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STRATIFIED MAXIMUM TEMPERATURE RELATIONSHIPS BETWEEN SIXTEEN
ZONE STATIONS IN ARIZONA AND RESPECTIVE KEY STATIONS

ra S. Brenner
National Weather Service Forecast Office
Phoenix, Arizona

. BACKGROUND INFORMATION

This study involved an extensive fabulation of temperature relation-
ships between each of sixteen zone stations in Arizona and respective  key
stations. Key stations were defined as the five cities in Arizona for
which Mode! Output Statistics (MOS) temperature forecasts are generated,
plus the city of Prescott. Each of these cities was considered to be
meteorologically representative of the ciimatic zone in which it is lo-
cated (Figure |). For example, Prescott would be the key station for the
central basin and northwest zone of Arizona (average elevations of the
zone stations 3000 to 6000 feet). Similarly, Flagstaff would be the key
station for the central mountain zone (elevations above 6000 feet).

This research used a ftemperature and season dependent stratification -
to expand upon the basic principle of using normal monthly maximum and
minimum temperature deviations between various zone stations and the
appropriate key station as a guide to forecasting temperatures at each
of the zone stations. Normal monthly maximum and minimum temperatures at
all fwenty two of the stations for which temperature forecasts are prepared
in Arizona are readily available at the National Weather Service Forecast
Office In Phoenix, Arizona (WSFO PHX). Thus, the average monthly dif-
ferences from each of the sixteen zone stations to the respective key
station have been computed for both maximums and minimums. The differences,
or deviations, are used as guidance in the preparation of the Arizona
community and recreational area forecasts of maximum and minimum ftemper-
atures for the zone stations. ‘ :

However, the use of normals which have been derived for an entire month
at a given station was theorized to have inherent weaknesses. Normals
are made up of extremes; and extremes are typically masked when normals
are tabulated over a large period of record. 1In Arizona, exfremes in the
Temperatures at a given station during a given month can be common, and
can be induced by small scale changes just as easily as by adjusfments of
.the larger. scale features. For example, during the cool season, the
southern latitude of Arizona can typically allow strongly and rapidly
rebounding Temperatures following an unusually cold outbreak. Similarly,
very cold outbreaks can typically follow a period of unusually warm read-
ings.  During the summer monsoon season (July and August), clouds and
thunderstorms can cause wide day-to-day variances in temperatures. In
general, varying degrees of winds, clouds, humidity, precipitation (or
lack of), and snow cover, can induce considerable day-to-day variances
and anomalies in either the maximum or minimum temperature at a given
station, or even within a given area of the state.

[+ was felt that fthe eventual value of The observed maximum or
mihimum temperature should be a direct byproduct of the overall character
of the concurrent synoptic regime. For example, a high temperature of
only fifty five degrees atT Tucson in the middie of September can generate
rather strong inferences about the existing synoptic weather regime.
During a "normal" synoptic regime for the same Time of vear, the average



maximum temperature at Douglas is five degrees cooler than Tucson.

When Tucson.has an anomalous high temperature of fifty. five degrees in
the middle of September, Douglas averages two degrees warmer, as opposed
to the "normal" five degrees cooler, than Tucson.

It Is not so important to know the exact cause of the unusuaily low
maximum at the key station in This example. The important point is that
the majority of similar |low maximums which have occurred in September at
Tucson in the past were likely caused by similar or related synoptic
regimes. And in the majoriTy of those similar regimes, Douglas has
Typlcally reacTed by averaglng Two degrees warmer Than Tucson.

Therefore, ThlS study set ouT To substantiate the above idea by de~
riving-a set of relationships between observed key and zone station temp-
eratures that are temperature as.well as seasonally dependent,. |T was
hoped that the outcome -of this stratification would ultimately provide
a'more- representative means for relating the forecasted temperatures at
key stations to those.of the zone stations during anomalous weather regimes.

Il. DATA TABULATION

~The "period selected as the data base was from July 197] through Augus?t
1981. Six key stations were selected (Figure 2). These stations included
Those hormally transmitted as The coded cities forecasts by the Automation
of Field Operations and Services: (AFOS) system (under the heading
PHXCCFPHX). The key stations chosen were Phoenix (PHX), Tucson (TUS),
Flagstaff (FLG), Winsfow CINW), Yuma. (YUM), and Prescott (PRC). .Shown
as well 'in Figure 2 are the sixfeen zone stations for which routine
temperature and precipitation probability forecasts are prepared by Phoenix
“WSFO (under The AFOS headlng PHXRECPHX)

~nFrve'characTerlstlcalIy:sumtlar~seasonal periods Were selected for THe
purpose of data stratification. The periods were grouped as follows:

.. November through February
March through April

-May through June.

o July through August
September through October.

U AN —

Figure 3 represents a sample of the tabulation forms used to record
the maximum temperature data during the period of study. The key station
Winslow is used as an example for the seasonal period March through April.
The observed maximum temperatures at Winslow for each day of every March
and April during the period of study were stratified according to the
appropriate five degree temperature range. As each daily maximum was
identified with the proper temperature range, the corresponding maximum
Temperatiures at each of The two Winslow zone stations for that same day
were: recorded within the approprlaTe data entry square

During the course of this dafa tabulation, it became obvious that
"reset" maximum temperatures were going to partially contaminate the data
sanple. These resets occasionally occur at stations which read and reset
the maximum thermometers only once daily at 4 p.m. MST. Should the next
day be cooler, the official high temperature for that day will be reported
as the 4 p.m. temperature from the previous day. In some of these cases,
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subjective adjustments to these resets could be made by noting a consistent
amount of 24 hour maximum temperature drop at several surrounding stations
that reset Their thermometers twice a day. In all but the most obvious
cases, adjustments were not made, and the reset temperature-was not in-
cluded in the data tabulation. '

Returning to the Winslow exampie, femperature data at each zone station
for each March and April during the entire period were recorded., Tabu-
lations were then made of the mean of these temperatures, the standard
deviation, and the number of entries for each zone station within each
five degree Winsiow femperature range. Finally, the difference or
deviation of each mean femperature from the midpoint of each ftemperature
range for Winslow was determined for each individual zone station.

