
NOAA Techn i ca I Memorandum NWS WR-179 

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

, Sa It Lake City, Utah 
June 1983 

u.s. DEPARTMENT OF I 
COMMERCE 

National Oceanic and 
Atmospheric Administration I National Weather 

Service 



NOAA TECHNICAL MEMORANDA 
National Weather Service, Western Region Subseries 

The National Weather Service (NWS) Western Region (WR) Subseries provides an informal medium for the documentation and quick dissemination of results not 
appropriate, or not yet ready, for forma 1 publication. The series is used to report on work in progress, to describe technical procedures and practices, 
or to relate progress to a limited audience. These Technical Memoranda will report on investigations devoted primarily to regional and local problems of 
interest mainly to personnel, and hence will not be widely distributed. 

Papers 1 to 25 are in the former series, ESSA Technical Memoranda, Western Region Technical Memoranda (WRTM); papers 24 to 59 are in the former series, 
ESSA Technical Memoranda, Weather Bureau Technical Memoranda (WBTM). Beginning 1;ith 60, the papers are part of the series, NOAA Technical Memorada NWS. 
Out-of-print memoranda are not listed. 

Papers 2 to 22, except for 5 (revised edition), are available from the National Weather Service Western Region, Scientific Services Division, P. 0. Box 
. 11188, Federal Building, 125 South State Street, Salt Lake City, Utah 84147. Paper 5 (revised edition), and all others beginning with 25 are available 

from the National Technical Information Service, U. S. Department of Co111nerce, Sills Building, 52B5 Port Royal Road, Springfield, Virginia 22151. Prices 
vary for all paper copy; $3. 50 microfiche. Order by accession number shown in parentheses at end of each entry. · 

ESSA Technical Memoranda (WRTM) 

2 Climatological Precipitation Probabilities. Compiled by Lucianne Miller, December 1965. 
3 Western Region Pre- and Post-FP-3 Program, December 1, 1965, to February 20, 1966. Edward D. Diemer, March 1966. 
5 Station Descriptions of Local Effects on Synoptic Weather Patterns. Philip Williams, Jr., April 1966 (revised November 1967,0ctober 1969). (PB-17800) 
B Interpreting the RAREP. Herbert P. Benner, May 1966 (revised January 1967). 
11 Some Electrical Processes in the Atmosphere. J. Latham, June 1966. 
17 A Digitalized Summary of Radar Echoes within 100 Miles of Sacramento, California. J. A. Youngberg and L. B. Overaas, December 1966. 
21 An Objective Aid for Forecasting the End of East Winds in the Columbia Gorge, July through October. D. John Coparanis, April 1967. 
22 Derivation of Radar Horizons in Mount a incus Terrain. Roger G. Pappas, Apri 1 1967. 

ESSA Techni ca 1 Memoranda, Weather Bureau Techni ca 1 Memoranda (WBTM) 

25 Verification of Operational Probability of Precipitation Forecasts, April 1966-March 1967. W. W. Dickey, October 1967. (PB-176240) 
26 A Study of Winds in the Lake Mead Recreation Area. R. P. Augulis, January 1968. (PB-177830) 
28 Weather Extremes. R. J. Schmi dl i, April 1968 (revised February 1981). 
29 Small-Scale Analysis and Prediction. Philip Williams, Jr., May 1968. (PB-178425) 
30 Numerical Weather Prediction and Synoptic Meteorology. Capt. Thomas D. Murphy, U.S.A.F., May 1968. (AD-673365) 
31 Precipitation Detection Probabilities by Salt Lake ARTC Radars. Robert K. Belesky, July 1968. (PB-179084) 
32 Probability Forecasting--A Problem Analysis with Reference to the Portland Fire Weather District. Harold S. Ayer, July 1968. (PB-179289) 
35 Joint ESSA/FAA ARTC Radar lleather Surveillance Program. Herbert P. Benner and DeVon B. Smith, December 1968 (revised June 1970). AD-681857) 
36 Temperature Trends in Sacramento--Another Heat Island. Anthony D. Lentini, February 1969. (PB-183055) 
37 Disposal of Logging Residues without Damage to Air Quality. Owen P. Cramer, March 1969. (PB-183057) 
39 Upper-Air Lows over Northwestern United States. A. L. Jacobson, April 1969. (PB-184296) 
40 The Man-Machine Mix in Applied lleather Forecasting in the 1970's. L. W. Snellman, August 1969. (PB-185068) 
42 Analysis of the Southern California Santa Ana of January 15-17, 1966. Barry 8. Aronovitch, August 1969. (PB-185670) 
43 Forecasting Maximum Temperatures at Helena, Montana. David E. Olsen, October 1969. (PB-185762) 
44 Estimated Return Periods for Short-Duration Precipitation in Arizona. Paul c. Kangieser, October 1969. (PB-187763) 
46 Applications of ·the Net Radiometer to Short-Range Fog and Stratus Forecasting at Eugene, Oregon. · L. Yee and E. Bates, December 1969. (PB-190476) 
47 Statistical Analysis as a Flood Routing Tool. Robert J. C. Burnash, December 1969. (PB-188744) 
48 Tsunami. Richard P. Augulis, February 1970. (PB-190157) 
49 Predicting Precipitation Type. Robert J. C. Burnash and Floyd E. Hug, March 1970. (PB-190962) 
50 Statistical Report on Aeroallergens (Poll ens and Molds) Fort Huachuca, Arizona, 1969. Wayne S. Johnson, April 1970. (PB-191743) 
51 Western Region Sea State and Surf Forecaster's Manual. Gordon c. Shields and Gerald B. Burdwell, July 1970. (PB-193102) 
52 Sacramento Weather Radar Climatology. R. G. Pappas and c. M. Veliquette, July 1970. (PB-193347) 
54 A Refinement of the Vorticity Field to Delineate Areas of Significant Precipitation. Barry B. Aronovitch, August 1970. 
55 Appli~ation of the SSARR Model to a Basin without Discharge Record. Vail Schermerhorn and Donal W. Kuehl, August 1970. (PB-194394) 
56 Areal Coverage of Precipitation in Northwestern Utah. Philip Williams, Jr., and Werner J. Heck, September 1970. (PB-194389) 
57 Preliminary Report on Agricultural Field Burning vs. Atmospheric Visibility in the Willamette Valley of Oregon. Earl M. Bates and David o. Chilcote, 

September 1970. (PB-194710) 
58 Air Pollution by Jet Aircraft at Seattle-Tacoma Airport. Wallace R. Donaldson, October 1970. (COM-71-00017) 
59 Application of PE Model Forecast Parameters to Lac a 1-Area Forecasting. Leonard W. Snell man, October 1970. ( COM-71-00016) 

NOAA Technical Memoranda (NWS WR) 

60 An Aid for Forecasting the Minimum Temperature at Medford, Oregon. Arthur W. Fritz, October 1970. (COM-71-00120) 
63 700-mb Warm Air Advection as a Forecasting Tool for Montana and Northern Idaho. Norris E. Woerner, February 1971. (COM-71-00349) 
64 Wind and Weather Regimes at Great Falls, Montana. Warren B. Price, March 1971. 
66 A Preliminary Report on Correlation of ARTCC Radar Echoes and Precipitation. Wilbur K. Hall, June 1971. (COM-71-00829) 
69 Nati anal Weather Service Support to Saari ng Acti viti es. Ellis Burton, August 1971. (COM-71-00956) 
71 Western Region Synoptic Analysis-Problems and Methods. Philip Williams, Jr., February 1972. (COI~-72-10433) 
74 Thunderstorms and Hail Days Probabilities in Nevada. Clarence M. Sakamoto, April 1972. (COM-72-10554) 
75 A Study of the Low Level Jet Stream of the San Joaquin Valley. Ronald A. Willis and Philip Williams, Jr., May 1972. (COM-72-10707) 
76 Monthly Climatological Charts of the Behavior of Fog and Low Stratus at Los Angeles 1nternational Airport. Donald M. Gales, July 1972. (COM-72-11140) 
77 A Study of Radar Echo Distr.ibution in Arizona During July and August. John E. Hales, Jr., July 1972. (COM-72-11136) 
7B Forecasting Precipitation at Bakersfield, California, Using Pressure Gradient Vectors. Earl T. Riddiough, July 1972. (COM-72-11146) 
79 Climate of Stockton, California.· Robert C. Nelson, July 1972. (COM-72-10920) 
80 Estimation of Number of Days Above or Below Selected Temperatures. Clarence M. Sakamoto, October 1972. (COM-72-10021) 
81 An Aid for Forecasting Summer Maximum Temperatures at Seattle, Washington. Edgar G. Johnson, November 1972. (COM-73-10150) 
82 Flash Flood Forecasting and Warning Program in the \~estern Region. Philip Williams, Jr., Chester L. Glenn, and Roland L. Raetz, December 1972, 

