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H aAAayn Tou KALLOTOG €XEL ETUMTWOELG yLa OAN TNV ' aAAd KUPLWE 0T TOTILKA
enimeda. Asv €xeL wWC eMimTwon HoOvo TNV avénon tng Beppokpaciag tng atpoodalpag
Kol TwV wKeavwy. Mo apeoa Kat pe peyaAlutepouc Kivduvouc, epdavilovtol
EETPEULOTIKA KOLPLKA POLVOEVA, TTUPKAYLEC, AUOBUEAEC, ENPACLEC KL YEVLKA OL
duokol kivbuvol. Zuyxpovwe, Ta pavopeva autd Ba empedlouv oto PEAAOV OAO KoL
TEPLOCOTEPO TO TMEPLRAAAOV, TOL OLKOCUOTAMATA, TNV YEWPYLA KoL TOV KUKAO TOU

VEPOU, ETMIOUEVWE TNV OLKOVOULOL KOl YEVLKA TNV KOWvwVia. Oa eEETACOUE WG
TLOAAOTTAQL UTTOAOYLOTIKAL KALUOTIKA povtéAAa (RAMS, OLAM, WRF) oto tormiko emninedo
ol pe So0puUPOPLKEG KOl TOTILKEC TIOLPATNPIOELG UITOPOUV VaL XpnoLpomnotnBolv ya
TNV HEAETN EMUMTWOEWV OTNV YEWPYLA, 0Ta PUOLKA OLKOoUCTAHOTA Kol TNV udpoloyia.
Y& teAevtaio avaAuon, eival amoAUTwE anapaitnto va EEPOUUE TIC LEANOVTLKEC
ETUMTWOELS 0€ AuTAV TNV TpLada. MeAETEC TTOU KAVOUUE OTNV TTOALTELD TNC
KaAwpopviag, Ba prmopovoav va eixav onpacia kot epapUoyeg kat otnv EAAada.
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Puowot kivouvol kat KAtpatiki aAlayn tng M¢: NeptBaiiov,
EVEPYELO KOIL OLKOVOMLOL KOLL ETILITTWOELG OTLG KOLVWVLEC

* [loAAd Agyovtal yia tTnv aAlayn kKAipotog tng Mng. O kowog avBpwrmog
owota avapwTletaL: Tt pac Stadpuldcost To LEAAOV;

* H aAAayn Tou KALHOTOC SeV £XEL WG EMUITTWON HOVO TNV avénon tng
Bepuokpaoioc.

* [lo Apeoa Kal Pe MeEPLOOOTEPOUC KlvdUvVouC, epdaviloviol eETPEULOTIKA
KOLPLKA GALVOUEVA, TIUPKAYLEC, AUUOBOUEAAEC, ENPOAOLEC KOl YEVLKA OL
duokol kivbuvol.

* OLaAayEg, KivOuvol Kal oL ETIUTTWOELC TIOU €XOUV YL TIC aVOPpWTTLVEC
KOWWVLEC, TAL OLKOCUOTAHOTA KOl YEVIKA TO TtepLBAAAoV eivail OAo Kal Lo
ocoBapec. To meptPAaAAov, n olkovopLla Kol N EVEPYELQ, lval
aAAnAoocUvoeTo Kol €XOUV LEYAAEC ETIUMTWOELS 0TOV AvOpwTo & Kowwvia.

* Qa efetdoovpue otolxeia, mpoonabwvtag va tpoBAEPoupe 600 ival
SuVATOV TLC EMUITTWOELG OTNV YEWPYLA VLA TLC ETIOUEVEC OEKAETLEC.
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Oeppa onpeia otnv vdpnAio:
—eKAOaPOC KOl AUECOC O Kivduvocg TNnC
KALLOTIKAG 0AAQY G

AUEnon Twv GUCLKWV TTUPKOYLWV

Av&non avBpwroyevouc puTIOVONG 0ToV aEPa, 0To £6a¢d0¢, 0TO
VEPO, KUPLWC OTLC TTIOAELC

Emibpaoelc otnv vyeia : Ku porto Kavowva, LOAUvVon, doeua
KapGLaKeq npooBo)\eq, KOLpKLVOl amno nepLBaMoerKn punavor],

Mieon ota owoovotApata, 6n amelthoveva pe e€adavion

Mieon otnv yewpyia KoL mopaywyn
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Puokol kivouvor, MaykOGHLEG Kol KALHOTIKEC
oAAQYEC, KOLVWVLKOO LKOVOMLKA OEpata

Enidpacn otoug avBpwroug kat otn $puon:

