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ABSTRACT 

ASOS HEATED TIPPING BUCKET PERFORMANCE ASSESSMENT AND 
. IMPACT ON PRECIPITATION CLIMATE CONTINUITv . 

. .. ·The .. 1'fational Weather· _Se~ce (NWS) ·has been . instalHng .. Automated .Surface 
. - . 

-Obse~g: fu'stems_ (ASOS) '_at all first order. weather stations since. 1991 as p~. of the · 
r • • '. • •" , r " ~ 

NWS m_odenlization program. This program. was a joint effort betw_een the NWS, ·Federal·.· 
. ' .~ ·_. . . . , .. , . ~ '. . . .. 

· Aviation Ad~nistration .. (FAA), and th~. Department of Defense. (DOD) fo. -~uto~ate the · 

mea:surem~nt of surface tiieteorological dements. - The introduction of .thi_s system has 
. . . . . 

brought with it _illhere~t differ~nces ip:Jhe measurements of the m~~eorological_ parameters 

in~µced by .jnstru~ent ·changes arid spatial variation brought mi by. the decision to change · 
' ' . ' .· . . . :. ·, ·' . ., 

~.. . . 

th~ locations o.f . .official :9bserving si~~~· The ins~rume11t of concerrdn this study was the 
- . 

ga11ge iµea~urin,g acc_µm\llated liquid _precipitation, the' Heated Tipping_Bucket Rain Gauge 
••. t . ' • "' • ' ' • ; ; 

(HTB). A:SOS uses a non-linear. correction algorithm to produce a' cprrect~4 ~ccumulated · · 

precipitati<~n measur~~ent which is intended to c_orrect one"'."mi_nute ·precipitation :totals. 
' . ' 

with .a 'more. s~gniflcant::_corre~tion ·being made during ·_higher -'~ain rate events. Early 

·. comparisons. of HTB ·to_ the· Universal Rain Gauge (UNIV). at sites located in the 
' . ,. . • '• I, 

Midwestern· U. ~· uncover,ed a significant pattern of _undermeasuring, accumulateq -~iquid 

.precipitation by the Hrn .. · ASOS HTB Modification, 3 5. (MQD. ~5) began in early 1996 to 

. corre~t _ problems. with the: . HTB · including its tendency . _to .unde1llleasu~e liquid . . ' . . . 



precipitation. Thus, the scope of this inyestigation was to assess the operational . 

perforinance of the HTB MOD 3 5 gauge at 4 sites and to quantify the impact of the 

· ASOS HTB on climate continuity at 13 sites located around the country. 

Examination of total accumulated precipitation measurements made by operational 

HTB gauges, tak.en from 1 minute recorded observati.ons· {ll\.1IN), compared to 

Collocated Rain Gauges (CRG) showed the HTB to be performing quite well. The- ratios 

of total accumulated precipitation fr~m the HtB ·1MIN to the CRG compiled from data at 

Greenville/Spartanburg, South Carolina (GSP), Jackson, Mississippi (JAN), Lake Charles, 

Louisiana (LCH), and ~Springfield, Missouri (SGF), showed values of:· 0.97, 0.93, 1.02, 

and 1.02 respectively. Slope measurements from least-squares fit -line analyses of HTB 

IMIN versus CRG comparisons at these four sites produced values of: 0.97, o'.'92, 1.02, 

and 1. 03 respectively. The high order of stability in the data used to generate these slope 

measurements, and the demonstrated agreement :with the total accumulated precipitation 

ratios indfoate that the. confidence in these ratio values is high. Even though the ratios and 

least squares· slope measures from each individual ·station· would suggest that the HTB is -
' ' ' 

.performing well, the variation in HTB to CRG relationship among the. four· stations 

illustrates that the. single precipitation correction· algorithm used in all of the· 933 ASOS 

units does not produce a uniform HTB to CRG relati~nship. · Results from this study 

suggest that an additional . site specific linear correction must be made· to the e~sting 

generic ASOS non-linear precipitation accumulation correction algorithm. · 

We examined the combined impacts of the ASOS HTB and its riew observation 

site by comparing ASOS HTB measurements -to UNIV measurements. The combined 
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impacts of the new gauge and the siting v~ation are inseparable given that the collocated 
- . 

precipitation ~easurem~nt relationship between the HTB and UNIV is not understood for 
' : . ' . . .. 

each site from the data used in this investigation. The, results of the comparisons indicated 
' .:. ' ·, . • ! • 

a si~~~~ range of variation, eyen in locations where the ASOS and l}NIV separation 

distances were as small as .~60 ft. · T~~ _.variation was illustrated through a ·comparison of 

lMIN, hourly (HRL Y), and Summary of the Day (SOD) .products from ASOS to UNIV 

measurements at 13 sites. 

The climate continuity. analysis. performed at Wilmingto~ North Carolina (IL~ 

revealed that the combined' effects of in.strumentation differences and a separation distance 

between ASOS and UNIV· of a little·more than a mile resulted in a 13%.·undermeasuring 

of total accumulated precipitation by the HTB. Circumstantial evidence indicated that this 

result could primarily be attributed to spatial differences due to convective precipitation. 

From the results or'the HTB lMlN to UNIV total a~cumulated precipitation ratios 

for Jackson, Kentucky (JKL) and Paducah, Kentucky (P AH) of 0.90 and 0. 77 and slope· . _ 

- measurements of0.87 and 0.81; respectively, the gauges at these 2 sites were identified as 

faulty gauges. The spatial .distance betWeen the gauges was less than 1300 ft; therefore, it 

is likely that th~ difference is. due to ASOS instrumentation errors, not spatial variation. 

The -comparison of the aboye ratios to the SOD to UNIV ratios,.. L 00 and. 0. 98, and to the 

slope measures of 1.00 and 0.96, leads to the conclusion that NWS Offices responsible for 

these sites edited the A.sos SOD accutnulated precipitation totals to provide more 

accurate rainfall representa~ion in their respective climate records. 

v 



. . 

The· final assessment put forth by ·this ·investigation, is for the 11 remaining sites, 

after excluding results· from JKL and P AH. The effect of the. ASOS program and site 

relocation ·~n precipitation climate ' continuity at ' each 'illdiVidual . site . is conservatively 

estimated to be in the range of ± 10%. The effect is neariy. negligible when the results 

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

This paper · presents results from an:· in-depth analysis of precipitation data · 

· collected during the Climate· Data. Continuity Project (CDCP) with tl:te Autom.ated 
·., . . . ' . ·. •' ' 

Surface Observing System. (ASOS), Figure 1,._l, which was 'introduced in 1991. The. 

. project ~as d.esigned to evaluate the performance of ASOS aild_ the impact it would have 

on the .continuity of the climatological records. To conduct th~ precipitation portion of . 

the evaluation~ m~asurewents were collected . ._ and . intercom.pared from Universal 

Weighing Rain. Gauges . ~) af 1 J ·National We~th:er Servi~~--· (NWS) Field Offices 

(WFO), 13 remotely located· conuriissiOne~i"A.sos ~ays, and:: 4. Rain Gauges (CRG) 

collbcated with ASOS~.~- Th~ ASOS measm:e~ pre~ipitation with: a cu~tom-engineered 

Heated Tipping Bucket Rain Gauge (HTB) . 

. Early investigations of ASOS p,recipitation accuracy began .during _the first stages . 

· of ASOS installations where it.was· discovered that a small number ?f ASos· sites~ the 

central U.S. were frequently undermeasuring precipitatiOn whe~"-compared to the UNIV . 

that the !JTB. replaced. The HTB . was found to be inadequate· for. obse~ing {rozen 

precipitation (McKee et al,. 1995), and at i:nany sites rainfall was undermeasured, . 

particularly at greater. rainfall· rates. After the NWS conducted its own performance 

. investigation of the HTB from 1993-1995, modification~. were made to the gauge. These 

modifications, known as MOD 35, include a funnel tube exte11sioil, tipping assembly . . . - ' 

magnet, an_d reed switc4 upgrade, 3:f1d _tipp~g mechanism stops. · Prior to fiel~g _this· 

'.·1 
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F igilre I. I Typical ASOS Sensor Array. (ASOS LEVEL II Systems. Manager Training Course Student 
Guide, I992) 
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. . . 

modification, an evaluation of·the MOD 35 HTB comparerl: to ~ .. ~e Standard 8" Non 

~ecording Ram Gauge (SRG) was. performed at the NW.s._.:sterling Research a:nd · 

Developmen~ Center. The ~valuation_·period was. limited to .a total gauge catch of 2~0 

inches or 30 days, whfo~.ever criteria wa:s met first.. Results presented in an April 11, 

1996 internal NWS me1:11orandum showed that the HTB widermeasured by 2.4% ·which 

was within the ±4% design criteria (Dinges,.1996). All 13 of the sites in this comparison 
. . . 

study repeived MOD 3'5 prior to the start of data collection. 
I , , • . 

Since the C.DCP · :qsed ·four CRG' ~' some of the r~sults. of the. CDCP wi~l add 

information taken from the. operational .setting in contrast to the d~dicated tests performed 

at ·the NWS Ste~lmg Research and Development Center~ · 

1.1 _Modernizati()n 

In .keepillg with, an agreement reache4 in the late 1980's between the National 
. ' -. . . " ' - ' . ~ ' . 

We_ather Service, Federal Aviation Administration, and the Department of Defense,. the 

National Weath~~ .Service has been installing ASOS throughout the United States since 

.. 1991 (Nadolski, 1995). The ~stallation of these automated syst~ms is.an ongoing portion 

of the Nation~l ~eather Service's Mode~ation Plan. As of October 1, 1997, there 

were 933 ASOS:array~ installed throughout the country. (Nadols~, 1998). · 

· 'th~. primary mission .. of the· ASOS program was ·to_ . field : an ·array of 

... instnrinentatiOn to aµtomate weather observations. This· aufomation was intended to . 

. reduce ~osts, expand areal coverage, provide data 24 hours ~ach day, and eliminate- the 
. . . 

subjectivicy inher~nt in som~ manual .observations_ such ,~s visibility and estimates of wind 

(Shrumpf et al,. 19,96). An introduction_ to ASOS is included in. the ASOS ·.User's Guide 
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(Natforiai Weather Service; l998). · Asos· is a microprocessor"."based system ·which.uses 
. . 
. . . 

. an array of ·sensors with_ advanced algorithms to proce~s hot only·:synoptic weather data, 

but to" disseminate· a ,S.urface .. ·Aviation Observation (SAO). for th.e · stati~n (Nadolski, 

1995) .. As of July 1996, the ASOS was producing a l\t!ETAR forin~t observation instead 

of the s.Ao. 

. 1~2 The Data Set· 
. . . 

All of the:· ASOS data s_ets used for this ·analysis· were provided ·by the National 
- - ' . 

Cliniate :Data Center· (NCDC) in Asheville, North. Carolina.' The ASOS ·One Minute 
. . 

(lMIN) · opservation data were do~loaded. by NCDC every ·12 hours froip each ASOS. 
. . . 

unit in the 'study. These data, along with the hourly ASOS :rvrntAR (HRL Y) obsenrations 

and ASOS Summary of the Day (SOD) were disseminated electro~cally to the Colorado 

Climate Center (CC.C} :at· Coloradb .State Utiiversicy,. Fort Collins, Colorado, for the 

CDCP with the ASOS HTB. 

Data from the. UNIV was manually read by each participating WFO from _the 

·. ~e~~rded. ··strip charts to produce 6 hour precipitation totals manually 'transferred to 
. . . ' . 

· monthly precipitatiOn s~ary data'. sheets. Thes.e monthly. dabi sheets were then mailed 
. . 

to CCC where they were manually digitized for use· in the analysis. ·. It should be n~ted 

1h:at the UNIV _and ASOS ~ay are g~ographically separated up· to .one in distance. 
. . 

In addition to the· . above data, four wf o · locations placed a rain· gauge, CRG, 
. . . 

· within a few feet of the HTB. Two of the four sites collocated an. s·RG with ASOS while 

· Springfield:, MO (SGF) used a Non~Recording 4". Gauge. ~d Lake Charles, LA (LCH) 

used. ~i'. UNIV. Tlie.se gauges wer~ read periodically through~ut a given .. month, and 
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precipitatfon totals .and observation_ times were recorded. Again, data was sent to· CCC 

for intercomparison with the IMIN, HRLY, SOD, and UNIV data·· 
. .... . ' . . . . 

. For the purpose of this study, it should be r:toted that a.H precipitatio~ events ill 

which the te~p~rature. dropped below .3°C were eliminated in order to remove any· 
. . . '. . .,,, 

possible snow or freezing: precipitatfon events. The. current HTB in use has-. inherent 

in~ccuracies that majce it un~uitable for ~easuring winter precipitation a~cumulations. A 

test conducted _at Marquette, l'.vUchig~ by the NWS Office of Hydrology showe.d a catch 
. . 

deficiency by the· HTB ~urW.g solid pre.cipitation events of nearly 30% when compared to 

an SRG during the winter of 1994-1995 (Nati<:>nal W~ath~r Servic~, 1996). 

_Fo~ per~ormanc~. ~d ·sp~tial _comparison of.th~ HTB. to th~ UNIV at ~1113 sites 

and the CRG at 4 sites, approximately 6,665,000 lMIN observatio.ns. were analyzed. Of· 
• ~. ' • • • • I 

the three data sets providing precipitation mea~urements recorded by ASOS, the lMIN 

data provides the only recorded obser\rations to which the CCC had acc~ss for this study 
·-:· ' \ .. ' . ,. •' ' . . '. . 

' . 

that could not be edit~d ·by the ~SOS' s controlling WFO_ ·assigned operational 

responsibility.· Hence, the lMIN observations provide the most acc~ate .event da~a for 
. . . . . 

HTB performance assessment when compared with UNIV and CRG observations, b~g 
; .·. ' . ., 

any .malfunctions. HRL Y and SOD reports are subject to quality control p~ocedltres, 

. outlined iri the Quality Control of ASOS Observations, in whj.ch an ASOS measurement 

can be mantially edited (M~arano, 1997). . HRL Y and SOD reports are, however, 

important in investigating WFO practices . of altering ASOS precipitation reports. and 

possibl~ erroneous measurements .discovered_ in the IMIN observation data. This study 

will assess precipitation clinlate continuity with lMIN, HRL Y and SOD measurements 

. compared to the UNIV. 
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1.3 The Purpose· 
. . . . . 

. . 

_ - . The NWS is hi .the final_ stages of the ASOS -installation; all installatfons are 
. . . . 

· scheduled to be completed by late 1998. (NadolSki, 1998)._ The intent of this study is to 

: determine the performance' and cfunate impact of the A.sos HIB by collipanng the HTB . 

observations to the CR.G arid UNN gauges previously used· by the NWS at first order 

·weather static~ns. Since the NWS. Sterlmg. Resefilch ·and Devefop~ent-Center uses the· 

SRG _·as. ground truth-_ when testing protbtype .. and modified field· ga~ges such as the 

-·prototype .for the All ~eath~r Precipitati6ri Accinnulatfo~ Gatige (AWPAG) .and HTB 
. . .. 

