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Teoria do Modelo Numérico de Tempo: Componente crucial
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Teoria do Modelo Numérico de Tempo: Atmosfera é
Conservada

* Momentum m Forca = massa x aceleracdo

* Massa m Massa de um fluido é conservada
* Umidade Mudanca da Umidade = evaporacdo —
condensacao
o Energia Calor = mudanca energia interna — trabalho
realizado

;. Pressao x volume especifico = constante do gas x
temperatura
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Teoria do Modelo Numérico de Tempo: Equacoes
governantes

V. Bjerkens (1904) determinou pela primeira vez a presenca de
conjunto completo com 7 equacoes e 7 incognitas que governam a
evolucao da atmosfera.

dv
I =—xXVp—-V0+F—20Xv Leste-oeste, norte-sul e vertical
(trés equacgdes)

dp

— = -V.

e (pv)

p = pRT

dq

—=F-C

dt

ds 1d6 Q

— =, —— =
dt Podt T

7 equagoes, 7 variaveis desconhecidas (u, v, w, p, p, T e q)
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Fatores para a melhoria

Supercomputadores

Processos fisicos

Condicao inicial

Kalnay (2002)
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Supercomputadores para modelos de tempo
ENIAC (500 FLOPS) Sunway (125 peta = 10**15 FLOPS)
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Dinamica : Método Numeérico
o

Método diferenca finita

Método Espectral

Método elemento finito
A F(u") Leap-frog Bom para hiperbdlico
Instavel para parabdlico

a) 2At

1) Diferenca Finita

A 0, — Dy
— n+i_,mn e~
At t; -ty = -F(u™) Euler-forward Bom para difusao
At Instavel para hiperbdlico
H—E" . un+| _ u.li u+—|
i - U _ =Flu
_m«/z - F(H ) At ]
n+l ] ._l ¢
4 ﬂ_” 1 F[u”)+4F e +F(u”+l')} : RK(Runge-Kuta)-3rd order
r
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Classificacao dos Modelos

* Nucleo dinamico

Nao-Hidrostatico

Hidrostatico

Pequena-Escala

Larga-Escala

* Escala

Regional

Global

1 km =50 km

10 km — 200 km

(Modelo Numérico de Previsao -
Climatico)

(Modelo Numérico de Previsao — Tempo e
pesquisa)

* Propdsito

Forcante - Resposta

Dado Inicial — Previsao

MCG (Modelo de circulacao geral)

Numeérico de Tempo — semanas a meses
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2) Subgrid scale process & Reynolds averaging

Consider prognostic water vapor equation

dpq _ dpuq dpvq dpwq + pE - pC ()
ot dx ay 0z
In the real atmosphere,
u=1i+u, g=q+q (%a:grid-resolvable
a’:subgrid scale perturbation
p’ 1s neglected
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Circulacao Atmosférica : Escalas Temporal e Espacial

ESCALA

TAMANHO

A

Macroescala

-
>

T

Escala
Glabal = o0

Escala
T 2000 km
Sinotica

l

Mesoescala

|

20 km

|

Microescala

|

Pequenos
turbilhdes

2m

Tempestades
Tornados

Ondas longas

Alta e baixa pressao
Frentes

Furagbes

B
Brisas maritimas / Q’

terrestres =
vento chinock

% 'Segudos
a

Minutos

o
| Minutos | Horas I Dias
T o [ 2 Sip a "
Horas Dias Semanas ou mais

Fonte: Orlanski (1975). Adaptado por Ahrens e Henson (2017).
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ENTAO QUAL E O PROBLEMA ?

* Dominio de grade grosseira para resolver escoamento de
microescala ;

* Problema relacionado a parametrizacao CLA;

* E quanto a rugosidade do terreno na sub-grade do modelo que
nao resolve.

