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ABSTRACT

Probabilities of Sequences of Wet and Dry Days
for Five Localities of Venezuela. (May 1975)
Felix Candelario Reyes, B.S.,
Universidad Central de Venezuela

Chairman of Advisory Committee: Dr. D. L. Reddell

From the early days of hydrology, we find numerous statements
about the importance of water. Thales of Miletos (624-548 B.C.)
said, "Water is the original substance and hence the material cause
of all things." This statement by Thales means that Tife cannot
exist without water. Thus, the importance of water was recognized
during the early stages of human history.

Today, precipitation plays an important role in many areas of
man's 1ife. Estimates of rainfall probability are essential for
solving many of man's problems. Knowledge of rainfall amount and time
distribution will assist in planning many outdoor activities such
as crop planting, crop harvesting, irrigation scheduling, and time
requirements for completing construction projects.

The objective of this study was to estimate the probabilities
of sequences of dry and wet days for five localities of Venezuela
based on a 20-year record (1951-1970). Assuming these probabilities

to be the same in the future as they were during the 20-year period
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of record, they can be used in models to predict future precipita-

tion events.

A stochastic process known as Markov chain modeling was used
to evaluate the probabilities of sequenences of dry and wet days. A
Markov chain model is one in which the outcome of any trial depends
only on the outcome of directly preceding trials. A first order
Markov chain model was applied in this study. The model was assumed
to be a good fit for probabilities of sequences of dry and wet days
and to be independent of location and climatic conditions. This
study was formulated in terms of either the occurrence or non-
occurrence of precipitation. The amount of precipitation was not
considered quantitatively, except in the definition of a dry or wet
day. Daily precipitation of less than 1, 3, or 5 mm was used as the
basic definition of a dry day. The first order Markov chain model
was found to be a good fit for sequences of dry and wet days at
stations in Venezuela.

The results showed the different precipitation patterns for
each station. They indicated the annual precipitation distribution
and clearly defined the dry and wet seasons. The probability patterns
defined the beginning of the wet season to be about April 15 and the

end of the wet season, or beginning of the dry season, to be about

December 10.



ACKNOWLEDGEMENTS

The author wishes to gratefully acknowledge Dr. D. L. Reddell
of the Agricultural Engineering Department for serving as Chairman
of the advisory committee and for his guidance, encouragement and
assistance during this study. Thanks are extended to Dr. J. M.
Sweeten, Dr. C. E. Woods, Mr. W. K. Herry for serving on the
author's committee and for their review and suggestions concerning
this report.

Special thanks go to Mr. C. J. Ravelo for his invaluable help
and suggestions in all the phases of this study. Special thanks are
also due to Mr. Pedro Sanabria for his assistance and help in prepar-
ing the computer program. Thanks are extended to Mr. Allen Smajstrla
for his help in this study.

The author is deeply indebted to his wife, Teresa, for her
understanding, encouragement, and moral support throughout his gra-
duate studies and for her help in the review of results obtained in
this study.

Consejo de Desarrollo Cientifico y Humanistico of the Universidad
Central de Venezuela are specially thanked for financing my studies
in the U.S.A. Thanks to Mr. Fernando Alvarez for his help in obtain-
ing my scholarship.

Financial assistance from the Agricultural Engineering Depart-
ment at Texas A&M University in the form of computer and photographic

funds are gratefully acknowledged.



TABLE OF CONTENTS

ABSTRAGT « vasniussnssann snasmsn anumpsnaesssnnssssnisesassss
ACKNOMWLEDGEMENTS +oocisosisanss st sdunans nuwsens wnnssye
LIST OF TABLES ..cteeeviescnnonsesoasnansasecacscessssnsnsa
CHAPTER
I  INTRODUCTION tiveiiinennnneorennnssnncssnnnsannnsas
I1 LITERATURE REVIEW «u.iicsnusuvsnnsns wnunsnommbnnne ses
General Considerations and Methods of
Estimating the Probability of Sequences
of Dry and Wet Days c:civenvsvconssnensensssnss
Minimum Length of Data Period ................
Quality of Data .eeteovcescssosnencocionnsssnns
Fit of a First Order Markov Chain Model ......
III  THE MARKOV CHAIN MODEL ecesvceccssccccccoccscasanns
Markov TheorY ...eeeetriiiiinneeneeennenannnns
Procedure Used to Calculate the Markov Model..
IV RESULTS AND USE OF TABLES ..cvievrineenennnnennnnns
¥ DISCUSSION :cuccncviobuomosnssnnsannssnsssssnssnmnnss
Fit of First Order Markov Chain Model for
Data in Venezuela, Chi-Square Test ...........
Application of Probabilities ...........coutnn
YT  CONCLUSTONS & ioe mnoms vie oo dis & o s oo o0 0 4 6 5200 400 055 00 0

REFERENCES ssssansnss swanunssimnsnmns nowhaoeninses sbosesd s
APPENDICES . ..iiteeeeeensnceenecoaseasocssassassssassnsnns

O 0oy Ww

i3

13
15

22
30
30
32
36
37
39

vi



APPENDIX

A

Probabilities (%) for Yaritagua, E1 Portacheulo,
Agua Fria, Valera, and Valle de la Pascua stations
for dry days defined as <1 mm of precipitation ....

Probabilities (%) for Yaritagua, E1 Portacheulo,
Agua Fria, Valera, and Valle de 1a Pascua stations
for dry days defined as <3 mm of precipitation ....

Probabilities (%) for Yaritagua, E1 Portacheulo,
Agua Fria, Valera, and Valle de la Pascua stations
for dry days defined as <5 mm of precipitation ....

Initial probability P(Dry) vs. day of year for
dry days defined as <1 and <5 mm of precipitation..

Conditional probability P(Dry/Dry) vs. day of
year for dry days defined as <1 and <5 mm of
Precipitation ..veiiiiii it innnnceneannnnas

COMPUTET DYOGPEN oo o vwe 5005 a06s 50 b b 5/50e @ b 6 8 55 56 0 0 & '

vii

Page

40

56

72

88



viii

LIST OF TABLES

Table Page

3.1 List of rainfall stations from Venezuela used in
BHTE SEHAY ol s on s in s bt e b iabi s 586 5 b b S E 4 6w 17

4.1 Probabilities (%) for Yaritagua station for dry days
defined as <1 mm of precipitation ................... 24

4.2 Probabilities (%) for Yaritagua station for dry
days defined as <3 mm of precipitation .............. 25

4.3 Probabilities (%) for Yaritagua station for dry
days defined as <5 mm of precipitation .............. 26

4.4 A11 possible sequences of dry and/or wet days
for different length periods ........ccovvvivvvnnn... 29



CHAPTER I

INTRODUCTION

Venezuela is located in the northern region of South America.
It is bounded by the Caribbean Sea and the Atlantic Ocean to the
north, Guyana to the east, Brazil to the south, and Colombia to the
southwest and west. Venezuela is the sixth largest country in
South America with a population of about 12 million. The total area
of the republic is 912,069 square km. Its maximum measurements
are 1496 kilometers from east to west and 1271 kilometers from north
to south. Venezuela is entirely within the Torrid Zone and is con-
sidered a tropical country. Its southernmost extremity is less
than 10° from the equator and its northernmost point is at 12° 11" N.

The climate throughout Venezuela is tropical, and altitude
influences the climate more than latitude. There are on]y's1ight
seasonal changes in temperature. However, the year may be divided
into two seasons, the rainy and the dry (summer and winter). The
rains occur mostly from May until November, and the dry season from
December to April. The wet and dry seasons regulate agricultural
activities, establish time requirements for completing construction
projects, affect travel and transportation, determine the time for

athletic events, and determine vacation periods.

This report follows the style of the Transactions of the ASAE
(American Society of Agricultural Engineers).




Most weather forecasts are made from several hours to five days
in advance. For longer time periods, accurate predictions of daily
rainfall become very difficult to obtain. When the forecast period
is from two to five days in advance, energy and water vapor
exchange between the atmosphere and the surface of the earth over
an entire hemisphere must be known. With high speed computers,
mathematical models have been developed for weather prediction.
These mathematical models cannot provide accurate, long term preci-
pitation forecasts. The usual prediction period is from one to two
weeks in advance.

From the above considerations, we see a need for long period
(seasonal or annual) precipitation forecasts. Therefore, the pur-
pose of this study was to use historical weather records and pro-
bability theory to make precipitation forecasts and provide some
insight into future precipitation conditions. A first order Markov
chain model was used to evaluate sequences of dry and wet days for
five localities in Venezuela. Historical precipitation records for
a 20-year period (1951-1970) were used to evaluate the Markov chain
models. Because many activities of man's life are influenced by
precipitation, a knowledge of the probability of sequences of dry
and wet days can be used in planning and developing many areas of

our daily activities.



CHAPTER I1I

LITERATURE REVIEW

General Considerations and Methods of Estimating the

Probability of Sequences of Dry and Wet Days

Several investigators have studied frequencies and probability
distributions for various lengths of sequences. Various methods,
procedures, and considerations have been used in numerous Tocations
with varied climatic conditions. Jorgensen (1949) studied the
persistency of rain and no-rain periods during the winter in San
Francisco. Using a 20-year record, he determined the frequencies
of rain and no-rain periods of various lengths. From these data,
the frequencies of a rain (no-rain) day followed by one, two, or
more consecutive days of rain (no-rain) were determined. A rainy
day was defined as one receiving a measurable amount of rain. In
this way, Jorgensen (1949) obtained frequencies for the recurrence
of a specific kind of weather (periods of various lengths of rain or
no-rain days). He found the San Francisco weather to contain some
short sequences of wet and dry days. He concluded that weather
persistency is a real meteorological phenomenon and can be used to
develop weather forecasts. He also concluded that persistency is a
meteorological variable, and the knowledge of persistency is a tre-

mendous aid in evaluating the accuracy of a forecasting method.



Williams (1952) studied the sequences of wet and dry days at
Harpenden, England, during a 10-year period using a logarithmic
series. He found that sequences of wet days did not conform to a
lTogarithmic series; or more specifically, that no secular trends
existed in the frequency distribution. Cooke (1953) studied the
duration of wet and dry spells at Moncton, New Brunswick, and showed
the frequency distribution of dry spell data to fit very closely

the geometric progression
y = 1332 (0.7272)", (1)

and the frequency distribution of wet spell data to fit the loga-

rithmic curve

n
y = 4391 £0.551) , ..(2)
where n is the number of days in the spell and y the number of
sequences containing n days (50-year period).
Longley (1953) studied the length of dry and wet periods at
five Canadian cities and developed the following least square regres-

sion equation
10910 y =a - bn, ...(3)
where y is the frequency of the number of wet or dry days during the

periods under studies and n is the number of days in each period.

The coefficients, a and b, are constants for each station and depend



on the type of series (wet or dry). Longley concluded from his
study that the probability of a wet day following a wet day is
constant no matter how long the wet period has persisted. He also
concluded that the length of dry and wet periods is described by

the same probability distribution no matter what the climatic condi-
tion or location

In their study of daily rainfall occurrences during 27 rainy
seasons at Tel Aviv, Gabriel and Neumann (1962) used a simple Markov
chain model. They found this to satisfactorily fit the Tel Aviv
daily rainfall, and various aspects of rainfall occurrence patterns
were derived from the model and its probabilities.

Eichmeier and Baten (1962) investigated rainfall probabilities
during the crop season in south central Michigan by using a 91-year
record of daily rainfall data. They found that the probability of
rain tomorrow, given the condition that it is raining today, is
considerably greater than if it is not raining today. In the deter-
mination of probabilities of rain tomorrow, given that it is raining
today or given that it is not raining today, Eichmeier and Baten

used a least squares curve to establish seasonal trends:
y =a+ bx + cx2 + dx3 ... (4)

where y is the percentage of days with precipitation for a particular

date and x is the number of days from July 1 to September 30.



Topil (1963) studied precipitation probability at Denver and
its relationship to length of period. He used a 10-year record,
and studied periods from one minute to one day in length. The
probabilities of one minute precipitation periods (more than 0.01 in)
was found by computing the total duration of precipitation, dividing
by the total time, and multiplying by 100. A poor fit was obtained
which was attributed to the chance nature of summer thundershower
activity and the short period of record (10 years). Caskey (1963),
Weiss (1964), Feyerherm and Bark (1964), and Cornett (1966)
investigated the same probability problem and found the simple

Markov chain model to fit the observed data.

Minimum Length of Data Period

The use of statistical procedures in hydrology and meteorology
allows maximum information to be extracted from observed weather
data. Thus, the following question arises: What is the minimum
length of data period for analyzing the probability of precipitation
occurrence?

In his study of sequences of wet and dry days, Williams (1952)
used two 5-year periods and a 10-year period. He concluded that
sequences of wet days did not closely fit his model. He believed
this to be due to the method of defining wet sequences. He says
nothing about the length of records used.

While studying the lengths of dry and wet periods, Longley (1953)

established a 30-year period as an adequate length of record for



obtaining stable probability values. He also concluded that periods
of less than 30 years may give an approximately correct probability
value because probabilities do not change greatly with the length

of record. Cooke (1953), Gabriel and Neumann (1962), Eichmeier and
Baten (1962), Caskey (1963), and Cornett (1966) used records of

50, 27, 91, 10, and 40 years, respectively. From their analyses with
different methods, a good fit of probabilities for sequences of

dry and wet days was obtained. Topil (1963) concluded in his
precipitation study at Denver that a poor probability fit was
obtained because of the short data record of 10 years.

Weiss (1964) applied a first order Markov chain model for
sequences of wet or dry days using records of various lengths from
different cities. For example, he divided the 50-year data period
at Kansas City and Fort Worth into two 25-year periods and tested
the secular variation of probabilities. Good stability was found
in all cases. His conclusion was that a first order Markov chain
model may be applied equally well to sequences of rainy days from
a 10-year or longer precipitation period. In their study of statis-
tical methods for persistent precipitation patterns, Feyerherm and
Bark (1964) suggested a 50-year period as an adequate length of
record and used it in their study of probabilities at six stations

in the north-central region of the United States.



Quality of Data

In the above section of this literature review, the authors
considered and analyzed many things in their studies, but say
nothing about data quality. Quality of data is important and should
be considered in any study involving hydrologic or meteorologic
data. This is especially true for studies using first order Markov
chain models to calculate probabilities of sequences of wet or dry
days because the calculated probability of precipitation today
depends on whether the previous day is dry or wet. Yevjevich (1972)
stated that any inference concerning the future outcome of a
variable based on historical records required the data to be free
of inconsistency and non-homogeneity. Only a tolerable random
error in the data is acceptable.

An observed measurement is the result of sensing, transmitting,
recording, and processing data. Errors may occur in each of these
four steps, and may be random, systematic or non-homogeneous. Random
errors are always present in data, and are approximately symmetri-
cally distributed about the true value. A typical example of random
errors is the measurement of a quantity. In the study of precipita-
tion probability, a random error will result in a wrong value of
precipitation. The magnitude of random errors are determined by
analyzing the measuring techniques used to obtain rainfall data.
Inconsistency is defined as a systematic error produced when an

observation technique is changed or when the environment around a



precipitation gauge is changed. Non-homogeneity occurs when a sudden
change in several parameters take place. Vast environmental changes
such as air pollution may change precipitation patterns and result

in non-homogeneous data.

