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 ABSTRACT

.‘ ASOS HEATED TIPP]NG BUCKET PERFORMANCE ASSESSMENT AND
INIPACT ON PRECIPITATION CLIMATE CONTINUI'IY -

_The National Weather Service (NW S) has been installing Automated SurfaCe

- Observmg §ystems (ASOS) at all ﬁrst order. weather stations since. 1991 as part of the ‘
: NWS modermzatron program. Thrs program was a joint effort between the NWS, Federal :

: Av1atlon Adrmmstratlon (FAA) and the Department of Defense (DOD) to automate the -

measurement of surface meteorologrcal elements. The rntroductron of ,thrs system has

brought with it :inh'er:ent _diﬁ’erences in. :‘the measurements of the met:eorological. parameters

~ induced by '.instrument-changes and spatial variation brought on'by,th__e decision to change '

the locations of official :ob_serving sites. The instrument of concern-in this study was the

gauge measuring accurnulated liquid precipitation, the Heated Tippin'g,Bucket Rain Gauge

'(HTB) ASOS uses a non-lmear correction algonthm to produce a corrected accumulated ;

precrpltatxon measurement whlch is 1ntended to correct one-rmnute precrprtatlon ‘totals -

. with a }Amore;srgmﬁcant_:;:correctlon belng 'made during higher rarnvrate events. Early
compar'isons_of HTB 'to,the' Umversal Rain Gauge (UNIV) at sites located in the

, Mid_western US. iunc,overed a significant pattern of undermeas‘uﬁng-accur_nulatedil_iquid ,
iprecipitatron by t»heHTB. -ASOS HTB_‘Modiﬁcation 35 (MOD35) b"egan‘in. early (l..9‘96 o

- correct problems; with the: HTB including its tendency . to v,,undermeasure I_iquid
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precip_i;tation. Thus, the scope of this invésﬁgation .was to assess the ‘operatiohal .
perfoﬁnanvcel of the HTB MOD 35 gauge at 4 sites and to quzinﬁfy ths impact of the
| 'ASOS HTB on climate continuity at 13 sites located around the country. |
: Examinatiyon' of total aécumulate’d precipitation measurements made by operational
HTB gauges; taken from 1 minute redbfded pbsérvations" :(1MIN), sompaed to
Collocated Rain Géuge’s v(CliG) showed the HTB to be pérfox;niing quite well. The ratios
of total accumulated precipitation f_rqm the HTB 1MIN td tﬁe CRG compiled from data at
G;e’envillé/Spartanburg, South Carolina .'(GSP), Jackson, Mississippi (JAN), Lake Chafles,
Léuisiana (LCH), AndSpringﬁeld, Missouri (SGF), showed values of: - 0.97, 0.93, 1.02,A |
| aﬁd 1.02 respéctively. Slope‘.measurements from least-squares ﬁt‘ line analyses of HTB
lMIN versus CRG comparisons at thése four sités produced values of: 0.97, 0‘.'92, 1.02,
and 1.03 réspectis/ely. The high order of stability in the data used to gene;ét'é these slope
measurements, and the demonstrated agreement F‘AWi_th the to"ta1> accumulated precipitation
ratios indicate that’the'cdnﬁden'ce in these> ratio values is high. Even though the ratios and
‘le'ast; sqnares' slope measures from each iﬁdividual station would suggest tha_t the HTB is -
performing we»ll,‘ the vaﬁatibn in HTB to CRG relatioﬁshiﬁ among the four stations
iﬂustra‘tes that the single precipitation correétisn‘algorithm used in all of the 933 ASOS
 units does not prsduce a uniform HTB to CRG relétipnship. Results from this study
suggest that an a‘d&itional_site specific linear correction must be made to the ekisting
generic ASOS non-linear preéip'itatidn acdumuléition correction algorithm. - |
We examined the combined.impacts of the ASOS HTB and its new observation

~ site by co‘mparing ASOS HTB measurements to UNIV measurements. The combined
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impacts o_f the new gauge and the siting \(ariation are inseparable given that the collocated
precipitation measurement relationship bet_we_eri the HTB and UNIV isnot_understood for
each site from the data used in this investigation. The results of tlie. oomparisons indicated
a signiﬁcant range lof Variation, even in locat_ions where the ASOS and UNIV separation
distances were as small as 660 fi. Thls vanation was 111ustrated through a companson of
IMIN, hourly (HRLY), and Summary of the Day (SOD) products from ASOS to UNIV
measurements at 13 sites. |

The clixnate eontinuity»analysis performed at Wilmington, North Carolina (ILM)
revealed that the combined'eﬁ'ects of i‘nst»rumentation differences and a separation distance
between ASOS and UNIV-of a little -'rnore than a mile resulted in 2 13% undenneasuring .
of total accumulated precipitation by the HTB. Circumstantial evidence indicated that this
result could primarily be attributed to spatial dift‘erences due to convective precipitation. --

From the results of the HTB IMIN to UNIV total accumulated prec1p1tation ratios
for Jackson, Kentucky (JKL) and Paducah, Kentucky (PAH) of 0.90 and 0.77 and slope B
: me'asurem‘ents of 0.87 and 0.81; respectively, the gauges at these 2 sites were identiﬁed as
faulty ga_.uges. The spatial _distance l>etw‘een the gauges was less than 1300 fi; therefore, it
is likely that the diﬁ’erence is due to ASOS instrumentation errors, not spatial variation.
- The comparison of the above ratios to the SOD to UNIV ratios, 1.00 and 0.98, and to the
slope measures of 1.00 and 0. 96, leads to the conclusion that NWS Offices responsxble for
these sites edited the ASOS SOD accumulated precipitation totals to provxde more

accurate rainfall representation in their respective climate records.



The final assessment puf forth by this ’ihves‘tigatidn, is for the 11 remaining sites,
after éxcluding results from JKL and PAH. The effect of the: ASOS program and site
relocation on precipitation .glimate‘ éo;itinuity at each individual site is consefvatively
estimated to be in the range of + 10% The effect is nearly negligible when the results

from the individual sites are averaged as a collective group.
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1.0 INTRODUCTION

Thls paper presents results from an- m—depth ana.lys1s of precrpltatlon data
- collected during the Clzmate Data Conz‘muzty PrOJect (CDCP) wrth the Automated
Surface: Observmg Systemf(ASOS»),» Flgure 1.1, which was mtroduced- in 1991. ‘The.
, prcject was desrgned to evaluate the perfo’rmancc of ASOS and the impact it would have |
on the ;continu»ity of»'the climatological records. To conductthe precipitation pcrtiorr of
- the evaluatlon measurements were collected and mtercompared ﬁom Umversal -
Welghmg Ram Gauges (UNIV) at, 13 Nat10na1 Weather Serv1ce (NWS) Field Oﬂices ‘
(WFO), 13 remotely located comrmsswned ASOS arrays and 4 Ram Gauges (CRG)
collocated with ASOS The ASOS measures prempltatlon Wlth a custom—engmeered |
Heated Tipping Bucket Ram Gauge (HTB) |

Early mvestlgatlons of ASOS pre01p1tatlon accuracy began durmg the ﬁrst stages
of ASOS installations where it was dlscovered that a small number of ASOS srces m the
central U.S. were' ﬁequently undermeasurmg prec1p1tatlon when cornpared to the UNIV B
that the HTB replaced The HTB was found to be madequate for observmg frozen
‘preclpltatlon (McKee et al‘?, 1995), and at many sltes rainfall Was 'undermeasured, :
particularly at greater‘. rainfall .rates.‘ After the NWS conducted its own performance
mvestlgatlon of the HTB from 1993- 1995 modlﬁcatlons were made to the gauge. These
modlﬁcatlons, known as MOD 35, mclude a funnel tube extens1on, tlppmg assemblyv

magnet, and reed switch upgrade, and tipping _mechamsm stops. - Pnor to ﬁeldrr‘rg this’



Figure 1.1 Typical ASOS Sensor Array. (ASOS LEVEL II Systems_. Manager Training Course Student
Guide, 1992) .



: tnodiﬁeation,. an evaluation of the MOD 35 HTB compared to.j.__the Standard 8" Non‘
Recording Rain Gauge (SRG) was performed at the NWS. Sterling Research and - .
Development Center. The eval_uatien_-period Was___limitect to a total gauge catch of 2.0 -
inches or 30'l tlays', -whichever criteria was met ﬁrst. 4’ Results‘ presented in an Aprii 11,
1996 internal NWS memorandum showed that the HTB undermeasured by 2.4% which
was within the +4% design criteria (Dmges 1996) All 13 of the sites in thJS companson

| study recelved MOD 35 prior to the start of data collection. |

Smce the CDCP used four CRG’s some of the results of the CDCP will add
information_ taken ﬁ'om the operational ,setting in contrast to the dedicated tests performed

at the NW'S Sterling Research and Development Center.-

- 1.1 Modernization
| In .keeptng w1than agreement reached in the late 1980’5 between the ‘Nat_ional

Weather Service,‘Federal Aviation Administration, and the Department of Defense,, the

National Weather Service has been installing ASO.S througheut the United States since‘ -

| _ 1991 (Nadolsk1 1995) The installation of these automated systems is an ongomg portlon a
_ ‘of the Natlonal Weather Serv1ce s Modernization Plan As of October 1, 1997 there
were 933 ASOS:arrays mstalled thr_oughout the country (Nadolsln, 1998). - |
The pnmary mission _;;f the. ASOS nrogram was to field - an array of
. inst_l'unlentatibn to antomate_weather_ obs_ervations. This antenlation was intendedl to
‘reduce costs, expand areal eOVerage, ptotrtde data 24 hours each day, and eliminatel the
subjectivity inherent in some m‘anual‘_‘observations' such as visibility and estiinates' of wind

k (Shrmnpf et al,‘ 1996). An introduction to ASOS is in_eluded in the 4S50S Use;f ’s Guide o



(Nationat Weather Service,‘ 1'99‘8).‘ ASOSis a rnierop'rocessor-baSed systern"which"uses
‘an array of sensors wrth advanced algonthms to process not only synoptrc weather data,
but to dlssemmate a Surface Av1at10n Observatlon (SAO) for the statlon (Nadolskl
1995) As of July 1996 the ASOS was producing a METAR format observatlon mstead .

| of the SAO.

12 The Data Set
All of the ASOS data sets used for this ‘analysis were provrded by the National
: Chmate Data Center (NCDC) in Ashevrlle North Carohna The ASOS 'One Minute
(1MII\])-observat10n data were dov_vnloaded by NCDC every 12 hours frorn each ASOS.
unit in the study. These data, along with the hourly ASOS METAR (HRLY) obseruations
and ASOS Summary of the Day (SOD) were disseminated electromcally to the Colorado
a Clrmate Center (CCC) at Colorado State University, Fort Colhns, Colorado for the
CDCP with the ASOS HTB. -
" Data from the UNIV uvas manually read by each partieipating WFO from the
Co- reeorded' ‘strip charts to p‘roduce 6 hOur precipitation totals 4ma'r_1ua11y ‘transferred to
: rnonthly precipitation summary data sheets. These monthlji data sheets were then mailed |
to CCC where they were manually digitized for us’e‘in the analysis. I should be noted
that the UN'IV and ASOS : array are geographlcally separated up to one in dlstance |
| In add1t10n to the above data, four WFO. locatlons placed a ram gauge CRG
~ within a few feet of the HTB. Two of the four sftes collocated an SRG‘ with ASOS while
" Springfield, MO (SGF) used a Non-Recordmg 47 Gauge. and Lake Charles, LA (LCH)

used a UNIV These gauges were read penodlcally throughout a grven month, and



precipitation totals and observation.time_vs were recorded. Agaih, .data wae sent to ' CCC
for intercomparisolr with the IMIN, HRLY, SOD, and UNIV data - |

~ For the purpose: -of this study, it should be noted that all pre01p1tat10n events in
_:whrch the temperature dropped below 3°C were ehmmated in order to remove any: '
poeS1b1e. SNOW or freezmg preclpltatlon events. The current HTB in use has. mherent
maccurac1es that make it unsurtable for measunng winter precrpltatlon accumulatlons A
test conducted at Marquette, Mlchrgan by the NWS Office of Hydrology showed a catch
deﬁcrency by the HTB durmg solid precrpltatlon events of nearly 30% when compared to
o an SRG dunng the winter of 1994 1995 (Natlonal Weather Serv1ce 1996). |

For perfonnance and spat1a1 comparison of the HTB to the UNIV at all 13 sites
and the CRG at 4 srtes approxnnately 6, 665 000 1IMIN observatrons were analyzed of
the three data sets provrdmg precrpltatlon measurements recorded by ASOS the 1IMIN B
data provides th_e -_opnly‘ recorded obserVations to which the CCC had access for this study
that co‘uld not ‘be edited by the ASOS"S ‘control'ling' WFO “assigrled' operational‘
responsihility. -lHence, the 1MIN observations provide the most accurate event data for
HTB performance assessment when compared w1th UNIV and CRG ohseryations, barring
any malfunctions. HRLY and SOD reports areﬂ‘svuhject to q_uality control procedlires,
.out»lined. in the Quality Con;rol of ASOS Observations, in which an ASOS -measurement
can be manually edited (_Manharano, 1’997) ‘HRLY and SOD reports are; however,'
rrnportant in ihyestigating WFO practices.of aiteﬁné ASOS precipitatiorrreports-and
poésible erroneous measurements .discoyeredr m the IMIN observation data. This study
 will aseess precipitation cliniate contidhity with 1MIN, HRLY and SOD measuremerlts_ :

~ compared to the UNIV.