1. Tpown — Nepo 2. Yyeia (iwoeig)

3. Evépyela (kavotua) 4. Owkovopulio
(xpnuatobotnon)

®duon: Owkoovotnua; BlomolkiAotnta

Mpooapuoyn
Mpooapuoyn

KivSuvol kat Stadtakég aAAayég Kowwvikoowovopukn

Avénon tn¢ Bepuokpaoiag; Avénon tng
otadunc tnc SaAaoooac; AAAayEg

EEEALEN
Otkovoutkn avarntuén
Texvoloyikn eE€ALEN
MAnYuoutakn avénon kat UETAVATTEUON
MoAwtikec (EQvikeG ko Atedveic)

OUUTTUKVWONG; ZNPaoiec Kal
TANUUUPEC; DWTLEG, ALWOLUO TWV TTAYWV;
Katauyibec okovne kAm.

Quoikég \

avatpopobdoTHoELS \

Ypeon kKAluatikng aAAayng
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KAlpotikn aAAoyry, OLKOVORLOL, EVEPYELA, UYELQ KL
ARYPn armopacewv

, AAAnAosTTidpaon;
KAtpatikn) aAAayn n pagn Owovoria
AvaTpo@odorTnon;
Etrnpeacuog J
TTOAITIKWYV
ATTOPACEWV?
Evépyela

Kivduvol: O peydAog

—_____dyvwotog
Mo va KAtaAABOUKE TLG OLKOVOULKEG ETULMTWOELG TNG KALMATIKAG aAAay ¢ dAAQ KOl TOUG OXETLKOUG
KWW8UVOUG MPEMEL VOL AVAAOYLOTOULE TG SAMAVES TNG {nUiog
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Evotroinpévn Oswpia tng KAipatikng AAAayng

/" To cuoTnua ™M¢ Mg N

Atpéogaipa

Kpudopiapa

apaTtnpnoel

Xnuioupyia MoviéMuv

Bidopaipa
OikoouoTrpaTa
oTEPIG

| TTT

/~  KAIJOTIKG ZUOThHO

MaAaiokAIaTIKG / TwpIvo KAipa
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Global Continental/
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N

/1 \

N\

MovTéAa
Kaipou

“AigBveic TTapdaueTpol
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AvOpWTTO - KOIVWVIKO oUOTHHA

AigBveig
>uvBnkeg OHE 0
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oKoévng

HOikA
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AANayec MepiBaAAovroc kat KAipoatoc oto Tomiko
Entinebo

*  OLmepPAMNOVTLKEC KOl KALLOTLIKEG AAAQYEG OTO TOTILKO ETtiMESO
ouvnOwc ekPppalovtal pPe Ta €NC Ppalvopeva:

— ATIOTOMEC KaLPLKEC aAAayEC & akpaia palvopeva
— Znpaotleg Kot TANUMUUPEC
— QWTLEC

— Emdpaoelc ota aypoTIKA ImpoilovTo Kol ot
OlKOoUOTAMOTA

— MoAuvon amo avBpwrivouc kat GucLKoUC
TOLPAYOVTEC
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Ov tomikég KMpotikeg AAAayEG TpEmel
va peretnovv Ko vo koTtavondovv
KOADTEPO
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Juppikvwon KubeAidwv (grid rpqnlutm ) &I 0otnua

EpyaAeia untootnplEng amodpacswv yla tnv
KATATIOAEUNGCN PUGCLKWV TTUPKAY LWV

IZe8aBN AR -EOGEIEA MO N LA s A | s

| m | E | Gegstatistical Analyst ¥ | 1.7] Ao e A |

Regional y ! —— 3
| Ea\?" Sn‘qw :
scale ' Possible
atmospheric l !

model

& O Land Cover
& O DEM30m
= O Recovery Management
) [ Tea Fire 2008 Nov 15
@ M Eresien Potential

Fire behavior model

L e e i R e S o

To ocvoTnua unoornptﬁnq omocbaoewv yla TNV YEWPYLD, VLA TIG TTUPKAYLEG, KATL., XPNOLUOTIOLEL
QTUOOPALPLKA HOVTEAD HEONC KALHaKAG TTou 08nyolV SLodpaoTIKA TOTILKA LOVTEAQ TTUPKOYLWVY N
YEWpYLOG.
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[MOAATTAQ HOVTEAQ TTEPIPEPEIAKNAS TTPOCOMOIWONG TNG ETTIOPAONG TNG
KAIMATIKAG aAAayRG OTNV YEWpPYia Kal Ta oikoocuoTApaTta oTig NA HITA

o -
AETNDIE SETISET

F— Goalisand Objectives
Regional £ .
cosystem :
Weather =Y
g * Forest
& Climate - Agriculture
— - = Grasslands
Land cover changes
*Interactions Carb el 5
“Response rbon cycle Interactions
*Feedback Water supply (irrigation issues)
I - or
Loss of wetlands
Ecosystem Spread of invasive species

