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STANDARD PROJECT STORM PRECIPITATION AND SNOWMELT TEMPERATURE CRITERIA
FOR THE 9,570-SQUARE MILE CLEARWATER RIVER DRAINAGE ABOVE SPAULDING, IDAHO

F.K. Schwarz*

ABSTRACT Standard project storm (SPS) precipitation and
‘snowmelt tempetature criteria are developed in this report
_for the total 9,570 mi“ drainage of the Clearwater River
above Spaulding, Idaho. Temperature criteria for snowmelt
are developed for the November through June period with
emphasis on SPS-level criteria for the 3-day SPS period
and for three antecedent days. ‘ :

1. INTRODUCTION

Standard project storm precipitation is a relationship of precipitation versus
time that is concluded to be reasonably characteristic if large storms that have
ot could occur. It should neither be so extreme that no storms within a large
meteorologically homogeneous region have never exceeded these amounts nor 8o
small the storm amounts would be exceeded frequently. Though no interval can be
given this storm, it should be larger than a 100-yr event, yet smaller than the
amount with a recurrence interval of several thousand years. . :

1.1 Approach to SPS Precipitation

A primary method of developing the standard project storm (SPS) precipitation
consisted of determining an annual series of waximum 3-day cool-season
precipitation events and a series of maximum 3-day precipitation events for the
May-June season. These series were used to determine precipitation-frequency
values for various recurrence intervals. These values were used as limits for
possible SPS amounts. The maximum storms in each of these series also formed
input into determining the appropriate SPS values. A 45-yr period was used
beginning with 1938-39 and ending with 1982-83. Three auxiliacty methods
(indirect, rather than direct as in primary method) involved adjustments of PMP
for selected regions based on generalized study procedures.

Time and areal distributions for the SPS were primarily derived from the major
storms of record over the basin. These storms were from the period used for the
dictect method approach. ' = o :

1.2 Approach for Temperature Criteria for Snowmelt

The temperature sequences associated with major 3-day precipitation events
resulting from the 45-yr survey for the cool season and for May-June form the

Consulting Meteorologist, formerly an employee ‘of the Water Management
Information Division, National Weather Service.




primary basis for determining appropriate temperature departures from normal
temperature ranges, etc. These criteria are reasonably characteristic of the
weather situation during the SPS, including temperatures prior to and during
major 3-day precipitation period. 1In addition, a set of mid-month mean 1,000 ft
temperature charts were developed for the basin. The adopted temperature
departures are applied to .these mean values utilizing reasonable elevation
variation in temperatures. ’ '

1.3 ‘Format of Report

An important part of any study of extreme precipitation amounts for a basin is
an understanding of -the meteorological causes of precipitation within the region
surrounding the basin.  Chapter 2 discusses basin precipitation experience. In
this chapter, the procedures for selecting the storm sample for statistical
analysis 1is described. = Next, the direct wmethod based on basin average
precipitation is discussed for determining limits for the SPS precipitation
magnitude.  Chapter 3 discusses the meteorology of cool-season storms in the
Pacific northwest with particular reference to the major storms over the
Clearwater River basin. Since storms that can occur during the snowmelt season.
are also of concern, Chapter 4 discusses the meteotrological features of major
storms that have occurred during the May-June period. Various indirect.
p;ocedures are used to determine the magnitude of the SPS amount between the
limits described in Chapter 2. These procedures are discussed in Chapters 5, 6
and 7. The final results developed from the information in Chapters 2, 5, 6 and
7 are presented in Chapter 8. . Geographical distribution of the average rainfall
amounts are discussed in Chapter 9, while the depth-duration characteristics are
- explained in Chapter 10. Seasonal variation of the SPS precipitation is given in
Chapter 11. Chapter 12 covers " the development of snowmelt criteria for all
months from November through Junes- ~The application of both the SPS precipitation
values and the snowmelt temperature criteria are discussed in Chapter 13.

The procedures used in this report are not mutually independent. = Figure 1
shows in a schematic the interrelation of the various procedures. Figure 2 shows
the location of the Clearwater River basin and other regions used in this report
to develop estimates for the determining SPS precipitation.

