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[ PM, s HISREN 35 pg/m®, TMiSEECH 12 pg/m’s

2008 FERKB R AT ( T W2 SR B BT 23
SHEA) HHET PM,s (9 B AR BE . RR
FRAEFIHIIR HARME, $#HT PMys =51 PRI PE
Wrbrif, STAREARPRN T AR R Ak B 45 P X
IFIER TR X ARl T S o B I 2 5, A SRR A
BELL =AM s

1.3 BIRIMMRESREXTRITER

EETE (W WER) PE, NN
BEas TR ERI 0 TAAR I . ARIBIRIXEE, Il
IRIXHIZS TR bR, AERRM SRR IR FR X 22
TR SGERIM LG, ERA ML RIFE I E
FA I TR IR R BB AR X R B 2 BT AN B AE . T
HAERTIBIRPFA, KISR0 5 R b b s
2 DS Retm i AU R, TR TS iy
s DU el F S0 oz FR)SPHE A R

0 A 42 i 2 USRI 43 AR FR X R X LA
KA TiRbR BERZ BRI, X TEFRX, AESR
HIEEANATTR ;. T T E R BRE L b, 2R
B A E HEVEA TR, SREGS AR HEAEALE IR Y
Bhre 2 TUREMH R BN T, D53
o) H N R AL I 28 R, [R5 T
PR AE SRV NIl R

N [ [ SR AN DX R 28 B AR Y IR AR e i
ZORIIIN AR B2 R, FRERSGEETIERT

e 14 -

GertELk, MsEE . RO SRR SR ER T
JUT I Fe e T ISR Gertisk U1

2 FRAZESKEEIFNHIEXLL

21 =FBmES R

2.1.1 MRS PR

Lr i R AR O RE S . IS T AR
P, AREFFREEE 2013 FH G EN S SR E 6 2
T 74 AN E BTN 5

PM, s A B2 FRIE Y AT a3 SR A b i B L
2, DLPM, s MBS EA S B T

BB R TR R T AE I S AR AR
(EHATRAY, 3 —Fh &R 4 4E K R R — 14
PHEHFTRA
2.1.2 BUPHAR KOS AEN sh BB BT

12 PM, s BRI R OLT, %07 =Ry
EEE T HENFEIE, EBEER R/ NEI T,
S ESIE AL EAE, TTUEHRES
BT MGEIR R, 2015—2018 fE4 [ 74 M =498
BIES RS T S 4 ~ 9 pg/m’,

H AR A Ik T U AR5 ek B R S TR, T
DAL= shif (i TReE s, B = shi Mm%,
TAEE N IR . 20162018 4E40 5145 74,
154~ 5 NTT PM, s AEIME B, T py ey
2016 4, 2017 FBELLWNF LT, & =FEWsiE
TS, PR B SR AT Kk s, 2016—
2018 FEH BRI AT IR 1 A4S, TR 1.
2.1.3 M4 KT E — A S E AT

LA R e — R R = ARV s E S S A
PUEBUR R AT, 2014—2017 4E42 [ 74 M =
EWHBNMEE HAEELEZERAE £ 1 pg/m’ N, Z4F
I BIAE NS R B S A E R IR AR —E],

SN YEE S, S E TS
HEINEPFE . 2015—2017 FF4350 54~ 74~ 154>
BT PM, s SESSEA TR, HHRREE . BEASE 2 4
BT 2015 4 2016 AEEESE 2 4 BT, PHLETT 2016 4F
2017 FFEEE 2 L. WA =FEsI9ER, 2015—
2017 FEHIR SRR 1 AT, TR 2.
2.1.4 AEHE S E2: 50

FEB IR T O = A Sh A S I 2 RO,
RS I B = B AV, KR
FIE. e BEASE, i, fupt. BEARFE PM,;