Carbon sequestration
Two-way interactions {Global-Local)

Ecosystem Models a
. S Model inter-comparison i
: EAETE BGC model :g = Nested Modeling Multi-model
£ = Downscaling (Global to regional) Hindcast
& = Multi-model ensemble
= Skill test (NASA-MERRA, ERA- Interim)
Regional Climate Models o = Bias correction [
e WRF/ARW g > LA
¢ RAMS E * Model-Remote Sensing validation
e OLAM . = * Remote Sensing data assimilation .
- Vegetation greenness (NDVI) L
Remote Sensing & Ground - - Vegetation productivity (NPP)
e MODIS Terra & Aqua S - Land Surface Terrlper?ture[LST}
= - Land cover classification (IGBP)
® AIRS g — Forest fire (burned areas) Forecast
e ASTER 3 - Digital Elevation Model (DEM) 7 B )
® Ground data 8 mmate':h-mge
scenario)
Region: California and south-west USA

2} Fire-Weather Fields - Microsoft Internet Explorer provided by Comcast High-Speed Int... [2](5) 5]
Western USA: Weather Forecast

Compare with Other Forecasts

Surface RH (%) and Wind (kt)
Forecast hour: 51

USFS MMS Bkm Domain

iR

H so
H so
H vo
H so
1H s0

< H ao
I RS- .

H =o

i 2
g ! N ! : 5 ? Lo o 10

Land Surface
Temperature

Vegetation
Index




ZUYKpLon LOVTEAAWV yia TNV NEPLPEPELOKT TPOOOLLIOIWON TOU KALLLATOG
« RAMS, WRF, and OLAM urmtoAoylotika tpeéipata (computer runs) yia SEKAETELS
nepLodouc
* MMpoomaBwvtag 600 To duvatov va Talplalouv oL SLaUOPPWOELS TWV POVTEAWV
* 32km yovbpeéc kupeAidec, 8km Aemtéc kKU eALOeC
* AltoteA€éopata HovteAwV Ba mapepBaiovtal os KUPeAISEC EAEyXOU yLa CUYKPLON

ZTPATNYLKI TTPOCOUOiWONG
- KUpLog otoyocg eival n yewpyia kol ta otkoouothpata (oto pEANov udpoAoyia)

* Ta povtéla Ba tpexouv yia tnv dekaetia 2000-2010 pe «mpOTUTES» SLAUOPDPWOELS

* Me Baon enaAnBsloswv, Stadopec BeAtiwoelg Oa epappuocOouv e TAPAUETPOUG
Baowlopevoug oto MODIS

* 2000-2010 Ba Eavatpetel pe BeATlwoelg Kal emaAnBeloelg

* ['ta peAAOVTIKEG TtPOBAEYELG, OBa XPNOLUOTIOLHO0UE CUVOUACUOUG TIOAAATIAWV
TIAYKOO LWV LOVTEAWV yLa KALLOTIKEC TIPOPAEPELC He To apxeio CMIP5 (Coupled Model
Intercomparison Project Phase 5) archive.




Multi-decadal aloAdynon tTwv nepldEPELAKWY ULOVTEAWV KALLATOC

« O avtiktumog tTn¢ aAAayng Tou KALPATo¢ we HEPOC afloAdynono tou €pyou EaSM
Baoiletal otnv aflomoinon tng KALLATIKAC aAAayng amo cuvolo tpoBoAnc tpiwv RCMs,
WRF, RAMS, kat OLAM

* H afloAoynon twv mepLEPELAKWY CTOLXELWV TIPOCOUOLWONG TWV KALLATIKWY LOVTEAWY
glval mapAyovtog evOg EAEYXOUEVOU TIELPAUATOC KoL Elval Eva Pooiko PwTo PApa yla tnv

epappoyn duvaplkng cuppikvwong MpoPAEPEWV TNG KALLATIKAG AAAOYA G KAl yLa TNV
aéloAOynon TwV EMUMTWOEWV TWV UETABOAWY TOU KALHATOC Kal TNV aAAayn TwV
TEPLPEPELAKWY TOUEWV
*H epeuvntiki opdda EaSM extelel eni tou mapovtog dekaetiwy hindcast meipapa yla
aélonoinon peyaAng kAipokag forcings pe dedopéva amnod to NCEP-DOE enavavaiuong 2
(WRF KAlpo oAokAnpwoe éva 20-xpovwy, 1991-2010, hindcast).