2. COOL-SEASON BASiN—WIDE PRECIPITATION’EXPERIENCE
2.1 Introductioh

A basic approach used in. defining SPS 3-day precipitation in the Clearwater
basin was keyed to a comprehensive analysis of precipitation events in the basin
itself. Such input is considered invaluable in making decisions on the maximum
storm reasonably characteristic of occurrence in the region comprising the
Clearwater drainage above Spaulding, Idaho. With actual basin-wide precipitation
experience as underpinning, the results of more indirect methods can then be
better evaluated in the selection of basin-wide SPS precipitation.

2.2 Observed Basin-wide Maximum 3—-day Events

The methods selected to determine the SPS precipitation required determining
the annual series of maximum 3-day precipitation events for the cool season as
well as individual extreme events. The cool season for this study was defined as
the October to March period. The undertaking to determine for many years 3-day
annual maximum cool-season precipitation required much initial probing to set up
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a satisfactory procedure, that is, one that had a high probability of obtaining
the annual 3-day maximum basin-wide precipitation event with a minimum of effort,

Tt was considered sufficient in selecting storms to accept the average of some
key stations. Among the factots considerad in selecting primary (first choice)
and secondary (second choice) stations were adequate geographic coverage, the
degree a station 1is representative of a portion of the basin and completeness and
length of record. Figure 3 shows location of the within-basin and near-basin
stations used (National Climatic Data Center 1938-1983). Figure 4 1is the
tabulation sheet set up in a3 fashion to "zero-in" on potential 3-day candidates
for annual maximum 3-day basin-wide precipitation events. Of the 45-yr peciod
(i.e., 1938-39 to 1982-83) surveyed, quite a few years resulted in rather easy
decisions, some were moderately difficult to zero-in on the cool-season and
May-June maximum 3-day event, while a few were quite difficult and requitred
carrying the procedure all the way through to a basin-wide analysis for two ot
more candidate cases. - : ; IR : SR S
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Figure 4.——Tabulation sheet.
2.3 Rationale for Organization of Tabulation Sheet

The organization of the tabulation sheet (fig. 4) results from initial probing
of numerous experimental cases scattered through a significant- period.
Basically, it allows for change of station availability through the period of
record. It also allows for adequate across-basin sampling (for that period) and
also for spectrum sampling of station~to-station variability of mean annual
precipitation (MAP). For example, a l-in. rain for a station with a MAP of
20 in. is wmore important for singling out annual maximum 3-day events than a
1.50-in. rain for a station with a MAP of 40 in. "Substitute"” stations (listed
as "secondary” in fig. 3) are provided to increase uniformity of selection across
the years in addition to station substitution on the basis of similar MAP. The
method proved quite successful for "finding” the 3-day annual maximum for many
yeats without having to carty the procedure through numecrous stages. In other
words, a painstaking initial probing saved a great deal of time in the long: tun.
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2.4 Sub-Area Mean Annual Precipitation

A procedure was set up including the use of a detailed MAP chart (fig. 5) (U.S.
Weather Bureau, 1965). The average MAP was determined from this chart for 13
gsub—-areas covering the total Clearwater Drainage. All stations within the basin,
primary, secondary, and additional, were used to determine average MAP over ‘the
subareas. Sub—atea number IV is cross-hatched in figure 3 to illustrate the sub-
areas. These were geometrically chosen areas, except for the irregular outer
basin limits that permitted the use of 1/4 degree quadralaterals that made fot
easy computation of sub—area pggcipitation based upon the percentage of MAP lines
from the 3-day storm analyses. Figure 3 shows in addition to station networks
the 13 sub-areas used for obtaining basin-wide precipitation in 3-day events.

*

Thus, for some subareas in some stotm events main subbasin averages were quickly
obtainable, while other instances somewhat more time was required for further
breakdown a subarea into smaller units for percent of MAP determination for that
subarea.