The above process, using the appropriate maximum temperature data,
was repeated for the other key stations of Tucson, Flagstaff, and Prescott.
The key station Yuma did not have any related zone stations. The key
station Phoenix only had one affiliated zone station at Coolidge. Since
max imum temperatures at Coolidge are consistently very similar to those
of Phoenix, the stratification process seemed to provide |it+le additional
advantage over that of simply using The normal monthly deviation. There=
. fore, it was decided fo continue to use the normal monthly deviation of
" the Coolidge maximum from Phoenix.

A similar stratification process was also attempted for minimum
Temperature data during the period of study for all key stations. However,
- this procedure was discarded near the midpoint of the data tabulation.

The less conservative nature of minimum temperatures rapidly became
apparent due to fThe wide variation of minimum temperatures being recorded
for each zone station within each appropriate key station temperature
range. Therefore, the use of average monthly devidiion of minimum temper=
atures at each zone station from the corresponding key station is pre-
ferred over the results of a separate stratification process for minimum-
temperatures. , ' '

I'11. DATA ANALYSIS AND RESULTS

This discussion will be confined to the results of the stratification
process of maximum Temperatures only. Data Tables | through 4 display
The tabulated results of the data coilection for the key stations Tucson,
Prescott, Flagstaff, and Winslow. For each five degree temperature range,
the mean temperature [X], the deviation [dev_ of that mean temperature
from the midpoint of the femperature range, the standard deviation [sI,
and the number of cases [n] used to compile the above values, are listed
by key statjon and seasonal period,

One of the more positive results of this fTabulation is the low
standard deviations [s]. Figure 4 is a summarized analysis of [s] from
the study. |In Figure 4, the [s] values for each key station temperature
range in the data Tables were combined and averaged within each seasonal
period by zone station. Only those [s] values that were derived from a
data sample of [n]] greater than or equal to 10 for that particular
key station ftemperature range were included in the averaging process.

The results of the averaging were grouped by range of [s. for each zone
station in the first portion of Figure 4. Following this, individual [s]
values for zone stations were averaged to determine a zone average for . -
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each key station within each seasonal period. These results are listed
by ranges in the second portion of Figure 4.

The fact that the majority of these station averages of [s] were
3,50 degrees of less supports a strong relationship befween the maximum
temperature of the key station and the corresponding maximum temperature
at the respective zone stations. Further, these zone station standard
deviation averages were actually overwhelmingly in the 2.50 to 3.00
degree grouping for the Tucson and Prescott zones. Certainly, if the
maximum temperatures at the individual zone stations were not correlated
to the maximum temperatures at the corresponding key station, these
standard deviation averages would have been much larger. Note as well
that for each key station, it should be expected that the largesT values
of these zone station averages of [s] would occur during the rather '
changeable November through February seasonal period. Despite this, the
averages within this period were still quite good being near or below
4,00 degrees.

The individual zone station averages of standard deviation in Figure
4 also show which stations had the strongest or.weakest correlations with
their key station. The zone stations Bisbee (BIB), Giobe (GLB), McNary (MNY),
and Page (PGA) appear to consistently exhibit the weakest relationships,
while Nogales (NOG) and Payson (0QE4) have relatively strong relationships.
The stations Safford (E74), Kingman (1GM), Show Low (E03), and Canyon de
Chelly (CNC) also seem to trend towards an overall weak relationship to
the key station, while Fort Huachuca (FHU), Douglas (DUG), Grand Canyon (GCN),
Cottonwood (COT), and Sedona (SED) lean in the direction of a somewhat
stronger relationship.

A considerable amount of discussion could be generated as To the reason
for-a.given degree of relationship between a zone station and the cor-
responding key station. These relationships could be controlled by a
number of factors ranging perhaps from fthe distance fo the key station,
to differences in elevation, to station exposure and local effects. Never-
theless, the varying degrees of these individual station relationships
can be utilized in the positive sense as a confidence factor by the fore-
caster. The important point is that the results of the standard deviation
analysis indicate that overall, The relationships between The key stations
and their respective zone stations are sound.

Perhaps the foremost positive result_of this study is portrayed by
the distributions.of the deviations Ldevl of the mean temperature [x] at
a given zone station from the midpoint of the appropriate key station
temperature range. The primary hypothesis which provided the foundation
for this study was that the monthly temperature deviations at a given
zone station were not represenftative during anomalous weather patterns.
Data Tables | Through 4 clearly validate This hypothesis. For nearly all
zone stations, a substantial variance in Ldevd occurs as one propagates
away from the key station temperature ranges containing the maximum [nl.

Three separate patterns were observed relating To the manner in which
the values of [dev’] changed at the zone stations within each seasonal
period. The patterns are summarized in-Figure 5. Whenever a particular
pattern was identified at the majority of the zone stations affiliated
with a given key station, that key station was entered in Figure 5 for
that pattern under the appropriate seasonal period.

The most common panern.observed is that the [dev!] becomes increas-
ingly less positive (or more negative) from the coldest anomalies for a
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given seasonal period toward the warmest anomalies. Of those key stations
which fall within this category, about half exhibit a change in sign of
the value of [dev] from positive to negative.