Fit of a First Order Markov Chain Model

Statistical methods to test the goodness of fit for first order
Markov chain models have been used by several investigators. Gabriel
and Neumann (1962) found that a first order Markov chain model fit
daily rainfall occurrences at Tel Aviv. Daily rainfall data for 27
rainy seasons were classified as wet if more than 0.1 mm of precipi-
tation occurred during the 24-hour period from 8 a.m. to 8 a.m. The
fit of the model was examined by testing whether the proportion of
wet days, given the weather characteristics of the previous day, were
independent of the weather two or more days earlier. A Chi-square
test was used to test the goodness of fit. No difference was found
at the S per cent level of significance, and the model was considered
to be adequate. Finally, with the large number of days observed,
Gabriel and Neumann concluded that only slight deviations from the
model could have passed unnoticed and hence the first order Markov
chain model was at least a close approximation.

Caskey (1963) used a first order Markov chain model to evaluate
the probability of precipitation occurrence during various time

lengths. He compared theoretical probabilities derived from the
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model with empirical values of probability occurrence during a 10-
year period at Denver. He found the theoretical values from the
model to agree closely with the empirical values.

Weiss (1964) compared precipitation sequences computed using
a Markov model with observed sequences of precipitation. The Markov
chain model closely represented the sequences of wet or dry days.
He compared sequences of dry days for four categories (dry day:
<0.01, <0.1, <0.5, and <1.0 in.) at Kansas City over a 50-year
period. The same comparison was made using 50 years of data from
Fort Worth, Texas. These data were closely approximated by a Markov
model. The conclusion from these comparisons was that the Markov
chain model fits observed precipitation data very well and may be
used at any location.

Feyerherm and Bark (1964) used a Chi-square test in their
study of persistent precipitation patterns to test the adequacy of
a Markov chain model to describe precipitation data. The test was
conducted at six stations in the United States over a 40-day period.
Two Chi-square tests were conducted; one for sequences (Xt—2’ Xt1°

X,) in which the middle day (t-1) was dry and another in which the

+)
middle day was wet.

A hypothesis of independence was formulated to determine if the
weather (dry or wet) on the third day was independent of the weather
(dry or wet) on the first day. A second hypothesis was formulated

to test whether the Markov chain model was first order. Rejection
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of the hypothesis indicated that the order of the model was at least
two. Finally, a third hypothesis was formulated to test whether the
model was second order. Rejection of the hypothesis indicated that
the order of the model was at least three. The conclusion from
these tests was that the order of Markov chain models used in
precipitation analyses is not clearly defined. The first order
Markov chain model is inadequate for many weather stations, but it
appears to provide a good approximation to sequences of wet and dry
days.

Cornett (1966) used a first order Markov chain model to study
sequences of daily precipitation at San Salvador, E1 Salvador,
during a 40-year period. He tested the independence of rainfall
events with the hypothesis, P(Xt) = P(Xt/xt—1)‘ Simply stated, the
hypothesis says that the probability of a wet (dry) day is indepen-
dent of the condition (dry or wet) of the previous day. He used a
Chi-square test for a 77-day period in the dry season and a 30-day
period during the wet season. The conclusion was that persistence
in daily rainfall patterns is an important factor in the tropics
(San Salvador, E1 Salvador). In their study, a stochastic model
of n-day precipitation, Todorovic and Woolhisier (1975) found that
the Markov chain-exponential model to be slightly superior to the
binomial-exponential model.

From the 1literature review, it is possible to conclude that a

first order Markov chain model may be used to study sequences of dry
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and wet days at any location. Good approximations for this type of
precipitation problem have been obtained. Also, a first order Markov
chain model may be applied to sequences of rainy days where 10 or
more years of data are available. Probabilities do not change

greatly when the length of record is greater than 10 years.
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CHAPTER III

THE MARKOV_CHAIN MODEL

Markov Theory

Markov (1856-1922) introduced the concept that the outcome of
any trial depends only on the outcome of the immediately preceding
trial. More specifically, the probability of a phenomena at any
time depends exclusively on the knowledge of the phenomena condition
at the preceding time. This concept has been used to formulate the
classical stochastic process known as a Markov process, Markov chain,
Markov model, Markov chain model, or Markov probability model.

Most hydrologic and meteorologic phenomena are stochastic in
nature and are governed by laws of probability or chance. Precipi-
tation is a good example of a stochastic process. The outcome of
this phenomenon is governed by laws of chance and the sequence of
variables describing these random phenomenon are stochastic pro-
cesses. Mathematically speaking, a stochastic process is defined
to be an indexed set of random variables, Xt’ where the sub-index t
runs through a given set T. Frequently, T is a set of nonnegative
integers, and Xt is a measurable characteristic at time t. The value
of t may be any integer from 0 ton (t =0, 1, 2, ..., n). The
random variable, Xt’ is a measurable quantity at any one of the

(n+1) integer values from O to n. These integers characterize the
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(n+1) states of the process. A stochastic process is said to have
the Markovian property when the conditional probability of a future
phenomenon (Xt+1)’ given the past phenomenom (Xt-l) and the present
state of the random variable (Xt)’ is independent of the past phe-
nomenon and depends only on the present state of the process (Xt)‘
The conditional probabilities P(Xt+1/xt) are called transition
probabilities and are said to be stationary, implying that they do
not change in time.

Another important theoretical consideration is the order of
Markov chains. The order is determined by the number of previous
trials used in establishing the dependency of the period under con-
sideration. Thus, a first order or simple Markov chain model states
that the probability of a phenomena at any time debends only on the
state of the phenomena on the previous day. Consequently, the
probability in a second order Markov chain model depends only on the
state of the phenomena during the two previous days.

A first order Markov chain model applied specifically to rainfall
can now be defined. The model assumes that the probability of rain-
fall on any day depends only on whether the previous day was dry or
wet. It is therefore independent of the rainfall state on 2, 3, or
more preceding days. The model is based on rainfall occurrence or
non-occurrence. The word non-occurrence has a relative meaning,
because arbitrary values of rainfall are assigned to the term non-

occurrence. Therefore, a dry day (non-occurrence) may be defined as
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any day receiving less than 1, 3, 5, ..., n mm of precipitation.
The model is assumed to be independent of any other meteorological

phenomena and climatic conditions at the location under consideration.

Procedure Used to Calculate the Markov Model

The data for this study were from stations of the Instituto
Nacional de Obras Sanitarias, Division de Hidrologia, Caracas,
Venezuela. The data were provided by the Universidad Central de
Venezuela, Facultad de Ingenieria, Departamento de Meteorologia e
Hidrologia, Central de Datos Geofisicos.

Daily precipitation from five stations in Venezuela was selected
for determining the probabilities of sequences of dry and wet days.
The selection of these stations was Timited to those containing at
least 20 years of daily precipitation data. The period of record
was from 1951 to 1970. A list of the stations with their numbers
(national numbers), name, state, coordinates, and elevation is given
in Table 3.1. A map of Venezuela showing the station locations is
given in Figure 3.1.

The first order Markov chain model developed by Fayerherm and
Bark (1964) was used to determine probabilities of sequences of dry
and wet days in Venezuela. The procedure used in this study con-

siders a sequence of (n+1) consecutive days of the year. The first
day in the year is considered the (t)th day and the last day in the

year is considered the (t+n)th day. Therefore, t may take on any



Table 3.1. List of rainfall stations from Venezuela used in this study.

Station Lat?tude Long?tude Elaviatien

Number Station Name State 0 : 0 ' (meter)
1289 Yaritagua Yaracuy 10 05 69 03 360
1432 E1 Portachuelo Aragua 10 26 67 21 1300
1436 Agua Fria Miranda 10 24 67 10 1743
2164 Valera Trujillo 09 17 70 36 520
2584 Valle de la Pascua Guarico 09 11 66 00 180

9l
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Figure 3.1. Map of Venezuela showing the rainfall station locations used
in this study.
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value from 1 to 365, but in general t=1 will refer to January 1 and
t=365 will refer to December 31. February 29 is ignored when cal-
culating the conditional probabilities.

Let

P(X,, X

5 Xeaqs ooos Xan)s ... (5)

be the probability of occurrence of the sequence in parentheses
where X, the random variable, is restricted to X = Dry (dry day)
or X = wet (wet day).
From the law of multiplication in probability theory, expression

(5) can be written in the following form:

P(Res Xpgqs =oos Xpan) = PUXG) « PURyq/XL) = PO o X pqs K)o

Py Xy -ees Xp)s ...(6)

where the right side of this equation is the product of an initial
probability P(Xt) and a set of conditional probabilities, and the
slant sign (/) of these conditional probabilities is read "given
that the previous day is". If the conditional probabilities are
assumed to depend only on the weather (dry or wet) of the previous

day (i.e., a first order Markov chain), Equation (6) will be:
P(Xt’ Xt+1’ e Xt+n) = P(Xt) . P(Xt+1/xt) cee P(Xt+n/xt+n—1) .

«={7)
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The initial probability, P(Xt), is also called the absolute or
marginal probability and is computed without reference to previous
rainfall data. The conditional or transitional probabilities are
computed with the assumption that the probability of rainfall on any
day depends on whether the previous day was wet or dry.

There are two initial (Dry or Wet) and four conditional
(Dry/Dry, Dry/Wet, Wet/Dry, Wet/Wet) probabilities. However, only
one initial and one conditional probability need to be estimated
from the daily rainfall data. The remaining four probabilities for
sequences of dry and wet days are functionally related and can be
calculated from these two.

From the daily rainfall data for a station the initial pro-
bability P(Dryt) and conditional probability P(Dryt/Dryt_]) are
calculated for each day of the year using the following formulas:

number of years that the (t)th day was dry (8)
number of years of record e

P(Dry,) =
and

number of years that both the (t)th and
) = (t-1)th days were simultaneously dry
number of years that only the
(t-1)th day was dry ...(9)

P(Dryt/Dryt_]

The other four probabilities may be calculated from Equations (8) and

(9) and have the following form:

P(Wett) =1 - P(Dryt), iwi CLOT
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P(Wett/Dryt_]) = 1—P(Dryt/Dryt_1), ik}
P(Dryt/Wett_]) = P(Dryt) - P(Dryt_]) . P(Dryt/Dryt_]), ...(12)
P(Wy )
and
P(Wett/Wett_1) =1 - P(Dryt/Wett_]) i sosl18)

In this study, daily probabilities were calculated for each of
the five stations from a 20-year record. The preceding method of
analysis was used. A computer program was prepared to make the cal-
culations and it is included in Appendix F. Three probabilities
were calculated from the daily rainfall data: P(Dryt) from Equation
(8), P(Dryt/Dryt_]) from Equation (9), and P(Dryt/wett_]) from the

Equation:

number 0{ ye?rs that the (t)th day was dry
_ and the (t-1)th day was wet
P(Dryt/Wett_]) " number of years that only the (t-1)th .
day was wet ...(14)

The above equation was used instead of Equation (12) in the computer
program because it was easier to use.

For flexibility in problem solving, a dry day was defined as
one with less than 1, 3, or 5 mm of precipitation. Therefore, a
wet day was one which equaled or éxceeded 1, 3, or 5 mm of precipi-

tation, respectively. Probabilities for February 29 were calculated
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from the five data points recorded during the period 1951-1970.
Calculation of the conditional probabilities for March 1/February 29

was ignored.
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CHAPTER IV

RESULTS AND USE OF TABLES

The probabilities in percent were calculated for each day of
the year and for each station. These data are presented in tabular
form in Appendices A, B, and C. Appendices A, B, and C contain the
probabilities for dry days defined as <1, <3, or <5 mm of precipita-
tion, respectively. Each Appendix contains tables showing the
initial probabilities of dry days, P(Dry), the conditional probabi-
Tity of a dry day given that the previous day is dry, P(Dry/Dry), and
the conditional probability of a dry day given that the previous
day is wet, P(Dry/Wet). The other three probabilities, P(Wet),
P(Wet/Dry), and P(Wet/Wet), can be calculated from the equation
written at the top of each table or by Equations (10), (11), and
(13). Examples of the data in Appendices A, B, and C are shown in
Tables 4.1, 4.2, and 4.3 for station number 1289, Yaritagua. At
the top of each table, the definition of the dry day is given along
with the station name, the state, and the station number.

The best way to show how the tables presented in this report
can be used is by the use of examples. For instance, suppose you
are interested in the probability of rainfall on a particular day,
for example, May 15. You read from the appropriate tables directly

the probability corresponding to the month of May on the 15th day.
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However, additional information about the type of probability and
the dry day definition will be needed.

For example, suppose you are interested in the initial pro-
bability P(Dry), the conditional probability P(Dry/Dry), and the
conditional probability P(Dry/Wet) for Yaritagua station on May 15.
Also, suppose you are interested in probabilities for all three
definitions of a dry day (<1, <3, and <5 mm of precipitation). You
read the corresponding probabilities from Tables A-, B-, and C- in
Appendices A, B, and C, respectively; Table A- for a dry day <1 mm,
Table B- for a dry day <3 mm, and Table C- for a dry day <5 mm of
precipitation.

In the illustrative Tables 4.1, 4.2, and 4.3 we can find the

answers for our example.

Table A- Table B- Table C-

(<1 mm) (<3 mm) (<5 mm)
P(Dry) 65% 65% 65%
P(Dry/Dry) 83% 78% 78%
P(Dry/Wet) 37% 33% 33%

Using these probabilities and the formulas given at the top of each
table, it is possible to calculate the remaining probabilities.
These kind of problems are the simplest.

The probability of sequences longer than two days can also be

obtained. Equation (7) and values obtained from the tables are used



Table 4.1.

TABLE A-1 PROBABILITY (%) OF DRY DAY
DRY<I MM
YARITAGUA YARACUY STATE
DAY JAN FEB MAR APR MAY JUN JUL
=zzwz===== ==z==z===z
T 95 95 95 95 80 7S 45 &5 70
2 0 ICC 100 100 75 65 45 65 7S
3 95 95 100 100 75 S50 45 70 65
4 90 95 100 90 8S 55 65 S0 8¢
S B85 100 100 95 75 70 35 30 65
6 95 100 100 9% 60 60 55 S5 7S
7 90 100 95 85 75 40 40 S5 80
8 100 100 100 95 75 60 S5 75 75
9 100 100 100 100 70 60 60 60 70
10 100 95 100 95 60 S0 4S5 S5 70
11 90 100 100 90 65 70 45 65 75
12 S5 100 100 90 65 60 &S 70 7S
13 90 100 100 95 70 60 SS 70 7O
14 95 100 100 85 o0 SO 85 60 80
1S 95 100 100 90 65 45 S0 7S 80
16 100 100 100 95 60 S5 60 70 80
17 Q90 80 95 85 70 ¢ S0 55 85
L8 90 §S <90 70 60 40 S5 7T0 75
19 100 100 95 70 85 45 70 60 7S
20 100 100 95 6S 80 &S S5 80 80
21 95 1C0 100 85 70 45 65 75 7S
22 100 100 100 70 65 45 60 80 75
23 100 100 100 60 65 60 60 90 90
24 100 S5 100 7S 65 35 SO0 60 85
25 100 39S 100 70 65 4S5 60 65 S0
26 100 100 100 55 65 40 60 75 80
27 95 100 90 85 85 6S 5SS 60 75
28 95 95 100 S5 75 30 SS SO0 70
29 90 100 9% 7S 75 6S A4S S0 8S
30 95 100 70 S5 30 35 €0 <90
31 100 100 70 45 70

Probabilities (%) for Yaritagua station for dry days defined as <1 mm of

precipitation.

