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Response analysis of particulate air pollution to Land-use and land-cover change
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Abstract: Land-use and land-cover change ( LUCC) affects particulate matter pollution in the atmosphere, directly or
indirectly. Atmospheric particulate matter is now the primary type of air pollutant and can seriously affect the life of people
in the city. It is very important for ecological and environmental protection to understand and determine the atmospheric
particulate matter pollution response to LUCC. In this paper, based on satellite remote sensing technology, we analyzed the
responses of particle pollution to LUCC on a large scale. The experiments were carried out in three typical cities, Qingdao,
Zibo, and Jinan, in Shandong Province. The aerosol optical depth (AOD) data in the last ten years from 2001 to 2010 from
MODIS L1B products were chosen to define atmospheric particulate matter pollution. The main land use types including
forest land and urban land were obtained from MODIS land use classification product (MODI12) to estimate the land cover
change of each city. According to the atmospheric visibility, the particle pollution was divided into four levels: no pollution,
slight pollution, medium pollution, and heavy pollution. The numbers of effective days for each air pollution level and the

areas of each land use type in the three cities were counted to analyze the correlation of particle pollution with LUCC. The
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sensitivity of particle pollution to LUCC and the impact of urban change on particle pollution were also considered. There are
three main conclusions; (1) the correlation between atmospheric particle matter pollution and LUCC is lower in Qingdao
(R=-0.451) but higher in Jinan (R=-0.473) and Zibo (R=-0.507). (2) The influence of urban land on Zibo's
atmospheric particulate matter pollution is higher than that of Qingdao. Forest land is the most important factor on particulate
matter pollution in Jinan, with the correlation coefficient between the scale of forest land change and the four air pollution
level weather changes of 0.176, 0.859, 0.753, and 0.309 respectively. (3) The response of atmospheric particle matter

pollution to LUCC is obviously different in different cities due to different dominant factors.

Key Words: LUCC ( Land-use and land-cover change); particle pollution; MODIS; AOD ( aerosol optical depth) ;

correlation analysis
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Table 1 The introduction of data sources
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Data sources Data product Data description Time series

MODIS 7 fify MOD04 10km KA i 2001—2010 4E55 150—245 KEdh

MODIS product MODO09A1 Zgogﬁig;g}fjg 2001—2010 4FE 2= 8 H 13 4% U 5t Ekdis
MOD12Q1 :ﬁ%lﬁ%ﬁ%%ﬂ 960 B 012010 4F - OB H K
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AR SOl A4 R AR 75 e B MODIS Level 2 HAGH L P i (MODO4 ) , MODIS ( H 43 #5440t
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BRAAEARAEE LA I [RI, BE T MODIS fOHEHZE SR NASA L S5 AL 3R 4L T MR = SIE .
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Fig.2 The summer aerosol space distribution of Shandong typical cities from 2001 to 2010
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Fig.3 The land use classification of Shandong typical cities from 2001 to 2010
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K, Ry 1R 287 S5 2T ARG 2140 B 6T S iR, 43 3% i, MODO9A T B ()56 6 AN 2 Bk,

R2 ZEEREFRNIRE

Table 2 Air pollution level division standard

SRR BI{E AOD

Aerosol optical depth threshold B3| Level HiE Description
<03 I V>10km, KI5 Jebe , 28 UM A
0.3—0.8 II 5<V<10km, KI5 Y35, 25 Ui — i
0.8—1.5 | 2.5<V<Skm, KIS PREGV & 2 R R
> 1.5 \Y V<2.5km, KI5 YE R 2, 2R JKE RS

£33 WHRAHRBET 2001—2010 EFEZSTERBERE S LG %
Table 3  Air pollution level effective percentage statistics in the typical cities of Shandong from 2001 to 2010

AEy & LA Prmi

Year I I | v | II | v I II I v

2001 32.61 52.17 13.04 2.17 34.55  49.09 16.36 0.00 15.79  70.18 12.28 1.75
2002 29.23 38.46  27.69 4.62 23.61 3472 3472 6.94 21.13 30.99  39.44 8.45
2003 34.55 34.55 18.18  12.73 21.05 38.60  29.82  10.53 9.09 4545 34.55 10.91
2004 28.85  48.08  23.08 0.00 40.74  46.30 12.96 0.00 31.15 40.98 24.59 3.28
2005 24.07  50.00  20.37 5.56 13.79  55.17 27.59 3.45 19.05 49.21 19.05 12.70
2006 50.00  26.79 19.64 3.57 17.86  50.00  26.79 5.36 7.94 5873 25.40 7.94
2007 25.93 50.00 1296 11.11 18.52  51.85 25.93 3.70 11.32 41.51 37.74 9.43
2008 2340  55.32 17.02 4.26 20.00  58.00  20.00 2.00 20.00  40.00  32.00 8.00
2009 35.29 5441 8.82 1.47 29.03 53.23 12.90 4.84 32.84  46.27 13.43 7.46
2010 20.45  54.55 20.45 4.55 20.00  54.29 20.00 5.71 18.60  48.84 18.60 13.95

