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A RAININESS INDEX FOR THE ARIZONA MONSOON 

John H. TenHarkel 
National Weather Service Forecast Office 

Phoenix, Arizona 

I. ABSTRACT 

A ra1n1ness index is derived for Arizona for each summer day from 1897 through 
1979. Mean values for each season and each date are tabulated, graphed and 
compared to other measures of monsoon activity. Column (date) means are used 
to derive a normal curve for the Arizona Monsoon. Some individual seasons 
are then compared to the normal curve. 

II. BACKGROUND 

Arizona 1 S summer rainy season has been called a 11 Monsoon 11 because it coincides 
with a seasonal shift of the winds aloft (from west to southeast). Although 
rainfall is lighter and much less frequent than that of the Asian Monsoon, it 
is seasonal, and it does depend on a seasonal wind shift. The name 11 Arizona 
Monsoon 11 has been used locally for many years and will be used here. 

Most attempts to document the Arizona Monsoon have employed data from a few 
individual stations having a long period of record. Time-frequency graphs from 
such records show great day to day and station to station variability in rain­
fall. They give an impression of randomness in both a spatial and temporal. 
sense. 

The experience of the author in operational forecasting at Phoenix is that there 
are large systematic variations in raininess, from one day to another, and also 
for periods of a week or more. However, attempts to understand and anticipate 
these changes have had little success. 

Before such changes can be studied, they must be documented. An index of rain­
fall coverage is needed, which is not subject to chance occurrenceat fixed 
locations, and which can be averaged over a long period of record. 

Bryson and Lowry (1955) devised a raininess index that used all available rain 
reports including those from unpaid 11 Cooperative 11 observers, about 200 at the 
time. ·A two-day running mean was taken to reduce second-day error, caused when 
some observers took their readings on the following day (morning). Reiter (1957) 
employed a similar index. These authors tabulated their index for only the first 
part (onset) of the rainly season, and for only a 30-year period of record. 

The following tabulation is for the entire summer, June 1 through September 30, 
from 1897 to 1979(see appendix). 

III. DATA 

Daily substation rainfall from the Arizona Section of 11 U.S. Climatological 



Data 11 (or it 1 s equivalent) were used to find a ra1n1ness index for each day~ 
The index, hereafter, called the 11 Monsoon Index 11 or 11 M.I. 11

, is defined as: 

M.I. (D) = 100 X R 
N 

where N is the number of reporting stations having a complete record for 
the month and R is the number of stations reporting .01 inch or more of rain 
on a given day (D). 

Values of M.I. were tablulated without any attempt to correct for second-day 
error. This type of error is discussed later. 

The tabulation starts with 1897, the first year for which daily rainfall was 
included in the climatic data. At that time, there were 41 stations. There 
are now nearly 200. 

The areal distribution of climatic stations has not changed very much. Since 
1897, there has been a concentration of stations in the central and southeast 
sections. This roughly coincides with the reg~on of maximum summer rainfall. 

Figure 1 shows the distribution of stations in July 1979. Stations included in 
the tabulation are marked with a large black dot. The area that normally receives 
more than two inches of rain in July is shaded, the areas with over four inches 
are darkly shaded. 

About one quarter of the state 1 s area averages more than two inches of rain in 
July; and over one half (111 out of 188) of the reporting stations are within 
this area. Thus, the M.I. is weighted toward the area that normally has the 
most rainfall. 

There is a close relationship between rainfall amount and areal coverage - for 
those years for which an averag~ statewide rainfall was computed, the correla­
tion between it and the average Monsoon Index is near 0.90 (slightly less in 
September). 

IV. TABLES 

The M.I. is tabulated by month; each row represents a year, each column a 
date. The average and standard deviation for each row (year) are shown on 
the right, and to the right of the September table, the seasonal average and 
standard deviation-are shown. These are for the entire 122 days of the summer. 

