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LAND SURFACE PROPERTIES AND DISTURBING LANDNATMOSPH
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NORMALIZED DIFFERENCE VEGETATIONINDEX .$6) FOR OF'
CONSTRUCTION WITHANAVERAGE REDUCTION OF COMPA
OF WIND FARMSDEPENDED ONWIND FARMSIZE WITHWINTER ,
FARMS RANGINE FROM AND PEAK .$6) IMPACTS RANGING FROM
4HE ,34 IMPACTS DECLINEDWITHTHEINCREASINGDISTANCE F|
IMPACTSUPTO KM )NCONTRAST THEVEGETATIONIMPACTS
WIND FARMLOCATIONS 7INDFARMSBUILTINGRASSLAND AND
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TO LIMIT THE INCREAS&EHFD WERE OBSERVED INTHH'SBI BR®ERT
40 REDUCE THE ENERGY ASSOCINMTUHATGEONEOHQOBRBREEGAGSALEWIND
EMISSIONS ITISESSENTIALTO SEBSEDEBNBHANERD EBOGEHTAIION GR(
FUELS 'MEONSAHWWITH RENEWABILULEPEREEGBACKS IETHAE SAHARA I

RESOURCEHES BAIDURD ENERGY HASIHEPERRIATION IN THE ENVIRONM
IENCED SIGNIFICANT GROWTH AND NDARAIR MIP REEDHOTEBETGHHNEEHE TERC
OF THEDOMINANT SOURCES OF LCHA RAGRBERN ETLIECGT RUCIHWVBNTHEIR ¢
THE FUTURE THE GLOBAL WIND AOWHR ELEBARKECROY GENERAMATE C

TION WAS 47H IN AND IS P ROUJIBMATTHEDO TNPRAEATGHOF WIND FARMS /

47H BY )%! )JNTHESNITEBBTAUBE THE SIZE DENSITY HEIGH
WIND GENERATED ELECTRICITYGEMINEOURSBINENS INFLUENCE THE F
OR YEOIRA L SURFACESANDTHEATMOSPHERE 7F

$ESPITETHE CLIMATE BENEF I TOFOWFIWDNTARO\S BFE CGIMRE SUFFICIE]
ISAGROWING CONCERNABOUT THERGENVURO NNME 8 TOLTEFIH EAAS DVMEPAC
OF THE INCREASED LAND USE ANVDAYAGIO EBWERDCHARN GECAAORSCALE Al
WIND FARMS &0OR EXAMPLE THREGRIOEADBRMNDOCOIENMNENTAAT SAQALE
WIND FARMS CAN ADVERSELY AFFECTIEEIANMANINRA BALSBKIGROEND CL
AND THE ROTARY BLADES OF WINDNHIUWREBNE E STEANCHIIMAFIIRKDIMMPACTS
"RIGEHTAL AND BATEBBLGT/INDEXAMPLE THE RATIO BETWEEN TURI
FARMCONSTRUCTIONCANALSO RESA LININNDCEHHOREBTNDIODAR BSGIAND |
EROSION AND IMPACTS ON LANEXRAIRREBEOAN SEDOREYRANEIDANY NIGHT (
$AET AL 'RMSTRODHNBG IMPACTANDTHEWARMING MAGNITUL