The second pattern, which surfaced rather infrequentiy, is a small
change in [dev] of 3 degrees or fess from the coldest +o the warmest
anomalies. Occurrences of this pattern favor the fransition months
of March/April and September/October.

The final pattern, which only occurs once, is where the values of
[dev] become increasingly negative toward each of the coldest and warmest
anomalies. The single occurrence is noted for the Tucson zone stations
during the November/February seasonal period. Applying the most common
pattern, where [dev] becomes less positive (or more negative) from the
coldest to the warmest anomaly, one would have expected different values
of [dev] for the 36 to 40 degree range, as well as the 41 to 45 degree
inferval. These should have ranged from about plus +two at Nogales to
minus one at Safford and Douglas, fto minus fthree at Fort Huachuca, and
minus four at Bisbee. These projected values would have been quite
reasonable when considering the effects of winter temperature inversions
in tThe Tucson valley. These temperature inversions will typically limi+
~the amount of difference between fthe maximum temperature at Tucson and
“The maximums atT other Tucson zone stations which are at higher elevations
and generally above the inversion level. Yet, at the coldest anomalies,
the gap between the Tucson maximum and the maximums at the Tucson zone
stations begins fTo widen.

A possible explanation could rest with "backdoor coldfronts" and
other incidences of low level easterly flow generated by a buildup of
surface pressure over the Southern Rockies and Southern Plains. During
these not-so-infrequent occurrences, colder air in the lower levels pushes
info southeast Arizona, typically generating a cold anomalous situation.
Hoewever, the. fopography of southeast Arizona is such that this air can
medify considerably, due fo downslope effects, by the time it reaches the : .
Tucson valley. This downslope condition tends fo negate the effects
of the cold air at Tucson, while the remainder of fthe Tucson zone stations
undergo rather strong low-level cold-air advection. This could possibly
account for the uniqueness of this particular [dev] pattern. '

IV, APPLICATIONS

The results of this study are routinely applied to The development
of the community and recreational forecasts of temperatures and probabili-
Ties of precipitation for sixteen zone stations in Arizona (AFOS heading
PHXRECPHX). The appropriate AFOS applications program is initiated by
entering the run line command, "RUN:RECS AAA BBB CCC D E F ". The first,
second, and third period temperature forecasts for Prescott are entered
for AAA, BBB, and CCC, respectively. The single digit precipitation
probabilities are also entered for D, E, and F. This probability portion
of the run line will also accept a "-" or A "+" as well ih lieu of five
percent and one hundred percent, respectively. The program then reads the
coded cities forecast product (PHXCCFPHX) to obtain the Temperature
and probability of precipitation forecasts for the remainder of the key
stations.



‘The seasonal period and the hour of the forecast being prepared
(early morning or afternoon) are determined within the program using the
computer clock. Therefore, given these parameters, the forecasted temp-
eratures at each key station from the PHXCCFPHX product, and the Prescott
information from the run line, a series of searches and calculations
commences. For the periods which involve maximum temperature forecasts,
the results of the stratification process are applied foward the calcula-
tions. For minimum temperatures, calculations using normal monthly ,
deviations from zone station to key station are performed. Probabilities
at the key station are simply assigned to each zone station related to
that key station.

Within seconds, a completed PHXRECPHX product can be displayed at,
and even transmitted from, the AFOS console. It is at this time, however,
that any adjustments that might be necessary can be made fo the AFOS-
generated PHXRECPHX product.

Generally, It has been found that the results of the calculations, as
displayed, need only minor adjustments, if at all. This is particularly
true during nonchanging regimes where unusual local effects are not
operative, However, the need for subjective adjustments should be con-
sidered when the weather conditions at the key station and the appropriate
zone stations are expected fo differ significantly enough o upset the
basic dependency relationship. Among examples of situations that could
be consiidered are Jocal fog or low clouds, separate areas with snow on
the ground, local winds, isolated areas of precipitation, and air mass
boundaries. Similarly, situations where a portion of a zone has clouds
(for example, lingering clouds behind an exiting storm), while the re-
mainder of the zone is clear, should be included for consideration.

During persistent regimes when subjective adjustments would not
normally be needed, it has proven beneficial to compute a quick verifica~
tion of the maximum temperature forecasts from several previous days. This
check can occasionally identify a temporary bias in the stratification
process at a given zone station, which could then be applied to the current
forecast, provided the prevailing persistent regime is expected to
continue.

V. CONCLUSIONS

The results of this study support the original hypothesis that normal
monthly deviation relationships of maximum temperature befween a given
zone station and its key station are largely unrepresentative during
anomalous weather regimes. A much stronger relationship was identified
using a temperature and seasonally dependent mean difference or deviation
between the maximum temperature at a given zone station, and that of the
respective key station.

The observed maximum Temperature al a key station is accepted as
generally being a function of the overall synoptic regime operative at
the time. The study validated the premise that, in general, maximum
temperatures at each zone station are dependent upon the actual value
of the maximum temperature at the respective key station. |+ follows
that tThe maximum temperatures at the zone stations can be related in-
directly to the character of the overall existing synoptic regime as well.



Therefore, it is concluded that the wide range of variation in the mag-
nitude of the mean deviation of the maximum ftemperature between each zone
and respective key station is indeed a result of sensitivity and dependency
upon the overall characteristic of the synoptic regime which produced

the observed key station maximum. Similar synoptic regimes can thus be
expected to typically produce similar mean deviations between a given

zone and key station. However, subjective adjustments to the mean
deviations must be considered during situations where the basic dependency
relationship is expected to be altered.

