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VARIABILITY OF PRiCIPITATION IN WESTERN OR1GON 
AS RßVEALD BY RADAR ECHO PATThRNS 

I NTRODUCTI ON 

The wide variation in mean annual precipitation 

amowits in western Oregon directs attention to the proba- 

ble factors causing this variability. Locations only a 

few miles from the main Willamette Valley receive over 120 

inches of rain.tall annually corrÀpared to the 35 to 40 inch 

mean annual precipitation recorded in the central portion 

of the valley. The average effect of the Coast and Cascade 

Range mountain barrier on the precipitation pattern is 

shown in Table I whore the zones used in this study are 

identified and the mean annual precipitation for each sta- 

tion is given. Plate I shown the locations of the stations 

and the general topographic features within the area under 

consideration. 

After observing the remarkable contrast in annual 

amounts between the various zones one is inclined to say 

that coast range stations1 for example, always receive more 

precipitation than valley stations. However1 this assump- 

tion is not always true. There are wide variations in the 

precipitation anomalies between various zones. Some pre 

cipitating systems will deposit more or equal amounts of 

precipitation on vdlley stations than on coast range sta- 

tions. On other occasions, coastal stations receive more 

precipitation than the coast range stations. The magnitude 



of the differences varies considerably also. 

The objective of this study is to deterwine what radar 

echo caraoteristics and patterns are uniquely associated 

with variations in precipitation amounts between zones. 

Little is reported in the literature regarding echo 

characteristics associated with variations due to orograph- 

io effects. This is so pertly because most weather radars 

are loated in areas where no appreciable orographic et. 

tacts can or do exist. The location of the àN/W..9 

weather radar set on 2OO foot McCulloch Peak In the Ore- 

gon Coast itange provides an unusual opportunity to study 

this variability, especially as it relates to orograpiic 

effects. 

Studied in detail aro two general types of precipita- 

tion variation. One type concerns the cases where the 

coast range stations receive more precipitation than do 

stations in surrounding zones. The other type deals with 

the cases in whieh the Wiliamette Valley receives as such 

or more precipitation than the coast range stations. 
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PEOCDtJR. FOR ANALYSIS O? DATA 

The eethod used by one in the axmlyøis ot the large 

quantitis of radar data available tor a 5tudy sueb as this 

is most difficult to select. Those faniiiar with the in- 

iterent capabilities and ilititatiorts of i'adar knov of the 

difficulty in extracting useful and aeaningtul data from 

the ?PI (Plan Position Indicator) scope or the RHI (Rangt. 

Height Indicator) scope. Several previous investigators 

noticed on ocoasion that radar echoes to 0k on an organizad 

appearance. Clem an Moxon (5,. p.38) investigated in detail 

the appearance of banded structures in radar echoes, but 

did not relate these structures to precipitation ohar&eter 

istics; nor did they find &fl) relationship between these 

structures and the underlying topographic teattre. Fuji- 

wara (1:33.39), however, studied the foratiou of station. 

*27 rainbands and related th formation of tha,e to topo- 

graphic features. Ligdè (14, 12?44275) states that, u 

there are no unique tstures in this type (orograçie) 

of precipitation except that on ocasori it can be fairly 

utrrm0 

None of the above ntioned oharacteritica appear to 

be commonly present on the radar scope In fact, eost of 

the time there seems to be a constantly changing pattern. 

Sinos radar detects precipitation and since it is the quan. 

tity being investigated it seems logical to start a study 



er tais type by tiret looking t the precipitation data. 

ro determine troia the radar data when there is a igniti 

cant ciange in the echo pattern correspondin to soae ehange 

in trie precipitation anosaly ii too subjective. Por these 

reasons the precipitation pattern is anlyzod iirst i. this 

study. 

For purposes ot this study, only precipitation data 

tron recording rain sges in Oregon within 125 siles of the 

radar are used. ¶abie I identifies the stations and roups 

tbew into nine zones. The stations are zoned aaoording to 

their mean annual precipitation and geographic lication. 

elate X shows the locations of all 59 numbered stations 

in this study. 