Rounded (Integer) averages for the columns are shown below (after 1979) for each 
day. ·These averages, along with standard deviation, and moment coefficients of 
skewness and kurtosis, ~re tabulated separately, in single precision (6-place) 
accuracy. (See Appendix. ) 

V. ANALYSIS 

Daily (column) means are plotted in Figure 2. A normal curve was hand-fitted 
to the data points, then a polynominal fit was attempted. The equation: 
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M.I. = 28.344+ 0.02 X- 0.016 x5D2 + 0.000085 x 03 + 
0.000003 X D - 0.00000027 X D 

explains 95.68% of the variance in M.I. Here, Dis the day number, zero on 
August 1. 

Figure 3 shows the individual season (Row) means for each year since 1897, 
and Figure 4 shows the monthly means for July, for comparison. Note the 
relatively small standard deviation, especially for the season totals. 

Figures 5-7 compare individual seasons to the handfitted normal curve. The 
year 1900 (Figure' 5) was very dry, the year 1931 (Figure 6) was very wet. 
The most recent year, 1979, is shown in Figure 7. Note the very high peak 
in early August, (August 12), a day of extensive flash flodding. Yet, the 
season was overall a very dry one. 

VI. DISCUSSION 

Much can be learned simply by visual inspection of the tables. Note that 
rainy periods of several days do occur in August, supposedly a wet month. 
There have been many "breaks" in the monsoon similar to those of August 1976 
and 1977, which caused much comment and speculation about a "failure" of the 
monsoon. 

Very high peaks (over 80% coverage) are more common after the end of July, 
and especially in September, when frontal type precipitation and also hurri­
canes sometimes occur. 

Skewness of the daily samples is very large in June, and again in September, 
because of the high frequency of dry days (M.I.=O). Kurtosis, a measure of 
the "peak-ness" of a distribution, also is high. This is typical of an arid 
climate, which Arizona's certainly is, most of the time. 

Near the peak monsoon period, late July, skewness approaches zero and kurtosis 
nears the value 3, approaching the values of a normal distribution. This is 
not characteristic of aridity. 

VII. OTHER MEASURE OF MONSOON ACTIVITY 

In recent years hourly ARTC radar maps have been composited for 12-hour periods, 
0000-1200 GMT and 1200-0000 GMT, daily. These composite maps can be used to 
estimate how much of a geographic area has been subjected to rainfall, assuming 
all areas covered by a radar echo at least once in the 12-hour period had rain. 

Unfortunately, until recently, no one had been keeping a record of these charts. 
They were collected at WSFO Phoenix for the summer of 1979, and rainfall coverage 
estimated using a template. 

This gives us a fair estimate (subject to uneven radar coverage and infrequent 
reports) of the actual areal coverage of rainfall, with which we can try to 
correct the Monsoon Index for its "wrong day" error. 
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The following model was tested, using stepwise linear regression: 

adjusted M.I.~ Radar Coverage (%) = 80 + 81 x M.I. (today) + 82 x M.I. 
(next day)+ 83 x M.I. (yesterday)+ 84 x M.I. (second day). 

at the 5% confidence level, the only variables selected were the M.I. for 
11 today 11 and 11 tomorrow 11 , with the latter value having the greatest weight. 
The equation: 

Radar Coverage= .184 + .296 x M.I. (today)+ .68 x M.I. (tomorrow) 

explained 86.2% of the variance in radar coverage. 

An attempt was then made to screen in other predictors for individual stations 
having a record extending back to 1897. Parameters that would be available 
for use since that year include dewpoint, maximum and minimum temperature, 
rainfall and sky cover. The resulting equation: 

R.C. = .254 x M.I. today+ .644 x M.I. tomorrow+ 1.45 x [1/3 (Sky cover 
PHX +Sky cover TUS +Sky cover INW)] - 0.16 x (PHX dewpoint at OOOZ) 

explained 88.04% of the variance in R.C. (Radar Coverage). 

All of the single station variables were strongly dependent on Radar Coverage. 
It is likely that much of the unexplained variance in radar coverage is caused 
by incomplete radar coverage , and by too infrequent radar observations. Also, 
no attempt was made to 11Weight 11 the radar data toward the east central and 
southeast parts of Arizona, where the Monsoon Index is weighted. 

Even so, the technique looks promising and another attempt will be made as soon 
as two or three more years of radar data are collected. If it is possible to 
reduce the variance by 90% or more, one could then eliminate most of the 11 Second­
day11 observational error for the entire period of record (since 1897). 

