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THE ROLE OF PRECIPITABLE WATER VAPOR IN 

ARIZONA'S SUMMER RAINS 

ABSTRACT 

The relation between Arizona's summer rains and the amount of water 
vapor in the air over Arizona was examined. It was found that the occur
rence of rain was primarily determined by the moisture content of the 
air over the state, defined in this study by the amount of precipitable 
water at Phoenix. The effects of vertical wind shear and stability on 
the occurrence of rain were examined, but could not be precisely deter
mined and are probably sma.lJ. as co~pared with the effects of precipitable 
water. Precipitation efficiency was found to vary directly with variations 
in the amount of precipitable water, but could be explained by changes in 
the evaporation of raindrops between cloud bases and ground in environments 
of differing precipitable water contents. 

I. INTRODUCTION. 

The summer rainfall in Arizona and the Southwest is associated with 

a tongue of moist air extending into this region from the Gulf of Mexico. 

This influx of moist air into the Southwest as the continental anticyclone 

develops is a characteristic of the summer circulation over the United 

States, and reference to it can be found in standard meteorological texts. 

(For example, see Byers, 1944, PP• 394-402, Petterssen, 1940, PP• 375-376). 

The work of Reed (1933) first drew attention to this circulation, and later 

Wexler and Namias (1938) utilized isentropic analysis to describe this 

moist tongue and related it to summer rainfall. 

In Arizona, the moist air generally arrives in late June or early 

July in a more or less sudden and often in a spectacular fashion. The dry, 

cloudless weather of June is replaced by widespread cumulus activity and 

convective rain over much of the state. Using Tucson data as an example, 

the average monthly rainfall increases from 0.21 inches in May and 0.30 

inches in June to 1.8o inches in July and 2.15 inches in August while the 

number of days with more than a trace of rain increases from an average of 

only one in May and June to 10 days in July and nine days in August, and 
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the number of observations of cumulonimbus clouds increases five-fold from 

June to July. This sudden increase in cloudiness and rainfall has been 

termed the '~izona monsoon" by Bryson and Lowry (1955). In their study, 

Bryson and Lowry treated the arrival of the moist air in Arizona as a 

singularity. They related the phenomena to a sudden shift northward of 

the Pacific anticyclone, outlined the sequence of events, and established 

that the advent of the summer rains in Arizona is related to a change in 

the hemispherical circulation. 

Reference to mean monthly upper level charts shows that the winds over 

Arizona in June are from the West and the Pacific Ocean, and that in July 

and August, the winds are from the Southeast and off the Gulf of Mexico. 

The differences in the two ocean areas as a source of moisture is illustrated 

by the comparison between the average amount of precipitable water in July 

at Brownsville, 1.7 inches, to that at Santa Maria, 0.9 inches. In order 

to investigate the significance of this change in the mean monthly flow, 

air trajectories were constructed on 500 mb. charts for periods of 

several days before and after the start of the summer rainy seasons of 

six years. In almost all cases, the rains began as the trajectories shifted 

from the southwest to the southeast as the upper-level flow changed from a 

dry to a moist source region. The shift in trajectories was a smooth, 

regular process in some years and irregular and poorly defined in other 

years. 

After the onset of the summer rains, climatological de.ta reveal that 

there are periods of several days with widespread rains over the state 

and conversely, periods of almost no rain. Again, it is seen through the 

construction of trajectories that not only is the start of the rains 

related to the shift in wind direction at upper levels, but also the 

subsequent wet and dry periods during July and August are related in 
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general to southeasterly and southwesterly flow respectively. There are 

exceptions to this general pattern seen in the trajectories, and it appears 

that other factors may be operative, but the strong tendency for widespread 

rains to be associated with air flow from a moist source region indicates 

that raininess is primarily related to the amount of water vapor in the 

air mass over Arizona. Thus it was the main objective of this study to 

determine more completely the dependence of rainfall on the moisture 

content of the air. 

II. DEFINITIONS. 

Of the several measures of rainfall which might be selected, the 

per cent of the Weather Bureau climatological stations in Arizona report

ing rain on a given day was chosen for use in this study. Bryson and 

Lowry used the same measure and applied to it the term Ra.ininess Index. 