* Topografia do terreno
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PROBLEMA COM SIMULACAO DO WRF PARA CAMPO DE
VENTO

O WRF (Weather Research Forecasting) geralmente apresenta
uma superestimacao da velocidade do vento, menos para vento
fracos ;

* N3ao ha um contrate térmico sobre o continente e mar;
* Esses problemas sao evidentes em praticamente todos os lugares

e parece ocorrer em todos as parametrizacoes da camada limite
atmosférica (CLA) disponiveis no modelo WRF.
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O que é Camada Limite Atmosférica (CLA)?

Camada Inferior da Troposfera;

Processos turbulentos;

Altura varia de dezenas de metros
(m) a varios quildmetros (km);

2'000F

Free Troposphere

| Capping inversion

Height [m]

1'000

Sujeito a fortes variacoes diurna;

Interacao com a camada superficial;

Influéncias da friccao e fluxos de

calor;

Importante para monitoramento e

previsao numeérica.

Residual L 'y ResidualL
\

Convective BL S

12 18 24
Sunrise Local time Sunset

ol
Stable BL

Tipos CLA:

1. Dia (Convectiva)
2. Noturna (Inversao)

Stull (1988)
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Sintese CLA

 Camada inferior da troposfera influenciada pela superficie;
* Presenca de turbilhdes oriundos dos efeitos dinamicos e térmicos;

e Controla o transporte de momentum, calor e umidade entre
atmosfera livre e a camada superficial;
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Processos da CLA no Modelo Mesoescala WRF-ARW

* Processos turbulentos sao pequenos para serem resolvidos para
modelos em escala de km;

- Processos de escala subgrade devem ser parametrizados

* Descrever o meio de transporte vertical turbulento de calor,
momentum e umidade pelos turbilhdes;

- Duas abordagens comuns sao por meio dos esquemas de
difusao locais e nao locais.

* O modelo WRF-ARW 3.9.1 possui 12 esquemas de
parametrizacoes da CLA.
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Esquemas de parametrizacao da CLA

* Os fluxos turbulentos usam as equacdes de difusao da turbuléncia:

)
ot 0z — 3z 17 c\ 52 Penchah et al. 2017

K. é a difusividade para uma variavel escala ¢ (momentum horizontal, temperatura e mistura.

w'c’ é fluxo turbulento médio vertical da variavel escalar

* MYIJ (Janjic’, 1994), QNSE (Sukoriansky, 2005) e MYNN
(Nakanishi e Ninno, 2004)— Esquema de fechamento da
energia cinética turbulenta.

[ é comprimento de mistura

K. = l\/ eS¢ S, é coeficiente proporcional
Gunwani e Mohan (2017)
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Esquemas de parametrizacao da CLA

* A energia cinética turbulenta é prevista utilizando a relacao :

Cisalhamento

Buoyancy

* YSU (Hong et al., 2006)

22 ke (L-ve) - (2) ]

h é altura da CLA
Z é altura

(w'c’)y, é fluxo turbulento vertical.

l Dissipacao
TKE por

Fluxo TKE processos

vertical moleculares.

e flutuacao da

pressao

Hariprasad et al. (2014)

1 ordem
N3ao Local
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Esquemas de parametrizacao da CLA

 ACM2
aCi AZi+1 aC
Y fconvMuCi - fcondeiCi + fcondei+1 + kC(l - fconv) q
at AZi (3

Mu é taxa de mistura convectiva ascendente nao local
iparai—1,Az; 1 é a espessura da camada

fconv € O fator de ponderagao que controla o grau do local versus
comportamento nao local.

* Fechamento da ordem 1.

* (Capaz de alternar entre condicOes estaveis e instaveis.

* Em condicOes estaveis ou neutra usa o fechamento local em vez de
transporte nao local.

Gunwani e Mohan (2017)
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Esquemas de parametrizacao da CLA

* MYI

Fechamento local da order 1.5, nivel 2.5. Gunwani e Mohan (2017)

Prognostico TKE
Altura CLA determinada pelo diagndstico TKE.

k ,
Ly, =1, —— k é constante von Karman
k,+1,
 MYNN
Fechamento local da ordem 1.5
Nivel 2.56. Penchah et al. 2017
Fechamento TKE

I I 11 l; é comprimento da camada superficial
. = L + I + n [t é comprimento da camada turbulenta
m st b [, é comprimento de buoyancy (flutuabilidade)
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Esquemas de parametrizacao da CLA
* QNSE

 Fechamento local ordem 1.5.