2.5 Selection of 3-Day Precipitation Events

It was considered an important task to obtain as much information as was
reasonably possible  in this project.  For this reason, annual cool-season 3-day
maxima for a 45-yr period of record were determined, beginning with the 1938-39
water year. Streamflow and othetr data were used to uncover significant events
prior to 1938 that might provide important input to determine the adopted SPS
-level of precipitatlon, '

Putting precipitation in terms of percent of MAP considerably eased the
analyses phase of this project as precipitation expressed as percent of MAP
nearly always results in smoother patterns for analysis than do the precipitatlon
amounts.

2.5, 1 Brief Synopsis of Full Procedure for Storm Selection
The stepwise procedure used to select the annual maximum 3-day basin—w1de

cool-season and May-June precipitation events for the Clearwater River drainage
is summarized below with brlef remarks. :

1. "Gestalt" scanning of various. Eorms of Idaho Climatological
' Data (National Climatic TData Center 1938- 1980), including
narrative summaries ("zeroing-in" on precipitation in

departure~from-normal form and in  specific significant
precipitation periods); station maximum 24-hr ptecipitation
(given with date for many: years of record); notation of
outstanding  precipitation events (sometimes in special
summaries); quick scanning of daily ptecipltatlon sheets
through the October-March period (quite often this 'quick scan'
technique allowed a lot of fast elimination of non- cand1date
months) scannlng for dally amounts in excess of 1 in.

C 24 Actual (or mental) accounting (tabulatlon) of primary stations'
amounts for candidate storm(s), being constantly aware of each
station's approximate mean annual ptec1p1tat10n.

3. 1f thete were only one candidate 3~day storm go to 4. If more

than one candidate storm from 2, tabulate for all stations;
primaty, secondary and addltlonal. Reduce to one storm by

inspection of tabulation sheet: if possible; otherwise process
all candidate stotms by completion of step 4 and the following
steps.

Plot percent of MAP for all available stations for given
candidate storm on a basin map.

£~
]

5. Analyze 3-day percent of MAP chart.

6. For the 13 sub~areas, using quarter degtee grid back-up, (see
fig. 3) determine percent of MAP of each of the 13 sub-areas. .
Eyeball any that can be; otherwise weight by 1/16 degtee grid
or smaller elements, if necessary. : ,




*
7. Use computation sheet (fig. 6) to obtain total ,3-day
precipitation for storm. ' '

In order to make the final choice of which storm provided the maximum 3-day
precipitation for some situations, involving two or more near-equal storms, all
seven steps are necessaty. 2 R

2.5.2 Comments on P:ecipitatibn Event Selection'~"

Beginning in the 1960's and to the present, the ‘existence of station(s) in the
mountainous eastern portion of the basin should make the total analyses wmore
accurate. Certain guiding principals were followed for analyses over the eastern
portion of the basin in the earlier years. First, if a reasonably definite trend
in the analyzed percentages existed, the trend was extrapolated over the eastern
portion of the basin. Second, if a trend suitable for extrapolation did not
exist, the procedure was followed of allowing the percentage of the most eastern
‘analyzed lines to prevail without positioning change over the remaining portion
of the basin. Most of the more extreme 3-day events have occurred in recent
years when eastern basin precipitation sampling existed. That this was not a
function of this sampling as indicated by analysis of the eastern portion of the
basin using the earlier years techniques. A 20-yr period was checked by assuming
no eastern basin sampling (1962-63 through 1982-83). For those 20 years, the
annual maximum 3-day event would have been analyzed (by applying the earlier
years analysis technique) to give a higher basin average 4 times, a lower average
also 4 times and little change 12 times.

Table 1 lists the l4 cases from the 45-yr survey where basin-wide precipitation
was at least 2 1/2 in. : ; o

2.5.3 Streamflow Check for Candidate Cases

Printouts of daily discharges at all the significant gaging stations on the
Clearwater and its tributaries were provided by the Walla Walla District Corps of
Engineers Office.  These were carefully reviewed with three considerations in
mind. : " : ‘

1. To help spot any "candidate” 3-day event that possibly might
' have been missed. o R ; S

2. To obtain streamflow verification of -significant events
uncovered by the basin-wide precipitation survey of the 45-yr
record. TR , :

3. To "key-in" on any events pre-dating the first season of the

45-yr survey (i.e., 1938-39)..

