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Motivation

d Meteorology is an important driver for chemical transport

models.
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Schematic diagram of (left) offline and (right) online coupled meteorology and chemistry modelling
approaches for air quality and meteorology simulation and forecasting (Baklanov et al., 2014).
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Meteorological Biases
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d Two Approaches

l | m 1) Frequent reinitialization
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- - 2) Data assimilation (i.e.,
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wEPA Pseudo Radiative Effects (PRE)

Flux-Adjusting Surface Data Assimilation System
(FASDAS, Alapaty et al., 2008)
HIsTF=pClp (TlalF /ot ) Az HIITF

=pL(dqlalF /dt)Az d PRE > 0: Nudging has
PRE_sfc= (HIsTF —ylq HUTF }isfc warming effects (i.e., model
2. Tropospheric Effects underpredicts temperatures)

Four-Dimensional Data Assimilation
(FDDA, Stauffer and Seaman, 1990, 1994) (J PRE < 0: Nudging has

PRE_atm=1/n LpblitopSHIsTF cooling effects (i.e., model
overpredicts temperatures)

3. TOA Effects (Effects 1 + 2)
PRE toa= PRE sfc+PRE atm



Model Configurations

(d Weather Research and Forecasting (WRF) Model
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WRF3.7.1
YSU, NOAH, MSKF, RRTMG, Morrison DMS

Mild analysis nudging of free atmosphere (u-v wind
components and temperature : 5.0x10 s'1; moisture:
5.0x10° s1)

FASDAS for surface layer (temperature and moisture:
8.3x10“ s1, see Alapaty’s talk)

DX =12 km grids; 35 layers up to 50hPa
12 kmm NCEP NAM, central and eastern U.S.
June, July, and August (JJA) 2006




<EPA PRE (JJA Averages) |

PRsfc Mean=-9.1W m-2 PRE atm Mean=-1.0 W m-2
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1 PRE toais dominated by
PRE_sfc.

 Nudging is cooling the

: surface and atmosphere.
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Aerosol Radiative Effects (ARE)

SW Direct Radiative Effects (DRE)
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JJA Model TOA: -4.0 to -8.7 W m2; Obs. TOA: -5.2 to -11.1 W m2; Obs. Surface:
-14.4 to -23.8 W m2 (Yu et al., 2006)



wEPA TOA DRE

JJA SON
Total ‘

JJA (SW)
CONUS DRE < -10 W m2;
Global DRE = -7.9 W m-2

Anthropogenic:
CONUS: -2 to -8 W m~

(Bellouin et al., 2013)
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Anthropogenic Aerosol Indirect Effects

Change in net radiation, TOA [meﬁ

Aerosol Indirect Radiative Effects (large uncertainties)

Published estimates of the aerosol indirect effect
Anthropogenic changes in net radiation at the TOA
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Lohmann et al. (2010)
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Publication year
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Radiative Forcing from US Anthropogenic Aerosols in 1980 (W m2)

5. -4, 3. -2, -1.-05-020205 1. 2 3. 4 5

Leibensperger et al. (2012)
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Table 1. Reported Aerosol Radiative Effects (W m-2)

____ |CONus Globe _________|References

Surface -14.4 t0 -23.8 (DRE) -11.841.9 (DRE, land) Yu et al. (2006)
-9.1 (PRE) -11.5+1.9 (DRE, land) Bellouin et al. (2013)
This work

1 eeler0l01:0 -1.0 (PRE) +5.1 (DRE, land) Bellouin et al. (2013)
This work

TOA <-10 (DRE) -6.4+1.0 (DRE, land)  Bellouin et al. (2013)
-40to-8.7/-52to0 -4.9%0.7 (DRE, land)  Yu et al. (2006)
-11.1 (DRE) -0.5 to -5 (IRE, land) Heald et al. (2014)
~ -4 (DRE) —-2.3+0.9 (land) Lohmann and Feichter
~ -2.0 (anthro. DRE) (2005)
~ -2.0 (anthro. IRE) Leibensperger et al.
-10.5 (PRE) (2012)
Quaas et al. (2009)
This work

O On regional/continental scales, PRE is close to upper limit of ARE.
Using integrated modeling system (e.g., online coupled model) might
reduce TOA radiative biases.



\“'}IEPA Diurnal Variation of PRE

PRE at Surface (PRE_sfc) PRE in Atmosphere (PRE_atm)
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DOM: entire domain: NYC: New York Citv: ORV: Ohio River Vallev. SGP: Southern Great Plains

d Cooling/warming effects can be
nonlinear depending on the sizes
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Diurnal Variation of ARE (TOA)
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Cape Cod (Kassianov et al., 2013)

PRE could overwhelm ARE at polluted sites.



Summary

 Surface energy balance errors dominate TOA
energy balance.

1 Using an integrated modeling system might
reduce radiative biases for large domain

averages at the top of the atmosphere.

 But, PRE could overwhelm ARE at local scales
iIn an integrated modeling system.
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