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poral evolution characteristics of air quality and social and economic driving forces has theoretical value and
practical significance for ecological civilization construction and sustainable development of human beings.
Based on AQI data from 2016 to 2020, this paper describes the spatiotemporal evolution characteristics of
air quality in China during the 13th Five-Year Plan period, and uses the spatial effect model to reveal the
socio-economic driving forces of air quality from the perspective of spatial differentiation. The results
showed that: (1) During the 13th Five-Year Plan period, the air quality in China was generally good, but
the most of air quality were in the category of good, with a small number of excellent. The spatial distri-
bution difference was significant. (2) China’s air quality has an obvious trend of improvement. There was
only a small degree of descent in 2017. However, the improvement on the proportion of excellent was not
obvious. (3) The aggregation degree of AQI in China showed a decreasing trend. The air quality in north-
ern regions such as Henan, Hebei and Tianjin was poor, while the air quality in southern regions such as
Yunnan and Hainan was good. Spring and summer were the seasons with the highest aggregation degree of
low and high AQI, respectively. (4) Population agglomeration, energy consumption and social develop-
ment were the main reasons for the falling of air quality. Technological progress had a significant promo-
ting effect on the improvement of air quality. In the central and western economic belts, energy consump-
tion and population agglomeration were the main reasons for the declining of AQI respectively.

Key words: the 13th Five-Year Plan period; air quality; spatiotemporal evolution; socio-economic driving

force
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AQI %#E (2016 —2020 A7) ok I5 F 25 AT 2 AF 26 Wi W 43 #7 F 5 (www. agistudy. cn) . ¥ & S 5§ i
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(HJ633-2012) (% 1. #2250 50E EZRIE TP B AEHE ST % 2018)( Hh B T 4 14 % 2018) K h [
EH Z ST R M ul Chttp: //www. stats. gov. cn) &,
x1 TEREBBHSKIRE

EAPCRAEEGER ER SRR EAREN | S REEEGERE E R RGO =R
I

0~50 — %% o 151~200 P 2 rp g G e
51~100 —9 58 201~300 Bk T YL
101~150 = 1 P G Y =300 NG J B T Y

1.2 MiRA*E
1.2.1 kAL

23 A5 e BT M ARY B DA PR S R) 0 A A DGR B3, AR SCR A Ry H AR G A b R AQT %5
[ AH G, 522880 (Moran’s 1) &4y H ARG H il e iz 09 5, HAX T .

n W, (X, — X)) (X, —X)
Moran’s [ =——-2~ (D

(i} i}wgi}m—?f
i=1

A XX, ABIRTATEAIC i R B AQIL, » AT BE, W, A EAE, X HAQI FH{H. Moran’s
I BUEFEEAEL—1, 1120, 1<<0, RU] AQI ¥ M5 /4, 2 I=0, KW AQI R TMA 1, Y
[0, £ AQI EHRAENAT. T 46X K 22 W 2 6] (1 AH 56 M b

Moran’s I B2 &M@ X Z gitmdtfaam, AT .

2 =1ZED (2)
JVAR(TY

Hd: ED . VAR (D438 Moran’s T Y58 FE S5 R 4%
1.2.2 # &5

AT (Getis-Ord GO AT LLE &R a8 B B oc RAE X LR E, DR P E AQI & H AL H 54 R
iy HLAR X, H AR .

