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ABSTRACT

Construction scheduling in the dynamic-cbhebludi afy, hi c
with project delagsetainrddgdecatl cehaddemgyges. This study hi
accurately estimating construction contract duration cc
Hi ghway constructi on pirmpgeaectts faremcmusateipgd dhtl ey itéof f ect t
of projects by causing delays to construction activiti

The primary objective of this reseatrbcahs ewda sg utiod ed @ wneel
for detmomi mli wgAver age Avai |l aobvieer Woar nkydhayyesd mieAyYNWDsH) st r uct
projects acr osAl aAb aha me sarfti ment of Regind@pavDsaekohu@dALL
weekends, l egal holidays, rainy days, and days with ¢
analysis of weather data from 88 climate stations with
and tested seveirralt empenrfaatidf eaantdh e es b owda kg s eber mi ne
variations of the momdrhd me tAédMMs wi t h these

Themet hodol ogyaiutfiallilzetdhr eshol ds and air temperature
for diRefgé ommasnsi dvearriinagg i ons i n weather c¢onddivtairdmg.i olhlse im
AAWDs across dif fRergamtnsmomtihtsh amportant i mplications f
di vdtdhee st ate into climate zones, proVheli mgnti mlsy gAAWDS$ n
rainfaldndo0odai | y mean<4a0Fast adyert &teutnvher &2 s h ol dest ewemien da ch e n
for fivBe@AiLDOST. Annwear e ARaMDesr miSne d 9820 ays for t hree cl
zoneAL DOTorNRe gi,Gennt Rayyi ons ( ALDOT East Central Regi on an
anBoutRegi ons (ALDOT Southeast R@giion Adrad aSxauyt tbwd s tmoRd di
workdays vary year by year and should be considered f ol

The developed tobgl vaasdaeirngi ethe resuvlecorodt &ir oend
compl pt @ejdercdhse f iimdliicps e t hat project durations may be
wor kdays due weav-heratuednbactors, prompting the need f
management strategies.

This¢$ udryovpdastical tools, based on climate data and
AAWDs efficiently. These resources empower -MmMaROhgto en
ensuring accsuraadtceul AMAWDNns and facilitating effective m

projects across diverse weather conditions and regions
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CHAPTER INTRODUCTI ON

Given the dynamic ncaanusrter wcft itochne pplreoncreismsgom sumi €@ mp |
ask. Contractors frequently face project del ays and
onstruction timeline adherence critical. Weatser , pl a
an cause deviations f(flen 204 )pl anned schedul e

Hi ghwaoynwstrpcoj eat durations are specified on cont
i meline for the compl etcioommdattmdRNtemangk edesadr.i ROD9gn T
0Ol2AXequate popocédwr d o det edrunmianté ooencsh tcgohnesatyr pc o g ®@ o't
houl d be wrsittatteeandpyorttheet (engagepcbpdadhtesewmarn)cedur es
ccount for geography and climate difference throughout
rcannot be undertaken during certain times of the yes
roduqtFiHWAt y2 €082 racts should clearly indicate how del s
nd include threshold values for predict(aNduwy eann de tu nglr.
01.0)

Il naccurate estimation of contr amgoito Mesbodalthe grhway p

nd Reyes a@®820pnti omlsanfprecdn) ect sdanathiaoore an economic b

_‘
QO

nsportation asgpendi as,socomaf r danparct on stolfe tlhief easrteya.e

—

ablisdsomyabl e and accurate contract time for highwa
ncias if time is insufficient bid p(rEHVWA 20 62 P ji encctr e a
edul ers needthetnodeodmrs mdaiung,tt d esretnrsaictti ve f actors, suct
equi pment readability and | ogisbhnhesyaimbleudi hgaWwéac
ract erHezrabtsimtbann andAsBlall il € P1RF & et @attat gR,01FrNoj ect du
i ncri@%ei B%wehahed del ays dwueimgt ptamsi dgr ed

>S5 9 O T o0

Construction activities are hi{iYbbgel Buseeptibl 4d904d;
. 24610} i mpacts peradutbi antynwehieabe in (BadbFrestenosde
®rez et falr. coMt@r)act or s @bal lpePRjrerecdt sedwMd s § 2d0dmBgt ruct i
rojecctompoeed ofwemu-benpl eive activities which intera
equeli Bas | eBAreazo set .Saelas o2nfall8 )and odhaa i gye swebayt heelri mat e r egi
nited States affect gnmracdo msgt,r wscutrifoanc i pnrgo jaencdi asst érikilecint rue r e
. (cl®mMd’'yct ed a study in which they c¢classified the p
i ghway projects ( @pear ttiveol (cl2gtesesgpddedtkesp:arA i al l oss occur

dverse weather causes a decrease in | abor productivity

words, while certain parts of the proonveeactprimggresspenf en

t

he weather, overall Oprohectot weo khiphla@tdetciclauaress .when adver



weat her conditions are severe enough to halt or compl
weat her conditions are so bad that work on the entire |
Environmental factors such as rainfall, tropical st

i mpactomatructi oMdo peveattihems.during construction proje

causing significant project del ays, and is a common sc
(Bal | e®@regzo set al . 2017;.EMgegsnvet rainf 2l0l10an cause
grading operations, aAFdaccopde wemt hadebhedtoew dOmpacti on ¢
(National Academie$notobdieencegi 0%7) numerous State De
(DOTs) i mpl ement seagdhral croenptl reit @t iscodrichppgmava !l comwdht cict
projects from occurring during the winter season. This

Thisg uadiyamd o devel op st evtaswidd gg uweaatniter t o deverrarmgene t h
availabl eAWDEday i Qhway construction projects in the
on the analysis efi ghban@Blce i mhdtea stracdmons di sfpérmadbadnat hr ot
Department of (AU R2@Beiramst,i oannd border states, Georgia (
stations), for ansewen a(l87)t odrlalgnatfreseswgdittiyoantt Meadstd D@ty
The <c¢limate data wutilized in this study was sourced
Admini stration (NOAA) and involved the use of two speci
Net work (GHCN) and (2) theG®DphbaboShmmbtr gi noédt heobatyhe
for Environment al-NOAA)Db.s madlyomse (NICEIt ested sever al rai ni
>0, 0.1, 0. 2, and 0.3 in.) and air tempmoathbhlge AAWDSSs
varied with these | i mitsf.orAphpirgohpwaiyatceo nnsotnrtuhcltyi oAnAVWD o0 e c
based on project geographic | ocations (ALDOT regions).

The AAWDs developed can function as a valwuable re:
several ways, including:

Enhancing the precision of project schedul es.

Restrutrwrjietd planning processes.

Refining contract duration specifications.

l
Al
T Minimizing contractual disputes between ALDOT a
)l
T Cl earelfyno-wor kdays and workdays.

)l

Ultimately |l eading to cost savings for taxpayer



1.1STUDOBJECTI VES

The objectsitwalydfo tdleivlbapta met hod for determining n

hi ghway construction projects acr oss-t ehteeyfeiawes AlrDOrilo r Re

l ocal climate data. The resulting tool aims to improve
engineers for AAWD =estimati on, and it can be easily
ensuring its cont$ huiédde ntzinfeivesebdcept dhrei ate rainfall and
d a taasbe s , as well as monthly AAWDs for bbgbhtvaprcdajoaatt r uc
geographic I ocations and tasks.

To achieve the obgiexttiazrkonfwdrhe se sttalllyi shed:

l.Literature Review & Survey:
Conduct a comprehensive jjotemalt uardrev,nbD@®fmecée upap
u

manualnsg pol acmels studies relevant t eodptrhaec tsitcued ys usr vfeoyc

ev uate the wusual practices and guidelines empl o

concerning the management of adverse weathdronef f ec:

a
n
project contracts.
e
a
i

2. 1ldentify & As-Bebat®wWdaFaerors Affecting Construction
Weat her Condition Thresholds for Analysi s:
Utilize insights gathered fr-ofprtalcd ilciet esruatvierye troe Wied
threshold values of deé at meé nwargknddaoynss onfs domstructi or
this Afttuadry.consulting with the ALDOTSs eplr dotghercets haodlvdi s o
val deoeket er mponwor kdays due to adverfoe wWeadDOWercomsndiutc
projeaocdstablish criteria for selecting data for fur

3.Devel op Guidance for Determining Monthly Available
Avail able Workdays (AAWDs) for Weather Stations:
Qutline the workflow for processingwothledayd | @dceé et o
adverse weather and identify available workdays thr
process |l eads to determining momtehdcyh aywesad mthH tky twhoe ri
average AWDs (i.e., AAWDs) ovfear maagh ycelairmat(e .sgt. gt i>
the criteria defined in this study.

4 . Determine AAWDs for Construction Projects in Each o
Distribute climate stati onReggipand.alRryoadss gtrtmh adced ti av
aver AgpaVD$s rom al | we at lkearc h s tr ®tgii @ms biars e d on i nform
corresponding climate stations.

5.Use Recent Construction Projects to Verify AAWDs:
Realize a verificant oadcapiplmyd jersest aorsd sifgrgoan fi ve compl e
hi ghway projects. Compare the results obtained fr ol



and AWDs with information from climate stations nea
determine i f calibration is required.

6.Guidelines for Future Upsdtad eBetamdmiUse AWDs handoAAWD
Provide the necessary materials and resources to AL

include guidance on effectively matnoa gd entge rammidn eutAA WL
and AWDs, as well as instructions on obtaining acc
results.

1. 2THESOBGANI ZATI1 ON

Thitdhesssdivided into six chapters thaghwdygresntt ae
pl anmiyngonsi dering adverasned weaartihaebri |daryditthiaothnsGhme af f ec
first chapter serves as an i ntgtouwdbgteicdn v eprantdheigsitg i aan na
organi Zheisacond chapter is a |literature review that de
of weather on construction activitiesat iaovnaislyasbtleemsl,i taenrc
i mportance of awewokdhayswgdiertomoamdverse weather. I't al so
of the "Devel opment of Wor king Day Weather Charts for
study, whichtied tbos$badly reaslear the.cTlosed utchtierdd icnh atphtiesr pr e
findings-odfr aactstceet survey conducted among 50 DOT agenci
on current practices and guidance us ednb pwdrokbdnacyosn sd ureu c
to inclememhewéauheh. chaptet ufdiyacmesweosr kgn ctthudgdyai ngndhe
detailing the methodology used in this research. It al
charts and guidelines that will allow ALDOT engineers t
of the five ALDOTt Reaqgfi othntee diehwelrepasd charts and gui del.i
5, which are intended to assist ALDODhevmyi meeorjecits deat
ALDOT Regi ons. Thipr avhiapitreg cwniddsa nocye and offfu thuasl e sr eocfo mme
the toall sondiigthl i ghts future recommendations for i mpro
The fifth chapter focustsedmbwnelvoapead atth mgughh er eAcAeWDt | 'y f i
ALDOThis chapiterodeheesutcomes of a thorough examinatio
This comparison involves assesnsgi nngont hkéagsnandcworkdaygs e
the established workdays determined through the utilize
t he nedri extitact d @tnas obt ained fromi NORAydababsadesen the res

Chapter 6t Ipe ovudeasary and conglbudbooe ahdt henatudgcommer



1. 3EXECUTI VE SUMMARY

Spreadbhsesetl weoroel sdevel oped to deter mi nteernm nd lhil ma tAeA \
dat ailunoyears) in 88 nwedatdhi e.rg SBt3atsit@arntd ons i n Al abama, t
three stationThénmdMismumshpmber of yewnd2df awedtahéemdeadq
(East Cent ThlwRedghi,on2)8, 17 stations with more than 30,
to determi ne AAWDGnRtgerr ars pveecattihveal yd.at a were from NOAAOGs t
Summary of the DayG(eBa@ab) Hasdof¢2cal Climatology Networ |}
8, and 24 stations used to determine AAWDs for ALDOT Nc

Region, Southwest Region, and Southeast Region, respec:
Nomwor kdays for cosshcluuocdéeowepkenest Al abama | egal
days/year), and adAdevresres ewewaetahtenre rd acyosn.di t i ons werfe det el

daily rainfall.agdedaéeltytmaanOalRri ttEmpkEoatulrey deasis|l abhae
( AWDs) were first determined in each month in each vy
determined f oorveeracyhe asrtsatwiittehn veadcihd AllaD@T Regi on using a
Regilomas further found that AAWDs can be grdaLWLp®©d into
North Regi on, CeastalCeRegabnand We satn dC eSmturt(@$ oRRteyy ecanssts )
and Sout hweswti tRe gginmrusa)l AWWDs of 185, s HOMBn ianT dhTeddl®l0e dla.yl
annual AWWD g(hhirvei si ongi dge asnéd D&Yy i si o,nsatnddo i ov(eB) vi si ons 6
t ® more days when comparing withTAbD®T 1998 and 2003 st

The standardf davemnagensdAWDs (Table 1. 1lor fzvoemeeal | st
| ownd andferdere rtad hrdeaey s. Most war mer monhtéal nfoAptr il hd os éOmd
AAWDs becaese® odayonfeor standard devihadliaorngeer b at i wnhst eflh
mi ni mum and maxi mume bAWDsn eo nolry tdwiof fdeary s i n shepvrdialy st o Oct
in January and DeceémbAAWERIhi s memmer / f al l mont hs can be
statiowif{R.lgong data record and | ittle missing data) i

previous studies (one representative station for weach

| ocal weather data to determine AAWDSs.
The maxi mum difference of AWDs over available year s
days (4 weeks) in winter months. Therefore, monthly AWL

depending on precipitaThenefamre,airiecbobamigat-kedeamdi ngol s
devel opedt utdagy d énti sr mi ne mont hly AWDs edswreicn g ltlhye fporro jwa ontt
usingtéomgcli mate data fromGaideacby wkaetheonbsgatdabva f

videos are provided to ALDOT for future applications.