The periods or precipitation analyzed were selected 

out of the approximately 350 hours of radar film data col- 

lected between 22 August and 31 eosaber 1960. Hourly pre 

cipitation data for this period for a].l 59 stations was then 

tabulated on ledger form. Nezt the three-hourly aaounts 

for each station are totaled and the zonal threehourly mean 

computed. Ustntj zone C as the base for ali zones it is dei. 

termined whether each zone has more, equal, or less ?reoipi- 

tation than Zone C. These other Zones are then marked with 

either +, -, or N (equal). 

With this information at hand adjacent three-hourl' 

periods sr. aoepared. When a change occurs, i.e. from +to 
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- in arie or more of the zones in relation to Zone C, the 

period tor that particular precipitation regime ezds an 
the 

ea*parlsoxi with the next the.'.hour1y period begiu5. 
Thus. 

a certain precipitation rogie #iay 1&st troni three hours to 

any zLultiple thereof. Oenera11y it the regi lasted tor 

more than 12 botu' it w broken dowr4 into sai11er thtr. 

vals of tiEe, especially if there appear a marked change 

in raita11 intern3ity during the period. 

£e1ection of three-hourly periods for the initial 

grouping came about for the to11owin reasons: (1) the Fer- 

gusson weighing gares used at 56 of the stations do not pro. 

vide accurato hourly amounts, but three.ubour1y amounts tare 

more reliable; (2) all zones should be affected by the et. 

niospiteric process or procees taking place in the three. 

hourly period but probably not for slorter intervals of time. 

Indeed, irA nearly all cases the maximum precipitation 

amount for a given three.hourly period occurrot during that 

period for all zones, except usually not in Zone I. Larger 

intervals of time are l.tcely to smooth over any variation 

in the precipitation pattern that might occur within that 

tims. 

The procedure used to classify the radar echo pattern 

and characteristics correspondinß to the two general preci. 

pitetion regiiies evolved after first checking the radar ftl* 

for the two most contrast1 cases. The best ezaple of 

the soet pronou ced orographic effect was toud tu the case 
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of 2 Noveabr 1960 btw.en 1900 and 2100. artug this 

period Zone A ihowed a niean ttuoe.hour1y precipitatio.A 

amount of 0.0?. Zone GO.62, Zone O.11, *nc bone OO.2. 

At the other exti'ewe foi' the esses wtier. the 41Iutt 

Valley (ories and F) reoeivs nore precipitation than or 

equal aaounts to, the coast range (zone C) the best exam. 

pie occurred in the case ot 8 October 1960 between 1OO and 

lßOO?. 

These two cases wore thon analyzed very closely in 

order that arii differences in the echo pattern a'ight be de- 

teeted, and that thon these characteristics would be 

looked Cor in the remainder of the data selected for anaiy- 

sis. .cho characteristics especially lo eked tor were lirec. 

tion and movement oÍ oeils and 1ines horizontal extent, 

character of the echoes, i.e., stratitorrn or cellular, 

streaks (length, width, spacing between longitudinal axis) 

and life tire of the eChoes. 

The aost pronounced differences between the two cases 

selected above were: (1) character cf echoes and (2) the 

dissipation of echoes as they moved across the Coast range 

tntQ thø Willaaette Velley on the 25 Noveebar case. The 

echoes were of cellular character for the 8 October case, 

while for the 23 Iìovember case the echo pattern appeared 

wholly stratiform tu nature. 

The problem then became one of adopting a. proasiur. 

for the analysis of the radar tilrn data that wo'ld reveal 
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those differences in the other cases si1ected» if they 

were pres8nt. The satter ot echo ch&racter cleterinlzìatlon 

is subjective and consequently becase a relatively easy 

ehax'acteristic to deterilne, one th.at is deteriined by 

appear*flee only. To detect whether or xot the echoes dis. 

site & they ove across the coist z'ange into the i1. 

1ainete 11e11ey a *ethod of d,terrninin rel&tive &reas 

eovez'.d by echo in the various zones evolved. A grid eye- 

t.* coiposed et squares 25 ¡niles on a side was set up by 

drasing nortb.south and eaet.weat lines taisent to the 25 

mil* rsnge asrkers. The grid extended to the 75 mile rana. 

markers dir.otly east and west of the radar. Thus there 

are eight zones, seven of which correspond roughly to one 

of the zones listet at the end of Table VI. 