(revised March 1978). (COM-73-10251) 
83 A Comparison of Manual and Semiautomatic Methods of Digitizing Analog Wind Records. Glenn E. Rasch, March 1973. (COM-73-10669) 
86 Conditi anal Probabi 1 i ties for Sequences of Wet Days at Phoenix, Arizona. Paul C. Kangieser, June 1973. ( COM-73-11264) 
87 A Refinement of the Use of K-Values in Forecasting Thunderstorms in Washington and Oregon. Robert Y. G. Lee, June 1973. (COM-73-11276) 
89 Objective Forecast Precipitation over the Western Region of the United States. Julia N. Paegle and Larry P. Kierulff, Sept. 1973. (COM-73-11946/3AS) 
91 Arizona "Eddy" Tornadoes. Robert S. Ingram, October 1973. (COM-73-10465) 
92 Smoke Management in the Willamette Valley. Earl M. Bates, May 1974. (COM-74-11277/AS) 
93 An Operational Evaluation of 500-mb Type Regression Equations. Alexander E. l~acDonald, June 1974. (COM-74-11407/AS) 
94 Conditional Probability of Visibility Less than One-Half Mile in Radiation Fog at Fresno, California. John D. Thomas, August 1974. (COM-74-11555/AS) 
96 Map Type Precipitation Probabilities for the Western Region. Glenn E. Rasch and Alexander E. MacDonald, Febt·uary 1975. (COM-75-10428/AS) 
97 Eastern Pacific Cut-Off Low of April 21-28, 1974. William J. Alder and George R. Miller, January 1976. (PB-250-711/AS) 
98 Study on a Significant Precipitation Episode in Western United States. Ira s. Brenner, April 1976. (COM-75-10719/AS) 
99 A Study of Flash Fl cod Susceptibility--A Basin in Southern Arizona. Gera 1 d Williams, August 1975. ( COM-75-11360/AS) 
102 A Set of Rules for Forecasting Temperatures in Napa and Sonoma Counties. Wesley L. Tuft, October 1975. (PB-246-902/AS) 
103 Application of the National Weather Service Flash-Flood Program in the Western Region. Gerald Williams, January 1976. (PB-253-053/AS) 
104 Objective Aids for Forecasting Minimum Temperatures at Reno, Nevada, During the Summer Months. Christopher D. Hill, January 1976. (PB-252-866/AS) 
105 Forecasting the Mono Wind. Charles P. Ruscha, Jr., February 197b. (PB-254-650) 
106 Use of MOS Forecast Parameters in Temperature Forecasting. John C. Plankinton, Jr., March 1976. (PB-254-649) 
107 Map Types as Aids in Using MOS PoPs in Western United States. Ira s. Brenner, August 1976. (PB-259-594) 
108 Other Kinds of Wind Shear. Christopher D. Hill, August 1976. (PB-260-437/AS) 
109 Forecasting North Winds in the Upper Sacramento Va 11 ey and Adjoining Forests. Christopher E. Fontana, September 1976. ( PB-273-677 /AS) 
110 Cool Inflow as a Weakening Influence on Eastern Pacific Tropical Cyclones. Willi am J. Denney, November 1976. ( PB-264-655/AS) 
112 The MAN/MOS Program. Alexander E. MacDonald, February 1977. (PB-265-941/AS) 
113 Wint~r Season Min·imum Temperature Formula for Bakersfield, California, Using Multiple Regression. l~ichael J. Oard, February 1977. (PB-273-694/AS) 
114 Trop1cal Cyclone Kathleen. James R. Fors, February 1977. (PB-273-676/AS) 
116 A Study of Wind Gusts on Lake Mead. Bradley Colman, April 1977. (PB-268-847) 
117 The Relative Frequency of Cumulonimbus Clouds at the Nevada Test Site as a Function of K-Value. R. F. Quiring April 1977 (PB-272 .. 831) 
118 Moist~re Distribution Modification by Upward Vertical ~lotion. Ira S. Brenner, April 1977. (PB-268-740) ' · 
119 Re latlVe Frequency of Occurrence of Warm Season Echo Activity as a Function of Stabi 1 i ty Indices Computed from the Yucca Flat, Nevada Rawinsonde. 

Darryl Randerson, June 1977. (PB-271-290/AS) ' 

'> 



NOAA Technical Memorandum NWS WR-179 

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

Ira S. Brenner 

National Weather Service Forecast Office 
Phoenix, Arizona 
June 1983 

UNITED STATES I National Oceanic and I National Weather 
DEPARTMENT OF COMMERCE Atmospheric Administration Service 
Malcolm Baldrige, Secretary John V. Byrne. Administrator Richard E. Hallgren. Otrector 



This pub I ication has been reviewed 

and is approved for pub I i cat Lon by 

Scientific Services Division, 

Western Region. 

i i 

Glenn E. Rasch, Chief 
Scientific Services Division 
Western Region Headquarters 
Salt Lake City, Utah 



I. 
II 
Ill. 
IV. 
v. 
VI • 
VI I. 

TABLE OF CONTENTS 

Background Information •.••••••• 
Data Tabu I at ion •••••••••••••••. 
Data Analysis and Results ••••••• 
Applications •••.•.• 
Conclusions •••••••. 
Acknowledgments~ •••••••••• 
References ••.•..•• 

. . 
. ..... . 

Page ___,... 

• • I 
.. 2 
.• 3 . . ~ 

• ••• 6 
• ••• 7 

. .... 7 

Figures through 4 ..••..••••••...•..•.•... .•• ..•••••.• 8-12 

Data Tables through 4 .... ..................•..••... . 13-18 

iii 



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

Ira S. Brenner 
National Weather Service Forecast Office 

Phoenix, Arizona 

I. BACKGROUND INFORMATION 

This study involved an extensive tabulation 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 Model Sutput Statistics CMOS) temperature forecasts are generated, 
plus the city of Prescott. Each of these cities was considered to be 
meteorologically representat1ve of the climatic zone in which it is lo
cated (Figure 1). 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 temperature 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 a+ each 
of the zone stations. Normal monthly maximum and minimum temperatures at 
alI twenty two of the stations for which temperature forecasts are prepared 
in Arizona are readily avai !able at the National Weather Service Forecast 
Office in Phoenix, Arizona CWSFO 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 temper
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. In Arizona, extremes in the 
temperatures at a given station during a given month can be common, and 
can be induced by smal I scale changes just as easily as by adjustments 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 Cor 
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. 

It was felt that the eventual value of the observed maximum or 
minimum temperature should be a direct byproduct of the overal I character 
of the concurrent synoptic regime. For example, a high temperature of 
only fifty five degrees at Tucson in the middle of September can generate 
rather strong inferences about the existing synoptic weather regime. 
During a "normal" synoptic regime for the same time of year, 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 unusually 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 I ike I y caused by simi I ar or reI ated synoptic 
regimes. And in the majority of those similar regimes, Douglas has 
typically reacted by averaging two degrees warmer than Tucson. 

· There·fore, this study set out to substantiate the above idea by de
rivtng a set of relationships between observed key and zone station temp
eratures' that are temperature as.well as seasonal,ly dependent .. It wc.s 
hoped that the outcome of this stratification would ultimately provide 
a'more representative means for relating the forecasted temperatures at 
key ~tations to those of the zone stations during anomalous weather regimes. 

I I. DATA TABULATION 

'The 'period se I ected as the data base was from J u I y 1971 through August 
1981. ·Six key stations were selected (Figure 2). These stations included 
those normally 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 CPHX), Tucson (TUS), 
Flagstaff CFLG), Winslow CINW), Yuma. (YUM), and Prescott (PRC). Shown 
as well in Figure 2 are the sixteen z·one stations for which routine 
temperature and precipitation probabi I ity forecasts are prepared by Phoenix 

'W.SFO { un·der the AF:OS heading PHXRECPHX) • 

· •''Pive·charaderistically similarseasonal periods were selected for the 
purpose of data stratification. The periods were grouped as follows: 

I. November through February 
2. March through Apri I 
3. May through June 
4. July through August 
5. September through October. 

Figure·3 represents a sample of the ~abulation forms used to record 
the maximum temperature data during the period of study. The key station 
W-inslow is used as an example for the seasonal period March through Apri 1. 
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 
temperatures at each of the two Winslow zone stations for that same day 
were recorded within the appropriate data entry square. 

During the course of this data tabulation, it became obvious that 
"reset" maximum temperatures were going to partially contaminate the data 
sample. These resets occasionally occur at stations which read and reset 
the maxi mum thermometers on I y once da i I y at 4 p.m. MST. Shou I d the next 
day be cooler, the official high temperature for that day wi I I 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 tem~erature drop at several surrounding station~ 
that reset their thermometers twice a day. In alI 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 example, temperature data at each zone station 
for each March and Apri I 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 Winslow temperature range. Finally, the difference or 
deviation of each mean temperature from the midpoint of each temperature 
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 affi I iated zone station at Coolidge. Since 
maximum temperatures at Coolidge are consistently very similar to those 
of Phoenix, the stratification process seemed to provide I ittle additional 
advantage over that of simply using the normal monthly deviation. There~ 

fore, it wa~ decided to 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 alI 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 the wide variati6n of minimum temperatures being retarded 
for each zone station within each appropriate key station temperature 
range. Therefore, the use of average month·! y deviation of rhi rill mum te.(nper:-r 
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 I I. DATA ANALYSIS AND RESULTS 

This discussion wi I I be confined to the results of the stratification 
process of maximum temperatures only. Data Tables I through 4 display 
the tabulated results of the data collection for the key stations Tucson, 
Prescott, Fl·agstaff, and Winslow. For each five degree temperature range, 
the mean temperature [x], the deviation [dev] of that mean temperature 
from the midpoint of the temperature range, the standard deviatlun [sJ, 
and the number of cases [n] used to compile the above values, are I isted 
by key stat.jon and seasonal period. 