* Predicao TKE.

* Fechamento espectral (modelo espectral quase-guassiano).
* Regioes estratificadas estavelmente.

L é limitagao do comprimento de escala.
[, é escala Blackadar.

Gunwani e Mohan (2017)
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Condic¢oes iniciais e de contorno: Dados de Reanalises e

Modelos

A reandlise é baseada em métodos de andlise desenvolvidos para fornecer

[ ]
estados iniciais para previsao numérica de tempo.
e Assimilacao de dados observados de varios tipos.
= & *c,. ...**‘ =
o 2 ‘e, & o v
. 3 \& o — 5
A 0 ~ :
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http://www.wmo.ch/web/www/OSY/GOS.html
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Estudo de sensibilidade : Estudos cientificos

Atmospheric Research
Volume 194, 15 September 2017, Pages 43-65

journal homepage: www.elsevier.com/locate/atmos

Atmospheric Research 145-146 (2014) 27-44
Contents lists available at ScienceDirect

Atmospheric Research

Sensitivity of WRF model estimates to various PBL
parameterizations in different climatic zones over India

Presti Gunwani, Manju Mohan 2 & Numerical simulation and intercomparison of boundary layer @Cmm
Show more structure with different PBL schemes in WRF using
https://doi.org/10.1016/j.atmosres.2017.04.026 Get rights and content experimental observations at a tI'OpiC&l site

K.B.R.R. Hariprasad ?, C.V. Srinivas **, A.Bagavath Singh?, S. Vijaya Bhaskara Rao®,
R. Baskaran?, B. Venkatraman *

* Radiological Safety Division, Radiological Safety & Environment Group, Indira Gandhi Centre for Atomic Research, Kalpakkam, India
Y Department of Physics, Sri Venkateswara University, Tirupari 517502, India

Highlights
- WRF model sensitivity for different PBL schemes — YSU, MYJ, ACM2, ARTICLE INFO
QNSE and MYNN S—
Article history:
Received 11 October 2013
E Model performance evaluated for Tropical, Temperate and Arid Received in revised form 24 March 2014
Accepted 28 March 2014
Climatic Zones over India_ Available online 5 April 2014

Atmospherie Research 192 (2017) 58-71

OWRF Hub-Height Wind Forecast Sensitivity to PBL Scheme, Grid Length,
and Initial Condition Choice in Complex Terrain

Contents lists available at ScienceDirect

Atmospheric Research
DAVID SIUTA, GREGORY WEST, AND ROLAND STULL

journal www.elsevier. o
University of British Columbia, Vancouver, British Columbia, Canada

Sensitivity analysis of WRF model PBL schemes in simulating boundary- @Umm (Manuscript received 23 June 2016, in final form 9 December 2016)

layer variables in southern Italy: An experimental campaign

E. Avolio™, §. Federico”, M.M. Miglietta®, T. Lo Feudo®, C.R. Calidonna’, A.M. Sempreviva ABSTRACT

:mz'z"m s and Climate - Notoral Rt Concl ﬁﬂm WMTHM Laly This study evaluates the sensitivity of wind turbine hub-height wind speed forecasts to the planetary boundary

i o g s ot e Nolorwl e Care (SAC 0, 51y layer (PBL) scheme, grid length, and initial condition selection in the Weather Research and Forecasting (WRF)
el Uity of b, Deparimet of Wnd s Rkl Model over complex terrain. Fight PRI, schemes available for the WRF-ARW dynamical core were tested with

nitial conditions sources from the North American Mesoscale (NAM) model and Global Forecast System (GFS) o

