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Multifractal pattern of the response of O, concentration change to NO, emission
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Abstract: With the outbreak of COVID-19 epidemic, the atmospheric NO, emission has decreased sharply. This led to the
reduction of O,level in urban area of Zhangjiajie, but the increase of it in the suburban National Forest Park. Therefore,
this study mainly aims to reveal the different responses dynamic mechanism of atmospheric O,concentration changes to the
sharp reduction of NO, pollution in different ecological function areas of Zhangjiajie during the epidemic period ( March 1-
May 31, 2020) by Multifractal detrended cross-correlation analysis (MFDCCA) and self-organized critical theory (SOC).
Based on the hourly average concentration data of NO,and O, at three monitoring stations in Zhangjiajie ( Weiyang Road,

Yongding New District, and Yuanjiajie) during the epidemic period ( March 1-May 31, 2020) and non-epidemic period
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(March 1-May 31, 2019) , the MFDCCA was used to analyze the multi-scale characteristics of the cross-correlation between
NO, and O,. The results indicated that the cross-correlation between NO, and O, at each station had strong long-term
persistence characteristics and multi-fractal characteristics. The long-term persistence of the cross-correlation between NO,
and O, increased by 19.4% on average, and the multi-fractal decreased by 5.7% on average, which was mainly related to
the change of atmospheric chemical reaction of O,caused by the centralized emission reduction of NO, during the COVID-19
epidemic control period. Furthermore, SOC was applied to analyze the macro dynamic mechanism of long-term persistence
for cross-correlation between NO, and O,. The results showed that the evolution of O, at the Yuanjiajie station was in a self-
organized critical state, and the SOC intrinsic dynamic mechanism was an important nonlinear dynamic mechanism that led
to the increase of O, concentration in Zhangjiajie National Forest Park during the epidemic. However, the O, evolution of
Weiyang Road and Yongding New Area stations did not yet reach the self-organized critical state, and was only in a
subcritical state. This was also the main reason for the decrease of O,concentration at urban stations. Accurate identification
of the self-organized critical characteristics in O, evolution is of great significance for risk assessment for the generation of

high O, concentrations, and it helps to scientifically assess the impact of human tourism activities on the forest ecosystem.

Key Words: COVID- 19 epidemic; multifractal detrended cross-correlation analysis; self-organized critical theory; long-

term persistence characteristics
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Table 1 Basic statistics of NO, and O; concentrations in spring of 2019—2020 at each monitoring station

NO, 0,
Py Ay EHIE brifE 22 EHIME brife 2
" , > i g i Ji7 - i g i Ji7
Station Year Mean/ Standard . Mean/ Standard .
3 Skewness Kurtosis 5 Skewness Kurtosis
(pg/m’) error (pg/m’) error

AL 2019 4E 15.68 9.61 1.29 4.76 49.11 36.18 0.75 2.79
2020 4E 8.20 478 2.10 8.62 47.74 28.71 0.88 3.45

TAEHTX 2019 4 22.14 11.32 1.24 5.05 48.82 35.38 0.66 2.61
2020 4§ 21.65 10.79 1.54 6.55 46.87 28.00 0.70 3.11

BERR 2019 4F 4.90 3.81 3.96 31.53 88.17 24.85 0.05 2.56
2020 4E 3.67 2.42 2.03 8.95 96.72 27.79 0.02 2.79

http ; //www.ecologica.cn



9672 JAE = 41 4

A5k 1L NO, (O /NG5 B2 1 H AR (AU NP 1 78,2019 4F BT o 8 NO, H 28 At B 3 i B 8 Fg X
AR M Y 3 2 LR\ RS 7% 3l H AR PRI LY R T X NO, R JEE i i, PR DA X AL Bl 2 3 R
(A5 A2 i A s T At i, SR G A NOL MR AR A, X 02 oh T 7R 5 5 R MR A Bl 9 2 2R
PR BT, 2588 5 R i i/, H NO, 20T BRI T30 XAMHEICIR 975 Qedinik . 2020 4R K5l
A NO, HARAE MU TL-P- R IO — 28 B2k JEAR AN AR 136 3 A 52