One of the more positive results of this tabulation 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 temperature 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 resul~s are I isted 
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 between the maximum 
temperature of the key station and the corresponding maximum temperature 
at the respective zone stations. Further, these zone station standard 
devi.ation 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 wei I 
th~t 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 sti II 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), Globe CGLB)., McNary (MNY), 
and Page CPGA) appear to consistently exhibit the weakest relationships, 
while Nogales CNOG) and Payson COE4) have relatively strong relationships. 
The stations Safford CE74), Kingman CIGM), Show Low CE03), and Canyon de 
Chel ly CCNC) also seem to trend towards an overal I weak relationship to 
the key station, while Fort Huachuca CFHU), Douglas (DUG), Grand Canyon (GCN), 
Cottonwood CCOT), 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
res.pond i ng key station. These reI at i onsh ips cou I d be centro I I ed by a 
number of factors ranging perhaps from the distance to 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 uti I ized 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 overal I; 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 [devJ 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 representative during anomalous weather patterns. 
Data Tables I through 4 clearly validate this hypothesis. For nearly alI 
zone stations, a substantial variance in [dev] occurs as one propagates 
away from the key station temperature ranges containing the maximum [nj. 

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 aff i I i a ted 
with a given key station, that key station was entered in Figure 5 for 
that pattern under the appropriate seasonal period. 

The most common pattern observed is that the [dev] becomes increas
ingly less positive (or more negative) from the coldest anomalies for a 

-4-



given seasonal period toward the warmest anomalies. Of those key stations 
which tal I 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 infrequently, is a smal I 
change in [dev] of 3 degrees or less from the coldest to the warmest 
anomalies. Occurrences of this pattern favor the transition months 
of March/Apri I 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 Cor 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 wei I as the 41 to 45 degree 
interval. These should have ranged from about plus two at Nogales to 
minus one at Safford and Douglas, to minus three 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 the Tucson val ley. These temperature inversions wi I I typically I imit 
the amount of d·ifference between the maximum temperature at Tucson and 
the maximums at 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 zo~e 

stations begins to 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 
into southeast Arizona, typically generatjng a cold anomalous situation. 
However, the topography of southeast Arizona is such that this air can 
modify considerably, due to downslope effects, by the time it reaches the' 
Tucson val ley. This downslope condition tends to negate the effects 
of the cold air at Tucson, while the remainder of the Tucson zone stations 
undergo rather strong low-level cold-air advection. This could possibly 
account for the uniqueness·ot 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 probabi I i
ties of precipitation for sixteen zone stations in Arizona CAFOS heading 
PHXRECPHX) •. The appropriate AFOS applications program is initiated by 
entering the run I i ne 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 
probabi I ities are also entered forD, E, and F. This probabi I ity portion 
of the run I i ne w i I I a I so accept a "-" or A "+" as we I I i h I i eu of five 
percent and one hundred percent, respectively. The program then reads the 
coded cities forecast product CPHXCCFPHX) to obtain the temperature 
and probabi I ity of precipitation forecasts for the remainder of the key 
stations. 
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The seasonal period and the hour of the forecast being prepared 
(early morning or afternoon) ~re 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 I ine, a series of searches and calculations 
commences. For the periods which involve maximum temperature forecasts, 
the results of the stratification process are appl led toward the calcula
tions. For minimum temperatures, calculations using normal monthly 
deviations from zone station to key station ate 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 to the AFOS
generated PHXRECPHX product. 

Generally, it has been found that the results of the calculations, as 
displayed, need only minor adjustments, if at alI. 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 to differ significantly enough to upset the 
basic dependency relationship. Among examples of situations that could 
be considered are local fog or low clouds, separate areas with sriow 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, I ingering clouds behind an exiting storm), while there
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 appl led to the current 
forecast, provided the prevai I ing 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 between a given 
zone station and· its key station are largely unrepresentative during 
anomafous weather regi~es. A much stronger relationship was identified 
using .a temperature and seasonally dependent mean difference or deviation 
between the max'imum temperature at a given zone station, and that of the 
respective key station. 

The observed maximum temperature at a key station is accepted as 
generally being a function of the overal I 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. It follows 
that the maximum temperatures at the zone stations can be related In
directly to the character of the overal I existing synoptic regime as wei 1. 

-6-



Therefore, it is concluded that the wide range of var[at[on in the mag
nitude of the mean deviation of the maximum temperature between each zone 
and respective key station is indeed a result of sensitivity and dependency 
upon the overal I 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 .. 6f.m.inimum temperature·nHati.onships, it appears that the 
basic dependency reI at i onsh i p r s too eas i I y overcome by sma I 1-sca I e 
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 smal !
scale parameter on the observed minimum temperature. The results of this 
analysis, lf satisfactory, could perhaps then be appl led to the value 
obtained at the zone station from using the normal monthly difference in 
minimum temperatures between the key and zone station. 
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KE'l' STATIONS AND CORRESPONDING ZONE STATIONS 

I I I I I I 
KEY 1+1 PHOENIX 1:11:2 TUCSON 1:11:3 PRESCOTTI+4 FLAGSTAFF 1+5 WINSLOWI:t:6 YUI"'A 
STATION I CPHX) I CTUS) CPRC) I CFLG) I ( IHW) I CYlJM) 
-----.----- ----------- 1----------1-----------1-------------1---------- I--------
ZONE ~1 COOLIDGEI~2 NOGALESI+7 KINGMANI+12 GRAND CYNI+15 CYN DEl 
STATION <COU I CHOG) C IGM) I . CGCN) CHELL Y I 
AND NUMBER I I CCNC) I 

1+3 SIERRA •s GLOBE 1+13 SHOW LOW 1+16 PAGE I 
I VISTA CGLB) CE03) · I CPGA) I 
I tFHU) I . I I 
1+4 BISBEE +9 COTTON+I+14 MCNARY I 
I CBIB) WOOD I CMHY) I 
I CCOT) I I 
1+5 DOUGLAS +1 8 SEDONA I I . 
I CDUG) CSE:D) I 
1•6 SAFFORD +11 PAYSON I 
I CE74) C0E4) 

FIGURE 2 
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MONTHS-MARCH/APRIL KEY STATION-INW 

KEY STATION 36- 41- 46- l<--- TO ---> 81-
TEMP. RANGE 4B 45 SB 1<--- TO ---> 85 

****************I*********** I*********** I*********** I********** I************* * 
1972 I I 
CYN DE CHELLY I 44 I 44 

I I 
I I 

476496586 
51 

•••••••••••••••• 1 ••••••••••• 1 ••••••••••• 1 ••••••••••• 1 •••••••••• 

PGA 47 46 
I 53 
I 

78679676.786 
77673,76 

83. 81,816 82, 
81.83681 

*************** ***********'***********l***********l********** ************* * 
1973· , I I 
CYH··DE CHELLY 45 46646 48647,47 77,,73.77676 

PGA 45 

I 77 

•• • •••••••• 'I ••• · •••••••• ·: •• •' ••••••• 
48648 75678.79679 

78 

**************** ***********l***********l***********l********** ************* * 
I I I I 
I I 
I I 
I 
I I I I 
I I I I 
I I I I 
v v v v v 

****************1*****~~****1***********1******~~***1**********1*************1* 
1981 I I I I I I 

-CYH DE CHELLY I 44 I 46646 I 48647648 I 79,81.81 I 
1. I I I I 
I I I I I 

., ••••••••••••••• 1 ............ 1 ••••••••••• 1 ••••••••••• 1 •••••••••• : ••••••••••••• 1 
PGA 46 48649 l 58652.54 I 73 678 676 

I I 
I I 

*****~~************************************************************* 

FIGURE 3 
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SEASOHAL PERIOD 
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KEY STATIOH AHD 
SEASOHAL PERIOD 

I 
PRC 

HOV - FEB 

MAR - APR 

MAY - JUH 

JUL - AUG 

SEP - OCT 

KEY STATIOH AHD 
SEASOHAL PERIOD 

I 
FLG I 

I 
I 

HOV - FEB I 
I 

~R- APR I 
I 

MAY - JUH I 
I 

JUL - AUG I 
I 

SEP - OCT I 
I 

KEY STATIOH AHD 
SEASOHAL PERIOD 

I 
IHW I 

I 
I 

HOV - FEB. I 
I 

MAR - APR I 
I 

MAY - JUN I 
I 

JUL - AUG I 
I 

SEP - OCT I 
I 

I 
I· 

INDIVIDUAL ZOHE STATIOH 
AVERAGES OF STAHDARD DEVIATIOH 

12-2.513 12.513-3 13-3.513 13.513-4 14-4.513 
I 
I 
I 
I 
I 
I 
I 
I 
IFHU 
I 
I HOG 
I 
I 
I 
I 
I 

I I I I 
I I I I 
I IHOG/FHU I I BIB 
I IDUG/E741 I 
I I 
IHOG/FHUIBIB 
IDUG/E741 
I I I 
IHOG/DUGIBIB/E741 
I I I 
IFHU/BIBI I 
IDUG/E741 I 
I I I 
I HOG IFHU/8 IBI 
I IDUG/E741 
I I I 