"~ 13 ThePurpose
. ‘The NWS is in :the. ﬁnal_"stages of the ASOS installation; all installations are
; scheduled to be completed by late .1998, (NadOlSki, 1998)., "The intent of this study is to

) determme the performance and chmate 1mpact of the ASOS HTB by companng the HTB .

observatlons to the CRG and UNIV gauges prev1ously used by the NWS at first order o

- weather stations. Smce the NWS Sterling Research ‘and Development Center uses the '
SRG as ground truth When testmg prototype and modlﬁed ﬁeld gauges such as the
-.prototype for the All Weather Prec1p1tat10n Accumulatlon Gauge (AWPAG) and HTB
:MOD 35 respectlvely, the IMIN observatlon accumulatrons were compared to the CRG
-at four s1tes to aSsess_HTB performance. Furthermore,-the comparrson of IMIN data with
‘UNIV data is intended to prov1de ms1ght to the 1mpacts introduced to the chmatologlcal
record for each WFO due to the mstrument and locatlon change of the ofﬁc1al |
“prec‘:1p1tat1_on measurement slte; : Comparat_lv_eianalysm of the, 1M]N obserx{atlons to
-resultsv ‘pr,oduced from the ‘UNIV aiso"provides a subjective evaluation of HTB

.performance. .



‘ 2.0 THE;.DATA '
21 The thtruments
The three mstruments compared in th1$ study are very different in the
methodology they use to denve pre01p1tat10n accumulatron to a resolutlon of 0.01". The
automated HTB as deplcted in Figure 2.1, accumulates prec1p1tat10n through a tipping
| " mechamsm. Every- tip constrtutes an uncorrected 0'.-01” of precipltation. The UNIV»
.:;:; gauge in Figure 2. 2 uses a precipitation weight eduivalent in order to measure
precipltatlon and records the runmng total on a revolvmg stnp chart. Finally, the SRG- -
shown in Flgure 23 collects preclpltatlon into a smaller mtemal cylmder whrch is read |
manually with the use of a contamerfspeciﬁc measurirlgstick; It should be noted that- the
latter two gauges must he read and recorded manually to document preclpitatlon
accumulated over tlme Thus, both the UNIV and SRG mtroduce a human error factor
‘which ultimately lead to the poss1b111ty of undetectable errors in the data being compared

to the HTB.

: | 2.1.1 HTB |

'l'he HTB is manufactured by the Frise Engineering Company of Baltimo‘re,iMD. :

This gauge is a modified version of the ‘Belforttipping( bucket precipitation accumulation
‘gauge (National Weather Service, 1995). The HTB gauge operates by catching &

precipitation in a 12" diameter open fu_nnel.v The water is ﬁmneled- down a tube and



1 Weather Service, 1997)

10na.

Bucket (HTB). (Nat;

ipping

Figure 2.1 ASOS Heated T



-




Figure 2.3 ‘Non-Recording Standard Rain Gauge shown in (A) Installed Gauge and (B) Indiviual Gauge
Parts. (National Weather Service, 1972)
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relegSEd directly into ab light, metal, ﬁo-compaﬁment, divided bucket which 1s balanced
in unstabllle _equilibrium aléodt a hcrizontal axis. In its equilibxju.m'position,,the bucket in
the HTB kr’es’;s on one of two ncn-corroding, polyethylene stops which controls .t'he
‘ccllectin’g »reservoi‘r’s‘r‘ange ef motion. - After the raised l?ucket ccllectc the p;edeferniined,
ﬁnconecteclv 0.01™ 'of precii)iﬁation, ‘Fhe bucket becomes unstgble abcut its “hcrizontal
: dirccted ‘tip.axis, and emp‘tée's!.t.he‘aceqmulated uncorrected 0.01”. As the bucket tips ictile
HTB, a clcgnet mc\}es Iéast. a_éenso; called a reed A_switch that electronically signals the
| ‘accumulation of;.‘ah' uneqrrected O.Ql" of brecipita‘tion, After each tic, ’the meaéured
water is released thfough a fcnnel out of the bottom of the gauge. |
| The ASOS HTB is manufactured and adJusted by the Frise Engmeenng Company
vand is dehvered to the NWS where a 100 tip constant rain rate test is accomphshed HTB
gauges that pass the NWS 100 tip test within £4% are then sent to ASOS umts for
mstallatlon. A final 10 tip _fqncuoqal test is performed on the HTB.after the mstallat;on is
-completed. - Once tﬁe HTBls shipped from the 'manufactu;ingv facility, ncA calibration
acijustments can be made to fche unit. | |
As described m the originally eg;eed upon specifications for ASOS, the H_TB;
_ used solely ‘és the liqujd precipitetion 'accumﬁlatiop sensor, must be capable of measuring
fche a;nount of precipitgticc accumulated wii;hi‘nka range cf 0to 10 ',inches per hour; with a
meaéufing Vresoluticn of 0.01", end measuﬁng with an accuracy of £0.02" or +4% of the
. hourly total, whichever is gfeater. | |
According fo ‘Algor_'ithnis for z‘he;Automated Sizrface Observing Systxe‘msf (Chu,

» Vf' 1994), the ASOS obtains a cumulative precip_itatien measurement for the past minute to
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the_héarest 0.01". - Theré is a built-in algoﬁthm that is used to apply a rainfall rate
correction to the measured amount using the following berquation:
C = A+0.60A? | ) - @1)
where C is the corrected cumulatiVe precipitation for the minute rounded:to the nearest
0.01”, and A is the uncorrected cumulative p:eéipitatfon am'ounf derived ﬁ'om the number
- of tips recorded by the HTB. If the cumulative i)recipitation reading from the HTB 1is not

available‘,\ then the one minuté precipitatioﬁ total is set to read “missing.” When the
- cumulative precipitation amount is év‘ailable, 'and" the previoué ‘minute’s cumulative
precipitation is 0.01” or greater, the above algorithm is épplied‘providing a corrected
cumulative precipitation measurement which is recorded in the IMIN observation. Any
remaining digits past the hundredths place from the correcfed cumulative precipitation
calculation are stored in memory until remainders from successive calculations add up to
0.01” at which time it is reported in addition to the corrected cumulative precipitation
measﬁemept in the 1MIN observation. This process of correcting précipitation makes it
impossiBle to reconstruct the actual number of tibs made by the HTB.

The basic tipping bucket rain gauge design has some unique sources of error that
~ should be noted. Sources of error that involve undermeasuring accumulated precipitation
~ include heavy rain eveﬁts. During such évents, és the buckef tips, precipitation can
continue to add to the already filled reservoir prior to the passage of the partition
separating the ﬁlléd container from the empty one. Thus, more water passed through than
was indicated by the predetermined value of one tip. Another source of uﬁdermeasuring
can result when moisture adheres to the bucket and is not completely eliminated during

the emptying stage of the tip. The bucket was designed to create a precise counterweight;
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- therefore when that weight is increased by the moisture, additional precipitation is
required‘"beyond the predetermined 0.01" in order to_.initiate a 'tip. Tests on waxed

buckets produced a 4% reductlon in the volume requrred to tip the balance over non-_"

waxed buckets (W orld Meteorologlcal Orgamzatron 1996) Error can also result durmg ‘. -

4 the_transfer of precipitation from the funnel to the t1ppmg buck’et. Dependmg on the
vdistance and alignment,of the funnel ‘with ‘respect to the‘bucket assenlbly, preclpitation
may rmss the 'catchnnent area of the tippingibucket or force premature tip_s by funnel ,.
‘ ihducec‘l .spirallng .tmotions as .accurnulated nrecipltation converges and_‘ex'its out. the
bottom of the ﬁrnnel towards the tlppmg bucket

Frnally, the t1ppmg bucket just 11ke the UNIV and CRG is susceptrble to Wettmg
~and eyaporatlon errors as wellas wind ;mduced‘ catch errors. An analys1s~9‘f‘wmd _effects |

as related to catch }differences was accomplished and is later discussed in Section 3.3.4.

2.2 UNIV
In the nnd 1930’s a number of stations became equrpped wrth one of three‘
| de51gned werghmg-type recordmg ram gauges wrth ‘the UNIV bemg the- most generally
used. The gauge con81sts of an 8 dlameter receiver through whrch precrprtatlon is
‘ ﬁmneled‘vinto a :‘bucket‘ mounted, on a Weighing mechanism. .'Ihe weight"_vo_f the
.‘_I:)recipiitation catch is ,r'ecorded ém a :clock driven chart as inches. of precipitation.f' The ,

gauge has ‘a standard capacity of 12»‘-’" o'fiprecipita'tion and has to be manually emptied.

The UNIV bemg susceptrble to wind mduced catch errors is also vulnerable to a .

-condition known as wind pumpmg CWorld Meteorologlcal Orgamzatlon 1996). Wmd s

purnpmg results from hrgh wmds creatmg turbulent motrons around the precrprtatlon )
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catchment onﬁce whlch cause oscrllatlons in the welghmg mechamsm and produce errors
m the recorded prec1p1tat10n chart In add1t1on ﬁ10t10n W1th1n the moving parts of the,
‘welghm_gvmechamsm, if not prop_erly ‘mamta‘med, can cause underrneasurmg erTors mthe‘

2 1.3 SRG

The SRG has been used from the maugural years of the Weather Bureau to the -
“modem day NWS as the ofﬁclal prec1p1tat1on measurement device. -
The dev1ce ‘consists of three parts the- 8-" rece1ver "or- "funnel "the"é"'voyerﬂow
’ receptacle and the measurmg tube W1th a dlameter of 2 53 mches The tube is des1gned
| 50 that the true ramfall collected in the recelver is magmﬁed 10° tlmes hence, the depth
| ‘('can easily be measured to a prec1s1on of a hundredth of an mch
A performance evaluatlon of the SRG was accomphshed at the Valda1 Polygon |
4_ .Russm by Golubev et al 1992 The SRG ‘'was among the many gauges that were »-
| ie.mstalled at thls testmg locatlon in the m1d 1960’3 and were tested unt11 1970 Tests at
- Valdar illustrated that the, SRG_ls susc‘eptlble to the'neghglble ,Wettmg‘ and evaporatlon
' error's': along with a negligible systematic bias ;in-‘”pre‘cipitﬂati‘on“reading’s due to caplllary ‘
: and memscus forces at the mterface between dry and wet portrons of”~ the d1pstlck

(Golubev et al 1992)

2. 2 Site Locations |
NWS sites partlc1pat1ng m tlns study did so on a voluntary bas1s Federal

~ Aviation Adm1mstrat1on‘(FAA),srtest-'were not allowed to be _used in the .CDCP with
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Asos*HTB project. ‘The 13 stations with the MOD 35 upgrade, displayed in Figure 2.4,
‘ werc selected based on a defmed set of criterla. Since the ASOS array’s ‘installation
locatlon differs ﬁrom the location of the UNIV it was necessary to develop gmdelmes to
| . make the statrons ‘within the study as unlform and comparable as p0551b1e Thus, three y
_requuements were estabhshed for statrons entermg the study» The first of these _
'requlrements was that the ASOS array be within one mile of the UNIV An exceptlon o
was T made in the case of Wllmmgton North Carolma ILM, in Whrch the ASOS and HTB
were between 1 and 1 1/ 16 of a m11e apart Requlrement two stlpulated that the UNIV
‘ could not be located on a rooftop One exceptlon was made for Seattle WA SEA
because they made a spemal request to be added to the study | The thrrd and ﬁnal =
‘ constramt placed on sites that ‘were allowed to enter the study was that the UNIV could”
“not have been moved asa result ofa WFO bmldmg relocatlon |
| Table 2.1 g1ves a complete llstmg of all the statlons that part1c1pated in the study

'mcludmg statlon 1dent1ﬁer (S]D), statlon name, statlon locatlon study part1c1pat10n dates,

‘Table 2.1 ASOS Site Summary -

Station | . ' ' T~ . [ MOD35| _Shielded | = Distance (ft)

- ID Station Name - | Period of Study | Installed ASOS UNIV:| ASOS-UNIV
~ ALB | Albany,NY. = - | Aug96-May97 | 7/31/96 | Y Y © - N/A -
AMA | Amarillo, TX . Jul 96-May 97 |- 5/21/96. Y - Y. 5419
AST | Astoria, OR Jul96-May 97 | 5/21/96 | Y Y 660,
BRO | Brownsville, TX Oct96-Aug 97 | 6/27/96 | N N - N/A
| CAE - Columbia, SC _ Jul96-Jun 97 |  .5/7/96 N . N - -1320
'GSP. | Greenville/Spartanburg, SC | Jul96-May97 |- 5/14/96 | N N 365
I.M .| Wilmington, NC -~ Jul 96-Apr 97 | -~ 5/6/96 N N | 52805808
JAN | Jackson, MS . Jul 96-Nov97* | 6/27/96 | N N 829 *
JKL Jackson, KY . Jul 96-Nov 97* | 5/9/96 N . N 1200 .
| LcH Lake Charles, LA - Jul 96-May 97 5/96 N N 3300
-PAH Paducah, KY - Jul 96-Nov 97* 5/17/96 N Y , <1320 '
SEA Seattle, WA Jul 96-May 97 | = 6/3/96 |- N "N | 2640-3960
SGF _ | Springfield, MO .. | Jul96-Nov97* 6/3/96 Y " N - -2970 -

* September 1997 ASOS 1IMIN observatrons unavailable from NCDC
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Figure 2.4 ASOS locations used in the CDCP with the Heated Tipping Bucket (HTB).