*This is purposely set up so as to systematically produce each subareas amount
apportioned over the total basin. The information given in this figure are for
the storm of Januaty 5-7, 1969 and are included as an example of a completed
computation. ‘




COMPUTATION AVERAGE BASINWIDE PRECIPITATION
DATE 1,5-7/69

A | B | ¢ | Db=BxC E F=DxE
arEas | % uap¥| MAP |AREA PCPN. [ WEIGHTING | pcp,
TS N (ND | wx10-2 | OND
I 7172 '25.0 | 1.88 .052 .098
I 6 | 38.6 2.32 .082 .190
Ir - 7 47.6 3.33 .100 .333
™ 10 54.6 5.46 .088 | .480
¥ | '8 53.9 4.31 .051 .220
i 8 20.2 162 .059 .095
I 7 22;2 | .55 .092 .143
oy 7 37.7 2.64 .088 232
x 10 48.4 4.84 .088 426
X 8 52.5 4.20 .093 391
XT 8 29.9 2.39 .072 172
XIT 9 38.8 3.50 .057 199
paing 6 43.2 2.59 .078 .202
> =
Gl L 3.18
MOISTURE EVALUATION:

% MAP= MEAN ANNUAL PRECIPITATION

Figure 6,-4Basin-wid_e' ptecipitation computations.
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Tableil.——Basin—wide 3-day events with precipitation at least 2.50 in.

Date Basin 3-Day Precipitation (in.)

‘December 11-13, 1946 -+ . oo 03,7000
December 22-24, 1964 ~ 3.56

February 18-20, 1968 . o SR 3.41

Januvary 5-7, 1969 . 348
November 30-December 2, 1975~ Coe 3.1l

- December 1-3, 1977 “.3»1.« e 3404

© QOctober 31—NoVember 2, 1942 . 2.74

- December 28-30; 1945 B o S 2,58
January 13-15, 1975 R 2.56
January 5-7, 1948 R L ST 20567
January 5-7, 1983 S "2.54

January 18-20, 1970 o e 2053

January 16-18, 1953 2,52

October 10-12, 1962 2.52°

‘From the survey, 8 sites provided .a total of" 155 hlgh flow cases (above

eelected‘thresholds) to check.k The checklng resulted 1n the Eollow1ng

l. The 6 major 3—day evenrs' (1.e.,ﬂ 3 1n.f or . moret7
: basin-wide precipitation) were all well substantlated
- by the streamflow data.1.~&; :

2, A number of pre—1938 hlgh Elow cases (cool season);,,

4 were discovered. The main ‘contender” with the 45— -yr
survey result was December 1933 whlch produced two -
large 3-day events. , - e

3. Although the .survey of streamflow uncovered a number -
of possible "candidate" events none stood up as really
significant . when processed ~ using . basin-wide

- precipitation.  Quite a few were events inv01v1ng less'
intense, but still rather large, prec1p1tar10nv over
more than 3 days. o R

2.6 Statistical Amalyses of Results

The Fisher Tippett Type I Extreme Value Pistiribution was useéd in ‘the analyses
of this 45-yr record of annual wmaximum 3-day basin-wide precipitation events,
Through no goodness of fit tests were made, comparison of plotted data with the
computed cutve indicated, this distribution fit. the: data.~ This-distribution is
the one used previously in other National Weather Serv1ce prec1p1tat10n frequency
studies for this region and duration (Mlller 1981).  Results of the plot and
statistical analyses are shown in Figure 7. Preliminary analyses were tried
ptior to the completion of the full 45-yr period. - These showed that when 30-yr
or more period of record was used, the stability of the distribution - was
obvious. The fitted line is extrapolated to produce estimated values for return
periods of several hundred years, a requirement, in spite of  increased
uncertainties, that is necessitated for obtaining est1mates by this technlque
that are in the expected magnitude of SPS precipitation.. Tardoel o

1t
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Figure 7.--Statistical analysis of cool-season 3-day average basin precipitation
(45 yr). : '

2.7 Monthly Distribution of 3-Day Precipitation Events

The six major 3-day events which produced basin-wide precipitation of at least.
3 in. (see table 1) showed December to be the predominate month. The percent of
MAP analyses for these six events are shown in Figures 8 through 13.

