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KAtpatikee mtpoBoAec

KAwpotik) mpoBoAn (projection) eival piar peAAovTikn ektipnon tou KAlpotog, n onoia
BaolleTon o€ OCUYKEKPLUEVEC TIPOUTIOOECELS OXETIKA LE TNV KOWVWVLKO-OLKOVOLKN KOl
TEXVOAOYLKN €EEALEN TOU TTAQVATN.

Ye avtiBeon pe tn HETEWPOAOYLKN TIPOYVWON, N KALUATIKY TipoBoAr) odnyeital amnod
ONMAVTLKEC AAAAYEC O€ BAOIKA OTOLXELQ TOU KALLATLKOU CUCTAMATOC, OTIWG TL.X. N
atpuoodalpki cuotaon (Beppoknmikd agptla), to onoia dtapopdwvouv TNV eEEALEN
ToUu KAlpoartoc.

To amotéAeopa TwV KALLATIKWVY TipoBoAwv ekdppalouv miBova PeANOVTIKA KALHATOL,
Baolopéva os dtadopa nmibBava peAAOVTIKA GEVAPLAL.

Ytic ekB€oelc Tou IPCC (AlakuBepvntikn Ertitponn yia tnv KAtpotikAiAAAayn) Siveta
WOLaitepn Baputnta otnv ektipnon tou nBavou vpoug (spread) Tng aAAayng o€
ONMUOVTLIKEC KALLATLKEC TTapaETPOUC (TT.X. Beppokpacia, Bpoxomtwaon).




KALpatiko oevapla

2tnv 5" €kBeon tou IPCC (AR5) xpnotpomnoliOnke
EVOLC VEOC TUTTOC KALUOTIKWY OEVOPLwY Ta
Representative Concentration Pathways (RCPs). 10+ :sggs .
1 RCP3PD/RCP2.6

— RCP8.5

Ta oevapla oUTA 0pLloTNKAV LE TETOLO TPOTIO WOTE
va 08NYoUV 0€ CUYKEKPLUEVO KALLOTLKO
etavaykaouo (radiative forcing), pe
SdladopeTikovc cUVOUACHOUC EKTTOUTTWY
Beppoknmikwyv aepiwv Kot agpolOA Kol KOWVWVLKO-
OLKOVOLKA KpLTApLaL.

Radiative forcing (W/m®)
S

Ta oevapla auta ovopalovtal RCP8.5, RCP6,
RCP4.5 and RCP2.6, KoL Tt VOUUEPO AVTLOTOLXOUV
OTOV KALUOTIKO e€avayKaopo eKPPUOUEVO OF D :

W/m? (.. RCP8.5 avTLoTOoLKEL OE £va OEVAPLO LE 2000 . 20'25 | 2050 ' 2()'75 ' 21loo
KALLOTIKO e€avaykoouo 8.5 W/m?2).




Radiative forcing

Elval to pHé€tpo tnG enimtwong mou
UTTopEl val €XEL KATIOLOG
napayovtag (Beppoknmikd agpLa,
agpolOA KATt) otnv aAlayn Tou
Looluyiou aktivoPoAiag Tou
ocvothuatog M'g-Atuoodoatpag.

Xpnotuormoleital oav delktng yLla
TO HETPO TNG KALMATIKAC aAAQyNC
TIOU UTtopel va pokAnBet amod éva
aitlo.

2T1c ekBeoelc tou IPCC o
KALLLOTIKOC €€QVAYKAOUOG
avopEPETOL OTLC AAAAYEC TOU
gVepyeLokoU Looluyiou
(ekppaopévec oe W/m?) og oxéon
HE TIC TIHES avadopac tou 1750.

‘The change in net (down minus up) irradiance (solar plus longwave in
W m™2?) at the tropopause after allowing for stratospheric temperatures
to readjust to radiative equilibrium, but with surface and tropospheric
temperatures and state held fixed at the unperturbed values’. Source:
IPCC-WGT- Ch2
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[TepLOX LKA KALULOTLKOL LOVTEAQL
5

-1 To povtého WRF Ba epoappootel oav mepLoxLko KALLOTIKO poviéNo (Regional
Climate Model —RCM), odnyoUpevo armo medio LOVTEAWV TTAYKOOULOG
kukAodopiag (General Circulation Models —GCMs) 1) 6edopuéva reanalysis.