INDIVIDUAL ZONE STATIOH 
AVERAGES OF STAHDARD DEVIATION 

12-2.513 12.513-3 13-3.58 13.513-4 14-4.513 
I I 
I I 
113E4 ICOT/SEDIIGM/GLBI 
I I I 
ICOT/SEDIIGM/GLBI 
113E4 I 
I I I 
I IGM/COTIGLB I I 
ISED/13E41 I I 
I I I I 
IIGM/GLBI I I 
I COT /SED I I I' 
113E4 I I 
I I 
I IGM/COTI IGLB 
I SED/13E41 I 
I I I 

INDIVIDUAL ZONE STATIOH 
AVERAGES OF STAHDARD DEVIATIOH 

12-2.5a 12.513-3 13-3.513 13.513-4 14-4.513. 
I I I I I 
I I I I I 

I 
I 
I 

I I I IGCN IE133/MHYI 
I I I I 
I IGCH IE03/MNYI 
I I I I 
I IGCN/E031MNY I 
I I I 
IGCH IEI33/MNYI 
I I I 
I I GCH/E133 I MNY 
I I I 

INDIVIDUAL ZONE STATION 
AVERAGES OF STANDARD DEVIATIOH 

12-2.513 12.513-3 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

13-3.513 13.513-4 
I I 
I I 
I ICNC 
I I 
ICHC IPGA 
I I 
ICNC IPGA 
I I 
ICNC/PGAI 
I I 
ICNC IPGA 

I 

FIGURE 4 
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14-4.513 
I 
I 
IPGA 
I 
I 
I 
I 

ZOHE AVERAGE OF 
STAHDARD DEVIATIOH 

12.513-313-3.51313.513-414-4.5131 
I 
I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3.44 

2.B7 

2.86 

2.71 

3.13 

ZONE AVERAGE OF 
STANDARD DEVIATION 

I 
12.513-313-3 .5El13 .513-414··4.513 I 
I I I I I 

I I I I 
I 3.43 I 
I I 
I I 

2.92 I 
I 
I 

2.86 I 
I 

2.72 I 
I 
I 
I 

2.99 I 
I 
I 

ZONE AVERAGE OF 
STANDARD DEVIATION I 

I 
12.513-313-3.51313.5El-414-4.5al 
I I 
I I 
1 4.a2 
I 
I 3.57 
I 
I 3.35 
I 
I 3.133 
I 
I 3.49 
I 

ZONE AVERAGE OF 
STANDARD DEVIATION 

12.513-313-3.51313.50-414-4.5131 
I I I 
I I 3.96 I 
I I 
I 3.313 I 
I I 
I 3.61 I 
I I 
I I 3.20 I 
I I 
I 3.47 I 
I 
I 



PATTERHS IH THE CHAHGE IH CDEVJ 

1. LESS POSITIVE FROM COLDEST ANOMALY TO WARMEST AHOMALY 
( AN * MEANS A CHAHGE OF SIGH TO NEGATIVE AT THE 

MAJORITY OF THE ZONE STATIONS ) 

NOV/FEB MAR/APR MAY/JUN JUL/AUG SEP/OCT 

PRC 
FLG* 
IHW* 

TUS 
INW* 

TUS* 
PRC 
FLG 
INW 

TUS 
PRC 
FLG* 
INW* 

TUS* 
FLG* 

2. LITTLE CHANGE (3 DEGREES OR LESS ON THE AVERAGE) FROM 
THE COLDEST TO THE WARMEST ANOMALY 

NOV/FEB MAR/APR MAY/JUN JUL/AUG SEP/OCT 

PRC 
FLG 

PRC 
INW 

------------------------~------------------------------~-----------------------

3. .LESS POSITIVE TOWARD THE COLD AND WARM ANOMALIES 

.. NOV/FEB MAR/APR MAY/JUN JUL/AUG SEP/OCT 

TUS 

--------------------------------------~------------------------------~---------

FIGURE 5 
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KEY KEY STN. RANGE 6- 11- 16- 21- 26- 31- 36- 41- 1,6- 51- 56- 61- 66- 71- 76- 81- 86- 91- 96- 101- 106- I STN, FOR MAXI :-ruMS 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 

'"'" 2.00 .59 .39 ,97 + .ss + .78 + .23 - .3_0 1 05_ -1.81 -2 Q8_ ' 
TUS x 6.00 42.1,1 8.39 53.97 8.85 63.?8 68.~ ~.19 1f>.'l'i ~ IRS.'\? l 
NOV- mr. s l.U 2,00 2.23 2.?0 ).17 3.06 3.38 3.43 2,93 3.21 2.?3 
FEB) N 2 5 33 75 170 214 265 197 m 65 9 

nEV -7. _,;_""' .90 -'\.SO -1. 22 .m .00 -5.11 - -7..5. -7.67 -· 
X o.5t._ 126.67 43_.10 ~9.20 !lli78 's8.93 64.00 68.52 172.89 /77.2 80.33 

OUT! s 3.06 2.61 2.5? 3.55 3·98 3.65 3.?6 ).59 3.23 2,94 1.22 
N 3 6 34 ?6 170 208 256 191 133 64 9 

DEV -8.33 -6.50 -5.33 -<;.87 -5.31 -5.62 -6.08 -7.13 -7.73 -8...5.1 lCl.ll ' X 29.67 36.50 42.67 48.13 52.69 5?.)8 61.92 6s.rn 70.27 /'&.43 177.1,5 
BIB s 1.53 3·79 3·70 4.42 4·25 4.25 4.46 4.00 3.82 ).:2J. 2ill_ 

N 3 6 35 78 179 216 269 197 139 65 9 

DEV _,_,_ -"'1.70 -2 -2.31 -2..37 -2 0 -?.& -"'l."l: .7 -6.56 
X 32.66 39.30 45-56 50.69 55.63 60.60 65.16 69.68 ?3.86 78.28 81.44 I 

:UG s 1.08 2.28 2.82 3·58 4o09 3.99 3.84 3.36 ).10 ).02 lo94 i 
N 3 6 35 78 180 217 272 197 140 65 9 

DEV -3.10 ...2,50 --2.39 -2.14 -2.95 -3.60 -<..62 l--ldl'.l -5.0.5 --5.1 --5.21 i 
X >4·.29 0.5_0 /llli61 Jso.86 /22_.05 's9.40 63.38 68.11 172.95 177.8 82.79 

R?l. s 1.00 1,88 2.89 3.34 3o40 3·38 3.40 ),)6 3.46 ).10 1.54 
N 3 6 35 77 178 216 270 197 140 66 9 

DEV +1.33 + ,)6 +.06 - ,28 - .63 - .90 - ·95 -1.66 --2.?3 -<;.)0 -6,00 
'MIS X. 49·33 53·36 58.06 62.72 67.37 ?2.10 ?7.05 81.34 85.27 88.70 92.00 ·, 

II"'"- """ s 1.21 3.11 3·22 ),11 2.99 ).18 2.58 2.86 2.46 2.41 -
'Po) N 6 11 32 58 67 88 91 112 _73. 10 

DEV 3·33 f-4.40 -<;.22 -<..45 -<..91 -<;.54 --1..54 -5.60 -6.70 -8.89 -l2.0C 
X 144·67 48.60 53·78 58.55 63.09 68.46 73.46 77.40 81.30 84.11 86,00 

' FHU s 2.10 2.40 3.41 ),)8 3.10 2.89 2,62 2.26 2.lj_ 2,9_ 
N 6 10 32 57 66 84 84 110 73 9 1 

DEV f-4,20 /-4.35 -<+-34 -<..42 -5.43 -4o99 -5.91 -5.68 -7.54 :0.00 15.0 
X ),80 8.65 53.66 58.58 62,57 68.01 72.09 ?7.32 80.46 83.00 63.00 

BIB s 3.Q3 2.83 3.36 3o25 3.35 3.06 3-33 2.83 2.29 1.73 .• 
N 5 11 32 57 69 88 _2Q ....lJ,i,. _1},;_ ~ l 

.. 
DEV .4? 1.00 -1.31 - .95 -1.16 -1.58 -2.38 -3.09 /-<;.1,1 -7.10 -10.0 

X 8.4? 52.00 56.69 62.05 66.84 ?1.42 ?5.62 ?9o9l 83.59 85.90 88.00 
ruG s 2.25 2.61 3·34 3·39 3.43 2.94 2o75 2.45 2.33 2,20 

N 6 11 32 58 68 89 91 114 74 10 1 

DEV .so -1.00 - .62 -1.Q3 -1.37 -1.60 -1.88 -1.90 -1.93 -3.40 -6.00 
x ?.50 52.00 5?o38 61.97 66,63 71.40 ?6.12 81.10 s6.Q? 89,60 92.00 

E?l. s 1.64 2.79 2.78 3.24 3.30 3.21 3·09 2.46 2o39 2.27 l 
N 6 11 32 58 67 88 91 114 _1_4 10 1 