EW,j(d)Xj
G () =" (3)
20X,
Kb X, R AQIL, n AT AR, W, R as AL A M, d S iE s RUE.
Xt G, (d) K5 BRI GE TN
2oy =G —EGD 0
JVAR(G )
K. EG ). VARG )O3R G BB IH B RIS 55 R
1.2.3 AQI 33 Jy R R AEA 312 B 18] 2 A A
1) AQI 3R 5l Jy HeAHE AL 5
AQI 7R AbZ B\ MY M A . A A5 1 55 AR TR R B N\ 2845 22 5% 176 2l A9 BU R S I, I JHG 2 DXl 7 55 1 AR
B, AT SR E O B3, A TR RRDY, ®BCE (X ) . NIEEX,) . A
GDP(X,). BEIEEFER R (X ). BRVP¥EE P ZHREMA R® (X)) RED &3/ (X ) WHEAT 5
(X)) BRI ESERXONMERTAA, ANDRE, K LR, BIRNAE., ftEa KR, HRIEE,
Wi . AR, AR LRBRTE S SR AAELREXR, R ERANT .
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Y=0a,+a, X, +a, X, +a;X; +a,. X, +a;X; Fas Xs +a; X; Fas X +¢ (5)
K Y HAQIL; X, v o X A8 ANHAER ays vy as NEFMTHOBRISEG ¢ HIRZREVLI. G K
PR BE I8 54 it 2 1 R S SR VT BT s RIS/ S5 (B0 ASE BN 32 14 52 i)
2) 3 [A] RO AR 7Y
AQI DX ERFAE B I 25 18] R0 X HE 2 o g 3. feif P 2 [) R0 5 B R R AQI A At 25 28 B 3K s L .
245 (1) 200 I A TR = B 25 [ i i A 750 (SLMD) 1 25 ] i 22 A 80 (SEMD) , 76 AT BE BRI, 75 28 R e/ —3fe vk
COLS) 5 25 [A] A S kY 29 SROBEAL . 35 Rk B H e LM ag) B LM Cerron) fE 487 £ 3%, H R-LM(lag)
o R-LMerror) 35, W e 25 (] i J5 80, HR A0 .
Y=oWY +a,+a X, +a, X, +a;X; +a, X, +a;X; +a;X;+a;X; +a3Xg+e (6)
K. Y WAQIL; o HERIEIHRE; W S RIBUEIER; X, 0 X 0l 8 DNHAZ®E; ays =y ag N
FRfli AR 25005 e iR 22 BE DL
RZ s Wgke#Eas AR 220, HARIkA
InY =a, +a, X, +a, X, +a;X; +a, X, +a:X; +as Xs+a,; X:F+a:; X+ N
e =AWe +p (8
K. Y HAQL: A HZEMIRZERE W n X1 B A MAUER M X, . X, 50008 8 A~ A A&
aos vy ag AT RIS B ¢ IR 2ZZBENLIN ; 10 S IEZS 0 A 1 B AL 1% 22 [n] &

2 RS
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2.2 EEEHEFAE

=R E . S0 AQILY CEBMED MR R L, M R WAL, B S 1) AQI-Y K
Wb TR Y (3R 2). 2016 — 2020 4F, AQI-Y AL 5 4. 6.45% . 6.45% . 6.45% . 12.90% .
12.90% , 2019 A B/ ETFs BB Y A arBlh: 16.13% . 19.35% . 12.90% . 3.23% . 0, &
WoRSe BT R IR, HE] 2020 4F AQI-Y B EVS Y O &I bR, #F — P IESE T & B AQI 1y« H A% il ¢
fE. 2016 —2020 4F, T E AQI-Y 43 %M. 78.80, 79.55, 75.70, 72. 38, 67.29, FHEHHAY G, 4EE
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M = A s T A R W 2017 AR A BUDNRIE R T . AQI-Y RIEFRE e
TR AR LLR S 3, At HAR THA B