This term will also be used here. The Raininess Index (RI) was determined 

on a daily basis, Because the climatological stations have varying obser

vation times and because the summer rainfall in Arizona shows a diurnal 

variation, the RI for a day was determined by a combination of rainfall 

reports for a two-day period in a manner designed to compensate for the 

above-mentioned effects. 

The measure of the moisture content of the air used in this study was 

precipitable water (PW). The PW was computed, as outlined by Solot (1939), 

from the Phoenix radiosonde data, two observations per day being used in 

almost all cases. It was assumed that the value of PW at Phoenix was 

representative of the entire state. This assumption was investigated by 

comparing the PW at Phoenix with that computed from the Tucson radiosonde 

data. For the years of 1953 and 1954 during July, it was found that the 

mean values of PW at Tucson and Phoenix differed by no more than 0.02 inchea 
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and that the correlation coefficients between daily values for both years 

were greater than 0.9. There are exceptions,and examples can be found 

where the amount of PW varies over the state. Small pockets of moist air 

move into Arizona and are detected at one station while missing other 

radiosonde stations. For example, the largest value of PW computed in 

this study, 2.5 inches, was found at Yuma during the period 22-24 July, 

1955, when a small tongue of moist air apparently entered the state with 

its center to the west and south of Phoenix. Despite the exceptions, it 

appears from available data that by and large the PW over Arizona is well 

defined by that computed from the Phoenix radiosonde. 

A third quantity determined on a daily basis for the several months 

of interest was the total rainfall measured by the climatological stations. 

The value in inches for a given day was the two-day mean of the total 

for that day and the day following. This procedure is similar to, but not 

the same as, the method of determining RI. 

III. REIATION BETWEEN PRECIPITABLE WATER AND THE RAININESS INDEX. 

Figure 1 is a time section showing the relationship between PW and RI 

on a daily basis for the summer rainy seasons of three years. It can be 

seen that there is a good relationship between the two quantities. Devia

tions might be caused by inaccuracies in the methods determining the basic 

information, errors inherent in the assumptions, and the possibility that 

other factors important in the production of rain are operative. 

The figure illustrates differences in rainfall and the moisture content 

of the air which occurred during the three years. Individual monthly values 

of Phoenix PW-, Arizona. 's average rainfall, and deviations of average rain

fall from the state normal are listed on.the following page. 
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Figure 1. Daily values of Precipitable Water in inches and Raininess Index in 
percent for three summers. 
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Computed average Arizona's average Deviations of rainfall 
PW, inches rainfall, inches from state normal, inches 

1953 July 1.58 2.88 +l.21 
August 1.15 1.63 -o.48 

1954 July 1.51 2.45 · +0.78 
August 1.33 2.00 -0.ll 

1955 July 1.32 2.86 +l.19 
August 1.69 3.46 +1.35 

July and August of 1953 illustrate variations which can occur in PW. 

The sharp break in PW and RI which occurred during the period 1-7 August 

in an example of the change from a southeasterly flow to a southwesterly 

flow off the Pacific Ocean followed by a return of the upper-level anti

cyclone and again a southeasterly air flow from a moist source region. A 

comparison of the mean 500 mb charts for August of 1954 and 1955 to the 

normal August 500 mb chart revealed that the AuGust 1954 chart was very 

similar to the normal, while on the August 1955 chart, the anticyclone 

was centered north and west of the normal position, a situation which would 

probably bring an above average amount of moist air over Arizona. 

Figure 2 was obtained by grouping the RI's in terms of 0.10 inches 

of PW. The values obtained for PW values in the ranges 2.0-2.1 inches and 

2.1-2.2 inches and marked with parentheses in the figures are based on 

four and one observations respectively. It is seen that an approximately 

linear relationship exists between RI and PW. The dashed curve shows the 

total inches of rain also grouped in terms of PW, and the relationship does 

not seem to be linear. The differences between these two curves will be 

discussed in a following section. The coefficient of variation for daily 

values of PW was computed and found to be about 30 per cent. In another In

stitute of Atmospheric Physics study the coefficient of variation of monthly 
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mean vaJ.ues of PW has been found.to be approximately 10 percent for 

summer months. 

A further illustration of the relation between PW and RI is seen in 

Figure 3, a scattergram relating the daily change in PW to the correspond

ing change in RI. It is seen that there is a tendency for changes of like 

sign in the two elements. 

· In illustrating the relationship between PW and RI, the comparisons 

have been made using the total PW in the column from the surface to 4oo mb. 