I DEV + .17 -.56 -1.81 -3.23 -3-73 -<;.17 --1..35 -<;.13 -3.95 
.L.ms X 68,17 72.44 76.19 79·77 84.27 88.83 93.65 98.87 104.05 
:'(MAY NOG s 5.12 2.81 3-89 3.16 2.73 ?-76 2.4? 2.3? 1,97 

JUN) N 6 13 25 60 129' 133 106 115 41 

DEV -2.15 -3.25 -<;.30 -5.64 -6.85 -6.84 -7.21 -?.22 -6,97 x 65.85 69.?5 ?3.?0 77-36 81.15 86.16 90.?9 95.?8 10l,CJ' 
FHU s 5.21 5.00 3·33 2.)4 2.34 2.)6 2.36 2.33 2,10 

N 6 3 25 59 128 131 108 11"'1 36 

DEV -2.83 -2.77 -<..4? -6.24 -7.00 -7.63 -8.01 -?.84 -7.63 
I X /65.57 70.23 ?3.53 ?6.76 81.00 65.37 69.99 95.16 1CXJ.)7 

RTR s 7o47 4.00 2.97 3-41 3.11 2.89 2.92 2.65 2.41 
N 6 13 25 59 133 136 '&1. :t? L.1 

DEV .67 o.oo -1.21 -2.61 -<;.08 -<;.65 -4-53 -<..?5 -<;.so 
X 68.67 ?3.00 1_6,Ei_ 60.39 183,92 88,15_ l23. loA.?S 1m.sn 

ruG s 6.22 ...hl2. _1.46 2-?3_ 2.6? 2.52 2.64 2.52 2.19 
N 6 13 25 60 133 137 109 116 41 

DEV 1.33 ·77 .24 -·59 - .74 - .74 - .92 - o95 - ·87 
X /69.33 73,77 77.76 82.41 87.26 92.26 97.08 102.~ 107.13 

E74 s 3o25 5·04 3.71 3·13 2.93 2.48 2o59 2o53 2.09 
N 6 13 25 59 133 136 109 114 40 

.. 
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KEY KEY STN. RANGE 6- 11- 16- 21- 26- 31- 36- 41- 46- 51- 56- 61- 66- 71- 76- 81- 86- 91- 96- 101- 106-
STN. FOR MAXIMUMS 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 

DEV -1.90 -3.59 -4.50 -5.64 -6,91_ -6.1.0 
TI/S X 81.10 84.41 88.50 92.36 96.97 01.60 

(<11!1- NOG s 1o73 2.85 2.66 . 2.50 2.58 2,06 
A,U~) N 10 54 157 266 164 25 

' 
DEV -4.47 -6.23_ -7,1.7 -8,56 -9.10 l-9.71 
X 76.53 81.67 85.53 89·44 93·90 98.29 

FHII s 2.90 2.93 2.SS 2.90 2.82 2,01 
N 11 56 156 262 162 24 

DEV -6.55 -7.82 ...9.54 -9.46 -'7o76 ~.94 
X 76.45 80,18 84.46 88.54 93·24 98.06 

BIB s 3.21 3o35 3•:39 3.21 2,50 2.02 
N 11 55 158 267 165 25 

nF.lT -2.36 -3.38 -4o72 -6.17 -6.55 -6.84 
x 80.64 84.62 88.28 91.83 96.45 101.16 

llJG s 2,62 2.90 2.82 2.83 2.54 2.72 
N 11 57 159 268 165 25 

DIW +2.64 +1.57 + ·43 - o73 -1.57 -2.46 
X 85.64 89.57 93.43 97.27 101.43 105·54 

E74 s 2,16 3·34 )'.26 2.99 2.41 2·.13 
N 11 55 158 266 164 25 

' 
DEV 6.00 t-4.67 t-1,20 +2.(}!,_ +1.1.9 + .22 -1 20 -2 27 _, .82 ->.90 

TUS X 59o0G 62.67 66.20 70.G', 74.49 78.22 81,80 85.73 l89.'i6 1 91.18 97.10 
SEP- NOG s 3.41 2,52 3.16 3.02 2.96 3.14 3oU 2~ 2.58 2.71 2.75 
ocT) N 3 3 10 23 38 43 90 124 171 82 20 

' D!W - .46 -1.47 -2.40 -3.36 -4·24 -5.45 -6.43 -6.79 -7·44 -s.53 ..t;.8o 
X 52.54 56.53 60.60 64.64 68.76 72.55 76.57 81.21 85.56 89.47 93.20 

:FHU s 2.49 2.31 2.91 3.26 2.92 3o28 3.10 2.96 2.79 2.59 3o30 ' 
N 3 3 10 22 37 42 86 124 171 79 20 ' 

' 
DEV 1.53 -2.83 -4.00 -4.59 -5.59 -6.67 -s.12 ...9,38 -s.41 -8.89 10.3C '-l 

_. x 51.47 55.17 59·00 63.41 67.41 71.33 74.88 79.62 84o59 89o11 92.70 I 
BIB s 2.31 3o21 3.80 3.60 3.58 3.95 3.50 3.76 3ol2 2.52 3.21 

N 3 3 10 23 37 43 40 124 173 82 20 

! 
DEV +2.27 +1.43 + .45 -1.09 -2.44 -2.95 ..;3.62 -4.78 -5.47 -6.56 -7.60 . I 
x 55·27 59.43 63.45 66.91 70.56 75.05 19.38 83o22 S7o53 91.44 95·40 1. 

roC; s 2.31 3.21 3.81 3o93 3.21 'l.L.7 '· >.12 2',80 2. 6 2 ' N 3 3 10 23 38 43 90 124 173 82 20 

DEV 2.33 +1,10 - .20 - .77 -1.43 -1.84 -2.32 '-2.41 -2.46 -2.75 -3·56 
11 55·33 59.10 62.80 67.23 71.57 76.16 80,68 85.59 90.54 I 95,25 I 99.44 

-" E74 s 4.00 3.48 3·41 3o21 2.99 3·44 3·44 3.36 3.20 2.76 2,48 
N :; 3 10 ~3 37 42 88 124 173 81 20 
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= KSi STN, RANGE 6- 11- 16- 21- 26- 31- 36- 41- 46- 51-I 56- 61- I 66- 71- 76- Bl- e6- i 91-' '-)(:- 101- 106-
STN. FOR MAXIMUMS 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 

DEV +7.67 +7.05 +6.48 +5o94 +5.25 +4.66 +),61 +3.07 +2.49 +1.90 +1.33 + .75 
PRC x 30.67 35.05 39.48 43·94 48.25 52.66 56.61 61.07 65.49 69.90 74.33 78.75 

(NOV- IGM s lo5) 3.00 3.36 3·93 3o85 3.64 3.73 3·54 3o50 3.52 3.36 3·39 
FEB) N 3 4 27 rn 132 168 233 218 174 93 46 16 

DEV !1.0.50 +9.95 +9.39 +8.rn +8.14 +7.01 +5.58 +4.16 +3.23 +1.93 +1.10 +.48 
x 33o50 37·95 42.39 .46.rn 51.14 55o0l 56.56 62,16 66.23 69.93 74.10 78.4E I 

C.T.~ s 2,12 2,22 3o40 4·32 3.56 4.42 4.21 4·35 4.28 4-37 3.60 2.56 _j 

N 2 4 22 76 115 149 207 196 143 80 40 l'l I 
l 

DEV '11.00 10.05 +9.00 +9.38 +8.86 +8.0'l +6.95 +6.37 +5. 82 +46 I +'l. 6s +'l.OC l 

x 34.00 38.05 42.00 47·38 51.86 56.Q3 59.99 64.37 68,82 72.81 76.65 8l,QC I 

car s 1.00 ,82 2.45 3·23 3o34 3.67 ),62 3·64 3.54 3.83 4.26 3.2C 
N 3 4 19 ~9 lOS 147 201 185 154 85 0 1 

DEV +5.33 +5.25 +4.95 +4·rf7 +4.43 +3.97 +3.47 +3·09 +2.86 +2.47 +2.13 +1.53 

x 28.33 33.25 37.95 42.(f? 47.43 5lo97 56.47 61.09 65.86 70.47 75.13 79.53 
SED s 1.15 3.rn 3.29 3.46 3.41 3.38 3.47 3.03 3.45 3.00 2~9 3.0C 

N 3 4 22 68 100 134 186 174 141 7'l 40 1 

DEV +7.67 +5.75 +3.93 +3. 54 +3.20 +2..77 +2.07 +1.41 + .84 - .17 -1.00 -1.55 
x 30.67 33.75 36.93 41.54 46.20 50.77 55.07 59-41 63.84 67.83 72.00 76.45 

OE4 s 4.51 2,22 2.76 3ol6 3.37 3o27 3.36 2.92 )o19 3.04 2.47 1.84 
N 3 4 27 86 130 164 223 216 171 92 45 6 

DEV +7.40 +6.54 +5.82 +5.36 +4.87 +4.96 +4.52 +4.92 +5.02 +5.12 +5.00 
PRC x 40.40 44·54 48.82 53.36 57.87 62.96 67.52 172.92 178.02 8'l 12 88 00 

('""· TCJ' s 3.29 3·07 3.81 ),62 3.86 2.94 3.03 2.8 2.70 2.".7 
APR) N 5 14 43 61 61 84 81 q~ 86 25 1 

DEV +9.20 +9,15 +9.5'l +9.9'l +9.6'l +9.57 +9.77 J-8.99 J-8.00 r7.ll, !-"..00 -
X 42.20 47.15 52.53 57-93 62.63 67.57 72.77 76.99 81,00 85.14 88.00 

GLB s 1.79 1.58 3.14 3.38 3.58 3o74 4.01 3· 23 3.30 2.76 - -·· 
N 5 ~2 40 54 54 77 70 85 75 21 l 

DEV 10.00 +9o50 +9.71 10.18 +9.93 10.1 10.2 +9.78 +9.69 +8.50 +7.00 
X 43.00 47·50 52.71 58.18 62.93 68,16 73.26 77.78 82.69 86.50 90.00 .. 

car s 2.46 2.54 3o13 2.69 2,86 2.73 2.64 2.82 2.28 1.84 

" 4 12 38 56 54 7 7, 8'l 78 Zl 1 .. 