Wor kdays

Tabl-k Mont hly Average Avail abl e
Mont h North R|[Central Sout h Re
Jan 9 11 13
Feb 10 12 14
Mar c h 16 17 18
April 17 17 17
May 18 18 18
June 17 17 17
July 18 17 17
Aug 19 19 18
Sept 18 18 18
Oct 18 19 19
Nov 14 15 16
Dec 11 13 15

Annual A 185 193 200
% of 364 51% 53 % 55 %

n

three



CHAPTER LA.TERATURE REVI EW

2. BACKGROUND

Hi ghwaoynwstrpcoj eat durations are specified on cont
timeline for the completion ofonalrla otouwakd Hiescg | déote dalo.n 20
Tayl or etAdéqua@t0el 2procedures on how to determine contr
be established by the transportation state agencies. T
climate difference throughout t hweor&kt ataen amrd ctaen oft a chte tu

during cesrtoafi nt htei meear or may experience(BHWAdIdAOBORDN o

Contracts should clearly indicate how del ays of al/l ma (
for predictable and unpred(iNduwupber ostevaelre 2v@RQ)her | mpac!
Accorditrhggeder al Hi ghway AdministrationeFEHWA) spbol

necessary documented processes for (dreHtWAr n2iOnGAZn)ga pre$ elct

c

state DOTs have developed various contract time deter mi

Tex®OT CTDS, Louisiana CTDaylkKenthaonldy OGPRBAEMADLIADS
h

Raheem and Reyes 2020Appreoxigmettelayy .1 532 0MA®Ts have develo

whil e 17 DOTs cuwrirneretrliyngr eelxypean eenmce to determine contr
variety of s(iAbdalmeenmtdhod sR.e yleltse 2e0f2f0ggct of weat her on p
taken into account in the CTDSs developed byAbdel DOTs
Raheem and ReykBsf 2O 0neporting production rates, t hese
factor or solicit user input on adjustment factors app

the number of DpD@swwhbhercagna major factor affecting
rat(essbdRalheem and Reyes 2020)

2. 12MPACTADDFERSMEATHERCONNS TRUCTACAON VI TI ES

The construction activity itself, the workers perf
the activity is performed are three(lseou2rOcleds odr atae i fadn é
of highway project contract time including the ®ffect o
to predict more realistic duration and costs and help
agenainds subcontractors by clearly st atiweatard dafyi mieryg
the normal (dewmdigt ieatnsal . 2009;. Molsee | Weateiteralparladneder
temperature, wind, etc.) and the madap ¢aud et hoef gietosp heyfsfiec
conditions of the project and the typeRaifnftcahlstirsicomnenc

maj or un¢acttahrastt yhas adverse i mpact on productivity an



acti (iPtaine 2By05det er mi ni ng the weather i mpactexttemesioanmpl
di spute and unpredict a(bSmi tcho san dc abtha nbcelC ernet diudc8edd) onalndch g e r

define inshbhe tbomersartecen i amver se weather are granted ¢
ot her -chhailseey (FfMNguyweamr et dowe@10Q) adverser welatweat lmerd de
mu s t be defined by the project scheduler as they migh
(Smith and Hancher 1989)

The impact of adverse weather conditions, such as r
del ays, l egal <cl ai mg BaaheRB®@reena eenti .ciarnlgd n2s@m8s)gh ingh way
construction projects should take into account the amou
on various construction operation tasks. However, there
of the rainrasredwetahdreradwendi ti ons. Severdeelvestowdipea o ghravse

schedules and the <critical pat h( WA o0 OF20;r Hearl bcsunhaant i an
199.5)Tihmepact of weather on the duration of construction
support system (dwddede WErAMIdHsE€RIJh ibye tt calc.al(clud9art)e t he <co

ef fect of reduced l abor productivity and work stoppa
construction sites. Their system is portabl edathal ican b
available, but it cannot be wused for construction proj

Nguyen et lals.t (s20Ovlen) factors that need to be consid

weat-hekrated delay on highway projects: 1) definition o
of construction activity, 4) 6i) n d eorsitn gd adyasy se,q ui )v ad reintt e 1
productivity and 7) workdaysNagata vamd ubaywgd eehtdedd 8tdae
foll owing approaches to account for | ost dayedua)to we
I ncl udweornkodnays in the schedule calendars to represent |
weat her . b) Il ncreasi ngs drhsei tdiuvreatwornks adt iweiattiheesr t o r ep
mi ght be 1| ost to adwgerame Awaatelresre. we)at Ag@dion acti vity at

duration that equals the number of workdays that might

2. GONTRAGQT™MBEETERMI NASY SOINE M

Wor king days are the most us ed( Hientzheo da nodf oelfsi yna In9g8 9

1989 survey, 34% of DOTs allocated construction time u:
14% using compHehizenaddt €Feuaetyh elr98mas a significant i mp
productivity,; 60% of state DOTs surveyed included expe
(Hinze and CoHioewy s1h98u9l)d a project schedule incorporate

adver seerwe'aftithreqaent | y de(bhagat qquaersd iMaong der 20183 | path m



frequently used to calculate project completion time a

packages such as Microsoft Project, CPM Scheduling Pri

Engineers should consider several factors, such as
technol ogy, when determining constr(gAb®Ralhecontamac tRetyieme
2020)However, there is currently no guidance on how t

construction operatiomgp.ecliha ccrceoattiramrctoft ipreojoectproduct

on rules of thumb" or engt nteiemeé na@o afudugineeend e  tTithreea tceodn tirfe
data is not properly analyzed. Overestimation may caus
Under estmingahtdisiudctont rkaicd dhiinggb ep it i ic e s diteac c el & hveork.e

Th&NEATHBR ognamsel hi eperafifor Ms99& ) st aomsiiDcegfeamnaly
hi storical hourly weather data from the city where the
productivity factorsi io€acodoastruction activities

Anot her met hod for considering weather i mpacts on
weat her data to determine the AAWDs in each calendar m

ALDOT's Construction Bureau, fBonfegampbepfdeaehbdpeld 4A)

cities or airports in Alabama (Huntsville, Birmingham
Figwile The nuMmWBI noftach month was manually <counted, €
holidays, rainy days, and days with cold air temperat u



L Limesto

Jackson

HUNTSVILLE INTL AP

Morgan

BILE REGIONAL AP

Baldwin

Fi g@neALDOT Divisions, Al abama counties, an
to determine AAWDs in 1989 and 2003 studie

ALDOT engineers conducted two analyses, one in 1989
state was divided into three zonnes,preeasdehngveitiiehiwih ewoe &a® f o
the state was divided into four zones in the 2003 stud

Because of the effects of colder weather maonplhsiwmog ope

Divisions (Divisions 1 and 2) in northern Al abama had

rainfal]l event s, f oQ) Dhvisoiuamser 6 DIAY iadbiaanmas h&ve slight
war mer tempeBattiueeerst wo studi es, AAWDs di ffer by no mor
obtained in these sTabliles are presented in

10



Tab?2-EPAAWDs det ermhm®e8&9nidn2003 ALDOT studies.

1 9 8Study 2003 Study

Di vis| Divis|Divis|Divis|Divis|Divis|Divis
Mont | 1-2 3i5 619 1-2 3i5 6-7 8-9
Jan 9 11 14 11 12 15 16
Feb 9 11 14 10 12 15 15
Mar c | 16 17 17 15 16 16 16
April 16 17 17 16 17 17 18
May 17 18 18 16 17 18 19
June 17 17 16 15 15 15 15
July 16 15 14 16 16 15 16
Aug 18 17 18 18 17 18 17
Sept 16 17 17 16 16 16 17
Oct 19 19 19 18 19 19 19
Nov 16 17 17 16 16 16 16
Dec 8 12 15 10 13 15 14
Total 177 188 196 177 186 195 198
%o f
ga(;sS 48 % 52 % 54 % 48 % 51 % 53 % 54 %

LIQUIDATED DAMAGES & TIME EXTENSIONS IN CONSTRUCTION PROJECTS

The topic of I|iquidated damages . Tamedyf e ethehem@adns oot on
claims in construction pr ojne cetx acnoinntirnagc ttsh e( B g gelae snteonnt  200f O
within the construction industry, it is evident that pr
and Couey (1989), the Forest Service off i ceosnttryapcitcsgl |y
while the Corps of Engineers employ calendar days for &
of transportation (DOTs) |l ack a consistent approach to

There are misconceptions about the purpose of i g
Contrary to common beliefs, l iguidated damages actual

11



compl eting work | ate and showing them the risks invol v
that these provisions only benefit employers. Whil e [
the right to deduct daanagerst faotmorp,ayrmelnytisng osdlhely on f

at a disadvantage i f actual |l osses are greater than th
complexity of contractual provisions in coasctumuatelon p
determining contractual ti me durations, especially con

(Eggl eston 2009) .

2.3 TATEGENCAYAWDS GUI DANCE AND REFERENCE

Most DOTs agedhnch.eevse idhevtenleoped tools and methods tha
t he weraetlheetred del ays and more accur at el(ySnbiutih da npd oHaenccth
1989; Taylor Eheadccil2ndRky sebdntbhedeostandeggiot the eff
on different types of <construction and poreooj §éraaicpshti icoan al
(Kenner et al. 1998)

For the Texas Department Wdodlsr amtspapirioppoB @6 @t xDhop)l
regression equation that contr act ewosr kcdaany su steh atto weisltli noact
any month of a construction project. Mont hly precipitat
and number ofaliHophuetd ag bl asein the equation. The hnhecessar

wor kdaaryesnsi |y access.iThleesomdtyhempdlasi zed the i mpogrtance

noworkdays to redusevdrhe vamptpoedorj o€t schedul es. To avo
weat-hekat ewWlorrkadmy s, t he Texas Depart ment of Transport
contractors to bid on fixed contract periods. This mett
to have a dependable tool for calculating and forecast:i

weat her .
A stespt ep met iodolpogyi cting rain delays and an anal

in the Ashevill e,wa\sordév eCldepnedd attao atreeahow construction
can calculate statistical pr oloabfidrn ¢ ¢ astoodle Igatyg rail f. i ¢ a2t
suggests that during the proposal stage, project man a
potential delays and assess the feasibility of the cus:

12



2. 45STUDY &ObM9 77BY THE SOUTH DAKOTA DEPARTMEN
TRANSPORTATI ON

After the recognition that resolving disputes betwe
of Transportation (SDDOT) <contract duration and ti me e
amount of time and efforttHaeriSDPOTheeabnzedcthegnpedi @
innovating contracting methods that will heilmpcemtispeed
di sincentive contracts,. AHBweév @rd,i nlge f ama tl laen ei rmgedrida md nt a
proceduh®BDOTdés engineretrrsacanodr s need guidance on the
constructions working days for grading, surfacing, anc
Sout h Dlalkkeorteaf. ot edyt-B@&@IFepartedle f® ®cut h Dakota Department
( SDDOT)t iatnnded as nADevel opment of Working Day Weather C
South Dwhestdevel oped to provi-dasy tthheatamoiulnlt boef awoariklianbgl e
South Dakota climate zone and f orgreaadcihn gt,y pseu roffa ccionngs,t raunc
proj.ects

The primary goanMesrteof Lhiseguogegeche risks that contr
i nnovative contdraayc,t iwdga, ¥k jcnagl nedn deharmhel etriogrect s ; 2) reduce
and severity of disputes, claims, time tekxeteehsti oed delgaes

and 3) provide the Department of Transportation with t

mor e ac cWKreantneelry et al . 1998) .
The Earthlnfo sumBROMy whi cthhdadayxyo@pl|l et ed historical
to 1995, for both active and inactive weather station:e

create the weather database eusced lienctteldi swesttihkey. rTelce r dl

precipitation, snowf al l, maxi mum and mini mum temperatu
station such as |l atitude, |l ongi tude, and period of dat:
downl oaded for analysi s, however just 103 stations were
the following selection criteria:

1.0nly active stations were used.

2.Stations with at | east 30 years of record were us

3. The percentage coverage of the records must be at

4.Climate stations must have valid precipitation an

To spatially distribute the c¢climate stations in tt
interpolation method was used. | DW assumes that the it
di stance, so closer points ar efgineanr emdr e ewgihdlotr.s , T lweh i

13



for this study, and the power exponent, which contr ol
interpolated value, were both specified for | DW.

The criteria uswodr ktiongc |daasyssi fwerneonbased on the value
revi ews, interviews with contractors andrlof iceolnip aerreg itnheee
weat-herated diary comments with the climate station da
construction projects were geolocated and overlaid wit
withemi |l es) chosen to validatemthkewpntiheoteap mapeds
data tabldog oijrercltude®ordi nates, corresponding climate st
maxi mum and minimum temperatur &jvoepekelcyi pprt adweeants h eaermo rst
comment §, edndd an qgirrnye eweed talt eerd cBoansmeedntosn t he i nf ormati on g
project data tabl e, threshold for precipitation was d
i mpossible to deter mi neKetnennepre reatt uarle. t1h9r9e8s)h.o |l d s

From the evaluation of all trleeipridjaddtomn (@dmb)u,ntist twag
bet w®emR5andcda 0.HBd&r iall c on srterswd ttiecwno rtRyipnegsn day s , with th
exception that extrem@. p5 eiacn @irtaadt ingn pexxdeedisndput not fc
proj.gdabkd2shows the statistics of the estimated threshol

type determined from the project data tabl es.

Tab?-2 Statistic of Esti mated Threshold Based onrR Constr
07 st(Keeynner et al . 1998)

Constru
Sur faci Gr adin Structu Mu Htais K

Type
Statistif (mm) (i)yn| (mm) (i)n| (mm) (i)n| (mm) (i)n
Ma x 11.4 0.4} 11.4 0. 4 12. 0.5/ 10. 17 0. 4
Mi n 7.6] 0.3 6.3 0. 3| 7.6 0.3 7.61] 0. 13
Medi an|] 10. 1 O0. 4| 8. 8 0.3 8. 8 0.3} 10. 4 0. 4
Me an 9.6} 0.3{ 8.6 0.3 9.4 0. 3 9.610. 3

One of the tasks held in this study thatfhetped th
and their influence on construction project durations
SDDOT engineers. A total of 33 contractors from the 54
and create projecintdavaewad,) eswhi oweraccording to the a
di stribution among the project types studied.

The interview process and evaluation of project da
affected by precipitation events that occwrorikm ngr @waiyou

this |l ed the research tor anhikreg aamd vs sri fomcirreg/ugttn mgt a ma l

14



For temperatur e, thresholds could not be deter mine
data and documentation, so a temperature threshold of
its use by Vlahrei oeusst iDMaTtsi.on of the expected weather day
i mpl ementing a statistical approach using as precipita
daily temperature thresholRlamd derssi ttihvaint y32anfl yand 40
thhed d's i mpact .

ThetBOrcentile (not average or median) was a static
weat her days for all the scenarios. The percentile 1is
t hiyretayr period) of occurrendag, eixceedetdhde hreu@b &80 ofn.day
in June. An example presented in the study shows the a
had data recdid@8tdlf e oamrabl$yaitgs@-Ple sh divwt oveyreaar tpheirritoyd, t |
occurrence of da9s3Waft hprmoaiep itdhestnefoinvbea sccad8 8o np eirlce ,n t
whi ch means 3D0&shaafv et meorfe dteyanin June with precinpitatioc

e

Kenn et al . (1998) aHisgpeer eof e ntheed stemes inte syulttys a(nal y s

=

Pierre Municipal Airport station using precipitation t|

June Histogram for Pierre Municipal AP (1965-1994)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Period

# of Years in Thirty-Year
Cumulative

QO = N W & 0O ® N © O

# of Days > 7.62 mm

Fi gwRR2e Hi stogram of Adverse Weather days for
5.flrom t h®7SBYKeynner et al. 1998)
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Sensitivity Analysis for Pierre Municipal AP (1965-1994)
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Fi gw3e Mont hly pBuMmbedafockressi x rainfaldl tthmr
the SMOP7st(Keeynner et al. 1998)

I n s umimmafroyl,| awii vgerrieaefdor tiper 8@tnd i cleasworf ki mpndays
were based on the values analyzed from Iiterature revi

and field notes &ndmsbBAsptoyetysanal ysi s:

1. To determine adverse weather days for al |l constr
precipitati @®n 3t0Wasmshoedl. of
2. Two temperature thresholds, 32AF and 40AF, were un

results comparing them.

3.For grading projects onl y075a. warse aispeidt atta oind e rtriefsyh c
adverse weather days.

4. To avoid double counting, a joint probability of t
than 3 in. was <calcul at ed. The same method was wuse

precipitati dOn 3grimateonit gafhor surfacing and structur
2. 4RESULDBE SD®MTUDY

The number of adveesbser waméth earcodpyws ated into the spe
of climate stasd@ahasa, Bpabhgalt hdistributions of expect e
generated for the construction seaseoars o(nAp(rDielc elmbtear No v eol
31). The construction season spatcildalnadness someugtiixan was |

Figu#désinhce working days are onliTyhec zwmteesd weeurei mg dti Hii € d

16



county | ines to make it easy was.diheet iclhgurasgh whiadh onen ¢
assigned to their respective zones, and summary dat a
standard deviation of expected adverse weather days wi
category. I n each zone, t headvansdar ave ddaulr @ entgid acyosncsft r a@ixc p
season from cl i mat e amtgigt A2 ywsiatsh sanall dr e maj ori ty hav
devi atoinedm yof.

