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« Address shortcomings in S ot }
WRF-Solar v1 % =, N\
» Specific project goals: S LR

* Reduce forecast errors by 25%

= I[mprove ramp forecasts \ VAISAI.A

= New estimates of sub-grid ‘ S
variability N

* New tool for the community




Pacific

Northwest  |mproving simulations of boundary-layer clouds

Often neglected, but significant impact: ~45 Wm-- (out of 612 Wm?) at DOE site in
Oklahoma (Berg et al. 2011)

=  Tested Parameterizations:
, 4
|+ Deng-Trigger function based on boundary-layer TKE (Deng, et al. 2003)

« Standard Kain-Fritsch (KF)-Based on standard KF parameterization, applies an
ad-hoc temperature perturbation as trigger function (Kain and Fritsch 1990)

* KF-CuP (Cumulus potential)—Distribution of temperature and humidity used as
trigger function (Berg et al., 2013)

« MYNN-EDMF—Combines TKE based parameterization with mass flux approach.
_ Implemented as part of WFIP2 code development (Olson et al. 2019)

* Improved subgrid cloud microphysics and entrainment—Focused on improved

)

representation of stratiform clouds, but can also impact broken clouds
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% Data sets for model evaluation e Penn State
Northwest Of shallow cumuli

 NOAA SURFRAD and DOE ARM sites

* Global Horizontal Irradiance (GHI)
 Effective Transmissivity (ET)

ET = fall sky
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f clear sky
Goodwin Creek
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Northwest (GH| time series

E « 20 days selected with broken or
~ | clear skies at the three sites

« Large amounts of variability during
periods with shallow cumuli
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Improved treatment of
Pacific sub-grid hydrometeors

Northwest

AAAAAAAAAAAAAAAAAA and entrainment

 Cloud fraction determined as a
function of grid-box RH

* 48-hour reforecasts conducted for 91
days during 2018 and compared to
SURFRAD observations from across
the US

* Improvement in MAE and MBE during
winter with sub-grid hydrometeors,
little change associated with improved
entrainment
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Northwest  vyariability 5
« Can we capture variability and account for it in solar irradiance S 06|
forecasts? " o4l
* Definitions 02 | | |
. . . . .. 0.0 | | i
= Standard deviation of effective transmissivity (ogzr)—measurement of 12:00 18:00 00:00
irradiance variability over a time interval (15 min) Y SNANT = Qbs oNsAT
= Standard deviation of the change in effective transmissivity (G ,z1)— ' R R
measurement of irradiance “ramp rates” in time interval (15 min) 121 MYNN-EDME - GWN
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Parameterization
leads to larger
variability

« Parameterized
variability based on
observed distributions

e Direct calculation from
WRF output has much
smaller variabllity

Parameterized

Direct calculation

Std Dev of SWDNB flux (W m2)
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%/ Addition of absorbing aerosol can have

Pacific

Northwest  significant Impact

NATIONAL LABORATORY

« Added absorbing aerosol from industrial and biomass burning with different
options for initialization:

SURFRAD Stations AERONET Stations

= GOCART climatology Te coca reress - ; ®. . Vaky &
= GOES-5 analysis | T CrEos e ‘ | = : '/‘Dj
* AOD over 9-day period 1 10°-
from SURFRAD and 3
AERONET sites for E
period in 2020 ém_l_: 101
| GOCART 2 = 0.008 ' o GOCART 2 = 0.0
GEOS5 r? = 0.625 = GEOS5 r? = 0.401
1072 —— S — 1072 — S —
1072 1071 10° 1072 1071 10°

Modeled AOD Modeled AOD




X7 Comparison GHI and DNI at SURFRAD and

Pacific

Northwest ~ AERONET sites

« AOD over 9-day period from SURFRAD and AERONET sites in the simulation
domain

All SOLRAD & SURFRAD Stations, GHI All SOLRAD & SURFRAD Stations, Mean GHI biases = 62.9, 6.5 W m~2 All SOLRAD & SURFRAD Stations, GHI MAE = 63.5, 10.6 W m~2
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Uncertainty quantification—SGP

Parameter determining the RH threshold of cloud condensation
Parameter determining the RH threshold of cloud condensation

Median size of BC aerosol lognormal distribution.

Parameter controlling the entrainment rate.

microphysics and aerosol (absorbing

and scattering)

cloud parameters
* All-sky GHI/DNI — &, RH, and RH..

Northwest
and RH,

Pacific
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» 256 ensemble sampled using QMC
nwfa Factor to scale surface aerosol number concentration emissions

« SGP analysis focused on impact of
» Clear-sky GHI/DNI — mu, nwfa, RH,

mu
RH,
RH,

&
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D02: 3x3km 121x121

WRF nested domain setup

DO1: 9x9km 121x121

Uncertainty guantification—Hanford CA

BC aerosol

(Brittany Hosea-Small / AFP, Los Angeles Times)

dominated by &, RH,, RH,, MU, f,,pcq

« Hanford case focused on
dominated by mu, and f,,;.4

NATIONAL LABORATORY

Northwest

Pacific
» Clear-sky GHI/DNI variances are

 All-sky GHI/DNI variances are
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verification

SOLAR

RREIETCE)ARST Changelog Documentation m
Sites /Sites/DOE ARM Southern Great Plains SGP, Lamont,
:zz;e::‘es Oklahoma/Forecasts/Southern Great Plains Lamont OK

Forecasts and Observations

10 sites selected for verification of point
forecasts of GHI and DNI

1 region selected to evaluate power forecasts

Hourly Day Ahead wrfsolarv1 ghi

Forecast Metadata

Name: Southern Great Plains Lamont OK Hourly
Day Ahead wrfsolarv1 ghi

UUID: bb25d074-a6c5-11eb-9870-0a580a8002db
Copy UUID

Site: DOE ARM Southern Great Plains SGP, Lamont,
Oklahoma

Download Metadata

Variable: GHI (W/m*2)

Value type: interval mean

Interval label: ending

Interval length: 1 hour

Issue time of day: 06:00Z

Run length / Issue frequency: 1 day

Lead time to start: 1 day
Start: 2018-01-01 07:00:00Z
End: 2019-01-02 06:00:00Z

 Evaluation underway using Solar Forecast 2 Bwe P OB 0

Arbiter

dSiouxfalls SURFRAD

dBoulder/ SURFRAD

4SouthernGreatPlains SURFRAD

dGoodwin SURFRAD "~ |

ERCOT - Solar

Southern Great Plains Lamont OK Hourly Day Ahead wrisolarv1 ghi 2018-12-30 06:00 to 2019-01-02 06:00 UTC
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Use the start and end selectors below to set the range of the plot above or download data. A maximum of cne
year of data may be downloaded.

Start (UTC): End (UTC)
12/30/2018 A[06:00 aM O 01/02/2019 |06:00 AM ©
Update graph Download data  RRUUELS @®CSY OJSON (format examples)
Upload data ™

Google Barth
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Northwest ~ Summary and next steps

E + Year 3 of the project includes evaluation e 5 J
e Of simulations via the Solar Arbiter  Newlreatmentbfalouds | |
(https://solarforecastarbiter.org/) for T s [ WRFBolari2a D
selected locations ; = S 3 -
WRI{-ChemEExphcutlZ\erosol:IEI 4 UQnalysisBolnvestigate )
° Code |S ava”able to the SOIar Evaléhor;%rrg:zi?rosolmn forecastBensitivityd
Forecasting Project teams IR, -0\
 Will be made available to the k = )

community after additional testing

SOLAR ENERGY

TECHNOLOGIES OFFICE
U.S. Department Of Energy




