e
£ 04} g
S . v ?
?/ ¢ b ~G\~\ I'I
~ ., f ]
) 0.2} "N, !
| L. P M y
Feog-drg- ¢ -M
or T ‘ N,
6

2012 2014 2016 2018 2020
Year

K6 A R Y B2
Fig. 6  Annual variation of daily mean value of
fair-weather atmospheric electric field

at each station



B A F R KA T TACHAESHT

BrEUKPEE e, B4, AT s, T g
SR RBOK TR, EARAR, X EIA R RAAH
G NP R e TE S, %S HATC /e
S 22 R L EE TR

SRS | BT A Trkutsk 19 8 4S5

P G2/ X ORI 3 4 22 A [ P b A
WLINE] o BIFFE ]2 SRy TSSO P AR T 8 JE e JEE
EFTAFHRRTEIHERTREERX—RR, &5
ST S S ONSREE 7135 N | Pl o DO BT
JRE 3 B, (AR T R IR RO, R R
AR, T FBOR R B i U LR

e Spring o Autumn
® Summer @ Winter
0.8
0.6 -
—_ @
£ 04f ; = = &
> . é ]
< e
SH
0Fr v ® 4
=Y - g
_0.2 1 1 1 1
Spring Summer  Autumn Winter

7 RN RIEY R
Fig. 7 Boxed plot of the daily mean fair-weather

atmospheric electric field in each season

1.5

411

IKE R FETN , BN S R vhsl 7, 2R
Fe IR I T T, T 75 B 2 R I B I
[RIREXS 5 A>3l T 10 4R 255 H F I R
Yt/ ME - RAE AR f /N ik U, IR 45 4%
ZNY B e/ IMEL R B R AR 3 A 46, THIRAE R 1A 8
Jis
AR LT
B, o = 1.85E; ,, +0.0593. (14)

K, B, e ME, i39I R KSR A 5
KAY K e/ IME, B MKV - m—t IS5 iR 2
h0.0284, PR J5 1) P R A S L) 2 0.9855,
X R BIZUAUE R BT, 227 i KA 5 d5e/IME
Z A RIREAATE S R TR AR DG, & ZE I KRR i
HASARAT SRS LR MY . 1 8 i e/ IMIE AR R (B 43
A LR B 4521 IS R KA i Rl A
FO~1kV - m™ !, B/ MEFEEF T~ 0.5kV - m—
PAFP ARSI A S RS 30 4 280 (1 B KAE 4345
SOV B AR — 3, 8 B R AR AL ) 40 A 5 HORE B 4R
N, AR R B 2R Y B /ML 3 A R 67 X g Y PR
YN, TR, Lo AT S HORE B b, 3R 2
i/ MBI 3 A B OB R /N, & K. Tk, &
TP A 5 AR B /M — B KAB AU RO A 5
T B B 2R R R 3 19 /N R e (B A A B D 2
PN R RUBE I AR AL R AR — 3

Enax / (kKV-m ™)

* Spring
* Summer
* Autumn
* Winter

Linear fitting

0.6 0.9

K8 &Z1 HAFRIE RO b/ IME - R BN & S oA

Fig. 8

Minimum-maximum atmospheric electric field fitting and distribution of daily

average fair-weather in each season



FEF T4 TAE 5 A0l 2011 — 2020 4 (431 1 T
M SRR I WL 580, e P v S0 A RS 2l - 347 0
(14 7 30 L S B T A 7T T I O, T ARAS B R KA
HiL 37 H P-4 B A DG S8, 25 AR G BRAIL ) ik
FE, IAEAEAR AL . 2R AR L . H AR fE =R ) ROEE I
HEATAHOCSMAT, A Hh AR 458

(1) AR &3 P 3l i 1 H P 0 R i 4 2 A
Sk LU LA F i 2 e 22 2 7R, T s 28 B 3l A D) Sy
VRS AR L o T S PR . UL | SRR YT
TR AR 0 B T IR A AR RS B A RS A

(2) 37 FP AR B b DX ) M PR | AR R
s B UIG S, Sk 4, T 10 ARAYHE KRS I IR (E
AR S I A BRI ) AR AR 5 T TP R 2R B R
AR A L v H, 37 W {7 R 2 B L0 S AE S in ) 722 Ak
B, BRI ) BT R UGA AR I . R
FHEE filtdie /N 3R K45 A 0l 2011 —2020 4F H P14 it
KRBT ME- R KGR TR, FiRE
AR TC IR R S R R, YRR G
AOD {ERAR AT, BIE T I Hh 1 4 B A

(3) I AU 0 Y BT (] 55 ORI 3ty o5t FHL 28 25 82 )
Z ISR, = 2[R A e, B Rk 0
EE IR ) 5 b B 8 S 67 A O, T R 2 5 5 TR A
O, 1 325 0 5 I W6 4 BT ] A 5 e R (AL
) A IR T A A

(4) £l SAEIT 10 AFErP SR Hh B 8 ) 26 BR300 .