WRESREIFNGZSHH:

x1 oS PM, s SEFHESHMERAFBNIEILER

P, FHE/ (pg/m®) =FB9E/ (pg/m*) FIHE R =EBIYE IR
2013|2014 (2015|2016 | 2017 | 2018 | 2015|2016 | 2017 | 2018 | 2016 2017 2018 2016 2017 2018
HRER 139 | 115 | 91 | 82 | 86 | 69 | 115 | 96 | 86 | 79 | -9.89% | 4.88% |-19.77% |-16.562% | -10.42% | -8.14%
axRE 154 | 124 | 89 | 99 | 86 | 72 | 122 | 104 | 91 | 86 | 11.24% |-13.13% | -16.28% | -14.75% | -12.50% | -5.49%
pNE 81 | 72 | 62 | 66 | 66 | 59 | 72 | 67 | 65 | 64 | 6.45% 0 -10.61% | -6.94% | -2.99% | -1.54%
2 72 | 67 | 59 | 53 | 48 | 53 | 66 | 60 | 53 | 51 |-10.17% | —9.43% | 10.42% | -9.09% |-11.67% | -3.77%
[FaE 78 | 74 | 57 | 48 | 40 | 43 | 70 | 60 | 48 | 44 |-1579% |-16.67% | 7.50% |-14.29% |-20.00% | -8.33%
e 72 | 62 | 58 | 46 | 39 | 41 | 64 | 55 | 48 | 42 |-20.69% |-15.22% | 5.13% |-14.06% |-12.73% | -12.50%
G 77 | 67 | 65 | 60 | 68 | 62 | 70 | 64 | 64 | 63 | -7.69% | 13.33% | -8.82% | -8.57% 0 -1.56%
TN 70 | 65 | 55 | 51 | 54 | 49 | 63 | 57 | 53 | 51 | -7.27% | 5.88% | -9.26% | -9.52% | -7.02% | -3.77%
T 72 | 68 | 59 | 50 | 55 | 54 | 66 | 59 | 55 | 53 |-15.25% | 10.00% | -1.82% |-10.61% | -6.78% | -3.64%
pi 47 | 45 | 36 | 35 | 37 | 36 | 43 | 39 | 36 | 36 | -2.78% | 571% | -2.70% | -9.30% | -7.69% 0
f#BLl 52 | 45 | 39 | 38 | 40 | 35 | 45 | 41 | 39 | 38 | -2.56% | 5.26% |-12.50% | -8.89% | -4.88% | —2.56%
=M 38 | 35 | 27 | 27 | 29 | 28 | 33 | 30 | 28 | 28 0 741% | -3.45% | -9.09% | —6.67% 0
SI0) 51 | 44 | 34 | 34 | 37 | 31 | 43 | 37 | 35 | 34 0 8.82% |-16.22% | -13.95% | -5.41% | —2.86%
] 40 | 34 | 30 | 27 | 28 | 26 | 35 | 30 | 28 | 27 |-10.00% | 3.70% | -7.14% |-14.29% | -6.67% | -3.57%
35S 54 | 52 | 39 | 37 | 41 | 39 | 48 | 43 | 39 | 39 | -5.13% | 10.81% | -4.88% |-10.42% | -9.30% 0
sl 48 | 38 | 33 | 30 | 33 | 30 | 40 | 34 | 32 | 31 | -9.09% | 10.00% | -9.09% |-15.00% | -5.88% | -3.13%
e 38 | 34 | 31 | 26 | 30 | 27 | 34 | 30 | 29 | 28 |-16.13% | 15.38% |-10.00% | -11.76% | -3.33% | -3.45%
TA/RIE 81 | 72 | 70 | 52 | 58 | 39 | 74 | 65 | 60 | 50 |-25.71% | 11.54% |-32.76% | -12.16% | —7.69% | -16.67%
A4S 57 | 46 | 43 | 41 | 43 | 36 | 49 | 43 | 42 | 40 | -4.65% | 4.88% |-16.28% |-12.24% | -2.33% | -4.76%
=L 42 | 35 | 30 | 28 | 28 | 30 | 36 | 31 | 29 | 29 | -6.67% 0 7.14% | -13.89% | —6.45% 0
RIfE 26 | 25 | 26 | 28 | 20 | 20 | 26 | 26 | 25 | 23 | 7.69% |-28.57% 0 0 -3.85% | -8.00%
=M 67 | 61 | 52 | 54 | 49 | 47 | 60 | 56 | 52 | 5O | 3.85% | -9.26% | -4.08% | -6.67% | -7.14% | -3.85%
L&A | 88 | 61 | 66 | 74 | 70 | 54 | 72 | 67 | 70 | 66 | 12.12% | -5.41% |-22.86% | -6.94% | 4.48% | -5.71%
[lifk=g 105 | 77 | 58 | 71 | 76 | 61 | 80 | 69 | 68 | 69 | 22.41% | 7.04% |-19.74% |-13.75% | -1.45% | 1.47%
[iilen 70 | 63 | 49 | 49 | 34 | 46 | 61 | 54 | 44 | 43 0 -30.61% | 35.29% |-11.48% | -18.52% | -2.27%
R 51 | 63 | 51 | 56 | 48 | 38 | 52 | 53 | 52 | 47 | 9.80% |-14.29% |-20.83% | 1.92% | -1.89% | -9.62%
2E7NF| 72 | 64 | 55 | 50 | 47 | 42 | 64 | 56 | 51 | 46 | -9.69% | -5.75% |-10.50% |-11.69% | -9.94% | -8.56%
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*=2 BT PM, s SEFRESEFEREIE—FBSEMLLER