This phase of the studi required two people, one to 

operate a movie projector and to record the data and the 

other to sake the echo measureaents. oho characteristics 

measured were; (1) percezitage of echo coverage in each of 

the eight echo measuring zones defined in Table Ii; () 
echo type (stratiform, , or cellular, C); (3) ocho cnove- 

ment (direction frow which the echo moves); and, (4) the 

mean range that echo appeared during the ttue period iii- 

volved for four azimuths (north, N; south,; west, ; and 

east, ). 
The summary of mean three-hourly zonai precipitation 

and mean zonal echo coverage appears in Table I for the 



case oÍ plus oo*st z'ange anomaly and tu Table VII for 

coast range minus anoa2aly. For all columns, except those 

beaded by D, O' and I, the mean three.bourly precipita. 

tion is the top figure listed tu the column and the lower 

figuro te the mean echo coverage for the period in ques. 

tion. 

Computations from the Salem, Oregon rawinsondo sound. 

ing for the 2ß-tiourly periods during and tmediately ad 

jacent to the times selected for study appear in 1able II 

foi the coast range plus anomaly and in Table III for the 

coSt range minus anomaly. Computations of temperature 

difference between 1000 and 850 millibars, 850 and 100 

millibars, and 700 and 500 atlUbars appear as a rough 

measure of stability in the lower layers of the atmosphere. 

The other peraietors listed will be mentioned when appro. 

priate in later sections. 

The generai surface synoptic conditions for the area 

within 400 allee of the. radar are Usted in Table IV for 

the coast range plus anomaly and in Table V for the coast 

range minus anomaly. 

All echo measurements listed are for antenna tilts of 

2.5 or *.O degrees tu order to eliminate the ground clut- 

ter from the measurements. ilate II show8 the ground clut- 

ter as obtained for antenna tilts of 3. and 8.5 degrees. 



COAST RANGE PLUS ANOWALY 

The most iliustr'ative example of orographic precipi.. 

tation resulting in a much higher mean in Zone C than for 
other zones appears in Plates III through V. During the 

period 1900 2100? on 23 November 1960 the mean three 

hourly precipitation for Zone C was 0.62 inch while Zone 

A received 0.07 and Zone received 0.11. Zone G, the 

north Cascade zone immediately east of Zone ,shows an 

increase again over the valley. However, the echo cover- 

ago did not show an increase, probably due to range atten- 

uation factors resulting from the heavy precipitation. 

The serio character during this period was stratiform. 
Plate III shows the echo pattern at a plus one degree 

antenna tilt at the top and a plus 3.5 degree antenna 

tilt in the lwer photograph. Tiesignificant echo tea- 
tures in this photograph are: (1) the stratiform nature of 

the echo; (2) the distance that the echo extends to the 

east compared to the distance to the west, an indication 

that the air is starting to lift as it crosses the coast 
line and more lifting as it crosses the Cascades: (3) the 

void space over the Willasette Valley, especially notice- 

able in the lower photograph, indicating that the preci- 
pitation decresses markedly in intensity as it crosses the 

illey. These three characteristics are apparent in 65 

percent of the cases of the coast range plus anomaly. 
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¡lates 1V and V show the same echo characteristics persist- 

ing nearlr one and two hou.rs later, respectively. 

For coast range amounts less than 0.15 inch but still 
iuoro than willamette Valley amounts, the relationships are 

less apparent than for the amounts above 0.30 inch. Table 

VII Part B shows the summary for Zone C amounts less than 

0.15 inch. The most significant chance is in the charac- 

ter of the echo. In the case for Zone C amounts above 

0.30 inch, the predominant character was stratiform. In 

this case, the cellular characteristic is more pronounced, 

indicative of more convection taking place (2, 7884), and 

thus making it more likely that the valley stations can re- 

ceive as much precipitation as the coast range stations. 