MOD 35 respectively, the· 11\.11N observation acc~ulations_ w~re compared' to· the CRG 

at four sit~-~ to assess HTB performance. Furthermore, the comparison of 1l\.1IN data with 

UNN d~ta- is· intended to ·provide· insight to the imp~~ts introduced to ·the clifilatological 

.record fof" each· WFO due-'to -the instrumen.f and location ·change· of the ·official 

precipitation measurement site~_. Compatatlv_e 'analysis ~f the. ll\.1IN observations to 

· :r;e~ults _produced ·from · the· UNN also · provides a subjective evaluation ·of HTB 

. performance .. · 
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2.0 THE'DATA. 

2.1 The Instruments 

The three instruments compared in this study are very different in the 
' . . . 

methodology they use to, detjve precipitation .accumulation to. a resolution of 0.0 l ". The 

automated HTB, as depictep in· Figure 2.1, accumul~tes: precipitation through a tipping 

mechanism. ~very· tip constitutes an -uncorrected O..CH" of pre,cipitation. The UNIV 

gauge in Figuie 22 uses a precipitation weight equivalent in order ·to measure 

precipitation and records. the, running total o~ _a rev9lving strip chart. Finally, the SRG -

sho~ in Figure· 2.3 collects precipitation into ·a smalfor ~~e~ar"cylinder which is read 
. . . 

manually with the use ofa container specific meas~g stick. it.should be noted thatthe 
~ ,. .. ' " 

. ' . . 

latter two gaug¢s m~t :be read atid. recorded . m.anilillly 'to -document precipitation 
. 0 . . ' ' 

. ' . 

accumulated" over thne. Thus, both the UNIV and. SRG: introduce .a human error factor 
., ,_. . ' ' 

.. which ultimately lead to the.·possibHity of undetectabl~ .errors in 1f.ie data being ,compared . 

totheHTB. 

2.t.t .HTB 

The HTB~is manufactured by the Frise Engineering Company of Baltimore, :MD. 

This gauge is a modified version of the Belfort· tipping bucket precipitation accumulation 

. gauge (National Weather Service, 1995). The HTB gauge operates by catching 

precipitation in a 12" diameter open funnel. The water is funneled. down a tube· and 
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Figure 2.1 ASOS Heated Tipping Bucket (HTB). (National Weather Service, 1997) 
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J'... ., 

Figure 2.2 Universal Weighing Rain Gauge.' (Belfort Instruments, 1985) 
·. ! . . 
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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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rele':lsed directly into a light, metal, two -compartment, divided pricket which i,s balanced 

in unstab.le _equilibrium a~otit a horizontal axis. In its equilibrium-position,. the bucket in 

the HTB rests on one . of two non-corroding, polyethylene stops. which controls the 

~ollecting reservoir's ~ange of motion. · After the· raised bucket collects the predetermined, 

uncorrected. 0.01"· of precipitation, the bucket becomes unstabl,e about its h<;>rizontal 
,· . •' . ' . . . 

· directed tip axis_ and empt~es _the· accumulated uncorrected 0.01 ". As the bucket .tips in the 
. , 

HTB, a .magnet moves ~ast a sensor called a reed switch that electronically signals the 

accumulation of; an uncorre,,cted 0.01" -of precipitation. Afl;er each tip, the measured 

water is ,released through a funnel out of the bottom of the gauge._ 

The ASOS HTB is .manufactured and ~djusted by the Frise Engineering Company 
. ~ ' ' . . - . . : . . ' - . 

fil1:d is delivered to ~e NWS where a I 00 tip constant rain rate test is accomplished. · HTB 

gauges that pass the NWS)OO tip test within ±4% are then sent to A.SOS units for 
·, . . . . 

installation. A final 10 tip functional test is performed on theHTB.after the installation is 

co!llpleted. . Once the HTB · is shipped from the . m8:llufacturing facility, no calibration 

adjustments can be made to the ·unit. -:. 

As desctjbed in the original,ly agreed upon specifications_ for ASOS, the HTB~ 

used sole~y .as the liq~id precipitation accumulation senso.r, must be capable of measuring 
. ,.._ . ' _,~ . . . . 

:fl1e amount of pre~ipitation ~ccllinul~ted within a range ~f 0 to 10 inches_ per hour, with a 
. . ' . . . 

measuring resoluti:on .of O.Ol", and measuring With an accuracy of ±q.02" or ±4%.ofthe 

_ · .- hourly total, whichever is greater. 

According to Algorithms for the Automated Surface Observing ~yst~ms: (Chu, 

. · 1994 ), the A~OS obtains a cllll1:ulative precipitation _measurement for the p~st minute to 

11 
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the nearest 0.01 ". . There is a ~uilt-in algorithm that is used to apply a rainfall rate 

correction to the measured amoWlt using the following equation: 

C =A+0~60A2 (2.1) 

where C is the corrected cumulative precipitation for the minute roWlded to the nearest 

0.01", and A is th~ uncorrected cumulative precipitation amount derived from the number 

· of tips recorded by the HTB. If the cumulative precipitation reading from the HTB js not 

available, then the one minute precipitation total is set to read . "missing." When the 

cumulative precipitation amoWlt is available, and<the previous ·minute's cumulative 

precipitation is 0.01" or greater, th~ above algorithm is applied ·providing a corrected 

cumulative precipitation measurement which is recorded.in the llVIlN observation. Any 

remaining digits past the hWldredths place from the corrected . cumulative precipitation 

calculation are stored in memory Wltil remainders froin successive calculations add up to 

0.'01" at which time it is reported in addition to ·the corrected cumulative precipitation 

measurement in the l:MlN observation. This process of correcting precipitation makes it 

impossible to reconstruct the.actual number of tips 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 Wldermeasuring accumwated precipitation 

include heavy rain events. During such events, as the bucket . tips, precipitation can 

continue to add to the already filled reservoir prior ·to the passage of the partition 

separating the filled container from.the empty one. Thus, more water passed through than 

was indicated by the predetermined value of one tip.. Another source· of undermeasuring 

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 coWlterweight; 
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_tlierefore· when th~f weight is incr~~sed by the moisture, additional precipitation is 

required ·beyond the. predetermined 0.01 ~' in order to .. initiate a ·tip. Tests _on waxed 

bucket_s produced a 4~ reduq~ion ,in the yolume -~equited to tip the balance over non-·. 

waxed· buckets (World- Meteorological Organization, ·-1996). . E~or can also resul~ .during 

the. transfer of precipitation from. the funnel to the tippiilg bucket. Dependll;ig on the 

-distance and alignment. of the funnel with -respect to the bucket. assembly, precipitation 

inay mi~s Jhe_ ·catc;hment area of the tipping. ·buck~t or f9rce premature tips by fumiel 

iriduced . spiraling fl:l.o~iop.s as . accwpulated precipitation converges and exits out the 
. . .· . . _... . -~ . . ... . . . -: . . 

~otto_~ ()f the funn~l ~owards ~e tipping b1,1cket. 

~illally, the tipping ·bucket, justlike th~. UNIV and CRG,. is susceptible to wetting 
i· ' " ' • -;•', • ' , r • 

. . ~ ' . , . . . 

·and evaporation errors as well· as wind induced catc~ errors. An:analysis-9f_~d _effects 

as related to catch differences was accomplished and is later disc11ssed ~Section 3.3.4. 

2~1.2 UNIV, '. 

In the' mi<;l '1930's a numb~r·:·of _stations became equipped with ,()ne of three 

design~d weighing-type recon:ling rain _gauges, with·· the UNIV being the· most· generally 
'.._. '•'" . . . . . . . 

used. ..1:11~. gauge ~onsists· of ru1. 8" cµameter receiver through .which pr~cipitation is · 
. .· . . 

funneled· into a _bucket mounted. on .a weighing mech~sm .. The weight· of the 
•' . ',•· . . -

. . . 

· precipitation catch is. recorded on a .clock driV~ chart as inches of precipitation: The . 
. . . 

g~uge has a standard capacity of li'.otprecipitation and has to be manually emptied. 
' .,.. ~ ' . . . 

. . 

The UNIV; ·being susceptibl~ to wind· il}duced· catch errors is also vufuerable to a 
' • • • • •• ~ • • ;c .-

.condition known .as wind pumping (W:orld. l\.1et~orological · Organization,._1996). Wind 
- ': . ' ,. . . ·.- ; 

p$ping · res:ults' from high wfuds crea~iµg turblllent n;iotions ru;-oµnd the;. precipitation · · . 
' ~ . . . . - ,, ' . ·, . ; 
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~atcmnent orifi~~ ~hlch cause oscill~ti~ns in :the: .weighing mec~anism -andproduce ~rrors 

in the-. recorded precipitatiori 9hart' : In addition;. friction' within' the mov4ig paits of the. 
~ . . . ' 

. ' ' ' ,. . - . . . 

weighing :mechanism, if I1ot properly _m.aihtained, can' ~ause l,ll).dermeasUring errors in' the . 

UNIV . 

. : I' 2.1.3 S~G· 

The SRG has been used from the inaugural years of the ·Weathe~: :Brireau to ·the 

·.·modem day NWS as the ·official precipitation measurem~~t. device~ · ' . 

The device ·consists .. of three parts: .. ·th~ 8'.' . re~eive,r · ~r "funnel, the "s'' .overflow 

receptacle, and the ·measurhig' tube W:ith a diameter of-i53 in~hes. Th~ "hi.be is designed 

· · .. ~o 'that the tnie. rainfall· collected in t4e· receiver)s .magnified l O ·.times~ hence, the depth .· 

··can 'easily be nieasured to a ptecisfon·of a hundredth of~ inch. 

A performance evaluation o~ the. SR..G was accomplished at the Valdai Polygon, 

Russia by Golubev et .aL, 1992 .. !he SRG.·was. among the many. gauges that were 

. :._installed.it 'this testing IOcation in the ntld 1960's and were test~d until 1~70~ Tests at 

Vaidai illhstrated that the. s·RG. is susceptibie to the· negligible wetting'.. and evapor~tiori 

etr~rs:. along With a negligible _systematic .bias in' J)recipitation' readings d~e to capillary . 

- and· meni~cus forces at the· interface b~tween dry and wet· portiotts of.: the dipsti.ck 

(.Golubev et al, 1992). 
', ~' 

2~2 ·Site Locations· : 
. ' ' 

. ·.' . .' '. - ' 

· NwS sites participating iii: lltls stUdy did so. cm. a · volilntacy basis. Federal 

.· Aviation. Achniriistration ·(FAA)·. sites ·were not ·allowed tb be used . in the CDCP with 
I ' . . 
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ASOS~HIB project .. The 13 stations with the MOD 35 upgrade, displayed in Figure 2.4, 

were selected based' on a defi~ed set of criteria. Since the ASOS array's installation 

·location diff~rs from.the location of the UNIV, it was necessat?'~o develbp guidelines to 

" ttiake the -statiC?ns withill the study as' uniform and coµiparable as .P~ssible. Thus, three . 
. ' . . -

_requirements '~ere esta~li~~e<l· for ·stations ent.ering ~e studf .· The first of· these 

-·requirements was that the ASOS array ·be· within one mile of the UNIV. -An exception -
. ··- ~ •' ' ' 

.was m~de ·in the .case-of Wilmington, N_brth Carolina, ILM, in which the ASOS and HTB 
.- ' '. . ,· . . . . '· 

were b~tween 1 and 1 -1116 of a mile apaq .. ]leqUirem~nt tw~ stipulated·that the UNIV 
- -

_ ~ould not- pe located. on. a moftop. One exception was made for_,: Seattle, WA, SEA, 
. . -

.because they m~de 'a spe~i~l 'request. to be- added to the study. The _,;third and final -

constraint placed on sites that.were allowed to ent~r the study was·~at th~·UNIV could .. 

-not have been moved as a result of a WFO building relocation. 

Table 2.1 _ gives a complete listing of all the suitions that .Participated in the study 

including station identifier(SID), station name, station lo'cation~ study participatiOn dates,-· 
- ~ ·.· ' ' . ' 

-Table 2.1 ASOS-Site Summary- -· -

Station -,MOD35 Shielded ;:;; Distance (ft.) 
- . . ID S:tation Name Period of Study Installed ASOS UNIV~- ASOS-UNIV 

ALB .Albany, NY - - Aug 96-May 97 7/31/96 y :"Y ·NIA 
AMA Amarillo, TX _ Jul 96-May 97 5121196. y. y 5419. 
AST Astoria,. OR Jul 96-May 97 5121196 y y 660 
BRO Brownsville,' TX Oct 96-Aug 97 6127196 N N- NIA 

. CAB Colwp.bia, SC . . Jul 96-Jun 97 .517196 N N -1320 
GSP. GreenvillelSpartanb~g; SC Jul 96~May 97 5114196 N N - 365 -
ILM Wilmington, NC Jul 96-Apr 97 .. 516196 N N 5280,;;5808 
JAN Jackson, MS Jul 96-N.QV 97* 6127196 N N ' 829 

'JKL Jackson, KY -Jul 96-Nov 97* 519196 N N 1200 
LCH Lake Charles, LA · Jul-96-May 97 5196 N N 3300' 

.PAH Paducah, KY Jul 96-Nov 97* 5/17196 N y - 1320 
SEA Seattle, WA Jul 96-May 97 613196 N ·N . 2640-3960 
SGF $pringfield, MO Jul 96-Nov 97* 613196 y N 2970 -· 

,-* September 1997 ASOS lMIN observations unavailable from NCDC 
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Figure· 2A ASOS l0cations used in the CDCP with the Heated Tipping Bucket (HTB). · . 



·,1 

. and HTB modification date if available. The distance between the ASOS HTR and the 
. ' . . 

.PNJV are .included along with the· indication ~f shielded or .non-sJtlelde<f instruments. 

2.3 Observations 
. - ' ~ 

The data examined in this study consist of over 6,665,opp" LMIN ob.servations 
' ' ' • • I ' • ' 1, ~ 

. . , . . . 

_from the.-13 s~tions ~~tp~icipated. ASOS HRLY ~bservation. .. and so:D·r~ports also 
.,, ' ·, ' . . 

. . ' ' 

represent .HTR measll.rements in ~s study~ Additionally, the m~nthly swmnaries ·of 6 
. . - ' ' 

.hour_UNN precipitation.totals from all stat~ons and monthly CRG_~ummary d~tafrom a 
~ ' • - '. • , , •. ~ ' -• I· • • 

. . 
s111all~r s~bset .. of_four station$ .are includ~d ... July 1,. 1996 marks _the. beginnin~ of the 

··.-study f~r some of the stations in tpe study with 12 of the 13 statfons active .in the study by 

Pctober 1996'. The end_ ~.ate established. for the purpose of.this d~cument was November 

30, 1997. There were still a few- stations a~tively. participating beyond ·,the above . 
. . 

.. mt:ritioned end date,. 
. - . ., 

When interc~mp~g the available data fi~lds in~ study such as·this, the. yarious 

metho4s empl.oyed to cre~te each mdividu_aJ report must be. fully widerstood in order to .. 
- - - ' . . 

. - . . . . . . . 

. correctly .comp~e the data sets described· in-this -~vestigatiori ... Th~ l:MIN .observations 

a,re a swmnary <?f the number of corr~cted tips res:ulting after the .pre~ipitation algorithm 

h~s ·been applied. · Th,e ~Y observations are the s,um of the previous .. 6Q minutes of 
• ' ' • • -~ ' I >- .•< ' ; 

observat~ons and are. reported at 56 minutes past the h~ur. : The SOD contains the 
". 

_ swmnary of all p:recipitatjon that _has. · occurred from Midnight to Midnight over. a . . 