The regional weat her charts created could be used
extensions for their pnodj ercatisn,, otrnweoi ddafyy sfaofrar0 .@3n0d5 one d
maxi mum daily t efmrerldechsuse.escbhr828 were developed by Keni

information such as:

T ChartCummul ative count of day available for construc
holidays, and excluding the estimated number of adyv
T CharfTh2: esti mated pectcedhtagleerndarexdays available pe

and construction type (including weekends and hol i
adverse weather days)

T ChartThe: expected number of adverse days remaining

expected number of calendar days remaining in any n
ZONE 5
{ ZONE 6
Fi gwrde Spati al di stribution of the zones usec
South Dakol7a sStDBEYWNer et al . 1998)
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CHAPTERBURVEY OF STATE PRACTI CES FOR AAWDS DE
AND USE

A stodftreactice survey was conducted to assess the
Departments of Transportation (DOTs) in considering th
duration determination of highiwbytpdojectbhe Dheestovey:
di vision or similar positions at 50 state DOTs, as well

Out of the 51 DOTs contacted, a total of 30 DOTs r ¢
of 51 %, déEpigBirled Tihre respondents provided valuable inf
practices and guidelines utilized atedeparamee¢et be AfLHE
survey explored the methods employed tro nidoent admiyse fadyv
hi ghway constrTlted i dunr peywyj e sti onsr awdr aepg umeshwiwino f an d
in Appendix A and Appendi x B.

Legend

Responded
‘:I No Response

Fi gwBrleSt atfpractice survey's DOTs response st
This chapter is organized into seven sections: (1)

what contract type wab®@Tdelagyarci tactidesathéaied for high

status of existing g-wbdkdegstdudeter mdmer senweat her co

18



(4) which criteria values ar-wob&kidagsuded hygvBPOTe weadél
(5) others criterion and t-wolkdawpl dment edweat ben| uabeg
perceive the weather iwnptaicds oinn cromadwayxtpoonj eactts, and

i mpact due to adverse weather in highway construction |
3. QUESTI ONNWIGR E

The survey questions were thoroughly discussed wi
distribution. The questionnaire targeted construction g
precise information as input.

Questions Q0 (a & b) through Q4 were applicable t
deliberately formulated to differentiate DOTs agencies
the i mpact of adverse weathese obOhd ghlwayy ¢@¢oojnett s Resop
answered negatively to Q4 ipda e eadredd ctooncd welsetdi owist hQ4t. hi
guestioin®kl,6.QlConversely, participants who answered affi
Q5Q7.

The seventh question served as an additional pi v ol

regarding the categorization of-wohldagws ddmeet asadv eénse

conditions. Affirmative respomsypondeot Q7t begprooi Q8. ape
par ameter val ues for each project type, i . e.., gradin
multitasking projects. Conversely, a negative response

reqguestngditas Tihe subsequent qu®%2ions inquired about Q9

Based on the recorded responses in Q7, participant
wi t h Q13. a, wher-eymsegpecnf ocmatriogre,ctl i ke Q8. a, was req.!
respondents who answered "No" werneordi rgeecnteerdalt ocrQ1 F.rb,a
Foll owing this, respondeidt/rs were presented with Q14

3.QONTRATYIPE ADED AYEFRCTORSHIIGHWAONSTRUCTI ON

Question Q1 asked about the contract time administr
projects. I't all ows DOTs to sel ectdagl, | wdmadti nggppnpy eft i @m
date, and innovative contg,acdh ©OuUI)OfDABDVs ragepmanided iDOdI
compl @atencontracts, whereas 2A@y( @0Wt rROTs ,udei ngl ¢ meas
common contract time usedilypBRtehoMOTBOTasalsh® wnt atned t h
contract types anld metrhodse(.dadlmieai 3tration

19



TabB8®k Other contract time administration used by DOTs
Ot her answers to Question Q1
Contractor bids the working days.
Use of Primavera P6 CPM to determine contr g
A combination of completion date and day <co
utilize | ane mile days.
1. What contract time administration does your agency use for
roadway construction projects?
Number of DOT Responses
0 2 4 6 8§ 10 12 14 16 18 20 22 24 26 28
Calendar-day contract 20 67%
Working-day contract 14 47%
Completion-date contract 25 83%
Innovative contract 9 30%
Other 3 10%
Total Number of Responses =30
Fi guwr2eContract time admini st rraotaidoMma yu sceo nipyt o D¢
Survey respondents were allowed to select mi
The second survey gquest ifanmm n2t)r uscotuiggeha h ft as tiedreesnkt fi d ry
shortage, poor project management , contractor i nexpe
conditions and tight wesohtdubetewhhehmo$t thoseonstruct
participants were given a set of options representing
were asked to rank thes@eHif agtdssifxsowesta) scianedi odting whi
beli eved caused the most del ay sFiign3#BlaingFh vwgaBm ed d russtt rr uad tei

aver age

rtame sr aAmlditmg beticfbanc t or

2

as perceived by the resj|

0



from
an

condi

t he

tions

dat a

ar e

t hat

aver age30 amkieng mofng

ranked

mater i
t he

as

al

t he

shér tamgle powirt lpranfn ezt e magea ¢

t hi

pri mary

r d

contri

Bdverset wedthe

primaryO25%trobutor

ranked

t hese

respondent s

t hreeFifga@&deor s

as

t he

hi ghest

Workforce shortages

Poor project management

Contractor inexperience

Material shortages

Adverse weather
conditions

Tight schedule

Construction Project's delay contributor
Rank 1-6 (1 is the highest rank or frequency)

2.0 2.5 3.0
DOTs responses average rank

Fi gu33e

respondenisdweated

Constructi

on

t o

21

projectds
rank

Total Number of Responses =28

del ay ¢ onSturriy

factor in a scal



CONSTRUCTION PROJECT'S DELAY CONTRIBUTOR
RANK 1-6 (1 IS THE HIGHEST RANK OR FREQUENCY)

6

5

DOTS REPONSES DISTRIBUTION
|| [ ]
w I

|
[

1

TIGHT ADVERSE MATERIAL CONTRACTOR POORPROIJECT WORKFORCE
SCHEDULE WEATHER SHORTAGES INEXPERIENCE MANAGEMENT SHORTAGES
CONDITIONS

Total Number of Responses =28

Fi gwrdeConstructi &n ded @ajyecctont r i bduitsotrr ifbruetRiwoesnscyy r espondents were |

scale of 1 (highest) to 6 (|l owest).
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The DOT representat ifvrecsm etnpeh aesii gletd dihwen factors/ v
projectsbdheut gpeeonf ocnoen sotfr wchtei eoihrediss i mati ng t he

dur ati or

ty)
ties

wor |

project contracts. DOTs agencies engage in various
structur al wor k., or a combination of these activi
chall engieenalAldyW,i tfactors such as project size sand
significant considerations when assessingigiBéeduhati on

participants al sroelhaitgehdl iigshstueeds uatsi laddyi ti onal factors ¢

contract duration for h iTgahbvB&y r oo m sl e 5 U @tni oconv ep rva jeavc tosf. o

factors and variabl es

3. What factors/variables does your agency consider when determining the duration of
a construction contract for roadway projects?

Number of DOT Responses
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Adverse weather conditions SASARRAASEESRAsAS 2I2 a =7'3:/0' R
Size of the project 29 97%
Type of construction (e.g., surfacing, paving, structural) 30 100%
Geographic location of the project 20 67%
Geophysical characteristics of the site (i.e., soils, topography) 16 53%

Production rates 27 90%
Traffic logistics 24 80%
Road user costs 17 57%

Other 6 20%

Total Number of Responses =30

Fi gwBHhe Factors and variables consi der eddbrya tDi
a construction contractSufforyr oadcwandpnbdpe wte

mul tiple choices.
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TabB82 Other factors and variables indicated by the DOT

duration of a construction contract for roadway projecHt

Ot her answers to Question Q3 Couni{Per cle
Utility complications (relocations 3 6 0%
Wi nteerdi ti ons are factored into bo

1 20%

excludérwor Pec 1 thru March 15.

Design Dire80OBveutbDbnhnes <criteria
) 1 20%
compl etion date.

3.GURRERSTATUS ERFSTIGNGDANCEDET & RMINDE
WORKDAYS DWBVERSMEATHER FOR R®RDWEWURATI ON
ESTI MATI ON

Based on the 30 rdadBdorsdead ese {pdtseEig)nskave oeal abl i st
guidel ines, such as contract | anguage, tool s, chart s,
workdays attributed to adverse weather when estimating
remaining 12detaboeshé&ad46%any suykihg®@B)d des avail abl e

Legend
:‘ No Response

Non-workdays due to adverse weather guidance status
¥ j Have Guidance

No Guidance

Fi guwweSt atus of DOTs agencies use owWworglhud aywan
adverse weather conditions for highway proj

lPercent based on total counts provided other answers.
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3.8TATUS OF

DUE WBATHERNDI TI ON

When asked if the agency

DOT SGUWIDTAN CNDETTE RMINOBMWOR K DAY S

$l 6BRWACONSTRUCTCODIN RACT

has any plans t-wo

dieday op a

bpneact s,
response
to determ

ive the n
this gui

reasons

|

due to adverse weather for roadway project on
state said "Yes," coraoresponding to 92% vs. 8%
As depikitge®7 @prer cent ages are based on total
representatives from states without guidance
of highway project contracts believe ntghatonthe@cexidsutian g
satisfactory. Consequently, they do not perce
Ot her reasons | imiting the implementation of
management | @apdechdevef these tool s. Additional
i mab33F
4.2 Which of the following factors are the reason(s) why your agency has not
developed/implemented guidance to determine the number of non-working days due to
adverse weather when estimating the duration of a roadway project?
Number of DOT Responses
0 2 4 6 8 10
Adverse weather guidance/chart/tools are not considered
. 9 75%
necessary; current methodologies work fine
Insufficient in-house expertise in developing weather-related 17%
guidance °
Limitation on data gathering and analysis to determining non- 17%
working days due to adverse weather ¢
Availability of workforce to manage and track project 17%
scheduling ?
Uncertainties of results due to needs for various input data (i.e., 17%
daily/hourly/mean precipitation, temperature, wind speed) 0
Other 3 25%
Total Number of Responses =12
Fi gu37e DOTs' reason(s) of why they have no
determinewbh&dage due to adverse weather fo
dur atdurnv.ey respondents were allowed to sele
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TabB-8& Otrheeason (s )DColfh awhey not developed/ i mplemented gui

the wonkdays due to adverse weather for the estimati on

Ot her answers to Question Q4.2

Many of our projects contain a Special Pr oy
(working days and calendar days). Jobs with
determination of the award, b uitn dlobde wtiheh Iid

the award considerati on.

Weat her dagisgrairfei aant .

The agency has winter shut down peri od.

3.S5TATUS OF DOGW DANGEETE RMINODRRWORKDAYS DUE
TOWEATHERNDI TI ONSI 6BRACONSTRUCTCGONN RACT

The subsequent questions aim to determine the pract
DOTs to det-womkaahay anothhue to adverse weather and how t he
contract duration for highwalyatpringwe tgui daroavep rttkdd edyelt8e rsn
due to inclement weather, 12 -day7 e aitnhdeirc actheadr ttsh/atto osltsa tae
used in their agencies, which is complement egdeven t he i
(39%)atsed when asked which guidance i s -worekdi ngn daywes rd g
adverse weat her when devel opi(lhigg@fe mOédbewaygupdaneet aand:!
used by DOTs Tale3-4s hown i n

Tab B-4 Ot hverdagcebysP®Ts agencies t ewoadkaodawmnt dfuccr tmonadv

weat her when developing rsoadway project contract

Ot her answers to Question Q5

For working day projects which are Monday sttt

Novembehr c3ddOnt ractors will charge a day for bagd

We have standardized calendars for groups of

exclude winter work or have it tworrddeeysen aamweieikq
t wbays will be I ost during winter conditions.
Recommendati on from our CPM (Critical Pat h Me
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S. What guidance does your agency use to account for non-working days due to adverse weather when
developing the roadway project contract?

Number of DOT Responses
0 2 4

State working-day weather charts/tools 122 67%

Other state working-day charts/tools (not related to weather) 3 17%

Regional/district/county working-day charts/tools 4 22%

Working-day guidance developed through research (e.g., university
research for several construction projects)

Project manager knowledge/experience 7 39%

Other 3 17%

Total Number of Responses =18

Fi gwBB8e Guidance used by DOTs agwonckedaysodae:
weat her when devel opicmgntrréacdtwey pesejpeatdents
select multiple choices.

Climate variability can have a significant i mpact o
assess the impact of adverse weather on daily construc
no esneteéealsl solution dati ¢ms wehtot hachivevé more precise
durations while consi deaxgeamgciieanx!| @2t mwelatdeéron gui dan
climate characteristics of t heiasgpeciifeisc (B3 r addphsiecd z chres
on the administrative district/regibngaddabdklfiscstes of
additional references used for spatial di stribution col

Tabl3e. Ot hiewvi sd on references used by DOTs when deve

gui dance/ chart/ toolwortkod adyest efromri nres.andomnay pr oj ect

Ot her answers to Question Q6

State as a whol e.

Sidi stricts mostly follow the same restrid(
Cod, also has significant summer restricti
on the Cape.
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6. How does your agency divide the state when developing adverse weather guidance/chart/tools
that determine non-working days for a roadway project?

Number of DOT Responses
0 2 4 6 8
Based on climate characteristics of the zones 6 33%
Based on DOT's administrative districts/regions/area offices 6 33%
Based on the state’s defined geographic regions (e.g., north, east,
3 17%
south, west)
State political boundaries (e.g., counties) | 0%
N/A 5 28%
Other 2| 11%
Total Number of Responses =18

Fi gus@ Di vision references used by DOTs \
gui dance/ chart/ tool-wortldayest efrani nreo asdivmavye yp rroejs:

were allowed to select multiple choices.

Adverse weather conditions can have varying l evel
construction activity, particularly in the case of hi
structural work, and a combi natsikeerd aafboalltl .t hWhemtreqgopan
devel oped guidance based on construction type, 11 sta
deter mi-mer ndbamys due to inclement weather does not consi

I n comeavesttat es (39%) stated that they do consider the

wor kdlaiyg @3- 6

28



Legend

|:| No Response

Non-workdays due to adverse weather guidance status

[/ Guidance not by Project Type

7//| Guidance by Project Type

No Guidance

Figwfl®d Status of DOTs with guidance cate

to deter mionrek dnaoyns due to adverse weat her.

3.6RI TEHRSERAD BY DOUONSI®OERNWORKDAYS DUE TO
WEATHER

Participants were asked to provide the parameter vVva
in their respective guidance document s, allowing them
no-wor kdays. The sectionspubhatvaloksowfptbedeentritleeiia use
are classified by ceprpgsbhatebdPnapdojbosetypat(do not cl

states) .

