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Air Pollution Index and Precipitation Weekly Circulation Characteristics
and Its Possible Influencing Mechanism Analysis over Beijing and Its
Adjacent Regions

HOU Ling and YAO Zhanyu

Key Laboratory for Cloud Physics and Weather Modification of China Meteorological Administration, Chinese Academy of Meteorological
Sciences, Beijing 100081

Abstract Weekly cycles of some meteorological parameters have been found in many regions around the world;
however, the phase and magnitude of these cycles vary greatly with regions and seasons. Based on the routine
observational meteorological element data, the air pollution index (API) and NCEP/DOE reanalysis data during
1980-2009 over Beijing and its adjacent regions, the weekly circulation characteristics of API, precipitation, and several
other meteorological elements have been analyzed, and a preliminary proof of the possible effects of aerosol on
precipitation has been presented in this paper. The study indicates that API shows an evident weekly cycle, which reaches
the minimum values on Sunday, and then increases to the maximum values on Wednesday. However, the precipitation
frequencies, especially for the light rain frequency, demonstrate a significant weekly change with opposite phase
distributions to that of API. As for the 24-hour accumulated precipitation amount, aerosols play a trivial effect on it, and
the results are rejected at the 5% significance level. According to the weekly variation characteristics of cloud amount,
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temperature, relative humidity, atmospheric stability, and wind speed, the results have been concluded that the cycles may
be triggered by the accumulation of aerosols which causes the nonadiabatic heating in the lower troposphere, and then results
in the changes of cloud and precipitation. This conclusion provides a possible indirect effect mechanism of aerosols.

Key words air pollution index, precipitation, meteorological parameter, weekly cycle
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Fig.1 Distribution of the research stations, the locations of daily
meteorological elements observation stations are represented by solid
circles, and the stations with API (air pollution index) observations are

represented by large circles
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one sample of Beijing station. The autocorrelation level of 0.05 is

represented by dashed lines

T TR, 00 0 3 L 0 A 1K) T B B
HO A B S PHEXS R 0. HZRRPRON IE
TR BEFEA GG L5040, EHLRRIRAY
EARDATHITTZ, 24 x N0, y (&R IESS i
Kt o KBNS 71964 (28 FEAS, 4EE7H) Q-Q
PR AN AN, P v (1 s 2 7 D 5 1) 40 A
R K504 1 2006 7 22 ) B 2k O I IE S A A 1

PR 22, R HEGHOL, Ron Bt + 1k
oA mIESEIAL PAFEAS ORI R Y

B, UOHHBERIET EAS AN, I HPREARSE R
Ji ZEHEARIT, ZERIAN K . T HARL94 N FEA ) 7
ATWAHL, RIS & g i 45 H BEK R 8 AT S bR
HEITIEZAS /3 o

£S5 e S 114 AU G 3 |5 e 87T TN 0 SR
PG TH 5 4E (DeLisi et al., 2001). P, [T 5
T HT LA 6 BB RRAE , A SCE 14 5 i
FIA B 7K H 7 10 i 2 B4t 4R 4% H B 7K (B X B sk A
BEAT DRI 38 o R XA B R AR 43 DU 20 7 RE AR,
AT 284 (AFEARS, BEETHD ArHEQ-QIEl. &5
RWIR, XECEPBIFEA AR & H 1 Q-QIE 43 A AH
ABh, Wi R I B FEA R R R 3 TE A 3 A

(2) BEAKBIR AL IR E A4S & il JRUan
IKEHE A 3 B K B K T4510.0 mmp) £ ds
VE Ry BAAS 3l (R B A B o R T 980D Bl 2 )
(RIAH G, ASOMREAS &l AR ERENLHE S, %
X A AN FE A J5 K B R 1~10018) F AR DA 46, &5
RRI, BRI A 2 A DGR N, s har
PERR SR IEAN, FNREIKEE—FF, X144 G ubiifEK



AL 5l X 20 e B K ) RO AR AE S IS8 M H L 53

No. 4 HOU Ling et al. Air Pollution Index and Precipitation Weekly Circulation Characteristics and Its Possible... 689
:E 4 :E 4
E (a) E (b)
£ 3 £ 3}
g s
& 27 = 2}
L jo3
= gt )
= =
g g T
T o e
3 =
g 1t g
z z il
g —2f g
3 B
E 3t E Y
< <
g —4 g —
e —4 -2 0 2 e —4 -2 0 2 4