However, it is possible that the vertical distribution of this total 

moisture may be important to the production of rain. If the clouds grow 

into a dry layer, it might be expected that their vertical development 

and the formation of rain would be inhibited, Hence an attempt was made 

to assess the importance of the moisture stratification. 

The total PW at Phoenix was found to have the following average 

vertical distribution: 50 per cent of the total in the layer from the 

surface to 800 mb, 36 per cent between 800 and 600 mb, and 14 per cent in 

the layer 600-400 mb. Over the range of total PW, there was little change 

in these percentage values. 

Because of the suspected importance of the high-level moisture content 

of the air on the formation of rain, the effects of variations in the 

precipitable water in the layer 6oo-4oo mb, ,pw(6-4), on RI were studied. 

[The height of the 6oo mb surface at Phoenix during the summer months is 

about 14,500 feet.] In one attempt to assess the importance of the relative 

amount of PW above 600 mb, the RI was determined for varying va.lues of PW(6-4) 

within several sub-intervals of total PW, PW (Total). It was found that 

for a given value of PW (Total), a variation of a.bout 10 units of RI 
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seemed due to variation in the PW(6-4). Other attempts to find an effect 

of moisture stratification on RI gave the same general result, but no con

clusions were justified by these data other than that an effect was found. 

These studies seemed to justify the division of the total PW into layers 

in the statistical analysis presented in Section v. The problem of the 

importance of the vertical distribution of PW is probably complicated by 

the fact that an important mechanism for transporting moisture to upper 

levels is convection and therefore the PW(6-4) is in part an effect of rather 

than a cause of the occurrence of rain. 

IV. EFFECTS OF OTHER FACTORS ON RI. 

The difference in temperature between 700 mb and 500 mb was used by 

Buell (1955) as a measure of the stability of air and as a statistically.· 

significant parameter in a regression equation for predicting rainfall 

amounts. An attempt was made in this study to see if it was important in 

the determination of the RI for Arizona. Phoenix upper air data were 

again assumed representative of conditions over Arizona, and this temperature 

difference ,[AT(700-500)] was found for the 150oz radiosonde ascents during 

the days studied for the three summer rainy seasons. It was found that 

-there was a small decrease in the average RI as the stability of the air 

decreased [increase in /1 T (700-500)]. This relationship was explained by 

a general tendency for the air to be more unstable for small values of 

total PW than for large values of PW. The correlation coefficient between 

the daily values of the 700-500 mb temperature difference at Tucson and at 

Phoenix was 0.7, and the means and standard deviations of the two stations 

were essentially the same. This preliminary investigation of the effects of 

stability on RI seems to indicate that no large contribution to RI can be 

attributed to changes in the stability of the air over the state as defined 

by the temperature difference between 700 and 500 mb at Phoenix. 
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The effects of the stability of the air on convective rain have been 

investigated by Chalker (1949) and Bra.ham (1952). Both of these investi

gators fotmd that the lapse rate for rain days was essentially the same 

as for non-rain days and concluded that differences in air mass stability 

were generally unimportant in the formation of convective rain. 

Another factor which affects convective cloud growth is vertical wind 

shear. A study was made to see if such shear affected the statewide RI, but 

only the general results of that study will be given here. 

Vertical vector wind shear was computed on a daily basis from Phoenix 

and Tucson 150oz radiosonde data for four layers, 700-500 mb, 500-300 mb, 

300-200 mb, a.nd 500-200 mb. No effect of wind shear on the statewide 

RI could be detected. When wind shear was related to the RI for a small 

area surrotmding its point of measurement, no effect was found. One rela

tionship noted was a tendency for shear to decrease as the PW increased. 

A possible explanation for the lack of a relationship between shear 

and RI is based on the fact that shear was not found to be uniform over the 

state. Comparisons among values of shear on given days for several upper

air stations in Arizona showed little tendency toward uniformity. This 

variability would make it unlikely that any important contribution to a 

state-wide RI could be attributed to shear. Another possible explanation 

for the failure to detect an effect of shear on RI either on a statewide 

or a local basis was that the values of vertical vector wind shear were 

small, eo per cent of the values being less than 3m/sec-km. A comparison be

tween the values of shear found over Arizona to values reported in other 

studies suggests that the shear over Arizona is of a magnitude which would 

affect the vertical extent of radar echoes of precipitation cells in convec

t.ive clouds (Byers and Braham, 1949), but is generally smaller than the 

values of wind shear which affect radar echo formation (Ackerman 1956). 
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It is not suggested that vertical wind shear has no effect on con