DEV +5.80 +5.75 +5.57 +5.80 +6.17 +6.51 +6.63 +6.68 +7.09 +6 05 
x 38.80 43·75 48.57 53.80 59ol7 64.51 69.63 74.68 80.09 84.05 

SED s 2.59 2.74 ),10 2,82 2.78 ).20 2,(f? 2.94 2,55 2.53 
N 5 12 35 54 54 68 75 81 72 19 

DEV +'l.OO +2.79 +'l.19 +'lo4l +3.28 +3,6 + .oo +3.8 +'l. 8 +2 08 +0 00 ·-·--. x 36.00 40.79 46.19 51.41 56.28 61.69 67.00 71.83 76.48 co.os BJ,OO 
OE4 s 2.35 2.55 3.21 3.46 3.4 2.74 3.1 2,4' 2,27 1.74 ,..._ 

N , 14 43 61 60 83 81 92 86 24 

DEV +8.20 +7. 71 +8.13 +7.81 +8,26 +7.83 +7.72 +7.28 +7.12 +6.62 +6.26 +6.00 
l"'r. x 56.20 60.71 66,13 70.81 76.26 80,83 85.72 90.28 95.12 99.62 b.04.26 109.00 

(MAY- IGM s ?.".0 ~-"" ~-0~ '1.?? ~-"'' 2.01 2.".1 2 (,", 2 80 2.m .n 
. JUN'J N 5 7 15 'l'l 58 100 128 120 92 ;, 27 1 

DEV 13.99 1347 +12..87 12.3 +ll.BO 11.20 10,57 +9.69 +9.16 +8.56 +7.52 +8.00 
X 61.99 66.47 70.87 75.32 79.80 84.20 88.57 92,69 97.16 01.5 105,5< lll.OC 

r:LB s 5.12 ),OS 4o73 ).82 3.33 2.96 3.38 3.43 3.04 ),61 3.00 
N 4 6 13 31 49 88 117 lOS 7'l. 52 25 1 

DEV 12.5( 11.6 +11.5( 116 +11.5S +11.3J +11.1)1 +ll.OC +ll.kS +11.1' +9.88 
X 60.50 64.67 69.50 74.61 79,59 l84.'l4 89,06 9L.,OO I99,L.9 OL..l 107,88 

cdr s 2.39 2.58 3.89 ).OS 2.70 2,68 2.48 2.11 2.43 2,25 1.59 
N 5 6 15 31 57 86 113 101 74 47 25 

DEV +8.75 +8.64 +8.62 +8.59 +8.86 +8.95 +8.80 +8.s6 +8.91 +8.76 +8,27 +o oo 
X 56.75 61.64 66.62 7lo59 76.86 81.95 86,80 91.56 96.91 01.76 06.27 108.0 

SED s 3.86 2.91 3o99 3.68 2.rn 3.17 2.74 2.76 2.86 2.1 1.54 
N 4 7 13 33 56 91 122 114 ..29 51 27 1 

DEV +5. 60 600 +5.60 >5.7'l +S.7L. +5.27 + 89 + .39 +L..21 +'l.?L. +~-37 +2-00 
y 53_.60 59.00 93.60 68.73 7'l.74 '1.8~27 182.89 : 87.'19 192 2 96.71 ""·" 'V1S.OC 

OE4 s 3.44 3·27 3.29 3o53 2.36 2.3< 2.71 2.5· 2.21 2 2 1.2L. - -· 
N 5 7 15 33 58 100 128 119 92 54 27 1 

i 
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KEY KEY 3TN • RANGE b- 11- 16- 21- 26- 31- 36- 41- 46- 51- 56- 61- 66- 71- 76- 81- 86- 91- 96- 101- 106-
STN, FOR MAXIMUMS 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 

DEV 4-11 cl ~"' ~a. 1+8.45 k-7.29 +6 28 
PRC x 84.56 88.45 192.44 i96.45 100.2 10L,2l 

(JUL- IQ,'l s 2.85 2.97 2,71 2o53 2.60 2.51 
AUG) N 16 66 197 229 150 25 

DEV 13.1~ 11o4 10o3E l+9o17 +7.76 +6.50 
i{ 86.1L 8<lo42 193.38 197.17 00 .. 71 101..50 

GLB s 2,80 3.47 3o07 2.86 2.84 2o76 
N 14 64 179 216 131 24 

DEV 13.51 12.7~ 11.6 10.9~ 10.3E +9o22 
i1 86.51 0.72 I9L.. 67 198.92 IIY.L"" 11Y7.22 

car s 2.72 3o39 2.88 2.61 2,L.9 2.18 
N 14 54 169 198 129 18 

DEV ,., .• ?l .._,n.t;:. L..1n.r<: 1-'J.L. +882 +7.67 
i1 84·27 88,68 93·09 97.45 01.82 105.6 

SED 5 2o75 3o16 2.61 2.47 2.45 2.06 
N 13 66 188 21L. 1L2 24 

DEV +8.20 +6.32 +5.10 +4o01 +3.05 +1.75 
i1 81.20 84.32 88.10 92.01 96.05 99o75 

OE4 s 2.54 }.13 2.62 2o53 2.64 2,38 
N 15 66 196 229 147 24 

DEV +Q. 2'i +81..2 +688 +6 65 +6.?Q +6.76 +6 68 +6.fl'7 +7-~L. +6.97 +6.w: I 

PRC x 152.25 lr;6,1..2 59.88 I6L..6s 69.79 7L..76 79.68 84.87 190.34 I9L..97 I99,LJ 
I(SEP- mM s 3.30 2,97 3.44 3. 01 2.99 3,21 _3_o69 3.35 2,66 2.LJ 1.86 
• OCT_l N 4 12 17 26 34 59 103 138 131 62 19 

DEV +9.50 +9.27 +7.93 +8.00 +7.86 +8.20 +8.44 +8.07 +7.63 +7o14 +6.11 
X 52.50 57·27 60.93 66.00 70.86 76.20 81.44 86.07 190.63 195.14 99.11 

GLB s 5.20 3.20 3o49 3.10 2.71 3o75 4·13 3.87 4.18 3o79 3.1L 
N 4 11 15 23 28 51 94 128 122 59 18 

DEV lO,OC 1+9.80 1+9.50 +9.50 +9.62 10. 11 +9.7s +9.7E +9.81 +9.8 +9.6 
X 53.00 157.80 62.50 67.50 72.62 178.11 82.7S 87.78 192.81 197.82 101.6 

car s 4·36 3o83 2.99 2.94 2.26 3o13 2.96 2.57 2.85 2.37 1.8 
N 3 5 16 22 29 53 89 120 118 57 1E 

DEV +7o4S +7o76 +7o73 +7o31 +6.87 +7.00 +7.09 +7. 28 +7.IJ. +7.~6 +6. 
x 50.48 55o76 60.73 65.31 69.87 75.00 80,09 85.28 90.IJ. 195,36 I qq,L.: 

, .. SED 5 2,12 3o6o 2.91 2,92 2o79 2.81 3·30 3o41 2.97 2.56 2.1 
N 2 7 15 24 30 58 98 124 118 59 1S 

DEV +4o35 +4o42 +4.05 +3.58 +3.64 +3.63 +4.04 +3o6 +3o52 +3·46 +1o44 
X 47·35 52.42 57.05 61.58 66.64 71.63 7?.\4 81.6 86.52 91.46 94·44 

OE4 s 2.22 ~.92 2.6 ~.01 3o01 3. 1 .3.3~ 2.82 2.71 2.6o 2.12 
I N 4 11 17 26 34 59 103 137 129 61 19 
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Kb"'Y KEY STN. RANGE 6- 11- 16- 21- 26- 31- 36- 41- 46- 51- 56- 61- 66- 71- 76- 81- 86- 91- 96- 101- 106-
STN, FOR MAXIMUMS 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 

DEV +8.00 +6,27 +4.88 +4o17 +3.22 +2.58 +1.98 +1.46 + .78 +.Zl -1 05 -2.48 -3.79 1-s.5o 
F1[l x 16.00 19.27 22.88 27o17 31.22 35·58 39.98 44.46 48.78 53.23 56.95 60.5 64.21 67.5C 

(NOV- GCN s 1.15 ).56 4.28 3.58 3o55 ).56 3.54 3.55 3.81 3.40 3.34 3.00 3.24 
FEB) N 1 3 8 23 66 131 168 210 211 176 87 <? 