Rz 2 2016—2020 £ AQI-Y

E Ay
i 201:4 _ 2011/4. . ZOIEA . 2012/4 _ 20290”4 _
A1 ER Ao B s A0l B s A0l ER Ao R
25 3 3 25 25
ba3ES] 39. 50 it 41. 08 it 39. 33 s 42. 58 e 37. 88 i
P 48.08 L7n 49. 50 L7n 49. 00 o 49. 00 e 44, 02 ﬁt
e 51.75 = 56.75 K 56. 00 B 52. 58 =1 50. 65 =
B 55. 83 =1 53.42 =] 51.25 = 47.00 i 45. 04 i
R 57.42 R 62. 42 R 61.50 R 60. 42 R 53.52 R
AL 58. 00 R 62. 83 R 55. 92 R 53. 42 R 54. 06 R
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ELiRAR 69. 50 R 67.75 R 65.75 = 64.17 = 58. 85 R
g 69. 92 R 73.67 R 66. 00 8 65. 50 R 59. 56 R
Hi 71. 42 R 69. 00 R 68. 17 R 63. 50 R 58. 96 R
S 71. 50 R 72.17 K 74.67 K 66.75 K 65. 48 K
i) 74. 67 =1 75. 42 K 69. 83 K 71. 33 K 63.13 =1
AR 75.00 K 74.00 K 63.08 =S 64.17 =S 60. 88 R
gl 76. 58 R 75. 08 R 69. 50 R 63. 00 R 61.75 R
Hl 80. 25 R 82. 67 R 83. 42 R 69. 00 R 67.96 R
it 80. 42 B 83. 00 B 74.00 =3 72. 67 =3 68. 06 B
EiN 81. 00 B 80. 75 B 73.25 B 71.75 B 68. 40 B
LT 81. 83 K 81.08 5] 73.50 = 73.33 = 70. 44 =]
LR 82.67 R 91. 50 R 84. 75 R 85. 50 R 75. 81 R
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1 g 94. 67 =] 107. 00 i 100. 58 2 96. 50 = 88. 54 =]
[Sit) 96. 92 R 96. 25 R 91. 83 R 86. 75 R 78. 90 R
1S 97. 00 R 94. 17 R 88. 25 R 88. 92 R 83. 48 R
K 103. 42 g 107. 08 LYis 99. 50 K 100. 00 K 90. 38 K
k. 109. 33 (=353 111. 00 1% 102. 33 1R 97.75 =8 88. 48 =1
i 109. 75 35S 104. 75 2 112.08 =5 s 99. 58 = 96. 81 B
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2.3 ZESEFE
2.3.1 Ak ArEXHH
X AQI-Y #AT 4 R A M LA (£ 3), H Moran's I #8583 K T 0, BH¥@ 7 1% 1Y B35 A6 5%
(p<<0.000 1), U AQI-Y &S [AIFHCH: 2%, =S ML RV I . 2016 —2020 4F, AQI-Y 1Y Moran’s |
FEE S 0,561, 0.564, 0.481, 0.499, 0.492, HARL R B “M " RUERE, $IKH TR, 25 8%,
AQI-Y 75 [B) 4 B BE SRl /a3, 7 25 1] - 3R B Ry v A DXl AP {8 X8 43 1
R 3 2016—2020 F AQI-Y £ EHMEXSH

0y 2016 2017 2018 2019 2020
Moran’s 0.561 0. 564 0. 481 0. 499 0. 492
Z-score 7.821 7.846 6.762 6.996 6. 894
b 0. 000 0. 000 0. 000 0. 000 0. 000

E: Fhp HKF 0, LML TF 0.

2020 45 S P BGR 40 7l R R SE . AQI 8 BUA B W AR #ARSCLL 2019 4R 5 AQI
H(AQI-S) HWFFEXI R, X AQI-S #EAT 4 )5 A AH /0 M (3 4). H Moran’s T $88(¥KT 0, Hyild 1 &
FHERE (p<<0.000 1), KU AQI-S A MM B E ., SHERIE. Hi, &1 AQI-S 1% A AR
JEm ., BRIRZ, TR

F4 2019 F AQI-SERBEHEXSH

4 # Pl * %
Moran’s I 0. 498 0. 649 0.373 0. 285
Z-score 7.001 8. 968 5.328 4. 216
p 0. 000 0. 000 0. 000 0. 000

W il op HAT 0. BHREELET o
2.3.2 #HEoHMH

“HERTIAMIR E AQI-Y MR . IS A FRAE S A — B, KB I R I A [E] 4 SRR AE (]
2). MG IXEORE . 2016 RS E ZR (B 220, S 09 Y015 B K5 &l il db, Jbst4E 9
AU X, R 95 Yo fF B KA FE I m . BB, B, ARERGT (00 Y0 fF B KRR W b L 12775 2017
AR 2b) 5 2018 4F (] 20 fay #0 R X5 38 5 a2 5 2019 4R (] 2d) 5 2020 4F (& 2e) i FAT B2
R N 2020 SEBGEKIRF . E G IX IS 2016 4E—F, AT 2016 4F AR BE XU R o
R X, U AQI g XA ) 43 A0 A R AR UE , WA, bRt AL ER K P AL X AQI T K B[] |
KL TR E K. W AKXk E, 2016 F @R S OO9%FEE XA &K, 7., . F& 8
O5UIE B K = r . B R 5 (90 %o s BE) KBk R Fg . 2017 —2020 4F, W& S XA =/, |
AR, XSS SN L TP, BEET AQI R AR X A [R] A3 A AR SR RS E . HERE . o P A R X
AQI JK P HAR Y 2 2 R AR X .