~and HTB -modjﬁCation date if available. The distance .between the _ASOS HTB and the

UNIV sre_incl.uded along with the'indication of shielded or )non-shielded instruments.

2.3 _»Qbser\"ati»ons |
The data‘examined in this s_tudy_consist of over 6»,665,0;(‘_)04 IMIN observutions
ﬁom the 13 hstgtio‘n‘s that':'particrpated. ASOSHRLY observetion,_g‘ndSOD‘.‘reports also |
rcpresent HTB 'mee;suremerrts’ m this stu'dy_.'_v “'Additionelly, the month_ly summanesof 6
i houriUI._\ITV preciprtation_totals fromia!il staticns and mont,hly CRG Summary data frorn a
- smaller subset 'of four stations are included July 1, 1996 marks the beginning of the
- study for some of the stations in the study with 12 of the 13 stations actlve m the study by
vOctober 1996. The end date estabhshed for the purpose of thrs document was. November

30, 1997 There Were stlll a few statlons actrvely part1c1pat1ng beyond the above

e mentloned end date

When mtercomparmg the available data ﬁelds ina study such as' th1s the vanous‘
methods employed to create each md1v1dual report must be fully understood in order to -
,correctly ,comp_are the data' sets descnbed-mvth_rs mvestlgatron. The IMIN .observatlons
- are asummary of the number of corrected tips res.ulting: after the .b‘recipitation algorithm
- has.'been applied. “The HRLY obseryations are the sum of the previouS~ 60 rninutes of |
observatlons and are reported at 56 mmutes r)ast the‘ hour. The SOD contams the

. summary of all prec1p1tat10n that has occurred ﬁom M1dmght to Mrdmght over a
| ” consecutlve 24 hour penod The UNIV 6 hour totals ﬁ‘om the 00 06 12 18 GMT were
. manually extracted and recorded by WFO personnel onto a monthly summary sheet after i

| ‘being: read from the recorded stnp chart produced by the UNIV. The time accuracy of the
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B UNIV is a functlon of the accuracy of the observer and the mtemal clock drum in the
gauge. Fmally, the CRG measurements were. read at varymg, and often long, time
intervals. Thus, for correct mtercompanson between the data ﬁelds;avallable -for‘analysm
- g it was necessary to compare events from start to fmlsh In this analysrs, -especially when
| accomphshmg companson between the HTB and CRG data, the non—synchromzed gauge
' ﬁreadmg tlmes made it necessary to accumulate prec1p1tat1on over multrple events m order
to aV01d_ mterruptrng an event at any given gauge. ‘"In some ""'ca'ses this lead'-to an
LacCumulation“'ﬁ)eriod over several"'weeks long. This solved,jthe jdossi,ble 'nroblem of
‘comparing data sets that mJght nOtu'haye been ,‘e'xpose‘dr.to' an'”'e‘q'ual number of eyent -
' periods. . | R o | |
Events 'Wéfe '- eliminated after reviery- if 1t ;:w'as’ determined tha‘t ‘missing
observations' durmg an eyent;Or icomparison beriod lead. to ‘undermeasuring": of an ‘e\_r"ent
» w1thm a ‘given data field. ?It is important t’o mention thatf overall anproxirnate_ly 10% of
‘ the HTB lMlN data was unavallable for use in- this mvestlgatlon Notably, '
approxnnately 20% of the HTB 1MIN data was unavallable to the study from July
through September of 1996 Addltlonally, lack of lMlN data ‘in the last week of
: December 1996 contnbutedto an unavallabllrty‘near 16% for that‘_partrcular month_. _The V

degradation of the IMIN data'during:the summer of 1996 wasa result of comm_lmication

* hardware limitations interfering with NCDC’s download of each ASOS’s complete 12

hour IMIN"data archive prior‘tothe programmed automatic erasure of the local ASOS
" 1IMIN observation memory. It is 1mportant to feiterate that onl'y'eyents': yb)ith"complete

' IMIN data records could be ‘comnared to CRG andUNIV measurements because the -
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‘ lmdata was the only unaltered ASOS HTB data field available to this study; thus 1t

' aloné-revealed exactly how the HTB performed.
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3.0 PRECIPITATION ACCUMULATION COMPARISON |
3 1 Concepts

The 'installation of ASOS marks atra'ns,ition in the method of ‘observation in the |
' NWS ﬁom a human process 'to‘ a fully automated obs‘ervation'one. vIt'also creates tvvo. |
o ;,j other-imoortantfactt)rs a changevlnfi'nstnunents and a change in:location .All of these, ‘
| factors have compoundmg effects .on the local chmate record and more nnportantly, on
the chmate record as an aggregate Any observed precrpltatlon accumulatron differences
| between the HTB and the UNIV w111 be a result of a combmatron of the above mentloned

vrnseparable factors | | - | -

For each statlon, the lM[N observatlons vvere surnmed 1nto appropnate hourly |
| totals. These HTB lMlN comblned hourly totals were then avallable for companson with'
.UNIV and CRG data sets. An assessment of the performance of the HT B to the CRG at

the four s1tes was achleved by usmg the followmg equatlon - ‘
o Performance Ratlo ZASOSMN/ ZCRG - ,' ,. ':"(3 Vl) -
- In order to ascertain the 1mpact of the ASOS program to the prec1p1tat10n record at each :

of the 13 51tes a varlatlon of equatlon 3 1 was used yleldmg equatlon . | |

Impact Ratlo ZASOSIMIN/ZUNIV f . 62
By takmg the average of the. calculated mrpact ratros across all s1tes an assessment of the .

mean 1mpact of the HTB on the collectlve group of CDCP statlons can be accomphshed



‘T_he :other data ﬁe_lds contributed to by the IlTB, namely theHRLY and SOD
vreport’sv, are _not _used'tondirectly assess the HTB perforrnance’. :,R'ather ’they‘are_ used‘ to
%_qua_litatively assess the lquality control practices of ea_ch WFO in the study, the_inher‘ent
» “ irnpact on each station’s clirnat'e record, and the irnpact on» the collective climate record of

the group of stations in this study.

32 1Data Prohlcms; v‘,
There are several Iaroblems that need to;b_e addressed w1thrn the groug'of data ‘sets :
that have bee_n, used to construct this analysis. Wlthout ﬁ111y under_standing“ the é‘rﬁrorsthat e
are possible, incorrect conclusions' may he,_ derived with respect“to —.F_Lthe quahty and *

reliability of the HTB.

3.2.1_As'voS11v11N

Let us first ‘discuss errors thatvvverejdiscovered in_the 1MIN obServations. It 'must“ e

:be stated that the errors detailed belo'vv’ cannot be explained in’their entirety due to our
| .mablhty to obtaln and decode the system log ﬁles for use 1n this study These system logs "
’ are produced on any ASOS array and deta11 when a partlcular mstrument system is |
lnoperatrve or any ASOS-product is edlted. Even though the 1MIN obser‘vatlons are' not~

' edited,:detailed instrulnent outage records would "hav,e 'enabled this study toj‘ ornit data that o

 may not have otherw15e been ﬂagged as an inaccurate accountlng of a precrpltatlon event
| '-Havmg made that pomt thls analysrs of HTB data 111ustrates that . 1t is’ pos51b1e for
’unreallst1c values to show up in the pre01p1tat10n accumulatlon ﬁeld For example over a |

three mmute penod on June 10 1997 at Jackson MS (JAN), ASOS reported 2.18"
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" observations regardless of the" magnitude_of differences if meticulous analysis suggested

- that data from each instrument was complete. An event was only vremo'ved from the study

* of it was evident that part of the data reeord.Vvas incomplete for one of the instruments.

| 3 2 2 ASOS HRLY
In this study, the ASOS HRLY observatlons served mamly to conﬁrm or deny the

vahd1ty of the 1M]N observatlons Therefore the errors encountered in »th1$ partlcular '

o “‘data set though worthy of bemg recogmzed are not entlrely cruclal to the va11d1ty of the

'study The errors are, however relevant to any researcher usmg HRLY observatrons for o

‘:the constructlon of any typ'e of precrpltatlon chmatologlcal record.

It was noticed that on occasion the"l-IRLY obse'rvations' suffered fr‘om what has
“ .been 1dent1ﬁed as a wann start” problem caused by « 1mproper parameter size” errors
produced within the ASOS Acqulsmon Control Umt (ACU) soﬁware version 2. 40 ;
' (Natronal Weather Servrce 1998a) Thls warm start problem mamfests 1tself when the

system memory 1s madvertently cleared and thereby removes any accumulated.

L pre01p1tat10n totals smce the last precrpltatlon report had been reg1stered For example,

’ B on July 2 1996 at SGF the complete pre01p1tat10n reports from HTB lMIN HRLY and

UNIV show 1. 12" 0 55" and 1 26” respectlvely Thls 1nd1cates a elear example of the
'warm s ' phenomenon The “warm start” problem is to be corrected by the release of '
ASOS ACU software version 2. 60 (Natlonal Weather Serwce 1998a) Another problem B
":vencountered m this data set was the mcomplete reportmg of pre01p1tat10n in what w111 be
‘rdentrﬁed here asa “P” ;group It is found in the remarks section of an HRLY.observatlon .

report m: which prec1p1tat10n a’ccumulatlonvls bemg< reported. There Were numerous
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3 »_accumulated pre01p1tatlon At 2134 LST, ‘the first minute of the suspect 1M]N reports |
",the IMIN data showed 0. 15" accumulated precrprtatron The next two_ nlmutes
:chr'onolog_l__cally reported :1.66" and O_.,28(" 'precrpltatlon. This erroneous; ev‘entwas verified
| : and ’ eliminated from the analysrs through int'ercomparisons with the HRLY ‘and the SOD. . ‘

~and from the ahsence of anyrneasured precipitation at the UNIVdurlng the 6 hour :perijod‘ff -

y which would'have,c:ontained"such an event. ’ |

Further cross—analysls of possrble erroneous -events agamst the ASOS’s nght‘

; Emrttmg Diode- Weather Identlﬁer (LEDWI) wh1ch is desrgned to drfferentlate between

© rain and snow for ASOS proved ﬁurtful in ehmmatmg large IMIN observed precrpltatron

amounts. Reports from the HTB and LEDWI are’ mdependent of one another
: _v.E’xamination of ~b0th the coincidrng LEDM_data for “no prec,rprtatron’_’ (NP)' observatrons
and HTB _obs.ervations hefore'andu after a false positiVe precipitation report bri_»ngs 'f.orth_,av |
higher level of conﬁdence ‘»i‘n‘;vinterpreting-‘and AeIi_.minating false positive accunrul:ation :
. occurrences. Making the. sarne ’yconclusions: about - false .zero precipitation :lM]N .y
observatrons usmg LEDWI reports of posrtrve preclpltatlon does not lead to any concrete_
| _‘ ‘conclusrons Reports of rain of varymg mtens1ty by the LEDWI when no. prec1p1tat10n
4 accumulatlon was recorded by the HTB is encountered frequently throughout the data
_Intultlve_ly, the rate at,;whlch the HTB :reports tips is a d1re_ct function of ramfaII rate or"-r
- intensity; ﬂ!}ls, the report of a singlef :or, rnultiple corrected 'tip isf not‘reouired m ‘ever&’i‘ "
1M]N observation.; |
To_~ reitera'te,.' withoutaccess to the necessary syste'.rn.- logs; conclusions to the_ above _‘
~derailed false measure'rnents can only be speculative. Therefore, it was theipo,llicy of thrs .

