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1. Background 3.2. Results: Shortwave Radiation 3.5. Results: Precipitation
Although the Weather Research and Forecasting model (WRF) accounts The addition of subgrid cloudiness in the Modified case reduces | The Modified case reduces the total precipitation in the SE and eastern
: : : : _ o _ _ SW Upwelling at TOA : :
for resolved clouds, WRF does not consider interactions between subgrid- the bias of the SW radiation during the warm months in the SE. i U.S. during summer, represented by this June 1989 example.
scale C(_)nveCtlve clouds an(_j rad.latlon. .ThIS Omission is one reaso.n WRF More clouds and IeSS. SW radiation means reduced phOtOIySiS' | — Surface Precipitation June 1989 (Modified case) Precip. Difference June 1989 (Modified — Base)
overestimates surface precipitation during summer. To address this SW Downwelling at Sfc. — | F ] om)

SW Downwelling at Sfc.
Goodwin Creek, MS
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problem, WRF has been modified to provide cloudiness and condensate
feedbacks from the Kain-Fritsch (KF) convection parameterization to the
Rapid Radiative Transfer Model — Global (RRTMG) radiation schemes to
allow the subgrid cumulus clouds, along with the resolved clouds, to affect
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Monthly Area Average SW Upward Radiation at TOA [VW/m"2]
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shortwave (SW) and longwave (LW) radiative processes (Alapaty et al., = o 1 :
. . . . 0 1988 1989 1990| = Modified = Base =
Geophys. Res. Lett., 2012; Herwehe et al., in preparation). The addition S A S L — - - 3 |

of subgrid cloud — radiation interactions to WRF has implications for the Sfc. SW Downwelling Diurnal Cycle  o{—wm __ SSWTR Monthly-Averaged Surface Precipitation — The Modified case improves
meteorological parameters used to drive air quality models.
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summer precipitation totals
compared with NARR (as seen

here for the SE), having the
greatest effect on heavier rainfall
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Note: SURFRAD and
CERES data time periods do
not match the simulations:
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Note: NARR data are
available at 3-h intervals;
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Monthly Area Average SW Downward Radiation at Sfc [W/m”2]

Monthly Area Average Precipitation [mm]

Diurnal Area Average SWW Downwelling at Sfc
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2 . A p p ro aC h QIQRB?hr:\dllear:tallcg)r;;/.alues 7 annual CyCleS are for 10 l l I l l l I T T T I T
s | gualitative comparison only. L F M oAM s s AsoN D
, events when convective
Three- 1988-1990 lonal climate simulati ducted " ' ° 1988 1989 1950 T -
ree year ( ) reg|0na C Ima e Slmu a |OnS Were Con UC e Eli|8|‘1|0|1‘2|1|4‘1‘6|1‘8‘2|0‘2‘2|6‘é‘d‘ll O s s s e O S S O B B B B I B B preCIpItatlon domlnates
using WRF v3.5 without (Base case) and with the subgrid cloud — | - | | - |
radiation interactions (Modified case). All simulations used KFE Days with Surface Precipitation > 0.1 wEI:AeRRs S_Days with Surface Precipitation > 0.5 wEr:Ais
convection, WSM6 microphysics, RRTMG SW and LW radiation, Noah — e | — i
land-surface model, YSU planetary boundary layer (PBL) scheme, 34 . . . .. -
layers, 50 hPa domain top, and two-way nested 108-km and 36-km grids As expected, the addition of cumulus cloudiness in the Modified case also reduces P o -
(d01 a,nd 402 domains reépectively—>) a0 T, in the SE (and other areas) during summer, as shown below. By averaging over P
Initial and boundary co,nditions came ' all hours, the T, differences (Modified — Base) are quite small, but cooler midday
from NCEP DOE AMIP II Reana|ys|s 40°N and Sllghtly Warmer nOCturnaI temperatures reSUIt. ° T T |1|98|8| I B A I B \1?8|9| N B N |1\99\0| I ° I |1|98|8| T T T T T 111 \1?8|9| T T T 1T T 1 11 |1\99\0| T T 1
- . - T,m 1 A Avg. (Modifi T, Diff 1 A Avg. (Modified — B
(R-2) data, which also provided fields o B0 A AVg IMDCHIeE Case) o (R e g e e
for FDDA analysis nudging of wind, I m e J I
temperature, and moisture above the s e
F;]l.BL' Tgm.pozagave”ra;]ges s?ccl)wn n 9 ml Like temperature, humidity is an important factor for O; and for the
this study Include all hours (day an ’ : I :
120w 105w sow 5w . s exchange between gas and particle phases for PM. For summer 1989,
night). Time series were computed for land points OUL{aPQ ayerqged LS N LY Sy the Modified case produced slightly drier conditions over the Great Plains
over each of the six regions shown (—); time H ﬂ e ] T, Monthly Bias (Model — CFSR) T,m Diurnal Cycle and coastal SE, slightly more humidity along the western Appalachians.
series for only the Southeast U.S. (SE) region are ' cumet ) 1o | — e — crsn [ June 1989 ifi
Routhwest - |Plains i o 5o, —— Modified | - 30 o ~ Base For the SE, the MOdIerd ifi iff ifi
hown in this stud Evaluation was conducted on - AR ¢ : — Modied _ Jom 18_9 JJA Avg. (Modified case ) J,m DI erence 1989 JJA Avq._(Modl led — Base) )
S y: ek K = /\ case shows little change Y LR VL Wy kg
results from the 36-km grid (d02) via comparison LA /\\/\/\/“V‘ / in bias, but cooler I I
with reanalysis data, such as the North American Regional Reanalysis W \~/ afternoons could reduce |
(NARR) and the Climate Forecast System Reanalysis (CFSR), and with biogenic emissions. it
observations, such as the Clouds and the Earth’s Radiant Energy System L e | e | e | Pl R
(CERES) and the Surface Radiation network (SURFRAD) data sets. i AronE T o o - bays with Toy > 90°F 0 I
As heat waves are correlated with high ozone : : i Monthly-Averaged d, for SE
3.1. Resu ItS Cloud | ness (O3) episodes, the improvement in extreme : N A small decrease in 2-m water %E _
heat days simulated by the Modified case vapor can be seen for the Modified §
Cloud Fraction Cloud Fraction may produce more exceedance days when | i i
The Modified case shows Avg. Annual Cycle Avg. Diurnal Cycle . y P : : : Y : % " case durlng SUmmerin the SE, %0010
increased cloudiness during the . T TE 8T s driving subsequent air quality simulations. & | _Jig \___Jiw NS \ largely due to the reduction of
ths wh r //\ convective precipitation and latent g
warm months when convection @ heat fluxes. i e o
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IS active, In better agreement
with CERES observations in the
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Monthly Area Average High Cloud Fraction
Diurnal Area Average Cloud Fraction - High (500-300 hPa)