71 H ouykekpLlpEVN HEOBOSOC EKTEAEONC TIPOCOUOLWOEWV ovoudletal péBodog
Suvapikov urtoBiBacpou (dynamical downscaling) (Laprise et al. 2008)

1 Oa Bewpriooupe oTL N cUTEVEN TWV LOVTEAWY TIAYKOOULOG KOLL TLEPLOXLKAG
KAlpokaG elval povodpopn (one-way nesting).




Hindcasts/historical /projections

Avaloya pe TNV EPapLoyr] Kol TOUC OTOXOUC YLOL TOUC OTIOLOUC EKTEAE(TOL HLLaL
KALLLOTLKT) TTPOOOUOLWON UITOPOUE VA £XOUE TOUC TIOPOKATW TUTIOUC KALUOTIKWVY
NPOCOUOLWOEWV/SeSOUEVWV:

Hindcasts: Abopouv oe mapeABOVTLKO XPOVO KL TO TIEPLOXLKO KALUATLKO LOVTEAO
obnyettat ano dedopéva reanalysis (r.x. ERAinterim- WRF, 1990-2008)

Historical: AbopouUv ce mapeABOVTLKO XPOVO KOl TO TIEPLOXLKO KALUATIKO LOVTEAO
odnyeital ano povtéAo naykoopLag kAipakag (rt.x. CESM-WRF, 1965-2005)

Projections: AdopouUv o HEAANOVTLKO XPOVO KOL TO TIEPLOXLKO KALUATIKO LOVTEAO
odnyeitaL amo HOVTEAO TTAYKOOHLAC KALULAKACG KATW Ao Eva LEANOVTIKO OEVAPLO
(rt.x. CESM-WRF, 2006-2100, RCP4.5).




WRF hindcast

Mpoocopoiwon:  ERAinterim — WRF
Xpovikn meptodoc: 1990-2008
MepLoxn: Evpwrn

Xwplkn avalvon: 0.44°




[Mpoetopacio Sedopevwv WRF

Ta 6ebopéva eloobou Tou WRF mpoeToludlovTal LE YO OELPA pre-processing
tools (WPS)

geogrid.exe: mpoetoludlel to domain
ungrib.exe: mpostoudlel Ta apyxeia eloodou (forcing fields) Tou povtédou

metgrid.exe: mapadyeL ta apxeia met_em* apxeia mou Ba xpnowponowjoetl to WRF oto
domain mou opiotnke anod to geogrid.exe (opllovtio interpolation)

2Tn OUVEXELA EKTEAOUVTOL TAL:
real.exe (katakopudo interpolation)

wrf.exe (ektéAeon tng mpooopoiwaong)

WPS WRF ARW

geogrid.exe

metgrid.exe wri.exe

ungrib.exe




Aedopeva elcodou

3D Asdopéva elc0dou
Oepuokpaoia
Avepog U,V
lewduvapko uog
Ixetikn Yypaoia

2D Asbopéva elocodou
Mieon otnv emupavela (surface pressure)
Mieon avnypévn otnv emudavela (sea level pressure)
Oeppokpaoia enidpaveiag (skin temperature)
Oeppokpaocia ota 2 m
Ixetikn (amoAutn) vypaoia ota 2 m
Avepog U,V ota 10 m

Evéeikvutal aAAd Sev emiPaAdetal mAnpodopia yla:

AMayég otn Beppokpacio Balacoag (SST): To povtélo Ba TpEel xwplig va avavewvovtal ta SSTs alAd ta anoteAéopata dev Oa
glval EMOTNUOVIKA ATOSEKTA YL TIEPLOXLIKES KALUATIKEG TTPOCOUOLWOELG

Yog edadoug
looSUvaypo maxoc xtoviou

AMayécg otov Oaldaoaoto mayo (sea ice): To poviélo Ba Tpé€el xwpic va avovewvetal o BoAAcoLog tayog, ald Ta amoTeEAEoHATO
Ba £xouv cuoTNUOTIKO bias og mepinmtwon mou To domain EMIKEVIPWVETAL O EYOAQ YEWYPOUPLKA TTAGTN




EAeyxoc 6edopEVwV eLcodou

Elvoil ToAU onuavtiko mptv tpe€el to WRF va eAeyEel KaveLC MPOOEKTIKA Ta
dedopéva eloodou tTou povteAou (met_em™ apyeia) wote va eniBefalwoel OtL
dev uTtdpxEL KAToLo Ttpodavec opaApua.