ARTICLEINFO ABSTRAGT produce short-term wind speed forecasts. The largest improvements in forecast accuracy primarily depended on the

Kepword: The sensitvity of boundary layer variables to five (two nonocal and three local) planetary boundary Jaer grid length or PBL scheme choice, although the most important factor varied by location, season, time of day, and

e boundary e (751) S:Bm';mm‘:’:amsﬂﬁmwﬁ';& ::"m:f“mt "w'f“:m }:‘I‘SJ im bias-correction application. Aggregated over all locations, the Asymmetric Convective Model, version 2 (ACM2)

:ﬁ;ﬁm ,:hm characteized by a complex orography near the sca. Resuls of 1km 1k grid spacing similtions are PRI scheme provided the best forecast accuracy, particularly for the 12-km grid length. Other PRI schemes and

Wi lidar :;';::“’ with the dat collcted during campaign . considering hourly mode] grid lengths, however, did perform better than the ACM2 scheme for individual seasons or locations.

Measurements from several instruments are taken into account for the performance evaluation: near surface
variables (2m temperature and relative humidity, downward shortwave: radiation, 10m wind speed and
direction) from a surface station and a metcorological mast; vestical wind profiles from Lidar and Sodar; also, the
aerosol backscattering from a ceilometer to estimate the PBL height,

ABSTRACT

In this study the performance of seven PBL parameterizations in the Weather Research and
Forecast (WRF-ARW) mesoscale model was tested at the tropical site Kalpakkam. Meteorological
observations collected during an intense observation campaign for wind field modeling called
Round Robin Exercise (RRE) were used for comparison. High resolution simulations were
conducted for a warm summer condition on 22-24 September 2010. The chservations included

CPS Sonde vertical nmfiles cirface level data from metearnlosical towers and tarhulent fluxes

Contents fists available at ScienceDirect w

Applied Energy >
I journal homepage: www.elsevier.com/locate/apenergy '.._
Sensitivity of the WRF model wind simulation and wind energy @GM,_K

production estimates to planetary boundary layer parameterizations
for onshore and offshore areas in the Iberian Peninsula

D. Carvalho ™", A. Rocha’, M. Gomez-Gesteira", C. Silva Santos

“(CESAM - Department of Pysic, Uiversiy o Aveir, Campus : SEI0-193 Avei, ot
“Ephysiab, Focultad de Ciencias, Universidad de Vigo, 32004 Ourense Spain
“CIDEM - Instituto Superiar de E Porto, Rua D Antis  4200-072 Porto, Portugsl

“MECAJOULE Inovosio, Rua Fng, Federicn Uirich 2650, 4470605 Moreira do Mz, Pornugal

HIGHLIGHTS

« WRF model near surface wind simulation sensitivty 1o differeat PBL and SL parameterizations was assessed.
« Simulations were evaluated using onshore and offshore measured data in the Iberian Peninsula.

« ACM2-PX PBL-SL schemes provided the best overall [ wind and wind energy

« QNSE-QNSE PBL-SL schemes presented the best energy flux estimates for offshore areas.

« This study provides valuable guidelines for furure offshore and anshore wind energy assessment applications.

ARTICLE INFO ABSTRACT

Aetice bistory: “This work ainis 10 assess the Weather and Research Forecasting (WRF) model wind simulation and wind
Received 13 February 2014 ‘energy production estimates sensitvity 10 different planetary boundary layer parameterization schemes.
2 sets of pla (PBL) and surface Layer (51)

Five differ
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Estudo de sensibilidade : Condicoes iniciais e de contorno

Niveis verticais

Resolucgao ~80km

Horizontal

Resolug¢ao Temporal 6-horas

Tipo de grade Gaussiana

espacial

Modelo assimilacao IFS Cycle

31r2

Periodo 1979-

presente

Fonte: rda.ucar.edu

~55 km

1-hora

Gaussiana

Interpolacao
estatistica ponto-
grade

CFSR:1979-2010
CFSv2: 2011-
presente

27 (pressao)
~110 km

6-horas

Gaussiana

Interpolacao
estatistica ponto-
grade

1999-present

27 (pressao)
~27 km

1-hora

Gaussiana

Interpolacao
estatistica ponto-
grade

2015-pressente
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Estudo de sensibilidade : Dominio de Grade

http://www.wrfportal.org/DomainWizard.html

( DomeinWizard ozl reox AEE)