3. 6 AGENCI ES WI-WBRKNDAYS GUI DANCE CATEGORI ZED
PROJECT TYPE

The criteria values uswdr bdaPpPpOTdue ot ¢l iasclidmemtonwe a
Tab3&The data presented is based on responses from thre
categorized by construction type (gradi Bga,s edurofnadiimg,.,t e
information from three DOTs, daily rainfallingmé@ater t

temperat ur e °H ewesr & hmasned@3 2f or adverse weather threshol ds
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guidance

Tab3® Criteria values uwerdkd oy o eldiy rDf®Tse wloinc h
by project type.
Grading -fNoeawoecktdsays consideration
Weat her para State 1 State St ate
DaiPryeci pitat.i 00. 5 N/ A 00
Min. Temp®r at N/ 2A N/ A 032
Surfacing ProNewbr kdapbatodqrsiitdemriad i o
Weat her par a State 1 St at e State
Mi n . Precipit 0 N/ A 0
Min. Temper at 32 45 45
Daily mean ttegm N/ A N/ A 45
Surfacing ProjNocwo r(lChaaycs ed¢®gsi der ati g
Weat her para State 1 St ate State
Min. Precipit 0 N/ A 0
Mi n . Tempeer at 32 32 40
Structur aNo#roog jkelatys consi derati on
Weat her para State 1 State State
Min. Precipit N/ A N/ A 0
Mul t iPtrag leNcotneor kdays consideration
Weat her para State 1 St at e State
Min. Precipit 0.5 N/ A 0
Min. Tempeer at N/ A N/ A 45
2N/ A means the agency did not report a specific

30
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Note: fAMin. Precipitationdo meangdl etmprea ah alr e ov anlewaen sf araign

temperature in comparison to fiDaily Mean Temperatureo

3. 6 AGENCI ES WI-WBRKDAYS GUI DANCE NOT CATEGORI .
PROJECT TYPE

St ates whose guidance is not classified by construc
The criteria vfilwess . re¥p)ordafedt hey 11 IhhI-*s are presented

Tab3% Generiakrca values us enortkod adyest ebrymiDnCeT sn omhn &¢th gui da
categorized by project type

Gener al Cri-wer kanghamaNewmi dance DOTs
St al

Weat her paran Stat(Stat Statgq State 5
Min. Precipit|{ 0.1 N/ 3A N/ A 0.1 N/ A
Min. Temgler at| 32 N/ A| 3245 N/ A N/ A
Daily mean tAFmp N/ A N/ A N/ A N/ A N/ A
Daily mean prec O0.25 0.1 N/ A N/ A 0.5
Wind speed (1 N/A N/ A 25 N/ A N/ A

3.0THEGRI TERI ONTOOMNBSED EWALUANENWORKDAYS DUE
TOADVERSMEATHERNDI Tl ONS

When participants were asked whether their agency's
bet weewon&days anédvoprakrdtaiyast,i m5p3a% e(s of 17) riesgpionastessd t hat
do not have such a ecirgshttat eeh, swhi eHEs tdafb@ti (sthhenyg ddef i ned
threshold values can assist in generating more precis:e
Tab3&presents some of the criteria empl oyedwaobryk dia@Tss t o

and full |l ost days attributable to adverse weather.

3N/ A means the agency did not report a specific criteri
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One of the advantages of haviwbpg kgwiydsa e tthha ta dd/estr esr
conditions and aids in preparing more accurate contrac
di sputes with contractors mendxdwrhesa mtnrsa cotro rdse | ragygsa rcdai unsge
Therelaretatest (®88%17) resgpionaesd that they conduct mee
di scuss delays and exceptional circumstances resulting

s ofl iuo nasd viann c e .

TabB& rCteria used by the DOTs twordkidhahydr anf-wat kdaynpart |
due to adverse weather

QuestioOr iQ9%rion wused tnoo-ndoirfkfienrge natnida-tae rpkairhtgil 4
to adverse weather conditions

Il ncrement of 0.25 days.

We only giwoer kliung dayns based on whether the

or ot her incl ement weather.

The Contr acacthar gwidl 11 /e wor ki ng day when weaf

control of the Contractor permit work for &
Contractor will not be charged a working dag
of the Contractor work for |l ess than 1/ 2 of
work on a project is ready to be started o
working days wil/l not be charpgeed odurpirmg itdled

starts work as soon as weather and ground c

Amount of work can be completed on the Crif

along with the efficiency of that operation

1/ 2 day or more of i nwdrekmemg dvaeya.t her i s a n

Less than 50% producti ve.

A 1/2 working day wil!/l be counted for any d
on which conditions are sucechkpteitdtedt He® ©aontdro

but not more than 6 hours work on the contr

Participants mentioned using vari ouswvotrdkalasy samrcd ad ameu
by contractors. The fielrkel-apgnneesodiaey witulth® mBEIT s
respo)nsiemssdi cating its DOBREERLWAddmpli oy awd k!l yl2pr ogr ess r
report-edrkdays due to adverski gu@ht hOrhenstdepscaed doacu
used by DOTs towookdalyscsr atpomdared by dab3ractors are sh

32



TabB-@ Ot hoeorls atnd documents used by DOTs-wbokdayrdber apbe
adverse weather reported by contractors

Ot her answers to Question Q11

Mont hly Reconciliation
CPM Schedul e

11. What tools/documentation does your agency use to corroborate non-working days due to adverse
weather reported by contractors?

# Number of DOT Responses
6 8 10 12 14 16 18

S
[¥]
£

On-site weather station 18%

|

NOAA weather service 41%

Forecast web services 29%

Field engineer diary

94%

Weekly progress report

1%

Other 12%

Total Number of Responses =17

i

Fi gwfrled Tool and documents used by DOWwortdaac

to adverse weather repSurtweay brye scpoonntdreancttso rvee
mul tiple choices.

SevdmMl%) states indicated that they held weekI|ly me
revi ewom&kmnays due to incl efmemetd %ye gptalreri,ciwhermresad ndi cat e
holds this meeting at otFligr3feTefdIle®dbovs, addi showali hre
indicated by DOTs
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TabB&0 Othequéncy oé$beneweaemgDQTosntamdctors to review an

noworkdays due to adverse weat.her reported by contract

Ot her answers to Question Q12

Varies by project.

Contract duration factors in adverse weat hse
ordinary weather conditions. I f there were
contractor to submit a contracondiidner adteitoenr.

approved -+mrc aas ec absaes i s .

Usually at the timeffwhehalePirdjagtoli mp EXt ¢

The agency determines nonworking days.

12. How often does your agency and contractor review and reconcile contractor reported non-working
days due to adverse weather?

# Number of DOT Responses
4 6 8

r S
(5]

Weekly 41%

Bi-weekly

6%

Monthly 18%

Bi-monthly | 0%

Bi-annually | 0%

End of Contract 6%

Other 29%

Total Number of Responses =17

|

FigwBile Frequencysobemewetman@POhsractors to re
noworkdays due to adverse weather reported
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3.ISBMPACTWEOATHERCONSTRUCTACAON VI TI BHb GH®OR Y
PROJECT

Survey participant $ emoesrte caosnkneodn twe artahnekr tdel ay f acto
on a soakbédighestsinxhmhkwestorank) based on their perceive
construction performance. The responses wersepercadadrcded
gui dafmiceet(sevsehates) and statréds ewibhggedanak) .(1Dheut C

findings are or ganBazn@d b htthoehssiesct i ons

3. 8AGENCI ES WI-WBRKNDAYS GUI DANCE CATEGORI ZED
PROJECT TYPE

For gradi nagr tpircoijpeacntt,s pranked dewatering operations
weat her impacts with a significant effect on delaying
precipitated-gwatderd amr eapen was al sdyi dagtricdfrdperrdgpa@esta no
The BOTaverage r anktiwbgasctfoars twease(shdDwandg @8n25%5qgp of e

respectively Figu-ildemBi coetdr ast, remediati on wortkhastas r ar
participants perceived it to be the weather factor wit

Forurd apriongacgh)dl si mi |l ar |l vy, as in grading project, d
has been indicated to be one of the weather i mpacts w
asphalt, has been ranked with a val ue mefdi2;t iwhe rweoa sk, rad

as 4.75 and 4.50 have the | owest sFggiBfi8c arioaf afgoirngas pl

pr oj ect (,Coanhcerne tweo)r ki ng on surfacing projegtradwintgh (Qa rbg |

is an additional weather i mpact with high significance,
and erosion (2.50), and tthats siméel hehgt ttet adohéent @alhaive
depi cteéed 3l

For raucpruorjaehcittsh an average rank of 1.5, erosion is ¢

of the weather factors with the higher -gsriagciinfg cwaintche & orr
of 2. As in previous project twmwpast Bddtbhendkeredst hdu
|l owest effect on this type of Rirgpglecict, ranked as 4. 25,

Forulnt ipr®$ ken®si on, dewateri mgg adpemgatwieare amdsi @er e
participant as the most detri mental weather i mpact for
Fi gB1&resent s; additional costs with a rank of 5, was
| owest i mpact on this type of construction activities.
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WEATHER IMPACT SIGNIFICANCE ON MULTITASK ACTIVITIES FOR A ROADWAY
PROJECT
RANK 1-7 (1 1S THE HIGHEST RANK OR FREQUENCY)
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operation production
L 0.0% 0.0% 0.0% 0.0% 25.0% 0.0% 0.0%
6 0.0% 0.0% 0.0% 20.0% 25.0% 0.0% 25.0%
5 0.0% 0.0% 0.0% 0.0% 25.0% 60.0% 0.0%
4 0.0% 25.0% 0.0% 40.0% 0.0% 0.0% 0.0%
3 50.0% 0.0% 0.0% 0.0% 0.0% 20.0% 25.0%
ul 0.0% 25.0% 25.0% 40.0% 25.0% 0.0% 25.0%
=l 50.0% 50.0% 75.0% 0.0% 0.0% 20.0% 25.0%
Average Rank 2.00 2.00 125 3.60 5.00 3.80 3.00
Total Number of Responses = §
Fi gu3le7 Weat her i mpact factors ranked by DO

multitascskinwgties for roadway project

3.8.2 AGENCI| ESNVORKIDFA YNSONsUI DANCE NOT CATEGORI 2
PROJECT TYPE

DOTs with guidance-wfoork dlhg/tse dmienit mg wean her condi ti on
by projiecrdi ¢ ytpeed t hat weat her impacts such as work del a
are the ones that has the higher significance for cons
the DOTs which guidance c atte garnikzeedd weyat hreoj @ arip atcyt [se stul
operation, grradiicmg eaamsd trheose with higher i mpadgiaguce for

318 hows, additional cost (4.20) and remediation work (
both groups, guidance categoratedorbiyzepr,ojierct addiptei oann
operations, which was ranked as 4.44 for the | atter gr
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WEATHER IMPACT SIGNIFICANCE ON CONSTRUCTION ACTIVITIES FOR A ROADWAY
PROJECT
RANK 1-7 (1 IS THE HIGHEST RANK OR FREQUENCY)

120.0%

4.00 2.30

444 3.78
- .
80.0%
60.0%

2.70 4.56

40.0%

Dewatering Decrease of

DOT'S REPONSES DISTRIBUTION

Re-grading Erosion Additional costs Work delays Remediation work
operation production

n7 0.0% 11.1% 0.0% 0.0% 20.0% 10.0% 33.3%
(13 11.1% 22.2% 111% 0.0% 20.0% 10.0% 1L1%
LE 222% 22.2% 222% 10.0% 10.0% 0.0% 111%
nd 44.4% 11.1% 222% 10.0% 10.0% 0.0% 0.0%

3 11.1% 22.2% 222% 10.0% 10.0% 20.0% 11.1%
2 0.0% 0.0% 222% 40.0% 10.0% 20.0% 33.3%
" 11.1% 11.1% 0.0% 30.0% 20.0% 40.0% 0.0%

Average Rank 4.00 4.44 3.78 2.30 4.20 2.70 4.56

Total Number of Responses = 10
Fi gudleBWeat her i mpact factors nozmakedobyz®&ODT

constr wcttiioon ti es for roadway project

39COST™MPACT DUEADVIEORSMEATHERNDI TI ONS

When asked if the additional costs carried by del a
conditions are tracked at their agency, al | 17- states
workdays due to inclement weaactkh etrh es teactoendo mihcati mphaecyt doof

in roadway project

3. SWRVBYMMARY

Findings from the states of practicefsidraegpoohnddutc:
including the District of Columbia DOT, which aimed to
DOT when managing contract dwerrgptriecsre ath@rd shhimmaway é6@gsoj e
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chapter. The response rate was 51D®OTpaorvriedd magn dziand gi avbil teh i

The séGkepyfindings can bes: summarized as foll ow

A Contract Types an83®edfayt Facteogmpandi ng abD@Tsomg & acd m
while 67% udaeycaberpndact s.

A Existing Guidance f-dor Reéngromidyionfg thNhoen r espemtdainn s u
guidelines forwarekiemgnicdmaynwg dcdwe t o adverse weat her.
A Criteria VaiWekifngr DRAFs :use specific criteria value
and temperature threwbokidsg days;)| awsafgemompar amet e
nowor kdays ranges from O to O.AF ifno.r faoirr ptreencpiepriattautri
A Tools and Parameter sWooki Ey 8B3&m oif re¢s pdoD®DiTsg r el y on
guidance fitted to their specific geographic zones
A Weather's I nfluencelhammat@an satlr uschtoirotna:g e, ppormangdroj ec
adver se awvree fthheaes tc otnhtrreiebut or s to project delays as r
A Cost I mplications 0889% dovfertshee Weeastphoenrddent s conduct pr
contractors to preemptively address delays caused b

conflicts and | egal di sputes.
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CHAPTEREZERMI NATI ON OF AAWDS

4 METHODOLOGY

One oprit maasyk s sotfuwdtaylsi ¢ 0o det ermine the weather thres
when developingeteed Whfsarhfieove ALDOTT IRee gsotdartsect i ce sur ve
di stri but e 1DaOnosn gp rtoheef e ednce on t heefsfteadtusofofadcdhwew steh ewe
perceanddmanbaygetdc ansportation agencies and which criter
temperature are being u-wedksalfaogrn rdoeatdearanyi npirnogj encotn. The 1
t hs suwWays t he devel opment of a tool for det e miprdiange AAWD
met hod based on the data obtained from historical <cl i ma
air temperature recor dedbutreodng tweratt ubheeac st @aft i tomes fdii we r AL

The met hods, decision and criteria defined for this ob]

4. IWEIATHBRT A

I n comparison toomrpIDOiTe 83 &1 i ersgp 02 Q@3 ,0fonenptrtoive ment

study was to increase the number of representative cl i
ALDOT Regi ontso fa olmarfgesre number of stations, Weghonot | in
(Figud)e This decision was taken to increase the- accur acf

workdays representative for each of the five ALDOT Regi
fromNabheonal Centers for EnviNOAdh@etnd mad s&l sob@t Im&tuimona r (y N ©
the ©0&@80OD) aG@ldob(a2l) Hi storical Cli matThleo g5S O®e twacr kt h(eG HC
dat abase, and the GHCN was used as a complementary da
representative weat her sRiagdbelso wse rs cAnheD OTS GRB gaarbdh oG C N
are overlapped.

Anot her main goal of this study was to use more r |
selection criteria established to determine if a weath
the climate weather stldydeams ofusdathaveTlhd Wweatsher par al
the climate stations wer e ,ddinliynuaainrd )treanapde r cha iulrye [ rmeacxii m

which for both databases were downloaded wusing the fol
0.01) iamd air temperat ureaend nmiend rkfujmt, Utad& i sntuendso wind lolaaddw e d
the data for each dAapmpédsiex @ar eo Wtedianil eg weat her data fr
Climatol og(GHRPpd avioa lka s e, andf orpp ienwe xt her data from t he
Summary Daf(G$@pdat abhhansea his thesis.
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The downl oaded data from the GSOD database ranged f
obtained from the GHCN covered Fb@SQ@BTt abdtdlodesadira@r@00 t hr

from more recent aywld arcarafetderas2@h® yw we rteo nmitdatkeapgees ent at

GSOD database is only produced/updated over a certain t
stations providing data from 8/4/1992 to 6/9/2014 and f
database is maintaineddoardcamdatboeedh!| daidl y heanweat her dat

from NOAA website f NCE3h&, ac2tilPdel)ehtoatRicoShGD (st @ri6ons

i n Al atbharimeae, Geor giian, Minsdsi ssi ppi) and 125 GHCN Al abama s
of dat a.