No significant correlation exists between any of the 

factors listed in Table II with the intensity of the oro- 

graphic anomaly. Thus, radar appears to detect the oro 

graphic effect more vividly than can any of the routine 

synoptic or air-mass analyses techniques commonly used. 

li of the coast range plus anomaly cases occurred with a 

cold front or occluded front in the area, while two eases 

occurred inìiediately after the passage of a cold front. 

The other li cases apparently occurred in the absence of 

any frontal effect. 
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COAST RANOS INU5 MOì'ALY 

Ìiine cases tar which the mean three-hourly precipita- 

tion tor the coast range was less than tor the Willamette 

Valley are listed in Table VXI. The cases are listed in 

order ot decreasing contrast between Zone C amount3 ai4 

Zone E amounts. The echo character is cellular in nature 

for eight out of the nine cases, although there appeared 

etratiform type alûng with the cellular type in seven of 

the cases. 

The correlation between a change in mean precipitation 

tz,oin one ¿*djacent zone to another Is not quite as good as 

in the case for the coast range plus anonaly. For an in- 

in tron Zone A to ZorAe C in four 

cases, there existea a corresponding increase in percent- 

age of echo coverage in three of the cases. For an in- 

crease of precipitation from Z one C to E in six cages, 

radar echo showed a corresponding increase in four cases. 

For an Increase in precipitation from Zone E to G in five 

cases, a corresponding increase in echo from the same 

zones occurred in four cases. 

Plate Yi illustrates the case of an echo pattern 

during which Zones G and H received more precipitatian 

than Zone C. The scope pattern for 5 October at the top 

of the page shows the frontal band over the coast and then 

later, in the bottoni picture, over the valley, with rio de. 

crease in areal extent. IrA fact there is a siiht increase 
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shown as 1iste in Table VII. 

Gold fronts wers present in two out of the nine sassa 

analysed for this anomaly. Again, no obvious correlation 

existed with any of the parameters listed in Table III. 
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GOICLUSI ONS 

ihiß study demonstrated that radar can suecesstully 

detsat the occurrence of orograpto jrsc1pitation eG 

pecially ir the riost extreme cases of a 1are plus auo 
aly £o2 .oz$ C. For ar iucre5e in jroclpitatlon from 
oue to one C in U casei a corresponin thcrase 

in radar echo coverage occurred in the aiiìe 11 cases. 

U cses stowed a decrease in precipitation from Zone C 
to with a corresponding decrease in the radar echo in 
nine of the saine cases. 

The correlation between a change in the precipitation 
amouLt f1OU a given zone to another zone and the corres 

)ondin like chane in the echo pattern between the sa 
zones is not nearly as good tor the southern zones (zones 
south of the radar), probab1r because of the more eoupLt. 
cated topographic features. A auch better correlation 

can probably be obtained it stepped-gain is usei for the 
radar receiver. In one zone the echo niay exceed satura. 
t!on but have the same percentage of coverage as the echo 
that is not to saturation in another zone, and conse 

quently the correlation may turn up less. 



aCoINDÂTXoNs FDa 4flL.H RLARCM 

P1'eßentiflj the radar echo on the ¡'PI scope is s veri 

cr'udø method of presezttnj cutsiri kinds of dsts t or use 

by the obsez'ver. 1or inetanee, signal intensity 1nto- 

tian Le niuch more ueaningtu1 it presented on an A scope 

tnted of on the PJI where it is difficult to detect 

gradations ot brightness sa related to the tength ot the 

1etu2ned sig1. Intensity inforsiatton coupled with maas 

iire***t et u!e$1 eztent Of echo as doris in this study 

could k tssstble the estimation et areal saounts ot 

precipitation. This is a necessary step to take if more 

Work is dons on precipitation variability and estimation 

at amounts. 

Another typs of data provided by the AN/CPS.9 but not 

UøSkl iii this study is the depiction of the vertical struc 

ture of th precipitation as provided by the 1I scope. 

Due to opsntiozal difficulties with the EkiI durinß t.he 

period under study and consequently very little data ob- 

tamed from it, no data from the Eh is presented here. 

Kowever, the RN! scope provides t*valuable intorzation on 

the viUe*l extent of precipitation and should be ox. 

ploited as much as possible. 