‘Eile Edit View Go Bookmarks Tools Help

QEI v Q’, v iZ! @ || http:ffwww.wrfportal.orgfDomainWizard . html @ @ Go @,

WRF Portal a ) A Home | Contact Us

WRF Domain Wizard

H
it WRF Domain Wizard: GUI For The WRF Preprocessor System (WPS)
Domain Wizard

Screen Shots
Tutorials
F.A.Q.

About Us

WRF Domain Wizard is the successor to the WRFSI GUI and is a graphical user interface (GUI) for
the new YWRF Preprocessing System (WPS). It enables users to easily define and localize domains
{cases) by selecting a region of the Earth and choosing a map projection. They can also define

nests using the nests editor, and run the WPS programs {geogrid, ungrib, and metgrid) through the

Dislaimer
Privacy Policy GUl.

NOAA website WRF Domain Wizard can be run as a stand-alone application or it can be run from inside the WRF

. _ESRLwebsite  Portal annlication. There are two ways to launch the standalone version of YWRF Domain Wizard: by S0
Done

<]
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@ HHE Hopts Do - lux) Er Fli=fo.s
File Edit Miew Go Bookmarks Tools

Help

I
‘Q] - I_l - [%I @ L1 htkpeffva warfportal, org)flashyDiwiz_MorthPoleDomain_demo,html @ G0 @,

-

Actions

4 - . . | r i
= HEF D s T lapng Mol

L~

scroll the
right.

( 13 Wizard Option r2) Mew Domain |T 3) Horizortal Editor r 4 Run Preprocessors

- B]x]

- B]x]

You can scroll the map
left and right, or up and

) down, in order to view

Use this scroll bar to

map left and

1/ Domain rNestS |/ Display Options |

Map

Paolitical Boundaries

|0\-'er 0 degrees longitude (GRT)

[~]

Projection Options (degrees)

Tvpe|

Standard longitucde |

-as.ezli‘

True latitude 1 |

2?.?845

True latituce 2 |

2?_?845

Centerpoirt longitude |

-as.gzli‘

Centerpoint lstituce |

2?.?845

Grid Options

Actions

108

Done
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File  Edit

@ o R = e L I -
= HE Noniin Y s

" JWRE Porial Demo) - Mozilla Firefox

Wieww @0 Bookmarks  Tools  Help

- [B]¥]

- @ E;ﬂ L1 http:j funans wrfportal. orgfflash/Dwiz_OpenDomainCreateilests_demo.ht @ Go |GL

31 Horizontal Editar

= 2]

Domain Mests Display Options

defined appears on the
map. You can resize or

the rectangle (or box).

E Lo | Continue |

*

170

10y

1a0s

The child nest you have (] Il | »

Hested Domain Properties

ID_|PID| Ratio | Left | Right | Top| Bot | HX | HY | Res

1 1 1 01| 124) 1100123 10m
1 3 B 51| B3] B[135/171| Sm

Your child nest also
appears here, in the list.
Mote that this nest is
named (2)

Mewy Edit Delete Clear
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Estudo de sensibilidade : Dominio de Grade

 15km: 100x86 pontos de grade.
 5km: 88x76 pontos de grade.
 1.666km: 76x64 pontos de grade.
* 0.555km: 64x52 pontos de grade.
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Estudo de sensibilidade : Parametriza¢coes da CLA no modelo WRF

Opcao Fisica Camada Limite

Superficial
Simulacao 1 MM5 YSU
Simulacao 2 ETA MY]
Simulacao 3 Pleim-Xiu ACM?2
Simulagao 4 MYNN MYNN 2.5
Simulacdo 5 QNSE QNSE
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Estudo de sensibilidade : Configuracao do modelo WRF

WRF-ARW V3.9.1.1

Dinamica Equacdes primitivas, nao  hidrostatico,
totalmente compreensivel, coordenada sigma-
eta.