DEV 14.0C 11.40 +9.10 +7.36 +5.75 +4.69 +4.0 +2.57 +2.83 +2.04 +1.92 -.16 - .'Zl --"" 
:;; 22.00 24.40 27.10 130.36 133.75 37,69 142,07 45,57 50.81 155.0! 59.92 62.B.L 67.2 171.1~ 
s 1.00 3·71 4.05 4.10 3·93 4.23 4.36 4.44 4.36 4.3~ 4.1 4.36 4. 
N 1 3 9 24 63 132 169 208 203 170 P!1 <( 

DEV 14.00 10,8 +8.32 +5.92 i+4, 12 +3.34 +3. 27 +3.17 +3.16 +2.77 +1 69 + .44 - L93 ~3~0 
:;; 22.00 23.82 26.32 28.92 32.12 36.34 41.27 46.17 51.16 lss.77 59.6S 63.41 67.07 69, 8C 

MCN s ·71 3.08 4·34 4.42 4.22 4.04 4.19 4.32 4.05 4.25 4.3' 4,U 4, 

N 1 2 7 19 58 123 146 174 192 145 7S 5( 4 5 

DEV -1.00 +1.09 +2.31 +2.45 +2.43 +2,30 +1.62 + ,95 + .38- 68 -2 2 
FLG x 22,00 29.09 35o3l 40.45 45.43 50.30 54.62 58.95 63.38 67.32 70.75 

(u,o_ "-'""' s 3,49 3,37 2,59 3,62 3,17 3,23 3,31 3,08 3,20 2.42 
APR) N 1 11 32 61 64 57 74 79 96 50 12 

DEV +3.00 +3.60 +4.78 +5.48 +5.34 +1.43 +5.27 +4.94 + _()<; 
~·-·· .17 

x 26.00 131.60 137.78 43,48 8,34 13,43 8,27 62.94 67.0 1.3• 173.17 
E03 s 3·53 3.6? )o92 3.90 4.33 ).62 3.68 3.29 3o35 2.92 

N 1 10 32 60 64 58 73 83 101 49 

DEV +1 00 +1.89 +2,48 +3.29 +2.79 +2,77 +2.78 +3.1 +2,33 +1.36 -1.36 
X 24.00 29.89 35·48 41.29 45.79 50.77 155.78 61.17 65,33 69,36 716 

MCN s 2,76 3.12 4·03 _3.99 4o85 3o98 4.32 3._6'Z _lcl 2.112 
N 1 9 27 49 53 48 60 66 93 47 11 

DEV +3.75 +2.75 +2.00 +1.82 +2.25 +2.47 +2,02 +1.53 +1 11 + .89 + .5C + .14 
FLG X. 41.75 45.75 50.00 I54.8Z 60,25 65.47 1?0.02 74.53 79.11 83.89 88,5C CY.U, 

(MAY- r.rn s 1.89 2.06 2.73 3·57 4.41 4-25 3·95 3ol3 2.78 2.75 1.94 2.19 

JUN N 4 4 8 17 ?Q 78 103 109 111 RJ. <R ?? 

DEV +8.04 +6.54 +5.57 +5.82 +5.47 +5.% 1+4.87 +4.93 +4.48 +3.98 +3.48 2.ll 
X 6.04 149_.~4. 53.57 Iss sz 63.47 68-•· I7?-P!7 177_03 ,?_ ,~_0, I o, O< 

EQ3 s 2,30 2.43 2.99 3o53 3.87 3.61 3.58 2.97 3.30 2.77 2.41 2.04 
N 4 4 7 17 29 82 105 107 104 83 56 22 

n;:v +!..,25 +3.17 +2.82 +3.23 +3.48 +3.42 +2.99 +2.78 +2.33 +2.4!.. +2 20 + .56 
x 42.25 46.17 50.82 56.23 61.48 66.42 ?0.99 75.78 80.33 85.4.14 190.20 93.56 

MCN s 2,06 2.08 3·44 3.52 4.23 4.38 4.32 3.?3 4.14 3.99 2.76 2. 31 

" 4 3 7 16 28 72 91 105 9C 77 5C 1? 

DEV •<.60 .67 +3.76 +2.13 + .5' + .52- 16 -1 00 
Fill x 68 6 172 67 6.76 80.5~ 84.S5 88.52 2.84 97-00 

i(JUL- GCN s 1,95 2.64 3.26 2.90 2.76 2.32 1.8 
, AUG) N 5 15 71 186 231,_ 1M 18 

DEV +8,80 +6.93 +5.44 +4.20 +2.71 +1.62 + .17 -1.00 
x 71.80 74-93 78.44 82.20 85.71 89.62 93.17 97.00 

E03 s 2.77 2.74 3-45 3.22 3.49 3o10 2.6 
N 5 15 71 183 228 1'18 18 1 

DEV +7.25 +5.10 +2.67 + .62 -1.81 -3.59 -s.86 -s.oo 
v 70.25 73.10 75.67 78.62 81.19 84.41 87.14 90.00 

MCN s 2.63 3.63 3.75 3.67 3.92 'l,27 1.88 
N 4 10 6 16 211 1 2 

DEV +3.40 +2.75 +2.1'1 +1.95 +2.10 +1.60 +1.18 + ,?8 + • .70 + 1.ll + _?R - -7~ 

~Tr. X [36.40 40.75 45.13 49 •. 95 55o1C 59.6C 64.18 68.78 73.7( 78,4C 83.2 87,2 
SEP- GCN s 2.27 206 2 64 1. 8 1. 67 ~-A2 _4.01 3.57 3.50 _3_, 20 ?-'lA -"'' 
or.TI N 5 4 15 2 ?1 66 102 150 _115 6 

n~17 +6 20 +5.'l8 + .AA + "~ +4.30 +4,05 +3. 61 +1.17 +'lo'l'l +2.89 +2.58 +164 x 119.20 lc'l.'l8 1.7.B"! 2.1.3_ l5'L.3_0 62 05 66 61 71 17 176.33 80 89 85.58 8_9_.6.1. 
E03 R 2.19 2 !..9 'l.26 3o39 3.31 3.34 1.16 3.45 1.46 1.33 2.57 1.98 

N 5 4 15 23 20 45 66 101 148 112 47 8 

"'~" +5.00 +4.41 +1.60 +2.88 +2.43 +2.00 +1.56 +1.09 + .64 + .18 - .23 -.56 
X 38 00 2.41 ~c6.6o 51l-RR <5./.'l i,n_m 61 .~6 (.,q_llf, 17._1,, 178.11 182.7? 87 .• ll 

C1CN • 1.92 l.l'l 1. 26 1.91 1,6 1.90 4 27 4.2'l 4 12 3.38 3,3E 1.7I. 
N 5 3 12 19 17 1.1 ~I Q~ 111 98 

~ 
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KEY :iffiY :;T~~. RAllGE 6- 11- 16- 21- ;;6- 31- 36- 41- 46- 51- 56- 61- 66- 71- 76- 81- 86-1 91- 96- 101-1106- I I 
ST!!, FOR MAXIMilMS 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 B5 90 9:- 100 10" 110 ! 

DEV k-6.00 +3.82 +1.62 - ·84 -1.39 -2.87 -3.65 -4o0l -3.85 -4.19 -4.04 -3.61 -4.08 ---
INW X 124.00 26,82 29.62 32.16 36.61 40.13 44o35 48.99 54.15 58.81 63.96 69.39 73o92 

(NOV- CDC 0 3.04 3.46 4.27 4.11 4.'l'l 4o'l8 4.38 4.'l6 4.31 4.20 'l.2'l 2.46 2.37 
FEB) N 5 11 33 61 86 141 183 227 159 117 74 36 12 

DEV +9.95 +7.40 +4. 65 +2.00 - .48 -2.11 -3.78 l-5.42 -6.51 -7.79 -8.35 -8,89 -10~01 
x 27.95 130.40 132.65 '35.00 'l7.52 140.89 44.22 147,58 51.49 155.21 159.6 164.11 67.91 

PGA s 3oll 3o44 4.40 4.16 4.42 4o48 4.46 4.42 4o36 4o35 3o91 3.26 3o21 
N 4 12 33 58 84 131 173 204 152 113 71 35 11 

J))lV +4·37 + .?6 -2.46 -4.36 -4o43 -4o35 -3.89 -3.53 1~6 -5_._Q/; 
IN vi x 2o37 43o76 45·54 48.64 53·57 58.65 64.11 69.47 73o44 77.36 

(14AJ1,-
~"" s 1.83 3o02 3o35 3ol6 3o47 3o39 3o32 3.17 2.50 lo99 

APR) N 6 u,. 'l7 64 65 72 79 81 85 28 

nEV +3.40 +lo45 - .12 -1.65 -2.95 -3·03 -2,93 -2,89 -3.51 -4,52 
x 41.40 44o45 47.88 51·35 55o05 59·97 65.07 70.11 74o49 78.48 