(5) AR R KRS HEY HFB¥HEAKF R,
TR, £ H -0 RS i/IME L ek
(HIE R ES T .

(6) FRfii /NI rh Xt 25 207 H - HIE RRS
Gy i e/ IMA — e KAB LA 45 R 3R W, e/ IME AR R
{BLFE AT B 245 A B ) RUBE B i AR Ak R AR AR
—3

Bl AU R SR S R U T R R
SR TF T

S Ak

[1] LIR K, CHEN T, LUO J, et al. Enhancement of high en-
ergy electron fluxes and variation of atmospheric electric

field in the antarctic region[J]. Chinese Journal of Space

2]

3]

(4]

[5]

(6]

[7]

(8]

(9]

(10]

(11]

(12]

Chin. J. Space Sci. ZIAFAFFIR 2022, 42(3)
Science, 2016, 36(1): 40-48
WILSON C T R.

and on the electric field of thunderstorms[J]. Philosophic-

Investigations on lightning discharges

al Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 1921, 221(582/583 /584 /
585/586/587/588/589,/590/591/592/593): 73-115
TINSLEY B A, BURNS G B, ZHOU L M. The role of the
global electric circuit in solar and internal forcing of clouds
and climate[J]. Advances in Space Research, 2007, 40(7):
1126-1139

Pulinets S, Boyarchuk K. Ionospheric Precursors of Earth-
Quakes[M]. New York: Springer Science & Business Media,
2004

CHEN Tao, ZHANG Xiaoxin, ZHANG Xuemin, et al. Im-
minent estimation of earthquake hazard by regional net-
work monitoring the near surface vertical atmospheric elec-
trostatic field[J]. Chinese Journal of Geophysics, 2021,
64(4): 1145-1154 (B, sk, ke R, 45, RIS
e b T R AU MR I35 0], HURRMIFIAAHE, 2021, 64
(4): 1145-1154)

JU Zeli, LU Xinliang, PU Lu, et al. Method of lightning
nowcasting warning based on atmospheric electric field
characteristics[J]. Insulators and Surge Arresters, 2019(4):
111-117 (PEEsr, B R, i, 5. TP RTEHHMEN &
FL I T 00 77 [J). FEERERR 4, 2019(4): 111-117)

XING Hongyan, ZHANG Qiang, JI Xinyuan. Experiment-
al research on thunderstorm nowcasting based on atmo-
spheric electric field data[J]. Transactions of Atmospheric
Sciences, 2017, 40(1): 111-117 (T8, skoik, 8. IT
HUTHT HL 37 BORE Y B R T BRI T[], KRR R, 2017,
40(1): 111-117)

GURMANTI S F, AHMAD N, TACZA J, et al. First sea-
sonal and annual variations of atmospheric electric field at
a subtropical station in Islamabad, Pakistan[J]. Journal of
Atmospheric and Solar-Terrestrial Physics, 2018, 179: 441-
449

YANG Chao, ZENG Jinquan, JIJANG Huiyuan, et al. Di-
urnal variation and its influencing factors of atmospheric
electric field under clear days near the surface of the west
side of the Taiwan strait[J]. Journal of Southwest Uni-
versity (Natural Science Edition), 2018, 40(3): 143-149 (%
M, A, VIR, 55, B ISR I KU R
HARAE KRR R R [T, PO RS A2 (A AR BHA ), 2018,
40(3): 143-149)

HARRISON R G. The carnegie curve[J]. Surveys in Geo-
physics, 2013, 34(2): 209-232

YANIV R, YAIR Y, PRICE C, et al. Local and global im-
pacts on the fair-weather electric field in Israel[J]. Atmo-
spheric Research, 2016, 172/173: 119-125