4HE MODIFICATION OF LAND SIURFALEEPITEOMFFPEHERIAESRBEY ,34 BUT AL
WIND FARMS ALSO STRONGLY IMALONNAENTEHETOOMAEL 3MNOHANGES
REGIONAL CLIMATE +IRK $AVIDIGAFTENRBIEEIAIH
"AIDYA 20Y AND 4RAHTCHETRAL 2ESOLVINGTHELIKELYIMPACTS O
WHICH IN TURN WILL INFLUENCENETHOECETEMTERANKE SBESICATION S
'IRMSTEOME&E #HANGES TO THETGHHHREBE BEREGSYSTEM FUNCTION RE
ATTRIBUTABLE TO THE WIND T U R®BH NENIMTRORAA S GNGHIIAEREFE R ESWTH O !
FACE ROUGHNESS +IRK $AWDDHWF AMVNDT EBIRBILOGICAL VARIABLES S|
IMPLICATIONS FORHURBWNNEMEXBMPERATURE AND PRECIPITATION
INGINTHEATMOSPHERICBOUNDAORWILNDERURBINRAISODPFRMOVIDE VALUA
20Y AND 4RAITEQOREOVER THE WMIONINTRBINGSTHE IMPACTS E G INT
REMOVE ENERGY FROM THE SYSTEWI &N DAD E QRIIDASE®MTAWND EMRMIS TR
STREAMWIND SPEEDS -ILLEBGAD +LEBDONHESE MEASUREMENTS AR
IZED WARMING CAUSEDBYEITHERESENBRNECEBMERORCAB MNIGLE WIND F
ING OF THE !", ORTHE VERTICAL CIOANMBRGEMN T O AMMPLARCEIE WITH CLI
LENT HEAT FLUX BELOWHEHUBIHEMHED YRAMER INTERACTIONS BETWEI
7U AND 'RCHERAS BEEN QUANTIRAIMDOBPRHEEE AS WELLASTHEIRIMP/
ERAL WIND FARMS &OR EXAMPLET WLNDGRARMERINEE XBBSEVER UNC]
"HOBT AL AND )LLINOIET3ABLWIKANYNTIES INCLIMATE MODELS AND W
HAVEBEENREPORTED TO CAUSEHRICAT NSNS TASMEEW AR BI MHE EXPEN
OF # AND #n # PER DECADERMBMSPHCEGEIR USAGE FOR INFORMING
IVELY 4HEIMPACTS OF WIND FARM SONNEDAYALEE TIRMFCENRTRAST THE
ATURE ARE WHAKAIR 8HEOWL ANDAND GLOBAL COVERAGEOF SATELLIT
TEND TOWARDS COOLING &OR ERESCLETDOAN MMM B INGGOSREGTRORAD
WASDETECTEDIN3AN'ORGONIO, #NDISSAORALULAOVADIEETAEAZAGYON OF CHAN
AND 4RAITEUR ATURE AND VEGETATION AND HAVE |

'IVEN THE TEMPERATURE REGAS$3HESGNORLCEEORSMEMR K C I ISA WKLY
PROCESSES CLIMATE IMPACTS ANALLAND COVER CHANGES
ASSOCIATED WITH WIND FARMS C @WXI 5 TANGERUMERG EFILTAIDIMON EFFOR
40 DATE THE IMPACTS OF WIND HANE BIAINLYDEACVEEEDOAN INDIVIDU /
TION ARE MIXED WITH NO CON S ENOSYU/ASNIIN 4IRHAE THIBRR AALIU RER B TSA L
4AHEREHAVEBEENSTUDIES REPORTIRNGAWESKNYILIVEANEACTS MAKING
WIND FARMS ONPLANTSPECIES DINVNEIRSRES INLTISELANCEKROEFHERE SENTAT
2EGION OF 3BOUTHEAST 2D MAINIARDBAUEEBSONMPARISON (ENCE ITIS NI
AND VEGETATION GROWTH INTOARTCAERY ANANX ZEANIGARGE NUMBER OF

WHILEOTHERS FOUND NO DHGRUEABLE RMIMAPATCST SI\N LOCAL CLI

ET AL (OWEVER POSITIVE IMP AN DHNEVIMPETBATOGNS OF WIND FA)
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AND GEOGRAPHIC DISTRIBUTIONY7 & MANDWNEARBYNOWNTWMISD FARM

STUDY BYUSING SATELLITEDATAMMREEFERENICE AREANMPAERE DEFIN!
OF WIND FARMS ON LOCAL SURPAEE m"EMMERWAYFRAMDTHE WIND |
VEGETATIONINTHESNITED 3TATEB& AN A IFY G IBRETAAESIIMVA NIA A MINITM A
TEMPORAL PATTERNS AND EXPLEOARMNGMPRAICTEWEING EXCIORING WA