For a further definition of seasonal (or monthly) aspects of the basin-wide
3—-day events, the 45 annual maximum 3-day events for the October through March
season were summarized by months, first, considering all cases; then only those
producing basin precipitation of more than 2.50 in. in three days. Results are
shown in histogram form in Figure 14 ~The two adjoining months of December and
January predominate. : B ‘

2.8 Multiple Uses of 45-yr Survey Results

In addition to the statistical analysis of the 45-yr of 3-day events as input
to the selection of an appropriate level of SPS basin-wide precipitation, other
important uses were obtained from the results of this direct method approach to
SPS. The utility of the results was greatly enhanced by meteorological analyses
of the wmajor precipitation events, not only from the 45-yr major cool-season
survey, but from -analyses for May and June from a separate 45-yr survey (see

12
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Figure 8.—-Percent of MAP for storm of December 11-13, 1946. 'Letr.ers designate
stations listed in figure 4.

chapt. 11). The results of the two 45-yr surveys with accompanying
meteorological analyses of major resulting 3-day events prov1ded the underpinning
for the following input to various portlons of this report:

l. Appropriate SPS geographical distribution of basin-wide
precipitation resulted primarily from evaluation of the major
3-day events (chapt. 9).

2. The major 3-day events for both the main cool-season and the
May-June period provide essential input to time-distribution of
SPS prec1p1tat10n (chapt. 10).

13
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Figure 9.--Percent of MAP for storm of December 22-24, 1964.
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JAN 5-7, 1969
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Figure 11.--Percent of MAP for storm of January 5-7, 1969.
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Figure 12.--Percent of MAP for storm of November 30-December 2, 19_75,.'
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3. Comparison and synthesis of the two separate surveys provided
' important input to seasonal variation (chapt. 11).

£
.

Temperatures during 3~day major events and for 3 days prior to
these events were the primary input to selection of appropriate
"SPS—-level” temperature criteria for snowmelting for 6-day
periods, including the 3-day SPS event (chapt. 12).

3. METEOROLOGY OF MAJOR COOL-SEASON STORMS
3.1 Introduction

The fact that major western United States storm events from the Sierra Nevada
and Cascade ranges have also produced major storm events well inland emphasizes
the importance of large scale weather features in controlling the precipitation
regime of the entire western United States. A few major events that make this
obvious were. the storms of January 1943, December 1955 and December 1964. Yet,
it is iwmportant to determine ‘what specifically characterizes the major

_precipitation producing events over the Clearwater drainage. It is important,
not only as a significant input regarding evaluation of the magnitude of the
precipitation event most characteristic of the total Clearwater drainage, but
also as impottant information for definition of the time and areal distribution
characteristics and of appropriate SPS level of snowmelt temperature criteria,
both during and antecedent to the 3-day SPS.

Discussions of the meteorological storm features in this chapter are directed
primarily to determine the wmeteorological causes of the SPS type 3-day
precipitation event over the total basin. Additional meteorological discussion
may be found in Chapter 10 concetning time distribution of SPS precipitation and
in Chapter 12 relating to snowmelt characteristics. Publications that provided
meteorological input for the discussions of the storm events included, in
addition . to the basic climatological  data (National Climatic Data
Center 1938-1983), the Monthly Weather Review (National Weathet
Service 1873-1973, American Meteorological Society 1974~1983), the Weekly Weather
and Crop Bulletin National (Weather Service 1913-1983).