Resolucao vertical 50 niveis.

Radiacao Dudhia para radiacao de onda curta e RRTM
para radiacao de onda longa.

Superficie do Solo NOAH.

Microfisica WSMe.

Convec¢ao cumulus Kain-Fritsch.

Periodo de Simulagdao 55 horas

Parametrizacdao: Tymvios et al. (2017); Avolio et al. (2017); Penchah et al. (2017); Santos et al. (2016).
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Estudo de sensibilidade : Niveis do Modelo WRF

1 1 0

2 0.9985 12.0 12
3 0.997 24.1 12.1
4 0.995 40.1 16.0
5 0.993 56.2 16.1
6 0.991 72.4 16.1
7 0.988 96.6 24.2
8 0.985 120.9 24.3
9 0.98 161.5 40.6
10 0.97 243.2 81.7
11 0.96 325.6 82.4
12 0.95 408.6 83.0
13 0.94 492.3 83.7
14 0.93 576.6 84.4
15 0.91 747.5 170.9
16 0.89 921.2 173.8
17 0.87 1098.0 176.8
18 0.84 1369.1 271.1
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Estudo de sensibilidade : Spin-up do modelo WRF egenda

— wercrw
WRF-ERAJNTERIM

=== WRF-GFS

Velocidade do Vento (m/s)

Velocidade do Vento (m/'s)

o _] o
- Erros nas primeiras horas de T
— integragdo. -.E
o _| = ©
— = =
@ - 2 o
o - s
= = E o=
8
= 5 ©
2
s — uy
T T T T T T
1] 10 20 30 40 50
Tempo (horas)
o o
] ®
E
o | s <
— -%- —
o - = o
= E @
P~ = E =
o
w =
2
uwm - uwy
T | T T T T T | T T T 1
] 10 20 30 40 50 o 10 20 30 40 50
Tempo (horas) Tempo (horas)
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Variabilidade sazonal da velocidade do vento

Hindlawi Publishing Carporation

The Scientific World Journal

Volume 2013, Articke 11490857 10 pages @
A/ doi.ong/10.1155/201 3490857

Hindawi 6.0
LA
2. 1
Research Article 4.5 4
* L] L H * 4»0 1
Seasonality, Interannual Variability, and Linear Tendency of 35 |
Wind Speeds in the Northeast Brazil from 1986 to 2011 30 -
2.5 1
. ; 2.0 1
Alexandre Torres Silva dos Santos™ and Cliudio Moisés Santos e Silva 1.5 4

! Program Post-Graduate tn Climate Sciences, Center of Exact Sclences, Federal University of Rio Grande do Norte, '
Campus Universitirio, s/n, 59072-970 Natal, RN, Brazil 1.4
*Center for Gas Technology and Renewable Energy (CTGAS-ER), Aventda Capitdo-Mor Gouveda, 1480 Lagoa Nova, D '5 E

59063-400 Natal, RN, Brazil
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Variabilidade Interanual e sazonal da velocidade do vento
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Assessment of wind resources in two parts of Northeast Brazil
with the use of numerical models

Alexandre Torres Silva dos Santos,*™ Cldudio Moisés Santos e Silva,* Daniel Faro do Amaral Lemos.
Leonardo de Lima Oliveira” and Luciano André Cruz Bezerra"
» Posigraduate Program in Climate Sciences, Department of Atmospheric Sciences and Climate, Federal University of Rio Grande do Norte
(PPGCC/DCA/UFRN), Natal, Brazil
® Applied Research Unit, Centre for Gas Technology and Renewable Energy (UNPAACTGAS-ER), Natal, Brazil