In the case oOf minimum temperature:rélationships, it appears that the
basic dependency relationship is too easily overcome by small-scale
effects. The resulting less conservative nature of minimum temperatures
therefore increases the possible need for a regression analysis at each
zone station to assist in determining the average effects of each smali-
scale parameter on the cbserved minimum ftemperature. The results of this
analysis, if satisfactory, could perhaps then be appiied fo the value
obtained at the zone station from using the normal monthly difference in
minimum temperatures befween the key and zone station.
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PATTERNS IN THE CHANGE IN CDEV1]
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DEV 5033 [+5425 | 44495 | +40B7 | +ireli3 | 43697 | +3e 47| +3409| +2486| +2u 47| +2413| +1453
¥ 28433133+25|37+95| 42871 47643 | 51497 564471 61409| 65486] 70647} 75413] 79453
sEp | S 1.15] 3.87] 3.29] 346] 3441] 3.38] 3447] 3.03] 3445] 3.00{ 2.99 3.00)
¥ 3 4| 22] 68| 100| 134! 186 174l anyy 73] uol 15
DEV 7067 [+5075 43093 |+30 54| +30 20142 77 |+2407 | +Lalid |+ oEh{— 417|~1.00{-1.55
X 30467 13347536493 |14 54 | 46420150,77 5507|5941 | 63484 67. 83| 72.00{ 76445
OBl S ho5l| 2422] 2,761 3416] 3.37| 3.27| 3436| 2.92| 3.19] 3.04| 2.47{ 1.84
N 3 A 27 86| 130] 164| 223| 216 1m 92 L5 16
DEV - +7 040 [+60 54| +5482]| 45436 | #4087 | +s0 96|+l 52| +Le 92| +5402] +5.1 2] 45,00
PRG X 40o4O |4l 54 14848253436 57,87 |62696(67452|72.92( 78.02| &3,12| 88,00
(MARe g | S 34291 3,071 3.81] 3,621 3.86| 2.94| 3.03| 2.84) 2,79] 2,57
__APR) N 51kl u3) 61) enl sl e o3l 86 251 1
DEV 9920 {49415 [494 53 |+9,93 149,63 | 4957 {49477 | 484991 +8400| +7a1L] 45,00
X 42420 4741552453 57493 {62463 | 67457172.77|76+99] 81400| 85414} 88400
GLB S 1.79| 1458 3014 34381 3e58| 3074} L40L| 3.23! 3.30| 2,76
N 5 i2{ 40 SL)] 5L} 771 70| 851 75 21 1
DEV [H0s0 0)+9650 |+94 71 H10s 1849493 10416104 26494 78 | 49469 | +84 50] +7,00
X 43400 (4745052471 {58418 [62.93 [68416]73426177.78]82.69|86.50] 90,00
cor | s 2.48| 24541 3413 2.69| 2.86] 2.73| 2.6k 2482| 2.28] 1.84
N A i2 38 56 Sk 73 3 83 78 23 1
DEV 5480 4+5075]+557 | +5480]| 460 17| 466511 +6463| +64 68| +7 09} +6,05]
X 384804375 48457 (53480159017} Bhre51] 69463 | The68| 80.09) 84405
SED | s 2459| 2674} 3010] 2482| 2478| 3420( 2.87| 2494( 2455] 2453
N 5 12 35 Sk 5k 68 75 81 72 19
DEV +3000]+20 79 {+3019 143 41 [+3 028 +3069 [+ s 00| +34 83| 434 48] +2,08! +0,00 —
X 36400]40679146.19|51441 (56428 61.69] 67,00 71483] 76.48] £0,08] 83,00
OBy, S 2.35] 2455] 3+21] 3.46] 3449 2,74 3.19] 2,43 2.27] 1.7
N o] | 43| e1| 0| 83| 81l 92| 86| 2
DEV 48020147271 +8413 |+7281}+84 26147483 | +7472| 47428) +7+12] +6.62| +6. 26| +6.,00
o T 5642060071 166413 [ 70481 [ 76426 |80+83(85472] 90.28| 95412| 99.620104..26(109, O
(MAY= GM [ S 24590 3.55] 3.93| 34771 32561 291 2,511 2.45] 2.80] 2.07] 1,74
JUN) N 5| 71 15! 33! ssl 100| 128! 120! 92| 53| 27 1
DEV H13. 99 H1347 412,87 H12.3 341 L8O Hlle 2041057 490691 #9016 | +8456| 474 52| +8400)
X 61499 66447 | 70487 |75432 7980|8420 | 884579269 | 97026 101,58105,521111.00
B | S 5412| 3408| 4e73| 3482 3433| 298| 3.38| 3.43| 3.0L1 3.61] 3.00
N I3 6] 131 31} 49| 88| 117 108 79| 52| 25 1
DEV H12450411 0674110 50417 o 61411 SA+LL 30411 08 +11,00+11 419|411 17 +9,88
£ . 60650 | 64467 169450| 7 61|79+ 59| 843k | 89406| 9o 00! 994910k . 17107, 88
cor | s 2,39 | 2.58] 3489 3408| 2.70| 2468| 248 2411 243! 2.29] 1,59
N 5 6] 15| 31| 57| 86| 1313 1onl Al 7| 25