DRIVING THEIMPACTS WIND FARMS CANALSOAFFECT DOWN
@SPILLOVER EFFECT CHANGESINL

-ETHODS ONE AREA AFFECTING ADJACENT AR
WIDE .7& BUFFERING ZONES AT n k

$SATA n KM .7& ? AND n KM .7& ? A

4AHE WIND FARMS DATASETUSED FROMWI S ISE WDIK IV A9 R MEBS3BB N DAREE S
7IND 4URBINESHSATTPAASEEERSCM AP KM BY RFER ZONE WAENQ@TL USED
USWTRAECESSED &EB W H I CBEIQNACOULSD ETSI SIBNFLUENCED BY WIND
GRAPHICAL LOCATION CONSTRUGTCOMSFERIBSTANCE URBINE
CAPACITY FOR MORE THAN INDWPAORE QWANBIEWIRND FARMS ON
BINES IN THE 5NITED 3TATES !'RHERASYHEDHDFERENCES BETWEEN
TIAL#LUSTERING OF IPPLICATIONSGMAITHUDMEEN BO3%'CENTERED ON TH
ALGORITHM FROM THE SCIKIT LBARMW PR € KIS SEIQUATTBE N
OEDREBDSBA WAS USED TO CLASSIFY INDI

VIDUAL TURBINES INTO WIND FARMELUSYER B4 HEIIR4REED 4
TANCE FROM EACH OTHER WAS SMALLER 34%A), 4HEGREES
#LUSTERS OF LESS THAN FIVE TURBINES OR CONSTRUCTION
YEARSLATER THAN WERE EXCWHEBERBARAOMPF BRT:HARRANAE TEMPO
LYSIS 4HISRESULTEDINATOTALTFCHNWNGE BARMS "MBISND .7& ARI
WEREDIVIDED INTO THREE GROUVEIBY WHHRHSGAMNSBE ESTHMATED BY
NUMBER OF WIND TURBINES SMABkenoAND ,&énp DURING THE TIME
MEDIUM Nk AND LAR GE DOW AND THEN MULTIPLIED BY THE |
FIGURE 4HE CONSTRUCTION YWARDEAMW IND S ERMATION ASSUMES
WAS DEFINED ASTHE YEAR THE MADAONRGEY OR T8 WREDARFECTED BY

BINESWERE BUILT WIND FARM AND NATURAL CLIMATE "
4HE REMOTELY SENSED 34T ROASTTA , PIRODANGES IN . 7&S ARE ONI
9% | FROM -/$)3 /QUA WASRAEBLIWATE VARIABILITY 3INCE 7«