VIII. COMMENTS, SUGGESTIONS FOR RESEARCH 

The monsoon rains in Arizona change character from great variability at start 
and finish to dependability near their peak. In addition, the rains are well 
known to be associated with southeast winds aloft. This implies the main cause 
of the monsoon is a seasonal shift in the mean circulation, which is subject 
to interruption early and late in summer. 

Onemay speculate that these interruption~ are caused by small scale waves, 
travelling in the westerlies, or in the easterlies, or both; or they may be 
caused by large-scale shifts in the latitude of the westerlies, or the east­
west axis of the subtropical high. 

Another (wetting) mechanism was postulated by Hales ( 11 Surges of Maritime 
Tropical Air Northward Over the Gulf of California, 1971 11

). This 11 Gulf Surge 11 
has proven easy to spot once is starts, but almost impossible to forecast. 
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In any case, too little is known about the circulation in the region south of 
Arizona. It obviously plays a vital role in the monsoon since the moisture 
bearing winds blow from the south or southeast. 

So far, the only mean-circulation maps available are those prepared by Sadler 
(1975); 300mb and 200-mb 10-year means. The monsoon peak coincides with the 
establishment of a 200-mb anticyclone over northwest Mexico, and the farthest 
northward retreat of the westerly jet. It also coincides with the maximum 
northward displacement of the northeast Trades. (See "The Upper Tropo·spheri c 
Circulation Over the Global Tropics" Part 1, Page 9, upper right graph). 

Similar mean charts should be prepared for the lower troposphere, in parti­
cular, for the surface - 600-mb layer analyzed by the National Hurricane Center 
since 1968. Composite maps should be prepared for several cases of peak mon­
soon activity, and also for several cases of abnormally low activity, to find 
out what circulation patterns are associated with these abnormalities. 

Individual case studies can be made using NHC 200-mb and SFC-600-mb analyses, 
both available on micro-film from the Hurricane Center. The Monsoon Index 
records could be used to spot abnormalities to be investigated. 

The index tables themselves can be studied in more detail. Has there been any 
significant change in the Monsoon over the 83-year period? .What is the frequency 
of dry days, or days with more than 50% coverage, in July, or August? What is 
the probability of a sequence of, say, 3 dry days in a row, or more than one 
"wet" day in a week? 

These are all ideas that should have been explored locally (at Phoenix) in the 
course of operational forecasting; but have not been, because of a lack of time 
and resources. Hopefully, more time and resources will become available, but 
meanwhile it is hoped that the historical data will be of use to others. 

The index tables were printed and statistics generated using a TRS-80 micro­
computer. The data are stored on a 5-inch mini-disc. 
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X. APPENDIX - 1897-1979 DATA TABULATIONS 

1. DAILY MONSOON INDEX VALUES BY MONTH (JUNE THROUGH SEPTEMBER). 

2. MEANS, STANDARD DEVIATIONS, SKEWNESS AND KURTOSIS OF DAILY MONSOON 
INDEX DATA. 
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

The National Oceanic and Atmospheric Administration was established as part of the Department of 
Commerce on October 3, 1970. The mission rcsponsibiliti~s 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 of analyzed data generally 
in the form of maps showing distribution of rainfall. 
chemical and physical conditions of oceans and at­
mosphere, distribution of fishes and marine mam­
mals, ionospheric conditions, etc. 

TECHNICAL SERVICE PUBLICATIONS -Re­
ports containing data. observations, instructions, etc. 
A partial listing includes data serials; prediction and 
outlook periodicals; technical manuals, training pa­
pers, planning reports. and information serials; and 
miscellaneous technical publications. 

TECHNICAL REPORTS- Journal quality with 
extensive details, mathematical developments, or data 
listings. 

TECHNICAL MEMORANDUMS- Reports of 
preliminary, partial, or negative research or technol­
ogy results, interim instructions, and the like. 

Information on availability of NOAA publications can be obtained from: 

ENVIRONMENTAL SCIENCE INFORMATION CENTER (D822) 
ENVIRONMENTAL DATA AND INFORMATION SERVICE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
U.S. DEPARTMENT OF COMMERCE 

6009 Executive Boulevard 
Rockville, MD 20852 
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