KUBICKI M, ODZIMEK A, NESKA M. Relationship of
ground-level aerosol concentration and atmospheric elec-
tric field at three observation sites in the Arctic, Antarctic
and Europe[J]. Atmospheric Research, 2016, 178/179: 329-


https://doi.org/10.1016/j.asr.2007.01.071
https://doi.org/10.6038/cjg2021O0129
https://doi.org/10.6038/cjg2021O0129
https://doi.org/10.1016/j.jastp.2018.09.011
https://doi.org/10.1016/j.jastp.2018.09.011
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1016/j.atmosres.2015.12.025
https://doi.org/10.1016/j.atmosres.2015.12.025
https://doi.org/10.1016/j.atmosres.2016.03.029
https://doi.org/10.1016/j.asr.2007.01.071
https://doi.org/10.6038/cjg2021O0129
https://doi.org/10.6038/cjg2021O0129
https://doi.org/10.1016/j.jastp.2018.09.011
https://doi.org/10.1016/j.jastp.2018.09.011
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1016/j.atmosres.2015.12.025
https://doi.org/10.1016/j.atmosres.2015.12.025
https://doi.org/10.1016/j.atmosres.2016.03.029
https://doi.org/10.1016/j.asr.2007.01.071
https://doi.org/10.6038/cjg2021O0129
https://doi.org/10.6038/cjg2021O0129
https://doi.org/10.1016/j.jastp.2018.09.011
https://doi.org/10.1016/j.jastp.2018.09.011
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1016/j.atmosres.2015.12.025
https://doi.org/10.1016/j.atmosres.2015.12.025
https://doi.org/10.1016/j.atmosres.2016.03.029
https://doi.org/10.1016/j.asr.2007.01.071
https://doi.org/10.6038/cjg2021O0129
https://doi.org/10.6038/cjg2021O0129
https://doi.org/10.1016/j.jastp.2018.09.011
https://doi.org/10.1016/j.jastp.2018.09.011
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1007/s10712-012-9210-2
https://doi.org/10.1016/j.atmosres.2015.12.025
https://doi.org/10.1016/j.atmosres.2015.12.025
https://doi.org/10.1016/j.atmosres.2016.03.029

= £

RN

I

(13]

(14]

(15]

[16]

[17]

(18]

[19]

[20]

7o 5 B R KA R B R T ACHEAE AT

346

BHATTACHARYYA T, CHATTERJEE A, DAS S K, et
al. Study of fair weather surface atmospheric electric field
at high altitude station in Eastern Himalayas[J]. Atmo-
spheric Research, 2020, 239: 104909

GURMANI S F, AHMAD N, TACZA J, et al. Comparat-
ive analysis of local and global atmospheric electric field at
the Northern Pakistan[J]. Journal of Atmospheric and Sol-
ar-Terrestrial Physics, 2020, 206: 105326

XU Bin, ZHANG Ying, JIA Huanyu, et al. Periodic vari-
ations of fair-weather atmospheric electric field near ground
in Yangbajin of Tibet[J]. Plateau Meteorology, 2009, 28(2):
314-318 (o, TRF, BUIRE, 55, VUM /M DX b g K
KA FAEL[T]. WS4, 2009, 28(2): 314-318)

LIU Chang, ZHANG Jingwen, JIN Xiaobing, et al. Char-
acteristics of atmospheric electric field under different
weather conditions in Chengdu[J]. Plateau and Mountain
Meteorology Research, 2016, 36(2): 88-91 (X%, s iE3E, #r
AN B R XA R R AR TN RS R SE ). &
JRILIHI T EARSE, 2016, 36(2): 88-91)

ZHANG Yi, ZHANG Weibin, WANG Zhenhui, et al. Ana-
lysis of fair-weather atmospheric electric field over Eurasi-
an Continent[J]. Transactions of Atmospheric Sciences,
2015, 38(5): 703-709 (3K#, KT, FoRSs, 4. WO KRN
KRG BARAEGE T3 H7 [I]. KB40, 2015,
38(5): 703-709)

LI Renkang, CHEN Tao, LI Wen, et al. A dataset of the
atmospheric electric field obtained from the Meridian
Project during 2010—2020[J]. China Scientific Data, 2021,
6(2): 146-157 (ZHFR, BRIk, 2530, 55, 2010—20204F RS H
GEAEAEY]. P ERE O T3 SCRZ R, 2021, 6(2): 146-
157)

CAO Pengtao, ZHANG Min, LI Zhenchun. An adaptive
filtering denoising method based on gen-eralized Strans-
form and Gaussian smoothing[J]. Pro-
specting, 2018, 53(6): 1128-1136,1187 (WM ¥, W, 24k
BT S R V- 0 IS0 B TR D). A
JHHBERYIELIER, 2018, 53(6): 1128-1136,1187)

HARRISON R G, APLIN K L. Mid-nineteenth century

smoke concentrations near London[J].

