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Abstract

Although it has been well recognized that clouds tremendously affect the surface solar irradiance and its direct and diffuse
partitions, accurately forecasting solar radiation in cloudy conditions remains a major challenge. This study focuses on two
aspects of the challenge: impacts of cloud microphysics and model domain size. First, we will examine the sensitivity of surface
solar radiation and its partitions to cloud microphysics by using the state of art Weather Research and Forecasting model
specifically designed for simulating and forecasting solar radiation (WRF-Solar). A number of microphysical schemes will be
tested, and comparison against the measurements of shallow cumulus clouds and stratiform clouds selected at the DOE ARM
SGP Site. Efforts will be made to quantify the resultant uncertainty spread. Second, identifying the physical causes of the
underlying model differences is even more challenging. To address this, we will introduce a new model evaluation framework
based on different setups of WRF-Solar (single column, LES, and nested WRF). In particular, we will examine the effect of the
number of LES grid columns and its lower limit producing reasonable results. Commonly used evaluation metrics will be used
in our model evaluation, including the used RMSE, MAE, MAPE, and relative Euclidean distance. The results will provide

physical insight into the understanding of cloud-radiation interactions and forecasting of solar radiation in cloudy conditions.



Exploring Effects of Domain Size and Cloud Microphysics on Surface Solar Radiation
Using a New WRF-Solar Based Evaluation Framework

AGU 2018 Fall Meeting

Xin Zhou, Yangang Liu, Wuyin Lin, Satoshi Endo, and Shinjae Yoo Session & Poster #
Brookhaven National Laboratory, Upton NY, USA GC23D-1220
Introduction Cloud Fraction & Solar Irradiance LES Resolution Effect
Clouds tremendously affect the surface solar irradiance and its direct Case: shallow cumulus at ARM SGP site on 2016-06-19 LS erianioom HRsacsom 1 2 19T eracioom mesacsom’ 1 207 Criacioom HRS@esom ]
. . . - . " i ' S 80 - 2 ‘
and diffuse partitions, and accurately forecasting solar radiation in st sy ommess | mewmews vy G 10 a 5 |
cloudy conditions remains a major challenge. This study employs a new I T 3 | I E= o5 II II II I gg i 22 1o |
. . . i | A 2 & rER t3 53 z
model evaluation framework based on WRF-Solar model to investigate | 2, | K 06 | £2 oo A1 Rl s 22 o T =8 st r :
the surface solar irradiance in shallow cumulus condition. This work has | . o2 | 03 g, 0st. T A B T | B | | DI | | | N
three ObJeCtlveS' 0.';_ / |G 00 0 / BZ(IJ (” ————"L/—- 8(') L5 CTL(de=1()0m) IHRS(de=50mJT ﬁ n 100? bTL(dxl=100111)l [HRS(dx]=50m)l ] ” 2'0? -CTL(dxr=100m)- IILIRS(cl,\;:SOm)r _'
. 06 09 12 15 18 2 06 09 12 15 18 6 09 215 18 2I1v Bs 1.0- ] 3_5 30; %_c 1.5:
. . irect irra pedtme %E I ] %E gg _
> To explore the effect of the number of large eddy simulation (LES) ,. e > 0.5| I | % o |
grid columns and its lower limit producing reasonable results. . K LES reproduces the ¢z f I L1 . 2 z.a sl ;
Z | cloud fraction well. o | 8 3 “ ]
I 1t1\/1 12t1 I iti k= j: : 0.5L . i - . a A 00 . 0.0 1 B
> To examine the sensitivity of surface solar radiation and its partitions | £ , S E o i Simulated total enecon e | g ' cneeon msecsn 20 cnecion irswcg |
to dlﬁerent CIOUd mlcrophySICS SChemeS' 06 69 12 1I5 18 21 6 ()6 112 -1‘5 ]A8 21 i 06 Ol) 112 ]S 118 21 Irradlance IS Closer %?—, 1-0_ 8"% 50 %?5 L5
Local time, h Local time, h Local time, h E V’.é : %= [ ]
» To i1dentify the physical causes that lead to model bias, therefore the Figure 2. Comparison of simulated clouds and solar irradiance to observation. to OBS. _5 05 I II II II I j ol QE o] |
model can be improved. g5 oo M NN NE BE HE T - II II “ I L Zos " :
0.5 ‘E 0.0 1| B