Etlola KAlpatoloyikn Bpoxontwon £tn 1991-2010
« H mpooopoiwon etnolag Bpoxomtwong amno tnv KAlpatoAoyia afloAoyeital pe Baon tnv
avaAuon Bpoxouetpwv CPC og 0,25 BaBuoug xwplki availuon

Ta AaBn Bpoxontwono dtadpépouv avaloya Le TO LOVTEAO avAaAuong.




Charactersitics

Avantuén poviéAwv yewpyiog (Phendkod
*Mimics the growth and development of crops to
predict yield using rate equations that describe
responses to environmental variables >
* Establish interactions, responses, and feedbacks Charactersitics
between regional weather/climate and agricultural o
ecosystems Decisians.

Weather

Crop Yield

MPOCOUOLWTHC CUCTHUATWVY MOPAYWYHC YEWPYIOC Agriculture (Major crop types

(APSIM) ARSI
* Framework and simulator for combining many
individually developed models
* Open source model developed in Australia
* Modular modeling framework
* Suite of modules which enable the simulation of
systems that cover a range of plant, animal, soil,
climate and management interactions
* Simulation of economic and ecological outcomes of
management practices in the face of climate risk
* Undergoing continual development
* Source: http://www.apsim.info/Wiki/APSIM-and-the- ‘ .
APSIM-Initiative.ashx Corn  Cotton Durum Winter Alfalfa Fallow Almonds

Wheat Wheat land

Arizona
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2008 —1000 7 1000
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(a) The terrain in the 32km-resolution western United States domain

(b) The CA-domain terrain at 8km
horizontal resolutions

s B BEBENEEY

O Topeic Ko €0G.¢9N
(model domain) ywo to
e€MTEPIKO Kan
£0TEPIKO TOpE. Box
in (a) over the region
including California,
Nevada, and Arizona
represent the location of
the fine-resolution inner
domain: (a) The outer
domain terrain
represented at a 32-km
resolution, (b) the inner
domain terrain
represented at an 8-km
resolution, (c) same as
(b) but at a 32-km

resolution.




AnoteAéopato WRF

WREF - CPC

NRBALBDOSNP

Moo wWool
N2SODB=NNY !
awnounUanDuo

=
[

The annual-mean precipitation from the Climate Prediction Center (PCP) analysis

toP() and the WRF hindcast (middle&. Th,% bottom row presents the model errors
6/13/2012 Tpamnelo EAAadog EMEKA

(WRF-CPCQ): (Left column) 32-km run, (Right column) the nested 8-km run



e - B W o o & @ B & B

6/13/201

o - B @ = a @ o 3 & B

The seasonal-mean precipitation from the CPC analysis (left) and the
fine-resolution (Aewt avaivon koyeiidoac) WREF hindcast (right)
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m “‘“_J.ﬂg

WRF povtéAlo hindcast ywa ta €tn 1991 — 2010
* [eVIKA TO AMTOTEAEOUATO OUUDWVOUV
*OL OUVTEAECTEC CUOXETLONG METAEL ipoTuTou povtélou & CPC Bpoxontwaons unepBaivet 0,9.
*TO LOVTEAO UTIEPEKTLUA TNV XWPLKA petafAntotnta tng avaiuong CPC
*ETTOY LKA, TO LOVTEAO MAPOUCLAIEL CUOTNUATLKEC TACELS. Ta o afloonueiwta Aadn povielou
OXETIKA LE ETOXLAKEC BPOXOMTWOELC £lval Ta €€NC:
*To povtedo WRF uttepekTLpd Xelpepvn Bpoxomntworn otov Bopetodutiko Elpnviko, Bopela
KaAwdpopvia, kot tn ZiEpa Nefad
*To povtéAo WRF uTtoTLHA onpavTIKA BepLVEC BpoXOMTwOoEeLG 0Tn VOTLOSUTLKA Tieploxn Twv HIMA
*To povtédo WRF amodidel KaAd tpocopolwon Twv BPoXomtwoewy , TNV avolén Kol To ¢Owvonwpo
*To KaAokapvo SST mavw armo tov KoAmo tn¢ KaAidbopvia amnd tnv enavavaluon NCEP 2
eudaviletal Puxpotepn amnod tnv KAtpatoAoyila (mavw armod 6K)
*AUTO pIopel va elval n KUpLa attia TG UTTOTLUNONG TWV BPOXOMTWOEWVY TO KOAOKAlpL 0TNV
Apllova/Neo Me€ko meploxn
*Eva neilpopa svatoBnoiag ormou 1o SST tou KOATIou TN KaAltdbopviag Ba mpogpxeTaL oo TNV AETTr
avaAuon Ba yivel wote va anavtnBel To EpwWTNUA AUTO.




