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ABSTRACT

An Investigation of the Variability and Distribution of Rainfall
and some Rainfall Association for Selected Statiomns
in Caracas Valley, Venezuela. (December 1970)
Ricardo Rafael Ponte Ramirez, B.S., Universidad Central de Venezuela

Directed by: Professor Walter K. Henry

This is a study of the temporal and areal variation of the
precipitation which occurs within a few kilometers of Caracas, Vene-
zuela. The location is adjacent to the Caribbean Sea, but most of
this area is separated from the sea by a range of mountains. Caracas
is located on the floor of an interior valley.

Within this small area the variation of rainfall during the year
is large with dry periods in which rain occurs and rainy-periods which
have extended dry spells. These variations were studied by several
means. Also the temporal distribution of rain was studied to deter-
mine the reliability. Finally, the relationship of one station to
others was determined by using the coefficient of association. Maps
showing the areal variation of the coefficient of association are.
included.

The variation of rainfall within this small area is large. Only

in gross terms can be rainfall be classified into seasons.
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CHAPTER I

INTRODUCTION

Rainfall assumes the rolé of primary importance in the tropics,
where the temperature is relatively stable throughout the year and
is adequate for plant growth and human activity at all times;
indeed, rainfall becomes the determinant of the '"seasons" in the
tropics. As a consequence, an accurafe knowledge of the rainfall
distribution at a location is essential for the agricultural, engi-
neering, commercial, and biomedical planning for that area.

The area chosen for this study encompasses Caracas, the capi-
tol of Venezuela. Caracas is located in a 152 km2 valley sﬁrround—
ed byvmountains which are an eastward e#tension of the Andes. This
valley is drained by the Rio Guaire. The lowest point in the east-
west oriented valley is 850 m (2,790 ft). The Coastal Range, which
lies parallel to the cdast, has peaks rising to 2,765 m (9,070 ft),
which separate the city from the Caribbean Sea lying 15 km to the
north.

An industrial economy prevails throughout most of the area.

A comprehensive study using annual and monthly data should revéal
rainfall characteristics that cén be qf climatic value to meteorol-

ogists, hydrologists, agriculturists, civil and construction

The citations on the following pages follow the style of the
Journal of Applied Meteorology.




engineers, and others, and ultimately benefit the economic develop-

ment of the area.
Objectives

The primary objectives of this study are to investigate the
distfibution of annual, monthly, and seasonal rainfall in the
Caracas valley and the adjacent areas, to provide a statistical
analysis of annual and monthlf rainfall variability, and to evalu-

ate the degree of annual and monthly rainfall association.
Review of Literature

A search of the literature on Venezuelan rainfall reveals that
most of the previous work performed was for the purpose of arriving
at a climatic classification for the éountry, or to utilize the
data in a manner such that the climafic controls (wind systems,
intertropical convergence zone, fronts, topography) could be deter-
mined.

Gol (1963) made a study of the location of the intertropical
convergence zone (ITCZ) and its effect on the precipitation patterns
in Venezuela.

Fletcher (1949) made a meteorological analysis of the general
rainstorm of June 9-12, 1945, that producgd sub;tantial streamflow
in the Rio Tuy drainage basin in northern Venezuela. He indicated
that the ITCZ, in combination with the orography of the basin, was

the weather model responsible for that rain.



Grosske (1967) studied the frequency of frontal invasions into

Venezuela for a 10-yr period. He identified 179 cases in which
polar fronts from both the No;thern and Southern Hemispheres in-
vaded Venezuela. These fronts frequently caused heavy rainfall.
Griffiths (1967) suggested a technique to demonstrate the
changes in precipitation from month to month. He considered the
difference between the percentage of the annual rainfall observed
in two successive months. He suggested that this approach may
explain the synoptic influence that causes the increase or decrease
of precipitation from one ﬁonth to another. 'The approach would
point out any seasonal variation. He used this technique for the
northern part of South America. Since his study was on a bfoad
scale, detailed terrain effects in Venezuela were not indicated.
He also made an evaluation of monthly rainfall for 15 stations in
Venezuela. His study utilized values of extremes of rainfall.
Griffiths (1964) also illustrated the statistical technique
of measuring rainfall variability and a method of calculating the
probgbility of receiving selected amounts in Central America.
Griffiths (1961, 1963) advocated the application of the normal
distribution to annual rainfall and the square-root-normal distri-
bution to monthly rainfall at the tropical stations. He found that
76 per cent of annual totals for Central American stations were
distributed normally. 1In view of this relationship, it is possible

to identify the annual rainfall distribution for any station or



area by the use of the two parameters - mean (i) and standard devi-

ation (o).

Alvarez et al. (1969) made a climatic and hydrologic study of
the Caracas valley. They drew maps of the mean-monthly and mean-
annual precipitation for different periods of time in the valley.
They also determined the probability of occurrence of a given
amount of rainfall for return periods of 25 and 50 yr.

O'Brien and Griffiths (1967) discussed the problem of testing
the hypothesis that small samples belong to a normal population.
They showed that for small samples, less than 100, itAappears to
be sufficient to use only the Cornu criterion andAthe skewness test
to detect departures from normality.

Byers and Riehl (1960) discussed the éroblem of deriving a
design flood for a Venezuelan river without an adequate period of
rainfall and streamflow data. .

Wisler and Brater (1959) discussed the concept of isopercental
analysis of precipitation in regions where rainfall is controlled
largely b& the topography. They stated that by means of the iso-
percental method, a comparatively small number of stations can be
used to devélop a detailed isohyetal map. This technique was ap-
plied by Morris (1966) to Colombian stations and by Coligado (1967)
to Philippine stations.

Tﬁe coefficient of association (the square of the product-mo-
ment correlation coefficient) was uéed_by Barnafd (1965) to study

_the rainfall in Central America, and Henry (1967) in Guyana and



Surinam. They concluded that the method was a useful tool in in-

vestigations of both macroscale and mesoscale meteorological
systems. Also, both arrived at the same conclusion, namely, that
there was very little associa£ion of rainfall even when the sta-
tions were close to each other. Henry showed concentric rings of

better and less association in Guyana.



CHAPTER II

BACKGROUND
Selection and Limitations of Data

The data for this study were obtained.primarily from three

sources. They are:

a. Texas ASM Research Foundation Project 645, "Research in
Tropical Rainfall Patterns and Associated Meso-Scaled
Systems."

b. Instituto Nacional de Obras Sanitarias, Divisidén de Hidro-
logfa, Caracas, Venezuela.

c. Universidad Central de Venezuela, Central de Datos Geofi-
sicos. Departamento de Meteorologia e Hidrologfa. Archi-
vo. de tarjetas perforadas de datos climatolégicos.

Rainfall records for 54 stations were available for this study.

Most of the stations are located in the Rio Guaire drainage basin.

Some are located in the lowlands of the Coastal Range, which lies

parallel to the coast. .A list of the stations, their location,

elevation (m), and number of years of records is attached as Appen-

dik A. The'length of record varies from 7 yr to more than 75 yr. .
Most of the records are for the period 1948 to 1967. Unfortunately,

even within this period very few of the records are complete.

With the data being subﬁitted from several sources, there is a

chance of error. This possibility should not, however, cause the

research to be curtailed. One must be apprised of the fact that



the rainfall data used are subject to the same errors as are en-

countered in any rainfall study. These errors are primarily obser-
vational errors and sampling erroxs.

Observational errors are those having to do with the human
factor. Such errors are: improper reading of the rain gage, im-
proper or illegible recording of the data, and inaccurate trans-
mission of the data to the central collection agency. Further,
the.amount of precipitation lost from the gage by evaporation is
not known.

Sampling errors also must be considered. With the very short
length of records of some stations, statistical methods do not ‘guar-
antee significant results. It is considered generally that 40 yr
of precipitation observations are necessary to stabilize the statis-
tical parameter of interest. The density of data in some parts of
the region under consideration is so sparse that the lines drawn
.may be interpolations between suspicious values. Hopefully; data
which exceed reasonable values were eliminated. Because of the
limitations of the data, the temporal and spatial changes in the
position of the patterns should give the best indication of rain-
fall in the valley. The peculiarities and seasonal movements of

rainfall can be shown by these pattemms.

Climatic Controls

The area under consideration lies at latitudes of approximately

10° 19' N to about 10° 40" N and within longitudes 66° 44' W to



67° 19" W. The topographical feature and relief of the area under

study and location of stations are shown 'in Figure 1.

In general, the wet season in Caracas e#tends from May until
November, and the dry season from December until April. The begin-—
ning of both seasons fluctuates from yeér to year, however, and
there are wet periods in the dry season and dry periods in the wet
season. There have been occasions when the dry season of one year
would have more fainfall than the wet season of another year. The
wind direction has a southeasterly component in all seasons. In
addition to the topographic and latitudinal effécts which material-
ly modify the rainfall ﬁatterns, predominantly seasonal air masses
blow over the region and must account for some of the peculiar rain-
fall patterns.