P(DRY)

P(WET)=1-P(DRY)

NUMBER 1289

AUG SEP OCTY NOV DEC

T=zzz===z=sz==z==

eas
90
75

80
70
70
8o
9s
85
75
60
70
85
75
65
7s
a0
8s
8s
70
80
8s
70
80

8s
75
60
70
85

85
8s
14
8s
8o
75
80
85
75
80
8s
8s
95
8s
8s
8s
80
as
75
80
85
80
75
7S
85
80
95
8o
8s
890

100
100
100
100
9s
S5
sc
95
95

TABLE A-2

DRY<1 MM

YARITAGUA

PROBABILITY (X) OF DRY DAY GIVEN THAT
THE PREVIOUS CAY [S DRY

YARACUY

STATE

P(DRY/ORY)

NUMBER

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCY NOV

ErCEIESICSSSETEIEE S ESCSESXSSIESEISSESSISITITZIS
1° 94 95 100 95 92 78 33 66 64 88 838
2 94 100 100 iI00 75 €66 44 66 78 88 88
3 100 95 100 100 85 6! S5 69 66 77 @88
4 94 100 100 90 86 @0 7T S0 76 86 867
S 88 i00 100 98 B2 381 46 40 68 82 76
6 100 1C0 100 94 66 78 71 66 B84 7S5 8i
7 94 100 95 89 9L 41 4S5 54 100 71 73
8 100 100 100 100 86 87 87 81 81 85 87
9 100 100 100 100 80 58 8! S3 80 93 82

10 100 95 100 95 78 41 SO 58 71 84 73
11 90 100 100 89 66 90 77 81 7L 82 81
12 94 100 i00 94 €9 85 55 69 80 66 82
13 89 100 100 G4 B4 S8 66 64 66 66 94
14 100 100 100 89 71 SB 72 71 €5 85 8a
15 94 100 100 94 83 S0 47 83 81 76 88
16 100 100 100 100 76 S5 60 73 87 66 88
17 90 80 95 89 75 81 41 S0 81 B8a 88
18 88 100 94 82 71 42 60 72 76 86 93
19 100 100 100 92 91 7S 81 64 73 87 88
20 100 100 100 71 88 SS 64 75 80 82 86
21 9% 100 100 92 &8 33 72 81 68 70 81
22 100 100 100 76 68 66 69 73 80 78 82
23 100 1CGC 00 78 76 S5 58 87 100 87 81
24 100 95 100 91 69 33 S8 66 83 70 73
25 100 94 100 73 53 S7 S50 66 94 92 100
26 100 100 100 71 69 S5 75 69 83 81 82
27 95 100 90 100 84 75 75 66 7S5 85 100
28 100 65 100 52 76 30 S4 S50 73 70 8s&
29 94 100 95 90 86 66 Sa 60 92 73 93
30 100 100 86 60 30 4a 90 88 66 76
31 100 100 72 28 68 92

P(WET/DRY)=1~P(DRY/DRY)

1289
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100
100
100
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100
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3
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94
100
i00
100
100
100
35
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94

TABLE A-3

DRY <1 MM

YARITAGUA
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JAN FEB MAR

EzzzzmE===

o [}
100 100
[} [

o ]
100 ]
] [}
Qo o

0 100
Qo o

] o
100 [}
o o

] o

o o

o o

[} [

o ]
75 [
100 SO
[} o

0 100

] o

[ [}

o o
100 o
100 o
Q o

0 100
100 o
100

o

YARACUY

APR

75
40
80
33
40
S0
40
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16
62
57
a2
33
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62
3z
75
33
75
66
42
57

S7
85
66
40
40
66

STATE

MAY JUN

66
60
28
30
S5
16
37
41
62
62
S0

[}

Jun

IS wETY

80
100
80
60
100
66
50
75
60

100

P{DRY/WET)

100
20
75
66

NUMBER

33
100
100
100

P(WET/WET)=1-P(ORY/WET)

1289

100
33
a0

ve



Table 4.2. Probabilities (%) for Yaritagua station for dry days defined as <3 mm of
precipitation.

TABLE B-2 PROBABILITY (%) OF DRY DAY GIVEN THAT TABLE 8-3 PROBABILITY (X) OF DRY DAY GIVEN THAT

TABLE 8-1 PROBABILITY (%) OF DRY DAY P(DRY THE PREVIOUS DAY IS DRY P(DRY/DRY) THME PREVIOUS DAY IS WEV P (DRYZWET)
DRY <3 MM P(WET)=1-P(DRY)  DRY<3 MM P(WET/DRY)=1=-P(DRY/DRY ) DRY<3 MM P(WET/WET ) =1-P(DRY/WET)
YARITAGUA YARACUY STATE NUMBER 1289  YARITAGUA YARACUY STATE NUMBER 1289 YARITAGUA YARACUY STATE NUMBER 1285
DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC DAY JAN FEB MAR APR MAY JUN JUR, AUG SEP OCT NOV DEC

=== z===== == ======== ===== ZmE====z====s=z=s===== p—— T

1 95 100 95 95 85 80 55 60 B0 90 90 85 1 94 100 95 95 93 85 33 63 75 94 94 82 100 0 O O 60 66 68 160 100 S0 66 100
2 90 100 100 100 75 65 SO 65 1?5 90 85 80 2 94 100 100 100 76 68 45 66 81 88 88 88 € o0 0100100 66 S0 S5 62 50 100 SO0 33
3 95 95 100 100 85 70 SO 70 75 80 80 80 3 100 95 100 100 100 B4 60 69 73 83 88 &7 350 0 0 0 40 A2 40 PI BO S0 33 S0
4 100 95 100 90 85 60 70 65 80 90 90 90 a4 100 100 100 9c 88 71 70 &4 80° 93 93 93 4100 0 O @ 66 33 70 66 80 75 75 7%
s 5 100 100 100 80 75 65 40 70 @85 85 95 S 95 100 100 100 88 7S 71 61 68 83 83 9a S 0100 0 100 33 75 SO O 75 100 100 100
6 100 100 100 95 70 70 60 65 85 80 75 &S 6 100 100 100 95 75 BO 61 75 92 82576 89 6100 0 O 0 S0 40 S7 S8 66 66 66 O
7 1007100 95 85 75 SO 4S5 55 90 7S 85 85 7 100 100 95 £9 78 42 a1 S3 100 81 80 88 7 0 0 0 0 66 66 S50 _S7 33 S0 100 66
8 100 100 100 100 80 70 70 75 85 80 90 85 8 100 100 100 100 86 90 688 8i 88 86 98 82 8 © 0100 100 60 SO 54 66 S0 60 66 100
9 100 100 100 100 85 65 70 70 80 100 80 75 9 100 100 100 100 &1 64 78 66 88 100 83 82 9 ©0 0 O 0100 66 SO 80 33 100 S0 33
10 100 100 100 95 65 60 50 70 80 85 80 95 10 100 100 100 95 70 38 SO 71 81 85 75 100 10 0 0 0 0 33100 SO 66 75 0 100 80
11 S5 100 100 90 65 70 S5 70 85 85 S5 100 11 95 100 100 89 69 &3 70 B85 87 94 93 100 11 0 0 0 100 57 S0 «0 33 75 33 100 100
12 95 100 100 90 75 65 SO0 75 80 75 85 100 12 94 100 i00 98 B84 85 S& 71 82 70 B4 100 12 100 0 ©0 50 57 16 44 83 66 100 100 O
13 95 100 100 95 70 70 66 75 80 7S 95 100 13 94 100 100 94 80 76 70 73 81 66 94 100 13 100 0 0 100 40 S7 SO 80 75 100 100 O
14 100 100 100 B85 70 60 90 65 80 90 90 7S 14 100 100 100 89 71 S7 &3 73 87 93 89 75 14 100 0 0 0 66 66 100 &40 S0 80 100 O
IS 95 100 100 95 65 S0 60 75 80 75 95 100 IS 95 100 100 100 78 66 61 84 81 77 94 100 15 0 0o 0 66 33 25 S0 57 75 S0 100 100
16 100 100 100 95 60 SS 70 80 85 70 90 95 16 100 100 100 100 76 60 75 80 87 73 &9 95 16 100 0 0 O 28 S50 62 80 75 60 100 0
17 100 85 95 85 75 80 60 60 9G 85 90 3% 17 100 885 95 89 7S 90 64 S6 88 85 88 B84 17 0 ©0 0 © 75 66 SO 75 100 83 100 100
18 95 95 100 80 65 45 60 75 85 8S 95 95 18 95 100 100 94 73 S6 S50 75 83 94 100 9& 18 0 66 100 0 40 0 75 75 100 33 SO0 100
19 100 100 95 75 85 S5 80 70 75 90 85 95 19 100 100 95 81 92 77 91 73 76 8B B8& 9a 19 100 100 0 S50 71 36 62 60 65 100 100 100
20 100 100 100 65 85 S5 60 80 80 85 85 95 20 100 100 100 73 88 Sa 62 78 80 83 82 100 20 0 0100 40 66 SS SO 83 80 100 100 O
21 95 100 100 90 70 SO 70 7S 75 80 90 S5 21 95 100 100 92 70 45 75 B1 68 76 &8 98 28 0 0 0 85 66 SS &2 S0 100 100 100 100
22 100 100 100 70 65 SS 70 85 80 &5 &5 100 22 100 100 100 72 64 70 78 80 80 81 88 100 22 100 ©6 O S0 66 A0 SO 100 80 100 SO 100
23 100 100 100 60 65 65 75 95 90 85 80 100 23 100 100 100 78 76 63 71 94 100 82 82 100 23 0 ©0 O 16 42 66 83 100 S0 100 66 O
268 100 95 100 80 70 4S5 70 65 85 80 75 100 26 100 95 160 %1 69 30 73 68 83 82 75 100 24 0 0 0 62 7L 71 60 0 100 66 75 O
25 100 100 100 70 75 45 70 70 100 85 95 100 25 100 100 100 75 71 5SS 71 69 100 87 100 100 25 0 100 0 SO0 83 36 66 T1 106 7?5 80 0
26 100 100 100 70 65 S5 65 75 B0 80 85 100 26 100 100 100 78 73 66 738 71 80 82 84 100 26 0 0 0 S0 40 45 33 83 0 66 100 0
27 100 100 S5 90 90 65 60 75 7S 85 95 95 27 100 100 95 S2 92 81 76 80 75 B7 94 95 27 0 0 O B3 825 44 28 60 75 75 100 O
28 100 100 100 65 90 4S5 55 60 75 85 85 100 28 100 100 100 6& 88 46 S0 66 73 82 8& 100 28 0 0 100 S0 100 42 62 40 80 100 100 100
29 95 100 100 75 80 70 60 60 85 65 90 95 29 95 100 100 84 83 77 72 66 93 70 94 95 29 0 0 0 ST %0 63 44 50 60 33 66 O
30 95 100 7S 60 30 4S5 80 90 90 85 100 30 100 100 86 68 28 SO 83 88 B84 B3 100 30 o 0 40 25 33 37 75 100 100 100 100
31 100 100 70 55 80 8s 95 31 100 100 7s s5 81 a8 95 31 100 0 62 54 75 s0 0

T4



Table 4.3 Probabilities (%) for Yaritagua station for dry days defined as <5 mm of
precipitation.

TABLE C-1

DRYCS MM

YARITAGUA

FEB

PROBABILITY (X) OF ORY DAY
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TARLE C-2

DRYLS MM

YARITAGUA

PROBABILITY

THE PREVIOUS DAY IS DRY

YARACUY

(X) OF DRY CAY GIVEN THAT

P(DRY/DRY)

P(WET/DRY)=1-P(DRY/DRY)
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100
100
100
100
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to solve this type of problem. Thus, it is possible to calculate
the probability of any sequence of dry and/or wet days for any time
of the year. For example, if the probability of a sequence of four
consecutive dry days beginning on February 5 for Yaritagua station
is wanted and if you are interested in dry days with <3 mm of preci-
pitation, it is necessary to take the following steps:

a) select the corresponding tables (Tables B-, dry day <3 mm
of precipitation, Yaritagua station),

b) determine from the tables the initial and conditional
probabilities corresponding to the period of concern,
according to the Equation (7), and

c) use Equation (7) to calculate the corresponding probabilities.

This example is worked as follows:

cor Xy )ZP(XL)  P(Keyy/Xy) woe Py /Xly) oo ()

t+1° t+n

where, according to our example,

X = D (dry day),
t = 5 (February 5 - first day considered), and
t+n = 8 (February 8 - last day considered).

Substituting values of X and t into Equation (7), we have

P(Dys> Dyyys Dyyps Diyg)=P(Dy) P(Dy /D) -P(Dy /Dy q) -P(Dy,3/Dyyr)s

or
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P(D5, D6’ D7, D8) = P(DS)-P(D6/D5)-P(D7/D6)~P(Dg/D7).

From Tables B-1 and B-2 for Yaritagua station, we have

= (100) (100) (100) (100

P(D g) = (oo (o0) (o0’ (700

D D ) =1 x 100 = 100 percent.

5, 6’ D79

The probability of a sequence of four consecutive dry days (February
5, 6, 7, and 8) for Yaritagua station is equal to 100 percent.

In general, when calculating the probability for any sequence
of dry and/or wet days, an initial probability is connected with the
first day of the period and conditional probabilities are connected
with the remaining days of the corresponding period. Table 4.4
shows all possible sequences of dry and/or wet days for different
length periods.

The Markov probabilities are also presented in the form of
curves in Appendices D and E. Appendix D presents curves of initial
probabilities P(Dry) vs. the day of the year for dry days defined
as <1 and <5 mm of precipitation. Appendix E shows curves of condi-
tional probabilities P(Dry/Dry) vs. the day of the year for dry days

defined as <1 and <5 mm of precipitation for each station.
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A11 possible sequences of dry and/or wet days for

different length periods.

Table 4.4.

Five days

Two days
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CHAPTER V

DISCUSSION

Fit of First Order Markov Chain Model for Data in

Venezuela, Chi-Square Test

Different statistical methods have been used to test hypotheses
concerning the order of Markov chains. Specifically, Anderson and
Goodman (1957) used a Chi-square (X2) test in their study to test
the goodness of fit for Markov models.

In this study, the question of whether or not a first order
Markov chain model fits sequences of dry and wet days for stations
in Venezuela (tropical zone) was evaluated. From this evaluation,
the reliability of the results obtained from this study were deter-
mined.

To test the goodness of fit for a first order Markov model, a
Chi-square test was used. The procedure involved computing a test
statistic which is asymtotically distributed as a Chi-square. The
test was computed from contingency tables showing the observed
occurrence for four sequences of dry and wet days (cells). Two
Chi-square statistics were computed from the contingency tables
using data from Yaritagua station for a 50-day sample during the dry
season (January 2 thru February 20) and a 50-day sample during the

wet season (June 2 thru July 21). A test of independence among daily
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precipitation observations was performed. With the 50-day sample
and the 20-year record for each station, a total of 1000 daily
observations were used for each of the two seasons.

