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1. InWUodXcWion 
 

KNMI needV a VWandaUd meWhod foU deWeUmining a WUend, Wo be XVed UoXWinel\ and in VWandaUd KNMI 
pXblicaWionV . A WUend iV a UepUeVenWaWion of Whe long-WeUm change, VepaUaWed fUom VhoUW-WeUm 1

flXcWXaWionV. IW iV deUiYed fUom a WUendline (alVo knoZn aV ³VmooWh´): a VmooWh appUo[imaWion of Whe 
Wime-VeUieV.  
 
ThiV UepoUW compaUeV VeYeUal common meWhodV foU deWeUmining a WUendline accoUding Wo a liVW of 
cUiWeUia. The VWandaUd meWhod ZaV VelecWed b\ a commiWWee, folloZing conVXlWaWion of a gUoXp of 
e[peUWV. IW iV a Vpecific YeUVion of local lineaU UegUeVVion (LOESS), WXned Wo maWch Whe 
climaWological 30-\eaU UXnning aYeUage. FXUWheU deWailV on WhiV meWhod and iWV applicaWion aUe 
pUoYided. TheVe inclXde WeVWing ZheWheU Whe daWa aUe conViVWenW ZiWh no long-WeUm change oYeU a 
ceUWain Wime-inWeUYal.  
 
Theo BUandVma, Rob Yan DoUland, BenadeW OYeUbeek, GeUaUd Yan deU SchUieU, PeWeU SiegmXnd, 
WeUenfUied SpiW, Philippe SWeeghV and CeeV de Valk paUWicipaWed in Whe VelecWion of Whe VWandaUd 
meWhod. Theo BUandVma kindl\ UeYieZed WhiV UepoUW.  
 
In addiWion, YalXable inpXW ZaV pUoYided b\ JXleV BeeUVma, Henk Yan den BUink, IUene GaUcia, 
GeeUW LendeUink, GeeUW Jan Yan OldenboUgh, AaUW OYeUeem, RinXV Scheele, AndUeaV SWeUl and 
KiUien Whan.   

1 ThiV doeV noW inclXde UeVeaUch UepoUWV and VcienWific aUWicleV.  
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2. SWUengWhV and ZeakneVVeV of VeYeUal common meWhodV 
 
BeloZ, foXU common candidaWe meWhodV foU WUendline eVWimaWion aUe diVcXVVed. The\ aUe 
compaUed on Whe baViV of Whe folloZing cUiWeUia: 
 

Ɣ IV iW Vimple? A Vimple meWhod iV eaV\ Wo e[plain Wo a bUoad aXdience, and alVo eaV\ Wo 
compXWe.  

Ɣ Can iW be applied in Whe Vame Za\ Wo eYeU\ YaUiable? 
Ɣ IV Whe WUendline VWUicWl\ local in Wime? In oWheU ZoUdV, iV Whe YalXe of Whe WUendline foU a giYen 

\eaU onl\ dependenW Xpon YalXeV ZiWhin a boXnded Wime inWeUYal? The adYanWage of a local 
WUendline iV WhaW foU all \eaUV VXfficienWl\ faU inWo Whe paVW, Whe WUendline iV fi[ed and Zill noW 
change in Whe fXWXUe Zhen neZ daWa becomeV aYailable. 

Ɣ IV iW fle[ible? ThaW iV, can iW appUo[imaWe an\ WUendline Vhape, aV long aV Whe WUendline iV 
VmooWh enoXgh? A fle[ible WUendline aYoidV Whe biaV aVVociaWed ZiWh an impoVed Vhape.  

Ɣ IV iW compaWible ZiWh climaWological conYenWion? If iW doeV, When Ze can UelaWe WUendline 
YalXeV Wo UepoUWV ZUiWWen eYen man\ \eaUV ago, and meWeoUologiVWV Zill haYe liWWle WUoXble 
ZiWh  inWeUpUeWaWion. 

Ɣ IV iW fUee fUom aUbiWUaU\ choiceV, oU dependV onl\ Zeakl\ on VXch choiceV? 
Ɣ IV iW defined WhUoXghoXW Whe Wime-inWeUYal coYeUed b\ Whe daWa? 

2.1 TUadiWional appUoach 
The WUadiWional definiWion of a climaWological noUmal iV a 30-\eaU UXnning aYeUage. AYeUaging oYeU a 
Vliding 30-\eaU ZindoZ pUodXceV a WUendline Zhich iV mXch VmooWheU Whan Whe oUiginal Wime VeUieV 
of annXal YalXeV. The appUoach haV VeYeUal adYanWageV: 
 
VWUengWhV: 

Ɣ iW iV Vimple, 
Ɣ iW can be applied in Whe Vame Za\ Wo eYeU\ YaUiable, 
Ɣ Whe WUendline iV VWUicWl\ locali]ed: iW onl\ dependV on Whe pUeYioXV 15 \eaUV and Whe 

VXbVeTXenW 15 \eaUV , 2

Ɣ iW iV fle[ible , 
Ɣ iW agUeeV ZiWh climaWological conYenWion, 
Ɣ no aUbiWUaU\ choiceV aUe inYolYed (Whe fi[ed Wime-Vcale iV a conYenWion, Vo iW iV noW aUbiWUaU\). 

 
ZeakneVV: 

Ɣ iW iV noW defined WhUoXghoXW Whe inWeUYal coYeUed b\ Whe Wime-VeUieV:  foU a Wime-VeUieV 
coYeUing a long peUiod of Wime, Whe WUendline iV miVVing foU Whe fiUVW 14 \eaUV, and can onl\ 
be deWeUmined Xp Wo 15 \eaUV befoUe Whe cXUUenW \eaU. 
 

WiWh UeVpecW Wo WhiV laVW bXlleW, Ze coXld e[Wend Whe 30-\eaU aYeUage WoZaUdV eiWheU end of Whe 
Wime-VeUieV b\ keeping Whe WUendline conVWanW WheUe (Vo iW iV VWill baVed on 30 \eaUV of daWa), oU XVe 

2 ThiV iV WUXe on JanXaU\ 1 of Whe 16Wh \eaU aW 00:00.  
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aYeUageV oYeU VhoUWeU Wime inWeUYalV, Zhich aUe leVV pUeciVe. In Whe foUmeU caVe, Whe WUendline lookV 
UaWheU aUWificial (aV if a decUeaVe oU incUeaVe VWopV neaU Whe end of Whe VeUieV). In Whe Vecond caVe, 
Whe WUendline Zill flXcWXaWe Zildl\ neaU Whe beginning and Whe end of Whe VeUieV, Zhich iV noW UealiVWic 
eiWheU. So neiWheU opWion iV aWWUacWiYe.  

2.2 LineaU WUend  
AnoWheU Vimple Za\ Wo UepUeVenW a WUendline iV aV a lineaU fXncWion plXV an offVeW; Whe offVeW and 
Vlope can be deWeUmined b\ leaVW-VTXaUeV UegUeVVion. 
 
VWUengWhV: 

Ɣ Vimple, 
Ɣ defined WhUoXghoXW Whe inWeUYal coYeUed b\ Whe Wime-VeUieV. 

 
ZeakneVVeV: 

Ɣ noW applicable in Whe Vame Za\ Wo all YaUiableV: foU e[ample, foU a nonnegaWiYe YaUiable (e.g. 
pUecipiWaWion), Whe WUendline mighW become negaWiYe (alWhoXgh WhiV VeemV an e[WUeme caVe), 

Ɣ noW locali]ed in Wime, 
Ɣ noW fle[ible,  
Ɣ doeV noW agUee ZiWh Whe climaWological conYenWion.  
Ɣ inYolYeV an aUbiWUaU\ choice (Whe WUendline mXVW be a lineaU fXncWion plXV an offVeW). 

2.3 GAM VmooWhing 
A GAM (geneUali]ed addiWiYe model) iV a fle[ible bXW VmooWh cXUYe, Zhich can folloZ an\ W\pe of 
VmooWh WUendline, if giYen enoXgh degUeeV of fUeedom. IW UepUeVenWV a choVen inYeUWible fXncWion of, 
Va\,  WempeUaWXUe (foU e[ample WempeUaWXUe iWVelf, oU iWV logaUiWhm) aV a lineaU combinaWion of 
VmooWh baViV fXncWionV plXV an offVeW (a Vpline). In Whe eVWimaWion of Whe coefficienWV (Whe ZeighWV of 
Whe baViV fXncWionV), Whe UoXghneVV of WhiV fXncWion (iWV mean-VTXaUe cXUYaWXUe) iV penali]ed in 
oUdeU Wo pUodXce a VmooWh fXncWion, and Wo enVXUe WhaW Whe VolXWion iV XniTXe. The VmooWhneVV 
dependV on a paUameWeU, Zhich can be eVWimaWed fUom Whe daWa (e.g. b\ REML; Vee Wood, 2011); 
WhiV ZoUkV UaWheU Zell in pUacWice. IW can happen WhaW Whe eVWimaWed WUend UedXceV Wo a Vimple lineaU 
WUend, if flXcWXaWionV in Whe daWa aUoXnd Whe lineaU WUend cannoW be diVWingXiVhed fUom noiVe.  
 
FiWWing a GAM UeTXiUeV an aVVXmpWion aboXW Whe diVWUibXWion fXncWion of Whe daWa; When Whe VmooWh 
fXncWion aboYe UepUeVenWV a (Wime-YaU\ing) paUameWeU of WhiV diVWUibXWion, foU e[ample Whe mean 
YalXe. In adYanced meWhodV, VeYeUal paUameWeUV of Whe diVWUibXWion can be UepUeVenWed b\ VmooWh 
fXncWionV, each ZiWh iWV oZn degUee of VmooWhneVV Zhich can be eVWimaWed. The VimpleVW and moVW 
fUeTXenWl\ XVed YeUVion iV foU a noUmal diVWUibXWion ZiWh conVWanW YaUiance bXW YaU\ing mean, Vo Whe 
onl\ VmooWh fXncWion Wo be eVWimaWed iV Whe fXncWion UepUeVenWing Whe mean YalXe. ThiV YeUVion can 
be Veen aV a leaVW-VTXaUeV eVWimaWoU, eYen if Whe daWa aUe noW noUmall\ diVWUibXWed condiWional on 
Whe WUendline. TheUefoUe, in WhiV aVpecW, iW iV conViVWenW ZiWh a local aYeUage (Zhich iV alVo a 
leaVW-VTXaUeV eVWimaWe).  
 
