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Motivation

Direct normal irradiance (DNI) is important for the efficiency of concentration solar energy
technologies such as solar power plants systems (CST).

Alentejo region (southern Portugal) has exceptional conditions for solar energy assessment.

DNI-A project: To measure and evaluate DNI in Alentejo with regards to its interaction with the
atmosphere and implications for regional mapping of DNI.

Objective: To evaluate the performance of the (recently corrected) radiative scheme used by
Meso-NH in short-term forecasts of DNI in Alentejo.




Methodology

Period Experiment Validation station
Casel 21to23July2014 ALEXIOP Algueva Lake
alex2014.cge.uevora.pt
Case2 4to5June 2015 OBELIX | Evora
Case3 4to5lJuly2016 OBELIX Il Mitra

Centered hourly means were used against simulations.
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The following physics schemes were activated:

Surface: SURFEX
Radiation] ECMWF
Turbulence: 1D
Clouds microphysics: ICE3

Deep convection: No

Shallow convection: Eddy-Diffusivity-Kain-
Fritsch (EDKF)

Surface databases:

Land cover: Ecoclimap

Orography: SRTM;

Texture: Clay and Sand databases derived
from FAO

The model was initialized and forced by 6-
hourly ECMWEF analysis.

Model domain and orography

Model Setup

I
Direct irradiance on flat surface DIRFLASWD W/m?2 N & be & 9
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Model domain and
DIRFLASWD

DNI = orography.
meso cos(ZENITH)

GFLASWD,,,s, = DIRFLASWD+ SCAFLASWD

* Inall cases, simulations performed on a horizontal grid of 3 x 3 km?2 and a stretched vertical grid with the first level at 20 m.
* Sum of all 6 spectral bands is used: 185-4000 nm.

* Hourly data with spatio-temporal averages were simulated for each hourly instant.

* Predictions of DNI from the radiative scheme of the Meso-NH (Version 5.3 ) were assessed.
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Validation: Near Surface Thermodynamic Variables
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Validation: Vertical Profiles

Case 1( Alqueva ) Case 2 (Evora)

Relative Humidity (%)

Relative Humidity () 10 15 20 25 30 35 40 45 50 55 60
5 10 15 20 25 30 35 40 9 _ 9
, | , : [ . 15 T T ST T T T T T

Measured Temperature

 Simuiated Temperature i Tarpay
8 -8
7+ -7
6 -6
s T

- 10 %,
©
T4l —4
3+ =13
2| 2
L —1
Measured Rel. Humidity
Simulated Rel. Humidity
5 3 | ! ! ! 5
-70 60 -50 40 -30 -20 10 0 10 20 30 40
Temperature (°C) h
12 UTC, June 4t
@ Observed temperature @ Observed relative humidity
Measured Rel. Humidity . . . Y ae
=Sl el oy 1 | ® Simulated temperature @ Simulated relative humidity
0

-80 -60 -40 -20 0 20 40
Temperature (C)

12 UTC, July 22"

Height (m)



Results: Short wave radiative fluxes at the surface

DNI Maso-NH
= === :DNIObs
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-----GBLObs

DIF Meso-NH

DIF Obs

Case 1 (Alqueva)

Observations (PS) Vs. Model from 21-07-14 to 24-07-14
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Model correction performed by Quentin Libois
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Results: Short wave radiative fluxes at the surface

1100 Observations (MIT) Vs. Model from 4-07-16 to 5-07-16
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Results: Short wave radiative fluxes at the surface

Observations (EVO Site 1) Vs. Model from 4-06-15 to 5-06-15
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Results: Short wave radiative fluxes at the surface
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Results: Surface charts of radiation fluxes

SWD 2015/06/05 hour:12.0 DIRFLASWD 2015/06/05 hour:12.0 CCAFLASWO 2015/06/05 hour:12.0
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Results: Surface charts of radiation fluxes

Deep convection case

SWD 2015,/06/05 hour:17.0 DIRFLASWD 2015/06/05 hour:17.0 SCAFLASWD 2015/06/05 hour:17.0

Model correction performed by Quentin Libois
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Results: Cloud fraction cross section

Cross Section, Iy 77
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Summary and Future Work

* Results from the Meso-NH (recently corrected) radiative scheme, used in the presented cases over the
Alentejo region, show that:

i.  During clear sky conditions, solar radiation is well simulated;

ii. During aerosol events, model should be improved with realistic profiles;

iii. At 3 km resolution, model does not represent well clouds, but displays realistic values for shallow clouds;

iv. Model over estimates the effect of deep clouds in solar radiation at surface;

* The Meso-NH can be a valuable tool for the assessment and mapping of DNI at surface. For that matter,
longer time series and more available measuring stations should be used for a more robust analysis.
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