WRF Mnviaiec péyiotec Osppokpaoiec(C) yia to £€tog 2000
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Feb 2000 Max temp
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ar 2000 Max temp
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Apr 2000 Max temp
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Jun 2000 Max temp
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Jul 2000 Max temp
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Sep 2000 Max temp
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Oct 2000 Max temp
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Nov 2000 Max temp
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Dec 2000 Max temp
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Awapopec Oeprokpaocioc TNG
emupaveloc tnc Oalacoac (SST)

Jan 2000 OLAM-WRF sst Aug 2000 OLAM-WRF sst
7 ™

1 S |
g
“
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RRREL LT TP PP L weenssangusarenpereet -....::: ................ L PSP PPPRTS LILLL
qm\'\ oo
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SST differences between OLAM and WRF for January and August 2000
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WRF SST Emuntwoelc oth Bpoxontwon

Jan 2000 WRF_sst
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OLAM-WRF AladpopEG EMMTWOEWYV OTN

Bpoyontwon

Jan 2000 OLAM-WRF sst
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Aug 2000 WRF_precipitation Aug 2000 OLAM precipitation
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Precipitation in August 2000 from WRF and OLAM simulations
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— 1000 —500 0 500

Topography height and 8km résgitTt)lon portion of
the hexagonal mesh constructed for the target
region (CA & AZ). Transitions to a 16km and 32km
mesh size outside that region are .apparent, |

561600.0 sec
6.50 days

Z 100.0m
MIN 0.00000
MAX 3828.81




RAMS AnoteAecpata

Total precipitation (water equivalent) after one year of simulation for
the year 2000. The left panel is the run without convective
parameterization, the right panel is the run using Grell’s scheme



[

S117c1:1€n OIANM_EDND
2UCEUCH ULAIVI-CLUZ

OLAM-ED2 Ap)wKomoinon HoVtEAou:

Standard
OLAM
initialization
OLAM
OLAM begins —> : —> ED2 .
namelist read namelist read
Standard
ED2
OLAM-ED2 MovtéAo Xpovikou Brpartog: initialization
Atmospheric
/ computations \
Information exchange:
Information turbulent fluxes of
exchange: sensible heat, latent
radiation heat, and carbon dioxide
Ecosystem

computations

During initialization (top panel), OLAM acts as the highest-level model, and calls the ED2 initialization. During model time stepping (bottom), OLAM and ED2 exchange
information during radiative transfer and turbulent flux computations. Note that the ecosystem computations can involve both short time scale processes (e.g.,
updating stomatal conductance) and long time scale processes (e.g., vegetation growth and mortality).
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MovteAa KOAALEPYELOLG

MAOTIKN HEAETN MPOCOMOLWONE AtOdooNnC
KOAALEPYELWV O€ TEPLPEPELAKN KALHOKOL



f[ewpvia & Othuatr']p.ata

| | Barren/Desert ' | Open/Shrubs
|| snow I Closed/Shrubs
B Crop Mosaic || Mixed Forest
B urban || Decd. Broad Fr.
B cropland || Decd. Needle Fr.
B Wetland || Evrg.BroadFr.
| | Grassland I Evrg. Needle Fr.
.| savanna || Ocean water
I woody Savanna

Satellite (MODIS Terra) derived

6/13/2012 Land Cover Types: IGBP classification
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Tt elvall Evol LOVTEAO MPOCOUOLWONC
Sradikaoiog KaAALEPYELWV;

* YMTOAOYLOTIKO TIPOYPOLUUOL TTOU MLUELTOL TNV QVATTTUEN
TWV KOPTIWV UE OKOTIO TNV TtPOBAedn amodoong Twv
kKaAAlepyewwv (phenology—periodic plant cycle events)

e EELOWOELC TLUAC TTOU TTEPLYPAPOUV TLC PUCLOAOYLIKEC
avTLOPACELS TWV KAAALEPYELWY OE HUETAPANTEC
nepLBailovrtoc

* Eloaywyn 6edopevwy

— ToTUKOC KOLPOC

— MiEoeLc eml Twv dutwWV

— XOpOKTNPLOTLKA KAAALEPYELWV

— XapoKTnpLotika edadouc

— Anodaoelc dlaxeiplonc KAAALEPYELWV
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Alaypoppa pong

Theoretical Crop Yield Model

crag o Annual Crop
Solar Charactersitics Yield
Radiation (Phenology)

—

\

i
W

Natural
Hazards

.