4. 1.2 DATA CHALLENGES

An i mportant step performed prior of the processing
with the data format, this process was done by reading
the data is presented anfd tthhee nse agsnu rfe nceamntc ea nodf peaarcahmea e

metadata is igAppepeaendimxddBvtasi lobt ai ned from t htehRMOAAS ewebsi
Over viioerwNtalh € on al Centers for Enviatooman®.fdNaDIA Al NIC&Ed matlio®m® )
byha User Engagement aDnQdC / NeOrAVAI/ dNeE S S iNdtiEed @ n a | Climatic
Cent(eNrCDGlat i onal Environment al Satel | NE&D) tBrad aNa tainaln aIn
Oceanic and At mosph®OAB AdIBi niDsetpraattimnmeni USDOC)C,o(nB)B A c e
Gl obal Hi storical Cli arouggyGCy@en wo2 &2 ) GHCN)

One of the challenges faced when wusing different
bet ween the format on how the recorded climate data ar e
of B&8®D versus the GHCN, it was noted that the mean dali
name for both databases, as APRCPO0, contrary to the mea

air temperature measur ementl 0wsre (pr) e AeTrEtMPD, =n ame d ya snefac
(2) &AiMH Ndaily minimum temperature, and (3) AMAX0 = dail
data for mat, presents three air temperatur e measur e m¢

temperature at the time of obser vartatowmr,e,( 23 n di T(MBA)X oA T=MIdI

mini mum temperatur e. For GSOD, TEMP was wused, and for
average of TMI N and TMAX. When TMIN or TMAX is missir
temperatur e; if TOBY is wmobestaead, fohabne day with missi
Gsob, if TEMP is missing, mean air temperature is calc|
MAX is missing, it is counted for one day with missing

Anot her difference encountered was how the missing

the missing data in the Excel file is annotated as fA99

4 3



t hose
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Theel ect ethat e
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weat her

fields i
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downl|l oaded
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weat her

weawaee
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| e

n the Excel
for the results
4 . 1.

ar e

t his

Abl anko.

study.

DATA MANAGEMENT

ned

shas efomst her

anal ysi s

ti

st alOycemy shadl hree csqprad s afl a rohaadste rli da
fromothehiGSOPepiFyg g@M.ENINtdat ab

a selecti

is evident that somecstygt/iloncatancne buttitleabhaoamag di s¢ apce
of data duplication. To address this issue,
stations across Al abama, with a minimum requirement
and tempetatueeodds. The weather station with
| ocation was kept for furiThb4kddtha eenasltyadiivo.nsAsats h dwen L
Airport location had overl apping weadhedatdatmaec Bred,autsle
"722268PDIBITMHAN RGNL" was chosen for further analysi s,
Tab4k Overl apped stations at the Dothan Regional
the Day (GSOD) dNaAaMbas e, NCEI
Statiol Stati Begin End La'tit LorTgit El eval| No
Name Dat e Dat e A A ( M) Year
Dot h4d
7222681 Regi o 1/1/2q 4/8/ 2| 31. 3 -85.44 112.1 14
Airpd
7222689 DOth&112/16/ 6/ 9/ 2| 31.3 -85. 414 122 73
RGNL
7222689 Dot ha 1/1/2q 6/ 2/ 2| 31.3 -85. 414 122 14
RGNL
The GSOD had a total of 116 i mate stations
more than ten years of data, while 402 cli mate
60 stations had | ess thHCN ent atdaornss a@fl sibatda.scMany nued
years ago. Only 190 GHCN stations stil collected
of the weather stations from both databases was
noted that the East Central and West Central
weat her station from border states, such as
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study analysis. A total of five stations from Mississi

ten years of data were downloaded from the GSOD databa:

4 RATRROCESSI NG

4. 2CLASSIDAY LDATAROMNEATHERATI ON

The VYWBAvered Excelswepeseadshoetthoroughly examine an
weat her data obtained from the climate stations daily.
bet ween wor kdvaog/rsk diasyds mom st r u.drtoiron hpgrsojsaautdsy constructi
defined as days other than weekends (Saturdays and Sun
adverse weather conditions that are defined using weat
weat hays dhave unf avorabl e weather conditions for cont
construction tasks.

ALDOT calccnt maetsor' s time charges on a working day
only Al abama's | eglaalb44wk rcdanyssi deifishtdesde ilne g al holidays p
(Saturdays and Sundays) were incorpor atwod kidiatyosEExeé |l ' s
based VBA code devel difeendk dibayrt €f himgt stomdy s used to deter
i aweekeond weekavhyere fADateodo is i nThayff Meacttihd¥emhef dawmabdf
week corresponding to a date. The day is given as an il
def aWhleto.pt i panrad met er S7atiugi duaspeBdu,n diagd whi ch ius péracsgyr dnor
other days.

I n terms of | egal holidays, it is critical to disti
are treated differently. For fixed dates, I f the holid
Friday; i f it falslesr verd aonSurhdkay,oliltowiismngotMonday. For m
holiday wild.l be observed on the exact day it falls, w

occur on Mo dfahya rekxscgeipitictmg ocacllhrug sday. Anoti hher tadesi der &
VBA code was to consi defyotnheg Juwnelt2deetd tesa@) trhd s1hol i day
recognized as a f edébefadkr en,od tiddednoetli2n (b®XI1lo.re 2021) or 13
Al abama | egal holidays
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Tab#z2 Al abama's | egal holi days weockgrriyzddrby oAl DAQTt asx |

ti me.
ALABAMAG6S LEGAL HOLI DAYS
Dat e Hol i day Date Con
Januaglbty 1 New Yeardés Day Fi xed
3¥Monday of Martin Luther King Moveabl
3¥Monday of |George Washington & Thom Moveabl
4™Monday of Confederate Memor.i Moveabl
Last Monday Nati onal Me mor i al Moveabl
I"Monday of Jefferson Davisbs Moveabl
Juneth19 Juneteenth Fixed
Jultly 4 I ndependence Day Fi xed
I"Monday of § Labor Day Moveabl
riMonday of Col umbus Day & Fraternal Moveabl
Heritage Day

Novembehr 1 Veterans Day Fi xed
4"Mhursday of Thanksgiving Moveabl
Decembkhr 2 Christmas Day Fi xed

4. 2NCNWORKDAYS DUE TO ADVERSE WEATHER CLASSI
CRI TERI A

The l|literature review and weather threshotod values
practice survey served as guide to defiwvwe kthgsthduesha
adverse weather. Drad | mepm edapi yataiian temperature were
evaluated to classwbykWwaykdadyeosmanthendrmaily climate dat:
adverse weatherecvahdatéednsbwerat t het saldgwgiessa myoint toefe sAL D (
an addctibenl on, prieaiapgi taatdiean =3 00.a2% ot a bkchoonfdd {3 bwesat h e
t o Pwebr)e evaluated -workddagsmdne nhonlaadbder se weat her (

The workflow followed for the cl assi fwocratdiaoyms oafn dt h
wor kday i s Phiregbketaead showcase the process based on cond

daily precipitatiilmmndgdaatgr mtehanadr2teMpasatt nreshowears

adverse weather conditions. As the flowchart indicates
daily precipitation and daily either mean or mi ni mum
di scarded andayowntbkbdmassidng climate data. For days v
temperature, the VBA code first checks if the day is e
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falls into the observed hol i dawosr;k dafy .s ol,f tthhee ddaayy iiss cnlea
or a |l egal holiday, then the code checks the recorded
and cl asswbykdaynor awaerdk doany t b & r ewechobnhddirt i onBald#i3dmsted in

Once the day is classified, then it is continuous to t
has been processed. This process was done for all the
Mul tiple climate attributes were computed wusing VI

process explaidnBdt @é nmisreicnfgoGIAIAMSIset | Toanbsd-£1 i st s t he attri
determined for each month after dated daitlyi mdt@absttaciaon
4-4, R1, R2, R3, and R5 stand for daily rainfall l ess th
daily mean air temperatuwkFe tespetathiadel3Yi, oB5t 0o asdardiOon

and mont h, it dworkdanes( NWDnhoand 15 corresponding wor
thresholds of adverse weather conditions, number of da
rainfall nMitas),Tor&Riany days, (pveciagiet ammoino hlay ntf ail df alvle,r
rainy days, mi ni mum and maxi mum r ai nf alilra ndde ptthadsa,y enxutmb e 1
rainfalmr >S>@o2Z d.R2r5 i0pn 3number of days for stormwater ins
inNn and tot al number of days withimi £aichgTyhesmirmdmlidf otrheli
wor kdays and workdays in each month should be equal to

Each month has four to fiveén welE3ewmarsyi(idadgloend daws,) ,Aper
Jul vy, and DecwmenbkentdbdaysefomteAWIhare | esd23 hadaay 20wi t hou't
considering | egal holi days and adverse weather days.

When ntuhmeber of days with missing walsl dddtea ma mde dmi swseier
days and | egal holidays were excluded. It means that if
those days were not considered as -mo sl dlatg sedaalstya csoiunnctee dt
mi ssing data days on potential workdays. Therefore, i f
+ TotRainMiss) for a mont hAWB$§gretahatr mbanhowag imagl cus a
average avai babAwWDwowlkidaly wi I | be 4d.iBsedegamd chi infyo FAAIMDIs 0 1
Cl i mS8ttet i ons

Thdairlay nf al | t hr evalso ladd deefd @.0283 he study in the summ
comments fr onadtvh es opmydjteaccte ( PAC) . Parameters P5, P10,
weat her parameters. Parameters P1, P6, and P11 take a
weat her conditions for construction projects,95which i :
percentil e USaiEmfvdalrlonmeme al RrSoEtPefAc2 G (bM)g AgethTc yrdmovi ng
rainfall evenbs {lkeas &dremdOhbei doheaesevents do not typi

could potentially cause the 95tWLSBRA c20Mbel eALrDOTn fGauli Id etl
for Operatit@j ALCPD Befh&gpté ALDOT new dewvdkdwelmemme natnd
projects to use déadielaypbft bl perventifer calculating runof

durdnginage design
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Tabi2
hi ghway

Par aniegtag md al |

construction

and

projects

tah rre stheonffpdesr ada div er s e

Parameter DaiRayi nf.al Mean Air temp
lor P1 P > 0 T< 30
2o0r P2 P > 0.1 T< 30
3or P3 P > 0. 2 T< 30
4o0r P4 P > 0. 3 T< 30
5o0r P5 P > 0.2 T< 30
6or P6 P > 0 T< 35
7or P7 P > 0.1 T< 35
8or P8 P > 0. 2 T< 35
9or P9 P > 0.3 T< 35
10r P10 P > 0.2 T< 35
l1or P11 P > 0 T< 40
12r P12 P > 0.1 T< 40
13r P13 P > 0. 2 T< 40
l4r P14 P > 0. 3 T< 40
1%r P15 P > 0.2 T< 40

4 8

wefadather

cor



Weather Station Data analysis - Adverse weather
Condition 13 (P>0.2" & T<40 F)

Download data
from NOAA

Database by year

Excel VBA-Code to

process Weather
Station Data

Year

Month

Next

Does the day have valid
records for daily
precipitation and air

Count as day
with missing [«———No
data
temperature?
Yes

|Is the day an observed | ves
Holiday in Alabama? |

No
Yo ™ s

Does the daily

precipitation is No

greater than 0.2
inches?

N Y,
Yes

‘Does the mean air|
temperature is

less than 40°
F?

\

Count day as a Non-
workday for the month

Count day as a Workday for the month |

y

Next

J

'Is this the last day of the

month?
Yes

Month summary of
Non-workdays,

workdays, and days
with missing data

Next Month

process-

on

cat

Fi gu2é&l owchart of
wor kdays

t

he «cl

assi
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TabWé Attri Wettees mined in the <classification
selected weather statwonkdawpddworkdawnwe non
Paramet egDescription
Station |GSOD or S3HLINi (olh2 |dr more | etters and
Year Yedarfour digits)
Mont h Mont h
NWDROT30Non workdays due t-;Paadwmet €ei .nike JItRPBD
weekends, and Al abama holidays in a
NWDR1T30Non workdays due t-Pandmeter i & §PHBD
weekends, and Al abama holidays in a
NWDR2T30Non workdays due t-Pamndmet see i ®& § PHrBP
weekends, and Al abama holidays in a
NWDR3T30Non workdays due t-®apndmeter i §PHBD
weekends, and Al abama holidays in a
NWDRBT 30 Non workdays due tBamamé¢BRGWEaTITRB)Y
weekends, and Al abama holidays in a
NWDROT35Non workdays due t-;°Paadwmét £eilOnde alt<PBep
weekends, and Al abama holidays in a
NWDR1T35Non workdays due t-Pandm@teplwdatlARp
weekends, and Al abama holidays in a
NWDR2T35Non workdays due t-Pandméteplwatl Ry
weekends, and Al abama holidays in a
NWDR3T35Non workdays due t-Pandmé8feecelwaTt D
weekends, and Al abama holidays in a
NWDRBT 3 5 Non workdays due tPamramédare206n.82%a tTh<E3n
weekends, and Al abama holidays in a
NWDROT40Non workdays due t-®aadwmétlesRe>ine aT hE)l
weekends, and Al abama holidays in a
NWDR1T40Non workdagdveuee t-tPaatbmeZ(e>0lnd T<B)Y
weekends, and Al abama holidays in a
NWDR2T40Non workdays due t-Bawmdmedr(sPe (WwRa T kB
weekends, and Al abama holidays in a
NWDR3T40Non workdagdveuee ttPaatbmed(elr>01n8 T<B)P
weekends, and Al abama holidays in a
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NWDRBT 4 0 Non workdays due tBamramwest aPe208 &a tTh@&I0
weekends, and Al abama holidays in a

WDayROT3Wor kdayarfamet ern ngl T <00

WDayR1T3Workdays for Parnafmet<e®0 2 (P>0.1

WDayR2T3 Workdays for ParnafmeTt<eBD 3 (P>0. 2

WDayR3T3Workdays for ParnaSmet<e®0 4 (P>0. 3

WDays5R30 |Wor kdays f ob( Pa60Game T eB)

WDayROT3Workdays foB( Pain&a meLRs

WDayR1T3Workdays fo( Paf afineTt e=x)5H

WDayR2T3 Workdays foB( Paf a®eTt e=xpb

WDayR3T3Workdays folO( Pab aheTlt<el)0

WDaySR35 |[Wor kdays f ol QPPa>R0a. me t e<PB)0

WDayROT4Wor kdays f ol I(PPa>08&m eTt<& 0

WDayR1T4Wor kdays f or2(PPa>rGamile TeR )0 1

WDayR2T4Wor kdays f or3(PPa>rGamke TeRB )0 1

WDayR3T4Wor kdays f or4(PPa>rGamBe T e )0 1

WDay5R40 |Wor kdays f or5(PPa>R0amet el )

Tot AMi ss/Tot al days with @i memnnlg dat a

Tot Rai nMNTot al days with mnssai mgntai nfall da

Rai nDay |Total days windih mannhall >0

AvgRain |[Average (rnai.nf plelr Tatay dayt Ray nryaDiany

AMonRai nAverage mont(hlry )froaiardf adoln tNhulmb er a yosf f §
each month, 28/29 or 30/31 day