Quantile of standard normal

Quantile of standard normal

K3 AR R (a) JA— RIS RRA (b) JA =5k 5K Dl B K FEA I RRHEQ- QI
Fig.3 Normal Quantile—Quantile plot of transformed and standardized precipitation from (a) Monday, Hohhot sample 1 and (b) Wednesday, Zhangjiakou

sample 2

AR B EAT T3 . FIH AAH A S, R ILX
ST R KA e A R ST L
2.2 API

ARICIE AP BT 38T A N RS A E BR
B 4% 47 35 B 7 Wk (http://datacenter.mep.gov.cn/
report/air_daily/air_dairy.jsp [2011-01-16]), %5 H 1
APIRAE T & H 5 2875 Py B o) FL 4 . S0
TEHL T b5 A R (84 I T A Sl AT 4 W
2 H#20104£12 731 H I APIEE, b KR AR
W P 504 2 20054 FF4f Wl 1), Z 5 I AA20014
6 H FFa M, 1y HoA A 6 5 1) 5 A 20004F6 H I
GE UL o

) M B B Ak 22 (http:/iwww.gdepb.gov.cn/
xcyjy/hjzs/daqi/200510/t20051020_18510.htmlI[2011-
01-18]), ASSCETSEHKs 4% 6 3l I AP VB 5 4k o 5o
RS P TR IR E s o 8 h Bi 3047 BEH LR
Jei s MO IR B A 1~10018 FAHSCHRLR:, R I E S
FP AN VR s R A % 25 6l AP #E
Q-QEIl, 7 # K I¥ J5 IM MNE SEARFF I IEAS
AT
23 HME%SH

ASORER T AL HIX 14 A FE T & b
1980~2009 “FH =~ WERACTHE, HIkRA
MG 2 J5, AT KK, LTRSS
FIABARE . B SRE 2 R e I
1l B 4 49 31 1980~2009 4F 850~500 hPa i I
{14030 B R o R BE A, 1 J4{E e 0000 UTC Al
1200 UTC H34(EAF 2], LA TR 2 PR E RS

R BB Dl e IBAh, ASCHEA T 1980~2009
TR S [E KA BTN P BEYRES (NCEP/DOE) 5
3 HT R #) 925~850 hPa [ B 1 kL, %
I T i A AL b ORI RG2S R AR IR B 5
FEC P10 T BT 3 () R AR AR AIE . S T E W A4 s 1)
TR IR, AR SO T AT IX T 24 [
TP H AL

3 HEH

3.1 APl B EEIRYFAE

H T RAE API R ARARFAE , A SC o3 0 B 2
MR H APLBHATER 0 2 )5, X &
SIS, A3 305 4 HAFS APL RS R S,
Kl 4 Pros, APL e R0 W 1 J AR AR AIE, A
W E IR R4, APl FEPARRIUH A = 5K,
FH e, W H PG FREaf K 20 B =R 5 TR R T
B o 378 R IR VR 5 LU A 4RI R, IX P RE S DN A «
(1) E Py g HR R B 2, KAy
PRI R S5 (2) A T HA = A
N, "I R B AT IS, i REE o3 Akt
TR AR HEE, B0 s R AN,
(Dusek et al., 2006) .

NI APL [ RN RAAE, ASCHT 8
A Gl AR5 A H AP [ 5 KE
(A=) H/ME AHD ZRBATTHRE t 5%
(B e, 2009). S A i =1~ AP EEJHE 1
N KIS SRR 1, AR ETA, JRR RO AT
Aetk p 3/ T 0.05, FrLAAER & HE FFIL R 4E 1)



X A B O 36 &

690 Chinese Journal of Atmospheric Sciences

Vol. 36

API, 7EEAETE N 95%KI /K1 F #4540 b A 15, B
NA R =1 APL EEJE TR 22, APLA7AE I 2 11 ]