» 'ihi/estigation not to discard. precipitation measurements of the UNI'V,-CRG», and' IMIN
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occasions at all of the s1tes in th1s study in wh1ch the «p» group was 1mmed1ately

succeeded by only three of the requlred four d1g1ts In most cases, th1s meant that the o |

hundredths d1g1t had been truncated but there were mstances in wh1ch companson
“':agamst the 1IMIN accumulated hourly prec1p1tatlon suggested that the tenths d1g1t ‘was -
omrtted It can not be detenmned whether thls problem orlgmates in ASOS or in the
: processmg of the data at NCDC prlor to electromc dlssemmatlon to CCC for use in thls :
’ study Occurrences wh11e numerous in the fourth quarter of 1996 have become nearly |

. nonexistent for. 1997 data used in this study All of the aforementloned problems can be',

s -corrected durmg a quahty control aud1t accomphshed at the WFO 1f detected durmg the o

“correction penod prescnbed in the NWS pohcy on quahty control for ASOS observat1ons

‘ unless the problems ongmate at NCDC

323 ASOS sop - :

- Few errors were detected in the ASOS SOD data set. The data set,. however. was

not prov1ded in the electromcally dlssemmated reports from NCDC until October 1996

Therefore, there are several statlons in th1s study that have less than a year of th15 data
subset for- companson . :

As stated earher th1s isa data set that is edlted at’ the d1scret10n of each’ WFO

Oﬁ‘ice Hence, th1s data only prov1des msrght on the chmatologlcal record over the’ o

penod of study and more unportantly, whether precrpltatlon measurements in the SOD

are actual AS OS derlved precrpltatlon totals or edlted reports con51stent with the UNIV.
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Errors wrthm the UNIV data set are generally undetectable by thrs mvestrgatron
These undetectable €ITors can n'be broken down into categones of instrument and human |
) errFlr' ,Irrstrurne_nt errors Would resujlts‘ ﬁ'om, improper operation vof all ‘,l__the mechamcal
- “' _oomponents 'contained wrthm the UNIVHuman €rTors can be; madvertentlyijntroduced
m a vanety of ways from' *incorrect mstallatlon of the recording charts ‘_toerrvoneous
transferaof data recordedon the strip charts to the monthly summary sheets. ~ The errors
, outlined a’bov‘e are:]:)y 10 means an all-inclus-iyeli.st of errors that could contarninate the
- data used 1n this study. :Si'nce there are no means la'vailable to quantify the signlﬁcance of =
the above mentroned errors m our. data set an"artlﬁc1ahty will be mtroduced by assurmng ;
, that these errors are neghglble in magmtude ) |
| OccaSional wdetectable err'ors; discdveredi.;during. the digitiiation of | tlns data set
.mclude entnes .on the montbly summary sheet for whrch premprtatron totals were
: wrongfully entered mto tlme/date ﬁelds usually _24 hours or one row too h1gh or low on
the summary sheet In other mstances, data was recorded from the UNIV and annotated
that trrmng of prec1p1tat10n Was unknown most l1kely due to some type of malfunctron by L
. the clock and/or stnp recorder Overall partrcrpatlng WFO statrons were thorough in
.reportmg the 6 hourly UNIV preclpltatron totals, but nonetheless, there were

L drscontmultre_s rn’ these records that .prec1p1tated eventormssrons from thrs study. L

325 SRG
‘S_inc’e_ the SRG does nothavé -m_ov‘ing" parts and‘l"is, a non-,recordingv:}gauge,.errors.

' introduced to this investigation are mainly due to human error. Such errors ‘materialize
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' When"the obServer'reads and/or.- reco_rds the data incorrectly. Blatanterrors in the SRG o
'.‘data are evident Whenthe IMIN observations and UNIV show reasonabl;ev.agreement and
; the SlE{G grossly under or‘ overmeasures w1th respect to the other gauges 'A quant1tat1ve |
assessment of an evaporatlon mduced error is unavaﬂable ‘but 1t should be recognlzed as ‘:
¥E poss1ble source of error due to, the random and 1n some cases lengthy (i.e. |

,approxunately 7 lO days) penod of t1me between SRG readmgs

: 3.’35 Analysns 'lVVIethod
5 3.3, 1 Ellmmated Data

In order to’ assess HTB performance and 1ts 1mpact on the clnnate record “1t was
necessary to gather -and compare the most error-free data p0531ble The events eliminated
are llsted in Table 3.1 Events elnmnated due to ASOS malﬁmctlon were done ) by '
analyzmg the lM]N data for events greater than 0. 01" ‘with LEDWI reports of NP In
. each case srgmﬁcant accumulatlons were measured m a one ‘minute’ penod w1th no
“ | precrpltatlon bemg reported by the LEDWI or HTB for the ﬁve mlnutes leadmg to or after -
. ‘the event in questlon Events ellmmated due to “ASOS PNO” m the remarks section of
'. ‘Table 3. l were done 50 by seemg that the HTB lMlN showed long tune penods (e g. 6
hours or longer) of consecutlve zero accumulated precrprtatlon whrle UNIV measured
consrderable accumulated precrpltatlon totals Investlgatlon of comc1dmg HRLY
observatrons for the questloned lM]N data uncovered “PNO” 'alerts m the remarks
sectlon mdlcatmg that the HTB was non-operatlonal (Natlonal Weather Semce l998a )
"The removal of events from companson due to “Unsure of UNIV value” were done $0

because of the srzable accumulatlons reported w1thm the lMlN and I-IRLY data w1th zero
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Table 3.1 Eliminated data from comparisonsv 5

Station | Date | UNIV | CRG IMIN °© [ HRLY " Remarks
- ALB, .| 9/24/96-] 0.00 | N/A 0015 - .|+ 0.15 - |.Unsure of UNIV value
~ALB | 11/19/96 | 0.00 | N/A 041 0.41 . | Unsure of UNIV value -
- BRO | 85/97 .| 030 | NA |  0.00 0.00 -ASOS PNO :
© BRO ‘| 826/97 | 1.32."| N/A | 0.09 1.02 ASOSPNO'
ICT | 1027/96.| 070 [ NJA | = 0.02 - Trace ASOS PNO
- ICT. | 11/16/96 | 227 | NJA | 000 . | - Trace® | ASOSPNO
ICT 11/18/96 | 0.00. | N/A |.* * 0.00 - 075 .| ASOSPNO
JAN. -} 6/9/97 | 680 | 6.72.) ' 632. | 413 . | ASOSPNO:
JAN - | 7/13/97 | 021 | 0.19 0.00 0.00 ASOS PNO
JAN <| 7/17/97 { 023 .1 021 | _ 0.00 - 0.00 | ASOSPNO
o JKL o 5/15/97 | 0.09° | N/A | -0.28 . 0.05 | Can’tisolate problem -
| - IKL | 11/8/97-f 000 | NJA | 019 0.19. | Unsure of UNIV value -
. LCH ., | 5/18/97°| 0.00. | 0.49.| 047 . © 047 .| Unsure of UNIV value
. PAH. | 7/3/9 | 000 | NA | = 025 1025 ‘Unsure of UNIV value
|~ PAH .| '9/4/96 | 027 | N/A 027 . . 0.00 | ASOSPNO .
1. SBA | 12121963 000 [ NA'[ - 015 | 015 | Unsure of UNIV value . ..

l’precipitati.m'mea'sured‘by the UNIV. In these events, it was questioned whether or not
: the UNIV was functlomng properly Flnally, events deleted due to “Can’t 1solate‘ _
- =:problem were done o) because measurements were uncharactenstrc for a glven statron .

| v ‘wrthm the rest of the data analyzed by tlns mvesngatlon
Table 31 1llustrates that ASOS is capable of reportmg pre01p1tat10n | whenl
N -prec1p1tat10n is not occurrmg, usually 1solated w1thm one or a few one mmute .
' -observations Thrs table also shows that ASOS can report no precrp1tat10n when

prec1p1tat10n has actually happened

33. 2 HTB Performance Assessment
The performance assessment of the ASOS HTB in th1s study is accomphshed‘
through the direct companson of the HTB w1th the. CRG at four 31tes w1thm the study

Due to the random readmgs of the CRG as mentloned earller only cumulatrve totals from )
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the HTB and CRG could be used; hence, in several cases numerous events were
combined together. |

 The two methods deemed appropriate for comparing “ precipitation cumulative
totals recorded by the HTB and the manually recorded CRG included a least-squares
analysis between cdmparable cumulative periods and a comparison of summations of all
comparable events over the entire data record between the two gauges at each site.

The least-squares fit allows one to investigate the mathematical felation_between
two measures, in this case, the HTB and the CRG. This study assumes that the
relationship between the HIB and CRG is Iiﬁear, therefore our least-squares equation
takes the form: |

y=A+Bx 3.3)
where A and B are constants. The constant A is the y-intercept, and constant B is the
slope of the least-squares line for variables x (CRG) and y (HTB). For the purposé of this
study, constant A is forced to zero because it was assumed that both gauges would report
values of zero in the absence of precipitation. The slope of the least-squares line is
determined by the following equation:

B = [N(Zxiy)-Cx)(Ey)] / INCxH)-(Exi))] 34
where events X; and y; represent CRG and HTB measurements respectively, which were
then summed linearly over N events. If all of the measurements produced by the HTB
were equal to the measurements made by the CRG, tﬁé graph of the HTB against' the
CRG would produce a least-squares line w1th a siope of one. A slope of one would depict
a one-to-one ratio between HTB and CRG indicating that the HTB meaéured 100% of

what the CRG recorded. Since the HTB and CRG did not have a one-to-one ratio, a
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least-square fit line was,.computed. The slone of this least-squares ﬁt line is One: measure
iof the fract10n or rat1o of pre01p1tat10n measured by the HTB compared to the CRG The
d1stance of a an actual data point from th1s least-squares fit lme is cons1dered to be a
-measure Qf the: uncertamty of the llt of the _leastfsquates. lme. To simplify ou_r.analysis', it
was assumedthat the measurements-.ﬁc‘)m the HTB had some degree of uncextamtywhlle : .
the uncertamty n out measurements from the CRG were neghg1ble This. made'sens’e -
| since. the CRG Was bemg‘used as the ground truth for the assessment of the HTB
. ‘Vperformance-.__ The:kunce'rta‘lnty in "the.measurements of ‘the HTB ‘were estnnated by
calculatingthe sum of sduares using‘:the' follcwing hequat;ion: | |
o » oy’= 1IN Z(yi- By’ ':' I O
' _The uncertamtym the slop:evo_f the lea‘st;squares fit line, represented by o, can_then be
determmed from the followmg equatxon . ‘ i ,
| o5 = Noy? / N -] | | e
: The _resultsfprovide»lnslght,'on the magnitude ‘of \the error in the- ?least-,squares. fit line -

tepresenting the assumed linear _felaticnship between the HTB and CRG. Table 3.2

Table 3.2 Slope of least-squares fit line, calculated OB’ of slope for comparison
between measurements recorded by ASOS and CRG and CRG total preclpltatlon

STATION ' IMINtoCRG - | HRLY © CRG ) SOD 0 CRG *

Slope | o5 , [ CRG | ‘Slope o8 CRG ' |Slope| o3 | . CRG

_ @ | G [ "] o (in) (n) | (n)

GSP [ 097 |0.008 | 32.81 |096** | 0.008 | 3020 |0.96 |.0.009 | - 18.06

JAN {092 °[0.009 | 4450 |092 | 0.009] 4450 |0.92 ]0.009| 39.16

LCH 1.02 | 0.005 | 12:43:}1.01 0.005 | 1243 |1.01 |0.004| 12.43

SGF* - |1.03 . | 0.013|.25.86 | 1.01** | 0.013| 1892 [1.02 |0.009 [ . 17.24

Mean .99 .