Nopoakdatw daivetal Eva Kako mapadeypa epappoyng SSTs (°C) oe KALUATIKA
npooopoiwon (aplotepad), omou to interpolation otnv aktoypapun ivatl og oAU
Kakr avaAvon. As€ld paivetol to Stopbwpevo nedio.

0z

-30.




WRF namelist.input &iime_co ntrol

start_year
start_month
start_day
end_year
end_month
end_day
interval_seconds

history_interval

frames_per_outfile

= 1989,

=01,

= 1990,

= 21600,

=180,

Flol Lot CUVEXOEVN KALMATLKI) TipOocOopoiwon
(1990-2008) evdeikvutal va oTalel Eva job yLa
KAOe xpovo.

"Evag xpovocg Bewpeltol LKOVOTIOLNTLKOC YLa spin
up (r.x. 1989).

Interval seconds: Zuxvotnta eLc0dou TwvV
oplakwv ocuvOnkwv (6 wpeg = 21600 sec). Aev
CUVLOTATOL N XPrON OPLAKWY OUVONKWV UE
XopNAGTEPN cuxvoTNTA.

history interval: Zuxvotnta kataypadnig
debopevwy €€660u (180 min = 3 h). H emthoyn
g€aptatal aro tn XpHon TwV KALLOTLKWY
QTOTEAECOUATWYV (TT.X. LEAETN NUEPHOLWV
KOKAWV KATT).

frames per outile: 8 time frames avtiotolouv
o€ 8 Tpiwpa, dnA. oe 1 pépa ava apxeio e€6dou.




WRF namelist.input &time_control

restart = .false.,
restart_interval = 105120,
debug_level =0,

auxhis’r3_ou’rname = 'wrfxtrm_<domain>_<date>,

auxhist3_interval = 1440,

frames_per_auxhist3 =7,

restart: false ylLa Tov mPwWTO XpOvo
(1989) .true. yLa ToL UTIOAOLTTAL

restart_interval: exdppadletal o
Aemta, (105120 min = 73 days dnA. 5
restart files To Xpovo).

debug_level = 0 yLa production runs,
Hrtopeil va auénOel oTLg SLayVWOTLKEC
T(POCOLOLWOELG.

auxhist3: odnyel otn dnulovpyia
apxelwv pe akpaieg TIHEC (TT.).
wrfxtrm_d01_1989-01-08_00:00:00).
[wa interval = 1440 min =24 h,
opllovtal oL LEYLOTEC TIMEC NUEPOQLC.

H ouykeplpevn emthoyn Ba owlel
LEYLOTEC NEPNOLEG TLUEC VA 7 HEPEG
o€ £va apyelo.




WRF namelist.input &time_control

auxinput4_inname = "wrflowinp_d<domain>', auximput4: TTOAU GNUAVTLKO YLaL TLC
KALLLOTLKEC T(POCOOLWOELG, WOTE Vol
avovewvovtal PeTaBANTEC OTtwg SST,

auxinput4_interval = 360, seqa ice KATT

To 6edopéva eloodou avavewvovtal
ava 6 wpeg.