SRR EA9(E / (ug/m’) =EBHIIE/ (ng/m’) A TR =EBTE TR
2013|2014 | 2015 [ 2016|2017 | 2018 | 2014 | 2015 | 2016 | 2017 | 2015 2016 2017 2015 2016 2017
HBER 139 | 115 | 91 | 82 | 86 | 69 | 115 | 96 | 86 | 79 |-20.87% | -9.89% | 4.88% |-16.52% |-10.42% | -8.14%
it 110 | 87 | 90 | 76 | 65 | 53 | 96 | 84 | 77 | 65 | 3.45% |-15.56% |-14.47% |-12.50% | -8.33% |-15.58%
ARE 154 | 124 | 89 | 99 | 86 | 72 | 122 | 104 | 91 | 86 |-28.23% | 11.24% |-13.13% | -14.75% | -12.50% | -5.49%
pNE] 81 | 72 | 62 | 66 | 66 | 59 | 72 | 67 | 65 | 64 |-13.89% | 6.45% | 0.00% | -6.94% | -2.99% | -1.54%
RBM 108 | 88 | 96 | 78 | 66 | 63 | 97 | 87 | 80 | 69 | 9.09% |-18.75% |-15.38% | -10.31% | -8.05% |-13.75%
i 62 | 52 | 53 | 45 | 39 | 36 | 56 | 50 | 46 | 40 | 1.92% |-15.09% |-13.33% |-10.71% | -8.00% |-13.04%
RN 77 | 67 | 65 | 60 | 68 | 62 | 70 | 64 | 64 | 63 | -2.99% | -7.69% | 13.33% | -8.57% | 0.00% | -1.56%
M 70 | 65 | 55 | 51 54 | 49 | 63 | 57 | 53 | 51 |-1538% | -7.27% | 5.88% | -9.52% | -7.02% | -3.77%
T 72 | 68 | 59 | 50 | 55 | 54 | 66 | 59 | 55 | 53 |-13.24% |-15.26% | 10.00% |-10.61% | -6.78% | -3.64%
5= 47 | 45 | 36 | 35 | 37 | 36 | 43 | 39 | 36 | 36 |-20.00% | -2.78% | 5.71% | -9.30% | -7.69% | 0.00%
Ll 52 | 45 | 39 | 38 | 40 | 35 | 45 | 41 | 39 | 38 |-13.33% | —2.56% | 5.26% | -8.89% | -4.88% | -2.56%
=M 38 | 35 | 27 | 27 | 29 | 28 | 33 | 30 | 28 | 28 |-22.86% | 0.00% | 7.41% | -9.09% | -6.67% | 0.00%
ST 61 | 44 | 34 | 34 | 37 | 31 | 43 | 37 | 35 | 34 |-2273%| 0.00% | 8.82% |-13.95% | -5.41% | -2.86%
A 40 | 34 | 30 | 27 | 28 | 26 | 35 | 30 | 28 | 27 |-11.76% |-10.00% | 3.70% |-14.29% | —6.67% | -3.57%
£X 54 | 52 | 39 | 37 | 41 | 39 | 48 | 43 | 39 | 39 [-25.00% | -5.13% | 10.81% |-10.42% | -9.30% | 0.00%
ALl 48 | 38 | 33 | 30 | 33 | 30 | 40 | 34 | 32 | 31 |-13.16% | -9.09% | 10.00% |-15.00% | -5.88% | -3.13%
% 38 | 34 | 31 | 26 | 30 | 27 | 34 | 30 | 29 | 28 | -8.82% |-16.13% | 15.38% |-11.76% | -3.33% | -3.45%
T&/RIE 81 | 72 | 70 | 52 | 58 | 39 | 74 | 65 | 60 | 50 | -2.78% |-25.71% | 11.54% |-12.16% | —7.69% |-16.67%
WRFROiS4E | 57 | 46 | 43 | 41 | 43 | 36 | 49 | 43 | 42 | 40 | -6.52% | -4.65% | 4.88% |-12.24% | -2.33% | -4.76%
RIfE 26 | 25 | 26 | 28 | 20 | 20 | 26 | 26 | 25 | 23 | 4.00% | 7.69% |-2857% | 0.00% | -3.85% | -8.00%
=M 67 | 61 | 52 | 54 | 49 | 47 | 60 | 56 | 52 | 5O |-14.75% | 3.85% | -9.26% | -6.67% | -7.14% | -3.85%
L&A | 88 | 61 | 66 | 74 | 70 | 54 | 72 | 67 | 70 | 66 | 8.20% | 1212% | -5.41% | —6.94% | 4.48% | -5.71%
[lig=g 1056 | 77 | 58 | 71 | 76 | 61 | 80 | 69 | 68 | 69 |-24.68% | 22.41% | 7.04% |-13.75% | -1.45% | 1.47%
I 51 | 53 | 51 | 56 | 48 | 38 | 52 | 63 | 52 | 47 | -3.77% | 9.80% |-14.29% | 1.92% | -1.89% | -9.62%
2E74MNB| 72 | 64 | 55 | 50 | 47 | 42 | 64 | 56 | 51 | 46 |-13.12% | -5.75% |-10.50% | -11.59% | -9.94% | -8.56%
[FHF, WEREAHAER B a A5 YO AR BE EMIME, M5 2013—2018 £ B S 440748
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RATE=(EMI,—EMI,)/EMI, X 100% (4)
A S PM, s IRIE AR .
RATE,=(0,-0,)/0, x 100% (5)
15 RS |
RATE=(S,~S,)/S, X 100% (6)
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EMI ITFREERIE N 3, S50 RIHIENFR 74 ANk
SRR G BTG -0.28% ~ 3.56%, U5
M EIE 3.84%