~onsecutive 24 _hour.period. The UNiV 6 hour totals from the 00, 06, 12, 18 GMT were_ 
•. ' ' r' ' '• • 

_ manually· extracted and re~orded by WFO personnel onto a monthly sllilllilary sheet after . -. . . ... '• ' . ' . 

' - . ' 

··being ~ead from the recorded strip chart produced by the. UNN. - The time accuracy qf the 
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' uNN~ is a function of the' accuracy of the observer and the intemar 6lock drum. in the 
• t • • • • • • • • ' 

gauge-... Finally;<th{ CRG ·measurements wete'.. read· at varying,· and often long~ time .. 
. ' .. · " . .• ' , 

intervals. Thus,: for correct intercomparison betweeIJ. the~data fields,available for-analysis, 
' • • r ' • 

.it.was nece,ss·ary to, compare events from start to finish. In this analysis, -especi~llywhen 

accoriiplishfu.g ·c~~parison betWe~n the HTB' and CRG data, the ~on-synchronized· gauge 

'·r~ad~g times made it necessa.rYt0 accumulate precipitation over muJ.t~ple ~vents~ order 

td 'avoid. mterrupti.ng an event at any . given gauge. ;:.Jn .some :.t~~s~s. 'this lead: to 'an 

. accumulatioii' period over severai weeks !Ong: nlls solved' the po~sjbl~ ptoblem <;>f 

comparillg data sets ~at might not .have been .exposed. to an····equal number of ev:ent 

·periods ..... 

Events were elimi.rl&ted -after review if it :was' determined. th.at niissing 

observations durip.g an even~.~ or '.comparison period lead. to . underm~asuring' of an e~ent 
. . ' 

within ·a given data field. It is impop:ant to m~ntiOn that;· overall, approximately 10% of 
' •' ' 

. the HTB··~ I:rv.iIN data· was unavaif~ble . for. use · in,·· this mvestigation. . Notably, · 
' . ; ,'. ' . 

approximately 20% .. of the·. HTB ·1J\1IN··· ckta was. una~ailable to. the study. from July 

through Septeinber .. of ·19.96.' : Adcliticmally, l~ck of tMIN "data ;.in 'the l~st week of 

December 1996 contributed ·to an unaVailabilitY near i 6% for that .Particwar 'inonth .. The 

degradation of the -IM1N data ·during .the summer of 1·996 was ·a resUit of co~unication 

. hardware lfuntations interferlng ~ith NCDC's download· of each'}\SOS's complete '12 

liour· LMIN data .. archive piior.to the pro~~~d automatic erasµre of the local ·ASOS 

IMJN observation memory .. It is ~portant t~ reiterate that only. events: With ~omplete 
: - ' 

.1MJN data record~ .. could. be comp~ed to CRG and. UNN measm~ments ·because the 
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. 1~ data ~as the only unaltered ASOS HTB data field available to this stlldy; thus it 

- alone-revealed exactly how the HTB performed. 

. - ;···:'. 

~ - ' ' 
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3~0· PRECIPi:TATIONAccUMULAT10N colVIPARisoN 
' ' - . 

:. 3.1 Concepts · 

The 'it;tstallation of ~sos marks a tran&ition ~the method of observation in the . 

NWS . from a human p~oces~ tcr a fully automated observation· one. It also creates two . 

. · .. :other· important factors: ·a change hi. instruments and a change in, location. All of these . 

. factors ~ave. ·compoilliding effects· o~ the local ·climate record and, more_.importantly, on 

the. climate record as an aggregate. .tWy observed precipitation accumulation differences 
- '. - -. .- ' ' · ... : ·-. ' ' '•. . . - . ; ·' . . ' 

. .between. the HTB and the UNIV will be a resuit of a combinati<>n of the above. mentioned 

.mseparable factors .. 

For each station, the l:MIN" observations were ·.swnmed into appropriate hotirly . 

fotals .. These HTB: 1.N.lIN colnbined homly.totals were then available for comparison with. 

~and CRG data sets. An·a~sessment of the.performance Qfthe HT:J3 to the CRGat 
: ••• •• - , J - ' _. • • • 

the four sites was-achieved by using the following·eqliation: 

Performance Ratio = IASOS1~ / ICRG 
l ::· 

. . 

In order tQ .. ascertain. the impact of the·ASOS program to the precipitation record at each. 
' . 

of the 13 sites, a variation of' equatio~ 3 .1 was used Yielding eq~tion: 

Inlpaqt &lt~o == D\s.os1MIN / IliNN • 0.2)· 

.By taking the average of the.calculated impact.ratios across all sites, an assessment of the. 

mean impact of the HTB.onthe.,collective·group ofCPCP stations.can be ac~omplished. 
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-:_ The .othe~' data fields contributed to by the HTB, namely .the. HRL Y and SOD 

reports, ~e no_t used· to. directly a~sess the HTB performance~ . Rather they· are used to 

_9ual.it~tively asse~s the q~lity control praytlces of each. WFO in the study, the .. inherent 

impact ori each station's climate record, and the impact on the collective climate record of:' · 

the· group o~ statioD:s in this study. 

3.2 Data Pro hie.ms. · 

There are several probl~ms ~at n~~d to. be addressed within the ·group of_ d?ta sets · 
<" ' ' ' ·?: ... . , . - ~· ' . . 

that have been u~ed to construct this analysis. With~pt fully understanding·. th~ errors that 

are possible; incorrect conclusions .ni~y be. derived with rt:sJ>ect to :·the quality and ... 
': ,' 

reliability of the HTB. 

3.2.1 ASOS lMIN 

Let us first discuss .errors that were-discovered in the lN.llN observations. ·rt must :. 

b~ stated that the errors d~tailed below cannot be' explained in their entirety due to our 

iri.ability to ·obtain and decode the system. log files for use in this striqy. 'Ibes~ systemlogs 
,' , ' - . . ·, . ', -

are· produced on any ASOS array and detail when a:: pa¢cajar ~strument systein. . is. 
~ f . ' -. • . . ' ' ' . . . • 

inoperative or any ASOS·product is edited. Even though the lN.llN observations are· not 
. ~- , . ' 

· edited, detailed instrument outage records would have ~riabled this study to« ~mit d~ta· that 
. .. . -· . - . 

may not have othe:r;wise been flagged as an inaccurate accounting of a predpitatipp event. 

Having made that point, this analysis of HTB. data .illustrates that .it is· possib.le. for 
~ ' . '.. . ·- ~ ' ; . . , 

wrrealistic values to show up .in the precipitatio_n ac~umul~tion fi.eld. For .efCample~ over a 

three minute pe?od on J~e 10, i 997 at Ja9kson; MS (JAN), ASOS reported 2.18" 
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'. obserVations regardless of ~e magni~de 'of differences if meticulous ru;.alysis suggested 

·that data from each·irtstruffierit was com.plete. An.event was oruy'.remove~ from the study 

of it was e~ident that part of the data record wa~ incomplete for ohe of the ~strulllents. 

·3.'2.2 ASOS·HRLY 

Ill thi~ study, .the ASOS HRi Y observations ser'Ved mairily to confirm or deny the 

validity. of the lMIN observations.,· ·Therefore, the errors encountered in ·this particular 

.··:data· set, 'though worthy of bemg r~cogniZed, are not ent~ely cruCi~l to. the .. validity of the 

s~ay~. the: errors.are, however,· rel~vantto any researcher using.HRLY observatiOns for 
. ' . . . . . 

:the. ~onstructiori· of any type ~f predpitation climatological record. 

It was noticed that on occas.ibn the" HRL Y observations sUffered f.r~m what has · 
. '. . . . ' , ' - . . 

been identifi~d as a· "warm ·start" problelll .caused by' "improp·e:r; _parameter size~' errors 

produced within the. ASOS .. Acquisition· Control Unit (ACU) softw~e version 2AO . 
' ' ' 

. . ' . '• ··. 

(National Weathet Service~ t998a.). ·.This warin start problem· manifests itself when the 

system memory . is. madvertently ·. clear~d. and thereby removes any acculli1:1lated . 
' ' ., . . . ·:· -

... precipit.ation totals since the last precipitation r~p~rt h~d-.bee:O. _registered. For exID:Uple, 

·_ ·on .I:uly 2, i996 ai SGF, ·the· coll1plete precipitation reports: from HTB lMIN~-·H:RLY "and 

UNIV .show 1.12", h.55."; ~d 1.261;; respectively. This. indicates a clear example of.the 

"warm start" phenomenon. '[4e '~kn start" prob1e1n is' fo be COf!e~ted by the ·r~lease .of 
' ... ' 

AS'OS ACU ~oftware version 2.60 (National .\veather'-~eivice,J 998a.).' Another problem ' 
' ~ 

encountered in this data set was the incomplete.reporting'·of precipitation in what will be 
- . ' ~- , . 

identified :her~ as a' '"P" group. It is fo~d· in the remarks section of an HRL y observatiOn ' 

report m.· which precipitation accuinhlation .·is beirig. reported. There were numerous 
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'ac~umu1ated precipitation. At 2134 LST, the first minute of the .suspect IMIN .reports, 

· the lMIN data showed 0.15" . accumulated precipitation. The next two minutes .. ·· ' .; . 

. chronologically reported :l .66" and 0.28" p~ecipitation. This erroneous event was verified 
_. . : ~ . ' . . .: - '. . ,. . ~ ' 

-· ap.d eliminated from the ~alysis :through intercomparisons with the HRLY and t4e SOD. .· .. 

. and from .the a,bsence of any measured precipitation at the ~·:during fu,e 6 h.c;>ur :period,.,· 

which would have contain~d 'such an event. 

F\lrtlier .cross~analysis of possible er;roneous events agajnsr the ASOS' s Light 

Emitting Diode· Weather Id~P.tifiet, (LE:q WI) "Yhich is .designed ·to differ.~ntiate between 
... . '· ' . •: . . ' ' 

. rain and snow for .A,.~OS pr.oved frW.tful hi ~liminating large lMIN observed precipitation 

amounts. ·Reports :f!om _ ~e .~TB and LEDWI .are. independent ~of one. another. 

· J?xamination ·of both the coinciding LED WI qata for '.'no precipitation" (NP) observations 

·and HTB observ~ti<?ns before and after a f~lse positive precipitation report btjngs fo~.a 

higher level of confidence ·in 'interpreting .arid . eliminating false positive accumUlation 
' • • • " • r ' ' • • 

, ' 

occurr~pce~. Making th~-.. same · co~Clusions about· .fals~ . zero. precipitation ll\.1IN . 

ob~ervations using LEDW! reports of positive preciphati<;m qoes·_not._Jead to any concrete 
r o', '• , • • • • 

··fonclusions~ '' Reports of._ rain of ~acying' intensity by .the LED WI when ~O. precipi.tation. 

_ accumu1atiori· was recorded by the HTB is en~ountered frequently tJ:µ-oughout the data. . 
. . 

. " . ' . . . 

.Intuitiv~ly,· the r~te. at."YJlich the HTB reports tips is a direc.t function: of ramfalf rate. or.··, 

. intensity; ~us, ·th~ :tepo~ o( a ~ingl~: or. multiple .corrected :tip is. not. reqltired in every ... 

. lMIN- opservation. . ~· . 

. ~ . . -

TO-reiterate,. with9ut access to the necessary system logs;. conclusions to the above . 
- •. ' ' . ., . . - .. ·: -

. ~'' .... ' 

'detailed false measurements can only be speculative. Tp.erefore, it was the policy of this .. 
. . - . . . ' . . - . 

fu~estigation not to discard. precipitatfon measurements of the UNiV,.·CRG; and lMIN 
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o6casfons . at ·an of the sites in this study· m: · which· the ."P" group was irrimediately 
· .. ! 

. succeeded ·byoitly·three of the required fol.tr digits. In most case.s~' thii.'meant.tJ.iat the 

hundredths digit". had been ·.tnmcated, . but .there·· were' ins#uices . in which comparison 
. . ' ,· - ' . 

.. :against the ll\11N accumulated ·hourly precipit~tion'_.su~gested that the tenths. digit·was 

; omi:tted. ,·n can not be det~Imined :whether this problem ·originates in ABOS oi in-the 
... 

processin~ of the data at NCDC prim to electronic dlssemination to ·ccc for use· in this 

study .. Occrirrences, while ·nllinerous in the -f~Urth ql.larter of 1996, have.become nearly 
. . \ ' . 

'. - . . ' ' . - . . 

. '.rionexistentfor .1997 data used "ln tllls· sfuqy. All of the aforem~ntioned problems can b_e 

corr~cted. d~g' a quality ·control audit acconiplishetl';·at the WFO '.if deteded during the 
. . . . .· '•' . . . . . 

·:cortectionJ)etjod prescribed m·the-NWS policy on quality control f~r ASOS-obser\rations 
. . ' 

unless the .probletns originate at NCDC. · · · · 
" .,.' . 

3 .. 2.3 _. ASOS SOD · .. 

Few.errors· were detected in theASOs·s6D data· set. The data set~.however, was 

not .provided in the .electtomcally disseminated reports from NCDC until October 1996. 
- I , ' . ' • •• • ~ . . ' 

Therefore, there are several. stations' in this stUdy that -,have less 'thari a year' of this· data 
' ~; • r ~ . '. ~. • , . ', , 'I. ' 

. subset for comparison. ' . . ' . 

. As stated ·earlier, this· is: a data· set that is edited at the _discretion 'of each ·WFo 
. · . . ., Office~ , · Hence, thls data: only provides insight on ·the . climatological record ,over _the· 

period of ~tudy artd, more importantly, whether precipitation measurements in the SOD 

. are· actual ASOS. deriv~d piecipitatioiitotals or edited reportS consistent with the UNN. . 
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: .. ,. 

3.2.4 UNIV 

- Errors within ~e UNIV (iata set. are.· geQerally tindetec~bfo _by. this investigation. 
. ' . . 

. These und~tectable errors c~: be broken do,~ into categories of instrument ~d hliplan . 
'.·- - ·. ' ·'' . ,, ·, '. . . '' . ·,· .·· . 

error. Illstrument ~rrors w9itld results from improper operation of all Jhe mechanical 
' ' . ~. ·-: . . - ' - .... : ,. . , 

.components contained within the UNIV .. · Human errors can be inadverfontly introduced 
I • . • • • . • ,. • I",'• ' ".; ' •' • ' • ~-, '• ·• 

. . . . ' ' . . . - . . . 