x4 TA A ERE
Table 4 Land use classification standard

ElENEERY] Il B e SN

AR KHIEIt IGBP (International Geosphere bz ISP HIET 3o
Classification standard Class merge Biosphere Programme ) Land use type description

classification system

S LS UNEN PSS FANRLIIR L/ E (TS 2
Land use type gk bR
e RUN
s} LA RN PAARA 3 B0 358 KT 60% , R T 2m
OB A
RIS
i LX) M B A A
B e AR R T
A H/ A SRR A I HL AT AL PR DA 5 17
BT b S o FU Al N o S A B
R A Bk VoL A KA — AR RE R A 10%

IR EAE R TR, SO R IR AR SR IR ST X MOD12Q1 Hh A Sl T T[] R B 232
SR RN 3 A ILBITT 2001—2010 4F L3R FZr 2R (18 3) i & 3 TRV 3 ANy 32 A
S TERGA R 80% LA I, A AR AR s AK AR R M SR T o TR RR A /N, A BR AR AR B T bR
S b AR AR X R B (5 B gttt SCrb o gt B DR RS TSI 10 AR ()RR RN T St ) T AR
BT ET ST, 3R 5 MG AR

http ; //www.ecologica.cn



5502 LA E = 35 %

£S5 ILFRAMAT 2001—2010 £ i BEXBTMBESLESEIT %

Table 5 Land use cover area percentage statistics in the typical cities of Shandong from 2001 to 2010

i i g VrRaT
Year Mo BT ot e He e
Forest land Urban land Forest land Urban land Forest land Urban land
2001 1.04 7.87 1.65 8.57 1.26 4.65
2002 0.72 7.34 1.07 9.95 0.53 4.60
2003 0.89 10.35 1.27 9.02 0.79 5.79
2004 0.93 9.48 1.37 8.77 0.77 5.70
2005 1.30 10.02 1.70 9.56 1.07 5.47
2006 1.30 10.19 2.17 9.79 1.39 5.65
2007 1.48 10.00 2.09 9.39 1.27 5.74
2008 2.05 10.69 3.03 9.78 1.82 6.14
2009 1.95 10.29 2.93 9.37 2.07 6.25
2010 2.23 10.77 2.81 10.77 2.04 6.46

2 Ekiis iyt LUCC BN Rz 4y 4

ARSI B ERARFE AR G 2R E (PPCC) 23 #f LUCC 55 R UBDRE 5 Gt 22 18] A9 AH S, 2 R (EL 2 ke 1 2
A BEHLAS 8 2 [ R G RR B B4 A5, BUEYE [ —1,1] 8% R FRBEARMARSE R B, 12 L R g, B
BT Z MR TS, AR B BT AR s

;(x[ _55)(% -)

R - £
30 3 o
2.1 LUCC XUk nis Y i 52 ka0 b
R T T R 75 Y Bt B 56 A Ak ) 2 Rk A, A BT 2001—2010 4FE B IS PR R =
428 A5 YA GRS MM 3l T Z R AAR DG R (R 6) A G 3R 3 3R 5 IS HEdE , /i i 2 1]
PR DG B T 5 S T 55 B OB 15 e b LUCC H AR b3,

(5)

F6 LUCC 5HH#i5EMERXRBR
Table 6 The correction coefficient statistics between LUCC and particulate matter pollution change

i

ETT City Land types I I m v
Him it -0.328 0.590 -0.451 -0.132
i A -0.075 0.146 -0.322 0.241
L) it 0.239 0.808 ** -0.473 -0.151
T b -0.615" 0.224 0.312 0.367
Crm st 0.177 0.252 -0.507 -0.206
T A -0.171 -0.169 -0.138 0.465

# FORFE 0.05 AR b BRI + + FIRTE 0.01 7K OB | & C

H1ZE 3 Al LA 5 48 28 U0 e S R U AR PR AU AR E B AR ZZ AL, P i s e KX
(B PTG Y TS YR ) B oy FU W] R AR T i e iy, 25 TS A B . i3k 5 Al UL Bl
By TR ST P St A A L B I A A R T S R R, 10 AR SRR TT TR AU N 1 3 A2 g T
H15% 6 AT LAFE Hh At s T 0K 95 Gt 22 8] B AR SRR X 8022, JE LS i D0 15 | o JBE 95 e R <[]
ARH SR R ARG, AR S22t B S S SR L . 7™ AR I B G 14 Ji IR 2 R 7 5 T A D ST A 9 g kT
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SZ UM A S i BH S SR | 82 P RV R B o TR A ), 7R i 2 U o 34 Bk XU 45 TR
F] i E R T 2 R AT Y, A R IR T B RIS G AR AT e e AR 4275 Y 4 B i I T
TR B ATE A, SO P& Z R AR DGR 2%