i 4 = 3 19 HE T8O A SR PE Al £ B, 2018 AR AL
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*3 EoEHBEMITEER
i) EMI 1598 SEREMTE (LL2013 FEHE) TSHAIHEE R (LA 2013 SR a8 )
£/ |2013|2014|2015|2016(|2017|2018| 2014 | 2015 | 2016 | 2017 | 2018 | 2014 | 2015 | 2016 | 2017 | 2018
RE |2.65|2.71|2.72|267|2.64|274| 2.25% | 2.31% | 0.59% | -0.47% | 3.37% | -6.55% |-22.53%|-31.52% |-37.48% |-51.99%
b= |2.16|2.41|2.34|223|2.18 224 | 11.63% | 8.46% | 3.23% | 1.28% | 3.66% |-13.44%|-16.09% |-20.54% |-35.65% |-44.72%
¥® |3.62[3.70|3.71 [3.563(3.60|3.42| 2.09% | 2.35% | -2.40% | -0.47% | —-5.58% |-22.52% |-20.06% |-29.21%|-40.63%|-48.97%
ERYH | 2.97(3.10|3.11 (297|291 |295| 4.06% | 440% |-0.19% | -2.10% | —0.79% |-12.63%|-25.98% |-39.89% |-44.28% |-52.35%
AZE |3.93(3.86(3.89(3.90|3.80|3.82 | -1.83% | -0.98% | -0.72% | -3.31% | —2.78% |-17.98% |-41.64%|-35.25%|-42.24%|-51.91%
KB |1.74(1.82(1.89(1.79(1.79|1.79 | 462% | 861% | 2.78% | 2.76% | 2.80% |-15.04%|-29.53%|-20.72%|-20.71%|-29.14%
FBE | 4.13[3.94|3.99 |4.01|3.92|3.86|-4.61% | -3.47% | —2.89% | -5.13% | —6.72% |-14.83% |-34.61%|-44.01%|-47.30%|-53.77%
FEM | 4.37 |4.24|4.32 418|419 | 4.40 | -3.01% | -1.12% | -4.18% | -3.96% | 0.72% |-15.99%|-10.10% |-24.63% |-36.37%|-42.08%
WM |8.02|3.32|3.21|3.05|3.06 | 3.26 | 9.83% | 6.13% | 1.04% | 1.35% | 8.06% |-21.25%|-31.24%|-38.48% |-44.00%|-54.98%
£ |242|259|2.60(243|245|250| 6.89% | 7.36% | 0.39% | 1.19% | 3.37% |-14.46%|-28.15%|-34.54%|-40.71%|-53.01%
ME& |3.10(3.20(3.10(3.00|3.00|3.00| 3.23% | 0.00% | -3.23% | -3.23% | —3.23% |-26.99%|-37.68% |-35.60% |-38.60% |-55.07%
5 | 2.18(2.37|2.38|222|2.23|225| 855% | 9.24% | 151% | 2.18% | 3.15% |-22.78%|-42.11%|-39.15% |-39.55% |-52.95%
B8 |247|2.33|250(241|247|237|-596% | 1.04% | -2.47% | -0.24% | -4.27% |-10.81%|-15.40% | -25.58% |-36.94% | -39.34%
I [3.11[3.12|3.13 | 3.04 | 3.04 | 3.06 | 0.44% | 0.48% | —2.33% | —2.37% | —1.68% |-13.37%|-15.99%|-20.22%| -9.55% |-18.10%
his [ 2.03[1.98|1.98|2.11|2.06|2.02 | -2.10% | -2.42% | 3.89% | 1.47% | —0.50% | -8.85% |-22.75%|-36.32%|—-34.80%|-33.51%