Temperature Local Weather

Precipitation

Soll
Charactersitics

Nutrient
Availability
(Nitrogen)

Disease
Weeds

Carbon
Dioxide
Concentration

(T

Pests (insects)

Crop

Tropospheric -l
Ozone ®1  Crop Stresses Managment

Decisions
Legend
Regional

Model Stresses Human Natural
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 APSIM (Agricultural Production Systems sIMulator)

* Developed in Australia

e [lpocopolwvel pLa oelpad putwyv, wwv, To €dadoc, To
KAlpa, tn dtaxeiplon aAAnAermiibpacewyv

* [MpOCOUOLWON TWV OLKOVOULKWY KOl OLKOAOYLKWV
QTOTEAEOHATWVY TNG SLAXELPLONG VLA TNV AVTLLLETWTILON TWV
KALpaTIkwy KivdUuvwvSimulation of economic and ecological
outcomes of management practices in the face of climate
risk

* Open source, modular modeling framework

* Well documented and undergoing continual development

* Operatesin a unit area (yield is kg/ha—ha = 10,000 square

" at a daily timestep
A 6P3/2082 M Tpdmela EAAGSoc EMEKA

AGRICULTURAL PRODUCTION SYSTEMS SIMULATOR Source: http://www.a psi mlnfO/WIkI/APS| M-and-the-APSIM-Initiative.ashx




APSIM Movtélo anodoong KaAALEPYELWV

Crop
Solar Charactersitics
Radiation (Phenology)
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Yield
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Regional

Model Human ‘ Natural
Output FEorcings J l Forcings




A b ol WV 4 an \ W |
MVLL

LLEVO £PEU

==

&~
=

using spatially aggregated
data for regional scale yield
simulation

— Regional Climate Model (RCM)
output

— Generic soil profiles
— Management practices

* Conduct a pilot study W

— California
— 2000-2010 \

Y \] \
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Barren/Desert
| Snow
I crop Mosaic

I urban

Wetland
|| Grassland
[ ] savanna
[ woody savanna
[ | Open/Shrubs
[ Closed/shrubs
| | Mixed Forest
|| Decd.BroadFr.
[ Decd. Needle Fr.
[ | Evre.BroadFr.
[0 Evrg. Needle Fr.
| Ocean water
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* For over 50 years, California has
been the number one state for
food and dairy production

— Over 88,000 farms and ranches

— Nearly a $36.6 billion dollar
industry

— Generates at least $100 billion in
related economic activity

Barren/Desert
Show

Crop Mosaic
Urban

l Wetland

Grassland

| BN

Savanna
Woody Savanna
Open/Shrubs
Closed/Shrubs
Mixed Forest
Decd. Broad Fr.
Decd. Needle Fr.
Evrg. Broad Fr.

* One of the world’s largest
suppliers of food and agriculture
commodities

— Exported over $9 billion in 2005;

22% of agricultural market R i ¥
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Evrg. Needle Fr.
Ocean Water
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* Primary
— Cotton (6.6 million acres harvested in 2007)
— Corn (3.6 million acres harvested in 2007)
— Rice (3.1 million acres harvested in 2007)
— Wheat (4 million acres harvested in 2007)

 Secondary
— Grapes (1.6 million acres harvested in 2007)

— Almonds (1.3 million acres harvested in 2007 & £ s

6/13/2012 Tpamnelo EAAASog EMEKA
Source: USDA National Agriculture Statistics Service (NASS)



Corn’ (maize) growing area 2011“*™"""  Source: CropScape Data Layer



Mnyéc aBeBartotntac anodoonc
KOQAALEPYELWV

e Level 1 - Will be controlled

— Best Management Practices (BMP) Theoretical Crop Yield Model
* Planting dates and criteria » om
* lIrrigation e b
* Fertilizer application .
— Cultivar selection and parameterization - T
— RCM data - J
* Level 2 - Can be controlled _ \7*
— Carbon dioxide concentration i -
— Weeds -
e Level 3 - Uncontrollable a o L=
— Natural hazards — Legend
— Crop stresses (pests, disease, ozone, etc.) = | (|~ | }
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RCM Data Crop Model Post Processing

Potential Crop Yield
maize potential yield, WRF 2002
Pk : 0 : : ; :
A . t 8000
LI S A ) R S A 10} : 1
C | —20f . i : S
B ..f ! 6000 B B H H
[ SN g ' '
| e P e - —40 i ; i
N e W RS N T L 000 i i i !
| 1 - 2000 0