The dominant macroscale systems which prévious writers advo-
cate as affecting the weather in Venezuela are: (1) the Intertrop-
ical Convergence Zone (ITCZ) and its seasonal oscillations; (2)
the orientation of the general wind pattern with respect to the
coast; and (3) polar air masses invading the country from both
hemispheres. The ITCZ greatly influences the climate of all Vene-
zuela. The ITCZ meanders considerable di;tances northward and
southward with the seasons. According to Riehl (1954), this mean-—
dering amounts to 25 degrees of latitude. He states, "In January
the mean position ranges from 17° S to 8° N, in July from 2° N to

27° N. The mean latitude is 4° S in January and 13° N in July."
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Johnson (1963), in reporting on the ITCZ as revealed by the

Tiros weather satellites, states that the ITCZ is normally near
10° N in the Pacific and eastern Atlantic areas and is normally
near but north of the Equator in the western Atlantic area. He
also states that the zone of ITCZ activity is typically approxi-
mately 5 degrees of latitude in width (555 km).

The rainy season in Caracas eitends from May through November.
About 85 per cent of the ann;al rainfall occurs during those seven
months. Although June is the month of ma#imum rainfall, its mean
values are not much greater than those for July.through October.
These months, with a seasonal lag of si# weeks added, correspond to .
the time when the sun is shining most directly on 10° N latitude
and when the equatorial trough (ITCZ) is expected to be affecting
the area. The activity of the ITCZ is modified by various other
factors of different intensities in the different seasons, and this
results in a pattern of rainfall that is characteristic of the
region.

The surrounding mountains shield Caracas from the trade winds,
and subsidence of the air into the valley inhibits the development
of deep layers of moist air which are conducive to precipitation.
Also, from December through April the sub-tropical Bermuda High
has migrated southward, so that it affects northern Venezuela with
its trade inversion caused by suﬁsidence aloft; Some mid-latitude

cold fronts move to northern Venezuela. during the winter months.
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. CHAPTER III
PROCEDURES OF ANALYSES
Precipitation Changes from Mbﬂth to Month

The seasonal distribution of rainfall may be presented in many
ways. One common method is to present maps with the isohyets for
the entire region and, thus, utilize interpolation for areas in
which no data are available. But in tropical and mountainous areas,
this method presents great difficulty. Another method of showing
seasonal rainfall is to give maps of the peréentage amount of preci-
pitation falling during éach month. This, then, eliminates the
real differénce between amount recorded at.different stations and
reduces them all to a common denominator, namely percentages.

The most reasonable technique suggested by Griffiths (1965)
is the change in percentages of monthly rainfall. The analysis
simply takes the difference between the average rainfall amounts
recorded in two successive months and expresses this as a percent-
age of the annual total. This produces a non-dimensional number,
so that stations with small annual totals can be compared strictly
with those stations with larger annual rainfall.

This technique was employed because the area being considered
has large topographical variations. Also, the simplicity of the
procedure, which makes use only of the monthly and annual mean

values, allows the use of a large number of stations. Stations with




more than eight years have been used for‘this analysis. Stations
with short records will not show the constancy of the mean that is
- required for such an analysis. It would be better.if all statioms
have more than 30 yr, but pauéity of data required that shorter
records be used.

The percentage of the mean monthly rainfall with respect to
the annual mean values was computed for each month and station.
To determine the percentage monthly change, the value of each
month was substracted from the percentage value of the preceding
month. The difference indicates whether the station ié in an in-
creasingly wet (positive) périod or in an increasingly dry (nega-
tive) period. In this manner one can study the monthly wvariations
in precipitation and, hopefully, can deduce from this the synoptic
influences which cause certain regions to experience an increase
or a decrease in rainfall. The resulting maps with isopleths of
equal percentage changes give an idea of the changing rainfall by

.npnths.
Isopercental Analysis

The water year commonly used in Venezuela is the period from
March 1 to February 28 of the following calendar year. In view of
this, the following grouping of the data seems to suit best a sea-
sonal classification: winter, December through February; spring,
March through May; summer, June through August; and autumn, Sep-

tember through November. The same quarterly divisions were used
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by Morris (1966) and Coligado (1967). It should be emphasized that
these divisions'do not carry the thermal characteristics commonly
used in North America.

Mbﬁthly and annual rainf;ll means for the 54 stations were
obtained through programming the IBM 360/65 computer of the Texas
A&M University Data Proceséing Center.

The seasonal percentages of annual rainfall (per cent of mean
annual rainfall observed for the respective three-month periods)
were calculated for all sfations, plotted, and isopercental lines
drawn for the ratios at 10 ber cent intervalé. This method of iso-
percental analysis has been used extensively by hydrologists and
hydrometeorologists in regions where precipitation is controlled
largely by topography. The underlying assumption is that while
the terrain will alter the amount of rainfall observed at any loca-
tion, the mechanism causing the precipitation will produce a tempo-
ral distribution so that a uniform percentage will be observed
within the region being influenced. This technique eliminates the
real difference between amount recorded at different stations and
reduces them to the common denominator of percentage. Occurrence
of a maximum percentage over a large portion of the region during
a season may indicate the presenée of a synoptic iqfluence.

The isopercental maps for the seasons were cémbinéd to reveal
regions where seasonal distribution of rainfall is homogeneous.

This technique was suggested by Griffiths (1965). For each station,
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the seasonal percentage was rounded off to the nearest whole 10 per
cent in such a way that the sum of seasonal percentages tbtaled 100
pe? cent. These seasonal values were coded, e.g., 2341, which means
20 per cent in winter, 30 per cent in spring, 40 per cent in summer,
and 10 per cent in autum. A plot of the coded figures was con-
structed and areas with identical codes were delineated. The read-
er has to be aware that the rounding process resulted, in some in-
stances, in a small change of data between the quarterly map and

the zoned map. ARounding éff was done with a + 5 per cent maximum.
Therefore, 4 per cent in the seasonal map will appear as 0 in the

combined map.
Month of Maximum and Minimum Rainfall in the Caracas Valley

Rﬁmley (1965) found that in Ecuador there was a rather smooth
progression of the month of the maximum as it traversed the country
from west to east. When the same technique was tried by Henry
(1965) for Central America the patterns were varied and mixed.
However, doubts existed whether this method would apply to a small
area like the Caracas valley, i. e., it might not show a trend of
progression of month of maximum and minimum rainfall.

This approach utilized only the mean rainfall values. All fhe
54 stations were used in this analysis; To help avoid the effect
of extreme rainfall on any month, the three consecutive monthly

means with the greatest total rainfali wexre identified and the
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middle month was considered as the month of maﬁimum precipitation.
The same procedure was used in determining the driest month. Places
with the same month of maﬁimum or minimum rainfall were mapped to
show the homogeneous area with respect to the occurrence of maximum

and minimum rainfall.
Coefficient of Variation

The coefficient of variation shoﬁs the magnitude of deviation
of the observed values from the computed mean values. Places of
umiform annual or monthly rainfall are expected to exhibit low wval-
ues and vice versa.

Monthly rainfall data for the 54 stations were availabie for
this investigation. In order to reduce the standard error of the
coefficient of variation to a minimum, the square-root transforma-
tion suggested by Griffiths (1961) was applied to all the data.

The monthly and annual coefficients of variation were computed

for each of the stations using the equations:

- ~ s EXi
CV = 100 — ; g = ; X=T
X
where: CV = coefficient of variation (per cent),
0 = standard deviation,
Xi = monthly or annual rainfall,
N = number of years or months of record, and
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X = mean monthly or mean annual rainfall

In the denominator N-1 is used instead of N to represent a
better estimate of the standard deviation of a population from.which
the sample is taken. There ié practically no difference for large
values of N (N > 30).

The values obtained were plotted for all stations and isolines
were drawn to delineate areas of equal variability during the par-
ticular period (year or month).

The stability and reliability of the values obtained are depen-—
dant upon whether all of the samples are of the same size and period,
preferably of 20 yr or more. However, the rainfall records available
for this area were not sufficient for this rigid requirement to be
met. Longley (1952) concluded that the coefficient of variation is
affected less by sampling errors; and is satisfactory for comparing
variability between stations. Spiegel (1961) stated that a disad-
vantage of the coefficient of variation is that it fails to be use-

ful when the mean values are close to zero.
Statistical Rainfall Analyses

The areal and temporal variation of rainfall gives an important
clue to the diversity of the synoptic patterns that affect a region.
For this reason, and so that reliable estimates may be made of the
likelihood of chosen rainfall amounts, it is essential to identify

the temporal distribution pattern of the data.
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In the present investigation of the Caracas valley, it was
decided to examine data from each of the 54 stations available in
order to discover whether these also presented a distribution not
significantly different from normal. A difficulty arises when
considering a small sample in that some.of the tests are not allow-
able or not sufficiently powerful. Griffiths (1961, 1963) advocated
the application in tropical regions of the normal distribution to
annual rainfall and the square-root-normal distribution to monthly
regions.