DEV 2075 |+84bl [+8462 (48459 {+8486 |+8495 | 484801 +8456 | +891 [ +8476| +8427 | +5400
4 56475 |6106L [66462 {71459 {76486 81495 18680191456 | 96491 [LO1. 741068 27/108 00
SED S 3486 2091 | 3499 3.68| 24870 3s17] 2.74] 2.76| 2.86| 2.15| 1.54
N 4 71 13| 33 561 91| i22f 114 90f s 2 1
DEV H5960 16900 5460 15473 |+547L [+5027 [+4e89 144639 |Hhe21 143 7L [+3437 |+2,00
g 5360159400163 460! 68473 |73 474 78427] 82,89] 87439] 92021] 9647L1101,37 105,001
OEL s Selihi 3e27] 3429] 3453 2436 24320 2,78 2459 2. 2424 1.2
N 5 7 15 33 58| 100| 128 119 92 5k 27 1
( | N . I — ‘ ( |
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KEY | KEY 3TN. RANGE 6 | 11~ | 16—~ | 20 | 26— | 31| 36~ | 41— | 46~ 51-| 56~ 61~ 66~1 T1~| 76~| Sl—| 86—| 91~| 96~| 10%—| 106-
STN. | FOR MAXTMUMS 10 |15 {20 {25 [30 |35 |40 |45 |50 |55 [ 60 | 65 | 70| 75 | 80 | 85 | 90 | 95 (100 | 105 |110
DEV l13 o 5451 0 S0l [#8ahS 147,29 146,428
X 811056884135 | 926114y 1 96445 (100, 29104 .
(JUL~ M| s 2.85] 2,971 2671 253| 2,60} 2451
AUG) N 16| 66] 197] =229f 150 25
DEV L34 ITh 31003849417 [+7476 4650
z 86414 189042|93438 9717 [100.7 8104e 50
GLB | 5§ 2.80] 3eh7] 3.07| 2686] 2.84] 2476
N | 6| 179 16| 131 2
DEV 13 o 5111 247 2411 o 7109 2410438149022
I3 86451 1900729867 [98.92 103,381107,22
cor | S 2:72] 339] 2.88] 2.61] 2,49 2.18
N ih|  sul 169 198 129] 18
DEV 11, ZUE1 O G811 Qa0 #9015 | +8482) 47,67
X 8110271884681 93.09( 97445 [101.82(105.67
SED | S 2075] 3416 2061 2447 24450 2.08)
N 13 66| 188| 24| w2 24|
DEV +8020 |+6032|+5e10{ +e 0L | 43,05 +1.75
X 81620 |84432(88010{92401{96405]99+75
0Bk | S 2.55 | 3413] 2:62] 2453] 2.64| 2.38
N 15[ 66| 196 229 47| 2
DEY 49225 | 48442 46,88 146,65 |46,79 | +6276| +6468)| +6,87] +7,34] +6497| +6448)
PRG X 5242556042 | 59+88| 611065| 69+79] 77| 79+68| 84e87| 90341 944971 99,48
(SEP= TaM | S 3430} 2,97 Sehih| 3,01 2,99] 3,211 3069| 3435 2.66] 2.46] 186
- ocT) N i a2) 37! 26| 34l 59l 103| 138| 131 é2[ 19
DEV 49050 49427 |47093 |+8400]47486 | +84 20| 484 14| 480 07] +7463] +To 1ty +6411]
X 52450 (5727 {60693 [66400| 70,86 764 20| 81 o4:4i| 86407] 90063| 95014 99411/
GIB | S 5420| 34201 3e49( 3.10| 2.71( 3475| Lel3| 3.87| he18] 3479] 3a14
N L] 13| 5] 23] 28] 51| on[ 128l 129 59| 1g
DEV 11040049480 +94 50| +94 50| +9062110s 11| +9479] 49478 +981] 49482 +9467
X 53.00|57480|62.50]67,50|72.62] 78411] 824791 87.78] 92.81| 97.82}101 47
cor [ S Le36| 3483] 2.99] 2.94] 2.26] 3413] 2.96] 2.57] 2.85] 2.37] 1.81
N 3 5] 16] 22| 29| 53] 89f 120 118 57 i
PEV +TehB147076|+7473| 47031 | +6487| +7+00| 47409| +728} +7oLhl +7436] 46,1
X 50414855476 60.73|65.31]69.27| 75,00 80,09| 85,28 90, 44{ 95.36{ 99.4,2)
SEp | s 2412] 3.60| 2.9t 2,92] 2,79 2481| 3430 3.41] .2.97] 2.56] 2.14]
N 2 7] 3151 24} 30| s8] o8| 12u| 118 59 19
DEV o35 |+t ohi2] +4,005] 434 58] 43064 43063+ s O] +3062+3.52 [43046 |+14ldy
X 4735[52442]57.05| 61.58] 66,64 71463] 77.04] 81.62/86452|91.46 kbt
OBy | s 1 2.22] 3,92] 2.65] 3.01] 3.01{ 3.11] 3,33 2.82[ 2.71] 2.60] 2,12
N 4 11 17 26) 34 59 103 137| 129 61 19
)
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KEY | KEY STW. RANGE | &= | 10~ | 16— | 20— | 26~ | 31~ | 36— | 4l= | bb= | 51| 56- | 61| 66— | T1-f 76 Bl—) 86~ | 91| 96— 101|106~
STN. | FOR MAXIMUMS 10 |15 (20 |25 {30 |3 |40 |45 |5 |55 j60 |65 (7 [75 |8 | 8 { 90 | 95 |100 {105 |110
: DEV_[+8400 [+6027 |+1488 | +e17 | +3022| 42,58 | 41498 +1o46|+ 78|+ +23]1405/mR448|=3,79 [=5,50
F10 X 116400[19427] 22.88| 2717|314 22( 35.58]39298| L4 46| 48.78| 53, 23] 56,95] 60,52 bLie 21} 67.50)