Spline VmooWhing iV UoXghl\ eTXiYalenW Wo Whe moUe familiaU KUiging meWhod; Whe eVWimaWion of Whe 
VmooWhneVV paUameWeUV in GAM UeplaceV Whe eVWimaWion of Whe coYaUiance fXncWion oU 
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VemiYaUiogUam pUioU Wo compXWaWion of Whe KUiging eVWimaWe (Whe eTXiYalence iV deVcUibed in 
Wahba, 1990). 
 
VWUengWhV: 

Ɣ defined WhUoXghoXW Whe inWeUYal coYeUed b\ Whe Wime-VeUieV, 
Ɣ fle[ible, 
Ɣ no VXbjecWiYe choice iV inYolYed (VmooWhneVV iV Velf-WXned). 

 
ZeakneVVeV: 

Ɣ noW Vimple (Whe lengWh\ e[planaWion aboYe iV VWill faU fUom compleWe) 
Ɣ noW locali]ed in Wime, 
Ɣ doeV noW agUee ZiWh conYenWion.  

 
AV foU lineaU UegUeVVion, Whe meWhod iV in pUinciple noW applicable in Whe Vame Za\ Wo all YaUiableV, 
aV Whe WUendline ma\ e[ceed boXndV on Whe YaUiable. HoZeYeU, becaXVe of Whe fle[ibiliW\ of a GAM 
WUendline, WhiV Zill noW ofWen occXU in pUacWice, and can be handled b\ impoVing Whe boXndV.  

2.4 Local pol\nomial UegUeVVion (LOESS VmooWhing) 
LOESS VmooWheUV haYe been popXlaU aV fle[ible WoolV foU eVWimaWing nonlineaU WUendlineV, ceUWainl\ 
befoUe Whe deYelopmenW of GAMV. A LOESS VmooWheU geneUali]eV Whe local aYeUage Wo a 
(ZeighWed) local lineaU oU (moUe geneUall\) local pol\nomial UegUeVVion (CleYeland and DeYlin, 
1988). In conWUaVW Wo GAM VmooWhing, iW haV Whe adYanWage of being locali]ed in Wime, jXVW like Whe 
local aYeUage.  
 
In facW, Whe WUendline eVWimaWe foU Whe midpoinW of a 30-\eaU inWeUYal obWained b\ XnZeighWed local 
lineaU UegUeVVion (a LOESS VmooWh of oUdeU 1 ZiWh XnifoUm ZeighWV) iV idenWical Wo Whe local 
aYeUage oYeU Whe 30-\eaU inWeUYal: in Whe midpoinW, Whe local lineaU UegUeVVion iV alZa\V eTXal Wo Whe 
aYeUage. TheUefoUe, Whe local lineaU UegUeVVion and Whe local aYeUage onl\ diffeU neaU Whe beginning 
and end of Whe Wime-VeUieV. TheUe, Whe lineaU UegUeVVion iV geneUall\ leVV biaVed Whan a conVWanW 
WUendline, and moUe VWable (leVV YaUiable) Whan aYeUageV oYeU incUeaVingl\ naUUoZ inWeUYalV. So 
local lineaU UegUeVVion ZiWh XnifoUm ZeighWV oYeU 30-\eaU inWeUYalV offeUV an effecWiYe Za\ Wo e[Wend 
Whe 30-\eaU aYeUageV WoZaUdV Whe beginning and Whe end of Whe Wime-VeUieV.  
 
SWandaUd implemenWaWionV of LOESS (e.g. loeVV in R) do noW XVe XnifoUm ZeighWV on Whe daWa oYeU 
an inWeUYal, bXW a fXncWion incUeaVing fUom ]eUo Wo iWV ma[imXm fUom Whe boXndaU\ WoZaUd Whe 
cenWUe. The VWandaUd choice iV Whe Vo-called WUicXbic fXncWion. FoU an inWeUYal  ofW /2, W /2][ 0 í d  0 + d  
ZidWh , iW iV giYen b\d  
 

;(W) ^0, 1 `f = PD[
 

 í (2_W _/d)í W0
3 3  

 
ThiV fXncWion iV dUaZn in Whe ne[W figXUe foU Whe caVe , .d = 2 W0 = 0   
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FigXUe: TUicXbic ZeighW fXncWion 
 
UVing VXch a VmooWh ZeighW fXncWion giYeV a WUendline ZiWh a VmooWh appeaUance. HoZeYeU, Wo 
obWain a WUendline ZiWh Whe Vame YaUiance aV Whe WUendline compXWed XVing a XnifoUm ZeighW 
fXncWion, Whe ZidWh  of Whe inWeUYal needV Wo be incUeaVed. AZa\ fUom Whe beginning and end of Whed  
Wime-VeUieV, WhiV ZidWh can be appUo[imaWed baVed on eT. (2.44) in LoadeU (1999). FoU Whe WUicXbic 
ZeighW fXncWion, a ZindoZ of 42 \eaUV giYeV Whe Vame YaUiance aV a 30-\eaU ZindoZ ZiWh XnifoUm 
ZeighWV. ThiV iV a modeVW incUeaVe, Vo Whe WUendline eVWimaWe iV VWill faiUl\ locali]ed: WUendline YalXeV 
foU 21 oU moUe \eaUV befoUe Whe end of Whe Wime-VeUieV Zill noW change in Whe fXWXUe. Applied Wo 
VeYeUal daWaVeWV, Whe WUendlineV compXWed XVing Whe WUicXbic ZeighW fXncWion appeaU Wo be cloVe Wo 
Whe 30-\eaU aYeUageV, bXW Vmall-Vcale ZiggleV in Whe 30-\eaU aYeUageV aUe VmooWhed, dXe Wo Whe 
conWinXiW\ of Whe WUicXbic ZeighW fXncWion; Vee Whe e[ampleV in ChapWeU 5.  
 
RegaUdleVV of ZheWheU XnifoUm oU WUicXbic ZeighWV aUe choVen, Whe Vpecific YeUVion of Whe lineaU 
LOESS WUendline deVcUibed aboYe haV Whe folloZing pUopeUWieV.  
 
VWUengWhV: 

Ɣ iW iV UelaWiYel\ Vimple (aZa\ fUom Whe beginning and end of Whe Wime-VeUieV, iW iV cloVe Wo Whe 
30-\eaU aYeUage) 

Ɣ Whe WUendline iV locali]ed in Wime 
Ɣ iW iV fle[ible (iW can appUo[imaWe an\ WUendline Vhape, aV long aV Whe WUendline iV VmooWh 

enoXgh),  
Ɣ iW agUeeV e[acWl\ oU appUo[imaWel\ ZiWh climaWological conYenWion (Vo Ze can UelaWe YalXeV Wo 

UepoUWed 30-\eaU aYeUageV) 
Ɣ no aUbiWUaU\ choice iV inYolYed (Whe fi[ed Wime Vcale agUeeV ZiWh conYenWion). 
Ɣ iW iV defined WhUoXghoXW Whe inWeUYal coYeUed b\ Whe Wime-VeUieV, and iV compXWed 

eYeU\ZheUe XVing Whe Vame algoUiWhm. 
Ɣ iW can be applied in Whe Vame Za\ Wo eYeU\ YaUiable (jXVW aV Whe 30-\eaU aYeUage), e[cepW 

poVVibl\ neaU Whe beginning and Whe end of Whe Wime-VeUieV (Vo foU boXnded YaUiableV, Vome 
meaVXUeV need Wo be Waken Wo enVXUe WhaW boXndV aUe UeVpecWed WheUe).  

 
The faYoXUable VcoUing on all cUiWeUia applieV Vpecificall\ Wo a Wime-VeUieV Vampled ZiWh a XnifoUm 
Wime VWep, and iV dXe Wo Whe facW WhaW Ze can fi[ Whe degUee of VmooWhing in oUdeU Wo appUo[imaWe a 
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30-\eaU aYeUage. WiWhoXW Whe cUiWeUion of agUeemenW Wo Whe conYenWion of a 30-\eaU aYeUage, Whe 
degUee of VmooWhing Wo be applied in Whe LOESS UegUeVVion ZoXld haYe Wo be choVen, and GAM 
(Zhich eVWimaWeV Whe degUee of VmooWhing fUom Whe daWa) ZoXld haYe one adYanWage oYeU LOESS.  
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3. PUopoVed meWhod 
 

BaVed on Whe cUiWeUia conVideUed aboYe, Whe meWhodV conVideUed aboYe ZoXld be Uanked aV 
folloZV (beginning ZiWh Whe moVW VXiWable meWhod): 
 

1. LineaU LOESS WUendline (ZiWh conVWanW ZeighW oYeU 30-\eaU inWeUYalV oU WUicXbic ZeighW oYeU 
42-\eaU inWeUYalV)  

2. 30-\eaU aYeUage 
3. GAM 
4. LineaU UegUeVVion. 

 
We haYe Veen WhaW Whe lineaU LOESS WUendline ZiWh pUopeUl\ choVen VeWWingV e[WendV Whe 30-\eaU 
aYeUage WUendline Wo Whe beginning and Whe end of Whe Wime-VeUieV eiWheU e[acWl\ oU appUo[imaWel\. 
TheUe aUe oWheU opWionV foU e[Wending Whe 30-\eaU aYeUage. A combinaWion of aYeUageV oYeU VhoUW 
inWeUYalV and GAM ZaV inYeVWigaWed. IW peUfoUmV UaWheU Zell, bXW noW aV Zell aV Whe lineaU LOESS 
WUendline ZiWh WUicXbic ZeighW oYeU a 42 \eaU ZindoZ. 
 
In SecWion 5.1, WUendlineV eVWimaWed on Vome Wime-VeUieV of dail\ mean, ma[imXm and minimXm 
WempeUaWXUe aUe VhoZn. TheVe WUendlineV aUe compXWed XVing Whe lineaU LOESS WUendline ZiWh 
WUicXbic ZeighW oYeU a 42 \eaU ZindoZ, Whe 30-\eaU aYeUage, and (foU WempeUaWXUe daWa) Whe GAM 
WUendline. The folloZing iV obVeUYed: 
 

1. The lineaU LOESS WUendline maWcheV Whe 30-\eaU aYeUageV cloVel\, bXW ZiWhoXW Whe ZiggleV 
in Whe laWWeU.  

2. In Vome caVeV, Whe GAM WUendline VZiWcheV UaWheU abUXpWl\ fUom a lineaU fiW Wo a nonlineaU fiW 
if addiWional daWa aUe added. ThiV iV noW Whe caVe ZiWh Whe LOESS WUendline: iW adapWV 
VmooWhl\ Wo neZ daWa.  