. . in . a variety·. of ways from . incorreet installation of the . recording. i:harts •· ~ erroneous 

transfer of data recorded oh the strip charts to the monthly summary sheets. The ~rrors 

outlined above are by rio m.eans an al~-fuch~sive list of errors that could contaminate the 

data used- in fui.s study. S_ince ih~re ~e n~ ~eap.s .·available to quantify th~ significance or' ~ 
' , . .... ' ' ,.·. ·: 

the above m~ntioned etrors .ill our. iki.~ set, an ·artificiality will be introduced by assuming 
• .... ,, ' ' 'I • ' • ',' , I ,I ~ ' ,: : ;~ . ' 

. that these errors are negligible in magajtude~ 
' • ., • ',•'. ·-·: ... •• \. ·, J, 

O~casionaldetectable errors .discovered.,during the digitizatiop. of,thls data set 
• • , ' ·• • - : I' ' • - • ' - • • - ~· 

· include: ~ntries .on the ·monthly ·s~arY sheet ·for which .precipitation totals were 
' ' ' ': • ' . ; ·-~ ' ! • • ~ • 

wrongfully entered into time/date fields; usually ±24 hours or onc;now too high .or low on 
• ' • ' . . ' - - • ~ • ,• • ~· l• •• ~ .• • ~ • • •• • 

: . . - . 

the .sU1lllllary sheet. In other.instances, data:was recorded fro!ll ·the UNIV and- annotated 
. ~ -. . - . ~. ., - ' . ' . ,,. ·. ' , . . . ' . . . 

fuat tmring ofprecipitatio~ WaS·lUtlmown, most liJ<:ely QUe to SOl}le type of malfunc~ioh by ... 
• " ' I ' ' . . ' ~ . ' ' ' 

' ' ' . . ' . . . 
- . . ' - ' ' 

the dock and/or strip ·recorder. · Ov~i:~ll, participating WFO stations were thorough in 
• -- • ' ' ' ' ' <I ., 

reporting the 6 . hourly :.UNIV precipit~tion totals; but nonetheless, . there were 
' , ' . •/. ' ' 

. . . discontinui~ies in• these reco:r~s tliat .precipitated even~. 9niissions fr~1Il this study .. ' 
' • •.. • - ' • '1· •· ' ', \" ." • • .• • ' .•• ,:: .. : • . ,' 

. 3.2~5 SRG 

·S.inc~ the SRd: does not·h~ve moving. parts and is. a non-recording·gauge, errors 
• ' • • ' ' ·,,, ·' • ' • • • • • ' • ' • • ~ • > 

intro.duc~d. to this investigation are mainly d~e to human error .. Such errors ·J;llateriaiize 
'.' ~ ' . ., . ' ' ~ .. -. . ; . . .. 

... . . : 



':.1, 

- when-Th~ ohserver·reads and/or.-rec~rds the data incorrectly. Blatant.errors in the.SRq .:· 

-data are e~ident when the HvID·~·· C>bservatioris ~~ UNN. show reason~bfo agreement and 

· the· _SRG grossly. under or overineaslires with resp~cf: to the. ·other. gauge~~- -A quantitative 

assessment of an evaporation induced. e~or_ is iliiavailabie, 'hut it should. b~ recognized as. 

' ~" possible source of . error. due. to. the . random, . im.d in some ' c~ses, - lengthy (i.e. 

~pprmdmately 7-19 days) _period of tiirte_' bet:Weei:i SRG readings ... 

. · 3.3· ·Analysis Method ·· 

-3~3~1Elimi~~ted Data'.:: 

fu ?rder to" a~sess HTB ~ perforriiance im<l. its impapt on th~ . cliinate: record, it was 

necessary to gather-~d co~pare-~e mo-st error"'.'free datapossihl~ .. The events eliminated 
. . ~ '' ~ . . ' 

are 'listed in Table 3 ~ L Events eiinlih~ted ·dm~do. ASOS malfwlction were done so . by 
. ' . ~ ' ' . ' . 

analyzing the UvflN data for 'everit~{greater. than O.oi''-'with LEDWI-~eports ~f NP. In 
• ,•.I."; 

each case,· ···:significant accumulations w~re me~sured -in . a : one infuute -period with no 

precipitati()n being reported-by the LEDW): or fITB for'the· five miiiutes leadirig to.or after · 
. . ' '. 

the. event in .question. Events eliniitl;at~d due_' t'.c) .'~A.SOS PNO". in_ the remark~ section. ~f 

· Table 3 .i _were· done: so by ·seeing ~at the HTB iMIN. s~o~ed long tinie- perlod~ { e~g. 6 

hours _or !Onger) of.consecutive zero accumwated -predpitation while. m-rrv· measured 
•. . ' 

considerable accumulated -_ p~eCipi~tion totals-~ . Investigation of coinciding HRL Y 
. . - . ' 

observations for tlie questioned livlIN data uncov~red "PNO" .. alerts in. the remarks 

section 'indicating that the HTB w~s--hon-operational _(National" Weather Service, l998a.) . 

. . The removal·_ of events froni .. comparison due to ·"Un~ur~. of UNIV. v~lue". were ·done .SO 
' ' . . ~ ' - ' 

becaus~ C>f the sizable accumulatio~s ;repo~ed within the iMJN and HRL Y 4ata·With zero 
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Table-3.1 ~lim.µlated data from comparisons .. _ 

Station Date UNIV CRG llMIN . HRLY Remarks 

ALB .. .. 9124196 '.~- 0.00 NIA 0.15.: . 0'.15 .Unsure of UNIV value 
ALB i 1/191Q6 o·.oo · NIA 0.41 0.41 Unsure of UNIV value - · 
BRO 815197 '0.30 . NIA 0.00 0.00 ASOSPNO .-
BRO '. 8/26197 1.32 

., 
NIA 0.09 1.02 ASOSPNO 

ICT 10127196. 0.70 NIA 0.02 Trace ASOSPNO 
ICT _., : 11116196 .2.27' NIA o.oo· Trace· ASOS-PNO 
ICT '11/18196 0.00. NIA 0.00 0.75 ASOSPNO 

·JAN-. 619197 6.80 '6.72·. ·. 6.32 .. 4.13 : ASOSPNO·: ,, 

JAN" 7113197. 0.21' cU9 .o.oo 0.00 ASOSPNO 
JAN 7/17197 .0.23 .. · 0.21 0.00 0.00 ASOSPNO 

:'.· JKL '5115191' ·0.09· " . NIA '<>~28 0.05 Can't isolate problem· . ;,' 

JKL Hl8197 0.00 NIA 0.19 0.1°9.' · Unsure of UNIV value 
.. LCH; 5118197'. o:oo, ...... . 0.49 ... 0.47 0.47 Unsilre of UNIV value 

·PAH. " '7jji96 0.00 NIA 0.25 
.. 

0.25 Unsure of UNIV value 
PAH 914196 0.27 NIA 0.27 0.00 ASOSP:t)lO 
SEA :12iil96 ~- :0.00 NIA 0.15 0.15 Unsure of UNIV vaiue " 

pr~cipitatfon. measured by the UNIV. 'In these events, it was questione~. whether or not 

~e· UNIV was functioning properly. Finally,. events ~eleted due~_:t? ''Gan_'t_ isol~~e 

problem" were done so because measurements were uncharacterist.ic for a given .station 
- ; .1 .•. ·' 

within the rest of the dat~ fil!alyzed by this in~estigation .. 

Table 3.1 .illustrates that AS_OS is :capable of reporting precipita~ion ·when . 
• i"'/ . ."'· ' ,· ... ' • . 

. -precipitation ' is not occurring, usually isolated within one or a few one minute '·, . 

·observations. - This· table also shows that ASOS c~ report no precipitation when 
;.·· .. 

·. . . 

·predpitation has actually happened~ . 

3.3.2 · HTB Perform·ance Asse~sment . 

The perfonnance assessment of the ASOS HTB . in this stildy is accomplished 

through the direct comparison of the HTB with the CRG at four. sites within the stu~y. 
' "•1 \ • "' I • 

. - - . ' ' ' . . . . ' . 

Due to the random :readings of the CRG as mentioned earlier, only cumulative 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 inCiuded a least-squares 

analysis between comparable 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 relation between 

two measures, ll+ this case, the HTB and the CRG. This study assumes that the 

relationship between the HTB and CRG is linear, therefore our least-squares equation 

takes the form: 

y=A+Bx (3.3) 

where A and B are constants. The constant A is they-intercept, and constant B is the 

slope of the least-squares line for variables x (CRG) and y (HTB). For the purpose 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: 

(3.4) 

where events Xi and Yi 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, the graph of the HTB against the 

CRG would produce a least-squares line with a slope of one. A slope of one would depict 

a one-to-one ratio between HTB and CRG indicating that the HTB measured 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 slope of this ~ea.st-squares fit lin~ is· o,ne.measure 

. of the fraction _or rati9 of precipitation measured by the HTB compared to the· CRG. · The 
• ~ • J ..,. • ' ' ' .. ' • ' ... 

distance of an actual data point from. thi~ ~east-sqtiares fit l~e -is ~ons~dered to be a_ 
- ; . 

measure of the uncertainty of~e fit of the _le~st~sq~es. line. To .simplify Oll.f.aq.alysis~ it 

was assumed_:t1tat the me~surement~ from the HTB had some degree of uncertainty ·while 
' ~ " . : . - ' .· •.• . . . , . . - - ~ '·· - ' 

. . . . . 

the· uncertamty in our: measurements from the CRG. were negligible .. Thi~- made sense 
'· ' . ,,· . ' .. -

since the.· CRG was . being . use.p as the.·. gro~d truth .for the asse_ssm~nt of' the HTB 
.. . · ... ' . .· . . .,.... , .. .. 

performance~. Tue: uncertainty in th~-. meastlrements ·of -tl?.e ,HTB _were estimated by 

ca~culating the sll1!1. of squares using_ the following equat~on: 

(3.5) 

· the uncertainty in the slope of 1:he least~sqlµll'es tit line, represented by crs, caµ then be 
.... . - . ' . . .. _ .. 

determined froi:n the following. equation:- -
:·. . : 

. . ' . . 

·:.cra2 
= ~cr// ~(L:xi2)-(~:xi)2)] - (3.6) 

· The .results. provide -insight_.on the magnitude :·of .the error 41 t:11e :le~st"".~quares fit_ line 

repre~enting the assumed linear_ r~lationship between ~e HTB and: CRG. Table 3._2· 

.·,•'I 

. Table 3.2 . Slope .ofleast-squares fifline,:calpuiated O"B ,of slope for comparison 
-between measurements recorded by ASOS and ~RG, and CRG total precipitation. 

STATION-. tMINtoCRG. 
Slope· crB , _ - CRG 

(in) (in) 
GSP 0.97 . 0.0_08 32.81 
-JAN 0.92' 0.009 ' M.50 
LCH 1 ~02 0:005 12.43· .-
SGF* - 1.03 · 0.013· . 25.86 -· -------Mean .99 · 

:· * 4" .gauge used in place of CRQ '. · .. 

. HRLYto CRG 
. Slop~ crB CRG " 

0~96** 
0~92 
l.01· 
1.01 ** 
0~98** 

(in) (in) 
0.008 - ~0.20 

o.·009 : 44.50 
0~005- 12.43 
.0:_013: . - 1~.92 

**. Eliminated erroneous or miss~g HRL Y data 
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SOD to CRG . 
Slope crB · · CRG 

(in) (in) ' 
0.96 ' -0.-009-. - 18.06 
0.92 0.009 ' 39.16 
1.01 0.004 12.43 

~ 1.02 0.009 , ;, 17.24 
0.98 ' 



details the extent of this error for each station. Uncertainty in the slopes of the least-

squares :,fit lines were. very small fot· the ·four stations with the largest wicertainfy being 

listedjust-.over 0.01". Plots of the ~ata used to derive Table 32 are depicted ill Figures 

·3.1-3 . .4. Accumulated prec~pitation p·er compari~on period. recorded by the various HTB 

'data· fields are displayed ~n the y-aXis With corresponding accriinulation measured by the 

CRG along x-axis. The· .solid line on .each. plot. represent~· the ideal one~to-one 
' .. ', . ' . . ' ' . -·.'. 

relationship betWeen the HTB measlirements . and those collected by the CRG The 

dashed line illustrates the- least-squar~s fit Im~- to the data displayed. 
' ' ' 

. The observations froni GSP IJvIIN, data ·in Figure 3.l(A), indicate significant 

stability in . the HTB versus CRG relationship leading' to the conclusion that the HTB 
. ' 

regularly undenneasured precipitation when compared to tlie CRG at this site~ Of th~ 45 ' 

compared cumulative precipitation periods, ail but 9 events were· placed at or below the 
- ' 

ideal-one to-one r~tio line~ . It should. be noted that cumulative ov~rage by those nine 

events was 0.19". Excluding comparative.meastirements recorded inthe IMIN andCRG 
. . - . 

that differed by. less than ±0.02'~. or ±4%, as outliii.ed by the ASOS ·usER 's Guide 

(National ·weather Service,. 1998b.) for HTB. performance speciijcations, 10 events 

undenneasured by 4.2%;..11~0% with. a mean of 7.9%. On the other hand, only two 

cumulative event periods ovenneasured, and they ranged from overages of 4.2%-::4~6% . . . . . ·_ . . . . . . 

_with ·a.mean o.f 4.8%. ·Figures 3J(B) artd·J~I(C) represent ·data provided by the ~ Y 

and SOD,· and.they respectively show good a~eement with .IJvlIN data suggesting that it 

was not a Connnon practice at GSP to edit precipitation measuren;ients made by the HTB. 
. . . ' . 

Two event periods useq by lJvIIN and SOD were-eliminated from the HR.LY comparison 
' - ' 

to CRG because HRL Y data was.missing. 
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A.. Gre.~nville/Spa.rtanburg, SC (1 :Jul 96 - 30 May 97) 
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C. Gree.n.ville/Spa~nburg, SC (1 Oct 96 - 30: May 97)·. 
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Figure 3.1 ASOS lITB y~ CRG (SRG) at GSPfor (A) I~, (B)):ffiLY~ .and (C) SOD.'. 
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Figure 3.2 ASOS HTB versus CRG (SRG) at JAN for {A) lMIN, (B) HRL Y, and (C) SOD. 
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·~From Figure3.7(A) for JAN Uv1IN data, it is clear that~ ove~hehriingmnnber. 
. . .• . - ' ~. -

' ' 

of the total eyents.~~~.ompared fell either. on pr below the ideal one~to-one ratio line. JAN 
' . . . ' ' 

shows. considerable· constancy in the HTB tendency to undermeasure 'wJ;ien compared to . 
. ' . ' . ' . .. . . . . 

the CRG .. When the aniount of accwnulated. precipitation in ~ eve~t is large, th~ .~ata 
' . :.; . ' . . ' . . . ·-

' ' ' 

. ·points :fall below· the one-to-one ratio line but very ne~ to the ·Ieast.:squar~s fitted line .. 
. . . . ' : " . . . ·_ ~ ·- . : . ' . . -~. : 

This behav'ior. indicates· a deficiency· in the amount of precipitation recorded by the<HTB . : - .·.· . . . . ' . . . . .... ' ·.· 
. ·. - . . ' . . . .. ' 

in the l:MIN data~ After. applying the previously stipulated guideline,s for, assessing ga~ge 
' • • • • - • •• ' • • < ~ • • ' ' ' 

' ' -

performance,: 26, out;· of 52, accum1:1lation petjods for JAN, show HTB. uridermeasuring 

with respect to the CRG. Twenty of those periods.showing an unde~easureinent range.of. 
. I ' • • • • • • • ' : . , ' ' ' • • . ~ ' , • • ' ' , : • .' ' • 

- ' 

6.0%-26.9% with .. a mean of 10.5%. The least-sq"ilares .fit slope indicates a 8% . 

. \fildermeasurini. ·from . aii events· used to . a~sess the· JAN · HTB,. performance. 

· Overmeasuring ·ollly occ~ed in two eyents With an overage range of 12.3%-75% with a 
:' . . . -· . - ·.· . ' . ·.. . 

. . . . 

cl.unulati~e overmeasurement of 0.1 O" .. ~alysis usmg HRL Y and SOD reports compared -
. ~ ' . - ~ . -.. ~ . 

t~ the CRG ~t 'JAN shown .in Figutes. 3.2(B) and 3.2(C) respectively, produced results 
.. ; . , . ' - ' . 