Mpoooxn: XpeLaletal to KATAAANAO
pre-processing 0To WPS kal

&physics

sst_update = 1




0.20[

Entidpaon SSTs otn Bepokpoaoia

H petaBoAn ota SSTs emidpad onUAvTIKA oTtnv atpoodolplkr) Beppokpaocia

O punxaviopog palivetal va nailel onUAvVTIKOTEPO POAO TN XELULEPLVA TtEplodO

XapnAotepec Bepuokpaoiec otnv entdpavela tng Oalaocoacg emnppeadlouv tn petadopd
LVOPATUWV KaL EVEPYELAC, Ta omoia aAANAemdpoUV pe TNV aktvoBoAia mavw armo Tig
Xepoaiec emupaveleg (Cattiaux et al. 2011)

210 mapaKkATw oxnua ¢aivetat mwe n BeAtiwon twv SSTs odnyel o BeAtiwon tng
Beppokpaciac mavw amno tnv Enpd (aéloAoynon He Telpapatikd Sedopéva).

TAS DJF FR

TAS DJF ME

0.15

> 0.06

= 004

EOBS
WRF331-A

TAS DJF_MD




WRF namelist.input &domains

time_step = 180,
e_we = 134,
e_sn =131,
e_vert = 31,
p_top_requested = 5000.,
num_metgrid_levels = 31,
num_metgrid_soil_levels = 4,

time step: 180 sec (3 min)

oxL peyaAutepo amo 6*dx [km] &dnA 6*50 km =
300 sec =5 min

Ye mepintwon Seg. fault and CFL Violation,
onuaivel OtL mpemel va pewwBel To time step.

e_we, e_sn, e_vert: 51a0tdoelg tou domain

p_top: kopudn tou poviélou (cuvriBwe 50 hPa
ue 20 hPa)

num_metgird_levels: o aplBuoc twv
KAToKOpUDWV EMMESWV TwV metem™ apyelwv
num_metgrid_soill_levels: o aplOuoc twv
emunébwyv edadouc Twv metem* apyeiwv




AMNAETILOPACELC TIAPALLLETPOTIOLN|OEWV
N

cloud detrainment

Microphysics Cumulus
non

convective convective
rain rain

Radiation

downward I surface

SW /LW

emission/ surface

albedo

fluxes

SH, LH surface

T, Q,

wind

Surface




WRF namelist.input &physics

mp_physics

ra_lw_physics

ra_sw_physics

radt

sf_sfclay_physics

sf_surface_physics

num_soil_layers

mp_physics: WRF single moment, 6-class
scheme (idta yta 6Aa ta domain)

ra_lw/sw_physics: CAM. Mnopel kamolog va
ETUAEEEL SLaPOPETLKA OXNHOTA VLo OKTLVOBOAL
HLKPOU KOl LEYAAOU LL.K.

radt : Aemtad yla val KAnBel to oxnua tng
aktwoPoAiag. Zuviotatal va pnv eivat
HeyoAutepo amo Aemto ava Km (rty 50 min yia
Xwpkn avaAuvon 50 Km). Kowo ywa 0Aa ta nest.

sf_sfclay_physics: surface layer = Revised MM5
Monin-Obukhov scheme

sf_surface_physics: land-surface model = NOAH

Avaloya aAAalel kot to num_soil_layers




Mooney et al, 2013

TABLE 1. Physical parameterizations schemes used in each of the WRF simulations.

Simulation No. Microphysics PBL scheme Land surface model Longwave radiation Shortwave radiation Convective scheme

‘....T2 shows greatest Simulation1 ~ WSM3 YSU Noah RRTM CAM KainFritsch
sensitivity to land Simulation 2 WSM3 YSU Noah CAM CAM Kain-Fritsch

y Simulation 3 WSM3 YSU RUC RRTM CAM Kain—Fritsch
surface models.... Simulation 4 WSM3 YSU RUC CAM CAM Kain—Fritsch

(b) Summer

18




WRF namelist.input &physics

bl_pbl_physics =1,
bldt =0,
cu_physics =1,
cu_rad_feedback = .true,,

boundary layer: YSU scheme

bldt=0: to boundary layer kaAeital o€
KAOe xpoviko Briua

cumulus: Kain Fritsch (gdv dx < 3 Km
TOTE b€ YpeLaletal)

cumulus-radiation feedback = true :
ETUTPETEL TNV AAANAETiOpaon
aktvoPBoAiag pe vedn uTIOKALHAKOG
(subgrid scale).