[o) /4 0, 6
O dofb 2 q fb’?) q fb’?) ofofb n ) ’2 ,b 8y c/ofb’b c/o > c/o % 0}’?) , 0’;&,,} 8y c/ofb'{; o'ofb dofb’?) dofbb’ % b’}( .
Up Uy Uy Uy U U U U U Y Y Yy U Uy

. _ : : Figure 5. Comparison of evaluation metrics among LES with different domain size and resolution.
New MOdEI Evaluatlon Fra mewo rk Mean ST,DDEV Correlation RMSE Euclidean Dist 100m and 50m grid spacing are used for each domain size of 6km, 3km, 2km, 1km and 0.5km.

« 1000FoRS 7 LES é 4T oBs LES L5 LES « W0FoBs T LES w 4LES’ Nested
_ E g0l Nested SCM 3, ,| Nesied SCM B, SCM o ool NS SCM 5& || SCM o " I I I
WRF-Solar testbed suite: The state of art Weather Research and 7 % i’ s I I I | 242 'hr?CLeaSEd rlei_o'“t'on O:fe.s not ”eclessd‘""”lyt'mﬁ’m\é.e thf performar.'ce.?'ncet
: - : : : : - ® 40 i u® 20| 2E 2 Igher resolution results In more cloud water leading to a more significan
Forecasting model specifically designed for simulating and forecasting irad | & ©° | | | | ] N EEE | ...... it _ 19' b J J
| diat WRE-Solar) i g N he cloud g : g i | 111 ° .. E. 1 £ . a Influence on solar irradiance.
SO a.r ra |a.t|0n ( O ar) IS Use tO Slmu a.te t e C OU S an Sur ace OBS LES Nested SCM OBS LES Nested SCM OBS LES l\cstcd SCM OBS LES Nested SCM OBS LES Nested SCM
. . o 1000F0]135 %Et ) % 4r ()B% ]§E§ ' . I.S-()]E;qsI: ’ 1_)(]:? ' - J 400¢ 0B§ ‘ I"F:S_ ' 2 4" I'F"i-r T Nested | ] e, ® ° ° °
SOIar Irradlance Direct z 800 e I i:‘:‘ 3 el | 8¢ 10 - o 0 wop o Sz 35—8('1 ] SenSItIVIty Of MlcrophySIcs
Irect | < oo 8® i 2® Sy o |
] ® A= 2 g= 05 S® 200 %E 2} . .
mad | £ I | I LA I || ...... I||. 25 o I I | i | RMSE / OBS Euclidean Dist
5 . £ ol I ° sl AR - S B 1200 ES+Thom  Nested+Thom: v >0 LES+Thom  Nested+Thom
OBS LES Nested SCM OBS LES Nested SCM OBS LES Nested SCM OBS LES Nested SCM OBS LES Nested SCM I : ] aa) . ]
. . E 00 81,35' y ' %EQI % 4 895'1(1 ' LES ' L gm ) LEQI ' = Y0 oBs 7 LES o 4TLEST Nested S{Ea lOOj j OO 2.5 : ]
3’ goo | Neste SCt %‘3 i este SCt “ﬁ% Lol e S( w-;. 00 Nested SCM 8‘5 ‘ SCM e L 1 = . ] 1
Three configurations of D_iﬁuje a0 i Q Q B 55 22 ; f‘;
WRF-SOIar : ma ‘: 0 Eé 1- ...................... hgé 0.0 - I R %E 100k I ] éh"‘% _ EE"J] I ] = . 5
. :OE ] 0 I I n = § 0 I I I I - 0.5 g (I I I ] ED ()L _— I I ] §E 40+ - g LO 3
® CO nve ntlonal mOdeI (N eSted OBS LES Nested SCM z OBS LES Nested SCM OBS LES Nested SCM OBS LES Nesied SCM OBS LES Nested SCM g% | % 05 .
@ - 3 U.Ji E
’ Cg‘? %% | WRF-Solar) Figure 3. Evaluation metrics of total, direct, and diffuse solar irradiance. 0 _. m | : 2 00 R - I I I i
" WRF-Solar 8 . L ddv simulation (LES . . _ . Wy e, Loy e, g,
| | arge eddy simulation ( ) « Asingle metric gives only part of the information. , « « w , % hd W
| Testbed \ 4 _ _ ) _ y ., ) . Figure 6. Percent error and relative Euclldean distance between Thompson and Morrison schemes.
» Single column model (SCM) » Simulated total irradiance is “correct” for “wrong” reason.