*1 BEFER2EHAZKHAPIRXESHR/IMEERNGIT
t 136

Table 1 The t statistics and p values on one-tailed weekly
max and min APl comparisons
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Fig4  Weekly change characteristics of summer and yearly API
anomalies averaged over Beijing and its adjacent regions. Mon: Monday;
Tue: Tuesday; Wed: Wednesday; Thu: Thursday; Fri: Friday; Sat:
Saturday; Sun: Sunday
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Table 2 F statistics and p values from one-way analysis of
variance (ANOVA) test on the individual-site precipitation
amount samples

A1 FEAS 2
Bl
F p F p
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Table 3 F statistics and p values from ANOVA tests on the
composite precipitation amount samples

A1 FEA 2 FEA 3 FEA 4
F P F P F P F P
189 0079 076 0599 094 0463 075 0613

h T 0 R R A H K AR ) 2
AR, ASCRIHE AR t MBREAT 70,
JUE v e O H B K A AR R, K56
Sl S XS REACHR AR 7 B K B s 1A T
PR, BENFEATEAT 21 Ik t K. X4 32 N THE
AL R R I, TCE S B 2 P SRR,
825 H s #RBEAT 18 i 5 7K1k 0.05 1) t A
B, XU, SRS R T R R B FREK
MR AHBEER.

o H B B A FOA A I 2 ) SRR R, X
B EH U T T T 2 25 15 1 o K = PR AR 4 ]
DL o B K S A AR R I BEMLYE, Bk B2 AR
ZNFEEW, W= iAam RES (GEiEGESS, 2006),
LS AE, BT B K R (1 5 e B
322 TERKIFK G B E IR AL

S T B A, R URR R FEE AR HA
TS, U I RERT A B 2 AR R A
W2, 5P Ea f e m K, i
AEIMEN R I I 2 (BE1E %5, 2006); H
Ak b X 5 2 B AR A 6 1 oAt 221 0 S 2 vy,
JIT AA SR YU 28 7K AR dEA T 43 AT

TR AR B 3 A A S, A SCR A AES 4L
5 (R PIAERIR) (Wilks, 2006) BFFUREANFE
A JE & H B AR 22500 o B e e SN FRANFE
AHEE R A H B KA 4, B — JA AT — K1)
B AR AR 5 oA A F A B s 2200, DR 4 J5U R

ARGy I 2 M K ARIR R 2R/ (<10
mm/d) SREEAT T 08T, SRR, BRI
W 14 S E3ifEAR, 47 10 ANl T B 5 95%
RIS PR ES (3R 4); /NI BRSO A
11 AN T EASER 95%I1 R T A LA
s VBRI /N R AR P X Al 35 (i T
PRI, U RS 43 € 0l g A % 1 B /KA
YA IEAN I S, AE IR AL U X A3 8 4% H Bk
PRI SATAERERZE N, PR K AR AR 3 B 1A
TER W RI A, XU 7 Kb R0 — R
B AR AR 5 oA HAH P A ) 8 22 o



X A B O 36 &

692 Chinese Journal of Atmospheric Sciences

Vol. 36

F 4 BHRUMMKETEHESTESMEKEURF/NRSURE £
HERERE

Table 4  Statistics and p values from chi-square tests on the
total precipitation frequency and light rain frequency for
the composite-site and individual-site summer samples,
separately

ot B BEAKAIR INF IR
7 p 7 p
IR 0.972 0.987 12.974 0.042
KIF] 13.043 0.042 13.892 0.031
PEE SIS 12.671 0.049 13.429 0.038
N 23.258 0.001 20.010 0.003
wa 13.972 0.030 13.141 0.041
TRsg 15.064 0.021 13.219 0.040
Rt 12,516 0.051 2.141 0.906
KA 13.917 0.031 12.747 0.047
i 1.527 0.958 2.531 0.865
R 2.537 0.864 2.051 0.915
Jbnt 12.926 0.044 14.255 0.028
Kift 13.862 0.031 13.176 0.041
i 14.042 0.029 12.864 0.046
SR 17.453 0.009 15.799 0.015
XAy 13.802 0.033 18.118 0.006
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Fig.7 Weekly changes of (a) total rainfall frequency and (b) light rain

frequency in summer over Beijing and its adjacent regions
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troposphere; (c) daily temperature anomaly at the surface; (d) daily average relative humidity anomaly at the surface
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