Mi nRain {|Mini mumermronra)nfall (in

Max Rain [Maxi mum r3ginfall (in

LRGradRlDays ai gdéd 4 ai nifija,l Indxt0O. dabyi rfaoirn friaahi Iny,

LRGradR2Days ai gdé&d 4 ai nifija,l Indxt0. daby-rfad rn fraail n (

LRGradR3Days ai gdéd 4 ai nifija,l Indxt0. dabdy-rfad rn fraail n (

Stl nspecNumber ofstdarwymwdtoer ( Dnighp eicnt iaonmont h

TRai nMi siTot al days with missing rainfall da

MonTemM |[Tot al days with missingaamont bBmper a
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4. 2DISBREOOT COME SCIOFMADAT MANALYSI S

The following sections provide exanapbloevse onfienttli @ neud
climate daprao cadnshdo.y snas ioonne efprroems ent ati ve weather station
each dfi AebORegi ame pr.ovi ded

EAST CENTRAL REGION - TALLADEGA, AL US (USC00018024)

As an example of the climate attribufTfabdsd-Beitweeaani ned
the results obtained from the daily clTiarhdtael egeac orAds U®
USC000108,02l40cated in the East Central Region, analyzed
days as adver sewarelkitmmgerday whhen daily irmrndall yi snhegnea
temperature iA FessJuman2@DS8, awotr ktdaly sofand5 16omor kda
determined, as indicated i naR2aE400.el Alssed Wb R2yT t4d0ddy safnwdi tf
precipitation ngerraticedenthiafni €&d dur i ng rtahins dregnthhnowi t~h0 . a4
with a maximum and mini mum preciigprnd a@Q hbhe depedthi velgy .st@
t hreumber of rainy days registered f olrRatimibsalsthadt iwarnt hdur i
no missing TAMINRS 80l | Thhat bARGr a hRk,e2 ,al3lddrad bnabutuesf abmput
this prlbatessan be informative data for future research.
|l arge i Qrexi pitation i n dwunet idwaiyt x amf atf Hecnexthewgeloday s
construction activity. -woAdkdiaryg adrn ead irteicarpdlt amhnmb ®ns i s
considered in some studies. For this station a total
condition of precipiitand olmaygirre@t grient ih@intn @®tTiddrR &Y .ald
LRGraJdRl1and 10 and 11 days f obtRGrhaccah@lt R@mr 8dtRvo 20 h8j t i

respectivel y.

52



TabW-B. Mont ht tyr iab(udtaeyss oorf itrh.e) dai ly cl| iTmaltleaddkagtag O0AfL tUIse
USC00OO018BOR4year 2018.

n

= o | ° | - © € — < E | o | o & =

< [T =S| -] - o = = ©| © | ©f © c
et — | B | | ® | c @ @ o o c
o o S el = > c - ol O | Ol — ©
b = |l ° |5 o = x| x| x|l = o

= x > = = © | 4 a| @ -

z | =2 - < < = =
Jan 23| 8 0 0 6 |0.2(0.040.00. 30 0O[0]O
Felhh15/13 0 0(l12/0.8/0.3(0.13.12 21214 TRai nl
Mar 16({15H 0 0[10/0.310.170.00.90 11113 111
Apn 12|18/ 0 0 511.0]0.1710.52. 31 1112 TAMiI s
May 13|18 0 0[12/0.4}1/0.110.11.30 0 [0]3 0
Junl15(15 0 0 8 |0.41]0.170.11. 3 1 1 |1|1|ToLRGH
Jul 1318 0 0 [10/0.5(0.1¢(0.02.10 0 [0]2 9
Aud 13|18 0 0[10/0.5{0.110.01. 51 11113 10
Sepl14/16| 0 0 9 /10.410.140.01. 51 11113 11
Oct 11|20 0 0 4 |0.41]0.0(0.01.00 O[0|1]|Tol ns
Nowvy 22| 8 0 11122/0.6{0.210.03.3 2 2 2|4 30
Deqg20|11| 0 0 [13/0.6(0.20.02.91 11214

A seasonal patter n -woor ktdhaey scldaropg latdeddpg anbS¥®EIO 00 3$,802 4
based on the wd®i(tkhe>2 ic o mchidF)jToecka nd Obde observed when plott
2013020, where colder mont hs, November through- Mar ch,
workdays as expected due to the | ow temperature of the
FigdBdepicts. The wor kd(@ayesbrruaanrgyed222)m to 21 (July 201!

year s.
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TALLADEGA, AL US - USC00018024 - WEATHER CONDITION 13 (P > 0.2 in. and T < 40°F)
35

30

25

Days

20

5 WDayR2T40 - Workdays
NWDayR2T40 - Non-workdays
»- Days per Month

T Y Y T T T YTYTTYRYNYS YN YTTETYSRYOR TN

Jan-20
Feb-20
Mar-20
Apr-20
May-20
Jun-20
Jul-20
Aug-20
Sep-20
Oct-20
Nov-20
Dec-20
Jan-21

Fi gu4-2 Det er mi we d k dnaoyns and wor kdallsadfeqgra, 1
USCO0018Me2ast her Cod(dA t2an landF) T ok &RORLYD .

Fi gdbpl athse det er mi noendomakiengpgeays on the weather con
Janubhoy Tahéd adegalSBQ000UE80RMat ef sa ML @®BADO The weat her d
covers over 12220 2y29arbsut( 1i%t00does not have the data for
2022; therefore, only 118 years of wwatkeaysatar weédaeual
the excluded ye2021 hH%@0,202211,t here were many days w
therefore the data did not comply wiwobhkdagsvalThdi tympoc
averagwonlgsa (ANWDs) for Januaryildudi agitOR®4 2vmer i2dd dlayG
with standarfdodewlsiagtdibpen ©Hh t he o tAWDr§ olra reda,cFhit gydedder  (
were determined as the tot al number of days in-the mon
working days. AAWDXaentuearriva Infleard e g aU S @QL0 WSB8H 2det er mi ned t o
11 days with a stfaonddagrsd oddevi dtliBory eafr s . Even standard d

nowor kdays or workdays, the vari atwomlddys ibmtharmuar y e
from 9 to 29 days andWDsrom 2 to 20 days for

When <cal cul ati ngwdrhked aayvse raamgce wormmkdays for June, a |
identhifgwan®&i guHéehow that during J3dhaeys ains avemwaigee rodd
wor kdays 7daysuavailable for work in constructwdays.acti vi
When compared to January results, the increase in AAWD
the summer months, June st hhad cgogh mhpwguatint to note that f

54



tahse 1p9%l1r0i,o d2 012910 Oa n d

June the results were cdinp0® e @21002008,
excluded due to mi-esr kdjaysatian JJdme mamged from 9 to 20
f AWDat Tall adega.
30
—=—WDayR2T40
——AAWD
2 -~ AAWD + Std.Dev
---AAWD - Std.Dev
220
2
15
10
5
0
1900 1920 1940 1960 1980 2000 2020
Years
Figuddet er mi ned aweruaag e O6awvoarikldaabylse f or t he
-USC00018Weadt her Cod(dRP t 2o®. land T < 40AFi
1910, 121092101.
30
| ﬂ i A
25
"T\'ﬁ ................. H\ ................................ A ...... \ ............. - M ...... - / ..... \ ......... ﬂ‘ ................ | ;\J\[\N/\\/V ............
a
,,,zo"]/\/'\h i\“}| Y, LHH\INT‘T f!\ﬁ f |
AN A
P AT T
S 15 |
£ M
l
10
—=—NWDR2T40
—ANWD
e ANWD + Std.Dev
- — ANWD - Std.Dev
0‘IQCN.'I 1920 1940 1960 1980 2000 2020
Years
Fi guabeDet er mdaeadar y6s naweorrakgded v s the Tall a+
USCO00018wWeat her CoddPt>d@. land Tos H@AFAdIaG

1912020
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30

25

Workdays

—=—WDayR2T40
——AAWD

5
AAWD + Std.Dev
---AAWD - Std.Dev
0
1899 1919 1939 1959 1979 1999 2019
Years
Fi guteet ermi ned Jumed@ds |lewsmebdkecdhgyes for the -

USC00018Weat her Condition 13 (AF)> f0o.r2 pienr
1909, -2102101
30
—+—NWDR2T40
—ANWD
BB ANWD + Std.Dev
- - ANWD - Std.Dev
» 20
§ h a
; * b A \
z 15 \\ ........... \ ] ................................................................... ]\ .............. b
W W T AT Y
AV AR AT B LA AT
10
5
0
1900 1920 1940 1960 1980 2000 2020
Years
for the T

Fi gu47eDet er miwnmmks Jav eiroawgoer kdays

USCO00018Me2a4 her
19121020 .

Cox(dP t>Radn B ndAFT) < 040 p eOrliDKE
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NORTH REGION - HUNTSVILLE INTL/C.T.JONES FIELD AIRPORT
(72323003856)

The weather station "Huntsville723%230C335680nies the
Regi on, which was analyzed3ohddaithepcktcmpt eacmddi gr ea
daily mn@eamum air temperature |less than 40AF, provides
2018Tabd-& There were foundSntoawobrek i en gt adtadflig Od)fN@MB@r Kli n g
days a(@Dr40) in June 2018. Widamdm adawdradpgepf hlafraboyt day
n. with maxi mum and mininamudn G.mbZiespeocfi teby. With rega

year 2018, this station recorded 149 rainy days (TRai nD
0) .

Tabi#e Classification of thedudcaislvy |Idlei mattd /dCatTa Jofhetsh &
USi 72323003%0&56year 2018.

o o __ | ® < c & == =
S g < |5 |-]aoll | = | |= ||| |a| =
= — B < © | c < o o o c <
(e o § ad — o [n'd I o — - - —
°© |ao | 4| = - c c ojlo|o |- .
= = a o ; o o s |l ox | x| +~ o

- x| S = © n
= = — 2 s s s SN R R B [
<

Jan 23| 8 0 0[100.140. 050.0/0. 81 1 1 1 0
Feh 15/ 13| 0 0[210. 30. 24 0.0[{1.9 2 3 3 4 |TRai nl
Marl 13|18 0 0 (150.320.1930.0|1.951 1 1 3 149
Aprf 15 15| 0 0(110.820. 3¢ 0.0/4. 140 0 1 3 TAMi s
May 14| 17| O 01120.340.130.0/12.20 0 0 1 0
Jun 15/ 15 0 0 (120.440. 18§ 0. 0/1. 6 1 1 1 3 | ToLRGTr
Jul 12|19 0 0 8(0.2¢0.0¢O0.01. 11 1 1 1 9
Aug 11| 20| O 0| 8|0.190. 0830.0/0.301|O0 0 0 12
Sep 1614 0 0(120.4/0.1,0.0/12.50 1 1 3 13
Octl 1120 O 0(1100.2|0.0,0.0/2.01 1 1 2 Tol ns
Nowv 20| 10| O 0(140.3/0.10.0/2.142 2 2 3 29
Dec 19| 12| 0 0|16/0.6/0.3,0.0/3.00 1 1 5

Fi gdBei spl aysworhkei mpopndays and working days deter mi ne
2019.-wblpking daysl3r@#dpe sf rdami ng cold and wet months (J
whereas they fl znd@bysbeduweéeany Wwarm and dry months (Ju
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HUNTSVILLE INTL/C.T.JONES FIELD AIRPORT, AL US - 72323003856 - WEATHER CONDITION 13

(P>0.2in. and T < 40°F)
35

30
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5 WDayR2T40 - Workdays
NWDayR2T40 - Non-workdays
- Days per Month

T T T T T T T T T T LT T o T oew o - ww wowTowTOeE T T e T T eTowToTTOTOTOT T

Fi gui8edDet er mi nnwdr kdays and worHuddaysifldre i
Field Airpoft2323A00&abébher Co3(dR tx20fn. land
for 7201 9.

Based on data c6yé¢arctpdriovoadyr farem 1973 -woa ka@ays, t h
(ANWDsFi gdBanBi gd1 8 aAver aAgai |Whrlkedays ,FAAWDSLanBIi gur e
41) for January and30Pr@ ndmd<4dBARYi weoer talculated for
I ntl / C. T.Jones Fi7e232 3A0i0r3p8arAVDs TAiLe rUSJ une wer é 7keasyts mat ed
with a standatrhdrdedegi - & n whi |l e the AAWDs foreidJgamtuary
days with a stahddaydBidgdB)althieo awoonfk days i n January range
30 days and fromWDst d hewonkmgasy § orn June ranged from 9
12 to 21AWRgsef o46 years at Huntsvill e.
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Fi guildDet er mi ned Jurme&@s |vwobrdkedhaggyes f or t he Hun
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WEST CENTRAL REGION - TUSCALOOSA MUNICIPAL AIRPORT (72228693806)

The weather station | ocated at -"7TRR2LB&HIOBBDH " Mumi d ihme
Centr al Region was analysis under specific climatic col
thanifamd daily mean air temperature |ess than 40AF (C
station's daily <climate Tradod@®&r d¥Shd ost £t0ildn arm ec osrhdoewdn 1 8
(WBR2T40) and a twotra&kli n@gf diazd sndm™NWDR2T40) i sne vieuanien y2 0 1 8 .
days in total during the month, iwRthnédal Avéeonagésraanfal

imt the | owestt ttlhbe 1hi2dlhest . The station recorded 140 r
entire year 2018, and there were no instances of missi |

For the years 2Clnguvyies bagdh r2WdAOKdays and wor kdays t
been determined. In contrast to the warm and dry mont !

bet wekann dbdlay s ,-wmrokni ng day sl 6r @alnd2pey sf rdoumi ng t he col d and
January through March.

TUSCALOOSA MUNICIPAL ARPT, AL US - 72228693806 - WEATHER CONDITION 13 (P > 0.2 in. and T < 40°F)
35

x R * x % x % x x n
30 x x x x x x x

25

Days

20
15
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5 WDayR2T40 - Workdays
NWDayR2T40 - Non-workdays
x- Days per Month

Fi guildDet er mi nnwedr kdays and worTkudayd ofoera tMuei ci
-7222869%8%w8a6her Co3(dA t32an land T < 7240AB) for 20
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T ab U-& Classification of theTdachVyVoesa mdurei diapal oARRTh,
722286%30&06/ear 2018.