Three statistical significance tests were ﬁtilized to ascertain
if the assumptions could be made that the annual rainfall data fit
a normal distribution and the monthly rainfall data fit a square-
root-normal distribution.- The tests applied were the Cornu crite-

rion, the skewness test, and the Chauvenet criterion. Brooks and

Cafruthers, in their Handbook of Statistical Methods in Meteorology
(1953), outlined the method that has been used in this investigation.
It must be noted that these tests do not provide conclusive evidence
of normality. They can show that a distribution is umlikely to be
normal, but cannot show, with the same degree of probability, that
the distribution is likely to be normal (Brooks and Carruthers,

1953). A short resume of these tests is included in Appendix B.
Coefficient of Association

The coefficient of association was computed using the method

described by Barnard (1965). It was utilized to determine
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associations of annual and monthly rainfall. The coefficient of

association (the square of the product-moment correlation coeffi-

[ e i __]2
N = =Y
R2 3 i=~1 . 1 ------- 1' .

n o
I (Xi = 99 I X

i=1 i=1

cient) is given by

where Xi and X.'i are the precipitation amounts at stations- X and Y
for the selected period in each year, i, and X and Y-are, respec—
tively, mean rainfalls.

The coefficient of association, R?, provides a proportional
measure of the variance in.Y that.is associated wifh the variance
in X. A coefficient of association of +1.00 indicates that X and
Y vary in exactly the same way; that is, they are 100 per cent
associated. At the opposite extreme; a value of -1.00 indicates
that the variations of X and Y are inversely related. While the
sign of R? necessarily must be positive, the negative associations
are shown by letting R? take 6n the sign of R (the product-moment
correlation coefficient).

For a geographical representation to be reliable, all of the
sampleé should be of the same size and for the same period. If part
of the record for station X is missing, then, the same period for
station Y must be disregarded. The reliability of the association
is directly related to the size of the sample. For 5-yr association,

R° 1595 vey cenE oA onily ) o vallves o Bes (060 andl fom
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20-yr association, it is 95 per cent reliable for R? > 0.20
(Peatman, 1963).

Stations with less than 5 yr of Aata were disregarded. The
associations were calculated for each station using annual and
monthly rainfall data and a selected base station, and the values
were plotted on maps. Percentage association was used, defined
as 100 R?, and isolines drawn for values of + 0, + 20, + 50, and
+ 80 per cent. These intervals are the same as those chosen by

Barnard (1965) and Henry (1967).
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CHAPTER IV
PRESENTATION OF RESULTS
Precipitation Changes from Month to Month

It is interesting to note that if a station experiences com-
pletely uniform precipitation it would receive about 8.3 per cent
of the annual total each month. The changes from month to month
would be zero. Therefore, a change of 5 per cent between months
would be a significant change, while one of 10 or 15 per cent is
very significant.

An example of this change of rainfall from month to month is
shown in Figure 2. The iﬁterior valley has less rain in December
than in November, in fact, a decrease of ‘6 per cent of the annual
total in much of the area. Along thé north coast, however, more
rainfall occurs in December than during November. This indicates
‘that the north coast and the interior valley are subject to diffef—
ent synoptic conditions. The standard explanation is that fronts
from the Northern Hemisphere cause heavf rainfall along the coast,
and the cold air is too shallow to cross the mountain range.

There are two areas which deserve further attention. The first
is in the northeast along the coast. Station 5004 (Uria) did not
show any increase from November to December; however, it is not
dry in December. The other area is in the west central part of the

map, and north of the ridge of mountains. This area has much less
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rain in December and appears to be like the interior valley. The
stations, however, are in a north-south valley and are protected
from easterly winds.

Figure 3 shows that the rain along the coast has diminished
in amount in January, and almost all the area is receiving less
rainfall. If the rainfall along the coast were caused by fronts
from the north, it would seem that January should continue to be
wet. Little change occurs in February, March, and April. During
the month of May the rainfall increases. As can be seen on Figure
4, the rainfall in May is much greater than in April. The big
change is in the interior valley and along the higher slopes. The
increase along the coast is léss. The rainfall is from convective
type activity, therefore,‘it is variable from place to place.

As shown on Figure 5, the rainfall continues to increase from
May to June. Most of this increase again occurs in the valley and
the surrounding mountains. The coastal areas do not increase much.
The June rainfall, as was the case in May, comes from showers. The
change for the remaining months of the year are presented in Appen-
dix C.

In Venezuela, as in many other areas of the tropics, most of
the rainfall occurs from mesoscale systems, i.e., showers and
thunderstorms. These mesoscale systems have a tendency to develop
at all times of the year but the macroscale systems either encour-
age or inhibit the activity. Lessman (1966) referred to these as

'+' and "-' conditions. Henry (1966) demonstrated how these
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phenomena relate to each other in Guatemala and Honduras. In May
and June, a major synoptic change occurs as the ITCZ moves over the

area. The rainfall increases as the mesoscale systems develop.
Isopercental Analysis

: Figures 6, 7, 8, and 9 show the seasonal distribution of rain-
fall in the valley of Caracas and adjacent areas, in winter, spring,
summer, and fall, respectivelly.

Winter. Figure 6 is. an analysis of the percentage of annual
rainfall received during the months of December; January, and Feb-
ruary. This disopercental map shows a maximum of more than 25 per
cent on the lowland of the northern slope of the Cordillera of the
Coast. The high coastal barrier causes a decrease in rainfall which
extends into the Rio Guaire drainage basin. The inference from
such a map is that'during the winter period there is some synoptic
influence which moves in from a northly direction and causes an
increase of precipitation, probably mid-latitude cold front. Also,
there is an indication that these cold fronts do not penetrate into
the interior valley during the winter months. The coastal mountain
range and the trade inversion normally confine the associated precip-
itation to a band along the coast.

Spring. Figure 7 illustrates the isopercental analysis for
the months of March, April, and May. During these months the area

'within the interior valley receives an increase of precipitation.

The rainbearing synoptic disturbance, perhaps the ITCZ, has moved
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in from the south and covers the entire area. In the northwest,
values of more than 15 per cent of the annual rainfall are noted.
In the northeast, a significance decrease of about 15 per cent in
annual rainfall has occurred.. Most of the rainfall that does occur
is attributed to local convective activity and to convergence and
vertical motion associated with the northward movement of the ITCZ.

Summer. Figure 8 shows the isopercental analysis for the
months of June, July, and August. A complete transformation is
noted during this period. A major synoptic influence lies over the
area for the entire three months and causes an increase in precip-
itation in all the region. Values of over 50 per cent occur in the
soﬁtheast part of the basin. This increase of precipitation, asso-
ciated with the invasion of cold air masses aloft from the Southemn
Hemisphere and with the northward movement ;f the ITCZ, creates fa-
vorable conditions for the development of perturbations in the moun-
tain region of the Cordillera of the Coast.

Fall. Figure 9 is an isoperéen£a1 analysis for the months of
September, October, and November. In most of the area, the rainfall
has decreased from the large amounts of the previous trimester. The
area of interest is in the west-central parf which receives 40 per
cent of its annﬁal rainfall. This is a valley which has a north-
south orientation, which is protected most of the year. Only in

the fall. when the winds enter the valley and move upslope, do heavy
b

rains occur.




Zones of Seasonal Rainfali

.Figure 10 delineates regions of homogeneous seasonal rainfall
distribution. The greatest and most widespread rainfall is associ-
ated with local disturbances developing in conjunction with the
ITCZ. The migration of this low-pressure zone is evident in the
seasonal distribution. In winter when the ITCZ is farthest south,
close to the equator, only the northern slopes next to the ocean
have more than 10 per cent of their annual rainfall. In the spring,
only those stations which are located on slopes having southern ex-
posure have an increase of rainfall.

During the summer and -early fall, the ITCZ, which is associa-
ted with an invasion of cold air masses from the Southern Hemisphere,
has moved to a most northerly position. This northward movement is
revealed by an increase of percentage of rainfall of 10 to 30 éer
cent over different parts of the region. All areas hold at 30 to
40 per cent.

_ From this analysis it can be inferred that the great diversity
of patterns certainly shows that the rainfall is not uniform in

either amount or time in this small region of Venezuela.
Months of Maximum and Minimum Rainfall in the Caracas Valley

Figures 11 and 12 show homogeneous areas with respect to the
occurrence of maximum and minimum rainfall. The months of maximum

rainfall have a rather smooth progression as they traverse the
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region from south to north and from west to east. For the greatest
part of the basin, from south to north, the months of maximum rain-
fall are June, July, and August. This rainfall period is associated
with the invasion of cold aif masses from the Southern Hemisphere
with the northward movement of the ITCZ. From west to east, on the
coast, the months of maximum rainfall are October, November, and
December. This rainfall is associated with fromtal activity, the
rainfall being near the coast and over the adjacent ocean surface.
During this period the ITCZ is retreating southward toward the
Equator.