Frequency

0.20)

Entintwon cu_physics otn Bpoxomntwon

2To MopOKATW oxnuoata daivetal n peEon Bpoxomtwon JJA ya to Staotnua 1990-
2008 armod KALHOTIKES IpocopolwoELS TuTtou hindcast kal n ouykplon pe

napatnpnotakd dedopéva (EOBS).

ue to oxnua Kain-Fritsch (KF) scheme, cu_rad_feedback = .true.

ue to oxnua Grell-Freitas (GF) scheme, cu_rad_feedback = .true.

FR JJA ME

EOBS
KF
GD

5 10
Precipitation {rm/day)

o.20f

PR JJA SC
EOBS ]
KF ]
GD

5 10

Precipitation (mm/day)

Frequency

PR JJA EA

EOBS
KF
GD

o 5 10
Precipitation (mm/day)

15



ANnAemtibpoon aktivoBoAiac — vedwv UTTOKALULOLKOC

H ermtlhoyn cu_rad_feedback = .true., enmnppedlel onpavika ta enineda Bpoxontwong
OTLG KALMOTLKEC TIPOCOMOLWOELS KUPLWE Tou¢ Beppuouc unvec (Alapaty et al. 2012)

H ertihoyn emitpemnel tnv aAAnAemntidpaon twv subgrid scale vedwv pe tnv aktivofoAia
LLE ATIOTEAECUO VAL

HELwvETaL N aktivoPolia SW mou dptavel oto £6adoc
HewwveTal n StaBeoun eveépyela yia avwpetadopa (CAPE)
HewwveTal n Bpoxomtwon (convective precipitation)

pr sim02—EOBS10 JJA 1990-1994 pr sim03—EOBS10 JJA 1990-1994
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BaBpitoa, 2016



WRF namelist.input &physics

num_soil_layers =4, num_soil_layers: E¢aptdatat ano to land surface
model
num_land_cat =21 num_land_cat: aplBuog ano Land categories . 21

gav xpnotpornotovvtal dedopéva tov MODIS

sst_skin =1, . , ,
sst_skin:1 emBalAetal yia KALLOTIKEG
sst_update =1, ' , .
TI(POCOUOLWOELG, WOTE VoL avavewvovtal ta SST
skin
tmn_update =1,
tmn_update: 1 emBaAAeTOL YO KALULOTLIKEC
lagday - 150 TIPOCOUOLWOELG WOTE VOL AVAVEWVETOAL N €6adLKn
’ Beppokpaocia
lagday: ava nooec pEpec umtoAoyiletal n
Beppokpaocia edadouc
usemonalb =.true., 4

usemonalb = true xpeldletal 6tav sst_update;



Entidpaon sf_surface _physics otn Bepupokpaocia

1 To LSM NOAH €xeL 4 enineda yLa
petadopa Beppokpaociac/vypaciog oto
gdadoc

-1 To LSM CLM4 €xeL 10 enineda yLa -
petadpopa Beppokpaciag/vypaociag, Kat Temperture (©
duvapkn BAaotnon

1 Emloyn CLM4 avti tou NOAH,
ETLRAPUVEL TLC TIPOCOLOLWOELG KOTA
~30% TOU UTTOAOYLOTLKOU XPOVOU.




WRF namelist.input &physics

o3input =2, o o3input: katakopudo npodiA 6lovtog

aer_opt =1, o aer_opt: emAoyEc aepolOA
o 0: xwplc aepoloA
o 1: kAipatoloyia Tegen

o 2: custom kAlpotoAoyia




Entidpaon aer_opt otnv aktwvoBoAla
B

01 2to oxnua Sivetal n emimtwon otnv
NALOKI) oKTWVOBOAL HIKPOU AKOUG
KOpatoc oto £dadoc pe dtevBuvon
TIPOC TA KATW, AOYW ETidpaonc HE Ta
aepolOA

Rsds Aer0 MAM 2004-2008 Rsds Aer1 MAM 2004-2008
% ) %

~
wm
[Wim ™ 2]
=3
i
4 s
: {
; AN 3
B Q- S
~
&

o Aplotepd: Meipapa pe aer_opt=0

(Xwpig aepoloA) g :
o Ag€la: Melpapa pe aer_opt=1 NI
(kKAtpotoloyia Tegen) e ———— i

o Emavw oepad : Avolén

Wim~2]

1 Katw oepd: Kadokaipt




WRF multi physics ensemble

OL mpooopolwoeLg oprvouc (ensembles) xpnotpomnotovvtal oAU cuxva yla T

HEAETN TNC afefatdTNTAC OTLC KALLATIKEG TIPOCOUOLWOELC.