QUANTIFY THE TEMPERATURE |RFAANCEHARBADATMED TO SHARE ~
SET HAS A SPATIAL RESOLUTIOMATFE KAMRAABDIITIEM PO RRATRACTING T
RESOLUTION OF DAY FROM IVELY RAMI@VAIEMWNEARTURAL CLIMATE VAL
PASS TIME OF IQUA AND WINPPRAARRMMNEAFES T AND THEIR DIFF
THE DAILY MINIMUM AND MAXIMARLEMP WM NPUFRARMS 3IMILARLY T
A DAY 4HE NORMALIZED DIFFE RFEMNRMS DRGEETRETA NI INDWERE QUANT
.$6) FROM -/$)3!QUA -9% ! INVRE &K .$6) THE THPERCENTILEO
HAS A SPATIAL AND TEMPORAL FBEESTOM EJEN O GARN DKM 8% &)B EFACSL LOW I N
D RESPECTIVELY WAS USED EQOANRNNFY IMPACTS ON
VEGETATION ,34 AND .$6) DATA FROM
WERE USED 40 EXPLORE FACTORS INEFEOENCPEEaw I NDOR AR M
IMPACTS WEUSED CLIMATE VARIABLES INTLY®IGp M4S UR
FACE TEMPERATURE PRECIPITATION AND WINBWELPCITY AT
M FROM %2! REANALYSIETDATA (ERSBACH
AT A SPATIAL RESOILSDI ONEOBESEEEDWE SELECTED YEARS AS THE
LAPSE RATE TO REPRESENT THETNEARB CSURIFRAOETAOM O ERRERND Y E /£
INVERSION CONDITION "AIDYA 2IY AONBEFRIMAEERVIND FARM IMPACT
CALCULATED AS THE AVERAGE VER® BEALT®RBVILIANT EDOFHEQTEENG TH O F
TIALTEMPERATURE BETWEEN  TANDAVAHOMBREEBINIREARM SAMPLE
LEVELS 'DDITIONALLY THE LAND CONER DME AVFRDOIW/ )BANS THAT 7
“#$ 1 AT KM RESOLUTION INOR LANBR THAN WOULD BE EX
DIGITALELEVATIONDATAFROM 3H$)BTRERADAREREQGRAMBYLE FROM
-ISSIONAT MRESOLUTIONIN &NMERIE PRED/IDES A WIND FARM EX/
ORADO BUILT IN TO ILLUSTRATE
1UANTIFYING THE IMPACTS OPW VNIDNDARMWRM IMPACTS ON ,34 4HE
4HE IMPACTS OF WIND FARMS W EAR EARGANRT WARDI BNECORIENDA N . 7 &
PARING THE ,34 AND .$6) BETWEEN THE RV IDNDDRANRGMISHE YEAR WIND!
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&IGURBEAGRAM OF QUANTIFYING IMPACTS OF WIND FARMSINTHES53 A 4HE SPATI/
LANDCOVERTYPES B !'WIND FARMSAMPLE IRED PORMDODDENOTE INDIVIDUAL WIND
WIND FARM 7& AREAS 4HEBELTSDENOTENONNWIND FARM .7& AREASDEFINED BY
DISTANCESTO WIND FARMS INCLUDING n KM .7& ? 7& ? .7& ? AND .7& ? 4HE
OVERLAPSWITH ADJACENTWIND FARMS C 4IMESERIES OF ANNUALNIGHTTIME ,34 |
LINE FROM TO 4HE VERTICALBLACKDOTTED LINE SHOWS THE CONSTRUCTION
DASHED LINES AREFITTED LINEARTRENDLINES OF ,34 FOR7& ANR .D& BROWMAS TO

LARGER THAN #%R WHICHINDICATES THE WARMING IMPACTS OF WIND FARMS ON SU

TRANSLABEBODTFO# INDICATING THEBASMWMWPLES WITH COOLING EFFECT
ING EFFECTS OFWIND FARM FIGABED34 AT NIGHT OF ALL SAMPLES \
ANT WARMING EFFECT#ORF
2ESULTS AND IT WAS # FOR WARMING SAN
ONLY WHICH WERE MOSTLY LOCATI
7IND FARMIMPACTS ON SURFAOFETHEMBBERABERRBEHESE RESULTS I
&IGUBHOWS THEIMPACTS OF WINB AR RMISID NAARNVWY HAD SIGNIFICANT
MEAN DAYTIME AND NIGHTTIME N3I45 HNT TEHETS5W ERAWKROR INSIGNIFICANT
ING THEDAYTIME THEIMPACT ONA3A BVWHEOWED RANDOM
SPATIAL PATTERNS WITH MIXED S HU®NBX RHERER®PAFRONANISEY FOR C A
OF WARM|]8I4& AND COOBMNG SPRING -ARCH TO -AY SUMMER *L
EFFECTS WERE ABOUT THE SAMEUTUMNVSEPTEMBER TO .OVEMBEF
OF ALL WIND FARM SAMPLES 4HMEGEFHEBERHEHD RABRMARY RESPEC
, 34 OF WIND FARMS WAS MERBEAYTIME THE AERAGHD SAMPLES
MEAN 34%$ AND IT DID NOTPABSIGHNHFICANT FORRLL FOWRTIEAS
P FIGURE SUGGESTING THAROWPIOIBTHARMEB WARMING AND COC
DIDNOTPRODUCEASIGNIFICANTUWFAARG QAROAMXDIME BUGURE 3 AVA
(OWEVER OF WIND FARMS SHOGKED | WA FONRIB Go 2, "ECAUMSIE OIF
EFFECTS AT NIGHT A PERCENTAGHESWENWIK IAWNITIMEMEFRECHAWE MAI
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&IGUREND FARMIMPACTS ONANNUAL MEANDAYTINME MBEANIINSESSTSIHO® , BAEBHISTOG
,34 FOR WIND FARMS WITH MEAN VALUES ANDPERCENTAGES OF POSITIVE RED A