"5 |1.59(1.65|1.62|1.53|1.66|1.57 | 3.74% | -4.02% | -3.95% | 4.55% | -1.44% | -7.71% |-20.20% |-22.47% |-24.71% |-22.29%
T |1.69(1.80|1.62|1.62|1.74|1.65 | 6.156% | -4.50% | —-4.54% | 2.92% | —2.48% |-12.91%|-22.95% |-28.85% |-35.84% |-32.28%
BN [1.32(1.39|1.26[1.27|1.37 | 1.27 | 5.24% | -4.11% | -3.58% | 3.94% | —3.78% |-12.48%|-25.90% |-26.31% |-26.58% |-23.42%
#Yll | 1.38(1.43|1.34[1.33|1.45 | 1.42 | 3.79% | -3.15% | -3.52% | 5.32% | 2.77% |-18.11%|-22.56% |-30.04% |-33.54% |-36.75%
28k |1.60(1.65|1.52|1.58|1.66|1.53| 3.11% | -4.94% | -0.79% | 4.22% | -4.23% | -6.61% |—-24.03% |-30.94% |-27.15% |-24.59%
F#B | 251|269 |2.68|2.58|2.57|2.33| 2.96% | 6.73% | 2.56% | 2.30% | -7.35% |-22.10% |-37.54%|-36.01%|-42.98%|-42.66%
#5FfH [1.60[1.70|1.70 | 1.60|1.70 | 1.60 | 6.25% | 6.25% | 0.00% | 6.25% | 0.00% |-14.76% |-30.74%|-30.19%|-43.17%|-39.62%
M4/RE [1.30[1.40|1.40|1.30|1.20|1.30 | 7.69% | 7.69% | 0.00% | -7.69% | 0.00% |-17.46%|-19.75%|-35.80%|-22.43%|-51.85%
283 [1.60(1.70|1.70|1.70 | 1.60 | 1.70 | 6.25% | 6.25% | 6.25% | 0.00% | 6.25% |-21.57%|-32.77%|-37.25%|-33.33%|-32.77%
ff* | 0.20{0.20|0.20 | 0.20 | 0.20 | 0.20 | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | -3.85% | 0.00% | 7.69% |-23.08%|-23.08%
=) |1.40{1.30|1.40|1.30|1.40 | 1.30 | -7.14% | 0.00% | -7.14% | 0.00% | -7.14% | -1.95% |—-22.39% |-13.20% |-26.87% |-24.45%
WCBH | 2.30 | 2.60 | 2.40 [ 2.30 | 2.30 | 2.20 | 13.04% | 4.35% | 0.00% | 0.00% | -4.35% |-16.07%|-11.54%|-30.77%|-35.90%|-45.05%
B5E2K3%1.40(1.20(1.10 [ 1.20| 1.10 | 1.20 |-14.29%|-21.43% [-14.29% | -21.43% |-14.29%|-19.13% | —-4.55% | -1.89% | 1.24% |-28.41%
8% [3.10[3.20|3.10|3.20|3.10|3.00 | 3.23% | 0.00% | 3.23% | 0.00% | -3.23% |-28.96% |-44.76% |-34.49% |-27.62%|-39.97%
K& [1.70[1.80|1.70|1.70|1.70 | 1.60 | 5.88% | 0.00% | 0.00% | 0.00% | -5.88% |-12.02%| —9.59% |-36.99% |-36.99%|-51.97%
2HE 74
. 2.27|2.36(2.33 227|228 (227 | 3.566% | 2.54% |-0.28% | 0.24% | -0.17% |-14.17%|-25.51%|-30.36% |-34.88% |-41.57%
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Research on the Improvement of Ambient Air Quality Evaluation Method