Stepped.ain control is another method uøed to deter- 

eine relative intensities and should be used ter a st7 
of this type. An accurately calibrated radar system 



coupled with stepped-gain can reveal even ¡nore clearly 

aces of the processes takinç place over a mountain range, 

for instance. 

Finally, detailed examination of the precipitation 

pattern around 4arys Peak with another radar set at the 

same time that the AN/C5.9 is operating at 'tcCalloch }eak 

surveying the large.r scale precipitation pattern, could 

provide additional insight into the physical processes 

occurring during various stases of a certain precipita- 

tion regime. By investigating sote of the efoz'ementionsd 

problems maximum utilizstion of the unique advantages 

available for weather radar research conducted at McCul- 

loch Peak will come closer to reality. 
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TAbIZ ¡ 

¡DTIflGATION V 3TATIONß AND WN 

8t&tiøa I.*r.4 14.*i 

2. Nò. St&tión -- 
£1*v. 
lt.. 

of 
k&rd 

Annual 
Prin. In. 

01 Aatori* bBAP (T) + 8 * 

A 
02 aid. f lo * 79.86 

0313hal 75 18 81.90 

0d laquina sad 14f.. Sta. 87 U 64.87 

I445 
SD"6.56 

05 florin.. 3Nfá 49 7 60.22 

BOÔAU*$*Dy 50 13 86.50 

0'7tadcn f 15 ' 55.54 

frt38 Ja67.42 
Sl1.42 

08 ¡a$ cp 595 12 109.50 

C 
09 Ti11ok 12 320 10 103.18 

l0Car1tonl3 1950 9 90.30 

U Valasts + ¡135 4 124.90 

?i*lo )106.9? 
I*U.41 

12 Clatøkani. f 92 9 59.40 

D 
1..3JswU0u*zdStt. f 491 6 72.70 

14 }4in J) f 840 * 75.19 

15 Gr*nd rønde 340 0 59.44 

41 6.68 
smt'84 

160Ob1.6S 193 17 43.40 

17 Ysruonia f 490 7 47.48 

1$ 4uviu islaM 40 17 41.30 

19 Portland WRAP (MDL) + 21 35.38 

20Port1aMbC1! 4 30 ' 40.09 

21 hzzton 325 19 50.10 

¡ 22 uzton *,untaia4sls 360 14 49.50 

23 01*nwøod 805 12 60.78 

24ìì f 490 18 

25 Colton 714 16 42.60 

26 8ilVh,ttOA 3 S f 870 17 49.00 

27 Sala WAP (aLs) f 19 * 

28 Jìtn.n 248 14 40.60 

14391 
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IIiIG&TIO1 Q TATIOt4 AND WNn.' - Ccr&timid 