vective cloud growth and the formation of precipitation, but rather that 

its effects were not ascertained in this study when considered for an 

area the size of Arizona. A study reported in~ Thunderstorm (Byers 

and Braham, 1949, pp.107-108) showed that the vertical extent of radar 

echoes was affected by wind shear of the magnitude usually observed over 

Arizona. This suggests that shear typically present over Arizona may 

affect the amount of precipitation while not generally affecting the occur

rence of rain, The tendency for shear to decrease as the PW' increases 

may contribute to the differences in the two relationships presented in 

Figure 2 and be a factor in affecting precipitation efficiency mentioned 

later in Section VI. An investigation of this possible relation yielded 

inconculsive results. 

V. ESTDfATE OF REIATIONSHIPS BETWEEN PRECIPITABLE WATER AND PAININESS 

INDEX. 

It has been found in this study that there is a relationship between 

the PW and RI over Arizona, and that there appears to be some dependence 

on the moisture stratification. A quantitative estimate of the degree of 

relationship is illustrated in Table I. Correlation coefficients and regres

sion equations relating daily values of' PW and RI were determined for all 

de.ta and for the individual years. It is seen that the degree of relation

ship as shown by the correlation coefficients is high. However, in Section 

IV of Table I, it is noted that the serial correlation between daily values 

of' RI and PW is high. In order to suppress the effect of this da.y to da.y 

correlation, five-day non-overlapping mean values of the several variables 

were determined and correlation and regression analysis carried through. for 
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Table I 

Statistical relationships among precipitable water and Raininess Index 
I. 

II. 

III. 

IV. 

v. 

CORREIATION COEFFICIENTS 

All Data 1953 1954 1955 
PW(Total) and RI o.84 0.89 o.80 0.77 PW(S-6) and_RI 0.83 0.87 0.74 0.73 PW(6-4) and RI 0.78 0.77 o. 74 0.77 PW(S-6) and PW(6-4) 0.70 0.70 0.56 0.79 

PARTIAL CORREIATION COEFFICIENTS. 

PW~S-6) and RI, r12-3 o.64 0.72 
PW 6-4) and RI, r13-2 0.50 o.48 

0.58 0.31 
0.58 o.47 

REGRESSION EQUATIONS. 

A. All Data 

B. 1953 

c. 1954 

D. 1955 

RI= -27,2 + 34.6 PW(S-6) + 102.9 PW(6-4) 

RI= -28.9 + 39.0 PW(S-6) + 91.2 PW(6-4) 

RI= -25.0 + 29.5 PW(S-6) + 124.4 PW(6-4) 

RI= -20.4 + 21.2 PW(S-6) + 148.6 PW(6-4) 

AUTOCORREIATION COEFFICIENTS. 
RI PW 

A. All Data 0.76 o."85 

B. 1953 0.81 0.81 

c. 1954 o. 72 0.77 

D. 1955 o.66 o.68 

FIVE-DAY MEAN VALUES (ALL DATA COMBINED). 

A. Correlation Coefficients 

l. PW(Total) and RI 0.87 

2. PW(S-6) and RI 0.83 

3. PW(6-4) and RI o.84 

4. PW(s-6) and PW(6-4) 0.72 
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Table I (Cont.) 

B. Partial Correlation Coefficients 

1. PW(S-6) and RI, r12-30.60 

2. PW(6-4) and RI, r13.20.63 

c. Autocorrelation Coefficient for RI = 0.18 

D. Regression Equation 

RI= -24.4 + 28.l PW(S-6) + 130.5 PW(6-4) 

these five-day mean values.· _.Section V of Table I presents the results of 

this analysis. The autocorrelation coefficient for RI was reduced from 

0.76 to 0.18. However, the correlation coefficients remained high, indi

cating a real relation between PW and RI. 

The regression equations for the three individual years reveal year

to-year differences in importance of the PW in the two layers. In 1955, 

the PW(6-4) contributes more to the RI than in 1953 as can be seen from 

the comparative values of the PW(6-4) regression coefficients for the two 

years. The total PW in 1955 was 27 per cent greater than in 1953, and the 

PW(6-4) was 33 per cent greater in 1955 than 1953, suggesting an increase 

in the relative importance of the PW(6-4) with increasing total PW. 