3. FXUWheUmoUe, a lineaU LOESS aV aboYe iV mXch moUe locali]ed in Wime Whan a GAM, Vo Whe 
WUendline YalXe iV eYenWXall\ fi[ed, Xnlike Whe GAM WUendline.  

 
FXUWheUmoUe, in SecWion 5.2, lineaU LOESS WUendlineV ZiWh WUicXbic ZeighW oYeU a 42 \eaU ZindoZ 
fiWWed Wo annXal ma[ima of dail\ pUecipiWaWion aUe VhoZn. DeVpiWe Whe high VkeZneVV of WheVe daWa, 
Whe LOESS WUendlineV aUe VmooWh bXW maWch Whe 30-\eaU aYeUageV cloVel\.  
 
BaVed RQ Whe LQfRUPaWLRQ LQ WhLV dRcXPeQW aQd fXUWheU dLVcXVVLRQV, Whe ORcaOO\ OLQeaU 
(LOESS) OeaVW-VTXaUeV UegUeVVLRQ ZLWh WULcXbLc ZeLghW RYeU a 42 \eaU WLPe LQWeUYaO LV 
VeOecWed aV Whe VWaQdaUd PeWhRd fRU deWeUPLQLQg a WUeQdOLQe fURP a WLPe-VeULeV. 
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4. AddiWional deWailV on Whe lineaU LOESS WUendline 

4.1 Simple deVcUipWion of Whe WUendline meWhod 
The lineaU LOESS WUendline ZiWh WUicXbic ZeighW oYeU a 42-\eaU Wime inWeUYal coXld be deVcUibed in 
Vimple WeUmV Wo a geneUal aXdience aV ³SmooWh WUendline appUo[imaWing a 30-\eaU UXnning 
aYeUage´ . 3

 
Technical deVcUipWion: local lineaU leaVW VTXaUeV UegUeVVion (LOESS) ZiWh WUicXbic ZeighW fXncWion 
oYeU a 42-\eaU ZindoZ. SWandaUd UefeUenceV aUe CleYeland and DeYlin (1988) and LoadeU (1999). 

4.2 ImplemenWaWion 
A fUeTXenWl\ XVed implemenWaWion iV ​hWWp://ZZZ.neWlib.oUg/a/dloeVV​. IW iV made aYailable in Whe R 
coUe aV Whe fXncWion loeVV.R, Zhich callV a libUaU\ fXncWion.  
 
The VWandaUd paUameWeU VeWWingV foU loeVV.R aUe noW VXiWable (Whe\ inYolYe appUo[imaWionV Zhich 
aUe noW needed).  GiYen WhaW Whe \eaUV aUe VWoUed in a YecWoU W and Whe YalXeV of Whe YaUiable of 
inWeUeVW aUe VWoUed in a YecWoU \. Then Whe coUUecW call Wo loeVV.R iV: 
 
cRQWURO <- ORHVV.cRQWURO(VXUIacH = "dLUHcW", VWaWLVWLcV= "H[acW") 
VSaQ <- 42/OHQJWK(W) 
PdO <- ORHVV(\aW, daWa= daWa.IUaPH(W= W, \=\), VSaQ= VSaQ, dHJUHH= 1, cRQWURO= 
cRQWURO) 
SUH <- SUHdLcW(PdO, QHZdaWa= daWa.IUaPH(W= W), VH= TRUE)$ILW 
 
NoZ Whe WUendline YalXeV aUe foXnd in pUe$fiW, and Whe VWandaUd deYiaWionV of Whe WUendline YalXeV 
aUe foXnd in pUe$Ve.fiW. NoWe: Whe ³famil\´ aUgXmenW of loeVV.R iV VeW Wo ³gaXVVian´ b\ defaXlW, Vo iW 
doeV noW need Wo be Vpecified.  
 
FoU Whe pXUpoVe of WUendline compXWaWion aW KNMI, a ZUappeU called climaWUend.R iV ZUiWWen Zhich 
WakeV caUe of Whe paUameWeU VeWWingV, compXWeV confidence limiWV (Vee SecWion 4.4) and opWionall\, 
caUUieV oXW a WeVW of Whe WUend (Vee SecWion 4.5). 

4.3 CompXWaWion of Whe WUendline neaU Whe beginning and end of Whe Wime-VeUieV 
Ke\ Wo Whe VWabiliW\ of Whe LOESS WUendline neaU boWh endV of Whe Wime-VeUieV iV WhaW LOESS alZa\V 
XVeV Whe Vame nXmbeU of daWa poinWV foU Whe local UegUeVVion. In oXU caVe, ZiWh a 42-\eaU ZindoZ 
and annXal YalXeV, WhiV iV 42. FoU an inVWanW of Wime  neaU Whe Va\ (end) of Whe Wime-VeUieV, WheW  
WUendline iV compXWed fUom daWa ZiWhin a 42-\eaU inWeUYal Zhich iV noW cenWUed aW . In WhaW caVe, WheW  
lineaU WeUm in Whe local UegUeVVion model becomeV impoUWanW. HoZeYeU, Whe ZeighW fXncWion iV VWill 
cenWUed aW  (iW iV cXW-off aW Whe end of Whe VeUieV and VWUeWched Wo coYeU Whe 42 \eaUV). TheUefoUe,W  
Whe WUendline iV appUo[imaWel\, bXW noW e[acWl\ lineaU neaU Whe end of Whe Wime-VeUieV. In pUacWice, 
WhiV offeUV a good compUomiVe beWZeen biaV and YaUiabiliW\.  

3 In DXWch, foU e[ample: ³Gladde WUendlijn, bij benadeUing heW 30-jaaU lopend gemiddelde´. 
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4.4 Confidence inWeUYalV  
Confidence inWeUYalV aUe a Za\ Wo VhoZ Whe effecW of VhoUW-WeUm flXcWXaWionV in Whe daWa on Whe 
compXWed WUendline, Zhen WheVe flXcWXaWionV aUe UegaUded aV aUbiWUaU\ (Whe\ coXld haYe been 
diffeUenW, in YieZ of Whe chaoWic naWXUe of ZeaWheU). FoU Whe compXWaWion of confidence inWeUYalV, iW iV 
aVVXmed WhaW VXcceVViYe deYiaWionV fUom Whe WUendline in Whe Wime-VeUieV aUe XncoUUelaWed. ThiV 
ma\ noW be e[acWl\ WUXe, bXW foU Whe pXUpoVe of deWeUmining Whe pUeciVion of Whe local WUendline of 
an annXall\ Vampled meWeoUological YaUiable in EXUope, iW VeemV Wo be adeTXaWe (VpecWUa foU Wime 
VcaleV beloZ 50 \eaUV Wend Wo be UaWheU flaW, deVpiWe phenomena like NAO).  
 
The confidence inWeUYalV aUe V\mmeWUic, and baVed on Whe noUmal appUo[imaWion of eUUoUV in Whe 
local WUendline, compXWed in Whe XVXal manneU foU ZeighWed lineaU UegUeVVion. UVing a 42-\eaU 
ZindoZ and WUicXbic ZeighW fXncWion Wo compXWe Whe WUendline aW moUe Whan 21 \eaUV fUom eiWheU 
end, Whe WUendline iV jXVW a ZeighWed aYeUage oYeU 42 \eaUV (coUUeVponding Wo an XnZeighWed 
aYeUage oYeU 30 daWa poinWV; Vee ChapWeU 3), Vo a noUmal appUo[imaWion of Whe diVWUibXWion of WhiV 
aYeUage iV geneUall\ conVideUed accepWable.  
 
To check WhiV, WeVWV ZiWh independenW VWandaUd lognoUmal Uandom YaUiableV ZeUe caUUied oXW. The 
WUendline iV flaW in WhiV caVe, and eTXal Wo Whe mean YalXe 1.65 of Whe VWandaUd lognoUmal 
diVWUibXWion. The lognoUmal diVWUibXWion iV highl\ VkeZed, Zhich WendV Wo VkeZ Whe WUXe confidence 
inWeUYal. AV WeVW daWa, 100,000 Wime-VeUieV of 100 YalXeV ZeUe VimXlaWed, fUom Zhich Whe lineaU 
LOESS WUendlineV ZeUe eVWimaWed ZiWh WheiU confidence inWeUYalV.  
 
The ne[W figXUe VhoZV Whe VimXlaWed mean of Whe eVWimaWed WUendlineV (fXll) and Whe 2.5% and 
97.5% TXanWileV of Whe eVWimaWed WUendlineV (daVhed). The laWWeU can be UegaUded aV Whe e[acW 
2-Vided 95%-confidence limiWV. In blXe, Whe mean YalXeV of Whe 95%-confidence limiWV eVWimaWed 
fUom Whe LOESS WUendline and iWV VWandaUd deYiaWion XndeU Whe noUmal appUo[imaWion (blXe) aUe 
VhoZn. 
 
We can Vee WhaW WheUe iV an eUUoU, bXW iW iV noW laUge (7%-8% foU boWh limiWV in Whe cenWUal paUW of Whe 
Wime-VeUieV). In facW, Whe coYeUage pUobabiliW\ (Whe pUobabiliW\ WhaW Whe WUXe WUendline iV in Whe 
eVWimaWed confidence inWeUYal) iV 93%-94% oYeU Whe enWiUe lengWh of Whe Wime-VeUieV. CompaUed Wo 
Whe ideal YalXe of 95%, WhiV iV e[cellenW.  
 
Since Whe lognoUmal diVWUibXWion iV UaWheU VWUongl\ VkeZed, Ze can conclXde WhaW Whe confidence 
inWeUYalV compXWed fUom LOESS combined ZiWh Whe noUmal appUo[imaWion aUe fiW foU pXUpoVe. AV an 
alWeUnaWiYe, Ze coXld XVe a VophiVWicaWed biaV-coUUecWing YeUVion of booWVWUapping foU eVWimaWing 
confidence limiWV. HoZeYeU, in YieZ of Whe good coYeUage pUobabiliW\ in Whe e[ample and Whe 
limiWaWionV of booWVWUap meWhodV, WhiV iV noW ZoUWh Whe effoUW.  
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FigXUe: E[acW confidence limiWV (daVhed) and aYeUage of eVWimaWed confidence limiWV (blXe) foU Whe lineaU LOESS WUendline 

ZiWh WUicXbic ZeighW oYeU a 42-\eaU ZindoZ. Confidence leYel iV 95%. See alVo We[W. 

