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1. Introduction 3. Experimental Design 5. Development of Realistic BEC
Data assimilation (DA) provides a consistent representation of the physical The capital region of South Korea is selected for the present data The BEC is obtained using the NMC approach, which is based on a real
state by blending imperfect model predictions and noisy observations. With assimilation study because measurement sites are relatively evenly distributed. simulation for the realistic 4D-Var data assimilation study. The error statistics
more chemical observations available in recent years data assimilation is o . o d0d Table 1. Configuration of WRF modeling system tor the CMAQ modelils d?fmed biy the differences between +48 hours ana
410 " dictability of ai ! # A TR . e oF +24 hours forecast, € = ¢\ g5, — €4, We assume B can be written as B =
oxpecieel e |m.provet & [oreelciEiolity © .a|r Giiality: - Horizontal grid 123 x 130 72 x 84 65 x 63 XQRYX®RZQQC where, X, Y, and Z representing the error correlation in the
= One of the important elements affecting results of data assimilation in the Grid resolution 27 km 9 km 3 km three directions. C is the error covariance matrix at a single grid point that
4D-Var process is the background error covariance (BEC) of the model. Vertical layers WSMSjfh':::é;?:j;ﬁiﬁ’cheme refers to the error variances and correlation between different species. In this
= |n this study, the previously developed 4D-Var code has been modified to ';';‘t’f;as' Noah LSM, Yonsei University PBL, study, C is conside(ed to be no ;qrrelation bgtween the species. It seems to
treat background errors in matrix forms, and various numerical tests have Initial data o LonivéagéeéugtjzltaaShortwave be error-prone to invert ill-conditioned matrices. Based on the property of

Kronecker product, B! can be expressed as B 1= XQYQRZ) 1=X1®

1300 Time period 00 UTC 03 August ~ 00 UTC 07 August, 2008 _1 1
Y ® Z~ . Singular Value Decomp05|t|on (SVD) is applied to B matrix.

been conducted.
= Characteristics of the background errors obtained through long-term '
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= Table 2. Configuration of CMAQ 4D-Var modeling system (a) B (b) 1.0 10p - - - :
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modeling results are analyzed. Also, the predictability of high ozone = T CMAQ d27 dos dos 0.8 0s Ik Fg;w ]
. . i E 700 Meteorological input correspond to each WRF domain Y - : oXp :
concentration was |nve5t|gated i IS - Horizontal grid 118 x 125 67 x 79 60 x 63 o0 5 0.6 : c 06 ¥
30 Grid resolution 27 km 9 km 3 km 2 a0 S 04} g 04 X
. . . e Vertical layers 15 layers (top: 20 km) S o0 8 0'2i 3 0_23_
2 4 D_Va r Data ASSI m I I at I O n 100 Emission data INTEX-B CAPSS CAPSS 100 : :
e o X, - ' Forward (FWD) 00 UTC 03 ~ 00 UTC 07 August, 2008 (4 days) . 0.0F 00
0 0 ongitude (deg) e Time day 00 UTCO5~ 12 UTC 05 August, 2008 (analysis) = _O.%i S . -
In the maximum likelihood approach, the 4D-Var data assimilation gives the Figure 1. The model domains for WRF and CMAQ. The  arjggs 4D-Var HME 12UTCOS 12 UTC06 August, 2008 (forecast) 0 e e 10 To0 1o : 2 e o R o
: . : oo : . : air quality moniForing sites at ground level are marked (4DV) ?l'r%h; 12 UTC 05:00 UTC 06 August, 2008 (analysis) Figure 5. Model error correlation coetticients (a) between vertical levels and Figure 6. The error correlation as a function of
maximum a posteriori estimator of the true initial concentration distribution, by green blank circles. 00 UTC 06 00 UTC 07 August, 2008 (forecast) (b) between two layers as a function of Az The fitted line is R = horizontal distance Ax or Ay. The red line
exp(—Az*2/1,*), where 1,=300 m. corresponds to R = exp(—4h'°/1,*°) |

which is obtained by minimizing the cost function: where 1,,=10 km.