e Ehmmated erToneous or missing Hl{LY data

- * 4" gauge used in place of CRG
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‘ details; the extent of .this . error for each statien. Uncertainty in the slepes of the least-
‘squa‘:resf‘ﬁt lines vyere-.ve_ry small for the four stations with the largest uncertainty being
| _listed:just bver'; 0.0v1'v'.‘ Plots of the data used to derive Table 3.2 are depieted in Fignres
'_3..1-3".4:. Aceumnlated preeipitation per comparrson perio.d' recorded by the various HTB
‘data"ﬁelds are diSplayed dn the y-axis w1th eorresponding accumulation measured by the
CRG along x-axis. The ' solid line on each plot represents‘ the ideal one-to-one
lrelatienship betWeen ‘th.e‘ HTB medsﬂrements:an'd thoSe coilected “ by the CRG. The
dashed line illustrates the least-squares fit lirie to the data drsplayed. . | |
- The observations from GSP lM]N data in Figme 3. 1(A), indicate s1gmﬁcant
stability in the HTB versus CRG rela.tibn:shipa leading to the conclusion that the HTB
regularly undermeasured precipitation When cemp'ared to the CRGat this site, Of the 45
compared cumnlative precipitation periods, all but 9 events were' ﬁlaced at or below the
_idea}-one toeone ratio line. It sho'u‘ldl’ be neted that cumulative oyerage by those nine
eyents was 0.1'9".A Excluding cemparative’measnrements recorded in the IMII\f and CRG
that differed byk less than i0.0_2_'f or i4%, as dbtlined by the ASOS USERS Gaide -
.(National ’Weather Servtce 199t§b.') for HTB : 'perfermance speeiﬁcations, 10 events
undermeasured by 4. 2%—11 0% w1th a mean of 7 9% On the ether hand, omy two
| cumulative event penods overmeasured and they ranged ﬁom overages of 4 2%—4 6% -
‘w1th a ‘mean of 4.8%. Flgures 3. l(B) and 3. l(C) represent data prov1ded by the HRLY '
and SOD and they respectlvely show good agreement w1th IM]N data suggestmg that it
was not a common practlce at GSP to edlt prec1p1tat10n measurements made by the HTB.
Two event penods used by IM]N and SOD were ellmmated from the HRLY companson

to CRG because HRLY data was.mlssmg.
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Figure 3.2 ASOS HTB versus CRG (SRG) at JAN for (A) IMIN, (B) HRLY, and (C) SOD.
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From Flgure 3 2(A) for JAN 1M]N data, it is clear that 2 an overwhelmmg number .
, of the total events compared fell elther on or below the ideal one-to-one ratio lme JAN
shows_conmderable constancy m the HTB tendency to undermea.sureﬂwhen compared 1o -
Mthe ZCRG; ’ V-Vhen}the am0unt ‘of accumulated precipitation in an event 1s ‘large the vdata
pomts fall l)elow the one-to-one ratio ]me but very near to the- least—squares fitted line. . "
- _.Thls behav1or mdlcates a deﬁc1ency in the amount of pre01p1tatlon recorded by the' HTB
in the IMIN data After applymg the previously stlpulated gu1de1mes for assessmg gauge
.performance -26 outfof 52 'accumulatlon periods for JAN - show HTB undermeasurmg'
_ Aw1th respect to the CRG Twenty of those penods showmg an undermeasurement range of ,b
6. 0%-26 9% w1th a mean of 10 5% The least-squares ﬁt slope | mdlcates a 8% |
“undermeasurmg from all events’ used to assess the JAN HTB performance
‘ : Overmeasunhg only occurred in two events with an overage range of 12. 3%-75% w1th aA
cumulatlve overmeasurement of 0 10". Analy51s usmg HRLY and SOD reports compared 7
-4 o vto the CRG at JAN shown m Flgures 3 2(B) and 3 2(C) respectlvely, produced results
s1m11ar to  the lM]N to CRG companson o |
' Frgure 3. 3(A) for LCH IMIN data shows a stable but opp051te pattem when

| compared to GSP and JAN HTB versus CRG results. - All but 3 of the 27 compared

cumulatlve precrp1tat10n penods showed the HTB reportmg values equal to or hlgher '

than the CRG The cumulatlve undermeasunng of the three 1solated events was 0.06".

| The slope of the least-squares ﬁt line suggest that IMIN HTB ﬁom LCH was hlgher than:
| the CRG on the order of 2% Usmg the guldelmes based on the ASOS HTB performance ,
standards descnbed above for excludmg cumulative event penods only two events were ”

-~ left that overmeasured pre01p1tatlon wheng compared to the CRG. Therr overmeasunng ,
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| was m ~the:.frange of 5 '1-5"6‘:’/0 with'-a'meanof 5. 3% Furtherrnore;-’inbne event from the |
data used for thls analys1s at. LCH the HTB undermeasured 0. 04" of pre01p1tatlon causmg
. '“a 4 2% undermeasure Flgures 3. 3(B) and 3 3(C) that represent data prov1ded by HRLY
" and SOD respectrvely are cons1stent w1th the lM]N data However the slopes of the f
"derlved least-squares fit l1ne 1mprove such that the slopes are closer to the 1deal one—to- |
R one ratlo between the HTB and CRG thereby suggestmg that HRLY and SOD reports are
“ edrted to some degree |
At SGF Flgure 3 4(A) the lMlN data companson to the 4” gauge demonstrated a
._hrgh order of stabrhty along w1th a pattem showmg measurements made by the HTB to be |
| hrgher than the 4" gauge After 1solat1ng out 17 of 31 events that met the HTB prescrlbed
. ]speclﬁcatmns,‘the result is still an mclmatron by the HTB to overmeasure prec_lpltatlon by -

- ‘5%-123% <Mfested in a' curnulative overage of 0. 87.’r"lfrom»110 of the 31 cumulative

'prec1p1tat10n penods It was noteworthy that in3 of the 10 cumulatlve event penods the- o ;

"HTB overmeasured by more than 19% per event, w1th the three event total of the HTB
"bemg 0. 92” compared to measurements totalmg 0 65" ﬁom the 4" gauge On the other
- khand 4 of the 31 cumulatlve events were undermeasured by the HTB in companson to
'“the 4" gauge by 5%-25% massmg a pre01p1tat10n deﬁcrt of 0. 33" | dAs for the HRLY and |
‘::SOD shown in Flgures 3 4(B) and 3 4(C) respectlvely, occas1onal edltmg of a small
‘_ number of accumulatlon penods lowered the 3 2% overmeasunng mdrcated by the least- A'
~ squares ﬁt slope in the 1M]N to 1% in the HRLY SOD edltmg appeared to be mlmmal =
' and only unproved to an least-squares fit slope measure to 2% overmeasurmg by the; :

HTB,
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- The other Valuable ‘tool used ‘to 'assess the performance ~of the HTB compared to
the CRG was the companson of the total prectpttatlon accumulated by each” gauge
' throughout the entlre penod of study Results from this form of analys1s are presented in.

' Table33.

‘. Table 3. 3 Cumulatlve prec1p1tatlon recorded by the HTB and CRG

~“Total Accumulanon L . Ratio of Accumulated Pre01p1tat10n ’
-STATION CRG IMIN | HRLY | SOD | IMIN/CRG | mY/CRG ,_SQD/CRG
) @ | @ G | @ e o S
\ 13281 ©31.83 |29.20 - < 097 |- 089

. GSP . [3020% . .[2920% | 097, L
: L1806 | 17.39%* = ] 0.96*
- "JAN  [4450 | 4139|4136 . ' - 0.93 o093 [
-] 39.16%* | | 3642% | : | 0.93**
LCH | 23.16 23.54 23 33 | ] 102 | 101 -
o] 12.43% .- cbo1249% ) [ ] 1.00%*%

‘ 2586 | 26.63 |.19. 63 : 1.02 0.76 Lo

. SGF  [1892* | 1 19.08*, L . 1.01* o
e *-‘17.24** R N I VA S 1.02%*
o Average | 099 | 090 (0.98%) | 0.98**

o Ehmmated events due to mlssmg Or erroneous HRLY L
o kx Analysrs of SOD start 1 October 96 -

There is good agreement between the‘ -caICulated slopes produced from the least-squares’
it lme for the HTB lMIN versus CRG plots of the four statlons and the cumulatlve
i =prec1p1tat10n ratlo results prov1ded in Table 3 3. The slope of the- least-square ﬁt line
represents the calculated ratlo of prec1p1tatron measured by the HTB compared to the
CRG Since the- slope of the least-squares ﬁt lme is constant, the slope can be mterpreted
as the ratlo of the total accumulated precrprtatlon which can be compared to the ratlo of
. the. HTB and CRG total accumulated preclpltatlon derived from the summatlon of the
actual prec1p1tat10n observa’tlons‘ for each station. In thls investigation, the lepe derived

, ratios,compared’Very lwell,}‘within 0.01 or less, to the ratios of the ’total _accUmulated



; precrprtatron Hence thrs result produces a hrgh level of conﬁdence in ‘our least-squares
B ﬁt 11ne for the data. analyzed in thrs portron of the study
Summanzmg the above assessment of the ASOS HTB it is apparent ﬁ'om the‘ .
hlgh order of stablllty in the HTB versus CRG data presented and the results f.rom the .

' total accumulated prec1p1tat10n ratlo and least-squares slope analysrs methods that the

o _HTB is perfonmng qu1te well When measurmg hquld prec1p1tat10n Usmg the worst case

_ values of HTB IMIN to CRG compansons ﬁom the two analy81s methods yrelds
prec1p1tat10n accumulatlon performance in the range of - 8% to 3% For the data avallable
.~‘to this study, the HTB to CRG relatronshrp stabrhty and the above glven performance
_'range suggests that the algonthm used for ASOS HTB pre01p1tat10n accumulatlon
7 correct1on 1s good but should be. custom tarlored for each gauge. to achleve the des1red ;
_ one-to—one HTB versus CRG relatlonshlp Therefore it is proposed from the results of
N 'thls study that the correct10n algonthm Equatron 2 1 needs an add1t10na1 lmear )
. correction to the non-linear correction currently used in- every ASOS ’Ihe proposed new

: ~correct10n algonthm takes the form: l :

C= B(A+060A2) o R ' ‘(3.7‘)
where B is the lmear correctlon proposed by thlS study Given the.&variation‘ m the
-relatlonshrp results of HTB to CRG compansons from the four 51tes used mw this
: f'mvestrg’atron the lmear cor“rectlon must be srte-specrﬁc' The lmear‘ correctron‘can be' :
determmed by - comparmg .a large sample from the annual average total accumulated
A 11qu1d preclpltatlon of ASOS HTB event measurements to- those measured by an ASOS’
5 collocated SRG The linear relatlonshrp of ASOS HTB versus SRG for compared event |

measurements will 111ustrate the magmtude'.of nthe linear correctlon_.need for a g1ven
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: ASOS HTB to achieve the desired one-to-one relationship with the SRG For the four
A s1tes used in the HTB performance assessment, using the data and results from this study, ‘
. vthe proposed lmear correctlon based on slope measure calculatlons are 1 03 for GSP‘

108 for JAN, 0.98 for LCH,_and 0,97v for SGF,

3.3.3 Spatlal and Climate Contmmty Impact of _
'] ‘the HTB at Sites with CRG and UNIV -~

Results presented in séction 3.3.2, along with the UNIV to CRG results 1llustrated'

~in Table 3 4 can be used to compare the HTB to the UNIV The purpose of this analysrs o

is to gam an understandmg of the magmtude of the spatlal vanatlon between the ASOS e

- 'fs1te and the UNIV site and to examine the net nnpact the 1mplementat10n of the ASOS )

'program is havmg on the ASOS program to the prec1p1tatlon clmate records - The
‘ ‘I”foundatlon of th1s comparlson mvolves the assumptlon that the CRG and UNIV would
produce 1dentrcal results if they were collocated Flgures 3. 5(A-D) depxct the UNIV

Versus CRG at the four s1tes The fourth column of Table 3. 4 shows the total

Table 3 4 Cumulatlve precrpltatlon recorded by the UNIV and CRG

Total Accumulatmn ' Least-Squares Fit Line

| STATION. | - CRG UNIV- || ' Ratio Slope <
(in) | (@in) | UNIV/CRG|. SR (m)
GSP .. 32.81 . 3291 [ 100 1.00 O 0.006 .
JAN | 4450 | 4343 0.98 ,_ 096 | 0.011 " -
LCH | 2316 | 228 | 098 | 1.00 . . 0.029
SGF .| - 2586 | 27.86 1.08 . 1.11 0.021
_~ Total | 12633 | 127.00 | 1.01
Mean of all station CRG/UNIV -~ 1.01

accumulatlon ratlo Wthh 1llustrates the unpact of the spatlal vanat1on resultmg from the

NWS dec1310n' _to -‘ change 'the official meteOrologmal o‘bservatlon s1te The spatral _
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Vari;_iti"on res_iilts gsing__ﬂie t(_);al._‘accmnula%cgdt precipitatioﬁ UNIV to CRG raﬁo;,' with

positive values ihdicéting an._in;:rease;_in m‘easured: précipitatign, fo; the fou; sites are

approxilna-t.ely:. 0% for. GSP, 2% for JAN.,: 2% for LCH, and -8% fdf SGF. In .4
comparison, the_skﬁ)e__ fneasurés of the UNIV ve:éus CRG re’létiohship p:r_.c;duc;:dvvalues

of: _O% fo; GSP, 4% for.JAN, 0% fqr LCH, and -1 1% for SGF. ,Theimagn,ifudes of these

é_,patial_ vériét‘igns, relafté st;ongly fo l(;cation diﬁ‘érgnces, Table 2.1,‘with t»he-. largest sl;atial '
| _irnpact beingébs‘e'rv,‘ed, .at.the stationA with ;fche largest.: distancg betweénASQS and the ‘
- UNIV. NQW to \d¢termiv_he_ the impact qf ASOS on precipitation climafe éc;ntinuity,l the
spatial variation résults are added to gauge i)erformanc'e»‘results from ASOS IMIN and
CRG éomparisons listed in the fifth b‘plumn'of Table 3.3. For exami:le, the total -
écéumulation ratio from the _1MIN and CRG comparison at JAN shows‘ a -7% in the
precipitation measured. This rvalpve added to the spatial variation Qf 2% at JAN vyields a
R ggt’impa_ct on the .preCipitation cliniate contmulty Qf -5%. In 'éfher words, dufiﬁg vthe-
¢qurs¢ 6f this study 5% lgsé "‘prec.:ipitation was measured at the Qew site with 1‘:he» ASOS
- HTB. Applying this analysis to \the resuits from other stations shows a climate, gtsontinuity‘
. impact of: ‘—‘3%. for GSP, +4% for LCH,. and -6% for SGF. _Accomp;liéhing the .Asame
analysis, using l_east—squareé ‘éloi)é mea}sqrements from 1MIN vérsus CRG reSults‘shown -
~ in Table >3..2 and UNIV ve_rsu$ CRG. ;esulfs in Table. 3.4, yields a climate“c‘c‘)ntiﬁu'ity )

impact of: -3% for GSP, -4% for JAN’, 2% for LCH, and -8% for SGF. Fi}rther
comparis;on‘of ‘Table,3.3 and ‘Table“ 3.4 fbfél precipitation accuq;yiation ratios sh'(_;ws‘a
~ mean ratio of 0.99 from the .IMJN'tQ CRG éqﬁaparison.and 1.01 ,fr‘c;m the UNIV to CRG
comparison .vfo_rvval_l four st;itions, These results s'.uggest.vthaAt the c;ollective groupﬁirnplact of

- A.SOSHTB qu climate Qontiﬂuity to be -2%. Accomplishing the’ same collective grbﬁp o
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analysis"" but usmg Tabtes | 3-.2‘ and 3.4 -and v'th'e collective -mean least-squares .slepe
measurements ylelds an 1mpact of ASOS on prec1p1tat10n climate continuity of -3%.