4.5 TeVWing foU abVence of a WUend 
TeVWing foU ³abVence of a WUend´ (i.e., WeVWing of Whe pUopoViWion of no long-WeUm change) iV beVW 
done baVed on Whe compXWed WUendline YalXeV and  foU WZo Zidel\ VepaUaWed \eaUV and)\(W1 )\(W2 W1  

 PUefeUabl\, boWh \eaUV aUe noW Woo cloVe Wo Whe beginning oU Whe end of Whe Wime-VeUieV, ZheUe.W2  
Whe WUendline iV moUe accXUaWe. The e[acW choice of WheVe \eaUV VhoXld be made ZiWhoXW 
conVideUing Whe acWXal daWa oU Whe WUendline eVWimaWe.  
 
Then Whe VWandaUd deYiaWionV of Whe LOESS  WUendline eVWimaWeV and Whe noUmal appUo[imaWion of 
eUUoUV in Whe WUendline eVWimaWeV can be XVed foU WeVWing Whe pUopoViWion WhaW Whe diffeUence beWZeen 
Whe WUendline YalXeV in WheVe \eaUV iV ]eUo. If Whe gap beWZeen Whe \eaUV and  iV Zide enoXgh,W1 W2  
Whe WZo WUendline YalXeV and can be WUeaWed aV independenW, and WheiU  diffeUence iV)\(W1 )\(W2  
appUo[imaWel\ noUmal ZiWh mean ]eUo and YaUiance eTXal Wo Whe VXm of Whe YaUianceV of Whe WZo 
WUendline eVWimaWeV. TheUefoUe, Ze can eaVil\ compXWe Whe p-YalXe : Whe pUobabiliW\ of obWaining ap  
diffeUence Zhich iV aW leaVW aV laUge in magniWXde aV haV been obVeUYed. IW iV giYen b\) (W )\(W2 í \ 1  
 

^1 (T )`p = 2 í ĭ ZiWh  ,=T : _\(W )í\(W )_2 1

ı +ı )¥( 2
2

 
1

2
 

 
in Zhich iV Whe WUendline eVWimaWe, iV Whe VWandaUd noUmal (cXmXlaWiYe) diVWUibXWion fXncWion, and\ ĭ  

and  aUe Whe VWandaUd deYiaWionV of​ and , UeVpecWiYel\.ı1 ı2 )\(W1 )\(W2  
 
The p-YalXe VhoXld be UegaUded aV a baVic meWUic of compaWibiliW\ beWZeen Whe daWa and Whe 
pUopoViWion of no long-WeUm change, Waking flXcWXaWionV in Whe daWa inWo accoXnW. The WUendline VcUipW 
conWainV Whe opWion Wo compXWe WhiV p-YalXe foU WZo VelecWed \eaUV and .W1 W2   
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AlWeUnaWiYel\, Ze coXld compXWe a one-Vided p-YalXe, Wo WeVW Whe pUopoViWion of no (long-WeUm) 
change againVW Whe Vpecific alWeUnaWiYe of a poViWiYe WUend, oU a negaWiYe WUend (in Whe foUmeU caVe, 
foU e[ample, Whe p-YalXe iV​  ZiWh ​ ) . HoZeYeU, Wo aYoid(T )  p+ = 1 í ĭ + = \(W ) (W )`/(ı )  T + : ^ 2 í \ 1 2

2 + ı1
2 1/2  

WeVWing mXlWiple pUopoViWionV VimXlWaneoXVl\ oU VeTXenWiall\, Zhich iV moUe complicaWed if done 
pUopeUl\, iW iV Uecommended Wo WeVW onl\ Whe Vimple pUopoViWion of no change againVW iWV negaWion. 
FoU Whe Vame UeaVon, iW makeV liWWle VenVe Wo compXWe p-YalXeV foU a Uange of \eaUV. TheUefoUe, Whe 
Vimple WZo-Vided WeVW foU giYen YalXeV of and  iV implemenWed in de code in SecWion 6.1.W1 W2   
 
A check of Whe pUocedXUe on Whe lognoUmal daWa of Whe pUeYioXV paUagUaph, compaUing YalXeV aW 

 and  giYeV e[cellenW UeVXlWV;  Whe VimXlaWed p-YalXeV maWch Whe e[acW oneV almoVW0W1 = 2 0,W2 = 8  
peUfecWl\. ThiV iV paUWl\ e[plained b\ Whe facW WhaW biaV in Whe confidence limiWV iV appUo[imaWel\ 
XnifoUm oYeU Whe Wime-VeUieV (Vee pUeYioXV figXUe), Vo WhiV eUUoU iV laUgel\ cancelled Zhen Waking Whe 
diffeUence beWZeen  and .(W )\ 2 (W )\ 1   
 
To enVXUe independence of Whe WUendline eVWimaWeV foU Whe \eaUV  and , and  VhoXld ideall\W1 W2 W1 W2  
be VepaUaWed b\ moUe Whan 42 \eaUV (Whe ZidWh of Whe LOESS ZindoZ). HoZeYeU, in checkV on 
lognoUmal daWa, a Vpacing of 30 \eaUV (Whe ³effecWiYe ZidWh´ of Whe LOESS ZindoZ) appeaUV Wo be 
VXfficienW in pUacWice. ThiV UemainV Vo eYen if iV cloVe Wo Whe beginning, oU  iV cloVe Wo Whe endW1 W2  
of Whe Wime-VeUieV. HoZeYeU, iW iV Uecommended Wo keep and aZa\ fUom Whe beginning and endW1 W2  
of Whe Wime-VeUieV, if poVVible, aV WhiV giYeV VomeZhaW beWWeU peUfoUmance of Whe WeVW.  
 

4.6 CommXnicaWing Whe oXWcome of Whe WUend WeVW 
To commXnicaWe a p-YalXe in pXblicaWionV aimed aW a geneUal aXdience, iW iV Uecommended Wo keep 
Whe langXage Vimple and non-Wechnical (eYen man\ VcienWiVWV do noW pUopeUl\ XndeUVWand VWaWiVWical 
WeVWing, and ³VWaWiVWical Vignificance´ iV a highl\ TXeVWionable concepW foU man\ UeaVonV). If Whe 
p-YalXe iV Vmall (e.g. < 0.05), Ze coXld Va\ ³Whe daWa indicaWe a long-WeUm incUeaVe (oU decUeaVe) in 
WempeUaWXUe of 1.2 degUeeV beWZeen 1950 and 2019´. If Whe p-YalXe iV noW WhaW Vmall, When Ze coXld 
Va\ ³Whe daWa indicaWe liWWle long-WeUm change in WempeUaWXUe beWZeen 1950 and 2019´ (in Whe laWWeU 
caVe, Whe WempeUaWXUe diffeUence doeV noW need Wo be menWioned). FoU WhoVe familiaU ZiWh VWaWiVWical 
WeVWing, Whe p-YalXe ma\ be TXoWed in Whe foUm ³(p= 0.013)´. HoZeYeU, iW iV noW adYiVable Wo WU\ Wo 
e[plain Whe concepW of a p-YalXe in Vimple WeUmV Wo Whe geneUal aXdience.  
 
TheUe iV no ³magic WhUeVhold´ foU Whe p-YalXe Zhich alloZV XV Wo confidenWl\ UejecW oU confiUm Whe 
h\poWheViV of no change. ThiV iV noW Ueall\ a pUoblem aV long aV Ze XVe caXWioXV langXage aV 
VXggeVWed aboYe Wo commXnicaWe Whe UeVXlW, and aYoid WeUmV like ³VignificanW´ Zhich giYe a falVe 
impUeVVion of ceUWainW\. AnoWheU UeaVon foU XVing caXWioXV langXage iV WhaW noW all aVVXmpWionV 
XndeUl\ing Whe WeVW ma\ be VWUicWl\ Yalid.  
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5. E[ampleV 

5.1 TUendlineV foU WempeUaWXUe  
To compaUe meWhodV, VeYeUal WUendlineV foU Whe annXal mean WempeUaWXUe aW de BilW aUe VhoZn 
beloZ. The panel on Whe lefW VhoZV 30-\eaU aYeUageV. In Whe cenWUe, Ze Vee Whe GAM WUendline, 
and on Whe UighW, Whe local lineaU (LOESS) WUendline ZiWh WUicXbic ZeighW fXncWion oYeU 42-\eaU 
inWeUYalV.  
 

FigXUe 1: WUendlineV foU annXal mean WempeUaWXUe aW de BilW: moYing aYeUageV (lefW), GAM VmooWh (cenWUe), and lineaU 
LOESS VmooWh ZiWh 95% confidence inWeUYal (UighW). 
 
IW iV impoUWanW hoZ Whe WUendline changeV Zhen daWa aUe added aW Whe end of Whe Wime-VeUieV. ThiV iV 
VhoZn in Whe ne[W figXUeV.  
 

 
FigXUe 2: Same, bXW foU Whe fiUVW 80 \eaUV. 
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FigXUe 3: Same, bXW foU Whe fiUVW 90 \eaUV. 
 

 
FigXUe 4: Same, bXW foU Whe fiUVW 95 \eaUV. 
 

 
FigXUe 5: Same, bXW foU Whe fiUVW 100 \eaUV. 
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BeloZ, Whe Vame UeVXlWV aUe VhoZn foU Whe ​ annXal mean of dail\ minimXm WempeUaWXUe ​. 
 

 
FigXUe 6: WUendlineV foU annXal mean of dail\ minimXm WempeUaWXUe aW de BilW: moYing aYeUageV (lefW), GAM VmooWh 
(cenWUe), and LOESS VmooWh ZiWh 95% confidence inWeUYal (UighW). 
 

 
FigXUe 7: Same, bXW foU Whe fiUVW 80 \eaUV. 
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FigXUe 8: Same, bXW foU Whe fiUVW 90 \eaUV. 
 

 
FigXUe 9: Same, bXW foU Whe fiUVW 95 \eaUV. 
 

FigXUe 10: Same, bXW foU Whe fiUVW 100 \eaUV.  
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The folloZing UeVXlWV aUe foU​ Whe annXal mean of dail\ ma[imXm WempeUaWXUe ​: 
 

 
FigXUe 11: annXal meanV of dail\ ma[imXm WempeUaWXUe aW de BilW: moYing aYeUageV (lefW), GAM VmooWh (cenWUe), and  
LOESS VmooWh ZiWh 95% confidence inWeUYal (UighW). 
 