PAN Biling"?, ZHOU Guozhi®*, YOU Xiangyu®, LI Wei®, PAN Haiting®
(1.School of Business, Central South University, Changsha 410083, China; 2.Ecology and Environment Department of Hunan,
Changsha 410019, China; 3.Hunan Provincial Eco-Environment Monitoring Center, Changsha 410019, China; 4.Hunan Research
Academy of Environmental Science, Changsha 410014, China; 5.Hunan Meteorological Observatory, Changsha 410118, China)

Abstract: The ambient air quality evaluation standards at home and abroad were surveyed and compared systematically, and then
the air PM, 5 concentration and meteorological data of major cities in China from 2013 to 2018 were analyzed in this paper. The results
showed that the three-year sliding average of pollutants is used as the air quality evaluation standard, which is a common international
practice. From 2013 to 2018, the PM, concentration in most cities of China was affected by meteorological and other related factors,
and its annual average value fluctuated greatly. The three-year sliding average change curve of PM, s concentration was smoother.
The calculation adopting the average value of the previous two years and the year were more in line with actual needs. The EMI index
method was used to quantify the impact of meteorological factors on the ambient air quality, which showed that the inter-annual
changes of atmospheric pollution meteorological conditions were volatile and the trends in different key areas were different. It was
suggested that the introduction of three-year sliding average as one of the assessment basis for PM,;’s long-term changes, will make
the air quality assessment and assessment method more fair and reasonable.

Keywords: air quality; evaluation; sliding average; EMI index
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