The hypothesis tested was Ho: P(Xt) = P(Xt/xt-l)‘ The two
X2 values (one for each season) were computed for four sequences
(cells), (Dt-l’ Dt)’ (Dt-l’ Nt), (wt_1, Dt)’ and (wt_], wt). The
hypothesis was to test whether day wt or Dt were independent of days
wt_] or Dt-l' More specifically, the hypothesis tested whether the
occurrence of precipitation on any day (t) is independentcof con-

ditions on the previous day (t-1). If the hypothesis is accepted,

Xt is independent of the previous day X

t-1°
The contingency table with its four sequences has the following
form:
A1 X¢-1
Xy (a) (b)
X, (c) ()

The Chi-square was computed from the observed values presented in
the corresponding contingency tables with the use of the following

formula (Massey, 1969):

2 ('abd-bcl-gﬁz N
~ {a*b)(a+c) (b+d) (c+d) ... (15)

where

N = atb+cHd.
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The observed values for the two selected seasons had the following

distribution in the contingency tables:

Dry season Wet season
Xgp =D X =W S Bl
Xy =D 943 23 Xt =D 319 207
Xt =W 22 12 X¢ = W 210 264

The corresponding values of the two Chi-squares calculated from these
two tables give XS = 95.8 and XS = 26.1 for the dry and wet seasons,
respectively. |

To test the hypothesis, a 10 percent level of significance with
1 degree of freedom was used. From X2 tables (Massey, 1969) the cri-

tical value of X290(1) = 2.71. Since 95.8 > 2.71 and 26.1 > 2.71

g - 95.8, xﬁ = 26.1), the hypothesis that daily precipitation

(X
is independent of the previous day's conditions is rejected.
Therefore, presistence in daily precipitation patterns for
Yaritagua station, Venezuela, was found. Given that the sequence
used in the contingency tables for Chi-square test was for two days,

a first order Markov chain model appears to fit daily precipitation

data for Yaritagua, Venezuela (tropical zone).

Application of Probabilities

A study of persistency of precipitation at a station provides

an important tool for evaluating the weather. A knowledge of
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persistency of precipitation is of great importance when evaluating
a forecasting method. Climatological probabilities are often the
best forecasts available for long periods (seasonal or annual).

The importance of the probabilities obtained from this study
are its applications. Climatological predictions given by these
probabilities can play an important role in the daily activities of
man. Advanced planning for our daily activities and jobs is possible.
The results from this study will be of great benefit in the develop-
ment of industry, commerce, recreation and agriculture in Venezuela.

In their study of probabilities of sequences of wet and dry
days, Heermann et al. (1971) stated the applications as follows:

1) field drying of hay, 2) germination of seed, 3) disease suscepti-
bility in periods of plant growth, 4) applying fertilizer, 5) apply-
ing insecticides, 6) applying herbicides, and 7) time requirements
to complete construction projects and recreation activities.

An example of the wes of the probabilities in the field of
agriculture may be the planning of harvest dates. Suppose that
a farmer in Yaritagua area needs to know the probability of preci-
pitation for three consecutive days following the cutting of his
hay. After cutting the hay, it must 1ie in the field and dry approxi-
mately three days prior to baling. Hence, the chance of rain during
the three days following harvest need to be very low. If the farmer

planned to cut his hay during the week of April 7-13, what will be
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the best day for cutting? A dry day is assumed to be one with less

than 1 mm of precipitation.

The initial probability of dry days at Yaritagua station for

the week April 7-13 is (from Table A-1):

days 7 8 9 10 11 12 13

probability (percent) 85 95 100 95 90 90 90
Because the probability of its being dry is 100 percent, the best
day for cutting hay appears to be April 9, The probability of the

sequence of three consecutive days, April 9, 10, and 11, being dry

is given by:
P(Dgs Dyg» Dyq) = P(Dg) P(Dy(/Dg)-P(Dy1/Dyp)-

Using the conditional probabilities, P(Dry/Dry), from Table A-2,

we have

P(Dyy Dyny Dyq) = (109 (]gg) (]%3) = 85 percent

92 ~10? 11) 100

The probability of the sequence of three consecutive days (April 9,
10, and 11) being dry is equal to 85 percent.

April 9 may not be the best day for cutting hay, and another
sequence can be analyzed. Thus, if April 8 is assumed to be the

best day for cutting hay, the problem is worked as follows:

P(DB’ Dg, D]O) . P(Dg)-P(Dg/DB)°P(D]0/D9) or
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95\ 100y , 95, _
P(Dgs Dg» Dyg) = (750) (7gg) (7go) = 90 percent

The probability of the sequence of three consecutive days (April 8,
9, and 10) being dry is equal to 90 percent. Hence, April 8 is a
better day than April 9 for cutting hay. The last sequence indicates
a probability of three consecutive days without any measurable
precipitation. The farmer should cut his hay on April 8.

Another use of the results obtained in this study is the pro-
bability curves presented in Appendices D and E. A decline of the
probability curves determines the end of the dry season and a rise
in probability curves determines the end of the wet season (i.e.,
beginning of the dry season). It is possible also by comparison

of stations (curves) to see different distributions and precipita-

tion patterns between stations.
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CHAPTER VI

CONCLUSIONS

From the results obtained and the Chi-square test, it is con-

cluded that a first order Markov chain model can be used to predict

sequences of dry and wet days in Venezuela.

Five specific conclusions were made from this study:

T

A first order Markov chain model was found to fit daily

precipitation data in Venezuela.

2. Persistence in daily rainfall for a station in Venezuela

(tropical zone) was found.

3. The model was independent of location and other

meteorological conditions.

4. The 20-year record used in this study appeared to be a

satisfactory length of record.

5. The results obtained by using the model appeared to

properly evaluate future sequences of dry and wet days

(climatological predictions).
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TABLE A-1

DRY<I MM

YARITAGUA

PROBABILITY (X%)

i e e e e . e A ————— — T — T T —— " o e o
S T S ST S S S S T T s s s ==

DAY JAN
1 95
2 90
3 95
4 90
5 85
6 95
7 90
8 100
9 100

10 100
11 90
12 95
13 90
14 95
15 95
16 100
17 90
18 90
19 100
20 100
21 95
22 100
23 100
24 100
25 100
26 100
27 95
28 95
29 90
30 95
31 100

100
100
100
100
100

95

95
100
100

95
100

100
100

YARACUY
APR MAY JUN
95 80 75
100 75 65
100 75 50
90 85 55
95 75 70
96 60 60
85 75 490
95 75 60
100 70 60
95 60 50
90 6S 70
90 65 60
95 70 60
85 60 SO
90 6S 45
95 60 S5
85 70 70
70 60 40
70 85 45
65 80 45
85 70 45
70 65 45
60 65 60
75 65 35S
70 65 45
S5 65 40
85 85 65
55 75 30
75 75 65
70 5SS 30
70

OF DRY

STATE
JUuL AUG
45 4S5
45 65
45 70
65 50
35 30
55 58
40 S5
55 7S
60 60
45 55
45 65
45 70
55 70
85 60
50 75
60 70
50 S5
55 70
70 60
55 80
65 75
60 80
60 90
50 &0
60 65
60 75
55 60
55 S50
4S5 50
35 80
45 70

DAY P{DRY)

P(WET)=1-P(DRY)}

NUMBER 1289

SEP OCT NOV DEC
70 85 85 75
75 90 85 80
65 75 80 890
80 85 85 90
65 80 80 80
7% 70 75 85
80 70 80 85
75 80 85 70
70 95 7S5 7S
70 85 80 95
75 75 85 100
7S 60 85 100
70 70 95 100
80 85 85 75
80 75 85 100
80 65 85 90
85 7S5 80 80
75 80 85 95
75 85 75 G5
80 85 80 95
75 70 85 95
75 80 80 95
90 85 75 100
85 70 75 100
90 80 85 100
80 70 80 100
7S 85 95 95
70 75 80 95
85 60 85 90
90 70 80 95

85 95
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TABLE A-2

DRY<1 MM

YARITAGUA

PROBABILITY (X) OF DRY

DAY GIVEN THAT

THE PREVIOUS DAY IS DRY

P ——

R
CVEBNOOCVPUN~

WWNNNOMNNNNNONNNNS ™ e e e e b
= O VONOOVLPUNOOEOENOMNNPL WN =

100
100
100
100
100
100
100
100

90
100

95
100
100

P D e I —————
_— e TS S S S S S S T S S T S s S s s S T T S S T S T s s ===

YARACUY
APR MAY JUN
98 92 78
100 75 66
100 86 61
90 86 80
94 82 81
94 66 78
89 91 41
100 86 87
100 80 58
95 78 41
89 66 90
94 69 85
94 84 S8
89 71 S8
94 83 S0
100 76 55
89 75 81
82 71 42
92 91 75
71 88 55
92 68 33
76 64 66
78 76 55
91 69 33
73 83 57
71 69 55
100 84 7S5
52 76 30
90 86 66
86 60 30
72

P (DRY/DRY)

P(WET/DRY)=1-P(DRY/DRY)

STATE

100
83
94
83
75
73
92
88

NUMBER 1289

OCT NOV DEC

92

85
70
73
66
92

100
82
100
84
93
76

——

100
100
100
100
75
100
Q0
88
93
94
100
94
100
100
100
100
100
95
94
89
94
94
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TABLE A—-3

DRY <1 MM

THE PREVIOUS DAY IS WET

YARITAGUA

DD TS T TS TS

FEB MAR

o~
OCo0oo0oO0O0OO0OVWODOOOODODOOO0QOOLO
—
o o

=3
o

-
e o
© O

o 0
-
o

100

L
(=]
0O00 0000000 OOO0OO0ODO0O0OO0O0OODOLOOOOOOQCOOOOC

PROBABILITY (%) OF DRY DAY GIVEN THAT

P(DRY/WET)

P(WET/WET)=1-P(DRY/WET)

NUMBER 1289

AUG SEP OCT NOV DEC

e s s e oy — o — o — . . 7 —

YARACUY STATE
APR MAY JUN JUL
0 S50 66 S50 63
100 75 60 45 63
0 40 28 36 71
0 80 30 54 50
100 33 55 14 20
100 40 16 46 50
0 S0 37 33 55
66 40 41 33 66
100 40 62 33 80
0 16 62 37 50
100 62 50 18 44
50 57 0 36 71
100 42 62 45 83
0 33 37 100 33
66 37 40 66 62
50 28 54 60 60
0 62 55 62 66
0 33 33 S50 66
16 75 25 55 50
50 33 36 33 87
71 75 54 55 S0
33 66 27 42 100
16 42 63 62 100
50 57 37 37 0
60 85 38 70 62
16 S57 27 37 85
66 85 58 25 40
66 66 28 55 50
55 40 64 33 40
20 40 28 27 70
66 53 75

40

100
66
80
80

100
60
60

100
66
S0
75
60
66

100

100
66
83
75
56
50
25
83

100
20
75
66

100
100
100
100
100
66
66
33
SO

60
100
66
S0
80
40
66
75

50
100

100
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TABLE A-—-4 PROBABILITY (X)) OF DRY DAY P(DRY)

DRY<1 MM P(WET)=1-P(DRY)
EL PORTACHUELO ARAGUA STATE NUMBER 1432
DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1 80 65 65 85 65 55 40 S50 40 50 45 SO
2 80 70 80 70 S5 60 75 45 45 60 SO0 65
3 80 56 65 75 70 S50 58S S5 25 55 S0 70
4 70 65 80 75 65 40 60 SO0 25 55 50 65
s 70 60 75 65 6S 45 50 40 60 85 50 65
6 55 65 75 80 45 60 5SS 60 60 4SS 60 S5
7 75 80 7S 85 50 40 60 45 4S5 35 S5 45
8 S5 70 80 70 70 S50 40 55 40 65 S50 60
9 75 60 70 80 80 S50 40 45 45 40 5SS 60
10 90 65 70 75 75 70 S50 S0 30 60 4S5 60
11 80 70 70 85 75 65 55 4S5 40 55 45 70
12 70 70 7S 75 65 6S 4S5 S5 30 S0 35S 4S5
13 60 75 75 65 60 50 SO0 4S5 35 55 40 4S5
14 65 75 85 65 70 S50 35 4S5 45 60 40 65
15 65 65 75 65 60 50 40 35 70 5SS S5 70
16 75 80 70 S5 70 S50 2S5 60 45 45 35 40
17 75 65 80 S0 45 35 35 75 40 35 45 55
186 75 80 70 70 SS S50 40 40 20 35 45 50
19 75 80 70 4S5 80 70 35 40 60 60 30 60
20 60 70 75 S5 S5 40 S50 65 45 SS SO0 70
21 80 70 75 60 50 45 60 60 45 60 40 75
22 65 65 85 75 S50 65 45 55 50 S50 40 SS
23 70 60 85 60 60 6S 40 S50 65 45 40 5O
24 75 70 60 60 65 S5 35 35 S0 60 5SS 70
25 60 60 65 50 60 45 45 60 50 40 60 S5
26 60 80 85 60 SO0 40 40 30 5SS 45 60 65
27 S5 85 90 65 50 55 45 45 50 10 40 80
28 80 80 70 65 65 60 40 35 50 S0 30 75
29 S5 100 85 35 S5 S5 40 55 S0 S5 55 70

(W
-0
w o
ou
N
v o
%)
o
o ~N
oo
o
)
o e
oo
)
0w o
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Qa
(5,0 ]
wo
o
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oo
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TABLE A-S PROBABILITY (X) OF DRY DAY GIVEN THAT

THE PREVIOUS DAY IS DRY P{DRY/DRY)
DRY<1 MM P(WET/DRY)=1-P(DRY/DRY)
EL PORTACHUELO ARAGUA STATE NUMBER 1432

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

e~ e M e

100 84 86 87 55 S0 90 58 58 66 66 54
60 81 86 76 90 87 S50 77 S5 5857 72 66
90 64 75 92 85 60 62 63 75 46 60 66
100 75 85 81 81 80 75 55 22 87 54 66
83 G2 92 93 80 64 80 70 S0 58 44 100

o
CVOONOGCOPLPUWN-
4]
~
o
o
@
o
0
N
0
W
o
o]
[+)]
o
~
(4l
(8]
@®
W
0
N
(=]
o
'e]

[
=)

12 75 78 78 82 73 61 S4 77 S50 63 44 SO
13 71 78 80 80 76 61 33 63 S50 70 42 55
14 100 86 86 76 75 60 40 55 42 A4S 75 88
15 69 73 82 76 57 70 42 55 55 75 50 84
16 76 B84 86 69 83 50 37 57 42 a5 63 42
17 73 75 100 63 64 30 40 83 33 33 14 87
18 80 92 87 70 88 B85S B85 46 25 28 66 63
19 73 87 78 &7 81 80 37 SO 75 71 55 60
20 73 81 85 77 62 35 42 62 41 58 83 83
21 75 g2 93 81 72 S50 60 46 S5 90 40 100
22 68 71 93 83 60 66 41 50 SS S50 50 73
23 76 84 94 66 70 61 55 54 60 60 62 54
24 85 91 70 75 66 69 50 30 53 88 62 80
25 53 71 75 75 84 63 57 71 60 41 81 71
26 58 91 92 70 75 S5 44 25 60 S0 83 72
27 66 87 88 75 70 100 SO0 83 63 22 50 84
28 90 94 77 61 80 54 44 44 20 SO 25 81
29 62 100 100 46 76 S50 S50 57 40 S0 S0 80
30 81 94 71 81 81 62 54 70 45 54 71
31 S4 82 78 87 30 60 76