ABSTRACT: A study was cond quantify the wind in two locations (municipalities of Paracuru and Triunfo)
with different topographical conditions (flat and complex) in the Northeast Region of Brazil (NEB). To this end, data collected
in situ with towers and a simulation of the ! ical Weather Research and Forecasting (WRF) model

were used. These served as initial conditions for simulations of the mi ical model from the Wind Atlas Analysis
and Application Program (WAsP). The WAsP model enabled estimation of the annual wind potential and its power density,
both through measured and simulated input data (WRF). Wind speed fields and the average direction of the wind, parameters
of the Weibull probability density function (an estimate of the mean annual power density and wind potential), were used to
compare the simulations and the observations. The results show that both locations, Paracuru and Triunfo, have a favourable
annual wind potential for the implementation of wind farm projects. The power density estimated through measured and
simulated data exceeded 400 W m~2 at heights of 60 and 50 m above the ground.

iy worns — WRIE; WAsP; wind speed

(@)

i

A L B S S P B D o P
B b i d

Fr
[T T T T T T |

(b)

Received 23 July 2015; Revised 21 March 2016; Accepted 28 April 2016 1 3
Wind resources in two parts of Northcast Brazil 1?‘
60°W 50°W 40°W 395'W 39°'W 385°W 1‘_ F -'-_
: : : * . 10 4 : %
- g-
£ o
T4
[
£ 5
MAP LEGEND A 4
*Values (m) 3 4
4 1 2021 E'
&7 - 1684 Dm[_ 7
- 1347 NORTHEAST - ‘ L
o1 REGION -
o4 Cities . o i -
[} m,,APAmww - T 7T F YT F YT rYNT T YT Tyl TR TR NTT OFRrrT R
27 o [0 TRUNFO ’ 123468788 11 13 16 17 19 A 3| 26 & 20
GCS WGS 1984
*Shuttle Radar Topography Mission Datum: D WGS 1984 Hﬁ w._q}
0 450 000 1.800 2.700
Kilometers 1:35.000.000
Santos et al. 2016
@G CTGAS-€R =IESENAI 110
:/ i a

Servigo Nacional de Aprendizagem Industrial - DR/RN




Direcao do Vento : WRF-ARW 5kmx5km
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Estudo de sensibilidade : Dominio de Grade

Observado vs Simulado

—&— WRF_D02_ERAINTERIM_100m
- & Observada_100m

E— -

GoF's:

ME = 0.3
MAE = 0.81
RMSE = 0.897
NRMSE = 79.9
PBIAS = 3.9
RSR =08
rSD = 0.68
NSE =0.33
mMSE =0.16
MEE = 0.24
d=0.74

md = 0.51

rd = 0.7
r=0.63
R2=04

bR2 =039
KGE = 0.51
VE =0.9

Velocidade do Vento, [m's]

Tempo [horas]

P

e Y ¢

@ CTGAS-ER “SENAI- “Fl Pl

Servigo Nacional de Aprendizagem Industrial - DR/RN



Estudo de sensibilidade : Dominio de Grade

Velocidade do Vento, [mf's]
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Estudo de sensibilidade : Dominio de Grade

Velocidade do Vento, [m/s]
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Estudo de sensibilidade : Dominio de Grade

Velocidade do Vento, [mf's]
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Observado vs Simulado
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Estudo de sensibilidade : Erro por Dominio de Grade
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Erro : Parametrizacao CLA
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Velocidade do Vento, [m/s]

Estudo de sensibilidade : Parametrizagao CLP
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Velocidade do Vento, [m/s]

Estudo de sensibilidade : Parametrizagao CLP
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Velocidade do Vento, [m/s]

Estudo de sensibilidade : Parametrizagao CLP

Observado vs Simulado
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Velocidade do Vento, [m/s]

Estudo de sensibilidade : Parametrizacao CLP

Observado vs Simulado
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Velocidade do Vento, [m/s]

Estudo de sensibilidade : Parametrizacao CLP
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Velocidade do Vento, [m/s]

Estudo de sensibilidade : Parametrizacao CLP
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