·' . ,-. 

similar to the llVIIN to CRG comparison. 
' ' 

. Figure 3.3(A) fofLCH · 1~ data. shows· a ·stable, but ~ppo~ite .Pattern· when 
-!!·:'. ' { ,' • ··-

.. compared to GSP and JAN:.HTB v~rsus CRG resultS .. _All but 3 of the :11 compared 

cuinulative precipitation -periods, showed the. HTB reporting v~lues- equal to 'or higher 
.· 'I ' ' 

than the CRG. ·The cinnufative und~rmeasuring of the three isolated events was 0.06". . " . . :i~ . - . . 

The slope .of th¢ least-square_s fit line suggest that lMIN HTB from LCH was higherthan 
~ . ~ . 

•' 

the CRG on the order of'2%. ·Usirig.the guidelines· based on the ASOS HTB perfonnance. 
- -· . . ·,. 

standards' described above for excluding cumulative ev,ent periods, .Only twp' events were 
. ' ~ 

left· that overllieasured precipitation when. compared to the ·cRG .. · Their overmea~uring 
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. was ill the·.range of 5.1.-5~6% with.a ~e~:of 5.3%.'. F.~ermore~- ill one .. event from the 

:data used for 'this ;malysis at.~CH, ·the;HIB widemu~astifed0.041f:·ofprecipitation causing 

. ··a 4.2%,und.~rineasure·. ·Figures 3.3(B) and 3.3(C) th~t- ~epre~enfdat~ provided by HRL y 

. .. . . and .SOD respectively are consiStent with the lMIN ®tii. H~~ever, the Slopes of the 

.. d.erived:least-sq~e~ fit iille nnprov.~ such 'that the. slopes ar~ closer 'to -th~. ideal. one-to-

.. one :r;atio ben\reen the HTB and CRG, thereby_suggestillg thatHRi,Y~d ·son ·~eports are 

edited fo some degree . 

. At SGF, Figure 3.4(A), the I:MIN data·c~miparis~n to the 4". gauge,denionstrated a 

'.high·o~der.of stability al011g.with.apatterti sh~wing measrirements.1:11ade by the HTB to be 

higher tJ:ian the 4" gauge. .After isolating out -17 of 31. events that met the HTB pr~scribed 

. specifications, -th.~ result. is stiil ~ inclination by. the Rm .to. overmeasure precipitation by 
. . .. ' ' ' . 

5%-123% .manifosted iii a cumulative overage of 0.87'' from .10 of the 31 cumulative 

precipitatic~n period~. It was rtotew~rthy that in .. 3 of the 10 cumulative· event. periods, .the 

. HTB overmea-s~ed by mor~ than 19% per .. event, with. the thr~~; event- tbtal of the. HTB 

. being 0.92" compared to measurements totaling 0.6S~'. f!om the 4". gauge. qn the other 

.hand, 4 of the 31 cuinulati~e events. were undenneast1red by the .HTB in: comparison to 
. ~ ' ' \ . . . . - -

· .. the 4" gauge_ by 5%-25% ma~sing .a precipitation deficit of 0.33" .. As for the HRL Y and 

. : sori ·~hoWn in Figures .3.4(B) and'. 3.4(C).· r~spectively; occasional editing of 'a sinall 

. nwnber of _accumulation.perlods lo~~red the' 32% overin~asurhig indicated. by the least-

· squares fit.slope~inthe .LMlN to.1% in the HRLY . .SOD editing appeared to ·be ffiinimal 

. ~d only improved Jo an least-squares fit slope measur~. to 2%' overmeasuring by the : 

HTB. 
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,.,-. 

. . The. _oth~r yalua~le tqol us~~Jo ass~ss the pe~formance o~the HTB_ co111pared to 

the· CRG wa~ ·the comparison· o~. the: total precipitation accumulated ~y eacp.·· gauge· 
. ' . . 

· tfumi.~out the entire petjqd of study. Results from this form of analysis are presented in 

Table 3.3. · 
':.: 

' ' 

. Table 3.3 Cw.nulative precipitat~on re~orded.by th~ .. H113 and GRG . 

Total Accumulation 
. . 

Ratio of Accumulated PreCipitatiori .. 
, . ; 

··STATION CRG l:MIN HRL'r SOD 
(in)' (in) . {in) (in) .. 

32.81 . 31.83 29.20 
. 

GSP 30.20* .. 29.20* 
:. '18.06**' 17.39** 

··JAN .. 44.50 .41.39' 41.36 
39~16** 36A2** 

LCH 23.16 23.54. 2333 
.. •, 12.43*:*· ,. 12.49**.' 

25.:86 26.63 .19.63 
SGF 18.92* ''· 19.08*. 

'. -:11.24** 
,. 

17.58** 
, . 

Average 
", 

· ··*·ElimiJiated eyents·due to missitig or erroneous HRL Y 
**Analysis of SOD start 1 October 96 

lMIN/CRG · HRLY/CRG . SOD/CRG 

0.97 0.89 
;:'• 0.97* 

7" ~ , ,'. 

0.96** 
·.'_.· 0.93 0.93 

o:93** 
' 1.02 1.01 

.. , . 1:00** 
1.02 0.76 .. 

1.01* . ' 

1.02** 
0.99. 0.90 (0.98*) 0.98** 

There is good ~greement between ~e .calculated slopes produce~ from the -least-squares· 
. . '··· . ' . ' . . . . . 

fit line for th,e HTB 11\11N versus CRG plots of the four stations and· the· cwpulative 
' . 

· precipitation .. ratio results provided in Table 3.3. "The slope of the Jeast-square fit line 

represents the calculated rati? of precipit~tiCm measured by ·the HTB compared. to the 

CRG. Since the 'slope of the least-sguares fit)ine is constant, the slope can be· interpreted 
. . 

as the .ratio of the total accumulated precipitation which can be· compared to the· ratio of· · 
' ' 

' ' . 

. .. the HTB "and CRG total. aC~umula~~. pre<:ipitation derived from the summation. of the 
. . ' 

ac~l precipitation observati9ns· for each statfon •. hi this investigation, the ·slope der:ived 
. ' . 

~atios. C()mpared very well, -Within o.c)l or less, to the ratios· of the 'total accmnulated 
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., precipitation. Hence, this: result prod:Uces a high' level of cotifiderice in ·our least-squares 

>fit line f~r.ili~--data-~alyzed in this portion' of the shldy. 

:SUIDJiiarizkg the above ·assessnient of the ASOS HTB, it is apparent from the 

high order. of stabilicy :iµ- the· HTB versus ¢RG data presented and the ·results. from the 

total accumulated precipitation ratio ~d least~squares slope analysis methods :that the . " . - . ". - . '• 

_HTB is perfomling·quite well wiien 'measuring liqu1d-p~ecipitat1on. Usingthe wotst case 

valu~~ :of. JITB - lMIN to CRG comparison~ from the two arialysis methods -yields 
.. ! ' 

! .t I 

_: precipitation :accumulation p~rformance i,Q._the ;range of -8% to 3%~ Forthe -dataavailable 

-t<,> this study, the 'HtB to CRG _rela~io~ship stability atid · the 8:~ove given performance _ 
' .', ' . ' - . 

. range suggests th~t the -algonthm ·-~sed for ASOS HTB precipitation accunml~tiOn 
·,''.'I •, ';•" 

_¢orrection is good.,--_.but should be,_ custom tailored for each gauge. to achieve -the desired -
•• ' . l \·.' ' • -

on~~to-one HTB versus CRG r~lationship. Ther~fore, it is proposed froin the -results .of 
,_,···· 

this study that the correctiOn a~goritlun, Eguat~on 2.1, nee4s an 'additio11:al iin:ear 

·correction.to-the non-linear correction curre11tly used in-~very ASOS. The proposed-new _ 

_ -correction.algorithm t~es_the form:.·-

(3~7) 

where B .isthe linear correction ptoposed by·this study.· Given the variation in the 
- " 

·relationship -result~ -of HTB -'to CRG comparisons from the f<;>ur s~tes used- in -this -
. . ' ·• 

jnvestigation, the linear correction m~st be si~e~specifi9. The lip.ear· co#ection can be - -

determined by -.comparing a' large sample, from the ·annual average total accumulated 

liquid pre~ipitation; of ASOS HTB- event me~suiemeJ:?.tS to. those measured by an. ASOS ---
. ' . . . 

collocated SRG. The linear relationshlp of ASOS HTB-,versus SRG for coinpai:ed event 
' . . . 

measurements will;' illustrate the magnitude'.of·the linear correction :need for a given 
• • I • - 1 ,•' 'l • 
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ASOS-HTB to achieve ~e desired one-to-one relationship with the "SRG. For the foilr 

·Sites used in the HTB perform~ce assessment, using the data and results from this study, -

the_:.proposed linear .corr~cti~nbased on slope.measure calculati~ns are: 1.03' for GSP; 
' .·' "· . ' . ' 

. ' - .. 

. 1.0~ for JAN, 0_.98 for LCH,_ and 0 .. 97· for SGF .. 

. 3.3~3 Spatial and Climate Continuity Imp~ct· of . 
the HTB at·Sites with CRG and U:Nlv . 

Results.presented in section 3.3.2, along With the UNIV to CRG results iilus~~ted 

·· inl;able 3.4, 'c~ be used to compare the HTB to the UN!v. _-The putj>os.e of this analysis , 

is to gain. ~ unde:rstan~ing .pf the magnitude· pf th~ spatial variatic:>n betWeen the .A.sos . 

· .site and-_the UNIV site and· to exainirie the net impact the implem~ntation ofthe ASOS 
. . .. ' .~ . ' 

· pro~am'. .is havJng C!n th~_ Asqs ·program to the pre_cipitation ~climate .. recorgs. · The 

:founchttion of this ·compar~s-On involves. the assumption that the CRG anc;l UNIV ;would 

pro~uce identical results .if they were· col;lpcated~ Fiiures 3 .. 5(A-D) depict the UNIV 

versus CRG at the four ~ites. The fourth column of Table 3.4 shows the total 

- . - . 

Table 3.4 Cl1mulative precipitation r~corded by the UNJv and CRG 
. .·- " ·- ,' \. 

'" 
Total Accumulation,.,; · Least-S wires Fit Line 

·STATION. CRG UNIV- ··Ratio· Slope O'B i· •• ,.,. 
L, (in)'' (in) UNIV/CRG- (in) 

.GSP ·- .. ~2.81' 32~91 ., 1.00 '1.00 ·0.006· 
JAN '44.50' 43.43 0.98' 0.96 0'.011 

.. 

LCH • 23.16 22;80. 0.98 1.00 0.029 
SGF 25.86 27.86 l.08 ' 1.11 ·0.021 ·.-
Total 126.33 '·121~00 1.01 
Mean ofall station CRG/UNIV 1.01 - " 

accumulation ratio which illustrates the impact .of the spatial variation re~ulting from the 
. . ' . . - . 

NWS deciSion-. to:_ change the offici~l. meteorological observation- site~·- . The spatial 
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. . . . 

variatfon results using the total accumulated precipitation uNlv fo CRG r~tios,' with 
• • l • • •• • . • 

positive values fudicating an increase.· in measured precipitation, for the four sites are 

approximately: 0% for. GSP, 2% for JAN, .. 2% for LCH, and -8% for SGF. In 

comparison, the slope measures of the UNIV versus ~RG relationship p~oduced. values 

of: 0% for GSP, 4% for JAN, 0% for LCH, and -11% for SGF .. The magnitudes of these 
:" ~ . ' -· . . '. 

spatial varia~~pns. relate strongly to location differences, Table 2.1, with the largest spatial 

.impact being P,bserv~4 . .at the station with the largest distance betwe.~n· A.SOS mid the 

UNIV. Now to .determine .the impact of ASOS on precipitation climate continuity;. the 

spatial variation results are. added to gauge performance .results from ASOS lMlN and 
. . 

CRG comparisons listed in the fifth column:· of Table 3.3. For example, the total 
. •. -

accumulation ratio from.· the lMlN and CRG comparison at JAN shows a -7% in the 

predpi~tion measured. This value ad~ed to the spatial variation of 2%· at JAN yields a. 
. '• . 

' . . 

· net ·impact on the .preGipitation clinlate cbntinuity of -5%. In ·other words, during the · 
. . ' ' ' , . ' . . 

' . . . . -

ccmrse of this study 5% less ·precipitation was measured at the new site with the ASOS · 

HTB. ·Applying this analysis to ,the results from other stations shows a climate.~ontinuity 

impa~t of: .-3% for. GSP, +4% for LCIJ, .. a,p.d -6% for ~GF .. Accomplishiilg the same 

analysis, using. least-squares slope measurements from HvIIN versus CRG results shown 

in Table 3.2 and UNIV· versus CRG results in Table 3.4, yields a climate continuity 

impact of: -3% for GSP, -4% for JAN, 2% for .LCH, an_d .-.8% for SGF. F~er 

comparison of Table. ~.3 and Table 3.4 total precipitation accumulation ratios shows a 
'. . . ' . ' ... : ' '. 

' . ' 

mean ratio of 0.99 from the .I:MIN'to CRG comparison.and 1.01 .from the UNIV t<;> CRG 

comp¢son for all f?ur station$. These. results suggest that the collective grouR imp~ct of 

ASOS · HTB· o~ clim,ate contmuity to be '.'.'4%. Accomplishing the same collective group 
'. '· - ,-. : • l . • ... •• - • . •• 
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analysis;· but usirig Tables 32 and 3.4 .and 'tlie collective. mean least-square~ slope 

measurements. )'ields an impact of Aso·s on precipitation climate continuity of -3%. · 

-. - To sunuriarize the ·impact ·of th~· A.SOS HfB ·at the . indi~idual sites on the 

. precipitation climate continuity, this :inve.stigation has demonstrated that there is an 

· individtial site climate ·continuity impact range of -8% to 4% 'using -the worst values 

produced 'f!om total precipitatfon accumulation ratios and least-squares slope methods.· 

. The· co_lle_ctive group mean results produce a difilate continuity impact range of '~4% to -

· 2~, st1ggest1ve o:fthe ASOS ·HfB's 'overall tendency to rindermeasure precipitatio~ when 

.. compared to the UNN. . . 

3.3.4 Climatological' Impact ·ofASOS HrB 
' .. . . 

-, -' This· portion of the CDCP is an attempt .to· illustrate the impact that the ASOS 

HTB will have on the precipitation climate record. For this· portion of the study, the HTB 

·and UNN data_.froin all of ·the statfons that participated ·iii this investigation were 
. . . 

analyzed. It is important to state that in this portion or'the analysis there was no attempt 

made to separate t4e pred.pitation differences due to spatial variat_ion frorh. thbse due to 
. . 

the actual gauge performance. Instead, this ~tudy examined the combined impact that the 

. change in site and the change in instrumentation had on the precipitation record· that 

would.have been lised if ASOS did riot exist. · 

_ As· a note, ·an attempt was made_ to anal~e the p~ssible impact of wind on the. 
- . . 

. ' . ' . 

differences ill precipitation measliren;ients · made by · t4e HTB and UNN. This was 

accomplished by using wmd. speeds extracted· from the ASOS. lMJN observati~ns for 

each' lMJN report contailling'measured pred.pitatfon' .. The sum of the Wind speeds for a 



given precipitation event was divided by the event's total precipitation recorded by the 

HTB -to de~ve a mass .. -weighted average wind . ·speed. There was no discernible 

relationship be~een the average wind speed and tb.e difference in measurements taken by 
• • • ' - • ' • - < ' ' 

the HTB and UNIV. 