Figure 12 shows the months of minimumlrainfall. In the inte-
rior valley, March seems to be the month of minimum rainfall. The
northern part of the region has minimum rainfall in February.

The variability of rainfall in this region is again demon-
strated. The variability is espeéiaily marked by the different
months in which the maximum amount occurs. Since this is a small

area, the rather large variability of rainfall is of interest.

Coefficient of Variation

As stated previously, the value of the coefficient of variation

is not only a function of the different rainfall amounts, but also

is a function of the mean rainfall for the station. This is illus-

trated in Figufe 13. The mean of the square roots of the rainfall

was used to condense the abscissa of the diagram. It can be seen

that when the coefficient of variation is large (> 100 per cent)
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the rainfall is small. Likewise, small values of the coefficient
are éssociated with the large rainfall amounts.

A map of the areal distribution of the coefficient of variation
for July is presented as Figufe 14. July is one of the rainier
months and, as expected, the values of the coefficient are all less
that 100 per cent. Only on some of the mountain slopes is the vari-
ation large. Figure 15 shows the areal distribution for February,
one of the drier months. As can be seen, many of the areas exceed
100 per cent. However, on both maps the same geographic areas have
the greatest variation of rainfall. .This indicates that some areas
have more variability than others. This variability undoubtedly
relates to the terrain and exposure of the station. The maps for
the rest of the months are shown in Appendix D.

The areal variation of the coefficient of variation for annual
rainfall is presented as Figure 16. 1In the course of a year, the
extremes of one month are smoothed somewhat and the mean is larger;
therefore, the values of the coefficient are not as large. From
Figure 16, the indications are that the interior valley has a rela-
tively uniform distribution and the greatest variations are north
of the coastal range. Rather large monthly values of the coefficient
of variation indicate that rainfall is highly variable at a station,

exactly the conditions expected when the precipitation results from

mesoscale systems.
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Statistical Rainfall Analysis

Appendices E and F list the results of the investigations of
normal distribution of annual rainfall, and the square-root-normal
distribution of monthly values for.the 54 stations. A summary of
the results of the Cornu and the Skewness tests are presented in
Table 1.

The stations which did not pass the test for normaligy have
been separated as to whether they failed the Cornu, the skewness,
or both tests. It is important to note that over 80 per cent of
the station-months and station-years were normally distributed.

A relatively small percentage of the stations were identified as
being significantly different from normal in their distribution.
It was decided to continue the ;nalysis to see whether these non-
normal stations exhibited any degree of geographical zoning.

Thus, maps were prepared of the Caracas valley for June, the
month in which most stations had a square-root-normal distribution,
and February, the month in which the largest percentage of non-normal
stations was noted. These two maps are shown in Figures 17 and 18.
Figure 17 shows the distribution in June. It is seen that there
is no geographical zoning of the non-normal stations. Figure 18,
for February, shows a different pattern. It should be noted that
February is one of the driest months. It is clear, however, that
a small average rainfall generally have a large number

months with

of zeroes, thereby invalidating the assumption of normality due to
]
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a truncatiqn effect. All these stations had a square-root méan of
less than 4 mm (See Appendix F). Because of this, there exists a
limit below which the Square-root transformation will not prove
powerful. From the analysis, it is apparent that this limit is
reached when the square-root mean is below 4 mm, corresponding to

an arithmetic mean of. about 16 mm.
Coefficient of Association

The only station in this area that has a suitable record to
use as a base station is 'Observatorio Cagigal.' The location is
close to the center of the map. The elevation is 1,035 m and it is
situated on the south slope of the Coastal Range. Because of the
elevation, the physical location is considered to be umnsatisfactory;
however, since it is the only station with sufficient data, the com-
putations of the coefficient of assoéiation were made using the

'"Observatorio Cagigal' as the base station.

Some of the results are presented here and the remainder in

Appendix G. The analysis for July (Figure 19) resembled most of

the results of Henry (1967). In this case, the value of the "asso-

ciation" decreased tp zero at a distance of about 12 km from the

station. This compares favorably with the value of 8 mi found by

Henry for Guyana. Henry also identified a second and third minimum

of association with distance from the station. These additional

minima were not identified in Figure 19. This is probably because

£ the mountain ranges. Morris (1967) did not find the closed rings
o em
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Henry found that the highest values of association resulted
during the drier months in Guyana. This also is true for this
area of Venezuela. The reason is that during the dry months, rain
only occurs when a major synoptic event occurs. Therefore, all
stations in the area have similar conditions. The map of the

"association" for January (Figure 20) shows that most of the area

h lue greater than zero. Also the good association along the
as a valu

rid both east and west of 'Observatorio Cagigal,' is an unusual
ge, bo
iation does exist but
for a trough of low assoc
pattermn. A tendency

it t be analyzed as a ring about the base station. Most of
canno

tric ring of low assoclation around
have an eccen
the other months do
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the base station. The eccentricity probably is caused by the moun-
tains, or the poor location of the'base station. The diameter of
the ring changes from month to month as it did in the flat lands of
Guyana.

The main point is that the rainfall at two stations is not
necessarily related. For some stations, for some months, the use
of the rainfall at an adjacent station to substitute for missing

data at another station may lead to considerable error.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

As a consequence of the study of rainfall patterns in the Caracas

valley, the following conclusions are drawn:

(€5)

(2)

(3)

(4)

(5)

The mesoscale activity associated with the ITCZ is the
primary factor in the rainfall occurring in Caracas.

The month-to-month changes in rainfall give indication that
synoptic changes are taking place.

The method of isopercental aﬁalyéis is a satisfactory means
of mapping the rainfall distribution and allows for a tech-
nic of analysis of the rainfall pattern that minimizes the
orographic effects. The method is useful for the purposes
of investigating synoptic scales of weather systems, such
as the arrival of the ITCZ.

The coefficient of variation, based on yearly data, did .not
show as much diversity as the values based on monthly totals.
The coefficient of variation was found to be generally low

in areas where mean precipitation is high (Figure 13).

However, areas of high values should be reviewed carefully
H

when planning for water usage.

Annual totals of rainfall at stations in this region may
u

5 ed to be normally distributed. There are about nine
e assum

ibution of monthly rainfall totals may be assumed to
distribu




(6)
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follow the square-root-normal pattern when the mean for
the month is above 25.mm. When totals are less, there is
not a simple mathematical dist;ibution which fits the
data.

Rainfall variability increases or decreases greatly over
small distances in rugged terrain. It is apparent that
relatively small changes in topography greatly alter the
rainfall patterns. The practice of using one or two
stations for an area such as the Caracas valley will not

give a correct picture.

Recommendations

Further study along the following.lines is suggested:

)

(2)

(3

The effects of orography can be studied by making com-
parisons of rainfall records of stations located in ad-
jacent areas but at different elevationms.

Further study of the synoptic-scale phenomena is needed,
along with their effects on mesoscale systems.
Sufficient synoptic data (surface and upper—air) should
be collected to coordinate with the rainf#ll data in

determining the dominant system.

It is hoped that this study may serve as a guideline for

further study of the Caracas valley climate, particularly its

rainfall.
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A list of the selected stations with their location, elevation
(m), and number of years of record.

1414

Station

Number Name
0502 .MAiquetia
0508 Macuto
0519 Teleferico
0520 La Salle
0522 Catia

" 0531 Cagigal
0539 Ciudad Universitaria
0540 Hda. Montalban
0546 E1 Hatillo
0550 La Guairita
0555 Petare

. 0561 San Diego
0563 La Mariposa
0564 El1 Naranjal
0565 Altos de Pipe
0566 El1 Almendro
0568 Lecherito
0573 Carrizal
0794 La Paz
1401 ° Mamo
1405 Caoma
1406 Mamo-Estanque
1407 Mamo-Planta
1408 Marapa

Hda. Las Mercedes

N

Lat.
10°36"
10°36"
10°32"
10°30"
10°31"
10°30"
10°29"
10°28"
10°25"
10°27"
10°28"
10°20"
10°24"
10°22°
10°23"
10°21"
10°25"
10°20°
10°31°
10°35"
e
10°32"
10°32°
10°35"
10°29"

W Height Years of
Long. (m) Record
. 66°56" 45 12
66°53" 45 12
66°52" 2125 8
66°52" 1016 7
66°57"" 965 11
66°55" 1035 77
66°53" 864 16
66°58" 913 9
66°49" 1143 10
66°51" 1031 9
66°47" 500 11
67°55" 1298 13
66°55" 995 17
66°50" 1050 15
66°58" 1728 12
66°53" 1288
66°54" 1374
66°59" 1278
66°54" 918
67°03" 250 10
© 67°06" 861 17
67°05" 450 24
67°05" 289 26
67°03"- 23 24
67°11" 1200 7



Station
Number Name

1417 Alto Izcaragua
1420 Loma de Cafetal
1425 Alto No Leon
1427  Sabaneta

1428 Macarao

1436 Agua Fria

1437 Llano de Cura
1438 E1 Arado

1439 E1 Carite Ainge
1445 Topo de los Espejos
1446 Sitio Oropeza
1447 Pozo de Rosas
1448 Los Teques

1496 Petaquire

5001 Caraballeda
5003 Corralito

5004 Uria

5005 Naiguata

5015 Cerro Grande
5021 Chacaito

5024  Subida Pico Avila
5025 E1 Vigia

5028 Macanillal

5038 Hda. Ayala

5052 Baruta

5061 Caricuao

9304 Pto. Oricao
9311 Carayaca

9343 E1 Jarillo

N
Lat.