SE’ and Improves afternoon 0.05 — 0'0_||||||||||||:E|ni:i;?ﬁe|d Se) 4. COnCIUSIonS
cloudiness. WRF overestimates oo T T A — Sl | ™

. . . 0.20 700-500 hPa| = cErEs 04 | — pnagr | JUNe 1989 60 . . . . . . . . .
cloudiness in winter. e — e [700-500 hPa I Implementing cumulus-radiation interactions in WRF yields these findings:
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0 * Better simulation of summer from increased cloudiness below 300 hPa;
* Improved the SW radiation budget (and LW budget, to a lesser extent);

Cloud Fraction Differences
1989 JJA Avg. (Modified — Base)
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Monthly Area Average Middle Cloud Fraction

Diurnal Area Average Cloud Fraction - Middle (700-500 hPa)

P ZZI  Mitigated the overestimation of summer precipitation in the SE, while
iImproving the prediction of extreme rainfall events;
| sy T R PBLH Diurnal Cycle for SE » Improved prediction of heat extremes, despite small avg. T,,, changes;
.10I = f | T, [Sto-7o0nPe As much as a 10% reduction in seasonally-averaged PBL =] = e [T * Reduced boundary layer heights, and;
05 height is evident in the SE for the Modified case, a * Minor changes to near-surface humidity.
’ consequence of accounting for the addition of subgrid ¢ Findings have implications for biogenic emissions, photolysis, dilution of
:2 cloudiness and its concurrent reduction in surface precursors and reaction products, reaction rates, O, episodes,
-_15I e insolation and surface layer instability. A shallower PBL particle/gas partitioning, secondary organic aerosol formation, aqueous
oo CERES st e e NoteNARRIowm|ddIe would mean less d'”l|J|tior? ?(1; surface emissions and f chemistry, wet scavenging, transport, and regional air quality.
goie;ugﬁ:argsécgot;% 2523?3?,?; and high cloud layers arc p(r)ellcl:l:;?rrse,apcct)its:“?oﬁli/clzis (Ilri]l?egcr)e?ter concentrations o gi?ffr;n':'ﬁ)ﬁuﬁt?snato ¢ Cumulus — radiation interactions currently being tested on 12 km grids
U.S. Environmental Protection Agency 23‘;'gi‘;lggfgriﬁtt'ggﬁ”'ln P P 3/ diagnose PBL height than for regional climate applications and to drive the Community Multiscale
Office of Research and Development useful for temporal study. g‘gtl_‘;::oa’gi?g iE]VVtV“FfF_YSU Air Quality (CMAQ) model in simulations of future air quality.