Oil Geophysical

Atmospheric Envir-

21]

[22]

23]

24]

[25]

26]

27]

28]

29]

413

onment, 2002, 36(25): 4037-4043

SILVA H G, CONCEIGAO R, MELGAO M, et al. Atmo-
spheric electric field measurements in urban environment
and the pollutant aerosol weekly dependence[J]. Environ-
mental Research Letters, 2014, 9(11): 114025
CONCEICAO R, MELGAO M, SILVA H G, et al. Trans-
port of the smoke plume from Chiado’s fire in Lisbon (Por-
tugal) sensed by atmospheric electric field measu-
rements[J]. Air Quality, Atmosphere & Health, 2016, 9(3):
275-283

BO T L, HUANG Z M. The properties of vertical electric
field during haze event in Xi'an, Chinal[J].
Pollution Research, 2021, 12(7): 101109
FRANK-KAMENETSKY A V, TROSHICHEV O A,
BURNS G B, et al. Variations of the atmospheric electric

field in the near-pole region related to the interplanetary

Atmospheric

magnetic field[J]. Journal of Geophysical Research: Space
Physics, 2001, 106(A1): 179-190

SHUMILOV O I, KASATKINA E A, FRANK-KAMEN-
ETSKY A V. Effects of extraordinary solar cosmic ray
events on variations in the atmospheric electric field at
high latitudes[J].
55(5): 650-657
KASTELIS N, KOURTIDIS K. Characteristics of the at-

mospheric electric field and correlation with CO, at a rur-

Geomagnetism and Aeronomy, 2015,

al site in southern Balkans[J]. Earth, Planets and Space,
2016, 68(1): 3

ZHANG Chenhe, ZHAO Tianliang, WANG Fu, et al.
Variations in aerosol optical depth over three northeastern
provinces of China, in 2003-2014[J]. Environmental Sci-
ence, 2017, 38(2): 476-484 (K =M, B KK, L&, %.
2003~ 20 144F AR AL =& IFBOG R AT AT [J]. FREERE
22017, 38(2): 476-484)

Stefano Maggiolo, The time it takes to change the
time[EB/OL]. (2015-02-17)[2021-08-13]. http://blog.poor-
mansmath.net/the-time-it-takes-to-change-the-time/
BENNETT A J, HARRISON R G. Variability in surface
atmospheric electric field measurements[J]. Journal of
Physics: Conference Series, 2008, 142: 012046

(RfESRIE: IMEDY)


https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1134/S0016793215050151
https://doi.org/10.1186/s40623-016-0379-3
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1134/S0016793215050151
https://doi.org/10.1186/s40623-016-0379-3
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1134/S0016793215050151
https://doi.org/10.1186/s40623-016-0379-3
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1134/S0016793215050151
https://doi.org/10.1186/s40623-016-0379-3
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1134/S0016793215050151
https://doi.org/10.1186/s40623-016-0379-3
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1134/S0016793215050151
https://doi.org/10.1186/s40623-016-0379-3
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.atmosres.2020.104909
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/j.jastp.2020.105326
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1134/S0016793215050151
https://doi.org/10.1186/s40623-016-0379-3
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
https://doi.org/10.1016/S1352-2310(02)00334-5
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1088/1748-9326/9/11/114025
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1016/j.apr.2021.101109
https://doi.org/10.1134/S0016793215050151
https://doi.org/10.1186/s40623-016-0379-3
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/
http://blog.poormansmath.net/the-time-it-takes-to-change-the-time/

	0 引言
	1 数据与方法
	1.1 数据来源
	1.2 数据处理方法

	2 日变化及年变化
	2.1 数据处理结果
	2.2 物理机制解释
	2.3 晴天大气电场日变化
	2.4 晴天大气电场年变化
	2.5 最大波峰出现时间与站点地理经纬度的关联性
	2.6 纬度效应

	3 季节变化
	4 结论