TABLE A-6 PROBABILITY (X) OF DRY DAY GIVEN THAT

THE PREVIOUS DAY IS WET P(DRY/WET)
DRY<1 MM P(WET/WET)=1-P(DRY/WET)
EL PORTACHUELO ARAGUA STATE NUMBER 1432

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

e o ————— — —— ———— — ——— — — ——— —— — — —— e  ——— A= T —————
P e T T T T T > T

1 100 SO0 50 40 40 S0 28 25 45 44 33 25
2 0O 42 57 33 28 44 66 30 S0 70 36 40
3 65¢ 33 50 50 55 12 20 4S 9 62 30 S7
4 75 33 57 40 33 10 66 55 20 66 SO0 50
S S50 28 50 40 28 41 75 30 60 66 40 57
6 50 62 40 57 28 54 50 50 62 100 50 28
7 44 71 40 75 4S5 2S5 22 25 25 9 37 33
8 40 25 60 33 S0 25 25 36 27 69 22 5S4
9 S5 S0 S0 50 66 40 25 22 25 28 50 SO
10 60 S50 33 S0 50 60 33 45 36 41 33 650
11 S0 28 16 60 60 66 30 20 35 S50 45 25
12 SO0 50 66 33 40 71 33 36 16 33 27 33
13 33 66 60 20 28 28 63 22 28 40 38 36
14 12 40 80 42 62 40 30 36 46 77 16 45
15 57 40 33 42 66 30 38 18 81 25 58 42
16 71 71 20 28 S0 S50 16 61 S50 44 0o 33
17 80 25 33 33 0 40 33 62 45 36 61 33
18 60 S7 o 70 27 30 15 20 16 38 27 33
19 80 50 SO 16 77 60 33 33 656 S3 9 60
20 20 25 S0 36 25 S50 53 66 S0 S50 35 S5O0
21 87 16 20 33 22 41 60 85 36 22 40 16
22 50 S0 60 62 40 63 S50 62 45 S50 33 0
23 57 14 33 40 50 71 27 44 70 30 25 44
24 SO0 37 0O 37 62 28 25 40 42 36 S0 60
2% 80 33 SO 12 14 22 38 S3 40 37 33 16
26 62 62 71 S0 12 27 36 37 50 41 25 55
27 37 75 100 50 30 25 a1 28 33 0O 25 71
28 66 0 0} 71 S0 66 36 27 80 S50 33 SO
29 25 100 SO 14 14 62 33 53 60 60 57 40

]
(@]
I
N

33 38 S5 44 25 44 40 5SS 66 S50
33 16 41 60 S0 42

(W]
—
&
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TABLE A-7 PROBABILITY (%) OF DRY DAY P(DRY)

DRY<1 MM P(WET)=1-P(DRY)

AGUA FRIA MIRANDA STATE NUMBER 1436

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

TS T T I L T T T I S T S T S S T T T S ST S ST S S TS s mmEmEE=EE====

90 95 100 95 80 55 40 45 50 60 60 70
10 100 90 90 95 90 SO 30 40 40 55 70 5SS
11 80 S0 95 95 80 70 40 60 40 60 70 75
12 85 100 100 85 S5 65 65 60 40 70 60 70
13 75 90 100 75 70 35 40 S50 55 60 60 70
14 90 S0 95 90 75 40 S50 45 55 70 60 80
15 95 90 90 60 65 50 25 45 65 60 7S 95
16 95 85 90 75 55 30 4S5 40 S50 S50 75 SS
17 80 S0 90 75 55 30 45 60 45 50 55 75
18 90 95 85 90 60 45 35 65 45 40 SO0 80
19 70 S0 90 60 70 SS 40 40 60 SO0 50 80
20 95 80 90 75 S5 35 50 60 60 40 65 80
21 100 90 100 60 60 3S 4S5 70 60 60 60 75
22 95 75 100 70 4S5 4S5 S0 60 5SS 6S 85 90
23 95 80 95 75 40 45 35 55 70 S0 65 100
24 90 90 95 75 S5 35 35 35 S0 S50 6S 85
25 80 100 95 70 60 4S5 35 S5 55 50 70 75
26 90 95 100 75 S5 30 35 30 60 65 60 95
27 70 90 85 80 60 45 60 45 40 35 60 80
28 75 90 90 60 70 SO0 SO 35 40 55 70 95
29 80 100 90 60 50 45 35 55 55 55 75 80
30 65 95 70 S0 40 S50 5SS 65 70 70 95
31 80 90 60 65 45 SS 85



TABLE A-—-8

DRY<1I MM

AGUA FRIA

PRCBABIL ITY (%) OF

DRY DAY GIVEN THAT

THE PREVIOUS DAY IS DRY

P(DRY/DRY)

P(WET/DRY)=1-P(DRY/DRY)

MIRANDA STATE

NUMBER 1436

b e

DAY JAN FEB
1 76 87
2 93 83
3 100 94
4 66 Sa4
S 84 Sa4
6 93 94
7 94 77
8 68 93
9 92 94

10 100 89
11 80 88
12 81 100
i3 82 90
14 93 88
15 94 88
16 94 94
17 78 100
18 87 100
19 72 89
20 100 83
21 100 100
22 95 83
23 100 S3
24 94 93
25 83 100
26 100 95
27 72 89
28 78 88
29 86 100
30 81

31 100

100
90
100
100
100
95
89
100
94
94
94
94
100
100
95
100
94
100
85
88
88
94
89

100
86
100
66
100
80
83
92
80
80
71
80
68
7S5
91

100
88
68

100
85
73
61
72
72
91
64

100
50
44
75
81
83
81
83
57
80
70

25

85
5S4
63
33
87
91
66
30

33
75
58
38
75
66
50
58
36
71

27
50
44
57
63
54

100
44
40
63
70
40
50
50
75
72
63
46
70
a4
55
58
50
66
81
57
60
72
a1
37
50
72

100
57
100
86
87
87
81
86
100
85
76
93
78
100
78
100
84
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TABLE A-9

DRY<1 MM

AGUA FRIA

PROBABILITY (X) OF DRY DAY GIVEN THAT
THE PREVIOUS DAY

MIRANDA STATE

IS WET

P(DRY/WET)

P(WET/WET)=1-P(DRY/WET)

NUMBER 1436

o e -~ —————— ——— . —— — o — ——— — — ———— —— ———————— — — - —— — ———
St Pt i e S e Y

100
100

83
100

100
33
80

100

100

100

100
S0
83

100

50
50
S0
66
60

42

100
SO
S0

40
75
100

100
100
100

100

100
100

100
100
100
100

100
100

66
100

37
40
60

37

SO
33
60
40
83
80
25
37
37

100
100

66
100
100

75
100

75
100
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TABLE A-10 PROBABILITY (X) OF DRY DAY P(DRY)

DRY<1 MM P(WET)=1-P(DRY)

VALERA TRUJILLO STATE NUMBER 2164

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

S T T T o o o T o I T o T T T o . o o e e e e e o o e e e o e e e e e o S i S e e i ‘et e e e
e e T e ]

1 85 80 80 85 S5 70 65 70 S0 S5 60 75
2 95 80 80 85 85 65 70 75 60 70 65 90
3 90 85 85 60 70 60 75 60 55 65 60 65
4 85 7S 90 B85S 85 60 95 65 65 60 70 75
5 90 80 80 45 60 60 80 70 60 S5 50 60
6 95 90 90 7S S5 S5 75 65 80 85 65 85
7 90 95 90 BO 65 60 50 55 85 60 80 75
8 90 90 75 70 90 60 70 B85 85 45 75 80
9 90 95 80 80 70 60 70 45 60 SO0 65 S0
10 90 75 60 70 65 80 65 S5 &5 70 85 65
11 80 B85 75 45 S5 65 80 75 60 60 65 65
12 85 85 90 60 55 60 90 65 70 65 60 55
13 70 85 90 S5 75 70 80 55 6S 60 80 80
14 60 85 90 80 70 70 &S 75 60 65 55 90
1S5 90 95 100 55 70 70 75 65 S0 85 60 90

el
(o))
[0 4
(&)
0
0

85 70 65 65 65 65 45 75 65 70
17 100 95 75 S50 60 65 75 40 75 S5 85 75
18 80 90 80 75 70 75 70 60 60 65 75 90
19 90 95 80 70 70 65 60 60 70 65 70 80
20 85 90 85 S50 70 65 70 70 60 80 65 70
21 95 80 80 60 85 65 80 70 60 60 50 80
22 95 8S S5 65 65 80 80 80 75 S50 60 90
23 95 70 95 60 70 80 85 45 60 60 70 90
24 95 90 80 40 B0 70 S50 65 65 65 60 85
25 €5 85 60 45 7?5 S5 85 40 70 70 55 85
26 80 85 75 S0 70 60 65 65 55 55 50 70
27 85 85 85 75 80 80 80 65 55 45 65 90
28 B8S 95 85 70 75 75 85 65 55 65 95 85
29 75 80 70 60 75 70 70 60 7O 70 70 85
30 55 80 S0 70 85 85 60 65 60 80 85
31 55 75 5SS 65 70 S5 85



TABLE A-11

DRY<1 MM

VAL ERA

1 82 100
2 100 87
3 89 87
4 88 82
S 94 80
6 100 93
7 9a Sa
8 88 89
S 94 94
10 94 78
11 83 93
12 93 82
13 76 88
14 64 88
15 83 100
16 83 100

17 100 100
18 80 G4
19 93 100
20 88 89
21 100 83
22 94 87
23 94 70
24 G4 92
25 89 83
26 88 94
27 87 88
28 88 94
29 88 94
30 60

31 81

PROBABILITY

(%)

THE PREVIOUS DAY IS DRY

TRUJILLO

MAR APR MAY

78
87
81
88
83
87
88
72
80
75
75
93
94
88
100
85
76
80
87
81
82
56
100
84
68
83
80
88
76
78
75

86
88
64
G1
52
88
73
81
78
75
42
77,
75
90
62
81
57
90
73
S7
90
83
69
16
62
S5
70
80
57
S0

60
81
76
92
64
SO0
72
92
77
71
69
72
90
86
78
64
61
83
71
71
100
64
76
71
66
80
92
81
80
66
57

OF DRY DAY GIVEN THAT

P {DRY/DRY)

P(WET/DRY)=1-P(DRY/DRY)

NUMBER 2164

STATE
JUN JUL
72 64
64 84
76 78
75 93
75 78
66 75
€3 66
66 90
75 71
66 78
81 76
76 93
66 77
78 75
71 76
64 60
69 84
69 66
73 78
s3 75
69 85
100 87
93 81
62 58
71 80
63 64
83 69
75 87
66 76
85 85
64

S0
63
66
92
76
73
71
53
70
75
64
58
S4
70
100
68
895

100
100
72
85
86
83
68
85
87
94
83
94
76
85
83
88
88
82

51



TABLE A-12

MM

PROBABILITY (X)

THE PREVIOUS DAY IS WET

OF DRY DAY GIVEN THAT

P(DRY/WET)

P(WET/WET)=1-P(DRY/WET)

NUMBER 2164

DRYKL1
VAL ERA
DAY JAN
1 100
2 66
3 100
4 SO
S 66
6 SO
7 o
8 100
9 50
10 SO
11 50
12 50
13 33
14 SO
15 100
16 100
17 100
18 0o
19 75
20 S50
21 66
22 100
23 100
24 100
25 0o
26 33
27 75
28 66
29 0
30 40
31 22

100
33
66

100

100

100
100

66
80
50
100
66
50
88

25
62
100
66
33
83
75

TRUJILLO
APR MAY
80 50
66 88
33 33
75 66
(¢} 33
63 62
100 SS
25 85
83 o
50 SO
S0 28
45 33
25 55
66 20
25 50
55 66
33 57
60 S0
60 66
33 66
30 SO
37 66
42 S7
78 33
33 87
4S5 40
80 S5O0
40 SO
66 60
50 80
50

STATE
JUN JUL
66 66
66 42
28 66
37 100
37 100
37 75
55 0
50 50
37 66
100 33
0 85
28 75
75 100
50 25
66 71
66 80
57 57
85 80
40 16
85 62
57 66
42 50
25 100
100 0
16 90
55 66
75 100
7S 75
80 33
83 83
66

S0

100
62
66
75
50
80
37
57
33
22
44
66
50

33

57

100
66

100
50
75
66

100
S0

100
33
33

100

100
66
66

100

52



TABLE A-13

DRY<1 MM

VALLE DE LA

15 65 100
16 S5 100
17 100 90
18 95 100
19 95 100
20 95 100
21 100 100
22 95 100
23 100 100
24 90 100
25 95 100
26 95 100
27 g9S SS
28 100 100
29 95 100
30 95

31 95

PROBABILITY (X) OF DRY DAY P (DRY)

P(WET)=1-P(DRY)
PAS CUA GUARICO STATE NUMBER 2584

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

P PR R

95 95 95 45 70 40 75 70 85 100
100 95 85 60 35 35 65 80 90 85
85 100 75 25 60 40 6S 85 90 90
100 100 85 20 60 50 S5 S5 75 70
95 90 75 45 55 15 55 70 80 95
90 90 75 45 40 SO 60 90 75 95
100 85 90 40 S5S5S S50 50 65 70 95
100 85 55 40 S5 80 75 70 95 100
100 95 60 S 45 70 80 90 80 95
100 80 45 65 30 55 65 75 85 100
9% 85 60 S50 35 S50 75 75 90 100
100 80 60 35 60 S0 75 90 85 90
100 80 70 35 45 40 60 70 85 100
100 75 60 S0 30 40 95 70 100 100
100 85 70 50 60 40 70 95 8S 100
100 95 6S 45 S50 60 75 75 7S 95
95 85 6S 25 S50 S5 70 90 80 95
95 5SS 65 S50 80 95
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TABLE A-14

DRY<1 MM

VALLE DE LA

DAY JAN FEB

100 100
10 100 100
11 95 95
12 100 94
13 95 100
14 89 G5
15 94 100
16 G4 100
17 100 90
18 95 100
19 100 100
20 94 100
21 100 100
22 95 100
23 100 100
24 90 100
25 S4 100
26 94 100
27 94 9S
28 100 1CO
29 95 100
30 94
31 100

PROBABILITY (X) OF DRY DAY GIVEN THAT
THE PREVIOUS DAY IS DRY P{DRY/DRY)

P{WET/DRY)=1-P(DRY/DRY)

PASCUA GUARICO STATE NUMBER 2584

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

e e o — — —— e e —— o — — —— —— i — — — — — — t— —— —— — o —

AP S S S S ST S S S S T s S s s s s s s TS =S =========

100 100 87 50 S0 75 41 76 100 94

100 100 78 62 80 54 71 80 82 100
100 95 100 45 37 85 68 82 86 80
100 100 100 60 75 33 S50 82 100 100
100 100 94 72 66 S7 50 62 78 88
100 90 77 54 60 62 80 76 100 94
100 100 85 58 60 58 66 100 78 94
95 94 100 55 69 33 71 68 87 100
100 94 84 66 42 S50 66 78 88 85
85 100 70 25 57 14 69 81 94 88
100 100 93 20 66 62 69 52 77 72
95 90 82 75 S8 30 45 81 86 100
94 94 86 55 54 66 T2 92 75 100
100 94 93 44 62 60 50 66 93 94
100 94 61 37 63 60 80 76 92 100
100 100 72 62 45 62 86 92 78 95
100 84 S0 72 44 57 68 77 93 100
95 93 66 61 66 63 76 80 88 100
100 82 66 40 85 70 73 86 83 90
100 81 91 28 41 60 73 72 82 100
100 87 71 57 44 37 91 78 100 100
100 100 100 S0 50 37 68 100 85 100
100 94 57 40 50 S0 71 73 76 95
95 89 76 33 S0 S8 60 86 86 94
100 76 80 45 77 94
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TABLE A-15 PROBABILITY (%) OF DRY DAY GIVEN THAT

THE PREVIOUS DAY IS WET P(DRY/WET)
DRY<1 MM P(WET/WET)=1-P(DRY/WET)
VALLE DE LA PASCUA GUARICO STATE NUMBER 2584

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1 100 100 o o 33 33 26 57 40 S50 25 100