PL 2019 4E 0, . B, &2 AQI-S W% . PR RRAEREAR — 30, R AL, B = [ 4 5+
FRAE, BRI 2 B b | R S WO A AR AE (B 3. F 2R (B 3a) A S B R, o #0545 14 52
s e, bR 7 ALK, AR RS VIR L BRVE L 1T B R (R 3b) S b m s G B

ey G E R AL AQI R (i X IR Se i BlUR WA PR B R AR . % AQI i fE X R 4R fe W
B, W& RS, REMEPRE RS, R XKIEF o, TR 5 5 DX, K% s X
LRI L VLV L AR, B FR v a0 A e AR A S, RS R B T A, &S R U R
HAHE— 10 B e i 5, DEUTIR IR AR A1 AQI R AA DXtk 52 B 1) B WL 4 o #a 3, B % AQI IR {H
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R LRV, 2 kB, 75 AQI BARLL TR R KF 12 AQI IR X SR R H W . 18
AQI B THAKFIE T AQI Ml IXHER G b B, KW AQI RS AQI {H YA K4
i, R4 AQI BB, (AT 2 th B JRy 38 DX Jal 95 7™ E A9 155 0L

a. 20165 b. 20175

500 km

d. 20195

e. 20204

FE T [ SR 8 VR A o M T A 55 R 3 GS(2019) 1825 S AR v s i . i IR i L e & k.
2 2016—2020 F£HE AQI A ERZES T
2.4 EEREUHSEFEIN A
2.4.1 2ABRZTARETALZFIENN
Fhos U T R X A8 A B R M S RN B . 2% B A SRS BT 2019 4F AQI K 2018 4E 4t
RAETEAE R BRI A, i AR R AR A S 2 TR S B .
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500 km

500 km 500 km

0300 ki [ees)

c. Fk d. %
BETF AR T VR AR o M PR 55 3 GS(2019) 1825 54 off i Rl 1 . i P& 31 TG s ek
3 2019 £HE AQI FHEARATENH
KR ArcGIS 5 2019 4 AQI-Y =3 [ AH G, JE Moran’s I #8400 0. 499, 2SI AHCHE B E,
SPSS #AT#E A AT H A BN Z HILL MR, Jr 2K KH 7 (VIF) ¥/ T 10, R AR 71 2 H 4t
LA, 78 GeoDa V& by Fl /N3 iE: (OLS) e i as [a] [nl H A, 258K, LM(lag) # LM (error)
FRZE, H R-LMUag) ¥ R-LM-(error) TR I 35, S £ 25 A i JH AR AL (3R 5).
®5 HEZESRESHLSZFOALERSH

- OLS A1 23 [ iy Jig AL 7

£ i1 VA £ i1 T K5
X, 0. 592 1. 325 0.217 0. 500
X, 0.598"" 2. 260 0.479"" 2.503
X, 0. 049 0. 255 0.016 0.117
X, 0.927"" 2. 507 0.610"" 2.216
X, 0.513 0.183 0.275" 1. 020
X, —0.449"" —2.749 —0.294"" —2.431
X, 0. 337 0. 614 0. 157 0. 394
X 0.533 0. 542 0. 631 0. 892
R’ 0.531 — 0. 654 —

LOG likelihood — — —112. 490 —
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OLS 58S [m] )3 25 3 55 25 [R] iy Jo 450 R0 e AR — 0, (0233 8] ¥ J5 B RURS JBE (RP = 0. 654) 3L T OLS #E 7Y
(R*=0.531). BERIRIHEERB/R. Tolkfh, ¥ &R . Wilifh . AEAP X AQI-Y MAEMF I AR E, A
R BEIRTHAE . AL SRR AQI-Y A8k 2 W 2 A G, Hob, A0 % &7y A BRI 100 A, ¥
S AQI-Y LFF0.479; BEUSIHFEREHI N 1 AZMEFR R, K5Ik AQI-Y L7t 0.610; B F¥HEH PR
PR EMA B3 1 4. K5l AQI-Y LTt 0.275. HARME S AQI RI N B E MK, R&ED &34
m 14258, ¥ AQI-Y TR 0. 294.