- To surnmanze the 1mpact of the ASOS HTB at the md1v1dual sites on the

' precipitation chmate contmulty, thls mvestlgatlon has demonstrated that there 1s an

“individual site climate continuity impact ran'ge of -8% to '4%. using the worstnvalues

" ‘produeed ‘from total precipitatibn accumulation ratios and least-squares slope methods.-

The cotleetive group mean r_esults preduce a'climate centinuity ﬁnpaCt range of '“—4%‘ to -

2%, suggestive of the ASQS)HTB’s overall tendency to underrneasure r)recipitation when

‘Acompared tothe UNIV. .

3.34 Cli;matolo‘gi.cali Impact of ASOS HTB
'I'his"portion of the CDCP is an attempt ,te' illustrate the impact that the ASOS
HTB will have on the preeipitation ettrnate record. For this portion of the stud&, the HTB
'and UNIV data 1ﬁ‘o'rn all of 'the stations that .p’artieipated 1n ’this investigation were
analyzed Ttis 1mportant to state that in thls portlon of the analysrs there was no attempt
made to separate the pre01p1tat10n dlfferences due to spatral vanatron from those due to
the actual gauge performance. Instead,_ this study examined the combined rmpact that the
-change in site and the 'change in ‘instrumentation had on the precinitation recrordv' that
would have been used 1f ASOS did not ex1st
Asa note | an attempt was made to analyze the pos31ble 1mpact of wind on the_
differences in pre01p1tat1on measurements made by 'the HTB and UNIV. This was
‘accom'plished by usmg Vifind‘speeds extracted from'the ASOS. lM[N observatiqns fer

each 1M[N téport containing measured precipitation. The sum of the wind speeds for a
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given‘precipitation event was dividedv by the event’s total preciprtation r_eeorded by the
HTB -to derive a 'mass'_ weighted average wmd speed. There was no discernible
, relation_ship between the average wind speed and the difference in measurements taken by
the HTB and UNIV. | . '

Fi‘gures 3;6-3.i8 show the relationship. Abetvlileen the HTB lMlN and thelUNIV for
each site. Flgures 3. 19(A-M) show the HTB SOD versus the UNIV for each location.
From theses two' sets of ﬁgures, a sub_]ectlve assessment can be made on the apparent
impact of ASOS within our period of study. Tn addition, this investigation intends to
show Whether or not WFO’s ed1t SOD reports to reﬂect what they consider to be truth for
precrpltatlon reports Table 3.5 prov1des a summary of the above ﬁgures, to mclude total
precipitation accumulated over the course of this study, catculated ratios, a'nd slopes from
least-sanres fit ealculations. | ”

' From Table 3.5,itis apparent thatthere is considerable variation in the results of

Table 3.5 Summary of IMIN and SOD to UNIV

‘ IMIN | UNIV | IMIN 'SOD | UNIV { SOD | -
Station (n) | (n) UNIV (i) | -@n) | ynrv | Slope
_ALB - 1174 [ - 11.83| - 0.99 - 5.47 527 1.04| 1.00
AMA |  821| 760 1.08 5.21 488 ( 107| 1.05
AST 4890 | 4624 1.06 | 4291 | 41.04| '1.05| 1.03
"BRO 13.10 12.71 | - 1.03 3251 3280 .099|. 099 |
"CAE | 2306 2530f 091 2358 | 2532 093] 092
"GSP 26.55 27.43 0.97 S 21261 22,00 097]. .097
LM | .2642 (. 3021 . 0.87 2015 2295 0.88 0.87
JAN | 5250| 5527| 095" 6119 | " 6312 | 097 | 096
JKL | 43.82| 4889 | - 090 | 5214 | -.1.00 - 1.00
LCH = | 5261 5049 | 1.04 4759 4543 1.05 1.00
PAH | 39.95| 51.86 0.77 6091 | 62.07 | - 0.98 0.96 |
SEA- |- 21.07| 2011 1.05 2790 | 26.64| 1.05| - 1.05
SGF " 3330 3519] 095 4532 | 4833 | 0.94 0.92
o - Mean 0.97 Mean | . 0.99 0.98
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Figure 3.6 ASOS HTB 1MIN versus UNIV at ALB for (A) All Events, (B) Events < 12 Hours, and (C)
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A. ALL EVENTS - Greenville/Spartanburg, SC (1 Jul 96 - 30 May 97)
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- * A. ALLEVENTS - Jackson, KY (1 Jul:96 - 30 Noy 97)
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Fxgure 3. 16 ASOS HTB 1MIN versus UNIV at PAH for (A) All Events (B) Events <i2 Hours and (C)
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A. ALL EVENTS - Springfield, MO (1 Jul 96 - 30 Nov 97)
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Figure 3.18 ASOS HTB 1MIN versus UNIV at SGF for (A) All Events, (B) Events < 12 Hours, and (C)
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.. the individual stations.'ionly three stations, ILM JKL, and PAH haye slopes or IMIN
\versus UNIV ratios less than or equal to-0. 90 -The stabrlrty of the results of the HTB
IMIN to UNIV relatlonshlp in F1gures 3 14(A) and 3 16(A) for JKL and PAH |

, respectrvely,, suggest that these two ASOS /HTB “units are consrstently farlmg,

operatronally Thrs farlure 1s evrdent 1n their demonstrated tendency to" srgmﬁcantly -

o undermeasure wrth respect to the UNIV The approxrmate distance between the HTB and

: UNIV at these two s1tes is less than 1300 ft or 0 25 m1les reducmg the hkehhood that the
drfferences between the gauges Were spatrally mduced As for lLM, the mconsrstency of
.- the measurement comparrson between HTB and the UNIV 111ustrated in Figure 3. 12(A),
»along wrth the given gauge separatron drstance m excess of a mrle, mdrcates that )
y convectrve Vanabllrty was po‘ssrbly the most srgmﬁcant factor in the observed gauge .
, ;,; dlfferences Therefore, by ehmmatmg the two apparently faulty HTB gauges at JKL and ,
: PAH along with ILM itis evrdent from thrs study that, typrcally, devratrons between the

_HTB lM]N and UNIV remain wrthm the range of +10% Using the mean HTB lM]N to

s B *UNIV ratro of all the statrons to pI‘O_]eCt the nnpact to the precrprtatron chmate record by'

) , the group as a whole ylelds a ratio of O 97 a chmate record change of 3% Whereas, if

JKL and PAH are removed the remalnmg group mean ratio mdlcated a near one-to-one

x relatronshlp between HTB lMlN and the UNIV therefore it could be concluded that there -

- was no. 1mpact made on the chmate record as' a collectrve set.

From Table 3 5 it 1s concluded that the slope of the least-squares ﬁt hne generally
deprcts the ratio- of lMlN to UNIV to be the same or lower than the cumulatlve lMlN to
: UNIV ratro does wrth the exceptron of PAH TIn the case of AST and BRO, the lower 4

ratio of the slope measure deplcts the HTB IMIN as less of 2 precrpltatron overmeasunng :
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o AA device than is reﬂected by the cumulatrve precrprtatron ratlo At PAH the hlgher ratio of
the slope measurement shows a more optlrmstlc agreement between HTB IMIN and

VUNIV however sl1ght it may be than is represented by the cumula‘uve ratlo
| The prec1p1tat10n record of the SOD was generally much closer to the UNIV than_

the 1M]N had been ‘as deprcted in both the slope of the least-squares ﬁt line” and the

' -'."cumulatlve ratlos It must be noted that these 1mprovements are in part due to the fact

that less prec1p1tat1on was compared The HTB SOD data as stated earher d1d not
__become avallable to the study untll October 1996 whereas gauge companson for HTB
) L1MIN and UNIV observatrons started m July 1996 for most srtes For example th1s is- '
hkely the reason for the mstabllrty m the HTB and UNIV relatlonshlp at ALB where the .
results shrﬁ dramatlcally between values derlved from HTB lM]N versus UNIV and
o HTB SOD versus UNIV The mstablhty in the HTB and UNIV relatlonshrp most hkely 4 .
results because the precrpltatlon recorded at these two s1tes was very small relatlve to the
"_”other‘l2 51tes. | | - |
l“Even more' notable. are the rémarkable'irnprOVeménts"ln th'e' repOrte'd precipitation a

: of the: HTB SOD versus UNIV relatlve to the HTB 1MIN' versus UNIV at JKL and PAH

= "Frgures 3 19(I) and 3. 19(J) respectlvely, show a near perfect relatlonshrp m HTB SOD tof

UNIV measurements with- only three pomts at each statron showmg any maJor devratlon
4 fﬂom the o‘ne-to—one‘ratlo lme and the: least—squares fit lme of the ‘data 'The: 1mprovement
at these two s1tes can only be explamed by the fact that JKL and PAH edrted daily
“ vprecrpltatron reports in the SOD Of all the SOD reports made dunng the course of this

' '-study, 70% and 80% of them for JKL and PAH respectlvely, drffered from the UNIV by
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0.01” or les_s -- strong evidence that the UNIV was used to adjust 'th\e,‘totals_ r,cported in the
~ SOD.-. | o
In summary of AMIN to UN'IV comparisons and resultmg ratios ﬁom total' ,
accumulated preclprtation and slope .measure from least-squares ﬁt lines, 1t can be
concluded that the 1mpact of the ASOS HTB can be quite substantial to the md1v1dual s1te .
climate record noted espemally at PAH and to a lesser degree .TKL and ILM. Removmg |
these srtes : ‘form. the collective group results‘ m individual site chmate records ,bemgl _
_ impacted Withm a :rang‘e of +9-10%‘ ‘The-'entire. group*mean ratio of' 0.97 and the mean
slope of 0. 94 shown in Table 3. 5, 1llustrates that the ASOS HTB stlll favors
'undermeasunng prec1p1tat10n in the total chmate record of the 13 statrons used in this
study Only after extensrve ed1t1ng of SOD reports at PAH and IKL does the collective .
group mear ratio of total accumulated preclp1tat10n reach a near one-to-one ratlo
In an attempt to determme how the HTB IMIN compared to the UNIV for shortt

\iersus long duration events, events were divided up into two. groups The, two. groups
created were events that occ_urred over periods less"than 12 hours, an_d those greater; than

12 hours 'I'he..goal of this portion of the analysis was to isola’t'eﬁ ':convecti've eyents_t Wlthm :
thejle_ss than 12 hour e\(ent bin. _The"time resolution of the bins Wasvdirected' by the 6
hour reSolutionf of the_UNIV data. The use of 6 hour event bins vi/as.considered, but 1t
was.concluded that there would be siigniﬁcant contamination of the longer 'duration‘hins:\ ‘
vhy short duration e\./ents..-that p’erhaps started right before a 6 hour UNIV report.and ended | L
‘ shortly thereafcer but Were not reported until the reading was récorded 6 hours later. Such'
- a scenario“would‘allow a hrief event tof be classified as a 12 hour event.‘ hhmtaﬁons to

- this portion of the analysis reside in the fact that multip'le. conv_ective events might have
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' ‘0cou_rr'e:d during three or rrrore consecutive 6 hour periods 'and, though they were
-convective, ended up being classified in the events greater than 12 hour category.
Another problem is that at several sites (e. g BRO), there ‘were. few events that last that
lasted more than 12 hours due to therr climate ‘Tegime. Frgures 3.6-3.18" illustrate the :
relationship of the HTB IMIN and UNIV for events less than 12 hoiirs in duration and