2 100 (o] 0O S0 S50 33 50 40 60 100 83 100
3 (¢} 0 100 100 80 50 11 33 37 33 50 S0
4 100 100 0 0 66 0O 33 58 66 42 100 75
S o (¢] (¢] 0 S0 33 58 S7 S5 83 50 100
6 0o 0 0 0 S0 33 37 37 75 66 83 100
7 100 (o} o 0 100 25 36 37 44 20 100 100
8 0 100 (0] 0 0O 50 26 11 100 100 33 100
9 100 0 0 0O 40 55 41 46 75 100 80 0
10 0 0 0 100 66 50 50 37 S0 66 66 SO0
11 0 0 0o o 0O 33 25 30 50 75 0 100
12 100 100 0 0 0O 66 40 58 70 85 80 SO
13 0 100 0 S0 33 25 70 62 80 75 100 50
14 100 (0] 0 100 83 36 71 50 83 100 7S5 100
15 100 100 100 100 100 S4 16 25 60 83 100 0
16 100 0 0 100 100 25 61 53 57 100 S50 100
17 100 0 100 0O 60 20 50 41 28 66 S50 SO
18 0 100 0 o 33 37 SO 0O 66 S5 60 83
19 0 (0] 0 S0 40 36 22 4T 44 83 75 0]
20 100 0 100 0O 80 36 50 40 S50 50 0 100
21 100 o o 33 0O 41 44 100 70 S7 100 100
22 (0] (0] 0 66 44 S50 44 100 60 83 100 0o
23 100 0 0 0 37 55 18 S0 S50 50 S0 100
24 0 (o} 0 SO0 54 28 21 33 71 60 100 0
25 100 0 100 66 50 30 46 30 80 100 100 0
26 100 (¢} 0O 75 37 38 SO0 20 20 S50 100 100
27 100 (] 0 25 33 46 18 41 100 S0 100 0
28 100 100 0O 40 25 S0 64 41 100 83 0 (o]
29 0 Y] 0 100 83 S50 50 66 83 100 66 o
30 100 o 0O 42 18 50 50 100 100 60 100
31 0 0 14 50 55 100 100
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TABLE B-1 PROBABILITY (%) OF DRY DAY P(DRY)

DRY <3 MM P{WET)=1-P(DRY)

YARITAGUA YARACUY STATE NUMBER 1289

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

e e o o o ———— T —— o e " oo o T T S T e o o — o " o . . e i o
R T T S T S S S T S S S S I s s s s s s S S S S T S I S T T oSSR S S s T ST ST s ===

100 100 100 95 70 70 60 6S 85 80 75 85

100 100 95 85 75 S50 45 555 90 75 85 85

100 100 100 100 80 70 70 75 85 80 90 85

i00 100 100 100 85 65 70 70 80 100 80 75
10 100 100 100 95 65 60 50 70 80 85 80 95
i1 95 100 100 90 65 70 S5 70 85 85 95 100
12 95 100 100 90 75 65 50 75 80 75 85 100
13 95 100 100 95 70 70 60 7?5 80 75 95 100
14 100 100 100 85 70 60 90 65 80 90 90 75
1S 95 100 100 95 65 S50 60 75 80 75 95 100
16 100 100 100 95 60 S5 70 80 85 70 90 95
17 100 85 95 85 75 80 60 60 90 85 90 85
18 95 95 100 80 65 45 60 75 85 85 95 95
19 100 100 95 75 85 S5 80 70 75 90 85 95
20 100 100 100 65 85 55 60 80 80 85 85 95
21 95 100 100 90 70 SO0 70 75 75 80 90 95
22 100 100 100 70 65 55 70 85 80 85 85 100
23 100 100 100 60 65 65 75 95 90 85 80 100
24 100 95 100 80 70 45 70 65 85 80 7S 100
25 100 100 100 70 75 4S5 70 70 100 85 95 100
26 100 100 100 70 65 55 65 75 80 80 85 100
27 100 100 95 90 90 65 60 75 75 85 95 95
28 100 100 100 65 90 45 8B5S 60 75 85 85 100
29 95 100 100 75 80 70 60 60 B85 65 90 95
30 S5 100 75 60 30 45 80 90 90 85 100
31 100 100 70 55 80 85 95



TABLE B-2

DRY<3 MM

YARITAGUA

PROBABILITY (%) OF DRY DAY GIVEN THAT
THE PREVIOUS DAY IS DRY

P(DRY/DRY)

P(WET/DRY)=1-P(DRY/DRY)

NUMBER 1289

14 100
15 95
16 100
17 100
18 95
19 100
20 100
21 95
22 100
23 100
24 100
25 100
26 100
27 100
28 100
29 95
30 100
31 100

100
100
100
100
100
100
100

95
100
100
100
100

YARACUY STATE
APR MAY JUN JuL
96 93 85 33
100 76 68 4S5
100 100 84 60
90 88 71 70
100 88 75 71
95 75 80 61
89 78 42 41
100 86 90 88
100 81 64 78
95 70 38 S50
89 69 83 70
94 84 85 54
94 80 76 70
89 71 57 83
100 78 66 61
100 76 60 7S
89 75 90 64
94 73 56 50
81 92 77 91
73 88 5S4 62
92 70 45 7S5
72 64 70 78
78 76 63 71
91 69 30 73
7S 71 55 71
78 73 66 78
92 92 81 76
66 88 46 S5O0
84 83 77 72
86 68 28 50
75 S5

68
69
71
80
66
66
83
81

100
83
100
80
75
73
93
88

94
a8
83
76
81
82
82
87
82
87
82
70
84
88

100
84
82
88
88
82
75

100
84
94
84
94
83

100
100
100
100
75
100
95
84
94
94
100
94
100
100
100
100
100
95
100
95
100
95

58



TABLE B-3

THE PREVIOUS DAY IS WET

DRY<3 MM

YARITAGUA

DAY JAN FEB MAR APR MAY

YARACUY

JUN

PROBABILITY (X) OF DRY DAY GIVEN THAT

P(DRY/WET)

P(WET/WET )=1-P{(DRY/WET )

STATE

NUMBER 1289

T T T T T T T I T ST T T T T S T T T T T T I T T TN N NN oSS NIoESSDIEEE==E=

1 100 0 0 0 60
2 0 0 100 100 66
3 SO0 0 0 0 40

4 100 0 (o] 0 66
5 O 100 0 100 33
6 100 0 0 0 50

[ 4 0 0 0 0 66

8 0 0 100 100 60
9 0 0 0 0 100
10 0 0 0 0 33
11 9] 0 0 100 57
12 100 0 0O S0 57
13 100 C 0 100 40
14 100 0 o 0 66
15 ¢] 0 0 66 33
16 100 0 0 0 28
17 0 0 (o] o 75
i8 0 66 100 0 40
19 100 100 0 50 71
20 0 0O 100 40 66
21 ] o 0 85 66
22 100 0 0O 50 66
23 0 0 0 16 42
24 0 0 0o 62 71
25 0 100 0O 50 83
26 0 0 0o 50 40
27 4] 0 0 83 85
28 0 0 100 50 100
29 0 0 0o 57 50
30 0 0O 40 25
31 100 0 62

100
S0
16
57
66
25
50
66

36
55
55
40
66
71
36
45
44
42
63
33

50
83
60
66
33
28
62
44
37
54

100
100

71
83
60
40
50
75
75

50

100
100
66
80
100
80
50
100
100

75
80
60
100

100

33
100
100

80

50

60

83

33
100
100
100
100
100

66

75

66

75
100

33
100

50

100
100
100
100
100
100
100
100

S0
100
100
100

50

66

75

80
100
160
100

66
100

100

100
100
100
100

100

=
o
(=]

faach
(=
COO0OO0OQQOoOCQO

(=3
o
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TABLE B—4 PROBABILITY (X) OF DRY DAY P{DRY)

DRY<3 MM P(WET)=1-P(DRY)
EL PORTACHUELO ARAGUA STATE NUMBER 1432

DAY JUAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1 85 70 80 90 75 75 70 70 SO0 60 60 70
2 90 80 90 85 60 65 85 60 60 75 65 70
3 80 80 70 80 75 55 65 70 S50 75 S0 7S5
4 75 75 95 85 75 60 70 70 S50 SS 60 70
S 90 80 90 80 75 S50 70 45 80 90 65 70
6 75 80 90 85 60 65 S5 75 70 S0 65 80
7 90 80 90 85 60 S50 70 75 55 45 75 65
8 70 80 95 85 80 80 60 60 S50 75 70 65
9 85 80 85 80 80 60 65 60 60 S0 65 75
10 90 90 75 80 75 80 55 55 S0 70 S50 70
11 95 85 70 100 80 70 70 55 65 65 S5 75
12 90 80 85 80 75 65 S50 75 40 65 50 5SS
13 75 85 80 75 7?5 80 60 55 S50 70 40 S5
14 85 80 85 75 80 70 S5 60 55 70 50 85
1S 8 80 75 75 75 60 55 55 80 5SS 65 85
16 90 95 85 75 80 65 50 85 65 75 655 60
17 75 70 90 75 60 55 50 75 45 60 70 65
18 85 90 85 80 S5 65 50 S5 45 55 50 S5

—
0
o]
(@)
0
o

75 60 85 70 40 60 60 65 4S5 75
85 65 80 60 65 75 65 6S 70 70
95 70 75 50 65 70 60 65 S50 80
85 80 55 85 70 65 60 60 S5 85
90 80 75 70 45 65 80 75 60 75

AV VI VIV
Wmn = O
® ®»C N
Qo UMy
N N® N
auvun

24 S0 75 80 65 75 60 45 S5S 60 6S 65 85
25 85 80 85 60 75 S50 65 85 60 60 70 70
26 80 100 90 75 60 45 75 55 65 4S5 60 85

27 80 95 90 70 75 65 S0 60 55 15 45 85
28 80 90 85 75 75 80 5S 45 75 60 S5 80
29 65 100 95 40 75 60 75 70 65 80 65 80
30 S5 95 60 85 7S 45 60 75 60 65 80
31 55 90 70 80 65 60 70



TABLE B-5 PROBABILITY (%) OF DRY DAY GIVEN THAT

THE PREVIOUS DAY IS DRY P(DRY/DRY)
DRY<3 MM P(WET/DRY)=1-P{DRY/DRY)
EL PORTACHUELD ARAGUA STATE NUMBER 1432

e B> ]

100 87 88 88 S50 53 100 80 S7 70 76 62

77 S3 94 82 91 80 64 60 54 77 66 69

92 93 84 88 87 68 75 66 70 S3 78 84
10 100 93 76 87 81 75 S53 66 S0 90 53 80
11 94 94 86 100 86 68 81 63 70 64 60 100
12 89 88 85 80 81 64 42 90 30 61 45 66
13 77 387 82 87 80 76 40 S53 62 84 40 63
14 93 88 87 86 80 7S 658 63 60 64 87 100
1S 9a 81 82 86 75 57 54 S50 72 64 S0 88
16 94 100 93 80 86 58 54 100 68 81 69 64
17 72 73 94 80 62 46 70 76 23 73 72 83
18 86 92 88 80 75 72 70 60 S5 58 S0 76
19 82 94 82 68 81 76 30 63 77 72 SO 81
20 81 83 86 83 82 57 S50 75 58 69 100 80
21 93 100 100 84 81 58 53 66 69 84 50 100
22 78 76 89 85 66 90 61 64 75 69 60 87
23 81 93 100 87 72 70 57 69 83 83 72 70
24 93 93 88 7S 86 78 66 S3 68 73 7S 86
25 83 86 87 92 86 58 66 100 S8 76 84 76
26 82 100 88 83 73 50 69 58 58 41 85 85
27 81 95 88 73 83 100 60 72 61 22 58 88
28 81 94 88 71 86 76 60 58 63 66 55 76
29 75 1CO 100 46 80 56 81 77 60 75 81 75
30 84 100 87 86 83 53 71 84 S6 61 81
31 63 89 76 88 SO 66 87



TABLE B-6

DRY<3 MM

PROBABILITY (X) OF DRY D1Y GIVEN THAT
THE PREVIOUS CAY IS WET

EL PORTACHUELO

P(DRY/WET)

P(WET/WET)=1-P{DRY/WET)

NUMBER 1432

P Tt - s T - Tt 3 e

JAN FEB
100 a4
33 66
100 50
75 25
80 60
S0 75
60 50
0 25
66 25
33 75
100 0
100 33
S0 75
60 33
33 75
66 75
100 0
80 83
66 50
S0 0
100 40
100 66
75 20
75 20
100 60
66 100
75 (0]
75 (o)
25 100
0
44

100
100
100
66
20
83
66
75
33
60
66
S50
33
80
66

33

75
100
100

50

66

100

100

25
40
40
60
60
80
25
37
42
66
50
25

62
60
83
20
41

ARAGUA
MAY JUN
62 66
40 60
62 28
40 33
40 37
20 70
75 42
62 80
50 25
S0 87
60 75
50 66
60 85
80 50
7S 66
60 75
50 71
25 S5
88 57
66 66
50 37
20 80
77 66
40 16
40 37
20 a0
62 36
40 85
60 75
80 62
33

STATE
JUL AUG
80 100
100 33
0O 75
71 66
66 33
16 63
33 60
50 60
50 50
s7 37
55 44
66 S5
80 60
50 55
55 62
44 66
30 66
30 40
50 S5
75 75
85 80
85 66
16 57
27 S7
63 66
85 33
20 44
50 25
66 63
20 33
72 87

S0

85
36
45
75
42
37
75
25
62
75
42
88
80
57

44
71

100
80
33
83
66

100

100
75

62



TABLE B-7 PROBABILITY (X) OF DRY DAY P(DRY)

DRY<3 MM P(WET)=1-P(DRY)

AGUA FRIA MIRANDA STATE NUMBER 1436

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

B - 2 > P > > L A ]

95 95 100 95 B85 65 60 65 75 70 90 80
10 100 90 90 100 95 60 S50 60 S0 6S 80 75
11 85 95 100 95 80 80 50 65 S5 65 80 80
12 95 100 100 95 65 75 70 70 55 85 70 85
13 95 100 100 90 80 50 S5 60 60 70 70 75
14 G0 S5 95 90 80 40 70 SO 7% 75 80 90
15 100 90 90 B85 95 75 SS 65 80 80 80 95
16 100 90 95 85 75 S50 45 70 65 65 80 80
17 90 S0 95 75 70 40 S5 65 50 60 60 80
18 95 95 95 90 60 45 60 80 S0 55 60 85
19 85 90 100 70 75 6S 50 65 65 70 6S 95
20 95 90 95 75 75 45 55 65 80 50 85 90
21 100 90 100 65 75 55 65 70 70 6S 75 90
22 100 80 100 80 60 75 S50 75 55 75 90 100
23 95 90 95 85 S50 65 45 7S5 75 75 85 100
24 90 95 100 B85S 60 S5 55 55 60 80 85 90
25 85 100 100 80 60 65 65 70 80 65 75 80
26 100 100 100 80 70 40 40 50 80 70 80 95
27 90 1060 100 95 6S 55 65 60 60 S5 75 100
28 80 9S 90 65 75 55 65 S5 60 65 80 95
29 90 100 90 60 60 60 50 70 65 S5 90 85
30 75 95 75 75 50 60 60 80 90 75 100
31 80 90 75 75 70 75 90



TABLE B-8

DRY<3 MM

AGUA FRIA

PROBABILITY (X) OF DRY DAY GIVEN THAT

THE PREVIOUS DAY IS DRY

MIRANDA STATE

P(DRY/DRY)

P(WET/DRY)=1-P(DRY/DRY)