The regression equations were used to predict RI on a daily basis, 

and the results are given in Table II. Through an examination of residuals 

from regression, the several equations were compared as predictors of RI 

in order to note differences between them. One comparison is made between 

the use of PW in two layers, from the surface to 600 mb, PW(S-6), and PW(6-4), 

and total PW. In Table II, it is seen that the regression equations using 

PW(S-6) and PW(6-4) are only slightly better predictors of RI than equa

tions using total PW. For example, in the case of all data, the use of 
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Table II 

Comparison of residuals and standard error of estimate (S) between re-
gression equations using PW(Total) and PW in layers, PW(s-6) and PW(6-4) 

PW(S-6l + PW{6-4) PW(Total) 
Average Average 

Residual s Residual s 

All Data 8.4 10.7 9.5 11.5 
1953 7.6 9.4 7.8 9.7 
1954 8.5 11.2 10.3 12.2 
1955 9.1 11.9 10.4 12.7 

Five-day 
Means 5.5 7.1 6.5 8.1 

PW in layers yields a standard error of estimate of 10.7 RI units, while 

total PW gives 11,5 RI units. The same general result is obtained using 

five-day mean values. 

In an earlier section of this report, Section III, it was noted that 

there was some effect of moisture stratification on RI. However, the re

gression equations do not indicate that the prediction of RI is much im

proved by the division of the PW into layers. It is concluded that high

level PW has some, but not dominant control over RI. In view of the degree 

of correlation between PW(S-6) and PW(6-4), this result is not surprising. 

VI. PRECIPITATION EFFICIENCY. 

A simple type of precipitation efficiency (PE) might be defined as 

the per cent of the average amount of water vapor in the air which reaches 

the ground in the form of rain per unit time. The total rainfall (TR) on 

Arizona has been defined in this study as the a.mount of rain measured at 

the Weather Bureau climatological stations and determined on a daily basis. 

If the TR is divided by the number of climatological stations in the state, 

then it is effectively exp~essed as inches per station in a 24-hour period 

or the average depth of precipitation over Arizona per day. Since the 
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PW computed from the Phoenix radiosonde is assumed representative of the 

PW over the entire state, the combination of these two elements can be 

said to be the per cent of the average PW which is rained out in 24 hours 

and called the PE. This PE differs from other definitions in which the 

rainfall is related to the moisture flux, that is, the PE is the amount 

of the total water vapor which passes over an area that is precipitated as 

opposed to the definition used here which defines PE as.the per cent of 

the average amount of water vapor over an area rained out in a unit of 

time (24 hours). 

The relationship between the per cent of the PW which falls as rain to 

PW is shown in Figure 4. It is seen that as the PW increases, so does the 

PE. That is, Figure 4 reveals the interesting fact that the amount of 

precipitation received at the surface is not simply linearly dependent upon 

the PW, but increases at a rate greater than linear. Figure 2 relating 

the total amount of rainfall to PW also illustrates this point. A graph of 

PE for each of the three years showed no apparent or at least no marked 

differences from year to year. 

One reason why PE should increase with increasing PW is that there is 

an increase in relative humidity (RH) in the sub-cloud layer, and consequent

ly there is less evaporation of falling raindrops between the cloud base and 

the ground. Some idea of this effect can be estimated as follows: As a 

measure of RH in the sub-cloud layer, the 8oo mb RH on the 2000 MST· 

(030oz) sounding was tabulated in groupings of PW. The RH increased from 

an average of 30 per cent at PW's of 1.15 inches to an average of 67 per 

cent at 1.97 inches of PW. Data from the Smithsonian tables on the 

evaporation of raindrops at 20c, reveals that there is two times as high 

an evaporation rate at 30 per cent as at 67 per cent RH. Over the range 

of corresponding PW amounts, the PE increases from 3 per cent to 1.0 per cent 
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(Figure 4), resulting in roughly a five-fold increase in rain. A 2.4 mm 

raindrop falling 3000 m from cloud base to ground in two different en

vironments both at 20C but one at 30 per cent RH and the other at 67 per 

cent RH (neglecting changing fall time with changing drop diameter) would 

arrive at the ground over four times larger in the 67 per cent RH environ

ment than in the 30 per cent RH environment. The per cent differences in 

mass would be larger for smaller drops and less for larger drops. Other 

factors such as change in terminal velocity of the raindrops with evapora

tion and lowering of the cloud bases with increased RH would tend to 

increase the size of the raindrop which would account for an increase of 

about five times in the mass of rain reaching the ground, Thus, it 

appears that differences in evaporation can account for much of the observed 

variation of PE with PW. 