< lefelslzlel s |2 =] ]5]5|5]=] =

b = | B | «| | 2 o o o c

S I I - - S - B A R - P

s z | 5 s;; :’ ; f ; ©)a x| x

Jar 21|10 0|08 |0.2]0.0/0.00.40|0]0]0O0 0

Feh17/110(0(19/0.540.3]0.02. 42 2 3 4 TRai nl

Mar 13180012/ 0.3(0.21240.01.11 1 1 3 140

Apn13/17 00| 8 |1.0}0.210.03.01 2 2 3 TAMi s

May 14/17,0|0|13/0.3]0.12}/0.01. 41 1 1 2 0

Jurnl1l2/(180(0|7 |0.2(0.0(0.01.2 1 1 1 1 | ToLRGrT

Jul19/12/0|0|140.8]0.3]0.04.30|0/| 16 10

Aug11{20/0|0|10/{0.5(0.2¢(0.01. 41 1 1 3 11

Sepg18/12/0|0(12 0.3¢§0.190.01. 11 1 1 2 13

Oct10{210|0| 6 |0.140.0{0.00.9 0|0 0 1 Tol nsy

Noy 2010 0|0|15/0.470.2]0.01. 21 1 1 3 31

Dec18{13/0|0|16/0.5¢40.210.04. 3 1 1 1 3

The r epsruelstesntFe d Wilelt hr obigh WUrldwer e der itvhe®u sfcradm os a
Muni ci pal ARPZ22369d3%0a6 col | ecétyeedcarowerr iawmd4 from 1973 t
average numberkaody mnohANWDs) and average number of work
June under 3¢dadl yi pneti pi t.ak.maonnd agirl eyadireera nt ehmme r0at ur e | e s
40AF) were calcul ahsdddpri Einget & iosy tliamesary a tot al of
computed as AAWDs while 17 daygdwdreTheoebmapedi hodaduct
ranged from 13 to 30 daySswihndThwometiaye 26 danwne fanged
18 days and fromAWBesvVver 246 dp§ars¢ adsotoasthieon .
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SOUTHWEST REGION - MOBILE REGIONAL AIRPORT (72223013894)

Based on weat B¢ P>@on&d<Bt0iIAd) , 1t he results of process
weat her dMoaktiiloen Regi onali 782230 DBB 9Ahe USout hwest Regi on
2018 are Tsahbodven Thi s station Irdvowodkidng daXidl0) NBWDR 1
working @&a®RS40)WD n June 2@l8inyA daotsaloodurred during t
average r ai nfba0l2lF.rod mriom@htl ye OL o@&@estt tthee hi ghest, rain wa
Notably, tBraenwede&n®d4fyJT throughout tbeeedaiyowi et alb]1l
data (TAMi ss =

Tab l48. Classification of t he Mahillye cRagnadreald akiar pofr t t
722230X%30&94 ear 2018.

o o ": c < c c c = [0 4 | @ ; é
= - © © o

< [ ¥ =] - 0O - o = = S| o o @ c
A T e I - - - N B
o |al|o|=|%=o| & c 1% lo|lo|lo| - "
p = 51° ol & = o X x| x| x|~ @

= o > = = © 4l gl 4| @ -

z | = = < < = =
Jan19/ 12 0(0}|211/0.3¢0.170.0/1.52|2]|2|2
Feb 1513 0|0|15/0.5¢(0.270.02.52|2|2|4]| Trai nD3
Mar 1318 010 8 |0.4¢0.170.01.30(0]0]1 149
Aprf10/20/0|0 8 10.3§0.1¢0.0/1.2 1|1 ]1]1 TAMi s
May/ 1318/ 0|0}11/0.5}0.140.0/1.7/ 0;0]0]3 0
Junl1l4 16/ 00|13/ 0.5(0.2]0.01.64|4|4|3|ToLRGT
Julj1516/0|0|12/ 0.470.2¢0.012.31|1|1]3 12
Aug/ 1318 0(0|17/,0.350.1940.0/1.9/1|2]|2]|2 13
Sep 17/130|0|15/0.340.110.02.10(0]0]1 13
Oct{10/21{0]O0 7 0.2(0.0¢0.0/12.6/0|0|0|2| Tol nsy
Nov/|17/,13 0|{0|16/0.470.210.01.7, 010|083 28
Dec/15/16/0|0|16/0.5]70.290.0/3.3 11|14 1

The distribution -wbrwdakdaysoamn@80AdnFbgd0&T itshedepi
data. Notably, from June through August, woerkiintg was swa
as opposed to 10 to 14 days during the colder month. V
|l ow temperatures areremdyretheedquehedl gnceghsestween the col

very notHowealklre. weat her events |ike hurricanes and trorg
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had an i mpact thatFicppul émhegseem itmtialbe lodaylsd9 werne compu

|l eading to an odd result for the summer season) have a

MOBILE REGIONAL AIRPORT, AL US - 72223013894 - WEATHER CONDITION 13 (P> 0.2 in. and T < 40°F)
35

30 x x x %

25
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5 WDayR2T40 - Workdays
NWDR2T40 -Non-workdays
- Days per Month

- r T r " = ™ T = ® ®= ® = " © * ®" ¥ " ®" ®©= ®©* ®©== © ®©= ©= ™ ™ *®* = ™= " ®@= ®= e = =
.................

Fi gufld8Det er mi n-wdr kdays and worModdy s fRergitome |
-7222301-%weather Co3(dA t2an land T < 720AB) for
The r @glstenFiedd-2& hr oklighd2éwer e deritvhitdo bf f emRegi onal
Ai rpor ti,72A22 3)0S1d3a8 %4 col | edyedraveord,afdomFb978o0omndi 20dbn 1
(P>0.n28 T<H)0 the amount AWDH dhtee ramiemeady ewBs g @B dawy s h ( a
standar d dfeovdeaytsi ofnorofJanuary, whiFli g 4® &t dtoal tdfe Imd nAAWDS
with a standatrhdrdedeg 8 i a Fwhemkndedys in January ranged from 1
4 to 20 AdMDys Thewonrokndays in June ranged from 10 to 20 d:

AWDsever 47 years at the Mobile Regional Airport cli mat
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SOUTHEAST REGION - LAFAYETTE 2 W, AL US (USC00014502)

Tab4%di splays the outcomes of processing the data fr
AL UBSC00014502" in the Southeast Region foRl(Ph& year
in& T40AF) . I'n June 2018wot ki sg s thaRfgTs4000) Wbaencdo rairetdta tla | of
working daayid0O) N\WDRere were 12 rainy days in all dur i
0. 5i0®.f precipitation. Rai nif mlt| twas | mavaestd rtéehde AT idgéhtdaslt0.1
ofl35 rainy days (TRainDay) and no missing rainfall dat
The distribution wbriwdakdaysomn@0hdnthi R2uwW2e® Net alelpyi,ct
during the warm and dry months of -Wwonkinhbrdaghbh Ragusd, |
9andd4dlaylsn contracts tdQ2ieyeavdrmigeddddkdaphef ool d and
rainy months of January through March

ng

LAFAYETTE 2 W, AL US - USC00014502 - WEATHER CONDITION 13 (P> 0.2 in. and T < 40°F)
35

30 x x x x X

25

5 WDayR2T40 - Workdays
NWDayR2T40 - Non-workdays
x- Days per Month

o

@ N N KRN N KNKNNMKBMREBERRNKN®® © O © @ © © @ O 00 OO 00D OO 0O O O
s T S YT T T T T T YT Y YT T T YN YT S TYTY S TS TS Y TS YT YT YT YT YT "
5] c o - H > C 03 o 2 % > Q c o H = > C 5 o o %9 > [%) c o = H > £ 3T o o 9 > %]
v & o £ 2 8§ 5 3 3 0 £ 0 9 g ¢ & 285 3533 3 ¢ Q 0o s v & 28353 3 ¢ L DO
g 2w =2 4< 552 g n 9 z05uw 24552 3gm0z0-5we E4dsE S P g0 0z

Figu28Det er mi nedr kdays and worLhflaystter 20 3@ 0 AQL1"
-Weather Co3dR ts2an land T < L@0AB) for 2017
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Tab#h-@ Classification of thelLadaiyley tel i2maVECAILTIBS ®Z t he
year 2018.

olo |2]lclas]l e | = | |e |4y

— a —
ARHHE R R E
- - B < | ® | c @ o < o c <
o a < - < > c - y o O] O — o
= ; o o o o o X | | ~ x

= > = = © 4 g o »

z | =2 - < < = S =
Jan 25| 6 0 0 7 0.6{0.1/0.01.92|2]|2 2 0
Feb 13| 15| 0 0 14/0.440.2(0.01. 71|2|2 3 |Trai nD
Mar| 17| 14| 0 0 8 0.31{0.0{0.00.80|0]0 1 135
Aprf 12 18| 0 0 9 0.4/]0.1]0.00.91|12]2 2 TAMiI s
Mayl 13| 18| 0 0 14/0.2]0.1/0.01. 41|11 2 0
Jun 14| 16| 0 0 12{0.5(0.2({0.02.51|1|1 3 ToLRGT
Jul 13|, 18| 0 0 13/0.310.1(0.01.22|2]|2 2 14
Aug 13| 18| 0 0 14/0.370.110.01.21|1 |1 2 16
Sep 15/ 15| 0 0 10{0.5(0.1{0.02.10|01|0O 2 18
Oct/ 11| 20| 0 0 8 0.710.2({0.05.02|2|2 1 [Tol nsy
Novl 21| 9 0 0 12({0.6{0.2|0.02.71|1|3 3 29
Dec 21| 10| O 0 14{0.8{0.41{0.03.02|2|2 6 0

Records for the LaAaaged®d® 4202, stAdt USn range from 19
i @dn continuous data for the entAiAM®spamido d ANWDrs drdert hteo
January, the years 19638, 1992, 1993, aang <O OMingwiermee e X ¢
4-2 &Fi g4R28& in the chisegddbnBugeld, only 1948 was exclud
1945020 period when coimputkidngAsWEBherda yvé timom st ahodard dev
days for 3Z(omxd® n& ch0AF), t heAMmWDabeeare raffiome dl anulald gy sva s
while the number of AAWDs 7f davy thihe amamratr i aotfevwd appiisdh ema s 1
nowor kdays determined for the Lafayette station for the
from 3 to AWDsdawhs Ifeorf or t he momnrtkd aoyfs Jruanreg eech ef rnoorm 9 t o
from 12 toAWDedaeys 78Bowyears.
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4 BETERMI NI NG FOAAUOMATBEATI ONS

After determining the wwok#dadpysbypasadcwohattihreg sntad
excluding days with missing data, the researcher proce
Wor kdays (AAWDs) for tRestlitve ALDDTnRegiowoam.t he daily
then processed through a selection criterion that det e
AAWDs for ALDOTO6s Regions. The criteria est dmlnigetvad yf or
of uwdleid data processed in the classiflil@atairen ofr voadsd a
were used to determined AAWDs for the five ALDOT Regi ol

Due to missing data, some stations had the disconti
the regional AAWDs , a data combination process was per
process i s dxp0aitianecdo mbhienat i AAWD®e dteit@m mb enleo w.

4. 3DAITA COMBI NATI ON TO DETERMI NE AAWDS

The procedure for combining the data from stations

of creating whi ERcehefihéoimation from the stations 0
create a continuous data file that was then used for f
was used to identify the combi neod sf iWeer.e Hooru nidn satta n chee, At

OPP MUNI CI PAL Al RPORT: (1) the station 72227599999, whc
(2) the station 72227553843, whosTeherne cparodcse scscevde rreeds ufl rt csi
t wo stati onisnewerientcoo/ntbR @ 75 of8orD éfnurt hEo amidiysi more cont
weat her dat a, 16 overl apped stations from tihnee bGhQD dat
st at.i ofnhse i nf ormation about the process of combining Wwe
dat a i s Tsahbadlde® i n
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Day

Tab#®0 Overl apped stations with disc®InahbanluoSissmnea riymaa fe
(GSOD) dat-Ma®@AaSs)E., NCEI
Overlap Stati| Perio¢ Latit| Longitl Eleval No.
St at iDo | Na me Recor (. A (. A (M) Year
7222759 Anodp%|u1992300 31.308 -86. 393 94.4§ 41
Andal-u
7222755 OPP 1 200201| 31.30¢ 86.39¢ 97.53 14
Muni ci
Airpo
7222699 Cairns| 2006200 31. 26 -85. 7 92 14
Cairns| 1951499
7222690 Airfie / 200 31.26¢ -85. 71¢ 91. 74 66
Rucke 2019
72228509 G&Ssidelggzgoo 33.96| -86.08 173 41
Gadsd e
72228500 Municil2002601| 33.96¢ -86. 083 173. 4 14
Airpo
72226509 MXFXB""e'zoozooo 32.38 -86.36 52 14
Maxwe|1961599
7222651 AE BA T / 200 32. 381 -86. 3§ 52.12 85
Pl 2010
7222765FNi“ed|ddle2002601 31.419¢ -87.04¢ 79. 14 14
7222769 MIFSSIG1992900 31.41 -87. 085 79 21
Pryor
7222795 Region2002601| 34.657 -86. 943 179. 1 14
ARPT
Pryadrm
7222799 RGN L 199200 34. 65 -86. 94 180 15
19 7139 9
7222679 Troy N [/ 200 31. 86 -86. 01 121 14
2019
Troy
7222670 Municil2002000| 31.857 -86. 01( 118. 5 47
Airpo
Tuscal
7222869 Municil2002000| 33.217 -87. 6114 45.28 47
ARPT
Tuscal 1971399
7222869 / 200 33.21 -87. 6 52 14
RGNL 20109
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Tab#4+r1Overl apped stations with dand omndammiumeuds £t dtntagres d
Gl obal Summary of dtaheb@hasyeNOQSELED)

Overl aj Stati Period Combi n Begi End D No.
n q

St at iDo | Name Recor Statio Dat e Year
7222759 Andaluly g0

Opp

Andal-u 7222759 1/1/1/12/31/| 26
7222755  OPP |5002%01

Muni ci

Airpo

7222699 Cairns|2006200

Cairns |1951499l 72226901/ 1/112/31/| 65

7222690/ Airfiel / 2004
Rucker 2019

72228509 G,"\"Al‘jﬁidelggzgoo

Gadsdae 722285091/ 1/ 1 12/31/| 20
7222850 Munici|200201

Airpo

7222659 MaxweHH| 200200
1961599 72226511/ 1/ 112/ 31/ 55

7222651MaAXiWreF'§ /| 500
P 20109
7222765 Middlie,q 5601
Fl\/ll'edlddll 72227691/ 1/112/31/] 20
| e
72227609 oo 199200
Pryor
7222795 Region2002%01
ARP T 7222799 1/1/112/31/] 20
Prydrm
7222799 "IN |199200
19 7139 9