NUMBER 1436

e —— ——— T ——— " " — A — — — " W - . - - —— e T TS S e M e
prdie oo PP R

S
CVWOENOUMPHPWN=

WWNNNNNNNNNN = = e o e o g et
= OOV ENONPUN=OCOVDODNOOEUWUN=

100

78
100
100

85

94

94

89
100
100

90

94

84

94
100
100

95

94

88
100

90

83

87

83

93

100
100
89
88
100
88
93
100
100
100
100
SS
100

100
90
100
100
100
95
89
100
100
100
100
95
100
100
95
100
100
100
100
90
88
94
89

89

94
94
82
100
72
92
80
76
93
82
88
75
100
68
76
91

MAY JUN
73 46
86 70
93 S3
76 75
93 66
93 77
66 S8
78 S5a
93 76

100 S3
84 91
81 81

100 53
93 50

100 87
78 40
73 SO
71 62
91 77
86 46
86 S5
73 90
58 73
70 S3
83 81
83 46
71 75
84 72
73 4S5
91 58
86

86

100
83
82
88
73
81
86
93
77

100
100
78
93
87
100
89
94
100
100
90
83
93
100
95
84
100
90

64



TABLE B

DRY<3 M

AGUA FR

DAY JAN

100
100

75
100

Kl
COUO®NOCOFH WN -
~
n

—
N -
o

100
100
100
100

- e s g g
NGO P W
o O

100
100
100
100

NNNNNON -
NeWn oY
O C o

SO
100

NANN
®~NO
(]

S0
100

wWwWwn
- O 0
o

40

-9

M

IA

PROBABILITY

(%)

THE PREVIOUS DAY IS WwET

OF DRY DAY GIVEN THAT

P(DRY/WET)

P{WET/WET)=1-P(DRY/WET)

MIRANDA STATE

NUMBER 1436

bl R A T b S i

100
100

75
50
100

100

100
33
100
75

28
50

100
83
50
66

42
25
75

60
33
S0
40
40
20
37
S0
2S5
50
S50
57
20
SO0
40

50
85
33
85
75
42
71
83
40
60
55
83
60
50
77
SO
62

100
75
14
50
60
85
75
33
66
20
75
75
75
S0

S7

100
S0

100
75
75
S0
66

100
50
25
SO
75
71
66
60

100

100

100
SO
60
75
S0

100
25
75
66

100
S0

100

50
100
100

100

100

65



TABLE B-10 PROBABILITY (X) OF DRY DAY P(DRY)

DRY<3 MM P(WET)=1—-P(DRY)

VALERA TRUJILLO STATE NUMBER Z21€4

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Pt e PP R

95 100 85 80 85 85 80 75 70 65 65 70

14 80 95 100 80 75 95 85 75 75 85 80 90
15 95 95 100 6S 85 85 90 80 65 85 65 90
16 90 95 95 80 75 85 70 80 50 80 65 85
17 100 95 95 80 B85 95 85 6S 75 65 90 85
18 85 90 85 85 70 85 75 80 70 75 85 90
19 95 65 85 80 7S 80 80 65 80 80 75 80
20 90 95 95 65 70 80 75 80 7S 85 70 80
21 95 80 80 80 85 70 85 80 75 7S 70 90
22 95 95 70 75 70 85 80 80 85 6S 70 95
23 95 80 95 60 85 85 100 S50 75 75 75 95
24 95 100 90 SO0 80 80 70 80 85 75 70 95
25 90 95 70 55 7S 80 95 70 80 80 65 90
26 80 95 90 S5 80 70 75 80 65 70 60 80
27 85 95 95 95 85 90 90 80 70 55 80 95
28 85 95 95 85 80 90 95 80 70 85 95 85
29 80 80 80 70 80 95 75 80 70 80 70 95
30 65 95 75 80 85 90 70 85 70 95 85
31 65 80 65 7S 85 60 90



TABLE B-11 PROBABILITY (X) OF DRY DAY GIVEN THAT

THE PREVIOUS DAY 1S DRY P (DRY/DRY)
DRY<3 MM P(WET/DRY)=1-P(DRY/DRY)
VAL ERA TRUJILLO STATE NUMBER 2164

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

e o T — S~ —— ————— ————— ——— —————————— ———— — — — — v — =
PP oS P s

1

2

3

4 90 83 100 80 87 82 100 71 71 85 92 80
5 88 93 90 76 76 80 95 81 60 60 68 81
6 100 94 100 78 S7 68 78 86 76 83 76 93

7 94 94 90 81 83 71 68 76 88 76 86 77
8 94 94 83 88 93 92 91 93 94 S6 88 87
9 94 100 82 75 88 94 81 72 68 75 62 72
10 89 80 70 7S 82 88 81 66 78 76 92 85
11 88 87 100 S0 68 94 86 75 76 75 72 81
12 94 88 89 70 76 72 94 86 75 92 80 66
13 82 88 94 84 92 84 83 81 85 75 92 84
14 81 94 100 78 83 100 88 73 75 87 77 100
15 93 94 100 68 93 84 94 80 60 88 62 100
16 89 100 95 92 76 82 72 81 61 82 69 83
17 100 100 94 81 100 94 92 62 60 68 100 88
18 85 94 B84 87 B2 84 76 B84 60 76 88 88
19 100 100 88 82 78 82 80 68 78 86 82 83
20 89 94 94 68 73 81 7S 84 68 81 73 81
21 100 84 78 100 100 75 93 87 66 70 71 87
22 94 63 75 81 70 92 82 87 86 60 71 94
23 94 78 100 60 85 94 100 56 70 76 85 100
24 94 100 94 33 88 76 70 70 100 86 66 94
25 94 95 77 60 68 81 92 62 88 86 64 89
26 83 94 92 S4 86 75 73 85 68 75 61 83
27 87 94 94 90 93 92 86 81 76 S7 75 93
28 88 S4 94 84 88 94 94 81 71 90 100 84
29 88 94 84 76 87 94 78 81 71 82 68 100
30 75 93 71 81 84 93 68 92 75 92 89
31 76 78 68 77 92 57 88



TABLE B-12

DRY<3 MM

VALERA

e
COVEB~NOOANSHUWN -

NN""""’"“"""‘""“"‘
= OV O®YON&WN =

22
23
24
25
26
27
28
29
30
31

100
100
100
100

66
75
100
100
100

66
100
SO
100
100
100

S0
75
66
33
25
42

100
100
100
100

100
100
100
100
100

S0
100

100
100
100

100
100
100
100

PROBABILITY (X) OF DRY DAY GIVEN THAT
THE PREVIOUS DAY IS WET

100

100

100
100
66
100
100
S0
83

83
100
100

100
100

TRUJILLO
APR MAY
100 80

0 85
33 33
100 75
33 33
83 66
100 62
33 80
100 SO
S0 66
S0 SO0
60 42
42 85
83 0
S0 60
57 66
75 40
75 0
66 66
50 60
42 SO
S0 66
60 83
75 33
50 100
S5 60
100 SO
160 33
33 50
83 75
S0

STATE
JUN JUL
71 66
60 2S5
71 100
33 100
80 ]
75 100
66 25
83 62
0 75
100 SO
S0 80
0 66
71 100
7S 66
100 66
100 SO
100 66
100 66
66 890
75 75
50 60
66 66
33 100
100 o
75 100
S0 100
83 100
50 100
100 o)
100 80
SO

100
66
75
75
75
75
66

100
83
100
100
80
100
40
33
SO
57
66
66
66

P(DRY/WET)

P(WET/WET)=1-P(DRY/WET)

NUMBER 2164

OCT NOV DEC

o —— — — — ———— ————— —— - — —— - — - e e e o ——
S 2 T P

S0

100
75
66
66
SO
71
60

100

100
80
71
40
60
50
S0
77
66
50
66

100

57
71
50
33
60
66
66
50
80
66
S7
87
75
100
100

100

100
66
100
S0
75
100
100

100
100
S0
100
100
66

100

68



TABLE B8-13

DRY<3 MM

VALLE DE LA

DAY JAN FEB

-
OCVEXNON&»WN-=
0
o
-
©
o

-
WN -
-

[o e N'e}
ocoowm
-
[l elNe]
o o O

14 95 100
1S 100 100
16 95 100
17 100 90
18 100 100
19 95 100
20 95 100

21 100 100
22 95 100
23 100 100
24 100 100
25 100 100
26 100 100
27 100 95
28 100 100
29 100 100
30 100

31 95

PROBABILITY (X) OF DRY DAY P(DRY)

P(WET)=1-P(DRY)

PASCUA GUARICO STATE NUMBER 2584

MAR APR MAY JUN JUL AUG SEP 0OCT NOV DEC

100 100 100 50 S50 70 80 75 90 S5
100 100 80 75 60 S50 85 90 80 100
100 100 90 65 50 60 75 <SS 90 85
100 100 95 70 70 56 S5 85 100 90
100 100 95 70 55 S50 65 75 85 95
100 95 85 6S 60 70 75 90 100 90
100 95 75 S5 75 75 80 100 95 100
100 95 95 55 75 50 85 80 90 100
100 100 95 60 50 65 80 90 95 95
9% 100 80 35 70 60 70 95 90 90
100 100 85 30 65 60 60 85 85 85
95 90 80 50 75 35 75 85 90 95
95 95 80 S50 S5 7S 65 90 90 95
100 90 90 S5 70 70 60 75 80 100
100 95 6S 45 85 80 80 85 95 100
100 95 65 65 S5S 70 85 90 80 100
100 80 55 75 40 65 70 80 95 100
95 90 7?5 SS S50 70 85 8S 90 100
100 80 65 55 75 6S 85 95 100 95
100 85 75 4S 65 SS 70 80 90 100
100 80 85 S50 55 S50 95 75 100 100
100 90 70 70 65 60 80 95 90 100
100 95 70 60 50 70 80 75 85 95
95 85 90 S0 60 65 75 90 85 100
95 75 70 65 85 35
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TABLE B-14

DRY<3 MM

VALLE DE LA

PROBABILITY (%) OF DRY DAY GIVEN THAT
THE PREVIOUS LAY IS DRY

PASCUA

P{DRY/DRY)

P(WET/DRY)=1-P(DRY/DRY)

STATE

NUMBER 2584

o o i —— —  —— — —— — — ——— - e W = S - W= e = e D A s WS = e e

et PP

100 100
10 100 100
11 95 100
12 100 100
13 100 100
14 95 100
15 100 100
16 95 100
17 100 90
18 100 100
19 95 100
20 94 100
21 100 100
22 95 100
23 100 1CO
24 100 100
25 100 100
26 100 100
27 100 95
28 100 100
29 100 100
30 100
31 95

100 100
100 100
100 84
95 100
100 83
100 87
100 94
100 100
100 94
95 89

GUARICO
MAY JUN JUL
88 60 30
76 41 87
80 87 50
88 69 50
88 55 54
94 54 61
100 SO a5
80 80 70
93 60 33
100 69 90
94 78 64
89 650 72
76 S3 75
100 72 80
94 54 53
78 41 60
87 42 78
88 83 76
87 70 S3
93 S50 81
66 36 85
84 66 52
69 84 54
81 60 75
73 72 90
84 4S5 60
93 55 53
82 70 72
64 SO0 S3
92 S50 60
72 83

100
60
71
62
64
76
64
53
54
S0
66
64
61

73

100
80
87
94
84
94
88
77
93
94
83
81
94
78
81
93
73
86
83

100
85
100
95
89
94
94
88
88
88
88
93
78
93
89
100
90
100
90
83
88

s =E=EESs S ====

100

100
94
89

100

100
95
89
83

100

100

100

100

100
100
100

95
100
100
100

95
100

95

70



TABLE B—-15

THE PREVIOUS DAY IS WET

DRY<3 MM

VALLE DE LA PASCUA

DAY JAN FEB MAR APR

STATE

PROBABILITY (X) OF DRY DAY GIVEN THAT

P(DRY/WET)

P(WET/WET)=1-P(DRY/WET)

NUMBER 2584

1 100 100 0 100
2 0 0 0 0
3 (0] 0 (¢} 0o
4 0 o o 0
) (¢ o 0 0
6 o 0 o] o
7 100 (0] 0] (o]
8 0 100 0 0
9 100 (4] 0 (¢}
10 0 0 0 (]
11 0 0 0 0
12 100 0 0 o}
13 0 0 (0] 0
14 o o 0 100
15 100 0 0 100
16 o} o 0 (0]
17 100 0 100 (o]
18 0 100 (o] (¢]
19 (o] 0 0 100
20 100 0 100 0
21 100 0 0 SO
22 o 0 0 0
23 100 (0] 0 0
24 o 0 0 SO
25 0 0 100 SO
26 (o] 0o 0o 75
27 0 0 (o 0
28 0 100 0O SO0
29 0 0 0 100
30 0 0 o
31 0o o

GUARICO
MAY JUN JUL
66 60 50
66 37 S8
100 50 16
66 0 658
66 5S4 77
33 44 42
100 S50 S5
0 70 50
75 80 7S
50 71 SO
100 S0 33
0 100 44
66 57 7S
80 33 60
100 66 40
100 25 80
75 23 33
33 35 71
50 30 60
75 60 55
50 55 83
28 63 66
28 S7 22
66 40 33
40 33 60
57 44 80
60 45 57
0 70 55
83 83 42
83 50 60
100 S0

100
100
100
66
57
66
57
44
70
75
66
71

100
100
60
55
S7
100
75
100
75
33
62
60
57
75
S0
66
83
100
33
100
100
75
100

100
100
100

S50
100
100
100
100

100
50
75

100

100

100
100

50
100
100

100
100
100
100
100

100

100
66

100
100
100

100
100

-
(=]
o

— -
(o] [«
CO0OO0O 00000 O0OO0OCO
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TABLE C-

DRY<S MM

1

YARITAGUA

PROBABILITY (X) OF DRY DAY

P(DRY)

P(WET)=1-P(DRY)

NUMBER 1289

—— e ——— — — o ——— —— — ————— > ———— —— ——— —— " T — i —— . — > — — ———— — = i —
pf e et R— P~ PR B R

st

OV EONDOO&EWUN
.
(o]
(o]

o et b e e s
NP UN

Ll [
VO UvOoo
Nwowmwoo

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

WWMNNNMNNANNNNNDNNN == -
=0 VONOOPUN=OOOSN

YARACUY
APR MAY JUN
95 85 90
100 75 70
100 85 75
90 85 60
100 85 80
95 70 75
85 80 60
100 90 75
100 85 75
95 70 60
95 80 75
95 80 80
95 70 80
85 70 65
95 65 50
95 65 70
85 85 90
80 80 60
80 85 65
65 8% 65
90 7S 65
75 70 65
6S 65 80
80 70 5SS
70 85 SO
75 70 75
95 90 75
65 95 55
85 85 70
80 70 45
75

STATE
JUuL AUG
70 80
55 65
55 80
80 65
85 45
60 70
50 60
75 80
70 80
75 70
6S 75
55 90
65 75
90 75
70 75
75 80
70 65
6S 75
85 80
6S 85
7S 75
70 95
80 95
75 65
75 80
65 80
60 80
60 60
80 75
55 80
55 85

SEP OCT
80 95
75 95
80 85
80 90
80 90
90 90
90 85
90 85
85 100
85 95
85 85
90 75
85 85
85 95
80 80
85 80
90 100
90 90
75 95
80 85
80 80
85 85
90 95
85 90

100 90
90 80
80 85
80 90
85 75
95 90

100

100
100
100
100
100

95
100
100
100

95
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TABLE C-2

DRY<S MM

YARITAGUA

PROBABILITY (%) OF DRY DAY GIVEN THAT
THE PREVIOUS DAY IS DRY

P(DRY/DRY)

P(WET/DRY)=1-P(DRY/DRY)