NIGHTTIME EFFECTS IN THE FOEEBGRANG INNSALRISIG ANDNOUMMER WE
SPECIFIED $URING THE NIGHT BINVAEL LWARGNIIS® DEEEBHECUSH MORE W
DOMINATED ALL FOUR SEASOMNSESRARBRIRES SHOWED WARMING EFFECT
PORTIONS OF WARMING SAMPLES VARYING FROM
INWINTERTO INSUMMER )NTERIMS ERRMEMPM TS ONLOCAL VE(
NITUDE, @& STRONG NIGHT WARNNYDGARMEMNREDTS ONLOCAL VEGE"
IN WINTER # P AND AUTENE®D BY THE DIFFERENCES IN PEAK .
# P FOLLOWED BYSNMMERF D.$6) BETWEEN 7&S A
# ANDASLIGHT COOLIN®S IN SBB)NSEE EQUATABDSIULTS IRHFOGW RE
4HISISALSO SUPPORTEDBY SEASUNDBD RS FRBMMAXDMEICMRBEANSE IN PEAK .
MINIMUM ,34 IMPACTFS HIBGERBXIMBMO .7&S ACCOUNTING FOR
NIGHTTIME EFFECTS OCCURREDSIAMW LNEBE RHEOARGERRARGHN IND FARMS
WIND FARM SAMPLES ANDINAUTUMNFOR P WHDIURRING THE YEAR
THEMINIMUMEFFECTS OCCURRHEDOW SUMB DEEM@ONSTRATES A NEGAT
AND SPRING FOR OF SAMPLEGE GHHE MEIONS PRSOANRILLY DUE TO VE
, 34 EFFECT DEPENDS ONBOTH THE RBINSITRB CRIOQNUENR G ND FARM
OF WARMING AND COOLING SAMPLEGEASWENLREDTUKH MOANGCAUSED BY
NITUDEOFTHEEFFECTS ATEACHOBO AMPLIE 4ANAEHRANRG® DG NORHEHERIN # |
WARMING EFFECTS IN AUTUMN AND WVRINFERTWEBREF¥ DUE TWSUPPRESS
A LARGER PERCENTAGE OF WARBNN & NSABMPWRAT A S\IERHSAS (OWEVE
A GREATER MAGB4TYWBE OEAK WARWMINBRM SAMPLES DID NOT DECRE
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&IGUREASONAL VARIATIONS OF WIND FARMIMPACTS ONNIGHTTIME ,8M SARDNFGARM ||
A SUMMER B AUTUMN C ANDWINTER D 4HE MONTHS WITHMREMSHMWNDNMAXIN
PANELS E AND F 4HEINSETS SHOWTHEHISTOGRAMOF MONT84 WITH MINIMUM AN

&IGUREND FARMIMPACTS ON$¥HAKOS&®& THAT THE DISPLAYED .$6) VALUES ARE MUL

INSTEAD SHOWED A HIGHER PEAXTHER UBESE RECSIWORS 4HIS REVEA
SUPPORTED THE POSSIBILITY OFWREBGNABEEEEFEBIS BFAVAND FARMS (
"HOU OR POSITIVE VEGETRATI®OIN EFFECTS 8U