29Loøab1 + 66 18 46.10 

30 Oregon it*te Uniyera.tt112 + 320 ' 37.27 

31 bsllfo*rntain 450 6 44.50 
32ti2 + 450 17 52.50 

33 Dr*$.n 1ONNV 750 34 64.]ß 

34 iijens tMk (LUG) + 361 * 377 
35 pu.n ¡44ge ¡* s 380 16 38.40 

:36 L.okouteint s 732 5 400 
:37 £re&D** 4 757 U 56.40 

38 Otkridj. 41,on iatohey + 1225 * 43.64 

39 Cott$gGrYeA.* + 831 1$ 46.40 

40 B1&ctbutt. IN + 1001 16 .20 

41 i'eeburg *A (1iQ)5 i- 505 M? 
42 ozm.yi11ø D* + 15 67.00 

43 t&cad* 24 S 2j4 15 57.25 

44 Døtroit + 1586 75.24 

45 troitow*rñou.. + 3300 5 81.81 

46 arioD iorbj îjah Hatch.ry f 2475 8 71.71 

47 Govern*nt Cp + 3900 7 93.20 

t4,i;1927 

LU.51 

48 G*.e&di* ane2' 1t*tLDU f 796 ' 61.25 

49 uti** Jui&*tion 3780 5 67.54 

50 l4rcø1* 530 18 58.10 

51 1u. tver2 1040 
52 Jc.&ns.i* bridge kang.r '-t&. s 1375 ' 69.99 

5:3 uth.r1in 14 1035 4 58.20 

54 4e.toa i U Lsyijg Crsk + 121.8 52.74 

55 :t.boat kaagez taUon 1200 4 5342 
56 Upper 4abaat Gr.k 1855 4 52.'?9 

Jm1425 M*58.97 
Si)'1$.42 

57 hood ILv,r &zp. &t&. f 500 

58 SlaAuk» f 2400 
¡59 

.. 
f 2994 

60 $.M + 
Ma2384 

* 29.54 
7 12.23 
* 8.54 
* 12.23 

8.15 



18 

¡iNTIflCATION O TATIOI AL? ZCN - Continued 

1. t*ken troa New,rt boated sbo*t tvo ailes south-aouth.&et of 
tb. station. 

2 
taken fr Corvallis tat* University boated about on. ail. 

northeast of station. ?Lppin«-buokit gage. 

:3 Tiping-uoicet gage omrstsd by Ciregou 4.*ts University. o .wn.1 
aesne available. 

4 
The nibsr of year's of reoord uasd in ooauting the mean annuel pre- 
sipitation for those station means not asrked vith an asterisk. 

£oseburg WBAP not used in this study; not used in ooautation of 

+ 
Indicates station also equipped with standard rain gage. Mrnual 

totals fraa the standard rain gage used where possible when reoord 

aissiag frca recording gag.. 

)ean sa *ibUs.d by the 1eather bureau. Por those ststions desig-. 

usted by Weather sureau Airport or eather wau City in the station 
nane, the neans re based on the period 1921-1950 aduat.d to represent 
observations tekon st ta. present location. AU other stations bave 
asan. bssd on the period 1931»1955. 

. Mesa station elevation for sone. 

$p $sa svuü preeitation for son.. 

t*adsrd deviation of mean annual precipitation for stations within 
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23 Oct. 
1500 - 2400? 
24 Oct. 
0100 - 1600? 

23/1600? 

24/1600? 

26 O.t. 
1000 - ]i0O 
26 Oct. 
1600 - 2400? 

26/0400? 
26/1600? 
27/0400? 

27 Oøt. 
1000 1800? 

27/1600? 
23,k)400? 

30 Oct.-31 Oct. 
1900 - 1200? 

30/1600? 
31/0400? 
31/1600? 

31 Oct.-1 Kay. 
1900 - 1500? 

1110400? 
1/1600? 

TABL& II = Continu.d 

9 917 -*0 7500 ----- - 
10 12 8 +32 5000 720 700 - 2.0 710 680 1000 690 660 

13 112 +16 11200 3.010980 4954651.5800790 5000 740710 

u 9 9 +3 
U 1212 49 

$ 9 9 +3.3 

7 M +7 

5 *16 +3 

1 9M +3 

S 717 +3 9111246 

10 8 8 +17 
12 711 +14 

5000 620590- - -m-. __ ---- . 

44754 

5300 - -- 1020 990 0,8 650 625 5000 625 590 

5300 -- --- - - - - --690675 

0500 - - 1010 960 - -. 

7500 700 630 1010 990 -- ---- 980 970 

9000 660 650 - - - 590 570 

9800 - - no 750 1.5 530 500 2000 800 770 

8500 750 690 ----- - - 0.9 525 500 1500 - ___ 

5400 --- - -- - - - - 590 570 

5500 750 735 ------ ___ - - . - 740 710 
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TABLE III - sutra1 
*abi.. £'r*e*i Uaatabie Stability Potntial Iat*bilit7 ZAversions 

lity L.vi, Iaø., Top, Itu., Tnp,44, aae, 1op, I4ttig Baie, Top, 

t. / T1*. ¿ Ti ¿X T2T3 ¡Mex lt. *b *b Ab ab ktsq., ?t. b b 4T 

3 *pt. 
1600-.ZZOOF 

3/1600? '1 3.0 9 +i joo -- 
utgp 6 3O 15 +1 noo ioloicos i000 9O -1 

6 Oct. 
03.00 - 0900F 

6/0400 6 8 16 +4 8600 - --- L- ___ ___ ___ _______ ___ -- +9 

I Oct. 
1300-1800? 