 
FigXUe 12: Same, bXW foU Whe fiUVW 80 \eaUV. 
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FigXUe 13: Same, bXW foU Whe fiUVW 90 \eaUV. 
 

 
FigXUe 14: Same, bXW foU Whe fiUVW 95 \eaUV. 
 

 
FigXUe 15: Same, bXW foU Whe fiUVW 100 \eaUV. 
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We can Vee Whe folloZing: 
 

1. The lineaU LOESS WUendline maWcheV Whe 30-\eaU aYeUageV cloVel\ ZiWhoXW Whe ZiggleV in 
Whe laWWeU.  

2. In Vome caVeV, GAM VZiWcheV UaWheU abUXpWl\ fUom a lineaU fiW Wo a nonlineaU fiW if addiWional 
daWa aUe added: compaUe FigXUeV 3 and 4 (cenWUe) and FigXUeV 13 and 14 (cenWUe). 

3. ThiV iV noW Whe caVe ZiWh Whe LOESS VmooWheU: Whe WUendline adapWV VmooWhl\ Wo neZ daWa, 
Zhile Xp Wo 21 \eaUV befoUe Whe laVW \eaU of daWa XVed in Whe fiW, Whe WUendline UemainV fi[ed. 
ThiV diffeUence in behaYioXU iV aV e[pecWed: a lineaU LOESS WUendline iV mXch moUe 
locali]ed in Wime Whan a GAM, Vo Whe WUendline YalXe iV eYenWXall\ fi[ed, Xnlike Whe GAM 
WUendline.  

 

5.2 TUendlineV foU Whe annXal ma[imXm of pUecipiWaWion 
Finall\, foU annXal ma[ima of 24-hoXU pUecipiWaWion aW VeYeUal Uandoml\ choVen ECA&D VWaWionV 
(Vee hWWpV://ZZZ.ecad.eX), WUendline eVWimaWeV compXWed XVing Whe Vame LOESS VmooWheU (blXe) 
aUe VhoZn.  AlVo VhoZn aUe Whe 30-\eaU aYeUageV (black poinWV). NoWe hoZ LOESS VmooWheV Whe 
ZiggleV in Whe 30-\eaU aYeUageV.  
 
 

 
FigXUe 16: TUendlineV of annXal ma[ima of 24-hoXU pUecipiWaWion (mm) aW eighW ECA&D VWaWionV: LOESS VmooWh ZiWh 95% 
confidence inWeUYal (blXe) and UXnning 30-\eaU aYeUage (black doWV) (conWinXed on ne[W page). 
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FigXUe 16: ConWinXed fUom laVW page. 

20 



 

6. ​Code foU VWandaUd WUendline compXWaWion and WeVWing 

6.1 GeneUal 
The VWandaUd WUendline meWhod iV implemenWed in  Whe R-fXncWion ​cOLPaWUHQd.R ​, bXW iW can alVo 
be UXn diUecWl\ fUom Whe linX[ oU WindoZV command line, pUoYided WhaW R iV inVWalled on Whe V\VWem.  
 
The code iV diVWUibXWed in Whe package ³TUendKNMI´ aW GiWLab aW  
 
KWWSV://JLWOab.cRP/cHHV.dH.YaON/WUHQd_NQPL.JLW 
 
YoX can Vimpl\ XVe Whe doZnload bXWWon (ne[W Wo Whe blXe Clone bXWWon) Wo doZnload Whe code and 
Xn]ip iW inWo a foldeU (R XVeUV: don¶W WU\ Wo inVWall iW aV a foUmal package, becaXVe iW iV noW).  
 
AV an alWeUnaWiYe, Whe YeUVion of NoYembeU 2020 iV pUinWed in SecWion 6.4; Whe modXleV can be 
copied Wo We[W fileV Zhich aUe giYen Whe pUopeU file nameV and VWoUed WogeWheU in a foldeU. FXUWheU 
inVWUXcWionV folloZ beloZ.  

6.2 RXn WUendline compXWaWion in a linX[ WeUminal 
R mXVW be inVWalled on \oXU V\VWem. If \oX W\pe ​R ​ in a WeUminal, \oX VhoXld Vee infoUmaWion aboXW 
Whe R YeUVion eWc.; \oX can TXiW R b\ W\ping ​T() ​.  
 
To compXWe Whe WUendline, \oX UXn a command of Whe foUm 
 
RVcULSW UXQWUHQd.R daWaILOH RSWLRQ1 RSWLRQ2 .... 
 
fUom Whe foldeU ZheUe de R code iV VWoUed. DeWailed inVWUXcWionV on XVage aUe foXnd in Whe headeU 
of Whe file ​UXQWUHQd.R ​ Zhich can be Uead XVing a We[W ediWoU oU YieZeU; Vee SecWion 6.4.  
 
The inpXW daWa (conWaining \eaUV and annXal YalXeV) needV Wo be VWoUed in a .cVY file. The oXWpXW iV 
in a .cVY file ZiWh Whe Vame name aV Whe inpXW file, bXW ZiWh ​WUHQd_ ​  aWWached Wo Whe fUonW; iW iV 
VaYed Wo Whe foldeU conWaining Whe inpXW file. If a ploW iV UeTXeVWed, a .png image iV UeWXUned ZiWh Whe 
Vame name aV Whe oXWpXW .cVY file.  

6.3 RXn WUendline compXWaWion in a WindoZV command ZindoZ 
R mXVW be inVWalled on \oXU V\VWem . If inVWalled, R VhoXld be pUeVenW in Whe WindoZV VWaUW menX.  4

 
FiUVW \oX open a command ZindoZ (b\ clicking on Whe VWaUW bXWWon and W\ping ​cPd ​). Then \oX 
naYigaWe Wo Whe foldeU conWaining Whe code. IW conWainV a baWch file (​UXQWUHQd.baW ​) Zhich needV Wo 
be configXUed XVing a We[W ediWoU in oUdeU Wo XVe iW. InVWUXcWionV aUe in Whe file headeU. Ne[W, \oX UXn 
a command of Whe foUm  

4 FoU KNMI VWaff: if R iV noW inVWalled, SSC CampXV ma\ inVWall iW on \oXU UeTXeVW. 
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UXQWUHQd.baW daWaILOH RSWLRQ1 RSWLRQ2 .... 
 
Wo compXWe a WUendline. DeWailed inVWUXcWionV on XVage aUe foXnd in Whe headeU of Whe file 
UXQWUHQd.R ​ Zhich can be Uead XVing a We[W ediWoU oU YieZeU; Vee SecWion 6.4.  
 
The inpXW daWa (conWaining \eaUV and annXal YalXeV) needV Wo be VWoUed in a .cVY file. The oXWpXW iV 
in a .cVY file ZiWh Whe Vame name aV Whe inpXW file, bXW ZiWh ​WUHQd_ ​  aWWached Wo Whe fUonW; iW iV 
VaYed Wo Whe foldeU conWaining Whe inpXW file. If a ploW iV UeTXeVWed, a .png image iV UeWXUned ZiWh Whe 
Vame name aV Whe oXWpXW .cVY file.  

6.4 RXn in an R enYiUonmenW 
The fXncWion ​cOLPaWUHQd.R ​ can be XVed ZiWhin an R enYiUonmenW ZheUe Whe daWa aUe alUead\ 
pUeVenW. See Whe headeU foU fXUWheU deWailV of iWV XVage.  
 
FoU Whe applicaWion XVing file I/O, Vee XndeU 6.2 oU 6.3 aboYe. In facW, ​UXQWUHQd.R ​ can alVo be 
XVed in Whe R conVole, bXW iW needV Wo be adjXVWed (\oX need Wo commenW oXW Whe line conWaining 
aUJ = cRPPaQdAUJV(WUaLOLQJOQO\= TRUE) ​ and ZUiWe Whe filename and opWionV Wo a VWUing 
YecWoU called ​aUJ ​ befoUe UXnning  ​UXQWUHQd.R ​).  

6.5 Code of Whe YeUVion of NoYembeU 2020 
To XVe Whe code pUinWed beloZ, cop\ iW inWo a We[W file and VaYe iW aV ​cOLPaWUHQd.R. ​IW iV 
Uecommended Wo doZnload Whe code fUom ​JLWOab.cRP/cHHV.dH.YaON/WUHQd_NQPL.JLW 
inVWead.  
 