Nopoakatw Sdivetal Evag mivakag pe SladopeTikES mapapetponotostc tov WRF
yLOl LLaL OELPA TIPOCOMOLWOEWYV TUTOU hindcast yia tnv meploxn tn¢ Evpwrnnc.

Label Institute  Nz/TOA Microphys. Cum. Rad. Rel. zone
WREF-A CRPGL  50/20hPa WSM6 KF CAM3 10/exp
WRF-A SST AUTH 30/50 hPa WSM6 KF CAM3 5/linear
WRE-C BCCR 30m/50hPa WSM3 KF CAM3 10/exp
WREF-D IDL 40/50 hPa WSMo6 BMJ RRTMG Slexp
WRE-F IPSL 32/50hPa WSMS5 GD RRTMG  5/linear
WREF-G UCAN  30m/50hPa  WSM6 GD CAM3 10/linear

Katragkou et al. 2015
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JUOTNHUOTIKA UTTOEKTINON TNG
Beppokpaociag T2 DJF, elbika
OTLC XOLUNAOTEPEC
Beppokpaoied.

H umoektipunon Tou ounvoug
Kupaivetat amo 0.2 (Bl) puexpt
1.9°C (SQ).

Bl: British Isles; IP: Iberian Peninsula;
FR: France; ME: Mid-Europe; Al:
Alps; MD: Mediterranean ; EA: East-
Europe; SC: Scandinavia
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WRF multi physics ensemble
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Katragkou et al. 2015.

To opAVOC TPOCOUOLWOEWV
UTTEPEKTLUA TN Bpoxomtwaon.

H umepektipnon Kupaivetal
avapeoa o€ 25 kat 55% avaioya
LLE TNV TTapapETpOToinon og KABe
HOVTEAO.

To XELHWVA N UTTOEKTLUNON TNG
Bpoxomtwong KupaivetoL o
xopnAotepa enimeda: 15-30%

Bl: British Isles; IP: Iberian Peninsulq;
FR: France; ME: Mid-Europe; AL: Alps;
MD: Mediterranean ; EA: East-Europe;
SC: Scandinavia




Benchmarking WRF ylal KALLQTIKEC EPAPUOYEC
- !

TIME (S)

120

100

80

60

40

20

WRFV381_Bench_EURO-0.44
320 cores - 2 days simulation

B main M writing

WDM6_CLM_GF WDM6_NOAH_GF  WDM6_NOAHMP_GF WDM6_NOAHMP_KF  WSM6_NOAH_GF
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SW /LW radiation schemes

Compute clear-sky and cloud radiation fluxes
Typically 8-16 bands are used in LW; 11-19 for CAM, RRTMG in SW

RRTM

CAM
RRTMG

New Goddard
FLF

Held-Suarez
GFDL

Dudhia (only SW)

Mlawer et al., 1997

Collins et al, 2004

lacono et al., 2008

Chu & Suearz, 2001
Gu et al,, 2011

Fels & Schwarzkopf, 1981
Dudhia, 1989

Constant or
yearly GHG

Yearly GHG

Constant or
yearly GHG

Constant
Constant
None

Constant




Surface radiation budget

Radiation is separated into different components at the surface:
Downward SW incoming from the sun: Q
Upward SW reflected solar : aQ,

Downward LW from the atmosphere: Q4 (function of atmospheric
temperature, clouds, greenhouse gases, aerosols)

Upward LW from the surface: Q, (function of albedo, soil type, soil moisture,
soil temperature etc)

Diffuse, direct, and direct normal shortwave components are output

Aerosols affect diffuse/direct ratio




Input to radiation options

Green House Gases:

CAM; Provides yearly green house gases from 1765 to 2500. Available scenarios: IPCC-
AR5:RCP4.5, RCP6, RCP8.5 (default) and IPCC-AR4. New in Version 3.5.