- events greater than 12 hours. "I:'able 3.6 summarizes those figures. In Table 3.6, values

Table 3.6 Summary of IMIN to UNIV for All Events Events < 12 Hours, and Events >
12 Hours :

All Events " Events <12 Hours R Events >12 Hours .

o |'IMN 0 | IMIN UNIV. IMIN - . . [‘IMIN UNIV- IMIN .
Station | ynyty Slope | . (in) - (in) UNIv  Slope (in) (in) - UNIv  Slope

ALB |- 099 096| 493 499 099 095| 681 684 100 096
AMA | - 108 1.08| 232 218 = 1.06 1.03| 58 542 .09 ~ 1.08
AST | 106 . 103| 456 393 116 .1.05| 4434 4231 105 102
BRO 1.03  099| 813  7.69 1.06  098| 497. 502 099 099
CAE | 091  090|:1543 1743 - 090 089 741 7.87 094 092
GSP | 097 096 1508 1529 - 099 ' 097 1147 1214 094 095

‘ILM - 0.87 078 | 1072 10.86 . 099 - 0.78 | 15.70- 1935 0.81 0.79
.JAN 0.95 094 3950 4125 . 096 095§ 13.00.14.02 . 093 . 091
JKL 090  087| 16.62 . 17.88 0.93 091 | 2720 31.01 0.8 0.86

LCH 1.04 - 099 3353 3129 - 1.07 . 1.01| 19.08 19.20 0.99 0.98-
PAH 077" 0.81| 2072 ~ 25.81 0.80  0.81| 19.23 -26.05 074 - 0.81
SEA 1.05 1.04 8.55 8.18 1.05  1.04| 1252 1193 ~ 1.05 1.04
SGF_| - 095 092| 2163 2263 096 093] 11.67 12.56 093 . - 0.92

Mean 0.97 0.94 - Mean '0.‘9_9 0.95 Mean - 095 095

‘hold relatively" constant across the ‘different bins in c‘ombarison to the all events bm
except in bms that only include a small amount of prec1p1tat1on In those bins, devratrons
can- srgmﬁcantly alter the computed ratios. Notlce that F1gure 3. 10(B) of CAE Frgure

3. 12(B) of ILM, and Figure 3.16(B) of PAH have the largest number of pomts for events
less than 12 hours that have 31gn1ﬁcant devratrons both above and below the least-squares. :

fit line. Further mvestlgatlon of these srgmﬁcant deviations ‘at CAE ILM and PAH
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reveal"that.these events occurred m spr'lng and summer. This implies' that at these three
| | stations, ASOS is located far enough from the UNIV to allow spat1a1 vanatlons to affect

', »measurements taken by the two gauges as, well as locahzed topographmal effects. In
other words' it was common for more rain to occur at one locatlon than the other whlch

- would create a s1'gn1ﬁcant scatter of 'pomts and place them. randOme above and below the

least —squares ﬁt lme The data. mdlcates in. the case of ILM that 1t was actually the .

random nature of the scatter due o convectlve mﬂuences that over tmle struck a
statrstlcal balance between the ASOS and UNIV sites resultmg in the 111usron of a one-to- :‘ |

| one ratlo in the cumulatrve ratio of the HTB and UNTV The slope however seems to
A reveal the true nature of the relatronshlp between the HTB and the UNIV w1th a value of
"»'0.78. That value is consrstent with both the cumulatrve‘ ratlo and the slope found from the
_events greater than.12 hours: Th1s convectlve effect becomes even more apparent affer.

the analysrs of events greater than 12 hours deplcted in Figure 3 IO(C) of CAE, Frgure

- 3.12(C). of ILM and Flgure 3. 16(C) of PAH. Though the number of observed events :

meetmg the greater than 12 hour criteria Was consrderably smaller the HTB lMlN versus |
- UNIV compansons match up more: closely w1th the least-square ﬁt lme producmg 11ttle '
scatter. This study suggests that th1s is because the convective events, with- the most -
significant spat1a1 vanatrons-,;'_did not fall 1’n”t_he long duratlon .category,.,aﬁd _thereforer.rt |
‘was concludedt'-hat .the" greater than 12 hour event category better isolates_thé iga';uge_
-;variation from the spatially in'duced variations Inthe ILMcase, both'.the cumulative ratio
~ and the slope of the greater than 12 hour events are in- agreement and strongly suggest
’ that thrs partlcular ASOS HTB severely undermeasured prec1p1tat10n throughout the

" entire perlod of this study. E



* Sum m anzmg the 12 hour e\?e:nt,rbinl"analy’sis, resﬁlts'comparesinﬁlar to was seén
- in the all events analysis ‘shown pre%)iousl}{ fin"'Tab'le '3.5. The noteworthy conclusion of
- the 12 bin-anarysis was the‘ability to 'éee' the 'spatial":convecti‘ve sigllature i'n-at'CAE ILM

- and PAH. Not knowmg the extent of the random scattermg of convectlve act1v1ty at ILMV

°m1ght lead to a conclusmn that ]LM’s ASOS HTB 1mpact on the pre01p1tat10n chmate o ‘

’:record when compared to the UNIV is neghglble upon comparmg the total prec1p1tat10n
| accumulatlon hsted in Table 3. 6 for events less than 12 hours by the two gauges ;

| To ﬁn‘ther 1llustrate the tendencres observed at each sxte, the 98% conﬁdence
| .»: lmtervals of the dev1at10ns of HTB lM]N from the UNIV (lMlN UNIV) were computed

The 98% was denved from the m1t1a1 program spemﬁcatlon that the HTB produce correct a

e precrpltanon accumula’non observat10ns 98% of the t1me (NW S 1992) In calculatmg the -

98.% conﬁdenCe mtervals 1t 'was assumed that the data had normal populat1on :
o 'd1str1but10ns of precrpltatlon accumulatron dlfferences w1th sample sizes m excess of 30,
and that the Central L1m1t Theorem was apphed in calculatmg the conﬁdence mtervals "

" such that: o
¥—-(233)—*%<u<x+(233 —") R o (3.8
(x e eussreH T 69
. where x .‘is:the' sample mean nis the‘l s'aniple size, o is the! standard ‘deviation'o,f the
' sample, and ,u is the populatlon mean. For statlons w1th sample srzes n<30 a t-

" ‘dlstnbutlon w1th n-l degrees of freedom was used to calculate the 98% conﬁdence

- “interval by:

'(fv"(tm,,.'l)j— <,U<x+(101,n-1)\/—) : - ‘(3,9”)
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Where__;'to‘o;_is the t-value with ‘1‘.0% of the distribution above and below it (Devore, .1'99_5).l »
Figu_re)3.20(A), shows the range of HTB deviations from the UNIV for all events for each
“stat'ion. Center points on the error b’ars represent the mean (ieviation; and 98% of al_lthe
| HTB”de\’iiations frorn the UNIV;fo.r that station fall within the .range depicted by the 'error
bars ‘The most extreme deviationsl lie outside of that range. If the errorfbars are rbelow
the zero lme of the y-axis, that mdicates that the HTB undermeasured compared 1o the
| UNIV. Summarlzmg Flgure 3. 20(A), PAH and ILM appear as gauges with con51derably '
| larger ‘deviation ranges than ‘the rest of the sites in the ana1y51s, vnth :both stations ‘v
shou'ing a strong tendency. to underr_neasur_e precipitation events. JKL, CAE, JAN, and
* SGF also demonstrated underrnea_suringftendencies, .and are ;'ery comparabl'e"m the
magnitude of this unrierineasuﬁng. On the other side of the spect:r'mn, the deviation range
for:A.ST showed a tendency to overnleasure precipitation accumulation euents with a
mean deviation of 0.04". Caution_ shouId be exercised before makmg cOnclusion_s"‘"toV the
clirnate irnpact of the ASQS HTB at AMA due to the limited nurnber of v_events that vsrere “
~ analyzed in this‘s'tudy. »Both stations had considerably iess accuniulated precipitation
over the' course of the study comparec‘l.wto the rest of the sites. |
Figures -3'.20(B) and 3.26(05 ;diVide?the events by length as before, those less than ]
12 hours and those greater than 12 hours and deplct the confidence mtervals for each
group at each station. For events less than 12 hours PAH contmued to md1cate
‘ undermeasured prec1p1tat10n while oM had the largest range of pos51ble dev1at10ns
1- reﬂectmg both over and undermeasurmg This Jarge range of both pos1t1ve and negatlve
dev1at10ns at ILM is suggestive of the weil randonnzed_ spatiaI? convectlve s1gnature

discussed earlier for ILM, 'and here it pto_duce_d an .avera:ge deviation of O.QO". The rest of
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the stations within this bin of events less than 12 hours exhibited the same pattern they .

had shown when all the events were included together in F1gure 3. ZO(A)

Flgure 3. 20(C) ﬂlustrates events greater than 12 hours The range of dev1at10ns in

“this figure is larger than the events less than 12 hours. This is lrkel__y due to the faet that"
the srnall events with 'the smaller deviations have been excluded,,,vse the more eXtreme
deviations that vr/ere outside the 98% when all events were considered are_ now being
displa_yech It only makes sense that in general the longer the eirent,‘the mere pr'eeipitation
| ‘accumulates, and"'the larger the deviations per event become. PAH and]LM show an
‘alarming-tendency for the’ HTB to undermeasil,re precipi_tation when compared to 'the"‘
- UNIV. “JAN, JKL, SGF ~and CAE also tended to undermeasure on average.. AST
- -continued to shp'W overmeasured precipitation by the HTB and whjle.AMA had only five
N ei{en'rs in 'rhe greater than 12_ hou_r; eategory, all of them were ovenneasures. The
remaining stations- shoWed a Smaller and nfrore' 'balanced "deviation’ range vi.n_cluding

instances of both over and underrneasuring precipitation events..

3 3.5 False T1ps
’Ihe false tip is a problematlc output of the HTB that is currently bemg rev1ewed
.by the NWS for a solution. Simply stated a false t1p is the recordmg of 0.01" of
pre01p1tat10n when there is no prec1p1tat10n actually « occumng Thls false tlp tends to |
occur when rhe temperature and dewpoint are within lfF or less of each other'm, a stable
atmosphere with light to calm winds; inother words, the kej} ingredienfcs fer the onset of
-~ dew. The _formation“of dewv tynically occurs overnight near the time of sunrise When the

surface radiatively cools to a point where the temperature and dewpoint are nearly equal
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causing the condensation of water vapor on a variety of surfaces. vIn this case, the water
vapor deposits‘ on the precipitation collection area of the HTB.

The purpose of this portion of the study was to isolate such events and quantify
their effect on. the precipitation records at the stations in this study. Possible false tips
were identified in the data ' by looking for 0.01” in the HTB 1IMIN data when no -
preéipitaﬁbn had been recorded by the HTB or LEDWI during the five minutes prior to
the suspected fals'e tip. The.»actuél minute that the Sdspect 0.01)’ HTB observation was
made must be accompanied by a report of no precipitation by tlde LEDWIL. The suspect -
observations were then analyZed for témperature and dewpoints that were within a degree
of one another. The resulting data was then checked against UNIV data to determine if
the UNIV had recorded any precipitation. Ifno pre01p1tat10n was recorded by the UNIV

| for an event then it was concluded that the HTB had recorded a false tlp The HTB false
tips our method uncovered are displayed in Figures 3.21(A-L)in a frequency distribution
for each station based on the hour the false tip Woﬂd N'have been repoﬁed in the hourly
METAR observation. A figure is not provided for SEA because no false tips were
extracted from the 1MIN data set. For stations that produced a relafively large numBer of
. false tips, the maximum frequéncy of occurrence tended to in the hours clodest to sunrise.
The dis'trdbution for statioﬁs with a small cumulative ﬁequency of false tipé’ was isolated
between midhight and reasonable sunrise times.
Finally, the number of falsé tips for each station was deducted from the total
precipitatioh recorded by each site’s HTB over the course of this study. Results are
displayed in Table 3.7 Review of the results from this analysis“in Tablef 37 show that

impacts are only substantial at BRO due to the number of false tips in comparison to the
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Figure 3.21 Frequency distribution of False Tips at (I) JKL, (J) LCH, (K) PAH, and (L) SGF.




relative amount of total precipitation. JKL and LCH both show é substantial number of
~ false tips, but they represent such a small fraction of the total precipitation that the false
tips only amount to problems in the forecast verification arena. A WFO forecast for a
peﬁod would be féndered in error if no precipitaﬁoﬁ was forecasted, but 0.01” of

precipitation was measured.

Table 3.7 Results of False Tip Elimination from accumulated precipitation totals for
study ' : .