3.2 Specific 3-Day Cool-Season Precipitation Events

The magnitude of the 3-day basin-wide precipitation was the main criteria for
selection of events for meteorological: evaluation. However, in specific cases
the distribution of precipitation and/or the temperature departures were
addi tional selection criteria. o : '

3.2.1 December 11-13, 1946 Storm

In this 3-day event, a large portion of the Clearwater basin received
precipitation exceeding 8 percent of 'the MAP, ranging upward to nearly
15 percent. The percent of MAP analysis for this event was shown in Figure 8.
Temperature departures during this storm were generally 10° or mote above
notmal. The time distribution of precipitation in this storm, as in many of the
cool-season events, emphasized the early portion of the storm. '
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Weather maps (Environmental Data and Information Service 1899-1971) for this
storm are shown in Figures 15 and 16. Surface features emphasized a fast flow
from a westerly direction which was related to the well above normal
temperatures, Complex frontal conditions affected the northern portion of the
basin., Significantly, northwest flow at upper levels was characteristic of this
storm with the major trough of low pressure well to the east.- ‘

3.2.2 January 5-7, 1969 Storm

During the month of January 1969, precipitation was above normal over the
entire northwest (fig. 17). -In this particular storm, a total basin-wide 3-day
precipitation of 3.18 in. occurred. The percent of MAP analysis for the storm is
shown in Figure 11. Approximately one-half of the basin received 8 percent or
more of MAP. y ' : "

Extremely low temperatures prevailed just to the north and east of the basin
(fig. 17) as shown by Monthly Weather Review (National Weather Service 1873-1973)
and Weekly Weather and Crop Bulletin (National Weather Service 1973-83) charts.
However, in the basin itself, the first -day of the event saw well above normal
temperatures which then lowered to just a few degrees above normal for the second
and third days. However, in the basin prior to the onset of this event well
below normal temperatures were charactetistic.

Aloft in this event west-northwest to northwest £low predominated during this
3-day event, a characteristic common to many of the major cool-season events. At
the surface, consistent with a persisting flow aloft, a quasi-stationary front
existed with a progression of low-pressure disturbances. The weather maps for
this event ate shown in Figures 18 and 19. ‘ :

3.2.3 January 13-15, 1975 Storm

The 3-day basin-wide precipitation for this storm was 2.56 in. The percent of
MAP analysis for this storm is shown in Figure 20, showing an elongated 8 percent
or higher area north to south across the central portion of the basin. This was
primarily a 2-day event with more than 50 percent of the 3-day precipitation in
less than 1 day. Mass curves of rainfall for selected stations are shown in
Figure 36.

Weather maps for this storm are shown in Figure 21. Broadscale features both
at the surface and aloft were similar to the January 1969 case (sec. 3.2.2). A
quasi-stationary surface front was oriented generally west—east with accompanying
northwest flow aloft. .

3.2.4 November 30-December 2, 1975 Storm

The. precipitation in this storm concentrated in 2 days or less. The short
duration of. this storm was even more marked than the January 1975 case. The
basin-wide 3-day precipitation was 3.11 in. The percent of MAP analysis for this
3-day event was shown in Figure 12. Large percent of mean annual values
prevailed, especially over the Selway basin and to a lesser extent over the North
Fork of the Clearwater River, Lowest percents were in the extreme western
portion of the basin. Mass cutves of rainfall for selected stations for this
storm are shown in Figure 36.
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Figure 20.-—Percent of MAP for storm of January 13—1”5', 1975.

- Extremely low temperatures were entrenched;oveb the,basin“prior to this 3-day
event extending into the beginning of the 3-day event. Temperatures then rose
sharply to more than 15° above normal at the close of the event.