Climatological ozone:

RRTMG: latitudinal (2.82 degrees), height and monthly variation, as opposed to the
default ozone used in the scheme that only varies with height. o3input = 2 (default
option in V3.7).

Aerosol data

RRTMG; Tegen et al. (1997): organic carbon, black carbon, sulfate, sea salt, dust and
stratospheric aerosol; 5 degrees in longitude and 4 degrees in latitudes; monthly
variations. aer opt = 1. New in Version 3.5.

RRTMG and Goddard; Either AOD or AOD plus Angstrom exponent, single scattering
albedo, and cloud asymmetry parameter can be provided via constant values from
namelist or 2D input fields via auxiliary input stream 15. Aerosol type can be set too.
aer opt =2.New in V3.6.

RRTMG; from climatological water- and ice-friendly aerosols aer opt = 3.




Input
Pressure, Wind, Temperature, Humltmy

Rain and Snow from molst process

SW and LW radiative fluxes from radiatios



LSM options
2

Thermal diffusion Soil temperature only scheme, using five layers

NOAH soil temperature and moisture in 4 layers, fractional
snow cover and frozen soil physics

RUC Soil temperature and moisture in 6 layers, multi-layer
snow and frozen soil physics

Pleim-Xiu 2-layer force-restore soil temperature and moisture
model.
2 indirect nudging schemes that correct biases in 2-m
air temperature and moisture

NOAH-mp Multi-layer snow pack; Horizontal and vertical
vegetation density can be prescribed or predicted

SSiB 3 snow layers to realistically simulate snow processes

CLM4 1-layer vegetation canopy, a 5-layer snowpack, and

a 10-layer soil column




Surface energy budget
=R

~ Radiation components at the surface:
Downward SW incoming from the sun: Q
Upward SW reflected solar : aQ,

Downward LW from the atmosphere: Q 4 (function of atmospheric temperature, clouds,
greenhouse gases, aerosols)

Upward LW from the surface: Q;, (function of albedo, soil type, soil moisture, soil
temperature etc)

o Qu: sensible heat flux (function of AT between surface and ground, wind speed, vertical T
gradient, type of vegetation)

o Qg latent heat flux (function of temperature, wind, vegetation, soil type)
o Qg: ground heat flux (function of surface temperature, soil type/moisture, vegetation)
=1 The upper 25 cm of soil has the largest diurnal changes in temperature

= Onyearly time scale soil temperature vary at depths below 1.5 m

Q,
QS aQ Y QLd QH QE




Cumulus parameterization (e physics)

Detrainmeant (Only cloud top)

Zy
{(Buoyancy frea level)

Change of envirionmental field by detrainment

Subsidance heating

|

Subsidence heating

Entrainmeant

Zy

(Lifting Condensation Lavel) Cloud base mass flux

Downdraft heating 1 1 1 Downdraft by evaporation

Termperature, H

Cumulus w
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10

11

14

16

84

93

99

Kain-Fritsch
Betts-Miller-Janijic

Grell-Freitas

Old Simplied Arakawa-Schubert

Grell-3

Tiedtke

Zhang-McFarlane

KF-CuP

Multi-scale KF
New SAS
New Tiedtke

New SAS (HWRF)
Grell-Devenyi

Old Kain-Fritsch

Kain (2004, JAM)

Janjic (1994, MWR; 2000,
JAS)

Grell et al. (2013)

Pan and Wu (1995), NMC
Office Note 409

Tiedtke (1989, MWR),
Zhang et al. (2011,
MWR)
Zhang and McFarlane
(1995, AO)

Berg et al. (2013, MWR)

Zheng et al. (2015, MWR)

Han and Pan (2011, Wea.
Forecasting)

Zhang and Wang (2016)

Han and Pan (2011, Wea.
Forecasting)
Grell and Devenyi (2002,
GRL)

Kain and Fritsch (1990, JAS;

1993, Meteo. Monogr.)