7/10 10 934 +2 5500 540535 - ____ .4 
1010 1.000 

8Oct. 
OO-18P 

8/1600F 19 11 8 +13 0O0 1010 1000 - -- -i-; 50 520 0 

24Nov. 
1900-2400F 

24/1600F 8 8W 412 
. 

40O -- - 9°9° 
2510400F 6 U 14 +7 40O -.----- - 

1 ..c.-2 ec. 

1600 - 0300F 
]J1600F 9 9 16 +5 6500 e--- 1000 940 -.- - 925 910 '3 

2/0400F 7 81? *6 4500 --63560Oi 79775 



TÂLL III - Continued 

16 Dec. 
1000 - 1800F 

16/ióooP 1 10 19 +1 6250 - - - 965 

Xp11tn4tion of bois Used in Tftbl,s II and ZU 

965 -1 

T1, T, ¿T3 - temperatur. difference bstween 1000 - 330 aiUibare, 850 -700 ailhibars, and 700 - 500 
1 ibera, respectively. 

.CZLVa1eUt potential taperature difference betoen the top and bottoia cf the potentia]J7 irnetable 

layer. 

the 12-hour tperatiire change at the 850 iilhibar leisi. + indicates araingj - cooling. 

- indicates that the layer does not have the type of instability or stability indicated and other çian.. 

titise Usted in connection iiith that stability type are therefore not hated. Under 'inversiona indicates 

no in'vraiona ¡nesent. 

soie: That pert of the sounding above 500 i1libar disregarded in this study. AU ccmputaticns sad. fr 
owwHnga plotted on the USèÎ ksw T -log p diagrase furnished OSU by the weather detac)a.nt, Adzfr 
ÂY, Gorvallis. 
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TABLZ IV 

hange2 Qrtcutattcj YrontaX' 
Dete / ?1*. 

1. 
Azisuth Miles Dszses Typ. 

22 Aug. 1900 2400F Triple 
22/22OO' 300 400 - 

23/O4OO 300 215 o Oceluded 

23 Aug. 1:300 - 17009 
23/1600? l0 100 60 Occluded 

5 Oøt. 2200 - 24009 OYe? 
5,22O0P 

tatton o io Cold 

I Oct. 0400 = O90O? 
I Oct. 1.000 1200P 

7/04009 1one - ___ 
7/10001? 1G 33fl 60 tatiorzarr 
7/1601:w :&.50 :350 óo .tationary 

s Oct. 0100 .' UOO Non* - -e-- ___ 

il Oct. 1300 21009 
11'1OOOP 290 125 20 Gold 
U/14009 
W22O 

:trOA O 20 Cold 
090 250 360 Cold 

;3 Oct. 1500 - 24009 
24 Oct. 0100 - O6CO1 

23/10009 270 50 10 Gold 
23/1O0k' 090 25 10 Gold 
23/22009 090 300 20 Cold 
24/0400P one 

26 Cot. 1000 -lOO9 
26 Oct. 1600 - 24009 

26/loo 110 400 20 Cold 
26A6O01 Ñon. - ____ ____ 
26/2200k ¡fou. 