* Morrison scheme produces larger bias in diffuse irradiance with LES
configuration. Other than that, the simulated solar irradiance is

// Persistence model: LES Domain Size Effect comparable using Thompson and Morrison schemes.
b Evaluat'\on“’,"' * P(t+dt) = P(t) Correlation RMSE / OBS Euclidean Dist Conclusions

| SWRF-Solar |
LES -«

r\ Suite

e R U LES degrades with _ _ _ _
Figure 1. WRF-Solar suite, the modeling framework. —— ?“@5 g“@; N | ig) “5:? ] decreasing domain > The total SW irradiance from all WRF-Solar simulations appears to
irrad " 0 Y . size. be reasonable due to the cancellation of model biases in direct and
5 %E o |22 o5 ] i i ) i
JJJJJJJJJJJJ E 0 anlmmnntIM e Y LimEmEEERNE. diffuse irradiances. However, the physical processes may not be well
Evaluation metrics suite: A range of metrics are used to evaluate s ,wo . Remarkable represented in the model.
the model simulation: Direct | 2 I" I@ N | gii%ridg‘;x” when 5. | ES produces more reasonable solar irradiances in the shallow
. L. . . . irrad | £ | g2 : g ‘N civa -
e Mean b|as’ Standard dewa’uon, Correlation Coeff|C|ent’ RMSE, e IIII'.I = T | cumulus condition when domain size is > ~ 6km.
Percent error and Relative Euclidean distance (D) S EEERREFEREO | emmmwameeeees 0 o . The persistence > Increased resolution in LES does not improve the simulated solar
1:0 . w0 g, ~ model has biases Irradiance.
¢ — 7\ — .\’ o comparable to » The two microphysics schemes (Thompson and Morrison) lead to
_ r—Y Ox — 9y 1 2 mad [¢ |, AL = physical model after : e : : : -
D = 7 T\ + (cxy — 1) P : ih differences in diffuse irradiance, but the results are inconclusive.
\ d e | More microphysics schemes need to be tested.
Figure 4. Comparison of evaluation metrics among all models including LES (dx=100m) with different domain sizes.

Contact References Acknowledgements

Xin Zhou Wu, W,, Y. Liu, and A. K. Betts, 2012: Observationally based evaluation of NWP SO |l AR ENE RGY

Brookhaven National Laboratory reanalyses in modeling cloud properties over the Southern Great Plains. Journal of TECHNOLOGIES OFFICE ARM ‘ .

Environmental & Climate Sciences Department Geophysical Research: Atmospheres, 117, doi:10.1029/2011JD016971. U.S. Department Of Energy el el

Email: xzhou@bnl.gov

© POSTER TEMPLATE BY GENIGRAPHICS® 1.800.790.4001 WWW.GENIGRAPHICS.COM


https://doi.org/10.1029/2011JD016971