(NOV= GON | ¢ 14150 3456 4e28| 3,58 3455] 3.56] 3.54] 3.55| 3.81] 3.40| 3.34| 3.00| 3.24
FEB) N 1 3 8] 23| 66] 131] 168| =210} 21| 176 87| 2| 43 8
DEV_[F14.0011 49210 |+7e36 |45 75| #4069 | +he 07| #2457 | 42483 |42, 00 41,92 | o160 = o71] 1,87
X |22.00]24.,40]27410130436]33,75] 37069] 42.07] 45457} 50.83| 55404 59.92| 62,84 67,20 71,13
e | S 1.00] 3471) LeO5) Lol0] 3493 he23] 436 halih| Le36 4e39 LelQ Le36] hed
N 1 3 91 2 631 132] 169| 208] 203 170 g7]  s0l n2 8
DEV #14eO0t1008248432 145,92 |4he12 [+363h 143,27 | 43417 [ 43216 | 42,771 +1 069 + oliliie 93] =3,20)
T 122.00(23,.82|26.32] 28492 32,12| 36434 41.27} 46.17| 51,16 55.77] 59.4] 63 Lk 67,07} 69,80
N | g o7 3408} L3t Lokl 5a22] L.OW Le19| 4e32| 4005| 4e25| 4433 Leldd LelO
N 2 7 19 58] 1230 1L6] 174 192| 145 79 50 42 54
DEV =1,00]+1409| 42,311 +2.45] +2.43 | 42430] +1.62] + 495| + 38| 68| =2, 25/
FLG X 22,00]29409[35431 | 4045} k5443 | 50630] 54e62 584951 63438| 67432] 70,75
(MAR GCN S 3e49] 3437} 2,59 3.62| 3.57{ 323! 3e31{ 3.08| 3.20| 2,42
AFR) N 1 11 32 61 [ 57 74 79 96 50 12
DEV 43400 143060 I+l e 78 145 048 |45 03k [+5043 |50 27 |+l Ol | 4005 | +3435 1+ 217
X 26400 131,60 13778 143048 {48634 |53 443 15827 62,94 [67,05 171,35 73,17
EQ3 s 34531 367] 3492] 3.90| 4331 3.62] 3.68| 3.29| 3.35{ 2.92
N 1 100 32| 60] éh| s8] 73 3| 101| n9f 12
DEV 41000 {41489 [+2,48 143029 |+2.79 [+2477 142,781 43417 | +233| #1436} 1436
X 204,,00]29,89|35.481414291 4547950077 | 55478 61417 | 65433169436} 71464,
MCN S 2.76| 3.12| 403! 3.99| Le85| 3.98! L.32| 3.87) b1kl 2,82
N 1] 9] 27] A9 53| 48| 6Of 66| 93| 47 1L
DEV 43675 | 42075 [42400 |+1 082 [ +2, 25 [+2e 47 | +2402| +1453 | +1911 |+ o894+ o501+ o1
| _Fia X 4175 (45075 [50500 | 54482} 60425 | 65447 | 70402] The 53| 7911 83,89) 88, 50! 93a1k)
(VAT oo 5 1.89| 2.06 2.73] 3.57| 4obl| 4.25] 3.95] 3.13] 2.78] 2.75] 1.94] 2.19
JUN) ) X b 3 gl 171 29! 78] 103} 106) 233{ erl s8] 22
DEV +Bo 0L |46 o 5by |+5957 [+5082 |45 17 145034 |+ o 87 | +ie 93 | o L8] 43,981 43 48] +2 .14y
X 16640k 169454 53,57 |58,82163,47 168,34 72,871 77,93 182,08 86,98l o1, 48] 95 10,
203 5 2,30| 2.43| 2499 | 3453| 3487 3.61] 3.58] 2.97]| 3.30| 2.77] 2.41| 2.04)
N 4 4 7 17 0 82| 105| 107] 104 83 56 22
NEY 4025 43417 14282 |43423 | 43448 [+3.42 |+2.99 |+2.78 [+2.33 | +2. 44| +2,20 [+ 456
% 42425146417 | 50482{56423 | 61.48(56,42| 70.99| 75.78| 80.33| 85.1ks] 90.20] 93,56
MCN s 2.06] 2.08] 3ehh| 352 4e23| 4438| Ke32| 3.73| L.14l 3.99 2.76 2.31
N 4 3 7 16 28| 72 91| 105 90 i 50 17
DEV 45060 |4/ 067 |+3276 142453 [41055]+ 952|= 416|=1,00
| FL& X 68460(72,67|76,76180,53| 844551 88. 52| 92.84] 97,00
(JUL~- “GON S 1,95 2.64] 3.261 2.90] 2.76| 2.32| 1.89
Lauc) v 5; 15| 71l 186| 234 1k5| 18
DEY +8480[+6093 [ +5elids | +5020| 42, 71| 1462} + &17]=1.00
X 71.80|74.93 78,44 82.20] 85.71]89.62{93417( 97.00
E03 5 2.77| 2741 3.45| 3.22] 3.49| 3410} 2.64
i 5| 15] 71| 1e3| =228 138 1g 1
D5V +7025[+5410|+2.67 [+ 62| ~1.81]=3.59(—5.86| ~8400
X 70425(73+10|7546778+62| 814 19] 84kl |87414] 90,00
MEN S 2.63] 3.63] 3.75] 3.67| 3.92 3.27| 1.88
N Ll 10| 630 165 211f 112] 1Ml 1
DEV. +3e40| +2.75] 42,13 | 41,95 +2,10| +1,60/+1,18 |+ 78|+ o70[+ 240+ #28|=~ .75
15 X 6440 | 406 75| L5013 £9295! 55010] 59060| 6418 68478] 73,70, 78440 83,28 87,23
(sEP- GON s 2027 | 2,06} 2,6k | 3,841 3,67] 3.82| 4,01} 3,57] 3,500 3.29] 2.38| 1,83
aer) N 5 LI 15] 2l 20l as|  66] 102] 150 115 k6 8
DEYV 46920 | 45438 | +1,483 | +hed3 [+1sg 3014405 [43061 | +3917 | +3433 | +2.69! +2, 581 +1,6k