27/04009 None -. ___ 

27 Oat. 1000 - 18009 
27/10009 310 400 60 Cold 
27/3.6009 k(iesizg - ___ 
27/22009 150 50 60 Cold 



tø ci 00, T 

P100 o oo OT-: 009t/t 
ptoo ot o OOOt/Bt 

oo9t'D*9t 
ooçt 000 '°.c t 

ptco o & O2 !OOO/9t 
Pt°) OO O 012 4O/Lt 

OO9O 9:T 9t - oo 

-- - ø1opî 4OO - 006t ° 9t 

*tT: 06 OO Ot fOOOt/ 
ptø) o oo ott 
P100 oc OCZ OEt !OC9O - OOtO AOT 

ptoo o 06 Ott 
pto, o oot ot 

VZTQ(' etî - zt 
PPtO op T O O')CJT/ 

w;°!! tTTt 

o, o o 
X% 06 Ot 

ppLtD oc Ç ot !Oo/C 
LxuoT11V, oc OO OT OO9t/V 

jot ooa LG 
(mon - 000t 
OO6O OOtO A07 

OO e 006t AOT C 

oc oct ot 
PiDO O OCT 

goon octo c 

OÇ OO OT 4009t/T 

SUO{ 4000 
PTO 06 O O Y0OPO/T 

PiDO OL O 40OfrC 
¿ooct ooat 33 

TO4 ø'Ç.ZJ 

PIDO Oc O 0CC OO9tftC 
,WÇO4 OO 01 

P100 OcOcO 001 OC ¿000t/TC 

Ott 001 OC OOP0/tC 

Ott 001 OC oo/0C 
06 OO 09C ¿0091/OC 

J0Ot D0 tC 0061 ,OO OC 

- At 
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VJ1J V 

3 Spt. 1600 - 2200k 
3A600 3io 3$0 Gold 

3/220X.W a90 250 45 Gold 

7 Oct. 1300 - l80O 
?/lO00 150 350 60 ttioaq 
?/l6o0 150 30 60 4ationary 

B Oct. 23ci; = 1800k 

a/ioo1w 1one 
$/1600P 250 »o 150 

21 Oct. 0100 15001! 

20/2200? 300 300 30 GO4 
1J0400l 150 100 70 St*ttour' 
21./W00P l$0 100 70 bt*tionar 

21/16001! 340 20 70 ìtstict*z 

a 1900 - 24001! 
24/10o1! 180 100 0 ' 

Geld 

24/22001! 110 90 20 Gold 

25 flov. 0600 - 12001! 
25/0400à 130 200 30 Cold 

25/1O00k 10 400 90 stationary 

i £eC. 1600 2 £rno. 200P 
111600? 80 300 150 tatiozary 

1/2Z00i ?0 300 1O taUonar 
2A400k ' 50 300 150 Cold 

16 o. 1000 1$001 None 

I 
T1 *$Uaith troì the r*d*r to Ut. close.t j,int on the frcnt Usted 

r Fronta1 T*. 
2 F: range in st*tuts uiies to te rront dong the iv.n &z1ith. 

3 Th. ortentotion at tir. front &t the s4ath Usted in (1) bove, 

4va tT a ntb.r in the 180° seøtor troia north (360°) to south 

çj°) sut. 

4 ma type of front appeering within the 400 t1e ringe Qf the radr. 
Thil* ¡joint z'efers to the point of ocelu.Loa. 

All data obtained froi the aix-hourly surface synoptic facsimile 

oharts prodiced by the U.S. eather sureau. 
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TABL Vi Â contigiued 

16c.i9oo-24oc* 1$ L2 24O585255I, 
23 46 34 25 3? 39 21 

23Noy.O2. AZ 30 18 05 Z1O-24O35464647 
12 33 25 j 33 32 3.8 5 

24 Nov. 1300 i8OOi 35 , 
63 

, ¿ 10 5 240 68 71 74 73 
65 74 73 68 66 68 55 

24OV.].00O4.UOO' , 56 40 Q 22 S 24029537560 
6073 68 52 6257 18 

TbL Vi 
k*rt L 

5 Oct. 2200 24 ¡ 10 ¿ 45 Q O S 180 65 82 90 108 
50 5 12 30 35 20 30 

24 Got, 0100 060& Q 02 Q, 03 L Q Ql 01 C 220.250 38 1 26 24 
0' 14 05 03 09 02 02 

25 Nov. 0100 0600e g 08 Q1 19 3h 2 2 04 250 35 87 85 5]. 
12 32 30 26 5467 38 

22 Aug. 1900 - 2400F 01 a a o Q Q w o 275-240 18 9 19 24 
o 04 02 c 0101 

30 Oct. 1900 31/1200F 01 ' 

270 43 54 94 53 
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p1anat1ofl ot Tab1e VI ana VILI -Cctixzued 

Uider "icho Typ., indicates prdoainat1.y atratifozw tpc a4 C £ndieat.a predo ita1y cellular 
ty?e. iLldiCatS* tratitor predcfnated during tiret zart of period and ceUular eaea jz,doi- 

G 
nated durtu laat r.rt at exiod. ,C indieatcß that both echo types are equally jreiiìnt. 

ee text for further explanation o! tablaa and table entriee. 
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