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Abstract The purpose of this paper is to present some ensemble based statistical estimation methods for inversing
modeling of pollution emissions. Previous studies using advanced sequential method to the joint air quality state and
emission estimation problem focus on the ensemble Kalman filter (EnKF) or the discrete Kalman filter (DKF).
However at each assimilation time, EnKF and DKF cannot update the emissions at the previous time, though their
information is contained in the present observations. This is a major drawback, especially in the case of the time-va-
riant emissions. Therefore it is necessary to investigate other methods that can overcome this drawback. Based on

Bayes theorem, this study presents the detailed mathematical formulations of the ensemble smoother (ES), the en-
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semble Kalman smoother (EnKS) and the ensemble Kalman filter for the joint air quality state and emission estima-
tion problem. Due to the adoption of ES and EnKS, the emission estimation at previous time can be updated by as-
similating observation at the later time. A simple model is used to demonstrate the feasibility of the methods. The
impacts of observational error and the prior error of the emission on estimation results are also discussed based on
the experiments using the simple model. The results show that EnKS can estimate the time-variant emission well at
every time step when the observations are not available at every time step, while the EnKF can only estimate the e-
mission well at the observation time. When observations are available at every time step, EnKF and EnKS perform
similarly. The larger observational errors can affect the estimation results of emission, but not very sensitively. It is
also shown that overestimation or underestimation of the prior emissions uncertainty can bring larger estimation er-
rors of emissions.

Key words ensemble smoother, ensemble Kalman filter, air quality, emission estimation, inversing modeling, data
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Tabel 1 The detailed setup of the experiments
NI A IR SRR 2 b v 2 T PRSI IR AR A2
PRW i HE Observation time Standard deviation of Standard deviation of R H M
Expt Method  interval observation error emission prior-estimate Expt purpose
X 1 EnKF 0.5 0.01 0.5 F g EnKF X5 Y My ik B 09 7] 46 %50CR A
Expt 1 V5 YR B [ HE J7 To test the ability of
EnKF applied to concentration assimila-
tion and inversing emission
5 2 EnKS 0.5 0.01 0.5 K EnKS X475 4 9 B2 1 ) A RR A
Expt 2 VS YL IR IE AE 71 To test the ability of
EnKS applied to concentration assimila-
tion and inversing emission
5 3 EnKF 0.5 0.1 0.5 FEER AW 15 2% EnKE 45 50952 11
Expt 3 To investigate the impact of large obser-
vation error on EnKF
1 4 EnKS 0.5 0.1 0.5 FBEERHI WM BRI KT EnKS 25 R4 501
Expt 4 To investigate the impact of large obser-
vation error on EnKS
w5 EnKF 0.1 0.01 0.5 2 S B (] Jin 2 %t EnKE 45 51 i
Expt 5 To investigate the impact of large obser-
vation time interval on EnKF
5 6 EnKS 0.1 0.01 0.5 AWM AL n 25 % EnKS 45 5214 5% i
Expt 6 To investigate the impact of large obser-
vation time interval on EnKS
w7 EnKF 0.1 0.01 0.1 BT Y U 6 R 25 A E 25 4 /D X En-
Expt 7 KF 453814520 To investigate the impact
of small emission prior error on EnKF
5 8 EnKF 0.1 0.01 Lo GG Y IR 516 96 TR 2E B 4 22 G KX En-
Expt 8 KF 453819520 To investigate the impact

of large emission prior error on EnKF

FEIRE: 5 A6 IRXHrh ., AT I L, ks &2

IS EERRA LN . BR TR AR RSN, oAl

HFRBRESRENHATRIRE

Table 2 The root-mean-square error for the inversed emission

¥R

Root-mean-square error

A BIAIAT 1 AR 2 M. 4 2 Tt 5 e
ik 6 1975 Y R LS . 7 DAy EnKE i Experiment
EnKS #5552 9 e 1 AR 2 1922 51 Expr |
S, TR K EEA . EnKF fg Expt 2
5 SR 20075 S IEHE R T EnKS i 3 Expt 3
AR TS R IR . TR 2 19T RS T L Bxpt 1
ke WL BT 5 EnKE il EnKS 23 Expt 5
AT REW Fpt 6

T EnKF 1 EnKS 75 5305 Yl e 7 52 Expt 7
PR A . 15 EmRASr . T Expt §

0.4614
0. 2655
0. 4698
0. 3150
0. 1682
0. 1665
0. 2070
0. 2509
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Fig. 1 The results for Expt 1: (a) Pollutant concentration; (b) pollution emission
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Fig. 2 The same as Fig. 1, but for Expt 2
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