AR R O, 1Y H AL E S B AY BRI AE . R R e s FIKCGE B X ol 1 O, AL By — Bk
M G Oy H AR V42, He R (E A I v T oAt i . X AT RES ARAR A BRI N NO, WS H AR LT
BN A SRR G RIR VOCs HEHCRFRA 5K, 2020 AR5 Ak 5 O ik BEAELR 5 , i ol T2 1 301
] A AL B HE R A NO HEROR B sk, AR T3 O, B3 E T FEAE ]

HI T BEAE B AR T A S , RS PR BE R A 1 — 5 172 Ak, X B 95 Sy 1) e A s 5 6 ) A 52 %)
NEAE PRI S AR, R HE Z= 18], sk P3N 11.8—12.2°C SR FK R AE18.1—
22.1 mm Z 0], XS 3 At TR BE sk IR AR R, R T 3 % [ 2019 4
12020 4F 3—5 H IR 3 A ufi i O, F1 NO, A 22 RUEEARZRPEARSCARE TR AL | n] LS H B e 17 S 20
N T 15 20 %ok AN [ A 25 28 G K RE DX i B B2

o KRG e REHTX e mEA

120 |
100 |
g 2 ¥ g
e £ 60t )
= 2 =
8 = 40 N
£ S
£ g 20
2 3
3 £ 120 |
) 2
> S 100 i
= g0 | S
2 = g
% S 60
40 lae
: 20 }
0:00 500  10:00  15:00  20:00 0:00 500  10:00  15:00  20:00
Fif 1] Time

E1 =A%k 2019—2020 £&5ZFHE NO, 0,k E B THME

Fig.1 Diurnal variation of NO, and O; concentrations in three monitoring stations in spring from 2019 to 2020
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Table 2 The i(2) and Ah calculated by MFDCCA method at different stations in 2019 and 2020

21t Parameter 45y Year R TKGE X HRR
h(2) 2019 0.57 0.70 0.65
2020 0.76 0.82 0.70
Ah 2019 0.38 0.40 0.58
2020 0.37 0.39 0.51

MFDCCA : £ B/ BB B A h(2) : DCCA FrEFEE AR . Z TR E

2.2 NO,M O, Z B HAH SN 1 2 BB RFE
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FHIE

Al NO, FI O, HAHSCHER A THAE R IV 2, &A4F Ah (HIIRT 0, W] NO, A O, HAR S AL ARAE
HAZE AT, WK 2 il LA A B3R, 5, WA, 2019 1 2020 4F 3 58 5wl o

http ; //www.ecologica.cn



24 44 JKIF A COVID- 19 B I RIRAR ARAR LS Bl 0,28 AL XF NO, A 1 /4 22 8 70 AR X

9675

ZH B
mg=-20 0g=-10 A g=-5 vg=0 & g=5 <a44¢g=10 » g=20
201948 20204
£
&
®
_2 -
4=20m
20 24 28 32 36 40 44 48
2 -
Zzz
=0 1r
E E q=20
®E i
g 01 =
g S
® 2 %
g2 lr
R
=)=
_2 L -
g=20m
20 25 3.0 35 40 45 50 55 6.0
3 -
2t 2t
Lr 1
R
or P
0t
_1 -
-2t =20

2.0 25 3.0 3.5 4.0 45 50 55 60 6.5

20 25 30 3.5 4.0 45 50 55 6.0 6.5

I 1] BRI RS 5L In(s)

In (time scale)

2 JELE 2019—2020 ££ NO, 1 O, 31 MFDCCA 43 #fr i) XU 40 iR 5 it 4% B
Fig.2 The InF (s)—-In(s) between O; and NO, at different stations in 2019 and 2020, Zhangjiajie