102278

. 10°28"

10°26"'
10°25"
108251
10°23"'
10°24"'
10°23"*
10°24'
10°22'
105221
ToR21N
10°20"
10°28'
10°36°
10°30"
10°37"
10°37'
10°34"
10°31'
10°31°
10°31'
10°31'
10°30'
10°26"
10°26"'
10°33'
10°32'
10°23'

47

W Height Years of
Long. (m) Record
67°07" 2102 10
67°01' 1679 9
- 67°09" 2113 14
67°02' 1350 16
67°03" 1063 13
67°10" 1743 14
67°06" 1276 13
67°09" 1800 13
67°00" 1065 12
67°07" 1671 19
67°06" 1621 15
67°06" 1548 10
67°01' 1189 15
67°06" 18
66°50" 153 8
67°08" 1472 12
66°47" 60 15
66°44" 60 10
66°54" 930 12
66°51" 1205 18
66°49" 1250 15
66°48" 1700 18
66°44" 1250 12
66°53" 886 13
66°52" 1012 11
66°59" 946 11
67°11' 7 15
67°07" 893 10
67°09"' 1747 12
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APPENDIX B
Statistical Tests for a Normal Distribution

Comnu's Criterion

The Cornu criterion studies the relationship between the mean
deviation Ie[ and the standard deviation o of a series of‘numbers
giving limits for the ratio between the two, so that a distribution
may be tested for normality. Then if the distribution is normal,
Iel/o = 0.80. (Limits depending upon size of sample and degree of
probability required.)

Geary (1935), cited by Griffiths (1961), has given the 95 per

cent limits for this ratio. They are:

N i@y ) 30 40 5SSO 100
Upper Limit 0.92 0.83 0.8 0.8 0.8 0.8 0.83

Lower Limit 0.71 0.73 0.74 0.75 0.75 0.76 0.77

If, therefore, the ratio [el/o falls outside these limits,
there is only one chance’ in twenty that the distribution is normal,

and this is generally rejected. If, however, it falls within these

limits, all that can be said is that it can be normal.

Skewness Test

For this test, Yl’ the skewness, is calculated together with

its standard error. Then, the ratio Ylls.e iy is studied.
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For a normal distribution,‘Yl should be zero. If the ratio
exceeds 1.96, there again is only one chance in twenty of this
stemming from a normal population.. Actually, in this case, we

may asses a probability of normality from the ratio value.

Yi/s.e. v, LAY AL AL 0 s E Y S T e SR

Probability of normality 0.32 0.13 0.07 0.045 0.012 0.003

Again, if the ratio is less than 1.96, the only deduction is

that the distribution does not differ significantly from normal.

Chauvanet Criterion

This was used to test a suspected normal dist?ibution for
abnormal extreme values. Given N observations with a standard
deviation o, one can compute a value of lxiex - i]/c, where Xiex
is the value giving the greatesf deviation from the meén. With
special tables showing [Xiex - i]/o corresponding to different
values of N (at the 95 per cent level) the determination of normal-

ity can be accepted or rejected. The standardized value of each

extreme, that is, the maximum or minimum value with the greatest

3

departure from the mean, is calculated for each station. This then
can be compared with the value of the Chauvenet criterion correspon-

di to the given sample size. When each month and year for every
ng : g

tation has been analyzed, the results are summarized for the region.
station
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Maps showing the Change of Rainfall from
Month to Month expressed as Per Cent

of Annual Total
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APPENDIX D

Maps showing the Coefficient of

Variation of Rainfall
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A listing of the result of investigation of normal distribu-

tion of annual rainfall for the stations.

An 'n' indicates that

the station has a normal distribution, a 'c' that the station

fails the Cornu test, and an 's' that it fails the skewness test.

The values of mean and standard deviation are in millimeters.

Station - No. Standard Extreme
Number Years Result Mean Deviation Value
0502 12 'n 651 163.8
0508 12 n 593 230.9
0519 8 c 905 213.9 2.15
0520 n 797 82.6
0522 11 n 79 126.1
0531 77 n 828 187.3
0539 16 n 854 191.1
0540 9 n 835 157.2
0546 10 n 997 170.7
0550 9 n 773 117.8
0555 11 n 1098 191.1
0561 13 n 1277 198.0
0563 17 n 920 170.5
. 0564 15 c 1144 325.9 2.29
0565 12 n 903 246.5
0566 n 1194 269.7
0568 n 1091 176.9
0573 n 1163 193.5
0794 5 n 785 130.9
1401 10 427 125.6 1.67
1405 17 n 1103 350.4
1406 24 822 337.7




No.

Station Standard Extreme
Number Years Result Mean Deviation Value
1407 26 s 759 300.6 2.61
1408 24 s 442 185.1 2.82
1414 7 n 1149 515.8

1417 10 n 901 108.4

1420 9 n 738 175.6

1425 14 n 1085 203.0

1427 16 c 903 182.5 ©2.47
1428 13 n 772 142.8

1436 14 n 1087 160.3

1437 13 n 859 140.1

1438 13 n 1027 . 215.3

1439 12 n 946 130.3

1445 19 n 969 145.7

1446 15 n 993 165.6

1447 10 n 1115 241.6

1448 15 n 1081 210.7

1496 18 cs 873 626.6 3.26
5001 8 c 580 225.6 1.77
5003 12 n 849 221.0

5004 15 n 572 253.5

5005 10 n 646 261.1

5015 12 n 181 205.0

5021 18 n 754 254.5

5024 15 c 1136 312.9

5025 18 c 1130 251.1 2.64
5028 12 n 1309 232.1

5038 13 n 982 178.0

5052 11 n 889 111.2

5061 11 n 795 170.9

9304 15 - n 652 220.4

R e Bale Daliatondn
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APPENDIX F

Results of investigations of the square-root-normal distribu-
tion of monthly rainfall for the stations. An 'N' indicates that
the station has a square-root-normal distribution. The mean and
the standard deviation of the square-root values are in millimeters.
The normalized extreme value when the station-month is not normal

is given.

Standard
Station No. Mean of Deviation Extreme
Number Month Years Results Sq. Root of Sq. Root Value

0502 1 17 N 5.45 4.60
2 18 cs 3.48 5.10 3.06
3 16 N 2.57 2.76
4 17 N 4.72 3.10
5 18 N 6.56 3.04
6 17 N 8.72 2.49
7 19 c - 8.45 2.49 2.10
8 20 N 8.37 2.68
9 18 N 7.51 3.13
10 18 N 8.13 2.89
11 16 N 8.18 2.86
12 18 N 7.75 4.73
0508 1 14 s 6.02 6.02 2.54
2 16 N 2.87 3.06
3 16 N 2.95 3.47
4 15 N 4.23 3.33
5 16 c 5.86 2.93 2.59
6 16 N 7.08 1.73
7 15 c 6.95 2.54 2.74
8 16 N 6.87 2.91