Pr.a s 2,88 2.94 2,70 2,96 3.42 3,15 4.14 k.~ _1,_.28 .12 
N 5 11 32 60 59 62 73 75 76 22 

DEV + .68 - .29 - o99 -1.59 -2.17 -2.81 ~ [-/co21 --5o19 ....s_.5J. ~6 
INW x 53.68 57.71 62.01 66.41 70.83 75.19 79·36 83·79 87,81 92·49 97·37 
<lAY- CDC s 3o54 3·53 4.21 3.64 3.87 3o53 3o2_0 3olj _3.21 2.18 1.6 
JUN) N 2 6 16 24 47 99 124 110 91 84 __11 

-
DEV -.so - ,63 - .71 -·83 - .89 - o94 - .96 -1.14 -1.64 -1.88 -2.01. 
x 52.50 57·37 62,29 67.17 72,11 77.06 82.04 86.86 91.36 96.12 ltoo.96 

PGA s 3·54 4.41 4o45 4o30 3.93 4·42 4o47 4·39 4.01 3·44 2,11 

--- N 2 6 14 23 39 76 101 91 87 76 26 

DEV +4.40 +2.40 +.52 -1.95 -3.93 -4·94 ->.88 
ll\!W x 77.40 80.40 B3o52 86.05 89.07 93o06 97.12 

(JUL- CDC s 3.21 2.87 3·93 3o50 3.03 2o30 2.36 
Al/G) _N 5 10 42 132 256 179 47 

DEV +1.50 +2.00 +2.47 +1.22 + .77 - o34 -1.47 
x 74.50 80.00 85.47 89.22 93.77 97.66 01.53 

PGA s 2,88 3·45 3·75 3o81 3.67 3·33 2.30 
N 5 10 34 115 229 166 45 

DEV l-3.12 -3.00 -3·09 -2,86 -2.52 -2,69 -2.53 -2.89 -3.23 -4.06 -5.40 
lMTJ :f 44.88 l5o.oo 54o91 60,14 65.48 70.31 75.47 80.11 84.77 88.94 92.60 

I (SEP- CDC s 3o23 2o59 3o46 3·03 3o31 3o37 3o10 2.96 2o99 3·03 1o82 
ali' N 8 11 26 36 52 61 89 160 93 48 5 

nEV o.oo - o12 - .30 - o71 -1.17 -1,65 -1.93 -2o14 -1.75 -2,99 -3.61 
x s.oo I o;z.~, I <?.?r 62, 2.9 66.A~ 1'71.35 I...Th...Qj 80 !li 86.~ L2_o.o l_9hl~ -PGA s 3.21 2.63 3.96 L.,06 L..41 3.96 'l.64 4.34 4o03 3·53 2.79 

I I N 7 10 23 33 51 52 82 150 91 42 5 
-1 l 
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NOAA Technical Memoranda NWS WR: (Continued) 

121 Cl inwtolngical Prediction of Cumuloni1nbus Clouds in the v;cinity of the Yucca Flat Weather Station. R. F. Quiring, June 1977. (PB-271-704/,',S) 
122 A l-1ethoo for Transforming Temperature Distribution to Normality. MorrisS. Webb, Jr., June 1977. (PB-271-742/AS) 
124 Statistical Guidance for Prediction of Eastern North Pacific Tropical Cyc:lone Motion- Part I. Charles J. Neumann and Preston W. Left~<ich, August 1977. 

( PB-Zn-661) 
125 Statistical Guidance on the Prediction of Eastern North Pacific Tropical Cyclone Motion - Part II. Preston W. Leftwich and Charles J. Neumann,. August 

1977. (PB-273-155/AS) 
127 Development of a Probability Equation for Winter.-Type Precipitation Pattf!rns in Great Falls, Montana. Kenneth B. Mie·lke, February 1978.(-PB-281-387/AS) 
128 Hand Calculator Program to Compute Parcel Thermal Dynamics. Dan Gudgel, April 1978. (PB-283-D8D/AS) 
129 Fire Whirls. David W. Goens, May 1978. (PB-283-866/AS) 
130 Flush-Flood Procedure. Ralph C. Hatch and Gerald Williams, May 1978. (PB-286-014/AS) 
131 Automated Fire-Weather Forecasts. Mark A. Mollner and David E. Olsen, September 1978. (PB-289-916/AS) 
132 Estimates bf the Effects of Terrain Blocking on the Los Angeles WSR-74C Weather Radar. R. G. Pappas, R·. Y. Lee, B. W. Finke,. October !978.(P8289767/AS) 
133 Spectral Techniques in Ocean Wave Forecasting. John A. Jannuzzi, October 1978. (PB291317/AS) 
134 Solar Radiation. John A. Jannuzzi, November 1978. (PB291195/AS) 
135 Application of a Spectrum Analyzer in Forecasting Ocean Swell in Southern California Coastal Waters. Lawrence P. Kierulff, Janua·ry 1979. (PB292716/AS) 
136 Basic Hydrologic Principles. Thomas L. Dietrich, January 1979. (PB291:247/AS) 
137 LFM ·24-Hour Prediction of Eastern Pacific Cyclones Refined by Satellite Images. John R. Zimmerman and Charles P. Ruscha, Jr.,. Jan. 1979. (PB2!!4~24/AS) 
138 A Simple Analysis/Diagnosis System for Real Time Evaluation of Vertical Motion. Scott Heflick and James R. fo-rs, February 197'9·. (PB294216/AS)· 
139 Aids for Forecasting Minimum Temperature in the Wenatchee Frost District. Robert S. Robinson, April 1979. (PB298339/AS)' 
140 Influence of Cloudiness on Summertime Temperatures in the Eastern Washington Fire Weather District. Jame>s Holcomb, April 1979·. (.Pll298674/A'S) 
141 Comparison of LFM and MFM Precipitation Guidance for Nevada During Doreen. Christopher Hill, April 1979. (PB29861:3/AS.) 
142 The Useful ness of Data from .Mountaintop Fire Lookout Stations in Determining Atmospheric Stability, Jonathan W, Corey, AprfT 1979. \PB298899/AS.) 
143 The Depth of the Marine Layer at San Diego as Related to Subsequent CooT Season RrecipiHtion Epi.sodes in .O:rizona .. Ira s .. 8"r-enner,. May. 1979. 

(PB2988l7/AS) 
144 Arizona Coo 1 Season Cl imatol ogi ca 1 Surface Wind and Pressure Gradient Study. Ira S. Brenner, May 1979·. (PB298900/AS) 
145 On the Use of· Solar Radiation and Temperature Models to Estimate the Snap· Bean M'aturity Date in ttle· WilTamette Va.]ley. Earl M. Bates. August 1979. 

(PB80 -160971) 
146 The BART Experiment. Morris S. Webb, October 1979. (PB80-155112) 
147 OccuJ'rence and Distribution 6f Flash Floods in the Western Region. Thomas L. Dietrich, December 1979. (PB80"160344~ 
149 Misinterpretations ot Preci pi tat ion Pr·obai.l'i 1 i ty rurccusts. /',111~ H. Murf.lhY, ~<l-r::rh L i r.htenstein ~ 13aruch Fi'schh'off ,., and Rbbert L .. w.; nkl e·r·, Februar:y 

1980. (PBS0-174576) 
150 Annual Data and Verification Tabulation - Eastern and Central North Pacific Tropical Storms and Hurricanes 1979. EiTiil B. Gunthe-r and· Staff,. EPHC, 

April 1980 .. (PBB0-220486) 
151 NMC Model Performance in the Northeast Pacific. James E. Overland, PMEL-ERL, April 1980.. (RBB0-1"96033)' 
152 Climate of Salt Lake City, Utah. Wilbur E .• Figgins, June 1980. (PBB0-225493) (Out of p-rint.) . 
153 An Automatic. Lightning Oetecti on System in Northern California. Jame~ E. Rea and Chris. E. Fontana, J·un·e• 1980. (-P880•2255Q2')' 
154 Regression Equation for the Peak Wind Gust 6 to 12 Hours in Advance at Great Falls During Strong Downslope Wind Storms-. Michael J., Oin·d. July 1980. 

(PB81-108367) 
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. The National Oceanic and Atmospheric Administration was established as part of the Department of 
Commerce on October 3, I 979: The mission responsibilities of NOAA arc to assess the socioeconomic impact 
of natural and technological changes in the environment and to monitor and predict the state of the solid Earth, 
the oceans and their living resources, the atmosphere, and the space environment of the Earth. 

The major components of NOAA regularly produce various types of scientific and technical informa
tion in the following kinds of publications: 

PROFESSIONAL PAPERS- Important definitive 
research results, major techniques, and special inves
tigations. 

CONTRACT AND GRANT REPORTS- Reports 
prepared hy contraCtors or grantees under NOAA 
sponsorship. 

ATLAS -'Presentation ·sr analyzed data generally 
in the form of maps showing distribution of rainfall. 
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mosphere, distribution of fishes and marine mam
mals, ionospheric conditions, etc. 
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ports containing data, observations, instructions, etc. 
A partial listing incJudes data serials; prediction and 
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