#' @QaPH  cOLPaWUHQd 
#' 
#' @WLWOH cOLPaWUHQd 
#' 
#' @dHVcULSWLRQ FLW a WUHQdOLQH WR aQ aQQXaOO\ VaPSOHd WLPH-VHULHV b\ ORcaO OLQHaU UHJUHVVLRQ 
(LOESS) 
#' 
#' @SaUaP W \HaUV, LQcUHaVLQJ b\ 1 (dRXbOH(Q)) 
#' @SaUaP \ aQQXaO YaOXHV; PLVVLQJ YaOXHV aV bOaQNV aUH aOORZHd QHaU bHJLQQLQJ aQd HQd 
(dRXbOH(Q)) 
#' @SaUaP S (RSWLRQaO) cRQILdHQcH OHYHO IRU HUURU bRXQdV (dHIaXOW: 0.95)) (dRXbOH) 
#' @SaUaP W1 (RSWLRQaO) ILUVW \HaU IRU ZKLcK WUHQdOLQH YaOXH LV cRPSaUHd LQ WHVW (dRXbOH) 
#' @SaUaP W2 (RSWLRQaO) VHcRQd \HaU (VHH W1) 
#' @SaUaP \bRXQdV (RSWLRQaO) ORZHU/XSSHU bRXQd RQ YaOXH UaQJH RI \ (dHIaXOW: c(-IQI, IQI)) 
(dRXbOH(2)) 
#' @SaUaP dUaZSORW (RSWLRQaO): FALSE/TRUE RU OabHO RQ \-a[LV (dHIaXOW: FALSE) (ORJLcaO RU 
cKaUacWHU) 
#' @SaUaP dUaZ30 (RSWLRQaO): add 30-\HaU PRYLQJ aYHUaJHV WR SORW (dHIaXOW: FALSE) (ORJLcaO). 
#' 
#' @XVaJH VaOXH <- cOLPaWUHQd(W, \, S, W1, W2, \bRXQdV, dUaZSORW, dUaZ30) 
#' 
#' @UHWXUQ A OLVW, ZLWK PHPbHUV: 
#'   \LWHP^W`^\HaUV` 
#'   \LWHP^WUHQd`^WUHQdOLQH LQ \ IRU \HaUV LQ W` 
#'   \LWHP^S`^cRQILdHQcH OHYHO` 
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#'   \LWHP^WUHQdXbRXQd`^ORZHU cRQILdHQcH OLPLW` 
#'   \LWHP^WUHQdObRXQd`^XSSHU cRQILdHQcH OLPLW` 
#'   \LWHP^aYHUaJHW`^cHQWUaO YaOXH RI W LQ a 30-\HaU LQWHUYaO` 
#'   \LWHP^aYHUaJH\`^30-\HaU aYHUaJH RI \` 
#'   \LWHP^aYHUaJH\Vd`^VWaQdaUd dHYLaWLRQ RI aYHUaJHW` 
#'   \LWHP^W1`^ILUVW \HaU IRU ZKLcK WUHQdOLQH YaOXH LV cRPSaUHd LQ WHVW` 
#'   \LWHP^W2`^VHcRQd \HaU IRU ZKLcK WUHQdOLQH YaOXH LV cRPSaUHd LQ WHVW` 
#'   \LWHP^SYaOXH RI WHVW RI QR ORQJWHUP cKaQJH` 
#' 
#' @dHWaLOV 
#'   TKH WUHQdOLQH caQ bH UHJaUdHd aV aQ aSSUR[LPaWLRQ RI a 30-\HaU aYHUaJH, ZKLcK KaV a VPRRWK 
#'   aSSHaUaQcH aQd LV H[WHQdHd WRZaUd WKH bHJLQQLQJ aQd HQd RI WKH WLPH-VHULHV. 
#' 
#'   IW LV baVHd RQ OLQHaU ORcaO UHJUHVVLRQ, cRPSXWHd XVLQJ WKH R-IXQcWLRQ ORHVV. 
#'   IW XVHV a bLcXbLc ZHLJKW IXQcWLRQ RYHU a 42-\HaU ZLQdRZ. IQ WKH cHQWUaO SaUW 
#'   RI WKH WLPH-VHULHV, WKH YaULaQcH RI WKH WUHQdOLQH HVWLPaWH LV aSSUR[LPaWHO\ HTXaO WR 
#'   WKH YaULaQcH RI a 30-\HaU aYHUaJH. 
#' 
#'   TR WHVW WKH SURSRVLWLRQ RI QR ORQJ-WHUP cKaQJH bHWZHHQ WKH \HaUV W1 aQd W2, WKHVH \HaUV 
#'   QHHd WR bH VXSSOLHd. TKH UHVXOW LV WKH S-YaOXH: WKH SURbabLOLW\ (XQdHU WKH SURSRVLWLRQ) 
#'   WKaW WKH HVWLPaWHd WUHQdOLQH YaOXHV LQ W2 aQd W1 dLIIHU PRUH WKaQ RbVHUYHd. 
#' 
#'   YHUVLRQ: 26-NRY-2020 
#' 
#' @UHIHUHQcHV 
#' KNMI THcKQLcaO UHSRUW TR-389 (VHH KWWS://bLbOLRWKHHN.NQPL.QO/NQPLSXbTR/TR389.SdI) 
#' 
#' @aXWKRU CHHV dH VaON \HPaLO^cHHV.dH.YaON@NQPL.QO` 
#' 
#' @H[SRUW 
cOLPaWUHQd <- IXQcWLRQ(W, \, S, W1, W2, \bRXQdV, dUaZSORW, dUaZ30) 
^ 
  # IL[Hd SaUaPHWHUV 
  ZLdWK <- 42 
  cRQWURO <- ORHVV.cRQWURO(VXUIacH = "dLUHcW", VWaWLVWLcV= "H[acW", 
                           LWHUaWLRQV= 1) 
  # cKHcN LQSXW 
  # W aQd \ 
  LI (PLVVLQJ(W) _ PLVVLQJ(\)) ^ 
    OLVW() 
    VWRS("W RU \ PLVVLQJ.") 
  ` 
  LI (OHQJWK(W)< 3 _ OHQJWK(\)!= OHQJWK(W)) ^ 
    OLVW() 
    VWRS("W aQd \ aUUa\V PXVW KaYH HTXaO OHQJWKV JUHaWHU WKaQ 2.") 
  ` 
  # cKHcN LQSXW 
  LI (aQ\(LV.Qa(W)) _ VXP(!LV.Qa(\))< 3) ^ 
    OLVW() 
    VWRS("W RU \ cRQWaLQ WRR PaQ\ NA.") 
  ` 
 
  # S 
  LI (PLVVLQJ(S)) ^ 
    S <- NA 
  ` 
  LI (OHQJWK(S)!= 1) ^ 
    S <- NA 
  ` 
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  LI (LV.Qa(S) _ !(S> 0 & S< 1)) ^ 
    S <- 0.95   # dHIaXOW cRQILdHQcH OHYHO 
  ` 
  # W1 aQd W2 
  LI (PLVVLQJ(W1) _ PLVVLQJ(W2)) ^ 
    W1 <- IQI; W2 <- -IQI 
  ` 
  LI (OHQJWK(W1)!= 1 _ OHQJWK(W2)!= 1) ^ 
    W1 <- IQI; W2 <- -IQI 
  ` 
  LI (LV.Qa(W1) _ LV.Qa(W2)) ^ 
    W1 <- IQI; W2 <- -IQI 
  ` 
  # \bRXQdV 
  \bRXQdV0 <- c(-IQI, IQI) 
  LI (PLVVLQJ(\bRXQdV)) ^ 
    \bRXQdV <- \bRXQdV0 
  ` 
  LI (OHQJWK(\bRXQdV)!= 2) ^ 
    \bRXQdV <- \bRXQdV0 
  ` 
  Ld <- LV.Qa(\bRXQdV) 
  \bRXQdV[Ld] <- \bRXQdV0[Ld] 
  \bRXQdV <- VRUW(\bRXQdV) 
 
  # dUaZSORW 
  \Oab= "" 
  LI (PLVVLQJ(dUaZSORW)) ^ 
    dUaZSORW <- FALSE 
  ` 
  dUaZSORW <- dUaZSORW[1] 
  LI (LV.cKaUacWHU(dUaZSORW)) ^ 
    \Oab <- dUaZSORW 
  ` HOVH LI (LV.Qa(dUaZSORW) _ !LV.ORJLcaO(dUaZSORW)) ^ 
    dUaZSORW <- FALSE 
  ` 
 
  # dUaZ30 
  LI (PLVVLQJ(dUaZ30)) ^ 
    dUaZ30 <- FALSE 
  ` 
  dUaZ30 <- dUaZ30[1] 
  LI (!LV.ORJLcaO(dUaZ30)) ^ 
    dUaZ30 <- FALSE 
  ` 
 
  # dLPHQVLRQV HWc. 
  W <- aV.YHcWRU(W, PRdH= "dRXbOH") 
  \ <- aV.YHcWRU(\, PRdH= "dRXbOH") 
  dW <- dLII(W[1:2]) 
  Q <- OHQJWK(\) 
  LJ <- !LV.Qa(\) 
  \J <- \[LJ] 
  WJ <- W[LJ] 
  QJ <- VXP(LJ) 
  LI (aQ\(dLII(WJ)!= dW)) ^ 
    HUURU("NA Pa\ RQO\ RccXU LQ \ RQO\ aW bHJLQQLQJ aQd/RU HQd RI WLPH-VHULHV") 
  ` 
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  # cKHcN YaOXHV RI bRXQdV 
  LI (aQ\(\J< \bRXQdV[1]) _ aQ\(\J> \bRXQdV[2])) ^ 
    VWRS("SWaWHd bRXQdV aUH QRW cRUUHcW: \ WaNHV YaOXHV bH\RQd bRXQdV.") 
  ` 
 
  # aYHUaJHV RYHU 30 WLPH-VWHSV 
  aYW <- aY\ <- aY\Vd <- NULL 
  LI (QJ> 29) ^ 
    aYW <- WJ+dW/2  # WLPH (HQd RI WLPH-VWHS, IRU 30-\HaU aYHUaJHV) 
    aY\ <- ILOWHU(\J, UHS(1, 30)/30, PHWKRd = "cRQYROXWLRQ") 
    aY\2 <- ILOWHU(\J^2, UHS(1, 30)/30, PHWKRd = "cRQYROXWLRQ") 
    aY\Vd <- VTUW(aY\2-aY\^2) 
    LQd <- 15:(QJ-15) 
    aYW <- aYW[LQd] 
    aY\ <- aY\[LQd] 
    aY\Vd <- aY\Vd[LQd] 
  ` 
 
  # OLQHaU LOESS WUHQdOLQH cRPSXWaWLRQ 
  VSaQ <- ZLdWK/QJ 
  PdO <- ORHVV(\ a W, daWa= daWa.IUaPH(W= WJ, \=\J), VSaQ= VSaQ, 
               dHJUHH= 1, cRQWURO= cRQWURO) 
  # PdO <- ORHVV(\ a W, daWa= daWa.IUaPH(W= W, \=\), VSaQ= VSaQ, dHJUHH= 1) 
  SUH <- SUHdLcW(PdO, QHZdaWa= daWa.IUaPH(W= W), VH= TRUE) 
  WUHQd <- SUH$ILW          # WUHQdOLQH 
  WUHQdVd <- SUH$VH.ILW     # VWaQdaUd dHYLaWLRQ RI WUHQdOLQH 
 
  # cRQILdHQcH OLPLWV (QRUPaO aSSUR[LPaWLRQ) 
  WUHQdXb=  WUHQd + WUHQdVd*TQRUP(1-(1-S)/2) 
  WUHQdOb=  WUHQd - WUHQdVd*TQRUP(1-(1-S)/2) 
 
  # aSSO\ bRXQdV 
  WUHQd <- SPLQ(WUHQd, \bRXQdV[2]) 
  WUHQd <- SPa[(WUHQd, \bRXQdV[1]) 
  WUHQdXb <- SPLQ(WUHQdXb, \bRXQdV[2]) 
  WUHQdXb <- SPa[(WUHQdXb, \bRXQdV[1]) 
  WUHQdOb <- SPLQ(WUHQdOb, \bRXQdV[2]) 
  WUHQdOb <- SPa[(WUHQdOb, \bRXQdV[1]) 
 