Figures 3.6-3.18 show the relationship._betWeen the HTB ll\.1IN and the UNIV for 

each site. Figures 3.19(A-M) show the HTB 'SOD versus the~ for each location. 
' ' . 

From theses· two··sets of-figures; a subjective assessment can be· made on the apparent 

impact of ASOS within our period of study. In addition, this investigation intends to 

show whether or 11:ot WFO's edit SOD reports to reflect what they consider to be truth for 
. . 

precipitation .reports~ Table 3.5 provides. a Sumri:lary of the above fiiw'es, to_ mclude. total 
- . ' . . . ~ 

precipitation accuµmlated over the course of this ~tudy, calculated ratios, and slopes from 

least-squares fit calculations . 

. From Table. 3~5, it is apparent that there is considerable variation in the results of 

Table 3.5· Sumri:iary of ll\.1IN ~d SOD to UNIV 

lMIN UNIV ll\1IN SOD UNIV. SOD 
Station (in) (in) UNIV Slope (in) . "(in) --

UNIV Slope 

. ALB 11.74 11.83 . 0.99 o·.96. .. 5.47 $.27 1.04 1.00 
AMA. 8.21 7.60 1.08 1.08 5.21 4.88 1.07 1.05 
AST 48.90 46.24'. 1.06. 1.03 42.91 4L04 '1.05 1.03 
BRO 13.10 12.71 ' 1.03 0.99. 32.51 32.80 .. 0.99 0.99 

-CAB 23.06 25.30: 0.91 0.90 23.58 25.32 0.93 0.92 
·asp 26.55 27.43 0.97 0.96 21.26 22.00 0.97 . 0.97 
ILM ' 26.42 30.21-- 0.87 0.78- . 20.15 22.95. 0.88 o .. 87 
JAN 5~.50 55.27' 0.95 . 0.94 :61.19 ~63.12 . 0~97 .0.96' 
JKL 43.82 48.89 . 0.90 0.8T'. .. 51.89 . 52.14 .. 1.00. . 1.oo 
LCH .. 52.61 50.49 1.04 0.99 47.59 45.43 l._05 1.00 
PAH 39.95 51.86 0.77 0.81 .. 60.91 62.07 -·o.98 0.96 
SEA- . -21.07 20.ll 1.05 1.04;. 27.90 26.64 1.05 1.05 
SGF 33.30 35.19· 0.95 0.92 45.32 48.33 0.94. 0.92 
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. A. ALL EVENTS, - Albany,. NY (1 Aug 96 • 30 May .97) 
1.80 ----..----.......---......----------.---......---..----.. 

' 1.60 +--~-+-----+---+----+------,--t----+----+-"----=-+c=:~r-----f 

·~··. z ·1.40 _......-:::;; • -
i 1.20 +-.,--+-----+---f----+----t------,~·.;.-e ~--.. _ ... ~-+--'-' --+------f 
~· ~,. m 1.00 +---1----t---+---+--__,,_~,......__--+----+---+----'--I 
!i: 0.80 -t----r------"-t----;ii..--t------:::7.t""~----· ·-r----i----T---t------t 
en .. ~ 
0 0.60 • ~-- ~ en . • <: 0.40 ~ • 

' ~ 0, 

.·0.2.0~. 

0.00 ~~-+----+----+---t---.-t----+----t----;------1 
0.00 0.20 · . . 0.40 • · 0.60 · · O.SO· 1 ~oo 1.20 1.40 ' 1.60 1.80 

.UNIV 

B. EVENTS< 12 HOURS-·Albany, NY (1Aug96-30 May97) 
1.40 ~ 

1.20 ~--·~ 

' ~ 1.00 ~- .... ," 

~0.80· ~-·· 
~·0.60 ,.. ~·. 
~ 0.40 '-~;~. 

0.20· 4---:-----i~=~~--·~---'---+;._., _ __;_.-+----+--:..---t----1 
~' 

~. ·. "; ' 

0.00 .-=----+-----...-t-----t------;-----;-----+-------1 
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 

UNIV 

' ' 

C.:. EVENTS·> 12 HOir'RS -Albany, ·NY (1 Aug ·96' -.30 May 97) 
1.80 ..----.------..,.----,..----r-..;_-~---,-.:.--~---r-------. 

' 1-.60 -I---+-----+--:--+--'----+----+----+----+--~--:-. -.• -::: .. """1•iit-----f 
- 1.40 ..J---l----1----+---I----+----+--~--::.*._:;._......:..~+-----I 
z ' .:...,.....--;·· 
~ 1.20 ~---11----+-------:--+-''----+----+-~---.. -.. ......,_ ,...i_ .~---+..,.---+-'--f 

; 1.00+---+---~----t--'----l---~~--+----;----t----t 

!i: 0.80 +-,.--1----t--..r+----"-.;.;..._=:I""~..,:•_"_ .. _ .. ·-+----+-:---r----t---:-'-----1 
en. . • ~ 
·~0~60 ·~·.-· 
< 0.40 ·~P. 

0.20 ~ 
0.00 ...-~-+---~----+----t----;----r----+----r---~ 

0.00 0.20 ' 0:40 , 0.60 0.80 1.00 1.20 1.40' 1.60 ·1.80 

UNIV 

; •' 

Figure 3.6 ASOS HTB lMIN vers\Js UNIV at ALB for (A) All Events, (B) Events < 12 HoW"S, and (C) 
Events > 12 Hours. 
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Figure 3. 7 ASOS HTB LMIN ve~sus· UNIV at AMA for (A) All Events, (B) Events < l2 Hours~ and (C) 
· ·· Events >)2 HolirS. · · -~ · · ~: ·· · 
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A. ALL EVENTS - Astoria, OR (1 Jul 96 - 30 May 97) 
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Figure 3.8 ASOS HTB LMIN versus UNIV at AST for (A) All Events, (B) Events < 12 Hours, and (C) 
Events > 12 Homs. 
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Figure 3.~ ASOS HTB lMIN versus UNIV at BRO for (A) All Events, (B) Everits < 12 Hoilrs, .and (C) .. 
·Events > 12 Hours:. · · -.. · · 

47 



A. ALL EVENTS - Columbia, SC (1 Jul 96 -. 30 Jun. 97). 
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Figure 3.10 ASOS HTB 1:MJN versu8'uNI\r at CAB for (A) All Events~ (BJ Events<:: Ii Hours, and (C) 
Events > 12 Hours. · .- · · 
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A. ALL E?Yf:NTS ~ Greenville/Spartanburg, SC (1 Jul 96 - 30 May 97) 
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Figure 3.11 ASOS. HTB lMIN versus UNIV at GSP for.(A) All.Events, (B) Events< 12 Hours, and (C) 
· EventS.> 12 Hours. .- ' -
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A. ALL EVENTS - Wilmington, NC (1 Jul 96 - 30 Apr 97) 
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. Figure 3.12 ASOS HTB IMIN versus UNIV at ILM for (A) All Events, (B) Events< 12 Hours, and (C) 
Events> 12 Hours. 
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Figure 3.13. AS()S HTB lfvflN versus UNlV at JAN for(A) All Events,_(Bj Evep.ts <: 12·m~urs, arid (C) 
Events > 12 Hours~ ·' · · · .- · · · 
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A. ALL EVENTS: - Jackson, Kv (1 Jul:9S ·- 30 .Noy 97) .. 
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Figure 3.14. Asos HTB !MIN versu8 UNIV at JKL for(A) All Event8, (B) EveµtS < 12 Hours, and(C) 
Events > 12 Hours. · · 
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Figure 3.16 ASOS HTB lMIN versus DNl;V at PAH for (A) All EventS, (B) E~ents ~ i2 Hours~ and (C) 
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Figure 3.18 .ASOS HTB !MIN versus UNIV at SGF for (A)All Events, (B) Events< 12 Hours, and (C) 
Events > 12 Hours. 
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- . . : - ' ' . 

the individual stations. :only three stations, ·IL~; . .TKL, and PAH, h~ve ~lopes· o~ ll\1IN 
. ·.. ·" - ~ • - - '.t ·',. ' • ' - . ' , 

,'versus-lJNrY ratios less·_~an-.o~ equal to·Q.90.: -'fhe. stabil~ty of the re.sults .of 1:Jie HTB 
LMIN 'to UNN .. relations:b,ip ·in Fi~es. 3J_4(A) ·and 3.16(A) ":for. JKL and PAH, 

' ' 

respectiv.ely, suggest tha~ . these . two ASOS HTB units· .are consistently ·failing 
- ~ • ., •••• ' • • • • • • ol.r, ' 

- . . . ' 

~perationally. : This ;failure .is ~viden:t~ in their d~monstrated tende11cy _.to ·significantly 

undermeasure with respect to the UNN. Tlie approximate distance between ~e HTB and 
' . ·• ' '. . . ·; ' . . ~· . - ' 

UNN at the.se two sitt:S::i,s less.than 1300 ft, oi; 025 iniles, reduciµg the likelihood that the 

4ifferences between the gauges. were. spati:a11y ~d.uced._ . As for ILM, ~~-e-inconsistency of 
. ' . .· .. : .. .. ,.·. ." ·. ' '. '' - . 

. the measurement ~mmparison betweeA)ITB and the UNJV, illustrated in figure 3)2(A), 

along with -the given ·gaug~ separatipri_ di~tance, -iri ·excess of a· mile~ ,.indfoates. that 
. . . . - ' - . . . . . . ' . - . ' ). -. ~ . . ' . ' . . -

con,vec~ive vatjability .was .. po·ssibly the 'most significant factor in the, -observed' gauge _. . ~. . . - ~. ; . . . ~ . . .,, ' ' ' . ' . - . ' . ~ . . 

_ , 4ifferences~·· ·Therefore, by~ eliminatingt4e two ap:p~ently fa1:J:lty HIB gauges at JKL and 

· PAH along with ILM, it js evident fyofl1.this. stµdy that, typically,;devia~ions between the 

_HTB lMIN and UNN remain within.the r~ge of ~10%. Using the.mean HTB lMIN ~o 
. .. . 

. · UNIV. ratio of all the· stati~ns to project thejmpact to· the precipitation clinlate .record by.· 

the group as a wholeyi_elds'.a ratio of o.97, acljrn~te rec~rd change of-:-3% .. _.Whexeas; if 

JKL and P AH are· remq~ed,. ~e .· remayullg gi;:oup mean ra~io indic~ted a µear one-to~one 
. ~elationship between ~D3 lMlN' and the µNW, therefore it cotild be concluded !hat. there 

'was ~o.impactm~de on the.clitnat~ r~cord as'a:collectiye'.set. 

From'.fable 3.5 'it is concluded that tµe_ slope of the least-sqtiar~s·fitline ge~erally · 
. ' ' .. .,, . " ' . '.; ' ;. . ' ' 

' ' 

depicts ~~ ratio.· of l~ to UNIV to be 'fiie same or lower than the cumul,ative-.TMIN to 

·- UNN ratio_ does with the exception of.PAR .. :Jn the case of A.ST and.Bl~O, tjieJower 
·- . ,. ' . ' ' . .·· . . 

. . ' ' . ' . . ~ . . . " 

ratio of the slope -measure depicts the HTB LMIN as less of a precipitation. pvermeasuring . 
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. '· ' 

- _-·' devfoe than is ·_refl~-cted _by the ·:cunitifat!ve precipitation -_ratio~ · At P AH, the -~ghe~ ratio of 
.. ,'·. 

-. the slope 'measur~ment shows i more ~ptimistic agreerilerit b~twe~n . HTB . LMIN and 

.UNT\l; howeV:er slight it may°,b~, than'is_represented bythe c~ulativerati~.-

. The- precipitation record of :tpe SOD. ~as generally ll1uch ·closer to. ihe bNiv than 

~e_ l:MIN had been ;as· depicte_d -in·: both ·the slop_e of th(least~squates fit line 'and the 
- . 

. . . cumlllative ratios. ':It m:ust be- _notecl:that the~e improvements are in :part 'due to the fact 

tp.at ,l~ss· precipitation "was· compa:C¢cL" The HTB. SOD --data, as stated- earlier,. di4 not 
I ' ' '•, ', 

become ·available to the ~tudy until'~, 6btob~r. 199.6, whereas~ gauge compariso1i for _HTB 
' ' - .· - ' . 

-1 :MIN ·and UNIV observations sta~~d-iµ July· 1996_. for ino$t site~·~ For example, this is · 
£ • _; 

likely the reason for.the instability hi~the iITBand UNIV relationship B:t ALB where the 

results ~hift- dramatically. ~~tween values derived froµi H'fB, ·11v0N versus 'tJNfV. and 

. HTB sot> ·versus· ·UNN .. The_· ingfab~lity in th~ ._HTB: ~d-· UNIV' relat1~nship most· l~~Iy 
.. . ;' 

results becaus_e the precipitation rec9rded at·the~e ~o _sites was-v~cy_ siliall.telative to the 
- . . 

· other·i2 sites. . ·.· .. ·· 
. . . . . 

·· E~en mor~- notable are the_ reniarkable ·improvements·: in th~· reported precipitation 

:. ofth~·HTB SOD versus UNlV relative to the HTB':'l:rvri1'(\rersusl1NIV at Ji<.L and PAH . 

. · .F.igur~s _3~19(1) aqd 3.19(J) respectively, show a near perf~ct relatfotishlp irt HTB SQD to, 

·. ·UNtv .measurements with: only three poillts .at each, -station- showing any major deviation 
- i " • ' ' • '~ 

:fyom the one-to-one ·ratio-liµe and .the; _least-Sq1:1MeS fit .line. of the ·data. . The. improvement 
. ' , . . 

· - -at these ~o -sites can"only be ·explaiped by the fact that ·JKL and PAB edited daily 

. -precipitation reports in the SOD. _of'~ll the SOD reports 'made dUrillg tl1e course of this 
. • 1 - ' 

··study, ·10% and SO% of them- for ~ and PAff respectively; diff~red froP-1 ·the. tiNiv by 

62 

.; :·' 



-· -

0.01" or les~ -- strong ~vidence that th.e UNIV was used to.adjust the.~totals r~pqrted in the 

SOD.-.· 

. In. suniriiary of .JMJN to' UNIV comparisons and· rest;tlting ratios from·: total 

~ccumulated precipi~tion and .. slope . measure from least-squares- fit lines, i~ can. be 

concluded ~~t the impact,ofthe.A~OS HTB can be quite substantial to the .. individual ~ite 

climate record; noted especially at_ PAH and to a lesser degree ~ and ILM. Removing 

th~se sites" form_ the collective gioup results in individual site Climate iecords . being . 