VII, SUMMARY, 

This study has attempted to establish the relation between the summer 

rainfall of Arizona and the water-vapor content of the air. The degree of 

correlation found between precipitable water vapor and the occurrence of 

rain indicates that the atmospheric moisture is the main factor in determin

ing the occurrence of rain. The effects of two other factors, vertical 

wind shear and stability, believed important in the formation of convective 

rains, could not be established either because their effects were small 

in comparison to variations in the moisture content of the air, or that 

they could not be adequately defined for an area the size of Arizona. 

Variations in precipitation efficiency were found to accompany variations 

in the amount of precipitable water, but were accountable wholly or in part 

by differences in evaporation of raindrops between cloud bases and ground in 

air masses of differing precipitable water. 
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The dependence of rainfall on the moisture content of the air points to 

the need of further study of the daily and yearly variations of moisture, 

the structure of the moist tongue, and manner in which the moisture is 

transported into the Southwest. The change in precipitation efficiency which 

could be mainly explained by probable changes in the evaporation of raindrops 

must be investigated in more detail to determine if changes in the physical 

properties of the convective clouds accompany changes in the moisture content 

of.the environment in which they grow. 
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Al'PENDIX. VARIATIONS IN THE PRECIPITABLE WATER-RAININESS INDEX REIATIONSHIP 
IN ARIZONA. 

The state of Arizona is an area of topographical contrasts. It has 

level plains at low elevations, high plateaus, and regions of mountains 

and valleys. Because of these differences, variations in the occurrence 

and amount of rainfall would be expected. One probable reason for this 

might be differences in the cloud generating properties of different types 

of terrain. Another reason for these variations in rainfall might be 

differences in elevation and consequently differences in the evaporation 

of raindrc,ps between the cloud bases and the ground. 

A relationship between the amount of precipitable water and the 

occurrence rain (Raininess Index) over Arizona has been found, but it 

would be expected, for reasons stated above, that this relationship estab

lished for the entire state would be different for various sections of 

Arizona. Two areas were examined to note differences in the relationships 

between precipitable water and Raininess Index. Daily values of Raininess 

Index were determined for the sUllllller rainy seasons of 1953, 154, and '55 

for about 30 climatological stations in the area around Phoenix and for about 

the same number of stations in the Tucson area. The average elevation for 

the Phoenix-area stations was 1250 feet, while the average elevation was 

3610 feet for the Tucson-area stations, 

Differences in the two regions can be illustrated by comparing clima

tological data for Tucson to that for Phoenix. For July and August, the 

ratio of days wit~ thunderstorms at Tucson to that at Phoenix is about 7:4. 
This may be a measure of the differences in the cloud generating properties 

of the two areas. The ratios between the two areas for the occurrence of 

rain and for the amount of precipitation are larger, 2:1 and 7:3 respe~tiwly• 

and may be the result of altitude differences. 
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A comparison was made to relate the daily Raininess Index for Arizona 

to that for the Tucson-area. and Phoenix-area stations. Scattergra.ms re

vealed that the Raininess Index for the Tucson-area. stations was almost 

always greater than the state-wide Ra.ininess Index, while the Phoenix-area. 

Raininess Index was generally less than that determined for the entire 

state. 

Another comparison between the two areas was ma.de by tabula.ting daily 

values of Raininess Index for the two areas in terms of the precipitable 

water computed at Phoenix. The results of these tabulations are shown in 

Figure lA. It is seen that the two small areas have relationships different 

from that determined for the entire state. 

This brief study indicates that there is no given relation between 

precipitable water and Raininees Index, but that it varies for different 

areas. While the occurrence of rain is related to the a.mount of precipi

table water, the ability of a.n:area to utilize the moisture wries over 

the state. Figure JA shows that there are different threshold values for 

the occurrence of rain a.nd suggests differences in the two areas at small 

and large values of precipitable water. 
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three areas. Daily values of Raininess Index are grouped in intervals of · 
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