At the surface (weather maps shown in fig. 22 and 23) a northwest to southeast
frontal system existed with minor low pressure disturbances moving along the
front. The positioning of the front across the northern portion of the basin
early on December 1 allowed the westerly flow to bring in the air of markedly
increased warmth to the south of the front.  Substantial shifting of the
frontal system was prevented by a persisting and strong nocrthwesterly flow aloft
over the surface frontal position. This northwest flow aloft appears to be a
very important characteristic of wost major 3-day precipitation events in the
Clearwater basin. = :
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3.2.5 December 1-3, 1977 Storm

:The - precipitation from December 1-4, 1977 produced two - overlapping 3-day
periods with very similar basin-wide 3-day totals, but the December 1-3, 1977
period was slightly higher with a basin-wide precipitation of 3.04 in. Figure 13
showed the percent of MAP for this event. The percent of MAP pattern was
strikingly similar to the November 30-December 2, 1975 event (sec. 3.2.4). This
was another storm that was primarily a 2-day event with 50 percent or more of the
precipitation in the storm generally occutring the Elrst day (see mass curves of
rainfall fig. 36) \ :

 Weather maps for this storm are shown in Figures_24 and 25. Temperatures
during this 3~day event averaged 5-15°F above normal, rising from near normal the
first  day (December 1). Again, the characteristic northwest £flow aloft
prevailed. - The surface conditions favored brisk westerly Wlnds with nearby
frontal systems affecting the precipitation.

3.2.6 ~December 22—24, 1964 Storm

This storm was of a widespread destructive nature and has been documented by
Wheeler (1965). He concluded "Never before in our history have we experienced
floods of this category on both sides of the Cascade Mountains at the same
time. Literally speaking, our whole state was experiencing a major, if not
record, flood in every stream and minor tributary."”

The present discussion is limited to conditions that produced heavy rain over
the Clearwater River drainage. This was one of the "truest” 3-day events from
the 45-yr survey (see mass curves of rainfall in fig. 36). The precipitation was
significantly spread over the full 3-day period. The percent of MAP analysis
(fig. 9) shows especially large percent of MAP over most of the northern third of
the basin. , : :

Extremely cold air was entrenched over the basin 3 to 6 days prior to the
occurrence of this 3-day event, averaging'generally 20°F or more below normal.
These cold conditions -modified substantially a day or two before the 3-day
event. The extreme contrast in air masses is demonstrated by the upper left
panel of Figure 26 where the strongly contrasthg temperature departures Eor the
week ending- December 27, are shown. ~

“Figures 26 and 27 show the weather maps for this storm. A surface front near
the boundary of the strongly contrasting air masses aligned west-northwest to
east-southeast and was subject to fluctuations as waves moved along the frontal
surface. Persisting west-northwest to northwest flow aloft kept this surface’
front from being subject to large fluctuations,

3.2.7 February 18-20, 1968 Storm

In-this cool-season basin-wide 3-day precipitation event, 50 percent or more of
the precipitation occurred on the first day (fig. 37) as rather brisk
west-southwest to southwest flow at 1low levels upwind were accompanied by
west-northwest to northwest flow aloft with the basin just to the east of a ridge
. aloft. The rainfall analysis in percent of MAP for this storm is shown in
Figure 10. Below normal temperatures characterized this situation for many days
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F1gure 25.——Surface weather map and 500-mb chart (7:00 a.m. EST) for
Decemher 3, 1977. ' '~ B

prlor to the gradual warming that heralded this event. Temperatures rose
steadlly ‘above normal prior to the storm to more than 10°F above normal for most
of the 3-day event: (see fig. 106). Thus, this 3-day event seemed to "compromise”
or comblne opposing features in a manner that perhaps 1is a prototype to the SPS
event ‘for the Clearwater dralnage. The surface and 500-mb weather systems for
thls storm ‘are shown 1n Flgures 28 and 29, respectlvely.