  # SYaOXH IRU WUHQd 
  SYaOXH <- NULL 
  LI (W2 %LQ% W & W1 %LQ% W & W2>= W1+30) ^ 
    \1 <- WUHQd[W1== W] 
    \2 <- WUHQd[W2== W] 
    \1Vd <- WUHQdVd[W1== W] 
    \2Vd <- WUHQdVd[W2== W] 
    # WZR-VLdHd WHVW IRU abVHQcH RI WUHQd 
    SYaOXH <- (1-SQRUP(abV(\2-\1)/VTUW(\1Vd^2+\2Vd^2)))*2 
  ` HOVH LI (W2> -IQI & W1< IQI) ^ 
    ZaUQLQJ("QR S-YaOXH: W1 RU W2 QRW LQ W, RU W2 WRR cORVH WR W1.") 
  ` HOVH ^ 
    W1 <- NULL 
    W2 <- NULL 
  ` 
 
  # SORWWLQJ 
  LI (!(dUaZSORW== FALSE)) ^ 
    SaU(SW\= "V", cH[= 1) 
    \OLP <- c(PLQ(SPLQ(\, WUHQdOb), Qa.UP = TRUE), Pa[(SPa[(\, WUHQdXb), Qa.UP = TRUE)) 
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    \OLP[2] <- \OLP[1] + (\OLP[2]-\OLP[1])*1.0 
    SORW(W, \, W\SH= "O", [Oab= "", \Oab= \Oab, \OLP= \OLP) 
    JULd() 
    LI (dUaZ30== TRUE) ^ 
      SRLQWV(aYW, aY\, ScK= 18, cH[= 0.5, cRO= "bOacN") 
    ` 
    SRLQWV(W, \, ScK= 15, cH[= 0.75) 
    OLQHV(W, WUHQd, OZd= 2) 
    OLQHV(W, WUHQdXb, OZd= 1, OW\= 2) 
    OLQHV(W, WUHQdOb, OZd= 1, OW\= 2) 
    OHJHQdSRV <- "WRSOHIW" 
    WU <- \[!LV.Qa(\)] 
    OU <- OHQJWK(WU) 
    LU <- 1:(OU/2) 
    Ld <- ZKLcK.Pa[(c(PHaQ(WU[LU])-\OLP[1], PHaQ(WU[OU+1-LU])-\OLP[1], 
                      \OLP[2]-PHaQ(WU[LU]), \OLP[2]-PHaQ(WU[OU+1-LU]))) 
    SLd <- c(PLQ(WU[LU])-\OLP[1], PLQ(WU[OU+1-LU])-\OLP[1], 
         \OLP[2]-Pa[(WU[LU]), \OLP[2]-Pa[(WU[OU+1-LU])) 
    Ld <- ZKLcK.Pa[(SLd) 
    OHJHQdSRV <- c("bRWWRPOHIW", "bRWWRPULJKW", "WRSOHIW", "WRSULJKW")[Ld] 
    LI (dUaZ30== TRUE) ^ 
      OHJHQd(OHJHQdSRV, c("WUHQdOLQH", SaVWH("LWV ", 100*S, "% cRQILd.", VHS=""), "30-\U 
aYHUaJH"), 
             OZd= c(2, 1, NA), OW\= c(1, 2, NA), ScK= c(NA, NA, 18), cH[= 0.75, bW\= "R", 
             \.LQWHUVS= 0.8) 
    ` HOVH ^ 
      OHJHQd(OHJHQdSRV, c("WUHQdOLQH", SaVWH("LWV ", 100*S, "% cRQILd.", VHS="")), 
              OZd= c(2, 1), OW\= c(1, 2), cH[= 0.75, bW\= "R", 
              \.LQWHUVS= 0.8) 
      ` 
  ` 
  OLVW(W= W, WUHQd= WUHQd, S= S, WUHQdXbRXQd= WUHQdXb, WUHQdObRXQd= WUHQdOb, 
       aYHUaJHW= aYW, aYHUaJH\= aY\, aYHUaJH\Vd= aY\Vd, 
       W1= W1, W2= W2, SYaOXH= SYaOXH, \bRXQdV= \bRXQdV) 
` 
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To XVe Whe code pUinWed beloZ, cop\ iW inWo a We[W file and VaYe iW aV ​UXQWUHQd.R. ​IW iV 
Uecommended Wo doZnload Whe code fUom ​JLWOab.cRP/cHHV.dH.YaON/WUHQd_NQPL.JLW 
inVWead.  
 
# 
# SXUSRVH: CRPSXWH KNMI VWaQdaUd WUHQdOLQH aQd RSWLRQaOO\, WHVW IRU abVHQcH RI ORQJ-WHUP cKaQJH 
#          (WUHQd) bHWZHHQ WZR VSHcLILHd \HaUV W1 aQd W2 (LPSOHPHQWHd LQ cOLPaWUHQd.R), b\ a 
#          caOO IURP a WHUPLQaO RU WLQdRZV cRPPaQd SURPSW. 
# 
# XVaJH:   RVcULSW UXQWUHQd.R daWaILOH RSWLRQ1 RSWLRQ2 .... 
# 
#          daWaILOH: QaPH RI .cVY ILOH cRQWaLQLQJ 
#               - aQ RSWLRQaO OLQH ZLWK WKH RSWLRQV: RSWLRQ1 RSWLRQ2 .... (LI QRW SURYLdHd 
#                 aV aUJXPHQWV) 
#               - a OLQH ZLWK WKH cROXPQ QaPHV IRU \HaU aQd YaULabOH (VHSaUaWHd b\ cRPPa) 
#               - OLQHV cRQWaLQLQJ \HaU aQd aQQXaO YaOXH (VHSaUaWHd b\ cRPPa; cRQWaLQLQJ aW 
#                 OHaVW 3 \HaUV) 
# 
#          RSWLRQ1, RSWLRQ2, HWc.: SaUaPHWHU aVVLJQPHQW RI WKH IRUP 
# 
#                                   SaUaPHWHU=YaOXH 
# 
#          (ZLWKRXW VSacHV). FRU H[aPSOH: S=0.95 W1=1962 W2=2018 dUaZSORW=TRUE. 
#          WARNING: IRU RSWLRQV HQWHUHd RQ WKH cRPPaQd OLQH, LI YaOXH LV LWVHOI a VWULQJ, WKHQ 
#          SXW WKH HQWLUH aVVLJQPHQW bHWZHHQ TXRWHV ZKLcK dLIIHU IURP WKRVH XVHd IRU WKH YaOXH, 
#          aV LQ 'dUaZSORW="WHPSHUaWXUH (C)"' (dR QRW dR WKLV ZLWK RSWLRQV LQ WKH daWa ILOH). 
# 
#          AOO SaUaPHWHUV aUH RSWLRQaO. TKH\ aUH (VHH aOVR KHadHU RI cOLPaWUHQd.R): 
#               - S: cRQILdHQcH OHYHO IRU cRQILdHQcH LQWHUYaO (dHIaXOW: 0.95)) (dRXbOH) 
#               - W1: ILUVW \HaU RI WUHQdOLQH YaOXH XVHd LQ WHVWLQJ (dRXbOH) (dHIaXOW: QR WHVW) 
#               - W2: VHcRQd \HaU RI WUHQdOLQH YaOXH XVHd LQ WHVWLQJ (dRXbOH) (dHIaXOW: QR WHVW) 
#               - ObRXQd: ORZHU bRXQd RQ YaOXH UaQJH RI YaULabOH (dHIaXOW: -IQI) (dRXbOH) 
#               - XbRXQd: XSSHU bRXQd RQ YaOXH UaQJH RI YaULabOH (dHIaXOW: IQI) (dRXbOH) 
#               - dUaZSORW: FALSE/TRUE RU WH[W RQ \-a[LV (dHIaXOW: FALSE) (ORJLcaO RU cKaUacWHU) 
#               - dUaZ30: add 30-\HaU PRYLQJ aYHUaJHV WR SORW (dHIaXOW: FALSE) (ORJLcaO) 
# 
#          E[aPSOH 1 RI cRQWHQW RI daWaILOH: (SaUaPHWHU aVVLJQPHQWV LQ ILOH) 
#          S=0.95 dUaZSORW="TG (C)" 
#          \HaU, TM 
#          1990, 12.6 
#          1991, 11.2 
#          1992, 12.0 
# 
#          E[aPSOH 2 RI cRQWHQW RI daWaILOH: (QR SaUaPHWHU aVVLJQPHQWV LQ ILOH) 
#          \HaU, TM 
#          1990, 12.6 
#          1991, 11.2 
#          1992, 12.0 
# 
# RXWSXW:  A .cVY ILOH QaPHd "WUHQd_"ILOHQaPH, cRQWaLQLQJ ILYH cROXPQV: 
#          \HaU, aQQXaO YaOXH, WUHQd, WUHQdORZHUbRXQd, WUHQdXSSHUbRXQd, 30-\U aYHUaJH 
# 
#          TKH WUHQdOLQH LV LQ WKH cROXPQ OabHOOHd "WUHQd"; LWV 100S%-cRQILdHQcH LQWHUYaO 
#          LV bRXQdHd b\ WUHQdORZHUbRXQd aQd WUHQdXSSHUbRXQd. 
#          TKH 30-\HaU aYHUaJH LV JLYHQ AT THE LAST YEAR RI WKH 30-\HaU LQWHUYaO. 
# 
# ZaUQLQJ: TKH R IXQcWLRQ cOLPaWUHQd.R LV caOOHd. II WKLV ILOH LV LQ aQRWKHU dLUHcWRU\ 
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#          WKHQ WKH cXUUHQW RQH, WKHQ WKH VRXUcHSaWK LQ WKH cRdH bHORZ QHHdV WR bH 
#          cKaQJHd WR WKH SaWK WR cOLPaWUHQd.R. 
# 
# YHUVLRQ: 26-NRY-2020 
# 
# UHIHUHQcH: KNMI THcKQLcaO UHSRUW TR-389 (VHH KWWS://bLbOLRWKHHN.NQPL.QO/NQPLSXbTR/TR389.SdI) 
# 
# aXWKRU: CHHV dH VaON \HPaLO^cHHV.dH.YaON@NQPL.QO` 
# 
 
# VHW KHUH WKH SaWK WR WKH ILOH cOLPaWUHQd.R 
# H.J. IRU WKH cXUUHQW dLUHcWRU\: 
# VRXUcHSaWK <- "" 
VRXUcHSaWK <- ""  # cKaQJH LI QHHdHd! SaWK WR LQSXW aQd RXWSXW ILOH 
 