7222679 Troy M / 2904
2019172226791/ 1/112/31/| 46

Troy
7222670 Munici|2006200
Airpo

Tuscal (19 71399
7222869 Muni ci /12004

ARPT 2019172228691/ 1/ 112/ 31/ 46
Tuscal
7222869 RGN L 2 006200 0
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4., 3FI2NAL STATI ONS USED TO COMPUTE ALDOTO06S RE
Af tedatctmlenbi nat i oanl Iprtolcee ssst,ati ons that complied with
at lleopsars of valid daily precipitation and daily air
AAWDs for all five ALDOT TRepid2hgabibkeé ol @rae hl iRetgéd ni n T
wasa total of 88 stations wused for dreitget2dEidmismpd apBsaWDHheb
distribution of the chosen weafber AADOTOH.dmBe M@ N @nel tme r m
number of years ofwawlezaltoral | ddégaubBEdst Cewerdadl, Re8gi on)
antl7v7 stations with more than 30, 50, and 70 years of we
TabWeé&2Fourtdemate weather stations used to determine
Regi on.
_ Location Periodf No.
Regi Station Statio St al End
name i i ear
Longitl Latit dat datey
| Birming
EC 72228013 | nternaf 86.74433.56[197| 2019 46
Airpor
Anni st
EC 72228713 Metropo| 85.847133.59/197| 2019 46
ARPT
EC 72230054 Shelby G 86.78133.17[200| 2019 17
Airpor
EC 99999973 Tal|\”\||Eade! 86.05133.57[200| 2019 11
EC uscoooz1o0 Besseme| 87, 00]33.39|197 2021 43
WS W
EC Uuscooo11 Caleral 86.74%833.09|190 2021 120
EC uscooo11 Childers gg.34733.28/ 195 2021 63
Water P
EC Uuscooo12z2 Dor a -87.05§33.74] 200 2020 14
EC USCO00013 Heflin 85.60¢(33.64/195| 2021 64
EC USC00014 jackson| 85.78133.82/194| 2021 72
EC USC00017 Rockford 86.17%32.87|195 2021 66
EC USC00017 sy|acaug| 86-21133.20/195| 2021 66
EC uscooo1s Tall adeg 86.13333.41]190 2021 121
EC | uswoo0o013 Birming|l g86.74433.56[193| 2022 92
Airport
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Tab4-23Twenttlyrde mate weather stations usedNdaroRddye tosmr. mi ne
. Locati on Peri og
Regi Stati on Sntaamtelo L il Latit St al End ’)\/I(ejz.ar
ongt atl dat| dat
Nor | 72227999 Pryor H 86.94(34.65|199[201] 20
RGNL
Nor | 72228599 Gadsden | -86.08|33.96|199]|201| 20
) Hunt svi l
Nor | 72323003 c Joned 86.78|[34.64(197|201| 46
Field A
) Nort hw
Nor | 72323513 Al abam 87.59(34.74|197|201| 46
Regi onal
Nor | 99999963 gadsden | 85.96[34.28(200[201| 14
Nor 99999963 Valley 85.61|34.56[200|201 13
SSW
Nor | 99999963 cyul | mawe| 86.79[34.19[200[201| 13
Nor | 99999963 Courtla 87 34(34.66|/200/201| 13
WS W
Nor 99999963'V'US2<3|Ne $87.63|34.77|200[201| 12
Nor | 9999996 3 RUSSSEGH 87.71|34.45|200(201| 13
Nor 9999996 2 SC?\Ittsb 85.99(34.69|200|201 13
e
Nor | USC00010 Addisol 87.17[34.211193[202| 82
Nor [ USC00010 | exing{ 87.37|34.96[200[202| 16
Nor | USC0O00010 At hens 86.95[34.77[194[202] 79
Nor | USC00011 Centre 85.68[34.15[/200[202] 18
Nor | USC00013 Eort pa 85.72[34.44[193[202| 85
Nor | USC00013 gunters| 86.32[34.33[190[202| 116
Nor | USCco0o0013 Gunters| 86, 32|(34.33[/199|202| 25
Number
Nor | USC00013 Hancevil 86.79[34.06|198[202| 35
Nor | USC00015 Moultod 87.29[34.48[195[202| 63
Nor | uUscoooi1e6 Owens C| 86, 44|34.55[200|202| 16
Roads 3
Nor | UsScoooi18 Vinemon 8, 89|34.25(200[202| 13
NN W
Nor | Uswoooe3| Valley 85.61|34.56|200|202| 15
SSW Al
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TabU-é&4 Twdmtufp i mate weat her stations wused S ooutdhestaesrtmi ne

Regi on.
. Location Peri odq No.
Regi Stati orn SntaamtelorL . Latit St al| End year
ongi atl dat| dat
SE 7203616 Florala |86.3131.04[200[201] 13
SE 7203626 Mac Crenjy geg. 61/ 31.84/200/201| 13

Me mor i al
SE | 7203636 Weedon F| g5 13 31.95[/200|201| 13
Ai rpor t

Hanchey
SE 7222386 Hel i port|85.66/31.35/ 200 201 13

Rucker)

Lowe Arr
SE 7222395 Hel i port -85. 75/ 31.35|200| 201 10

Rucker)

SE 1222501 84.99/32.33(197|201| 46

( GA) Lawson Aa] . :
7222559

SE Columbus | g4, . 94/32.51|197|201| 46
( GA) Airport

SE | 7222601{MontgomeNL g6 40[32.29197|201| 46
(Dann®) | 4

SE | 7222651 MaxweAB | .g6. 35 32.38/196|201| 54
Ai rpor t

SE | 7222679 Troy Mu|-86.01] 0.000[197[201] 46

SE | 7222681 Dothan Re g5 44/31.31|/200|201| 13
Ai rpor t

SE | 7222689] pothomNLR| 85.45/31.31[197][199| 22

Cairns A
SE 7222690 Airfield=85.7131.26|]195| 201 65

Rucker)

SE | 7222759{ Andal usi|86.39/31.30[199[201| 26
SE | 7222840] AlurOpl ka | 85 43/ 32.61|200|201| 13
PitRBTA

SE | 9999992 Troy 2 |86.00[31.79[200[201] 11
SE | 9999996] Se| ma NV@ | 87 .24/ 32.45[200[201| 14
SE | 9999996 Sel maS® |86.97/32.33[200[201] 12
SE | 9999997 Highgand 86.31/31.91/200|201| 11
SE | USC00011 Clayton85.45/31.87[192[202| 92
SE | USC00014 | afayett|-85.43/32.90[194[202| 76

32.26|199|202] 22

SE [USC00018 Mont gomen | 86.21
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SE

USCO00O017

Rock Mi |

. 29| 33.

15

193

202

82

Tabd4-E5Ei gHti mat e

weat her

stations

us e dSauwt hdved giraR .n e

Statio Location Peri oq No.
Regi Stati or . . St al| End
name ear
Longit Lati't dat!| dat y
Sw | 7222301{Mobile R| g8, . 24/30.68[197|201| 46
Ai rpor
Mobi |l e
SW | 7222351] powntow 88.06|30.61/199[201| 23
Airpor
SW 72227694 Middl &tbol -87. 05| 31.411199| 201 20
SW 9999992 Thomasvi -87. 73] 31.88,200| 201 11
SW 9999996 Fairhopeg -87.87|30.54| 200|201 13
SW 9999996 BrewtoNE | -87.05(31.14]200| 201 11
SW UusSCcoo001¢( At more| -87.43|31.18|194| 202 80
SW uscooo1dq Bay Min|-87.78|30.88[191|202| 106
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TabKe&o66Ni netdemate weat her stations used WestdeQGemrtnri anle

Regi on.
Statio Locati on Peri odq No.
Regi Stati orf name L il Latit St a| End year
ongl atl dat| dat
wC 7204130( Posey F| 87 60(34.26/200[201| 11
Ai rpor
WC 7222869] Tuscalo| 33 21(33.21[197|201| 46
Muni c IRfPa
‘ NWS
WC 7222900] Meteoroll 87.25/32.90[/198[199| 10
OBSY
WC 72234013 88.75|32.33/197|202| 48
( MS) Key Fi el : :
7223450 | Mer i di ¢
WC (M) NAS KICai | 88.56(32.55[197(202| 48
FD AP
7233061 |
wcC Col umbFuBs| 88 45| 33.65[197|202| 48
( MS) Airpor
WC 9999996] Cc|anton| 86.61[32.85[/200[201] 12
WC 9999996] cainesvi| 88.13[32.83[/200[201] 12
WC 9999996] Greensbd g7 62|32.71|200|201| 12
WN W
WC 9999997{ Northponq 87.59[33.21[200[201] 10
WC USCO0001C Alicevi 88.15[33.12[194[202] 80
WC uscooo1dq Bankhead| 87 35|33.45|/195|202| 63
and Dan
WC USC00010d pgerry 3| 87.64[33.69(194[202| 80
WC USCO0001 3 Hamiltd 87.99[34.13[196|202] 57
WC USCO000 14 Jasper| 87.31[/383.90[196]202| 60
WC USCO0O0O016 Reform 88.00[33.37[/193[202] 82
WC USCO0001¢ Vernon| 88.12[33.73[193[202| 81
WC Uscooou_Wa'f[f)iOIr 87.83[32.77]/195|202| 62
am
wC uscooo1g Wi gfli‘:—\JN’d-87.84 33.91/ 197|202 47
S
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Tab4-lels howd e

stations

n u m bhéet

083

stations),
used AAWDfsotre rerhicde DIOReeg i oTnhse.r e

GA

ar e

and 24

(2 waatth ems) ,
23

st

a

dat

e a

ne

for the North Region and Southeast Regionhe baisemdg &f
cities or weadmoeughstdatiaonmada it difficult to achieve
There has been an increase in the amount of weather
which used a single stati Bmgiasn.a representative for
TabWKlé&7Spati al di strwdhathem otfat8i8ons wused to deter mi
Regi ons.
Weat her Station Spatial Di stri
Weat her LSotcaattiioonn Total Mini/ |
ALDOT6s Re Statio/ Aver agse
Al aba Geor Mi ssi s Regi o of dat
North Reg 23 - - 23 11/ 121
West Centr a 16 - 3 19 12/116
East Centr g 14 - - 14 10/ 92/
Sout heast 22 2 - 24 11/106
Sout hwest 8 - - 8 10/ 82/
Tot al shtya tSit 83 2 3 88 10/ 121
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A A

Legend

DATABASE  Alabama_State
A GHCM Heginn

A GIOD :l East Central Regian

l:lNcthggi:n

|:|5uuh=a=|nggim

Feet 0 055 11 165 22 275 33 388 [ ] soutiwest Regian
o — — — i Bl = e Ragan

Fi gur8 Malpowisrppti al diokt t8i8@&HIEN omr wWbesaOtDh e r
used to det er mifniehA BPADPMOVND sRefgoiron s .

4. 3.3 DETERMI NI NG AVERAGE AVAI LABLE WORKDAYS
STATI ONS

Once defined which of the weather stations comply w
ones was then processedode tExceéét arsminrge at WeB AAAWDs f or
through December, based on theltdathepadivedsgatvkat bdrant

8 2



(P1P15T,ab4-3 AWDs for each month in each year are integer
into integers; and Dsefvandcgarad se vioautnido i mgdtf d owelgarts ¢ kay
Figdee&gresents the workflow followed to compute AAWDs f

AAWDs for Weather Station

Adverse weather
threshold conditions
(P1-P15)

o

|4 Processed |
Next Weather Station
| o

Next

Discard Station No | Does the station have more than 10
for final analysis / years of valid data?

Yes

For all available
years, monthly
computation of :

=
! l I ! ! }

Average of the . . . .
available workdays Standard Minimum Maximum Median of 80th Percentile of

(AAWDS) Deviation workdays workdays workdays workdays

| | | | | |
|

Weather station
summary

Figur® Flowchartderecmsset AAWDs for <cl i mat

The | ist of the attributes determined when computin
shownTabn¥-288St atisticalstpaandaaved echeni(amtiimon maxi mu b medi a
percentile, andfs khaMDsc denf feiaccihenmmont h over all a)ail abl e

are determined for each of 15 AAWDs based on 15 advers
North DakoKanm®OT etusaed t1hpe8BEE® Nt il e of the AWDs over
recommended AWDs for each weather station/location, w
AWDs. Therefore, AAWDs will be used for this study al sc
than thenmedl ue and anogtrheeart elraltfhawmi Itlheb meBalbdmot val ue.
Tab423 how mont hly AAWDs are the same or not much differ

ANNearso counts the total number of years of monthly AW

8 3



mi ssing data for the month in those years. I f the
for a month is greater than one, calcul ated AWD
Attributes|Description
Station Station | D
Mont h Mont h
N-Year s Tot al numb e A Wfd ayuesaerds t o det er mi n¢
M-Year s TotNlmber ovi tyleamsWbDé by a
Sthde v Standard devAAWDsenfor monthly AWD
Mi ni Mi ni mdfromt AWDs ( Mi n AWD)
Ma X Ma x i mufm mont hly AWDs ( Max AWD)
Medi an Me dioafn moAWDS$ vy
80Per T 8O iper cenmon teh o
Skew Skewneoef fdoimoe nAWR
WDay ROT30 AAWDfsor Par ameitgr T2BYP>0
WDayR1T30 AAWDfsor Par ametiek. PRB)®P>0. 1
WDay R2T30 AAWDfsor Par ametient. BB®P>0. 2
WDayR3T30 AAWDfsor Par ametiek. BBP>0. 3
WD a y5R 3 0 AAWDfsor Parbgme2ter& nT B
WDayROT35 AAWDfsor Par6q mReitgr T LB
WDay R1T35 AAWDfsor Par7d metlefl T <B)S
WDay R2T35 AAWDfsor Par8d metien2 T<B)S
WDayR3T35 AAWDfsor Par9g metiertd T <LB)
WD a y5R 3 5 AAWDfsor ParlamRR2&r & nT €B)0
WDayROT40 AAWDfsor Parlamt@x. T<HB)
WDayR1T40 AAWDfsor ParamR* @.nd 1T €B )
WDayR2T40 AAWDfsor Par ameR* @.n 1T €B )
WDayR3T40 AAWDfsor PardmR* @nkd 1T €A
WD a y5R 4 0 AAWDfsor Par BmRR&Gr & hT 2B )
Tab4-8Attri butes wiledareramo mpepwti ng AAWDs for weather

8 4
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EAST CENTRAL REGION - TALLADEGA, AL US - USC00018024

The AAWDs determined f ofUSQ00 0i1T80 2 4a0d evwgeaa, t hhelr WS at i o
Tab4¥9 This station is in the East Central Region and
Not all years were used to determine the monthly AAWDs
data, for exYemplse, atthea iNit eyetahe uetdl foumbbe obmput at
107 years for December and 119 years for September out
deviations of AAWDwbadodagmal whi Ehomre | arger in winter
di fference between maxi onuenr T@dil@7 miemirmamgAWDand up to 18
than three weeks when excluding avieglhatg(rsd s2 ; wenehk€sc)s makl e st
The skewness coefficients aremalé¢ AWDatiegses andamebhet
AAWDs, especially for theOmBbing &8 wi)t Is htolws wakewnxasnpl e di
of AWDs in May at Tall adega with AAWD -G. 13 whegrs Bha yda
of AWDs welraeb4de9ed There are somdlSmaaye)y IAWDNay 12ut t he
|l oweib f2ars) .

Tab#4-t9 Determi neaahdAASWDst i sti cal par ameftoerr st hoef Tnad nl tahdleyg aA
US-USC00018024 wusi nhg& PT84 O(APF)0 .t2hr eshol d.

Tall adegalyS@Qa0 WB8PO1234 ( R D . R<AF0)
Mont| N-Year| AAWD |St dD| Mi n| Max| Medi { 80Pe Skew
1 110/ 1 11 4 2 20 11 14 -0. 06
2 108/ 1 11 3 3 18 12 14 -0. 35
3 105/ 1 16 2 9 22 17 19 -0. 23
4 109/ 1 17 2 10 21 17 19 -0. 52
5 112/ 1 18 2 12 21 18 20 -0.72
6 115/ 1 17 2 10 21 17 19 -0. 49
7 115/ 1 17 2 10 23 17 19 -0. 25
8 117/ 1 18 2 13 22 19 20 -0. 44
9 119/ 1 18 2 12 21 18 20 -0.57
10 113/ 1 19 2 14 22 19 20 -0.50
11 111/ 1 15 2 10 21 15 17 0. 17
12 107/ 1 12 3 5 20 12 15 0.02

FroRfi g4B6& t can be noted that for this station (Tal/l
days from January to December while the median of the
we [AlIn.nu al AAWDs are 189 daysSiamd a51.y§®%ionfpo3@amandays.ati s

85



observed, such as standaddddegsi ahflenhertBigli e goff rtolme 2mo n't
varying from 14 ttboer2cOendayse.s Taree 8bout equal to AAWDS g
deviati ons. This information is a good guimhbe&liinme otnhat
hi ghway constrillkéi mnnipmomeAWBs range from 2 to 14, and
from 18 to 23 days. The differences between the maxi mi

October ytso iIn8 Jdaanuary with average of 12 days (more tha

FiguwuB3® (a) AWD di str i bubeitcerr mim eMla yAshdwiDds i (@kn)idic
for Tall ade@aGConal1d4p®@24 (P>0.2" & T<40AF).
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