2 3 0T LUA S B R R0 T5 Y R S e R A Iy s s KRR R WAL, R
5 AT LA BRI T T FH o A S L o v s 34, bk b T BRUAE 3 LA SR B s, 4554 6 T LR H b |
T R Ml 5 O 4 7 e 2 ) LA A AR e R S5 e R R (S o5 4 R s e KRR PR IMN IE
AHG 55 15 Y KA F IR AR O, Hovh M b 5 56 600 G RS0 Wi i 2R 8508 31 0808, 78 B 15 o 99%
(RN I8 2540 56 5 TRI s, 30T FH M5 TGS G R AA7 76 B S 0 A et MR R B 0.615, T 5 HAA R R 2
SRAEAHSE, EAHSCHEZEIG (R 435178 0.224 0.312 F10.367) . AT LAUEE , BEE i FHHE AW 9k e )i i
AR PR MR /L T B0 W RERSURIA 1 B T I 3T R i e A B S B AT Y A B SRk D Y
B IR as KI5 et — 2N,

A1 2e 3 T LAE B T R 75 e R AT i LB BH S 7 5 Tl RS BT, A s e o T R AR R R B
W SR S R R R B GE . RS ATLUE Y, DERE T 3T P M e AR Y R RS B R
10a PAARCHE A T A A TR SN T 1.5 1.8 N E S5, G563 6 i LA H kML 5 (%75 Y RS 47
TEIEARSGAE | 15 w8 15 e KA IIAFTE R 0 B A DG | AH 2 R B9 R - 0.507 . —0.206 ; i 38 i i 5 5 B V5
Yo R SAELER = I TEAR DG  AHOC R ECH 0.465 1115 HAh 25 RT3 Yo RSB RI P AARSE, AR 5 06475 e
Z ] AH DG P S A v T 38T FE L, W AAE B | I 5 % i o bt T R g A D385 0, e 3R i B TR 0 1) e T A T
1R, s YR A BRI IS Y RS AW I A Fa A T 23 A5 Yeid A i , A ST A DLk
2.2 LUCC XFURidis Ye i 5w f2 5 4 M

B B SR A SCARAE A R R AN ], ASTR] A - i 78 5 20 X6 3ok i S04 4 75 % B4 5% i A 3 T g
R RNZES it — BT IR 75 4 Xt LUCC A R FR R, SCHh 433333 T 2001—2010 4575 5 1
TEra #5425 S5 Y E G R S R 3T F b AR AR e =2 TR AF DG (32 7) Rl 254 3 N3k 4% 4 R T5 e R
S5+ AR IR LR R (B 4) 4543 7 FE 4 BARIEFF LUCC XUk 4075 Y 5 ma A2 BE 1 AT

RAEHE ST LUCC 50T Y 2 (8] AR A R AN B S, T 38 TRD A S A, (E 3k Tl P o ot s 40 75 4
R —E MR, 45635 7 AR 4 vT LIS HY 38T F e 55 0 7 Y K08 TR I B =2 ) S B A oo A I 4 6
PEHISERECK 0.511, I HBR 2007 4F41, B2k IR AR (bl S I A— B0 I 552605 Yy P BTG e RRIIFETE
GRS, iR B R LABH R A BB A1, 5205 e | R B T Y I 55 3 i P b A 725 A A A AR [ B
T -5 S e R AR AR AU A AR R b i — B0bE , 5 Hofh s R 05 Y S R R FEAH I, AT LA B 3k i
AT 5K X B T ORI 15 G 7= A T — R W RIE 78— R 38 T 2 b i SR DR 2

®7  LUCC SERMS 2T LIREE.RER

Table 7 The correction coefficient statistics between the scale of LUCC and particulate matter pollution change

RTT City 12 Land types Al Al ATl AN
T cHb -0.309 0.415 -0.159 0.028
ST b 0.146 -0.163 -0.403 0.511

T b 0.102 -0.260 0.006 0.106
ST b -0.561 -0.389 0.759 " 0.374

g cHb -0.176 0.859 ** -0.753 " -0.309
ST b -0.325 0.413 -0.161 -0.072

# RIRTE 0.05 K (UM B RFARKR; + = FIRTE 0.01 /KF (R b B FAHIK

HY 3R A R 39 TP e ) B A i S e 1 T UK 75 e ) A A #A HG rp S T st e O
TS YRR B A ., 3 7 RIET 4 RIS 3y I 5 v 75 G R SR AR IR B2 =2 18] A 7 B 8 ) LE R O
FErR T A5 BE TS B R ABIAHSC R BGR R 0.759 78 B A5 FE N 95% (WU ) 35 A5G, J&T v i i T a5
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Fig.4 The graph of the scale of air pollution weather change and LUCC
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