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Application of Artificial Neural Networks on the Prediction of Surface Ozone

Concentrations
SHEN Lu-lu, WANG Yu-xuan, DUAN Lei

(Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Ozone is an important secondary air pollutant in the lower atmosphere. In order to predict the hourly maximum ozone one day
in advance based on the meteorological variables for the Wangqingsha site in Guangzhou, Guangdong province, a neural network model
(Multi-Layer Perceptron) and a multiple linear regression model were used and compared. Model inputs are meteorological parameters
(wind speed, wind direction, air temperature, relative humidity, barometric pressure and solar radiation) of the next day and hourly
maximum ozone concentration of the previous day. The OBS (optimal brain surgeon) was adopted to prune the neutral work, to reduce
its complexity and to improve its generalization ability. We find that the pruned neural network has the capacity to predict the peak
ozone, with an agreement index of 92.3% , the root mean square error of 0. 042 8 mg/m’, the R-square of 0.737 and the success
index of threshold exceedance 77.0% ( the threshold O, mixing ratio of 0. 20 mg/m’). When the neural classifier was added to the
neural network model, the success index of threshold exceedance increased to 83. 6% . Through comparison of the performance indices
between the multiple linear regression model and the neural network model, we conclud that that neural network is a better choice to
predict peak ozone from meteorological forecast, which may be applied to practical prediction of ozone concentration.

Key words:neural network ; multilayer perceptron; prediction of O, contamination; multiple linear regression; prediction model

0, :
] 0, NO, .CO
, , 0, , ,
’ > 03 )
(NO.) (NMHC)?' 0, O, 7 NO,
, NMHC ,
3] 0, ,
, 0, N )
’ [4.5] , O3 : 2010-09-30; . 2010-12-06

(863) (2006 AA0A307)
(1987 ~), , ,
(6] ,E-mail ; sllhappy0729@ 163. com
, O3 * , E-mail; lduan@ tsinghua. edu. cn



2232 32
( 3h) . 3h
0, , 327 h, 3.7%.
0, s ( 1
( ) o, 25
[9,10] , 0.20 mg/m’ 102 ppbv)
0, , 204
shi 0, h, 2.33% .
[13]
’ 2
[14 [2,14,16,17]
1d o,
, [12) 1d 2d 0, ,
2006 , 2
b d 4
(MLP) 0, 24
, 2 , 0, N O ,
(24 h) ,
[ 08:00 ~19.:00 3 h
1
( 3h) , J.
2006 353 ;
: 3 h 1.
1 O,
Table 1 Different variable formats used in the prediction of O; concentration
Max
Min
cha = max — min 08:00 ~19.00
Mean
Std
midday 11.00 ~14.00
. 0, mean_important 10.00 ~16:00
1d 1d 0,
3 temp_cos , temp_sin mean_pressure , temp_cos
temp_sin
3.1 stepwise ,
SAS 9. 1 Copyright©2002-2004, SAS Institute 0.95 .
Inc. , Cary, NC, USA. All rights reserved. Produced 3.2.2

in the United States of America.

( Multi-Layer

3.2 Perceptron) (18]
3 (input layer) |
(hidden layer) (output layer) .
3.2.1 n X,ny
yesterday_O, | . Yp (1).
max_temperature | min_temperature N mean_important_ y = m " ( 1 )
p

speed . max_humidity , min_humidity , midday_solar |

; W,h( Z wx; + bj) + B



0, 2233
’h 7bj B b
(Bias) ,w, j i , 2 ;
W, J ,
, 14 3.3
E b b
(2)
L
E=-> (y=-5) (2) |
- MBE = — 3 (P, - 0,)
7y ’ }’p . ’ n =1
tanh , Levenberg-Marquardt . 1< ,
RESE = |— P, - 0.
3.2.3 OBS \/n2< 0= 00)
OBS ( Optimal brain surgeon)'"’ 0 - n n i
En (Oi,Pi>_20i Pi@
2 O i=1 i=1 i=1 0
0 o B=0 0
n 5 n ) n 5
E m> 0 -(Yo0)gm> P -(>P) 8
(w) D; (izl )DD = (Z )D
AE =E(w + Aw) - E(w) .
T _ 2
z(@) Aw + [ Aw] HAw (3) > (0, -P)
dw 2 d=1-— -
P -P —01)?
JH = aET Hessian . Z“ ! 410, -01)
dwow
oF
T ow SITE = —
1 n, +n,
0, T[Aw]THAw :
w; s 0, ERTE = —
n3 + n4
’ ,0, , P, s TV Ty Ty ny
e/traw +w, = 0 (4) ,
e j 1, 0. : ,
Lagrange ,
4
— L T T
L = Z[Aw] HAw+/\(ej8w+w/.) (5) 4.1
(3) ~(5), ,
Lw) = (6) ’
(w = <
' Z[H_le
JH™! Hessian , [H™' ],’/ 70% R 30%
i) j : 0B
.@D 20 ,
, ;@ 0BS ,
36) , )
@



2234

32

58. 8%

Y

.10:00 ~16:00

348 d
2
4.2
03
(

, 77.0% , 60. 7%
0, 16.3%.
5
, 51 21, 2
2d Table 2 Comparsion of the fitting results between linear
regression and artificial neural networks
' : MBE/mg-m~> RMSE/mg-m~>  R? d
1d o,
0.001 3 0.047 29 0.676  0.892
0. 000 57 0.042 86 0.737  0.923
b
b b 3 03
5d ( teSt) ’ Table 3 Comparsion of threshold exceedance between
( train) linear regression and artificial neural networks
, 2 n, n, ny ng SITE/ % ERTE/ %
2 3 37 24 10 282 60. 7 3.42
47 14 12 280 77.0 4.11
RMSE .R> d ,
0.40
= A
— Tl fE
0.35
Ly
%
5
4
!
| | o |
2006-06-01 2006-10-01 2007-01-01
i (4-H-H)
1
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