X 39220 113438 | 47083 {5243 |5730162,05 1664611714171 76433 80,89 85,58] 89,6k
EQ3 s 2,39] 2,491 3,261 3.39| 3,31 3,341 3,36] 3.45] 3.46] 3.33] 2.57] 1.98
N 5 L1 15| 23] 20| 45| 6] 101| k8| 112] 47 8
DEV 5000 |+hobs3 [+3060 |+24 88 |+2043 | +2400|+1456]+1e09 |+ o8hi+ #18]= 23| 56
X 3800011:2,43 116260150488 | 55,43 | 604001 61,0 86| £9,06] 73,41, 78418] 82,77 8744
MON s 1492] 1453] 34261 30911 3.64| 3,900 Le27| Le23| Ly12| 3,38 3,38 1.7h
N 5 3l a2] 19l 7] pal sl 9] 131] 98] A 9
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KEY | KEY 5TN. RANGE b | 11- | 16— | 2| Gbe | 31e ] 36w Ml | L6~ | 51| 56-] bl-] 66~] Ti-| Tb~| 81—| 8b=| 91=| Yb—| 101—] 106— l
STN. | FOR MAXIMIMS 10 {15 [ 20 [ 25 [30 035 [ ko a5 | 50155 |60} 65 | 70 ] 75.] a0 5 1 90 { 95 {100 {10 | 110 ;
DEV 16000 |+3482 41,62 = 8L [~139 [=2087 |=3465 |Yie0L |=3485 | o1 | e Ol |~3461|~4.08 ) ]
nw X 200 |26482 129,62 [32416 {36061 | 40413 [hlya35 | 58499 | 5hal5 584811 63496169439} 73.92
(wov—- CC | o 3000] 3,461 4e27| 4e33] he33] 4e38] Le38) 4e36| he31] he20| 3423} 2,46 2,37
FEB) N 5 11| 331 61| 86] 1] 1s3] 227] 159 117] | 36 19
BEV 49095 14700 11065 |+24001= o8 |=Re]1 {3478 |=50/42]|wbs51 |7 079 =Ba35|~8489|~10.09
F'e 27495 13064013265 135000137552} 50089 | 14422 {4758| 51 o49] 55021} 59465 Blyall| 67491
PGA | 8 3011 3elili]| 4ohO| 4alb] Loh2| LokB] Lehb| behi2| 4e36| 4e35] 3491| 3426| 3,21
N b 12| 33 58 8 131| 3173| 204 152 113 7 35 11
DEV #4037 |4+ oT6|=20h6 | g36] ~diols3 | hie35} 3 489 =34 53] o 56| =56
INy X 1:2637 |43 476 |L545k [L846k (53457 |58465 [6ke11 69447 7361k | 77436
(MAR~ onc | S 1,83 [ 34021 34351 3416| 347 3439| 3¢32| 3.17] 2.50] 1.99
AFR) N 6 37] el 65l 72[ 791 81| es| 28
EY 4340 [+1e45 = 012 [~1465 [~2495 3403 {~2493 |-2089 (=351 | e 52
X 4L o b0 [Bloli5 147488 [51435 5540559497 6540770011 The k9| 78448
"N 2,88| 2494 ) 2.70] 2496 3e42| 3415| hell| 4,29| Le28]| Le12)
N 5] 11] 32) 60| 59| 6= 73] 75| 76| 22
DEY + 068 |m 029 |~ 49911059 =2417{ =248 ] 30 6| o2 | =5419| =5451} =5463
INW pi 5368|5771 62401 | 66441 | 704831 75019| 79436 83479] 874811 92.49] 9737
(MAY~ ce | s 3e5h]| 3e53] he2l| 3464| 3487) 3453] 3,90 3415| 3.21| 2.18[ 169
) ¥ 2] 6] 16 au| a7[ 99l 12 1ol gxf eul 31
DEV |~ ¢50]= 63 [= «71|m 283!~ 891w oOh|= o96|=Lodh|=Tobl|~1.88] 2,00
X 52450(5737| 62429 67417] 72411 | 77406 82401 86.86] 91.36| 96412[100,9¢]
PGA | S 35l | Lol | Leh5| Le30| 3493| heh2| hek?| he39| 4e0L| 3a4h| 2411
N 2 6 anj 23 391 76 01| 91| 87} 76| 26
1 DEV +h 050 2040 |+ 5211295 |=3493 |—e Gl | =588
| o | i X 7740 [80.40 [83. 52 |86.05 |89.07 [93.06 97,12
(i~ e | s 3,21 2.87 [ 3.93| 3.50] 3.03] 2.30] 2.36
*LAuG) N 51 10| 42| 132] 256] 179| 47 |
DEV 41,50 [+2400 [+247 [+1022 [+ o77 (= o3 |-1447 .
X 7450 [80,00 |85447 [89422 (93477 |97 + 66 [LOL. 53]
PGA | S 2,881 3.45| 3.75] 3.81 3.67[ 3.33] 2.30
N 5] 10| 3u| 115| 229] 166 45
DEV 3012 |3 400 (=3 609 [=2,86 [=2052 | =269 [~2453 | =289 3423 | =i s 06] =540
W E 11088 150000 151,091 6001l [65448 (70,32 [ 75447 | 80611 8o 77[ 8849 | 92460
(SEP-| (B 3023 | 2659 3e6] 34031 3431[ 34371 34100 2496| 2499 3.08] 1482
o¢T) N 8| 21| 26| 36 552 e1] e9] 160 93] 48] 5
DEV | . 0000 |~ o12{= 430]= 471 [=1417]=1,65 [1493 | =Ra1L]|~1e75]| 2499|3461
X 18000 | 52,88 57270] 62.29] 664831 71 435| 76.07| 80,86 86.25 90,01 939
FGA | S 30211 2063( 3496] £e08] habl] 34961 346k La3hl La03| 3.53] 2.79)
3 7| 20| ~ =} 33| s so| e asof o1 "l sl | | ] | |
g T T 11T
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NOAA Technical Memoranda NWS WR: (Continued)