2.4.2 RERZARETALSZFIESN

BT 1 2 53 XA T 2k — 2P B 7S AT AR A AL Y 25 ) 22 S k. SR 43 X 2 1 28 O il B DX R ) A7
TEREARRCE AR . A7 i 2 T L™ 5 55 (0], AR SR = KRBl (RESG el (45 . 1077, dbat,
Kt Wb AR VLT B WL RREEL AR TV, MR, TP AT S . BORVL ., AR NEE .
tPE 228, YEVE . TR, I, WIRE . PEERA T A . BT, VUG, HE . . SN I, SR, B
PO TE WA XA, B RE, BRI, dho R BRI D UASTE R B b 5 A O
[ A AT M. OLS BERIR I, = KRG U 18 & 25 A 5 B A (3K 6).

%6 REZSRBSHEEFEBRLERESY

445 b RIW& T o B 28 B [

£ Z {4 E4 Z {4 EX 7 Z 14
X, 0.388"" 2. 549 0. 094 0. 240 0.907"" 2.075
X, 0.506""" 2. 981 1.341° 1. 833 1. 288 1.334
X, 0.984" "~ 5. 480 0. 066 0.073 —0.762 —1.024
X, —0.199" " —3.107 0. 680 0. 895 —1.549 —1.352

R* 0.916 — 0.671 — 0.578 —

LOG likelihood ~— —36. 841 — —33.636 — —34. 228 —

HERIBLF W NDRE, BENE. LS LA RYS AQI-Y B F LM &, A M B A F 5 2 5L i
100 N, AQI-Y #t 2 1 F+ 0. 388; REURISFEREIG N 1 AZMEbRvERE . AQI-Y [T+ 0.506; MR F¥HEH P XK
FREEMA RN 1, AQI-Y ¥4 LTt 0. 984, AN L E AQI-Y I N B EFAME, R&ED &34
Bom 1445t AQI-Y M4 TR 0.199. FEhif &y, NHORE . kR, HEARML S AQI-Y M
AN, RRREFES AQI-Y W3 A G, AN 1 AZmbr SR, AQI-Y L TF 1. 341, 7EVHH & U4 .
REVEMRE . AL RE. HARSEL S AQI-Y MIXMEARE . ANERYE AQI BHF LML, AN % E AT
JA B 100 A, AQI-Y #4x B Ft 0. 907.

3 FigHiTie
3.1 #ig

ASCHET 2016 —2020 4F AQI %t . LI 31 M AHIFER L, M4 Jm A ARG . B m o B 46 05 1 20 i
T = A R s ST B s AR AR, 5 2018 ARAR S AR R . R T s KU R AL S & TR UK )
PLA . AERCIERL b 2> KPR T ARSI ALA 00 2 18] 5 Bk R 5 45 2R AT M T 5k 2= < Ts G ia BERE 9T . HE S
DI v i A . R ERSTA I ANT

D =], A A R R AR, R X s R S B MR, s R L. R
5 Ay B S g AR RUREAE L 2 ) O X 3 R T L X

2) =AW, AT R S I, {2017 A RUNRE T, HRETS R 2 5E
B (HOCFeTH AR s B AL RBUI “ & . AR A VI RIRRAE s A 2SR S B W R LA H e (i
BAE 1, 2, 12 7, REEZEAE 7, 8, 10 5.

3) o= E] PR S A AR R /N B AR ] B R BL AQI-Y B X s AR AR X B
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oy ae WE . WAl RS ERE FES e R ERE X, BIF K FERET oM. S
TN A E A R SR EEA B, B B 0E AQI IRAE RN S 1A 48 SRR B S iy 1 2R 1

4) ZS A AR R ], fEeEZm. N RAE . RRIRIHFE . o KR 2Rl 2 A5 T R E 2R A
FOR A% 28 [ el s A W e EVE T s Hoas el S B vE Il e, 7E AR BB & Ui Lk sh L] 5 4 1 2 1 —
. AEPEEVEIRAT A, RIEHAS AN ERSNERESIGE TR ESHE
3.2 itig

“h=RBE TR E D s AR E T FE AR, P S i 2 R I TR R AR T Y
If A BT K. AR SCR = R e AQI RdE S A, X HE AR RRAE AT oM. SRR, =
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