# VRXUcH cRdH 
VRXUcH(SaVWH(VRXUcHSaWK, "cOLPaWUHQd.R", VHS= "")) 
 
# aUJXPHQWV 
aUJ = cRPPaQdAUJV(WUaLOLQJOQO\= TRUE) 
SULQW(aUJ) 
 
# WKH ILUVW aUJXPHQW LV WKH QaPH WKH LQSXW ILOH (RWKHUZLVH, 
# a dHIaXOW ILOHQaPH LV XVHd) 
Oa <- OHQJWK(aUJ) 
LI (Oa> 0) ^ 
  IQaPH <- aUJ[1] 
` HOVH ^ 
  VWRS("NR QaPH VXSSOLHd IRU WKH daWaILOH.") 
` 
 
VN <- 0 
LI (Oa> 1) ^ 
  # WaNH SaUaPHWHU aVVLJQPHQWV IURP aUJXPHQWV 
  SaUaPa <- aUJ[2:Oa] 
  Oa <- OHQJWK(SaUaPa) 
  WHPS <- UHadLLQHV(IQaPH, Q= 1) 
  LI (JUHSO("=", WHPS)) ^ 
    VN <- 1 
  ` 
` HOVH ^ 
  # UHad SaUaPHWHU aVVLJQPHQWV IURP ILOH 
  # SaUaPa <- VcaQ(IQaPH, QOLQHV= 1, ZKaW= "cKaUacWHU", VHS= " ") 
  WHPS <- UHadLLQHV(IQaPH, Q= 1) 
  WHPS <- JVXb("'","\"", WHPS) 
  SaUaPa <- VWUVSOLW(WHPS, "\\V(?=(?:[^\"]*\"[^\"]*\")*[^\"]*$)", SHUO= TRUE)[[1]] 
  Oa <- OHQJWK(SaUaPa) 
  VN <- 1 
` 
SULQW(SaUaPa) 
 
# dHIaXOW SaUaPHWHU YaOXHV, RYHUZULWWHQ LI VSHcLILHd 
S= 0.95 
W1 <- W2 <- NULL 
XbRXQd <- IQI 
ObRXQd <- -IQI 
dUaZSORW <- FALSE 
dUaZ30 <- FALSE 
LI (Oa> 0) ^ 
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  IRU (L LQ 1:Oa) ^ 
    WHPS1 <- WU\CaWcK(^HYaO(SaUVH(WH[W= SaUaPa[L]))`, HUURU= IXQcWLRQ(HUU)^NA`) 
  ` 
` 
\bRXQdV <- c(ObRXQd, XbRXQd) 
 
# UHad daWa RI aQQXaO YaOXHV 
DaWa <- UHad.cVY(IQaPH, VNLS= VN) 
cRODaWa <- cROQaPHV(DaWa) 
 
# cKaQJH ILOHQaPH IRU SXUSRVH RI RXWSXW 
V <- .POaWIRUP$ILOH.VHS 
SaWK <- VWUVSOLW(IQaPH, V)[[1]] 
OS <- OHQJWK(SaWK) 
IQaPH <-  SaVWH("WUHQd_", SaWK[OS], VHS= "") 
LI (OS> 1) ^ 
  IQaPH <- SaVWH(SaVWH(SaWK[1:(OS-1)],cROOaSVH= V), IQaPH, VHS= V) 
` 
 
# SUHSaUH SORWWLQJ WR SQJ ILOH 
LI (dUaZSORW== TRUE) ^ 
  dUaZSORW <- cRODaWa[2] # JHW \-a[LV OabHO IRU SORW 
` 
 
# cRQYHUW WR SOaLQ PaWUL[ aQd UHPRYH NA'V 
DaWa <- daWa.PaWUL[(DaWa) 
dd <- dLP(DaWa) 
LI (dd[2]!= 2) ^ 
  VWRS("DaWa LQ daWaILOH QRW SURSHUO\ IRUPaWWHd.") 
` HOVH LI (dd[1]< 3) ^ 
  VWRS("TLPH VHULHV LV WRR VKRUW (PXVW KaYH aW OHaVW 3 \HaUV).") 
` 
 
# H[WUacW YaOLd daWa 
# II DaWa[M, 1] LV JRRd bXW DaWa[M, 2] LV NA,WKHQ WKH WUHQd ZLOO bH 
# H[WUaSROaWHd/LQWHUSROaWHd WR \HaU DaWa[M, 1] 
# LdJRRd <- !aSSO\(LV.Qa(DaWa), 1, aQ\) 
# LdJRRd <- !LV.Qa(DaWa[, 1]) 
# W <- DaWa[LdJRRd, 1] 
# \ <- DaWa[LdJRRd, 2] 
W <- DaWa[, 1] 
\ <- DaWa[, 2] 
 
LI (!(dUaZSORW== FALSE)) ^    # RSHQ SORWILOH 
  SORWIQaPH <- VXb("cVY", "SQJ", IQaPH) 
  Iac= 1.25 
  SQJ(SORWIQaPH, XQLWV="LQ", ZLdWK=6*Iac, KHLJKW=5*Iac, UHV=200) 
` 
 
# WUHQd cRPSXWaWLRQ/SORWWLQJ 
WHPS <- cOLPaWUHQd(W, \, S, W1, W2, \bRXQdV, dUaZSORW, dUaZ30) 
 
LI (!(dUaZSORW== FALSE)) ^    # cORVH SORWILOH 
  dHY.RII() 
` 
 
# SUHSaUH/IRUPaW RXWSXW 
DaWa <- cbLQd(DaWa, aUUa\(NA, dLP= c(dd[1], 4))) 
# DaWa[LdJRRd, 2] <- WHPS$WUHQd 

29 



 

# DaWa[LdJRRd, 3] <- WHPS$WUHQdObRXQd 
# DaWa[LdJRRd, 4] <- WHPS$WUHQdXbRXQd 
DaWa[, 3] <- WHPS$WUHQd 
DaWa[, 4] <- WHPS$WUHQdObRXQd 
DaWa[, 5] <- WHPS$WUHQdXbRXQd 
LI (OHQJWK(WHPS$aYHUaJHW)> 0) ^ 
  HQd\HaU <- cHLOLQJ(WHPS$aYHUaJHW)+14 
  Ld <- DaWa[, 1] %LQ% HQd\HaU 
  DaWa[Ld, 6] <- WHPS$aYHUaJH\ 
` 
# DaWa[, 3:6] <- VLJQLI(DaWa[, 3:6], 4) 
 
cROQaPHV(DaWa) <- c(cRODaWa, "WUHQd", "WUHQdORZHUbRXQd", "WUHQdXSSHUbRXQd", "30-\U aYHUaJH") 
 
SVWULQJ <- " " 
LI (OHQJWK(WHPS$SYaOXH)> 0) ^ 
  SVWULQJ <- SaVWH("IQ WKH abVHQcH RI a ORQJ-WHUP WUHQd bHWZHHQ ", W1, " aQd ", W2, 
              ", WKH VL]H RI WKH RbVHUYHd dLIIHUHQcH LQ WUHQd YaOXHV ZRXOd bH H[cHHdHd", 
              " ZLWK a SURbabLOLW\ (S-YaOXH) RI:", VHS= "") 
 
` 
SaUaPVWULQJ <- "TKH SURbabLOLW\ RI WKH LQWHUYaO bHWZHHQ WKH cRQILdHQcH bRXQdV LV " 
 
# RXWSXW WR .cVY ILOH ZLWK LQIRUPaWLRQ LQ KHadHU 
a <- ILOH.cUHaWH(IQaPH, RYHUZULWH= FALSE) 
caW(SVWULQJ, "\Q", WHPS$SYaOXH, "\Q", SaUaPVWULQJ, SaVWH(S), ".\Q", VHS= "", 
    ILOH= IQaPH, aSSHQd= TRUE) 
dHIaXOWW <- JHWOSWLRQ("ZaUQ") 
RSWLRQV(ZaUQ = -1) 
ZULWH.WabOH(DaWa, ILOH = IQaPH, aSSHQd= TRUE, URZ.QaPHV= FALSE, cRO.QaPHV= TRUE, 
            Qa= " ", VHS= ",") 
RSWLRQV(ZaUQ = dHIaXOWW) 
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To XVe Whe code pUinWed beloZ, cop\ iW inWo a We[W file and VaYe iW aV ​UXQWUHQd.baW. ​IW iV 
Uecommended Wo doZnload Whe code fUom ​JLWOab.cRP/cHHV.dH.YaON/WUHQd_NQPL.JLW 
inVWead. 
 
UHP 
UHP   TR cRQILJXUH WKLV UXQWUHQd.baW IRU \RXU HQYLURQPHQW, dR WKH IROORZLQJ. 
UHP 
UHP   LRRN ILUVW IRU WKH SaWK WR RVcULSW.H[H: LQ cPd ZLQdRZ, JR WR C:\UVHUV, aQd 
UHP   W\SH:   ZKHUH /U . RVcULSW.H[H 
UHP 
UHP   TKHQ cRS\ RQH RI WKH UHVXOWV, aQd SaVWH LW bHWZHHQ WKH TXRWHV LQ WKH cRPPaQd 
UHP   OLQH aW WKH HQd RI WKLV ILOH. 
UHP 
UHP   NRZ \RX caQ UXQ UXQWUHQd.baW ZLWK WKH VaPH aUJXPHQWV aV XVHd IRU UXQWUHQd.R 
UHP   (VHH KHadHU RI UXQWUHQd.R). 
UHP 
UHP   YHUVLRQ: 26-NRY-2020 
UHP 
UHP   aXWKRU: CHHV dH VaON (cHHV.dH.YaON@NQPL.QO) 
UHP 
UHP   UHIHUHQcH: KNMI THcKQLcaO UHSRUW TR-389 (VHH 
KWWS://bLbOLRWKHHN.NQPL.QO/NQPLSXbTR/TR389.SdI) 
UHP 
"C:\UVHUV\AOO 
UVHUV\ASS-V\2C43EEE5-D738-431B-80BC-A8EC97345439\BE788D1A-CBF7-4AD7-8FCD-C84F21CE2D15\RRRW\R-4.0.
2\bLQ\RVcULSW.H[H" UXQWUHQd.R %1 %2 %3 %4 %5 %6 %7 
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