121
122 A
124

125

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

144
145

146
147
149

150

151
152
153
154

155
156
157

158
159

160:

16%
167

163
164
165
166
167
168
169:
170
171
172
173
174
175
176
177
178

Climatolugical Prediction of Cumulonimbus Clouds in the Vicinity of the Yugca Flat Weather Station. R. F. Quiring, June 1877. (PB-271-704/AS)
Methoo for Transforming Temperature Distribution to Normality. Morris S. Webb, Jr., June 1977. (PB-271-742/AS)

?tahstwa])Gmdance for Prediction of Eastern North Pacific Tropical Cyclone Motwn - Part I. Charles J. Neumann and Preston W. Leftwich, August 1977.
PB-272-661

Statism(ca] Guidance (;n the Prediction of Eastern North Pacific Tropical Cyclone Motion - Part II. Preston W. Leftwich and Charles J. Neumann, August
1977 PB-273-155/AS

Development of a Probability Equation for Winter-Type Precipitation Patterns in Great Falls, Montana. Kenneth B, Mielke, February 1978.(PB-281-387/AS)

Hand Calculator Program to Compute Parcel Thermal Dynamics. Dan Gudgel, April 1978. (PB- 283 080/AS)

Fire Whirls. David W. Goens, May 1978. (PB-283-866/AS)

Flash-Flood Procedure. Ralph C. Hatch and Gerald Williams, May 1978. (PB-286-014/AS)

Automated Fire-Weather Forecasts. Mark A. Mollner and David E. Olsen, September 1978. (PB-289-916/AS) .

Estimatas of the Effects of Terrain Blocking on the Los Angeles WSR-74C Weather Radar. R. G. Pappas, R. Y. Lee, B. W. Finke, October 1978.(PB289767/AS)

Spectral Techniques in Ocean Wave Forecasting., John A. Jannuzzi, October 1978. (PB291317/AS)

Solar Radiation. John A. Jannuzzi, November 1978. (PB291195/AS)

Application of a Spectrum Analyzer in Forecasting Ocean Swell in Southern California Coastal Waters. Lawrence P. Kierulff, Jamuary 1979. (PB292716/AS})

Basic Hydrologic Principles. Thomas L. Dietrich, January 1979. (PB292247/AS) '

LFM -24-Hour Prediction of Eastern Pacific Cyclones Refined by Satellite Images. John R, Zimmerman and Charles P.. Buscha, Jr., Jan. 1979. (PB294324/AS)

A Simple Analysis/Diagnosis System for Real Time Evaluation of Vertical Motion. Scott Heflick and James R. Fors, February 1979. (PB294216/AS)"

Aids for Forecasting Minimum Temperature in the Wenatchee Frost District. Robert S. Robinson, ApriT 1979. (P8298339/AS)

Influence of Cloudiness on Summertime Temperatures in the Eastern Washington Fire Weather Distm’ct. James Holcomb, April 1979, (PB298674/AS)

Comparison of LFM and MFM Precipitation Guidance for Nevada During Doreen. Christopher Hill, April 1979. (PB2986137AS)

The Usefulness of Data from Mountaintop Fire Lookout Stations in Determining Atmospheric Stability, Jonathan W, Corey, ApriT 1979. (PB298899/AS)

'(rhe Depth of)the Marine Layer at San Diego as Related to. Subsequent Cool Season: Precipitation Ep1sodes in Amzona. Ira S. Brenner, Mey 1979.
PB298817/AS

Arizona Cool Season Climatolegical Surface Wind and Pressure Gradient Study. Ira $. Brenner, May 1979, (PB29890Q/AS) '

On the Use of’)So'lar Radiation and Temperature Models to Estimate the Smap Bean Maturity Date in the WiTTamette Valley. Earl M. Bates, August I1979.

(PB80-160971

The BART Experiment.. Morris S. Webb, October 1979. (PB80-155112) . :

Occurrence and Distribution 6f Flash Floods in the Western Region. Thomas L. Dietrich, December 1979. (PB80-160344)
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1980. (PBB0-174576) »

Annual Data and Verification Tabulation - Eastern and Central North Pacific Tropical Storms and Hurricanes 1979. Emil B. Gunther and Staff, EPHC,
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E((egressxon E?uatwn for the Peak Wind Gust 6 to 12 Hours in Advance-at Great Falls. During Strong Downs'lope Wind Storms. Michael Ji. Oard, July 1980,
PBB1-108367

A Raininess Index for the Arfzona Monscon. John H. TenHarkel, July 1980. (PB81~106494)
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Eastern North Pacific Tropical Cyclone Occurrences During Intraseasonal Periods. Preston W. Leftwich and GaiTl M. Brown, February 1981. (PB81-205494)
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