Standard

Station No. Mean of ‘Deviation Extreme
Number Month Years Results Sq. Root of Sq. Root Value
0508 9 15 N 6.78 2,17
10 15 N 7.38 2.81
11 17 N 7.82 3.63
12 16 N 8.11 4.44
0519 1 8 N 4.15 1.62
2 9 N 2.75 1.96
3 8 N 2.09 2.70
4 8 N 5.56 3.97
S 9 N 7.02 4.24
6 9 N 10.22 8.27
7 9 N 11.83 2.26
8 9 N 11.44 W52
9 9 N 10.57 S 51
10 10 N 10.53 1.88
11 10 c 9.41 2.9 2.13
12 10 N 6.07 4. 14 1.48
0520 1 7 N 3.74 1.88
' 2 7 N 1.74 1.76
3 7 N 1.26 1):38
4 7 N 4.96 3.26
5 7 N 8.07 3.40
6 8 N 1168 2.80
- 8 N 11.70 1.67 1.78
8 7 N 10.60 2.40
9 8 c 9.90 2.28
10 8 N 8.10 1.80
11 8 N 9,13 2.54
12 8 N 5.07 2,91
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Standard
Station ‘No. Mean of Deviation Extreme
Number Month Years Results Sq. Root of Sq. Root Value
0522 il 14 N 3.30 2.76
2 14 c 1.30 1.52 2.63
8 13 N 231l 1.84
4 13 N 1.36 2.81
5 12 N 8.52 3.84
6 12 N 9.39 235
7 14 N 10.78 1.32
8 14 N 10.79 1.33
9 15 c 10.62 1.90 2.08
10 14 c 9.30 3.45 2.47
11 13 N 7.62 2.23
12 13 N 4.94 2.61
0531 1 77 N 3.92 2.54
2 77 cs 2.34 2.48 SN2
3 77 s 2.60 2.30 3.24
4 77 N 4.63 3.40
5 77 N 8.59 2.84
6 77 N 10.06 2.28
7 77 N 9.96 2.44
8 77 N 10.33 2.07
9 77 N 9.83 2.42
10 77 N 10.21 2.42
11 77 N 9.19 2.34
12 77 N 6.06 2.54
0539 1 18 N 3.42 2.59
2 18 cs 2.59 3.27 3.41
3 18 N 2.33 2,28
& 18 N 5.41 3.48
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) Standard
Station No. Mean of Deviation Extreme
Number Month Years Results Sq. Root of Sq. Root Value

0539 5 18 N 8.65 2.79
6 18 N 11.15 2.77
7_ 19 N 10.37 1.98
8 19 N 10.10 2.59
9 19 N 9.91 2.37
10 18 N 9.61 3.25
11 18 N 8.76 1.61
12 19 N 8.89 2.87
0540 1 9 N 3.14 '1.56
2 9 N 1.72 1.42
3 9 N 2.52 2.22
4 9 N 3.93 3.30
5 9 N 8.88 3.89
6 9 N 11.36 2.53
7] 9 N 11.64 2.07
8 9 N 10.26 1.97
9 9 N 9.63 1.57
10 9 N 9.92 2.66
11 9 N 8.61 2.19
12 9 N 5.18 1.68
0546 1 11 . N 4.30 2.38
2 11 N 3.25 1.97
3 1 N 2.11 2.36
4 11 N 4,53 2.81
5 10 N 8.09 3.13
3 1 N 14.04 3.54
7 12 N 13.20 2.16°
8 12 c 11.39 2.36 2.01
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Station No. Mean of g::?giign Extreme
Number Month Years Results Sq. Root of Sq. Root Value
0546 9 12 c 9.84 1.96 2.63
10 12 c 8.85 1.92 2.53
11 12 c 8.67 1.70 1.82
12 12 N 6.06 2.36
0550 1L 9 N 4.18 2.51
2 9 N 2.34 1.63
3 9 N 1.83 1.99
4 9 N 4.72 2.30
5 9 N 8.08 3.62
6 9 N 11.70 2.98
7 9 c 11.31 2985 1.93
8 9 N 9.53 2.68
9 9 c 7.55 3.21 2.35
10 9 N 8.06 1.73
11 9 N $591102 1.58
12 9 N 5.50 2.18
0555 1 17 N 5.19 3.03
2 1L/ N 2.82 11578
3 17 N 2.81 2.96
4 16 N 85189 2.58
5 17 N 9.44 3.60
6 14 N 13.32 Syl
7 15 N 12.67 2.22
8 17 N 11.57. 2.40
9 14 cs 11.25 3.70 3.04
10 16 N 10.64 3.27
11 18 cs 9.29 3.24 2.87
12 18 N 6.70 2.76
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Station
Number

Month

0561

0563

0564

W 00 N o L &~ W N M

= o
N = O

W 00 N o0 N & LW N =

e
N B O

v B LW N R

Standard
No. Mean of Deviation Extreme
Years Results Sq. Root of Sq. Root Value
16 N 5.17 2.67
15 N 3.30 1.97
16 N 2.75 3.25
16 N 5.51 3.66
16 N 10.61 3.73
15 N 14.86 2.71
17 N 14.45 2.08
17 N 13.17 2.40
17 N 12.28 2.04
17 cs 11.80 3.33 2.87
17 N 10.03 2478
16 N 7.17 2.35
18 ‘N 4.23 2.89
18 cs 2.98 2.60 3.07
18 N 7 2.53 {
18 N 5.41 2.95
18 c 9.29 3.12 2.42
18 N 12.32 2.24
18 N 11.43 1.59
18 N 10.85 2.07
19 N 9.90 2.38
18 N 9.67 2,11
18 N 9559 1.87
19 N 6.22 2.61
15 s 5.00 4.03 2.90
15 c 4.11 2.76 1.75
15 N 4.48 3.26
15 N 8.07 3.88
15 N 9.97 3.63
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Srid ' Standard 1
ation No. Mean of Deviation Extreme
Number Month Years Results ‘Sq. Root of Sq. Root Value

0564 6 15 N 9.83 4.04
7 15 cs 10.58 3.62 2.92
8 15 c 11.69 4.68 . 2.50
9 15. cs 10.92 4.70 . 2.32
10 15 N 10.22 6.22
11 15 N 9.73 5.48
12 15 N 6.77 4.11
0565 1 12 N 3.68 3.03
2 12 N 3.22 2.47
3 12 N 2.33 2.44
4 12 N 4.51 3.04
5 12 N 5.57 4.53
6 12 N 9.75 6.18
7 12 N 12.90 1.87
8 12 N 10.53 4.07
9 12 cs 9.00 3.36 2.67
10 12 c 10.21 3.76 271
11 12 cs 8.84 3.30 2.67
12 12 N 6.62 3.02
0566 1 9 N ©5.64 3.47
2 9 N 3.84 - 2.38
3 9 c 2.62 2.82 2.45
4 9 N 3.95 3.10
5 9 N 6.51 4.77
6 9 N 15.07 - 3.68
. 9 N 13.67 2.18
. 9 N 12,34 2.97
: 9 c 12.91 1.74 2.10




Station

No.

Number Month  Years
0566 10
11

12 9

0568 1 9

2 9

8 9

4 9

5 9

6 9

7 9

8 9

9 9

10 9

11 9

12 9

0573 1 2

2 9

3 9

4 9

5 9

6 9

7 9

8 9

9 9

10 9

11 9

12 9

Standard
Mean of Deviation Extreme’
Results Sq. Root of Sq. Root Value
c 9.64 3.95. 2.44
c 9.11 3.68 2.47
N 7.33 4.09
N 4.82 1.60
c 3.45 2.33 2.47
N 3.00 2.85
N 5.49 3.41
N 9.72 4.57
N 14.35 3.01
N 13.37 2.43
N 12.14 3.08
N 11.02 1.63
N 8.41 3.64
c 7.81 3.37 2.31
N 6.65 1.66
N 4.11 2.17
N 2.40 1.66
N 2.65 3315
N 4.31 2.92
c 9.93 4.17 3.17
N 13.85 2.99
N 13.94 2.19
N 12.06 3.15
N 11.74 2.38
N 11.82 1;93
N 9.41 2.73
N 6.10 2.58
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Station

Number Month
0794 1
2

3

4

5

6

7

8

9

10

11

12

1401 1
2

3

4

5

6

7

8

9

10

11

12

1405

S LW R

Standard
No. Mean of Deviation Extreme
Years Results Sq. Root of Sq. Root Value
6 N 3.47 2.38
6 N 1.91 2.23
6 N 1.63 1.78
6 N 4.78 3.79
6 c 8.44 3.27 1.80
6 c 11.00 1.88 1.94
6 c 8.85 4.82 1.83
N N 10.15 2.62
6 N 8.92 2.97
6 c 9.77 2.94 1.76
5 N 8.90 1.73
6 N 3.93 2.68
11 cs 329 3.75 2.72
12 N ~1.63 2.02
12 N 2.00 2.99
12 N 3.47 . 3.03
12 N 5.57 3.09
12 N 6.77 2.04
12 N 7.52 1.75
11 N 6.77 1.27
10 N 5.41 1.27
12 N 5.55 2.96
12 N 6.14 3.28
12 N 6.34 3.82
24 s 6.28 5.37 2.69
23 N 3.71 3.03
25 N 4.26 3.92
24 N 7.12 2.92
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Station
Number Month

1405 5
6
7
8
9
10
11
12
1406 1
2
3
4
5
6
7
8
9
10
11
12

1407

W ® N & 1 & W N M-

No.