.2.8 January 18-20 1970 Storm

ThlS stornl was the flrst of two successive Januarys (i.e., 1970-1971) that
produced the annual ‘maximum 3-day basin-wide event with a basin average
precipitation more than 2 in., but less than 3 in.  The storms previously
discussed ‘all . produced " more = than 3 in. of precipitation, except the
January 13- -15, 1975 storm (sec. 3.2.3). Although the flow aloft was again rather
pérsistent. in dlrectlon, except for January 13-15 1975, it averaged more from a
westerly direction than many of the other cases. This enabled the surface front,
again’ generally oriented from the northwest to southeast, to fluctuate more than
appears to be the case normally. TFigures 30 and 31 show the surface and upper
air map sequences. Flgure 37 shows mass curves of rainfall for selected
statlons. h~ Eh S ‘ . ' o

3.2 9 January 8—10 1971 Storm

Thls 1s the Second of two successive Januarys producing the maximum 3—-day
cool—season precipltatlon ‘events for their respective seasons. This storm
concentrated its precipitation in the eastern, or upstream portion of the
dralnage with 6 percent or higher percentages of MAP over most of the eastern
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Total Precipitation,

‘DEPARTURE IN TEMPERATURE
FOR WEEK ENDING DEC 27th.

Figure 26.--Departure from normal temperature and smoothed precipitation isohyets
for week ending December 27, 1964, surface weather map and 500-mb chart
(7:00 a.m. EST) for December 22, 1964. ’
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Figure 32.--Surface weather wap and 500-amb 'chart (7:00 a.m. EST) for
January 8, 1971. '

half of the basin. Strong nocrth winds aloft on January 8 backed to northwest on
January 9 and to westerly on January 10. A northwest to southeast surface front
~entrenched near the Divide (with arctic air near the northwest border) moved but
little as another front from the Pacific (January 9) swept rapidly across the
region on the 10th. The weather maps for this period are shown in Figures 32 and
33 for this storm. Mass curves of precipitation for selected stations in this
storm ate shown in figure 37. ‘ : :

3.2.10 December 20-22, 1972 Storm
This situation had features quite similar to the Jahuary 1971 case, especially

the flow aloft which involved a backing from northwest or north-northwest to west
and, in this case even to west to southwest as a small low-pressure center

formed in the flow aloft offshore. ‘This difference caused wmore of the
precipitation to be delayed to the third day than is normally the case
(Chapter 10). Arctic air was entrenched near the eastern border as in the

previous case. A surface front again swept rapidly across the region, leaving a
‘residual Low offshore, while compared to the preceding case, the northwest to
southeast flow was situated farther to the north and east. Weather maps are
shown in Figures 34 and 35 for this case. Mass precipitation cutves for the
December 1972 storm for selected stations are shown in Figure 37.
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1972.

3.2.11 December 1933 Case

‘December 1933 (predating the 45-yr survey of -this study) Was;'a,n unusual month
for the Clearwater basin. In addition to a very large number of precipitation
days during December 1933, there were two large 3-day "events" experienced in
th’iws month. Because this month is unusual, special attention was directed to it
even though it fell outside the 45-yr data base. Figure 38 shows the percent of
MAP analysis for the December 9-11, 1933 storm which produced a basin-wide 3-day
precipitation of 3.32 in. The percent of MAP analysis for the
December 20-22, 1933 event which produced basin precipitation of 2.95 in. is
shown 1in Figure 39. Figures 40 and 41 show the weather maps for these two
December 1933 3-day events. The December 1933 monthly temperature departure
chart Monthly Weather Review (National Weather Service 1873-1973) is shown as an
inset in Figure 41. The events were characterized by strong  offshore low-
pressure systems that provided strong surges of warm moist air while cold air was

extended east -of the Divide.

3.3 significance of Meteorological Features Shown in
: Major 3-Day Cool-Season Events

An evaluation and summation of the significant 3-day cool-season events, as
discussed - for individual storm events in section 3.2, results in certain
conclusions pertinent to the development of the basin-wide 3-day SPS evént, time
and areal distribution of the precipitation in this 3-day event and to prevailing
temperature regimes suitable for snowmelting conditions at an SPS level. Some of
the more important conclusions, especially in relation to the basin-wide 3-day
SPS' precipitation follow. Other -conclusions, in part stemming from the
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Figure 35.--SucEace weather maps and 500-mb charts for December 21 and 22, 1972.
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Figure 36.--Mass curves of rainfall for the January 13-15, 1975;
December 2, 1975; December 22-24, 1964; and December 1-3,
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