REPORTEDINOTHER STUDIES ASTERENDENOBD QFEWIND FARM IMPA
FARM ILTHOUGH THE CONSTRUGNDOMN ANODNCEERATION OF
WIND FARMS POSEDANEGATIVENMRBCRBNVEBBTATSIOREEBRPECTED
MOST WIND FARMS SUCHEFFECWINDEBABBEWEISMDEMDHABYDISTANCE
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&IGURBFLUENCES OF WIND FARM SIZE ARD B ERNSONAHSONHNDIWENABIMEUNCTION OF WIN
AND DISTANCETO WIND FARMS 4HE SMALL MEDIUM ANDLARGESIZEWIND FARMS AF
LINEREPRESENTS ALLWIND FARM SAMPLES .7& ? .7& ? .7& ? AND .7& ? ARE .78
TO7& AREAS |BI4&K®IF 7& IS CALCULATED ASTHE ,34DIFFERENCESBETWEEN7& AND TH
, 34 OF .7& ? ISCALCULATED ASTHE ,34 DIFFERENCESBETWEEN ANMDSAMD EFD&R ? F
, 34 0F .7& ? AND .7& ? 4HE VERTICALDOTTED LINEHIGHLIGHTS THE 7& AREA

FARMS 40 INVESTIGATE THESE EEFERDEBECIAEAGSSE BVPND TFTAEROM IMP A(
THE SEASONAL,BR4CGHTDIMEEREN BEA®RMN B IZESEIR ACTUAL SPATIAL CO
AND THEIR VARIATIONS WITH DIFBEREDDWISTAREAES AAGEAWSIDE G .76
FARMS 4HERE WAS AGENERAL TERDENCGHMEORGSIREAR MED3IWM WIND F
EFFECTS FORLARGER WAR EARMBAEILEFRREOOTPRINTSASTHEIR WAR
THE WARMING EFFECTS INWINTEZEREAII NNEBKMRROMTANCE FROM WIND
FOR LARGE WIND FARNB T FORARND SUMMER WHEN WIND FARM IMP
MEDIUM AND SMALL FARMS RESMEAK VEUE HVEHBTIANAELDNEERY COUL
INFIGURE (OWEVER THERE WERHEBCERPONQOX & ORHEARGE FARMS 4F
SIZE DEPENDENCE SEEMS WEAKHBRIRODRRAEASONSFWETCH @F FARM S|.
SMALL MAGNIBYDINORUTUMN SMPARMARMS
EXHIBITED A LARGER WARMTNGNEFHABBTTS OF WIND FARMS$OGN VEGE
MEDIUM FARMSBECAUSE OF THE HRRIBINEBDNS®MILAR DEPENDENCE O
WARMING OF SMALL FARMS OVERFFORAES TS A TREOREGMOIVE IMPA
THAN THAT OVER MEDIUM FARMSAFIGCN RMEERE GMRERRESG IN LARGE FA2
WHEN ,34 EFFECTS WERE WEAKERFE) BLYY LARGH® N\EIGRARWESIMPACTS
EXHIBITED WARMING WHILE MEDOQJM ORORMMAEDIBMRAND SMALL SIZE
EXHIBITED COOLING AT NIGHT Il STRONGER VEGETATION IMPACT W/
7INDFARMIMPACTSON ,34DECKINEOFWRMSIBERBHASE IT INVOLVED
ING DISTANCETO WIND FARMS ANOREHEDNOTAWRKEINEBHEHNMRMN SMALLE
ENCE WAS MORE EVIDENT IN SEASSNONISEOIRHEABPEEBBLITH AVHICH HAD
LARGER MAGNBBUPEAOFTUMN ANDAWINET ERHE NEGATIVE VEGETATION |
THEWARMINGEFFECTS GRADBALAYKDERWREASRDMR@8B REGARDLESS
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