Years

24
26
25
25
24
25
24
24

26
26
26
26
26
26
27

S0
25
27
27
27

26
26
27
27
27
27
27
27
27

Standard g
Mean of Deviation Extreme

Results Sq. Root of Sq. Root Value

c 9.18 3.74 2.45

N 9.03 2.96

csi 9.65 3.44 3.31

N 11.33 3.41

N 10.61 2.65

N 12.02 2.48

N 12.08 4.39

N 7.04 3.88

N 5.62 4.38

cs 3.52 4.07 3.46

N 3.75 3.46

N 5.70 3.17

N 8.19 3.74

N 7.58 2.68

N 7.97 2.28

c 9.83 3.86 2.86

cs 9.53 3.10

N 10.48 3.53 3.07

N 10.50 4,11

N 6.06 3.77

s 4.46 4.07 3.04

cs 2.92 4.27 3.27

s 275 2.97 2.56

c 4.63 2.36 2.64

N 7.93 3.28

N 7.82 2.61

N 8.28 2.81

N 9.28 2.64

- 9.53 2.38 2.69

- 72




Station
Number

Month

1407

1408

1414

10
11
12

W 0 N O L D W N

= =
N =2 O
’—I

W 0 N O L B W N =

o e
D = O

No.

Years

27
27
27

27
27
26
26
26
25
26
26
27
27
27
27

12
13
13
16
17
15
12
15
15
16
14
15

Standard
Mean of Deviation Extreme
Results Sq. Root .- of Sq. Root Value
N 9.85 3.00
N 9.41 4.03
N 5.93 2.97
N 4.04 3.53 3.64
s 3.05 3.87 '
s 2.05 2.58 2.44
N 3.05 2.42
N 6.21 3.29
N 5.98 1.74
N 6.10 1.71
s 6.99 2.59 2.84
cs 5.49 . ©2.20 3.60
N 5.9 2.56
: N 6.59 3.66
c 5.73 3.47 2.54
N 6.94 5.74
N 4.63 2.68
cs 4.09 2.56 2.69
N 9.17 3.19
N 9.26 4.50
N 8.38 3.77
N 9.46 4.25
N 10.23 5.23
N 9.91 3.97
N 11.34 3.86
N 10.59 4.32
N 7.26 4.19
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Standard
Mean of Deviation Extreme
Number Month Years Results Sq. Root of Sq. Root Value

Station No.

1417 1 15 c 5.88 3.76 2.40
2 19 s 4.36 2.84 3.05
3 18 N 3.91 2.60
4 19 N 6.91 2.20
5 18 c 8.75 2.32 2.16
6 19 N 10.66 1.45
7 17 N 10.59 2.40
8 18 N 9.93 2.04
9 18 N 9.71 1.86
10 16 N 10.53 1.82
11 16 N 9.47 2.11
12 17 N 7.07 2.74
1420 1 9 c 3.45 2.34 2.42
2 9 N 2.56 1.75
3 9 N 2.83 2.33
/4 9 N 4.92 3.46
5 9 N 6.34 3.31
6 9 N 10.51 2.48
. 9 N 10.41 1.96
: 9 N 10.06 1.53
9 9 N 8.53 1.44
- 9 N 8.96 2.26
11 9 N 8525 2.60
a 9 N 6.52 2.39
1425 1 15 i =0 4 il
9 16 N 4,77 2,51
) 17 N 4.26 2.85
4 17 N 7.57 3.43




Station No.
Number Month Years
1425 5 17
6 17
7 17
8 18
9 19
10 19
11 19
12 19

1427 1 16
2 16
3 18
4 18
5 18
6 18
7 18
8 18
9 19
10 19
11 19
12 19
1428 1 1
2 16
3 17
4 16
5 16
6. 18
7 18
8 17
9 17

Standard
Mean of Deviation Extreme

Results Sq. Root of Sq. Root Value
N 10.00 3.34
N L0574 2.23
N 11.32 2.60
N 10.34 2.03
N 10.41 2.09
N 10.91 2.84
N 9.75 2.05
N 7.61 3.67
N ©5.50 .3.46
N 3.25 1.88
N 3.08 2.63
N 6.00 2.44

c 9.28 3.29 2.11
N 11.90 2,71
N 10.93 1.85
N 10.18 2.04
N 9.39 1.69

Cls 9.70 3.39 2.86
N 8.34 1.86
N 6.79 2.81
N 4.18 2.96
N 2.00 1.89
N 1.84 2.11
N 6.09 2.76
N 8.67 3.16
N 10.85 2.66
- 10.54 1.97
N 9.27 2.53
. 9.49 1.90
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Station
Number

Month

1428

1436

1437

10
11
12

W 0 N o0 L1 B~ W N =

e
N = O

W & N &6 L B W N

e ) —
N = O

Standard
No. Mean of Deviation Extreme
Years Results Sq. Root of Sq. Root Value
18 c 9.30 3.43 2L
17 cs 7.26 2387 3.06
18 c 4.90 2.88 2.85
18 N 5,21 2.68
18 cs 3.98 2231 3.26
17 N 3.09 2.54
16 N 6.42 3.16
16 N 95173 3.18
19 N 13.03 2.83
19 N 2100 2.36
19 N - alilsEya 2021
18 N 1l gl 2.41
18 N 10.65 2.12
19 N 8.91 2.10
17 N 6.53 2,26
17 N 5.01 2.42
18 cs 272 2.31 3.03
16 s 2.21 2.64 2.54
16 N 6.21 2.36
17 c 8.85 2.89 2.68
17 N 11.11 2.51
18 N 10.26 2.73
18 N 9.39 1.91
17 N 9.53 1.89
19 N 10.26 2.50
18 N 8.45 2.40
16 N 6.17 2.79
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] Standard
Station No. Mean of Deviation Extreme
Number Month Years Results Sq. Root of Sq. Root Value
1438 1 13 N 5.81 2.60
2 13 N 3.60 1.26
3 13 N 3.47 3.69
4 13 c 5.42 2.90 2.36
5 13 N 10.02 3.60
6 13 c 10.91 5.53 1L G
7 13 cs 11.68 4.19 2.78
8 13 N 9.74 3.67
9 13 cs 10.29 3.50 2.94
10 13 N 10.24 1.95
11 13 c 10.10 2.02 1.83
12 13 N 6.58 3.50
1439 1 19 N 4.18 2.79
2 17 N 2.66 1.89
3 17 N 1567 1.95
4 16 N 4.75 3.57
5 17 N 8.46 3.05
6 19 N 12.06 2.62
7 19 N 11.22 2.40
8 19 N 10.58 2.46
9 17 N 10.65 1.65
10 19 N 10.96 2.95
11 19 N 9.19 1.89
12 18 N 5.86 2.62
1445 1 19 c 4.92 3.15 1.56
2 19 cs 3,917 3.49 3.45
3 19 N 3.39 3.04
4 19 N 6.54 2.81
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Station
Number

Month

1445

1446

1447

O 00 N o W

=
N = O

o
N = O

W O N 6o 1 & W N =

0 N 6 i & LN =

No.

Years

19
19
19
19
19
19
19
19

19
19
18
19
19
18
18
18
17
19
18
19

17
17
19
19
17
17
18
17

: Standard
Mean of Deviation

Extreme

Results Sq. Root of Sq. Root Value

9.47
12.46
11.27
10.59

9.45
10.46

7= 9L

5.91

22 2 2 2 2 2 =2

. N 51317

cs 3.79
N 2.9
N 5.53
N 9.85
N 13.07
N 11.86
N 11.10
N 10.02
cs 11.19
N 9.47
6.87

2

4.53
3.07
2.91
5.06
9.33
13.93
12.75
e 10078

Z 2 2 2 o 22 2

3.37
2.71
2578
2.06
1.56
2.25
3.54
2.87

‘3.16

2.74
2.88
2.80
3.39
2.98
2.95
1.85
1.54
2.57
3.00
2.37

2.61
1.79
2.89
2.79
2.99
3.52
2..79
3.40

3.18

2.87

3.15
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Station
Number

Month

1447

1448

1496

9
10
101
12

O 0 N O L & W N =

o
N = O

O ® N & U N W N

=T
N = O

No.

Years

15
15
18
19

15
15
117/
17
17
19
19
17
19
18
18
17

26
25
24
22
26
25
25
26
25
25
22
25

Standard
Mean of Deviation Extreme
Results Sq. Root of Sq. Root Value
c 11.24 2.17 2.78
N 10.48 2.17
N 8.91 2.56
N 6.17 2.38
N 4.34 2.45
N 2.53 1.97
N 2.48 2.50
N 5.10 3.47°
N 9.55 2.80
N 13.79 3.60
N 12.38 2.76
N 11.62 . 2.60
c 11.53 2.98 2.19
c 11.77 2.36 2.41
c 8.87 2.37 2.34
N 6.26 2.47
N 5.14 3.08
cs 4.06 3o 7/ 3.65
N 3.92 3.30
N 6.05 3.20
N 8.30 2.82
N 7.76 2.00
N 7577 1.92
N 9.62 2.47
N 9.60 2.07
N 10.97 2.49
s 10.41 3.36 2,231
N 6.43 2.71
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Station
Number

Month

5001

5003

5004

W 00 NN & T B W N

e el
N =~ O

O 00 N O 1 B W N =

=
N = O

ES B VL

No.