Ah AR HEHAB P Ao i . R T R 55wl AR B o 3 vy TR SR S K G B Xl i, 2 A
YIHER IR IR AR R A HUAE S W (BVOCs ) i NI LA PSP (AVOCs) | (5 B LW 90%
DA G R B A BVOCs B AEA AL T 1 AR S, (75 NO, Rl O 22 8] f) A EL AR AR e 1 i
Ty 7T, AR B SO A R ER S, AN TR R BVOCs 1 Ak 27 A 43 | HE B0 28 A0 HE R A T A

[]135570 30K S BONO, A O FAR DGHE AR S MRS, MM 2E 5K S0l 45 Ab L A3 205

HIK 2020 4F 3 A0l s 1) Ah (EIR T 2019 4F , FREIREE 539008 2.6% ,2.5% M1 12.1% , FEIRFLET 5
5 WIE], NO, Al VOCs 25 R AW i B i R R /0 05 17 KRS0 2F I R AR X 45 NO, Al O, 7k i I 50
FERF ) R _EARXT 5] ASTR) R sh AR B — 34 A0 G AR FH A4 el 1] 28 S PR 55, DATTT 2020 4F45%- 3k 45 Ah (B AR XS T

2019 4F4 Fr FR%

http ; //www.ecologica.cn



9676 JAE = 41 %

B NO, FI O, B ARG KRR S 7E Z H MR S50 7= R ik B v i VE L AR SCatE— 25 X LR NO, T O,
e kAT AL HEAL B B R P 80 PN T B A SRR S5, F B8 L AR Jpk R M SR 43 A R AIE , 7= A2 NO, Al O, 1% 3
HIBEPLEHEF 51, 3 F MFDCCA J7 36X b A7 20 THA 25 A& 3 FroR . 4 ¢ =2 BF,2019 i 2020 474 3
SSEEHLF SRS h(2) T 0.5, R H 52 S BEPLAYEFAE , 55 2 [0 AR FEAE NFERY M SEM: . TRIE  BELANELR P
G 2 BB A5 25 57 B R XU NO, 5 0, Z 8] B A DG K R 2t 2 S S 2 F - R 4548 il 2L

o JRIRFF o BN

20194 20204F
1.1
1.05
1.0
“”O.........
09 | 0.90 f %o,
0.8 ..'-
N ()
'....""0...... 075 + o... %
0.7 1 % 0005’000000%0 ..."'00.......
.. %
e -000(’0000(%%000 o... 060 - °°oo
ooooo(:;;;o Oooo
031 ..."‘Ou...... o
0.45 R
0.4 o%oo%mmo %0000000000000
03" : : 3 : 0.30 = ! ! : !
-20 -10 0 10 20 -20 -10 0 10 20
1.1 -
1.05 "’"00..,“.
1.0t (3
()
()
0.9 | 0.90 | %
'.............. ...
0.8 | ® %
o o,
®o, 0.75 o

0.7 °°°°°°°00czoooo '....

'O
0.6 | 0o, %0, 0.60 f
O,
O,
05 | ooo .."Oo..“’
%, 0.45 |

O,
04 %000000000000

J S Hurst3g 3 h(q)

Generalized hurst exponent

o
KX

03 L . - - - 0.30 L
-20 -10 0 10 20 -20 -10 0 10 20
L1,
1.05
10
0.9 -..m""".-.. 0.90 -""‘"“o-.....
08 | R %o
. ° [ ]
° 0.75 .
0.7 -000000000"0000 % . Es
OOOO ° [ ‘K’
06| S 0.60 %00 . =
% .. ©00, %
05} 05 %o, %0, %
P00, 045 | 0 **%eesees
0.4 ¢ °Ooo..."‘°0m: 000%000%00
0.3 I I I I 1 030 1 1 1 1 1
20 -10 0 10 20 20 -0 0 10 20

L HE /LML ¢ Multifractal order

B3 Fihs 2019—2020 £ NO, 70 0530 ¢ M7~ X Hurst 1551

Fig.3 The generalized Hurst index between O; and NO, at different stations in Zhangjiajie
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Table 3 Cumulative statistical distribution of O; fluctuations at Weiyang Road, Yongding New District, and Yuanjiajie Station in Zhangjiajie
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