2000
2002
2013

2005/
2011

2008

2011

2011

2016

2015
2011
2015
2012

2002

2000



Deep and Shallow convection

Deep convection: convective elements that vertically span much of the
troposphere

Warms and dries the environment
Shallow convection: vertically span only a small portion of the troposphere.
Assumed not to produce precipitation

no net warming or drying since no water is removed from the atmosphere.

Cool and moist upper half of the cloud layer (detrainment and evaporation)

Warms and dries the lower half of the cloud layer (moisture condensation, release of LH)

The grid spacing needed to resolve individual convective elements is between 25
and 1000 m. Thus convective parameterizations are a necessary component of
numerical models running with resolutions of dx > 4 Km.
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10

11

13
14
16
17

18

19
21
22
28
30
32

Kessler
Lin (Purdue)
WSM3
WSM5

Eta (Ferrier)
WSM6
Goddard

Thompson
Milbrandt 2-mom
Morrison 2-mom

CAM 5.1
SBU-YLin
WDM5

WDM6

NSSL 2-mom
NSSL 2-mom w/
CCN prediction
NSSL T-mom
NSSL T-momlfo

NSSL 2-mom w /o hail
Thompson aerosol-aware

HUJI SBM ‘fast’
HUJI SBM full

Kessler (1969)

Lin, Farley and Orville (1983, JCAM)

Hong, Dudhia and Chen (2004, MWR)

Hong, Dudhia and Chen (2004, MWR)

Rogers, Black, Ferrier, Lin, Parrish and

DiMego (2001, web doc)

Hong and Lim (2006, JKMS)

Tao, Simpson and McCumber (1989,
MWR)

Thompson, Field, Rasmussen and Hall

(2008, MWR)

Milbrandt and Yau (2005, JAS)

Morrison, Thompson and Tatarskii (2009,
MWR)

Neale et al. (2012, NCAR Tech Note)

Lin and Colle (2011, MWR)

Lim and Hong (2010, MWR)

Lim and Hong (2010, MWR)

Mansell, Ziegler and Bruning (2010, JAS)

Mansell, Ziegler and Bruning (2010, JAS)

Thompson and Eidhammer (2014, JAS)
Khain et al. (2010, JAS)
Khain et al. (2004, JAS)

2000
2000
2004
2004

2000
2004
2008

2009
2010
2008

2013
2011
2009
2009
2012

2012

2013
2013
2015
2014
2014
2014



Microphysics parameterization
i

-1 Considers only grid-scale average so will not resolve fine-scale structures

Continental-nuclei lce-nuclei Martime-nucle
water vapor water vapor water vapor
I |
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Microphysical processes
s

Kessler

Ferrier

v water vapor
c cloud droplets
r rain droplets

i cloud ice particles
s snow

g graupel

Dudhia, 2010




Single and Double moment schemes

Single-moment (SM) schemes have one prediction equation for mass (kg/kg) per
species (Qr, Qs, etc.) with particle size distribution being derived from fixed
parameters

Double-moment (DM) schemes add a prediction equation for number
concentration (#/kg) per DM species (Nr, Ns, etc.)

DM schemes may only be double-moment for a few species

DM schemes allow for additional processes such as size-sorting during fall-out and
sometimes aerosol (CCN) effects
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WRF-ARW modelling system , version 3

http://www2.mmm.ucar.edu/wrf/users/docs/user guide V3/contents.html

http://www2.mmm.ucar.edu/wrf/OnlLineTutorial/index.htm

Representative Concentration Pathways (RCPs)
https://tntcat.iiasa.ac.at/RcpDb/dsd?Action=htmlpage&page=welcome

IPCC, 5™ Assessment Report
https://www.ipcc.ch/report/ar5/

BaBpitoa M.2., MeAétn evatoBnoiag tng avadpaong HeTafl vedwv Kal akTVOoBoALaC
LLE TIPOCOUOLWOELG TIEPLOXLKOU KALHATIKOU poviéhou,MAE, AplototéAelo MavemioTALo
@eooalovikng, 2xoAn Ostikwy Emotnuwy, TuRua NewAoyiog 2016
http://ikee.lib.auth.gr/record/285222
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