Years

O W W W VW WV VO

10
10
10
10
10

12
12
12
12
12
12
12
12
12
12
12
12

15
15
15
15

Standard
Mean of Deviation Extreme
Results Sq. Root of Sq. Root Value
cs 4.43 4.75 2.56
N 3.26 3.26 3.23
N 3.17 4.11
N 4.55 3.86
N 5.91 3.36
N 5.91 3.36
N 7.88 2.19
N 6.18 1.93
N 6.38 2515
N 6.76 3.61
N 5.75 3.94
N 7.96 4.94
cs 3.80 3.78 2.67
N 2.37 2.12
c 2.22 1.98 2.52
c 7.93 3.64 2.17
N 7.33 4.32
N 7.79 3.44
N 9.14 2.10 :
c 11.58 2.21 2.13
N 9.97 2.53
N 9.87 2.56
c 8.65 3.53 2.45
N 6.67 4.58
s 5.34 491 2.72
N 3.23 3.36
s 2.65 3.59 2.56
N 4.14 3.87
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Station
Number Month

5004 5
6
7
8
9
10
11
12
5005 1
2
3
4
5
6
7
8
9
10
11
12

5015

W NSO LD W

No.

Years

15
15
15
15
15
15
15
15

15
14
13
16
15
16
17
15
15
16
16
16

16
16
16
15
15
15
16
17

Standard
Mean of Deviation Extreme
Results Sq. Root of Sq. Root Value
N 5.46 3.40
N 6.93 3.07
c 8.22 2.38 2.18
N 6.39 2.27
N 6.36 2.62
N 6.44 3.20
N 6.97 4.64
N AT S
N 6.80 5.80
N 2.37 2.82
N 3.39 4.26
N 4.57 3.15
N 5.15 2.43
N 208 2.68
N 7.64 2.48
N 6.21 . 1.83
N 5.92 2.80
N 6.73 2.61
N 8.50 4.16
c 10.12 6.02 2.28
N 7.03 5.66
s 3.65 2.10 2.90
cs 4.24 3.03 3.12
N 6.60 2.59
N 7.47 2,61
N 10.29 3.19
N 11.55 3.28-
N 10.92 2.80
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Station
Number

Month

5015

5021

5024

9
10
11
12

O 0 N O L A~ W N

e e =
N = O

W 00 N O 1 B W N =

e
N = O

No.

Years

17
17
16
16

18
18
18
18
18
18
18
18
18
18
18
18

18
17
18
18
18
18
17
18
19
19
19
19

Results

Mean of

Sqg.

Root

2 =2 =z =2

2

0
]

2

(o]
(0]

2 227 2 g

222222

10.
11.
10.
L7

S 0O O NN N P NN W

O U N B>~ W

12

12.
49

11

11.
10.
b

97
19
21

.24
.84
.00
.60
.59
10.
223
41
.61
.72
2
.83

13

537/
.30
45
.63
.28
12.
.28

95

24

19
00

Standard
Deviation
of Sq. Root

W W N =

W H L LU L LI L &~ W N D> W

N N WD H N WWWDNd B DS

.73
.61
.13
.68

.00
.32
.21
.89
.91
.60
.43
.84
.93
.59
.61
18

.17
.06
.91
.15
.27
.63
.57
.82
71 .
.94
.66
.90

Extreme
Value

3.54

3.31
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Station
Number Month

5025 1
2
3
4
5
6
7
8
9
10
11
12
5028 1
2
3
4
5
6
7
8
9
10
11
12

5038

L B LWL N R

No.

Years

19
18
18
19
19
19
19
19
19
19
19
19

18
16
17
18
17
17
16
18
18
18
19
18

13
13
19
13
13

Standard
Mean of Deviation Extreme
Results Sq. Root of Sq. Root Value
N 5.03 4.18
cs 3.79 3.85 3.20
N 3.12 3.36
N 4.84 3.21
c 9.91 3.75 2.58
N 12.51 4.52
N 12.08 2.55
N 11.79 1.58
N 11.73 1.51
N 11.50 3.61
N 8.56 3.80
N 6.93 3.08
N 8.05 5.48
N 4.16 3.40
N 3.74 3.81
N 6.02 3.95
N 9.84 3.76
cs 13.34 4.65 2.86
c 12.74 4.53 2.81
N 12.25 2.23
N 12.39 2.05
c 12.45 4.25 2.04
N 11.38 2.66
N 9.36 3.48
N 4.07 2.55
N 2.50 1.71
N 3.18 3.25
N 4.78 3.14
N 7.88 4.03
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Station
Number

Month

5038

5052

5061

W 0 N o

10
11
12

AN U W N =

© N

10
11
12

W ® N o0 0 & W N -

=
o

No.

Years

13
13
13
13
13
13
13

14
15
14
16
16
15
13
16
L5
16
16
16

13
13
14
15
15
15
15
15
14
15

-84

Standard
Mean of Deviation Extreme
Results 8q. Root of Sq. Root Value
N 12.36 5.09
N 12.65 2.68
N 10.85 2.58
© 10.19 3.64 2579
N 9.38 4.89
N 8.02 3.42
N 6.76 2.58
N 4.09 2.56
cs 2.57 1.48 2.84
N 1-93 1.87
N 559, 25195
N 8.82 2.92
N 12.40 259
N 11.83 2.08
c 10.45 2.41 2.67
N .9.29 1.80
c 9.62 2558 1.97
N 825 2.68
N 6.04 2.56
N 4.02 2.38
N 2.36 1.50
N Lol 2.33
N 5.20 297
c 8.41 2.77 ZoIiL
N. 10.87 2.69
N 10.75 1.78
N 9.55 1.84
N 9.89 2515
c 9.34 2.65 2.08



Station
Number

Month

5061

9304

9311

11
12

1
2
3
/i
5
6
7
8
9

10
11
12

W ®© N O L BN W N

e el
N = O

Nok

Years
BN

15
15

16
17
17
17
17
17
17
17
17
16
17
17

11
12
12
11
12
12
11
1L
12
11
11
12

85

Standard
Mean of Deviation Extreme
Results Sq. Root of Sq. Root Value
N 8.02 1.41
N 5.57 2.67
N 4,65 4.31
cs 3.01 4.92 3.50
N 2.80 3.16
e 4.05 2.29 2.63
N 7.55 2.17
N 5.99 2.45
N 7.41 '1.86
N 8.01 3.22
N 7.88 2.40
N 8.28 2.91
N 8.48 3.44
N 6.74 4.22
cs 4.45 4.44 2.77
N 2.68 1.97
N 2.31 1.64
c 6.92 3.07 2.25
N 7.87 4.49
N 8.56 2.26
c 9.32 3.38 257
c 10.53 2.80 2.50
N 9.14 2.33
N 10.87 2.76
N 8.97 - 3.04
N 7.46 3.64



Station
Number Month
9343 1
2
3
4
5
6
7
8
9
10
11

fury
N

No.

Years

19
19
19
119
18
18
17
17
18
17
17
18

Standard
Mean of Deviation Extreme

Results Sq. Root of Sq. Root Value
N 3.79 3.09

cs 2.80 3.22 3.52

s 2.66 2.85 2.65
N 6.20 3.12
N 9.95 4.02
N 12.37 3.74
N 12.25 2.94
N 15 2.68
N 11.08 2.63
N 10.69 3.28
N 9.42 3.56
N 5.69 2.38
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APPENDIX G

Maps showing the Coefficient of Association for
Monthly and Annual Rainfall as computed

against 'Observatorio Cagigal'

—— —— — Indicates Line of Low Value
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Ricardo R. Ponte R. was born in Caracas, D. F., Venezuela, on
April 20, 1939, to Enriqueta Ramirez and Eduardo Ponte. He attended
public school in Caracas, where he received the graduate bachelor
from "Liceo Andres Bello" in July 1960. Mr. Ponte attended "Univer-
sidad Central de Venezuela" in Caracas, where he graduated "Hidrome-
teorologista" in April 1965. In December 1965, he started to work
as hydrometeorologist at "Corporacién Venezolana de Guayana" until
December 1967. In July 1968, he entered Texas A&M University, where
he earned a M.S. degree in Meteorologyvin December 1970.

Ricardo R. Ponte R. married Maria Dolores Sanchez from Palencia,

Spain, on August 25, 1967. They have one son, Diego Eduardo from

their marriage.

This thesis was typed by Mrs. Maria Dolores Ponte.