. impacted wit4in a rang~ of ±9-10%. The.:entire group·mean ~ati~ or'0.97 and· the mean 
. . . . . 

slope of 0.94, shown in Table 3.5, illustrates that the ASOS HTB still favors 

undemeasur~g precipitatioi:i ·in th~ total clhnate record of the 13 :stations used in- ·this 

study. Only ~er extensive editing .of SOD -reports .at PAH and 1.Kt does the, collective 

group mean ratio of total accumulated.precipitation reach a near one~to-one ratio .. 
, ' • 'i -

fu an a~einpt to defo~e- how the BTB lMIN compared to the UNIV for short 

versus long'. duration. events, events were divided up into two groups~ The. two ·groups . 

created were e~ents. that occurred over periods less than 12 hours'. ~d those greater than 

12 hours~ The .. goal. of this portion of the ·analysis was to isolate-convective events within 
'" . ' . .,. .. , ' . , . . .. 

the less than 12 hour event .bui. . The time resolution of the bins was directed· by the 6. 

hour resolution: of the UNIV data. The use of 6 .hour event bins was . considered, but it 

was.concluded that .there would be significant contamination of.the longer 4uration bin~ 

by sh6rt duration events ·that perhaps ~t~ed right before a 6 ho~ DNiv report· aJ?.d ended 

. shortly thereafter but were not reported until the reading was recorded 6 hours lat~r. Such 
. ' . 

· a scenario would allow a brief event to· be· classified as· a 12 hour event. Limitations to 
' 1 • ~ ... 

. . . ' 

· this· portfon_ of the. analysis reside in the . fact that multi~le _convect.ive events ,-might ·have 
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occurred during three or more 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 s~veral sites (e.·g. BRO), there_were.few event~ that last that 

lasted more than 12 hours due' to their'clinia~e.regime. ·Figures 'J.6~3jg· illustrate the . 

relationship of the HTB ll\11N and UNiv for_ events less than i2 hotirs in duration and 

· · events greater than 12 hours .. Table 3.6 summarizes those figures. Iii Table 3.6, values 

Table 3.6 Summary of LMIN to UNIV for All Events, Events< 12 Hori.rs, and Events > 
12 Hours. 

All Events Events <12 Hours Events > 12 Hours 
·1:MIN Uv1IN .~v·. .lMIN .· TMIN UNIV · · · lN.DN 

Station -- Slope . (in) (in) -- SI.ope (in) (ill) -- Slope UNIV UNIV UNIV 
ALB-. 0.99 0.96 4.93' 4.99 0.99. ·0.95 ·-6.81 . 6.84 . 1.00 0.96 
AMA 1.08 1.08 2.32 2.18 1.06 1.03 5.89 5.42 1.09 1.08 
AST . 1.06 ' 1.03 4.56' 3.93 . 1.16 '1.05 44.34 42.31 . 1.05 1.02 
BRO i.03 0.99 8.13 7.69 1.06 0.98 4.97. 5.02 0.99 0.99 
CAE ·· 0.91 0.90 : 15.43 17.43 - 0.90 . 0.89 7.41 7.87 0.94 '0.92 
GSP 0.97 0.96 15.08 -I~.29 ' 0.99 ' ' 0.97 11.47 "12.14' 0.94 0.95 

'ILM 0.87 0.78 10.72 10.86 0.99 0.78 ' 15.70· .19.35 0.81 0.79 
.JAN 0.95 0.94 39.50 41.25 0.96 0.95 -13.QO: .14.02 0.93 0.91 

JKL 0.90 0.87 16.62 . 17.88 0.93 0.91 27.20 31.01 ·0.88 0.86 
LCH 1.04 0.99 33.53 31.29 1.07 1.01 19.08 19.20 0.99 0.98·' 
PAH 0.11· 0.8'1 ·20.72 25.81 0.80 0.81 19.23 

, 
·26.05 0.74 0.81 

SEA 1.05 .1.04 8.~5 8.l8 LOS L04 12.52 11.93 1.05 1.04 
SGF 0.95 '0.92 ' 21.63 22.63 0.96 0.93' 11.67 12.56 0.93. 0.92 
Mean 0:97 0.94 Mean 0~99 0.95 Mean 0.95 0.95 

·hold· relatively, constant across the ·different bins in comparison to the all events bin 
. . ' . 

except in bins that only include a small amourit of precipitation: . In those bins, deviations 

can,. significantly alter. the computed ratios. ·_Notice that Hgure 3.lO(B)-°of CAE~ Figure 
' r ' • • ' • 

- 3.l.2(B) ofILM, and Figure 3.16(B) of PAH have the largest number of points for events 

. less than 12 hours that have significant deviations both. above and below the least-squares 

fit line .. Furtherjnvestigati~~ of these. significant deviations ·at CAE~_-ILM. and PAH 
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reveafthat.th~se_ e~ents .occmred ill spring.~_d summer·. This iJnplies· that at the·se thfee .. 
' ' • " ~ ' .• c ' ' ' ' 

stations, ASOS is located far enQuglf from the uNiv .to allow spatial varlatiqns to affect 
... - ' • : ,\, ' !.' ·, : •• • " • ' -, 

measure_ment~ taken by ~~ . two gauges . as. _well as l~calized. topographi_qal. ·effects. In 

· .. other w;o.rd~, it was cc;mfu1on fo! more rain to occ:ru:- at 9µe locatiOn.than the other which 

would create a ~igruficant'sc~tter 6fi:'o~ts, and place.the~-.rando1,11ly above_,and bdo'Y the 

least -s·q~es fit line~ ·The d~ta. indfo~~es . in, the · c~se of ILM. ;that; it was ac:t1¥tllY · t4e · 

randot.ll nature of the sc~tter due .to 'convective influences that ove~. time struck a ' 
'.,r 

statistical balance ·between 1'1~ ASQS ·and.UNIV sites re~.ulting in the jllusion of a one-to- · 
• ,. ·~ <>:"' • ·~-' ~ - ' • • • '!' 

. ·- ' 

one ratio ittthe .cumulative ratio of..Ale.HTB and UNIV. The slope, ho~ever, seems to 

. reveal the true nature of the r~latfonship b~tW~en the HUl and the UNIV with a value of 
,. . . '· ' ' ·- ; ' - ··-

: ' ' 

9. 78 .. That valµe· :ls cQns~st~p.'t with .both the culnulative ratio and the ·slope found. froni the 
• - ' ·-. ' I-' • • . • ·~. '\ , .• ,•, _, " 

' . . . . 

eveµts gre~ter than .12 hoQrs·~ This ponvective effect becomes even l~Ore .·apparent· after . 
. - ' ':·;.. ' - ' . . . -

the ~alysis of evellts great~r ~.ail )2.· ho~s depict~~~ Figure _3.lO(<:;)~f CAE,_Fi~e 
'_. ,_ 

.· 1.12(C) of ILM, and Figure 3.16(C) pf PJµI. Thol:lgh ~e nutllb~r o~.obsertred events· 
. . . 

meeting the greater than 12 hollf criteria ~as considerably smaller, the HIB. lMIN versus 

UNIV comparisons match up more· closely with the least-sqtiare fit .line pfoducing little 
' . ,. ' .. 

' ~ ·- ' ' . 
·Scatter. This study suggests: that this. is :because the convective events~ with- the most · · 

significant spatial variations~· did not fall ui'the Jong duration categoi'y,-,and therefore it 

was concluded. that the .. greater than -.12 · hoµr event category .better,.· isofates th~ gauge 
'• • • ' ' • • ·, J • 

. ' . 

· -v~ation :from th~·- spatially induced variations ... In the ILM .case, botfrthe _cumwative ratio 

and the slope· of the greater than 12 hour events ~e in .agreement, and, strongly suggest 
. . . 

that this particular ASOS HTB severely .undertneasured precipitatiOn·, throughout the 

entire period of this study. 
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~~~ S~arlzmg the 12 hour ev~i:t birianalysis, t~stilts ·~onipar~ sii.nilar to was seen 

. in the-all' events analysis shown pr~viously .. inTable.·3.5.· The nqteworthy conclusion of 

the 12 bfu ·analysis was the· 3:bility to ~ee the ·spatial~~ convective signature in· at. CAE, ILM 

· . ~d P AH.. Not k,npwing the· ·e~tent of the ralidoril scatte~g of convective· -~ctivity at ILM. 

',n;tlght lead 'to a conc.lusiori that ILM's ASOS HTB nnpact ori.'#ie pr~cipitation cliinate 

.·record when compared to the Umv:js n~gligible upon compar4).g the total precipitntion 

accumulation, listed in Table 3.6, f~r ~ven~s less than. 12 hours by ~e ~o gaii.ges .. , . 

To -further illustrate ·.the ~endencies observed· at' ·each ·:site; th~-· 98:0 corifidence 

··.mtervals ofth~·deviations o~.HTB _l~ from the UNN{IIVIlN:.JJNIV) were computed. 
' ~ ' J 

The 98% was derived from the initiai program'"speci:ffoation th~t the HTB produce correct . 

· · precipi~t1on accumUlatiori:observatioils-98% of the thne (NWS, 19~2). In calculatmg'the . 

. ' 98% confidence interyals,' # ·was .. assumed that the data had normal population 

. ·· distributions ~f pi:ecipltation llCCumu1afiOn differenCe~ With sam:Ple siies ib 'exCess Of 30, 

and that the Central LnmtTheorem: wa~· applied in calculating the confidence intervals· 
• I " • ,1 

such that: 

, . ' ' '(j x ' ' ' : . (j x 
(
. . '· ·. ' , :· ' .. •" ' ' "J. 

x -(2.33)-Jn <µ <; 7 + (2.33) ~', (3.8) 

. where x is. the. s~ple meaii, n is. the sample . size; .crx is the". standard ·d~viation ·of the 

sample, a.ti.clµ is .the population mean. For· stations with S8mple Sizes n<30, a t~ · .· 

' distribution with h-1 degr~es of fi::eedom :w~s,. us~d 'to ·_calcrilate .. ·the 9~%. confidence 

···'interval-by:. • ' ' ~' ' ! 

, ' 

(x-(t.01,,-1}11ft-< µ < x. ~U.01~-1) a;J 
~n . . . ~n . 

(3.9) 
. . 
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where-t0.oi is the t~value with 1.0% of the distribution above and below it (Devore, 1995). 

FigureJ.20(A), shows the range ofHTB deviations from the UNiy for all events for each 

. station. _Center points on the et.t;or bars represent the mean deviation, and 98% .of all the 

HTB devfation_s from the UNN' for that station fall within -~e range depicted by the ·error 
' . . . ' 

b~s. ·The most extreme deviations lie outside- of that range. If the error-' bars are below 
- ·. . . . . . . . ' - . 

- • • f 

the zero line of the y-axis, ·that indicates that the HIB undermeasilred compared to the 

·UNN. Sumriiarizing Figure_~.20(A)~ PAH_anci ILMappear.as_ gauges with considerably 

larger -deviation ranges than the rest of the sites in the analysis, with -both sta~ions 

showing a strong tendency to und~imea~ure pr_ecipitation events. JKt, CAE, JAN, and 

SGF also demonstrated undennea_sµring _ tendencies, -. and ar~ very comparable in the 
' . - . 

.magnitude of this undermeas_uring. On the other side _of the spectfum, the d~viatfon range 

for_ AST showed a tendency to overme~sure precipitation accumulation events with a 
' ' . . 

mean deviation of 0.04". Caution shouid be exercised before making conclusions -fo_ the 
- . ' ' . . . ri .._ . ' • .. ' 

climate impact .of tl,ie ASOS HTB. at AMA due to_· the limiteg number of events _that were 

analyzed in this study. Both stations· had considerably less accumulated precipitation 

over the course_ of the study compared to the rest of the sites. · 
\' ' ' . . ., '. 

- -

Figures 320(B) and 3.20(C) :divide_: the ev~nts by length as before, those less than -

12 _hours· and those --greater than 12 hours, and depict the confidence intervals for each 

group at each- station. For e~ents -less· tll~ 12 hours, _PAH continued to indicate 

Un.dermeasured precipitation, while ILM had. _the largest _range pf possible deviations . . 

-reflecting both ovet and undermeasuring. This large range of both posittve and negative 

4eviatio~~ at ILM is sug~estive o~ th~ well. :randomized spatiai, convective signature 

discussed earlier for ~M, and here it produced an aver~ge deviation of 0.~0". The rest of 
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the stations within this bin of events less than 12 hours exhibited the same pattern they . 
• 1 .~. ' • ~ • • '. ' j 

had shown when all the events w~re induded t9gether in Figure 3.20(A). 

Figure 3.20(C) illustrates events greater than 12 hours. The range of devfations in 
- '' - - . ' . . . 

this figure is larger than the events less than 12 hours. This is l~ely due to the fact that 
: • ' ' ' •• 'j • • . - ) ,· >. t. ' • 

_ the small events with the si.naller de~iations have been excluded, .. so the more extreme 

deviations that were outside the 98% when all events were c<;uisidered ar~ 1io"'7 being 

displayed. It only makes sense that in general the longer the event,. the mor~ precipitation 
. ,. ' . . " ... 

accumulates, and.,the larger the deviations per event become. P~. and ILM show an 

alarming -tendency for the· HTB to Wldermeasure precipitation when compared to the 

UNN. : JAN, JKL, SGF_ and CAE also tended· to undermeasure on average. AST 

continued to show overmeasured precipitation by the HTB and while AMA ha~ only five 

events _in ' the . greater than 12 hour ~ategory, all of them wer~ overmeasures. The 
. ' 

remaining stations showed a smaller and more balanced. ·deviation range in,cluding 

instances_ of both. over and undenneasuring precipitation events. 

3~3.5 False Tips 

The false _tip is a problem_atic outp~t of the HTB that is currently b~in~ reviewed 

by the NWS for a solution. Simply stated, a false tip is the recording.· of 0.01" of 

precipitation when there is no precipi~ation. actually occurring. This false tip tends to 

occur when ~e temperature and dewpoint are wit?in l °F or less of e~ch other in a stable 

atmosphe,re with light to ca~ winds; in other word~, t4e key ingredients for the onset of 

··dew. The formation of dew typically occ~s overnight ~ear the.tim~ .of sunrise when the 

surface radiatively cools to a point where. the te~perature anci dewpoi,nt are nearly equal 
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causmg the condensation of water vapor on a variety of surfaces. In 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 ori 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 IMIN ·data when no . 

predpitation had been recorded by the HTB or LEDWI during the five minutes prior to 
. . . 

the suspected false tip. The.actual minute that· the suspect 0.01" HIB observation was 

made must be acc~mpanied by a report of no precipitation by the LED WI. The suspect . 

observations were then analyzed for temperature 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. If no precipitation was recorded by the UNIV 

for an event, then it was concluded that the HTB had recorded a false tip. The HTB false 

tips our method uncovered are displayed in Figures 3.2l(A-L) in a :frequency distribution 

for each station based on the hour the false tip would have been reported 'in the hourly 

·:rv.tETAR observation. A figure is not provided for SEA because no false tips were 

·extracted from the lMIN data set. For stations that produced a relatively large number of 

false tips, ·the maximum frequency o:f occlirrence tended to in the hours closest to sunrise. 

The distribution for stations with a small cumulative frequency of false tips was isolated 

between midnight and reasonable sunrise times. 