125°W W 115°W 110w 0 h?:' v v > T > ,.‘1.06" 91 * d'b >
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1 10000 - 10000 . .
maize potential yield, WRF 2000 maize potential yield, WRF 2001 maize potential yield, WRF 2002 maize potential yield, WRF 2003
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Ml ARN O \AIDE lravmitdk +#~ ADCINA DNONNN
VLRIV OO VVIZNT TTIJUL LU AP JIIVI \&aVUUVV)
(a) maize potential yield, OLAM 2000 10000 (b) maize potential yield, WRF 2000 10000
7 f__i__;i l ___f_{ﬁz [ | T
40N} : 5 g T % + N 8000 .y 8000
; *t‘l ‘ ! | ¥
6000 6000
35N b, 14000 ) 35°N 14000
................ L_ H
: {2000 12000
125°W 120°W L, 125°W L,

The maize potential yield for the year 2000 simulated by driving APSIM using the atmospheric
forcing from the (a) OLAM and (b) WRF models.
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Epxoueva Brjuata

* EvawoBnoia anodoonc KaAALEpyELWV
— KALMOTIKEC CUVONKEC
— Tunot edadouc
— Anodaoelc dlaxeiplong

 MetaBAntotnta anodoong KAAALEPYELWV AVAUECO OE
dladopec kKuPeAidbec amootaonc 8 AU

e EMKUPpWON TWV EKTLLNCEWYV TOU LOVTEAOU OE OXEON UE
TIC SLaBeoipec ePLDEPELOKEC TTIOPATNPNOELC
aroboon¢g KaAAALEPYELWV

6/13/2012 Tpdmelo EANGS0c EMEKA



JUUTTEPAOHATO XPRONC LOVTEAWV
arodoonc KAAALEPYELWV

Amtodedelypevn Blwopotnta tTng xprnong tng dtadikaociog
HE BAon Ta LOVTEAQ TWV KOAALEPYELWY O TIEPLPEPELOKN
KALLLOLKQL YLOL TNV TIPOOOMOLWOoN YEWPYLKAC artodoonc

[MAaiolo Aeltoupyel OMIWCE OVALLEVETOL

APKETA EVEALKTO WOTE va dLAoEevnoeL TTOLKIAEC ELGOOOUC
Kol €€060UC

Mropei va tpomtomolnBeti kat va BeATlwOEel, OTwg
artalLTeLToL

Ta TPOKATAPKTIKA ATIOTEAECOTA ATTO TNV TILAOTLKI LEAETN
daivovtal peaAALOTLKA

Nepatepw HEAETN amatteitat yia va BeAtiwBouv ta
armoteAeopata Kat N pebodoloyia
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NapoatnpnoeLlg TNAEavViXveUONC

OL akOAoUBeC peTaBANTEC TTAPAPETPOL KOLL TOL TTAPAY WY ATtO
noapatnpenoeLg tnAeaviyvevoncg Ba xpnotpomnotnBouv yla:

JUYKPLON UE TIOPOOLEC TIAPOLETPOUG TIOU UTOpPEL va TpokUpouv armo
TIPOCOMOLWOELC LOVTEAWV OTN YEWPYia, TNV udpoAoyia Kal Ta LOVIEA
TWV OLKOOUOTNMATWY, KoL TNV aéloAdynon cuvBnKwv yLa tn
BAdotnon/dawvoloyia

O MODIS Aqua evioxupevoc deiktno BAaotnong (EVI): MODIS
napayovtal KaBnuepva, 8 NUEPEG, 16 NUEPEC KaL Ta pnviaia dedopeva
elval StaBeopa og amootaon 1 AL, Kat 5 YA XwpLK avaAuon yla To

2002-2012

MODIS Aqua Oepum(paoia otnv emd)dvsta NG VNG (LST): Ontwg MODIS
Aqua rtepva TIAVW Ao TNV nsptoxr] HEAETNC KATA TN SLAPKELD TOV
anoveuuaroq, OLVLXVSUEI. v uevtorn eepuOKpaota emcbavstaq H
VUXTEPLVA UTIEPBaON €lval LETA TA LECAVUXTO KOL UTTOPEL VAL
xpnotlomotlnBel yia petpnon eAaxotng Beppokpaciog emipaveLac.