ALL EVENTS _ EVENTS MINUS FALSE TIPS

UNIV 1MIN IMIN | #False | - IMIN 1MIN

Station |  (in) (in) UNIV | Tips (in) UNIV
ALB 11.83 11.74 0.99 6 11.68 0.99

AMA 7.60 | 821 1.08 6 | 815 1.07

AST | 4624 48.90 1.06 10 | 4880 1.06

BRO 12.71 13.10 1.03 45 12.65 1.00

CAE 25.30 23.06 0.91 7 22.99 091

GSP | 2743 26.55 0.97 7 26.48 0.97

" ILM 30.21 26.42 0.87 19 26.23 1 0.87
JAN 61.87 58.82 0.95 12 58.70 0.95

JKL 48.89 43.82 0.90 36 - 4346 0.89

LCH | 50.49 52.61 1.04 26 5235 1.04
PAH 51.86 39.95 0.77 16 39.79 0.77

SEA 20.11 21.07 105 0 21.07 - 1.05

SGF 35.19 33.30 095 17 33.13 0.94

Mean 0.97 Total | 207 Mean 0.96
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.4.6_ 'CONCLUSIONS |
. ‘ The purpo‘se‘ofﬂ.this _, investigation, and the Climate ?atq ;Contriljfn‘;it‘y_'}’roject
| (cncp) with the Automated Surface Observing System '(As,os__) HeAtngT;iﬁpifngf Bucket
Ram Gauge | (HTB), Was to assess“ HTB performance andexamme the _imbact on -

o precipitation climate continuity due to the NWS decision to swit‘ch ﬁom 'the Universal

. L Ram Gauge (UNIV) to the automated HTB In addltlon to the mstrumentatlon change

o the ofﬁclal prec1p1tat10n accumulat1on observatlon s1te was moved from where the UNIV o
had res1ded to a new locat10n for the ASOS array To deterrmne the perfonnance of the
_ .HTB m an. operatmnal envrronment the HTB One Mmute (1M]N) observatron

A accumulated prec1p1tat10n measurements were compared to a Collocated Ram Gauge

(CRG) at four srtes In order to assess the 1mpact on prec1p1tat10n chmate contmulty, the L

" HTB 1M]N and,UNIV were compa_red at 13 s1tesvon atotal event measurement basrs. .
N The;-resultls\ of the perfonnance analysis of the ASOS HTB to ‘the CRG
acc0mp1‘ished:i'n this inVestigation show that in an oneratiOnal setting, at four 'sitesr the

 total accumulat1on prec1p1tat10n ratlo of the HTB to CRG can be as low as 0.93 as seen in

h the data from Jackson Mls51s51pp1 (JAN) The other 51tes at Greenvﬂle/Spartanburg, - ,

South‘ Carohna (GSP) Lake Charles Loulsmna (LCI-I), and Sprmgﬁeld, N_hssoun (SGF), o

- show results of O 97 1 02 and 1 02 respect1vely The results ﬁom the latter srtes fall

‘w1th1n the ASOS spec1ﬁcat10ns of +4%, outlined i in sectron 3 4 1 of the ASOS User s

o Gulde (Natrona_l ’Weather Service, 1998b.). »"l’hese results arelalso_r conststent Wlth the =
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‘ results achieved m 'the-dedi'cated test conducted at the NWS FSterlin;g bevelopment and
Research Center which concluded that the ASOS HTB \undermeasu'red by 24 4% compared
to a collocated Standard 8" Non Recordmg Ram Gauge (SRG) The least-squares ﬁt lme
analyses of HTB Versus CRG at GSP JAN LCH -and SGF were srrmlar to the ‘total
laccumulatmn ratios with results of 0. 97 0. 92 1.02, and 1. 03 respectrvely This analysrs
reveals a tendency m the data from the ASOS HTB at GSP and JAN to push and exceed
R t_he 4% undermeasurmg threshold speciﬁcation for ASOS ‘HTB prec1p1tat1on

accumulation measurements ’. Despitevthe' fact that' in a_ general sense, the HTB

o performed adequately, var1at10n observed in the HTB to CRG relatlonship at different

 sites 1llustrates that the standard algorithm mcorporated in all ASOS umts, Equation 2.1,
used for correcting accumulated precipitation,. does not COmpenSate for differences in
each individual gauge. Therefore, it is..proposed from the results“ of this“study that the
correction algorithin needs an additional .line'ar correction.to the' non—linear"correction
currently used in every ASOS The.proposed new correctlon algorrthm Equation 3.7,
mcludes the coefﬁc1ent B the linear correction proposed by this study Given the
variation m the relat10nsh1p results of HTB to CRG compansons from the four sites used -
in this investigation, the linear correction must be site-speciiic. : 'l'_hé linear correction can
| be determined by comparing a large sample; ﬁ'om the annual average total accumulated
| liquid. precipitation;' of ASClS ‘HTB event measurements to those'measured“by an“ASOS
collocated SRG The linear relatlonshlp of ASOS HTB versus SRG for compared event
measurements will 1llustrate the magmtude of the lmear correctlon need for a given
ASOS HTB' to achieve the desrred one-to-one relatlonship W1th the SRG. For the four

sites used in the HTB performance assessment usmg the data and results from this study,' '
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the pfép'osed linea;r correction based on .slxope} méasme‘calculaﬁoﬁs are: 1.03 for GSP,
1.08 for JAN, 0.98 for LCH, and 0.97 for SGF. |
- The impact on climéte continuity by the ASOS HTB and ;ts new 1ocation réléti;»le
to the UNIV, illustrated by the results providéd from the 13 stations in this St‘_ldy’»seémé ‘,
~ tovary considerab'lvai.th resiwct to each individual site. Total éécumi;_lated precipitation
differences i)etwéen the HTB IMIN and UNIV from - cofﬁbined effects fiue__‘ to |
, iﬁstrumgntatiqn pgrformance and spatial Varjaﬁons were shown by t_hjs';-study t;) be m
excess of i-S_%'_fo‘r' 6 of  13 sites. The HTB lMlN to UNIV- total acé@dated p:ecipitation
ratio result at Astoria, Oregon (AST) showed an overmeasuring by the HTB on the order.
~ of 6%.. Th¢ ieqst—sc‘lgé_lx_ei sldp'e'rn»easuremen_t of }:he“same data yielded a mq;e conservative
- value of 3%. Cbnsidgring fhe small distance beﬁweén the. ASOS and the UNIV at AST,
| approxiniétely 660 ft,. the cqn?:lusivvc.)n was reéchgd that it was not é- spatial _imf.vaét causing
vsgch'results, but more 11ke1y a césé in. which_,,the accumulated precipitation corréctio;l
| algoritlnn u‘sed>i1A1 the ASOS software is not exactly correct for this site and particular ’
mgguge. : : . .
- Further compari»son‘ of A_SOS.",a_nd UNIV sité separation distances to signiﬁt_:é.nt
differences in meagurelﬁenté' taken by the HTB and UNIV at Iaékspn., A_,Kehtu(:ky (iKL) '
| ~ and Paducah, Kentucky (PAH) indicéted that these sites have possible faulty HTB ﬁhits.
| Analysis of ‘_t_ota‘l gccuﬁdatcd precipitation. ratios’ deﬁved from HTB IMIN td UNIV
comparison showed 0.90 for JKL and 077 for PAH . Similar res_ulfS from least-squares
slope analysis of HTB lMlN versus UNIV 'W¢re.achicv§dat JKL and PAH wrch end
results of 0.87 and 081 resp;ectively. Th'e:faﬁltﬁyl gauge theory is further solidiﬁed by the

results of total accumulated precipitation ratios constructed from HTB Summa.ry of the
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B ’Day (SOD) to UNIV comparlsons which produced values of 1. oo and 0.8 for JKL and. |

’ PAH respectrvely Thrs astomshmg 1mprovement was determmed to be the result of
= WFO personnel ed1tmg SOD precrpltatlon totals to better reﬂect UNIV measurements at
: these two 51tes Furthermore ‘the small d1stance between the UNIV and ASOS array,
; approxrmately 0. 25 m11es reduces the hkehhood that the gauge dlfferences were spatlally
j rnduced. - | | o | |
E Further analysrs of the 1mpact of the HTB on chmate contmulty uncovered
: 'problems at Wllmmgton North Carohna (]I.,M) Contrastmg results from the analy31s of
“all events and events grouped mto b1ns based on duratlon cntena, mdlcated a spatlal ‘.
convect1ve slgnatlrre Ihe convectlve events led to'a statrstrcal balance of 0 99 in the -
» | total accumulated precrpltatron ratio, denved from the HTB 1MIN and UNIV companson
| r“-for events less. than 12 hours. On the jother hand-,' total accumulated precrprtatlon ratlos
and least-‘squares slope “measure'rnents;construeted for all events and events' greatér than

12 hou‘rs demonstrateda ratio range of 'k0;78-'0.87vfor ]LM These ratios Seem to'better -

- represent the situation at ILM and they mdlcate that the amount of precrprtatlon recorded

i m the local chmate record has mgmﬁcantly decreased since ASOS and the HTB
: Modrﬁcatlon 35 was- fielded The d1stance between the ASOS array and UNIV was

' estnnated to. be i in excess of one mile, further supportmg the conclus1on that convective

’ : “events mduced 51gmﬁcant spatial varlatlons between the’ HTB and UNIV at ILM.

Of the 13 locations used for tlns mvest1gat10n of the cllmate contmurty 1mpact of
the HTB, 9 sites show 1nd1v1dua1 chmate 1mpact results from total 'ac_eumulatron analysis
of IMIN data to UNIV comparlsonsm excess of +4%. Individual slope measurements

- provide similar insight to the impact on site climate continuity with seven stations studied
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.‘showiif_lgvlnumbers in exc_ess‘«ot‘v +4% from HTB ll\dll\lluersus UNIV relationship analysis. |
Applying the same analysis -deseribed,._above, with the substitutionfof_H'IB SOD data for
HTB IMIN produced slightly better tesults_,with. six stations produoing t‘.Oté.’l‘.lv accumulation
‘ ’ly'etios in edtceSs of i4% This. ‘ivmpljoye_ment in the number_'of _stations_ ohserved to be
‘ : wlthm j_l-4% is due to a reflﬁection. of the'editing praetices_ of ASOS SOD report_s at PAH
and JKL | | ) | | | | |
Further analy31s of the mean HTB IMIN to UNIV total accumulat1on ratio- of all -
13 ste.tlons Was O 97 suggestmg an undermeasurlng 1mpact on the climate record of the -
- "collectlve group The mean slopé from the HTB IM]N to UNIV companson produced a
’*'value of 0 94 suggestmg a more s1gn1ﬁcant undermeasunng 1mpact of the HTB for the
) collectlve group Removal of the 1solated faulty gauges at JKL and PAH ﬁom the"
| collectlve group 1mproves the mean total accumulatlon ratio to. 0 99 and the mean slope
- to 0 96 When using the SOD reports to assess the mean clunate contmmt); lmpact of the -
.“AS.OS HTB on the :’collectlye ‘.group of- 1-34“;'_'.stat10ns,_ the - results presented - by th1s .
i inVestigation show“a ,;oollecti've mean total aecumulated precipitetion ratio-»of' 0.99 and a v”'
" mean slope of 0. 98 when compared to the UNIV This near one-to-one total accumulated
prec1p1tatlon ratio suggests that the ASOS HTB has not 51gn1ﬁcantly lmpacted the cl1mate
contmulty for the 13 statlons used in CDCP mvest1gat1on of the HTB when con51dered as
a group. ‘ jMean slope measurements showed a tendency to un‘dermeasu_re by 2% fon the “

collective group of HTB gauges.

‘ In conclusion, after eliminating the' results from the faulty gauges at JKL and

A PAH, thje"impaet'_‘of ..the"A‘SOS 'p‘rog,ram at'veach of the remaining 1_»1_.,‘,si.tes 'on""the.
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precibitation elirnate contlnulty is "‘eonser‘vatively',‘ estirnated to fall w1thm a range of
3 ilO%The resulits.; at ILM ‘illustrates' th‘e ‘»poss‘ible ji"rnp‘ac't 'that'. ‘spatial' i?aria'tion 'ean
| o mtroduce to chmate contmulty As thls report demonstrates the magmtude of the ASOS
' HTB impact on chmate contmmty for mdrvrdual stations 1s hlghly vanable, and in some
‘ cases very -srgmﬁcant. The 'drscover? that 2 of 13 gauges yvere falhngv opera_tlonally was a
| very important result of this investigattion wh1ch leads to:va very irnpOrtant question; | “Out
: "of the 933 ASOS arrays that have been mstalled natlonwrde, how many other ASOS HTB ‘
units are also fa11mg‘7 From evrdence presented in thrs study, T’ assert that the only
: ‘screntrﬁc way to assess the operatlonal performance of the ASOS HTB at each NWS site
is to collocate an SRG wrth the ASOS for performance assessment over. an extended
| penod of tlme SRG measurements should be taken regularly and preferably at a tlme ,
‘that offers 51gn1ficant separatron between events These results W111 estabhsh HTB

; performance and;w111 also pr‘ov1de a‘ _basehne for ASOS to, UNI_V compansons. Such

- r‘\stud‘ies would pro_V-ide msrght on. the impact ASOS ‘is making on the 'loeal'precipitation

. climaterecords. -0 el e s
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