Finally, the number of false tips for each station was deducted from the total 

precipitation recorded by each site's HTB over the course of this study. Results are 

displayed ·in Table 3.7 Review ofthe results from this analysis in Table 3.7 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 (A) ALB,-~) AMA, (C) AST, and (D) BRO. 
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relative amount of total precipitation. JKL and LCH both show a substantial number of 

false tips, but they represent such a small fraction of the total precipitation that the false 

tips only amoUn.t to problems iti the forecast verification arena. A 'Yf'O forecast for a 

period would be rendered in error if no precipitation was forecast~d, 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 LMIN l:MlN #Pals~ l:rvrrN lMIN 

Station (in) (in)' -- Tips (in) --
UNIV UNIV 

ALB 11.83 11.74 0.99 6 11.68 0.99 
AMA 7.60 8.21 L08 6 8.15 1.07 
AST ' 46.24 48.90 1.06 10 48.80 1.06 
BRO 12.71 13.10 1.03 45 12.65 1.00 
CAB 25.30 23~06 0.91 7 22.99 0.91 
GSP 27.43 26.55 0.97 7 26.48 0.97 

- ILM 30.21 26.42 0.87 19 26.23 . 0.87 
JAN 61.87 58.82 0.95 12 58.70 0.95· 
JKL 48.89 43.82 0.90 36 43.46 0.89 

.LCH 50.49 52.61 1.04 26 52.35 1.04 
PAH 51.86 39.95' 0.77 16 39.79 0.77 
SEA 20.11 21.07 1.05 ·o 21.07 ' 1.05 
SGF 35.19 33.30 0.95 17 33.13 0.94 

Mean 0:97 Total 207 Mean 0.96 
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. ', .·"' 

. 4.0 'CONCLUSIONS 
. . . 

The _pl,lrpose of this investigation, and the Climate pata_. ContiJJuiiJ!. Project 

. (CDCP) with the. Au~omated Surface Obse~ing System (AS.OS) lleated Tipphtg Bucket 
. _~ .. ' . . 

. . 

···R.~in G~uge (HTB), w~s to assess ijTB performance and. e~amine- the .impact on 
~., • • ' ,- - • L I • 

precipitation climate contlliuity due to the NWS decision to switch from ·the Universal 
. . - . - - ' .... . ·-, ' .. 

... Rain .. Gauge (UNIV) ._to the·. automated: HTB. In addition to the ms~cin~tion change, 
.... ·· '.' 

the officiai'precipitation accillnulation observation site was mov~cl frqm where the .UN:rv . 
: - • ." r I • • • • • ,~ ' ' .. • ' ' ; - ' "• 

had resided to ·8; n~~ location f~r the.AS9S array. To detennine the perfonmuice of.the 
.- .. ,. 

HTB . in an: operational enyironm~~t, the HTB One Minute· · (lJMIN). obseryation 
. ., " ; . ·. ', . . . . . ·. 

,, ·- ' . . 

accumulated precipitatio~ measur~meQ.ts were. compared to a· Collocated Rain Gauge 
1 ~ ' ' • ' ~ •: i. . ~ • . "I ' ~ 

(CRG) at four site~: Jn order tci assess the impact on precipitation cfunat~ continuity, the. · 
. ''"; . . ' ·' ~ ' .. 

. . 

.· HTB 1~ and.~ ~er~ compared at 13 sites on a.total eveni 111:~astirement basis .. ·. 
'. . ' '· - . •' _. . . 

. : . The·· res~t~ .. of tli~ ·. perfo:rmance analysis . of th~·. ASOS . HTB . to 'the. CRG 

accomplished .1n . thi~ investigation show that in an 9perational setting, at. folll' sites,: tlie 
'• ,; ·"' . ,· ,' .. "' •, . . . .·. . -

,, ·r·.'. 
. . . 

total accumufation precipitation ratio of the HJ;'B to CRG can be as. low as 0.93 as seen in 
' - - .. : . . ' . .. . . .. - . 

$e data-·from Jackson, Mississippi (JAN). The other sites at Greenvilk~/Sp~burg, · 
. - . .. . . - - ' ~ ,, ' . ;• '- •:. . . -

.South Carolina (GSP), Lake Charles, Louisiana (LCH), and Spri!).gfield, Missouri ,(SGF), 
' " '; •, • .•• ; ' I• • • '• • 

show res~lts. o:f 0 .. 97' l.02, and 1.02 respectively. . The r~sUlts from th~' latter. sites. fall 
' .. • .) '• ' l - • : >~ .. f • 0 ' L - - J'L 0 " ' • 0 ' ' '. 0 0 ' • • 0 • , 

'\\jthin:.the ASOS ·$p~cifications of ±4%, o-µtlined in. section 3.4) Of the, .. 4SOS User's 

Guide (Nation~l ·weather Servic.e, l 998p.);. These results are. also, :onsi~tent with, the 
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· results achieved in the dedfoated test conducted at the NWS Sterling Development and 

Research Center which concluded.that the ASOS HTB undermeaslired by 2.4% compared 
. . 

to a collocated Standard W' Non Recording Rain Gauge (SRO). The least-squares fit line 
. ' ' . ' ~ ' - ' . . . . ' ' . 

. •. . : . . ~ 

analyses. of HTB versus CRG at GSP, JAN, LCH, -and SGF were similar to the_ total 
. . 

. accUmulation ratios with results of 0.97, 0.92, 1.02, and 1.03 respectivelY. This analysis 

reveals a tendency ill the data from the ASOS .HTB at GSP a~d ~AN to. push and exceed 
':i. 

·the· 4% imdetmeasuring threshold .specification for ASOS HTB precipitation 

accumulation measurements. . . Despite the: fact that~ iri a. gen~ral . ~ense, _ the HTB 
' . - . ' . 

performed adequately, variation observed in the HTB. to ~RG telationship at different 

· sites illµstrates that the standard algorithm incorporated in all ASOS units,. Equation 2.i, 

used for 9orrecting ac·cumulated precipitation,. does not compensate for diffe~ences in 
. . - . 

· each. individual gauge. Therefore, it is proposed from the res~lts· of this study that the 

correction algorithm Iie~ds an additiOnal linear correctio~. to the non-l_inear ·correction 

currently used in every ASOS. The proposed new correction algoritluµ,.·_Equation 3.7, 

mcludes the coefficient B, the linear correction proposed by this study. Given the 

v~ation in the relationship results of HTB. to CRG comparisons from the fout sites used 

fu this···investigation, the linear correction must be sit~-specific. · The li~ear correction can 
. . 

be deterinined by comparing a large sample~ from the annual average total accumulated 

liqwd p~ecipitatio~; of ASO,S HTB. event measurements to those· measured by an. ASOS 

col~ocated SRG .. The li~ear· relationship. of ASOS"HTB versus .SRO for .compared event 

measurements Will illu8tt~te. the magnitude of the linear corre~tion need for a given 

ASOS HTB·to achieve the ·d~sired one.:.to-one relationship.With.the:SRG ... For the four 

sites used in the· HTB performance assessment~ usmg the data· and resrilts from. this sfudy, .. 
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the proposed linear correction· based .on slope measure ·calculations are: · 1.03 . for GSP, 

l .. 08 for JAN; 0.98 for LCH, and 0.97 for SGF . 

. The impact on c~imate ,continuity by the ASOS HTB and its new_ location relative 
. . 

to the UNN, illustrated by the results provid~d from the 13 stations in.this· study,.seems . 
. . \ . .. " ,· . . ., 

to vary considerably.with respect to each individm1l site. Total accumillated precipitation 

differences between the · ·HTB · ll\.1IN .and UNN from .combined effects due to 

. instrumentatio~ p.erfonnance and spatial vatj.ations were shown by this· ·study to be in 

excess of ±5_%.for 6. of 13 si~es. The HTB 1~ to UNN .total accumulated precipitation 

ratio result at AstQria, Oregon (A~T),.showed an ~venneasuring by the IfTB on the order . 

. of 6% .. The least-square· slope measurement ofthe same data yielded a more conservative 
. - - :<. . ·.. , .:• . .: ' . 

value ~f 3% .. Considering the small di~tance between the. ASOS_ and the .UNN at AST, 
. . . . 

approx_imately 660 ft, the. concl~si<?n w~s reached that __ it .was not a spatial impact causing 
' . 

-such results, but more likely a case hi. which .the accumulated precipitation correction 
,. ' . ' 

algorithm us~d in the ASOS software is .not exactly correct for this site and particular 
' . . . ' . . '·. . . ' 

Further comparison of ASOS .. ~d UNN site ~eparation distanc~s to significant 

differences· in measurements· taken by the HTB and UNN at Jackson, .Kentucky (JKL) · 
·: . . . ,- . . ' - ; 

and Paduc~, Kentucky (P AH). indicated that these sites have possible faulty HTB units. 

Analysis of total ~ccumulat~d precipitation. ratios derived from HTB 1¥JN to UNN 

comparison showed 0.90 for JKL and 0.77 for PAH. Sifl¥lar results from.least-squares 

slope analysis of HTB ll\.1IN versus UNN were achieved· at JKL and PAH with end . . . . 

. . . . . 

results of 0.87 and 0.81 resp~ctively. The faulty .gaug~_ 1:heory is further solidified by the 

resul~s of total accumulated precipita~i~n ratios constructed fro¢ HTB. Summary of ~e 
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· Day ·(SOD) to UNIV comparisons w)iich ptOdi.iced Vfilues of 1.00and 0.98 for JKL and 

PAH '"respectively~ .. This .astoni~hirig. improvemen~ .wa:s dete~ed.·to 'he the result of 

: .WF6personnel.editing son··precipitation·tota.1s·to better reflect UNIV tneasurements. at 

. the$e tW~ .. sites.· Furthermore·, 'the small distance berive~n the uNiv .and ASOS array, 

approxiin.ately 0.25 miles,. r~'duces the likelihood that ,the gauge differences were. sp~t~~ly 

· induced.· :. 

· Further .. analysis of the impact' of the·. HTB :on"· clhnat~ coiitiriuity. uncovered 

. problems ·at.\viiilington, Norlli CardHna ·(ILM)·. ·Contiastmgresults from the analysis of· 
. ' . ' -

' all events. kid events, grouped' into 'bills base'd· o~ duration' crit~ria, indicated ~r spatial 
' ' 

convecti~e.·signaiure .... The 9cmvective .events led.to·a statistiCal balande of 0~99· in the· 
' '' 

. total ~ccumtilated precipitation. ratio :·d~r,ived fro1!1- 'the. HTB 1MIN. and UNIV' comparison 

'·for event~·less than 12 hours. ·on the ·Other han:d, totai accumulate.d 'preCipitation ratios 
'' 

'and. le~st~squares slope me~s~eme~ts.'constructed for all. events«arid events greater th(lll 
' " ' .- , 

12 hou:rs demonstrated ·a ratio range 0(0 .. 18~0.81 for Ji:rVI. These ratiOs· seem to better .. 

. .. repre~ent the situation at ILM,' and they indicate that th~ amount of precipitation rec.or~ed 

• in the JOcfil climate rei:ord has significantly d~reased since ASOS and the HTB 

Modification -~~. was : fielded. " The·. distance between'..~the ASQS arr~y and UNIV was 

· estimated to be in excess of one mile, further Supporting the conclusion i:hat convective 

' events induced significant spatfal variations between the 'HTB and· UNIV· at ILM: 
. . . '. ' . . - . ' - . . : . 

Of the ·13·iocaifons used for-this investigati9n ofthe climate continuity impact of· 

the HTB, 9 sites show individual clniiate impaCt results from total accumulation. ailalysis 

'of LMIN data to UNIV comparisons 'in excess· of' ±4%. · Individual slope mea~W.:ements 

provide similar insight to' the impact on site climate continuity wfili ~even stations studied 
. ' " . .'' . ' 
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-- .. . 
.·showiiig ntjmbers in excess .of ±4% fi:om HTB ll\1IN ,vers'us UN:IV. relationship ~alysis .. 

• • l • • ~ • • • ' • . ' . • 

Applying the sanie analysis described .above with the substitution-·of HTB SOD data for 
- ' . ... ·"· ... " . -

HTB IMIN produced slightly better results, with six stations producing total accumulation 
' '. • •' ''• <' ' I • ~ • •.'. • ' ; • 

. ·ratios_ in excess of,±4%. This. ·im:pr?vem~nt. in the ~umber.·of.stations observed to be 

·within :±:4% is due to a reflection of the editing ~ractice~. of ASOS SOD reports at PAH 

andJKL .. 

. . Further.ana~ysis ofthe me.an_HTB 1I\.1IN to UNN total. accumulation.ratio of all· 
. ' ' . . ' ' . . . ·. 

: 13 s~tions.:was_ 0.97.~uggest~g an ·undetmeasu.ring impact oi;i.the climate record of the · 
' ' . . . 

. ·collective group~· The mean slope ·from the_ HTB 1.MlN to UNIV comparison pt:()duced a . 
' ,' . .. ' ' ' . - ' 

. . . . . 

. ·~value of 0.94. suggesting a more significatJ.t -~~ermeasuring -impact of ,the. HTB for the 
.. collective .. ~oup.·: Removal.of the is.olaied faulty gaug~s at .. }KL. and PAH frofl1 the· 

. . . . 

collective ~oup. impro~es .~e mean_ t~tal; ~cp,µmulation ratio to. -0.99 ~d the ~e.an --slope 

· to 0.96~. Whe~·using.the SOD reports to assess the.me~ clilmlte ~cmtinuj.ty_hnpacf.ofthe .·. 

· ASOS HTB on · the ' collective.· group .. of.- lJ._; .stations,. the .. r~imlts presented by this 
' ' 

investigation show a collective.mean.total accllm.ufated precipitati~n ratio-of.0.99-~<;l a · 
... ' , . 

. mean slope of0.98wheri Compared totheUNrV: This near one-to-one total accumulated 

precipitatio~·ratio suggests ·that the ASOS HTB.ha.~ not significantly nrtpacted the clim~te 

. continuity for the 13·stati0ns'used in.CDCP in~fstigatiori of the HTB when considered.as· 

a gr~up. Mean sfope measurements shoWed a tendency Ui undermeasure. by 2% for the 

collective group of HTB gauges. 

·ID:_ conclusion, .after eliminating the res~ts _from the faulty gauges at ~-and 
' . . . ' 

P AH, the impact'. of the ASOS program at each of the remaining 1-1. ·sites on ·the 
. . ~ 
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precipltation cli~ate c~iithluity is ··conservatively· est~mated to fall withiri' a range of 

±lOo/o-. ··"Tue. resUlts at :iLM · illustr~tes the 'possible imp.act that spatial. variation can 

· introdUce to climate Co~tinuity~ As this teport dem~nstrates, the magnitude of the ASOS 

. HTB impact on climate contiriuity fot iridividuai stations is highly variable, and in some 
- . ~ . . . . 

. cases very signiflc-~t. . The.discovery that·2 'of T3 .gauges were failing op~ratiOnally was a 
' ~ j ' ' 

. very ~portant result of this investigation .which le.ads ~o a very hnJ?Ortant quesdon .. O~t 
' , . ' . " . 

· ·of.the 93J ASOS arrays that have.bee1r ins~Hed nationWide; how many· oth~r ASOS ·HTB -

uruts -are. also falling? . Fro.m evidence presented in this sfudy, ·I· assert.:that the· only 

. scientjfic way to assess the 9peratiort~l performance of the ASOS HTB .at.each NWS site 
. ' . ,- ' ' , 

is to collocate an SRG with the ASOS· for,. perfomiance assessment over an extended 
' ' ' .- l • ' . ,;,.1 r 

. period of tinie. · · S;RG measurements· shoUld .. be taken regular~y and preferably· at a time . 

. · .. ··that :9ffers sigriificant sep·&ration .. ~etween ·events. · These results· WiH "establish HTB 

. performance and. wi\l also provide. ~· baseliri.e for ASOS to. UNIV comparisons. Such 

, .studies would provide ~sight' ·on· the 'impact ASOS-. is mfil<lhg 0):1 the focal. precipitation 

climate records· ... 

t._ 

11 
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