Mapoatnpnoelc TNAEaViXVELGONC

MAnpodopiec yio Qawvoloyia : Oa XpnNOLULOTIOLNOEL
tnv EVI 2002-2012 ywa 0An TNV tepLloxn HEAETNC yLa
TOV UTTOAOYLOMO TWV 0lKOAOUOWV TIAPOLUETPWYV YL
kKaBe Beon Siktuou ((wvecg KAAALEPYELOC):

* Evapén kat Anén tnc KaAAlepynTkNC tepLodou
e Alapkela tnNG KAAALEPYNTLKNC TTEPLOOOU

* Kopudn kaAAlepyntikng meptodou
 Mid-paopa tnc KAAALEPYNTLIKAC TTEPLOSOU

* OAokANpwpa Kota TNV dtapkeLla tn¢ oelov

T I_IJ-:-_I
Eﬂﬂ_z T:"EI'.'U.-I Plﬂ_Tban
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Aedopeva draypappatoc ponc RS kat
RCM

Link of Remote Sensing observations with Multi-model Climate Scenarios, and APSIM Crop
Yield experiment over South-West and Mid-West USA

Remote Sensing Multi-model Simulations Crop Model
MODIS AquaEVI | MODIS Aqua LST LST (Hindcast) LST (Forecast) APSIM
20022010, 1 kmgrid | 2002-2010, 1 km grid 2000-2010,8 kmgrid || 2011-2030, 8 km grid 2011-2030, 8 km grid

Growing Growing Growing
Degree Days Degree Days Degree Days Crop Yield
(GDD) (GDD) (GDD)

Crop
phenology

1km grid 1km grid l

8 km grid 8 km grid 8 km grid 8 km grid 8 km grid

Assessment of Assessment of GDD Assessment of GDD Major GDD Comparison of
phenology of crop Anomalies simulated GDD &
growing season Comparison (baseline years, 2002-2010) (Forecast, upto 2030) APSIM Crop yield

An example of data flow between models and remote sensing.
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ZUMUTITEPOAO AT

* Avtyetonilooue peydieg mPOKANGCES TOCO GTNV KOTAVONGCT TOV UNYOVIGU®V
VEECNG TNG KMUATIKNG aAAayng 060 Kot NG KAMUOTIKNG mpocapuoctikotntoas. H
00 M emomun mpoomabel vo GLVOVAGEL TOLG UNYOVIGUOVS TOL TTOYKOGULOU
KMUOTOC HE TIC TEPLPEPELOKES EMOPACEIS 7OV  £YOLV  KOWMOVIKOOTKOVOULKO
aVTIKTUTTO, OLLPOPOTOUGELS GTIC TOMTIKES EVEPYELNG Kol VO KaTavonoel Ti¢ I'veg
KMUOTIKEC OL0OIKOGTEC.

o Aev o1alérovus aKouo Ta EMGTHUOVIKA OEOOUEVA, VA AVTIUETOTICOVUE OL0 AVTA
o uétwmna, I'n, kliua, kotvwvia, otkovouia. Avto Qo anaitnoel puia Kaovpyio.
OIETIGTHUOVIKI] ETMNGTHUY GOVOVALOVTOS OLAPOPOVS TOUELG.

*  Ynbpyovv OU®G UEYAAES EMLYELPNCLOKES EVKULPIEC Y10 ELEVOVCELS KO TEYVOAOYIKES
npoceyyicels. KuBepvnoelg kot EXLYElpNoEl TOV UTOPOVY VO, OLLLOVPYNCGOVY  TIG
oWOTEC AGELS, Ba TOPAGYOLY OTKOVOUIKES EVKALPiEC TEPA Amd T KPATN TOVC.
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OLAM ArntoteAéopato

Conducted first year (year 2000) of 10-year hindcast simulation with OLAM “spectrally”
nudged to time-interpolated 6-hourly NCEP Reanalysis fields.

Processed OLAM output for year 2000 and produced daily atmospheric data for crop
model at over 6000 locations.

Examined results of year 2000 OLAM simulation. Concluded that OLAM microphysics
parameterization produced reasonable 1-year total of resolved-flow precipitation.

Following the completion of the 10-year hindcast simulation, will repeat the 10-year
hindcast simulation with various modifications to the atmospheric models that are
designed to improve model accuracy. Then, the forecast simulations will be conducted
with the improved models.



RAMS anoteAsouota

ST A o e &

GCM'’s covering the whole planet do not have an adequate resolution for regional
application.

The procedure then is to:
* Run (or access the data from) a global GCM at a feasible resolution
* Configure an RCM to cover the area of interest (California and Arizona)

* Run the RCM over the area of interest. The RCM runs are usually forced at their lateral
boundaries with the corresponding GCM data. This defines a “one-way” nest situation,
where the coarser grid (Grid 1) only changes values on the finer, nested Grid 2. Grid 2
does not change values on Grid 1. A “two-way” simulation, as is done in the standard
RAMS configuration, refers to the method when information is exchanged between both
grids.

Two years of the RAMS simulations have been completed. The first year was simulated
twice, once with the Grell parameterization and once without any convective
parameterizations.