The correlation coefficient for the east-west direction is somewhat higher
than that for the south-north direction.
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J(cp) = ) (co — CQ)TBal(Co —¢j) + Ez(}[(ck) — C%bs) R (H(cp) — ). (1)

The 4D-Var analysis can be obtained by the Initial concentration that
minimizes (1) with respect to the model equation. Formally, a gradient-based
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Table 3. Experimental design for the idealized
background error covariance test.
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optimization procedure is used to obtain minimum value. Assuming a linear Case g::; m::;:: of  ogbs =
observation operator H, = H'(c;), the gradient of (1) with respect to ¢, is e =0 —T
B - L05 133;2;’)“ 1=05 BEC  8.00 g
_1 ack To—1 obs Figure 2. Covariance distribution for Balgovind functions with respect L10 ' L=10 BEC 8.00 ol
VCOJ(CO) — BO (CO — CO) + Z a Hk Rk (Hka — Ci : (2) to the grid distance (r) and the values of radius of influence (L). _m
Co : : : — $ el
This experiment is used to evaluate the characteristics of the BEC based on a el
The gradient for the 4D-Var cost functlon can be effectively obtained by single observation experiment. In this experiment, 100 ppb of O; was g
forcing the adjoint model with observation increments and calculating it iIncorporated as an arbitrary value rather than actual observation data at the b
backwards. When the forward and reverse adjoint models are performed, it initial time at the center of the mode| domain.
results in the problem of solving the following equation: N L A —
~ 55— L05 Flgure 7 Honzontal d|str|but|ons of surface ozone Figure 8. Tlme variations of surface ozone concentratlon at
_ 1
VCOJ(CO) — B0 (CO o CO) + AO = 0. (3) 45 i and Its time variations. selected sites.

Ay is the sensitivity of the cost function (1) with respect to the initial
concentration ¢y. Since Byl, ¢2, and 4, values are known, if the value of ¢,
that satisfies equation (3) is found, it becomes the analysis field cg.

The 4DV experiment shows a diurnal variation of O3 concentration that
conforms well to the observation. RMSE decreases by about 49.4%, and the
IOA increases by 59.9%, suggesting that the initial conditions of ozone

o _ ) concentration are successfully improved by application of DA,
The adjoint code for CMAQ (CMAQ-ADJ) model was implemented from the s o - i ; ey
project H98 (University of Huston, 2009) by Huston Advanced Research S0 0 S0 20 0 0 10 20 30 4 s Figure 4. Cross-section of analysis increments 0| 3o (a) | (b) =5 A @ N (0)
i i Figure 3. Horizontal distribution of analysis increments at surface resulted from the along the blue line in Figure 6. (b) as the radius 100 I ok //\ /”_\ - / \ /\ o
Center / Texas Environmental Research Consortium (HARC/TERC) The single observation experiment with respect to radius of influence (L). of influence (L) values are increase. % w £l N \ / w/ 05 gso/ \Q(\ /o.6<
lidation and ral numerical tests of thi de ar I described in i i ‘ ' el LAY e B O
valldation and several numerical tests O IS COde are well described | At the model grid point (29, 31), where arbitrary observation data were of N \/ VARV ARV, SN
Hakami et al. (2007). This model only considers the model and observation applied, all three tests showed an O increment ot about 50.0 ppb. The o LA e ove=of B R S04eTY N P TTT  || TTTe ;
errors as its variance, i.e. a constant value of of and a2 with Gaussian background concentration of O3 at the grid was 40.1 ppb, but the value was | e | S e m a0 om e
up to about 90 pr N the anaIyS|s when the SYﬂtheth observation of 100 Figure 9._T|me varlat|0n§ of observe_d aqd fore_cas_t ozone Figure 10. Tl_me varlatlons_ of F_QMSE a}nd_ IQAfor 24 h forecast
distribution. ppb I app“ed However. as the value of L increased. the O. increment in concentration after (a) daytime and (b) nighttime assimilation.  after (a) daytime and (b) nighttime assimilation.
- ’ ; 3 : : : - . :
. . the analysis occurs at more surrounding grids. These results indicate that the A .po.ter(;tlal .|mﬁ)rovergoe.nt forfthe %zone pred!ct(?b|l|tyl|s prestgntled usmlg the
J(co) = —(co— )’ (co—c0)+ ZZ(chk—cgbs) (Hycp — c22%) (4) idealized BEC performs well in the revised codes, and proper analysis ClprIIZE |rJ1[|ﬁ|athcon '(tj',o? ba']l'ier ftde t’;lme (LU B tpaglcu.ar, a ?rge;
2(a?) o8 increments can be achieved when the spatial correlation is taken into account. ORI I (WA SR Ll O GRS GZONE COMTENITEILON 5 EXDECIET |

DA is performed over the nighttime than in the daytime.
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