STATE

NUMBER 1289

oCcT

100
100
100
100
100
100
100

95
100
100
100
100

YARACUY
APR MAY JUN
S5 93 100
100 76 72
100 100 78
90 88 66
100 94 83
95 76 81
89 78 60
100 87 83
100 83 66
95 70 46
94 85 91
94 87 86
94 81 75
89 71 62
100 78 61
100 76 60
89 76 92
94 88 66
87 93 91
68 88 61
92 76 61
77 66 76
80 71 76
92 69 43
75 85 5Sa&
85 70 90
93 92 86
68 94 60
92 89 81
82 76 50

100
80
78
66
53
72
84
66
85
73
64
92
64
76
73
71
81
73
73
76
58
83
62
54

57

84

87

88

100
90
83
75
93
94

100
95
89
70
80
94
84
87

100
90
94
84
76
81
94
94
94
83
87
88
72
86

100

NOV DEC
S0 88
88 88
88 82
93 93
88 94
77 89
86 88
94 83
83 94
81 94
94 100
84 100
94 100
89 90
94 100
89 95
94 94
94 94
84 G4
88 100
88 94
94 100
84 100
81 100

100 100
89 100
94 95
94 100
94 100
84 100

95

74



TABLE C-3

THE PREVIOUS DAY

DRY<KS MM

YARITAGUA

DAY JAN FEB MAR

-
o

NNNNNNNN = - e et et b e b
NOODN L UWN= OO0 NO NS UN=OOVENOU P WN=
- -
o o
- - e
© o (@]

N
@

b
o
CO0OO0OQ0CO0O0CO0ODO0OO0O0OCODOOCODO0OOOODDOOOO0COOOCO0OOO

OO0 O0CO0ODDO0OO0O0LOOVDOOCLOLOOLOLOOOODOO0OOODO0OOOO

N
Q0

W -
(=} (6]
OC0O000000O0OO0O0OO0OO0O0ODOCO0OO0ODOOO0O0OO0OOOOCO

W
—

IS WET

PROBABILITY (X) OF DRY DAY GIVEN THAT

P{(DRY/WET)

P{(WET/WET)=1-P(DRY/WET)

YARACUY STATE
APR MAY JUN JUL
0 S0 60 72
100 66 S50 33
0 40 66 55

0O 66 40 77
100 33 75 75
0 33 50 66

0O 83 60 50
100 100 62 SO
0O 100 100 40

0 66 100 66
100 66 50 60
100 50 60 57
100 25 100 55
0O 66 75 100
66 33 28 100
0O 42 80 50

0 100 83 60

0 33 0 66
50 50 25 71
S0 66 71 66
85 66 71 71
S0 80 42 60
20 S0 85 100
S7 71 100 SO
50 83 44 80
S50 66 60 40
100 83 40 28
0 100 40 62
71 0 S5 75
66 33 33 25
66 5SS

100

100

33
100
100

71
100
75
S0
75
80
75

100
56
100
100
66
100
75
100
100
50
80
100
100
66
100
100

50
100
S0
100

NUMBER 1289

100
100
100
100

100
100
100
100
100
100
100
100
100
100
100
100
100

75

75
100
100
100
100
100

100

100
100
100
100
ioo

100

100
100
100

100
100

-
(=]
000000
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TABLE C-4 PROBABILITY (%) OF DRY DAY P(DRY)
DRY<S MM P(WET)=1-P(DRY)
EL PORTACHUELO ARAGUA STATE NUMBER 1432

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

e e e —— — — —— i ———— — — — ——— ——— —— —— ——— e ———— ——— o ————

90 95 95 85 85 S5 70 70 100 90 65 7S
75 75 70 85
90 85 95 85 65 S5 75 80 60 55 80 80
75 80 95 90 80 90 70 65 60 75 70 70
90 85 95 90 85 75 70 70 65 S5 65 80
90 90 75 80 85 80 60 65 70 80 S0 75
70 100 85 85 75 65 75 75 60 75

S

COV NN HUN-
®
o
U]
o
0
o
@
)]
~
0
~
0
~
©
®
(=]

-
St
O
5]
®
(4]

12 90 90 90 90 80O 75 60 75 45 65 S5 60
13 75 90 90 85 75 85 70 70 7?70 7S S5 60
14 85 85 100 90 90 75 65 70 S5 70 S5 85

et
4]
0
©
[o)
(=}

80 80 75 75 65 S5 85 60 65 85
95 80 80 65 S5 85 75 85 60 75
95 85 75 65 65 80 65 60 80 75
95 80 60 75 S5 55 65 60 55 65
80 60 90 80 55 60 70 70 45 8S
85 80 80 75 65 75 70 75 85 80
21 100 85 100 75 80 55 75 70 65 65 60 90
22 85 B8S 95 90 75 90 80 70 7S5 65 65 &5
23 85 85 90 90 80 75 S0 80 80 80 75 80
24 95 €5 80 65 75 6S 55 70 70 70 75 95
25 90 95 85 70 85 S0 80 90 75 60 75 75
26 90 100 95 80 7S S50 80 70 75 S5 65 85
27 85 95 90 85 80 70 65 6S 60 20 55 95
28 90 95 90 75 90 85 60 S50 80 60 60 95
29 75 100 95 50 80 65 85 75 65 85 70 90
30 70 100 70 90 80 60 60 80 6S 75 85
31 65 90 75 85 75 70 75

N res et e
OV o~NO®
® 0O oo
ocuuwno
(o Yo RV I« QYo
oo O
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TABLE C-S PROBABILITY (X) OF DRY DAY GIVEN THAT

THE PREVIOUS DAY IS DRY P {DRY/DRY)
DRYLS5 MM P(WET/DRY)=1-P(DRY/DRY)
EL PORTACHUELO ARAGUA STATE NUMBER 1432

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Db e ——

100 83 94 88 60 46 85 87 60 60 78 82

77 S4 94 88 84 90 73 68 S8 81 68 75

93 100 94 88 87 77 85 84 66 60 78 85
10 94 88 73 83 94 80 57 64 76 90 S3 81
11 94 G4 86 100 94 87 83 76 78 68 70 100
12 89 94 85 90 88 82 53 84 46 66 S0 73
13 77 94 88 88 75 80 S0 73 77 84 54 75
14 93 83 100 88 93 82 71 71 64 66 81 100
1S 100 88 80 83 72 73 69 57 72 64 S4 88
16 94 100 100 87 86 60 53 100 70 91 69 76
17 83 89 94 81 81 61 72 82 83 70 75 86
18 94 S4 94 76 60 69 61 62 61 66 56 73
19 84 100 84 68 83 86 4S5 63 84 75 A4S 84
20 82 89 87 100 83 75 54 75 64 71 100 88
21 100 94 100 81 81 60 61 66 71 73 64 87
22 85 88 95 93 81 90 73 71 92 76 S8 83
23 88 94 94 94 73 77 S6 85 80 92 76 76
24 100 88 88 66 87 80 90 75 81 75 73 100
25 89 100 87 92 86 61 81 100 78 71 86 78
26 88 100 94 85 82 60 75 66 73 58 86 86
27 83 95 89 87 86 100 68 71 60 18 76 G4
28 94 94 94 76 100 78 76 61 66 S0 54 94
29 77 100 100 60 77 64 100 B0 62 75 83 89
30 86 100 90 93 92 S8 66 84 S8 78 83
31 71 90 77 83 66 69 88

1

2

3

4

S 93 100 100 88 93 53 73 73 100 92 76 80
6

7

8

9



TABLE C-6 PROBABILITY (%) OF DRY D1Y GIVEN THAT

THE PREVIOUS DAY IS WET P(DRY/WET)
DRY<S MM P{WET/WET )=1-P(DRY/WET)
EL PORTACHUELO ARAGUA STATE NUMBER 1432

DAY JUAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

e  ———————— — — — i — ———— —————— ———————— ——— —— . — o — o — ———— ————

1

2

3

4

S

6

7

8

9
10
11 100 0 20 100 33 75 62 42 66 100 S0 0
12 100 66 100 0 33 33 80 57 40 60 62 20
13 S0 50 100 SO 75 100 100 60 63 57 SS 37
14 60 100 100 100 80 33 SO 66 33 80 22 62
15 33 100 0 S0 100 80 57 S0 100 SO0 77 66
16 S0 SO 75 50 60 80 57 66 100 75 42 66
17 100 0O 100 100 S0 71 S5 66 100 0 87 40
18 100 66 100 100 60 85 42 25 71 50 S0 40
19 100 SO 0 25 100 60 66 5SS 42 62 44 85

21 100 33 100 SO0 75 40 100 80 S50 40 33 100
22 0 66 O 80 S50 88 100 66 42 42 75 100
23 66 33 0O S0 100 SO0 2S5 66 80 S7 71 100
24 66 66 0 50 25 20 20 50 25 S50 80 75
25 100 66 75 28 80 28 77 66 66 33 40 (0]
26 100 100 100 66 33 40 100 100 80 S0 0 80
27 100 0 100 7?5 60 40 S50 50 60 22 14 100
28 66 100 50 66 50 100 28 28 100 62 66 100
29 50 100 50 20 100 66 62 70 75 100 50 100
30 20 100 SO 7% S7 66 40 71 100 66 100
31 S0 (0] S0 87 87 71 0
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TABLE C-7 PROBABILITY (X) OF DRY DAY P{(DRY)

DRY<KS5 MM P(WET)=1-P(DRY)

AGUA FRIA MIRANDA STATE NUMBER 1436

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP 0OCT NOV DEC

T S S I T T T T S S S S S T S S S S T S S N T S S S T T S NI == EmEEETE===E=

1 S5 95 100 95 80 60 60 85 60 70 75 90

2 100 95 95 65 90 70 7S 60 7?75 7S5 80 95
3 100 100 90 100 85 55 65 5SS 55 75 95 90
4 90 100 100 100 80 50 80 70 45 80 90 85
S 85 100 100 100 90 60 75 85 80 90 90 95

6 95 100 95 95 90 6S 60 80 70 90 85 90

7 100 95 100 100 70 55 S5 80 80 70 80 90

8 90 100 100 95 80 75 60 75 75 85 70 85
9 100 95 100 95 90 7S5 7?5 75 100 80 90 80
10 100 90 90 100 95 70 70 6S 60 7S 95 90
11 90 100 100 100 80 85 S5 65 65 65 90 80
12 95 100 100 95 70 85 70 80 70 85 75 9SS
13 95 100 100 90 85 65 65 75 65 75 85 85
14 95 100 100 90 90 S50 85 70 90 75 80 90
1S 100 95 95 85 100 80 6S 65 90 80 95 95
16 100 90 95 95 75 65 55 85 75 7S 85 80
17 90 95 95 80 70 SS 60 75 60 70 65 90
18 95 100 95 90 65 S55 70 80 70 70 80 85
19 85 95 100 70 85 75 65 75 80 80 70 100
20 95 95 100 B85 85 55 70 85 95 60 95 95
21 100 90 100 70 80 60 85 80 85 75 8S 95
22 100 90 100 85 80 80 60 85 70 85 90 100
23 100 95 100 85 65 70 65 80 80 75 95 100
24 95 95 100 90 65 60 60 70 75 85 85 95
25 85 100 100 80 75 70 80 75 90 75 90 95
26 100 1¢0 100 85 70 S50 €65 65 80 70 90 95
27 95 100 100 95 75 60 75 70 6S 60 85 100
28 90 95 90 70 85 75 85 65 7S 70 95 95
29 90 100 90 75 65 65 65 80 65 70 9SS 95
30 85 95 75 95 60 65 75 85 90 75 100
31 80 95 7S 85 75 80 95



TABLE C-8 PROBABILITY (X) OF DRY DAY GIVEN THAT

THE PREVIOUS DAY IS DRY P(DRY/DRY)
DRY<KS MM P(WET/DRY)=1-P{DRY/DRY)
AGUA FRIA MIRANDA STATE NUMBER 1436

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

o i o ot i A ————— — —————————— — — ——— — o o —— . e o i
PP e S g e P RS S S e T

100 9S 100 100 66 S53 75 87 71 77 76 88

90 100 100 95 78 63 81 7S 81 92 75 83

100 95 100 100 100 86 7S 73 100 82 92 88
10 100 89 90 100 100 66 73 73 60 75 94 93
11 90 100 100 100 84 85 78 76 75 73 94 77
12 94 100 100 95 81 82 90 100 69 84 72 100
13 94 100 100 89 100 70 S57 81 78 88 86 89
14 94 100 100 88 94 61 84 60 100 86 82 94
15 100 95 95 94 100 90 64 71 88 80 93 100
16 100 89 100 100 75 56 69 76 77 68 84 78
17 90 100 100 84 73 61 72 82 66 86 64 93
18 94 100 100 100 78 63 75 80 75 71 76 83
19 84 95 100 72 92 81 71 68 71 78 68 100
20 94 94 100 92 82 S53 69 93 100 62 100 95
21 100 94 100 76 88 54 92 776 84 83 84 94
22 100 88 100 85 75 91 52 87 76 86 88 100
23 100 94 100 88 62 68 66 82 85 82 94 100
24 95 100 100 88 61 64 61 7S 87 86 84 9S
25 84 100 100 83 92 75 100 85 93 70 100 94
26 100 100 100 81 73 57 S6 60 77 73 88 94
27 95 100 100 94 78 80 76 76 62 64 88 100
28 94 95 90 73 86 75 86 71 76 66 94 95
29 88 100 B88 92 70 60 58 84 66 64 94 94
30 88 94 80 92 76 61 81 92 85 78 100
31 94 94 78 100 80 83 S5

1
2
3
4
5 88 100 100 100 93 80 81 92 88 87 88 100
6
7
8
S

80



TABLE C-9

DRY<KS MM

THE PREVIOUS DAY IS WET

AGUA FRIA

PROBABILITY (X) OF DRY DAY GIVEN THAT

P(DRY/WET)

P{WET/WET)=1-P(DRY/WET)

MIRANDA STATE

NUMBER 1436

P ]

100
100

100

100
100
100
100

100
100
100
100

100
100

100
50
0

FEB MAR
100 100
100 o
100 0
0 100
(¢} o

o 0

0 100
100 (¢}
0o 0
100 (¢}
100 100
0] 0

0 0o
(0] o

(o} 0o
100 o
50 (¢}
100 o
0 100
100 0
o 0
100 0
100 0
(o} (0]
100 (o]
0 o

0 0o
(0] 0o
100 100
100

100

100

SO
100
100

33
60

MAY JUN
80 60
100 62
100 33
66 33
7S 40
100 37
100 57
83 88
50 40
50 80
0O 83
25 100
50 33
66 28
100 70
0 100
60 42
33 44
71 66
100 60
33 66
100 62
75 75
71 SO
42 62
60 33
66 40
80 75
33 80
100 28
(o)

100
62
57
50

100
71
80

100
71
57

100

50
100
33
80
100
60
100
75
66
S50
50
80
57
50
71
50
60

100
S0
40
62

100
75

100
33
66
25
80

100
75
71
60
71

100
20
66
83
50
62
80
33
80

100
60
50
75
83

100
S0

100
100
66
85
75
83
100
100
100
100
33
100
S50
100
100

100

66
S0
100
75
100
100

100
100

100
100
100

100
100

81



TABLE C-10

DRY<KS5 MM
VAL ERA
DAY JAN
1 100
2 100
3 100
4 95
S 90
6 95
7 95
8 95
9 95
10 95
11 95
12 85
13 G5
14 80
15 S5
16 90
17 100
18 90
19 95
20 90
21 100
22 95
23 95
24 95
25 100
26 85
27 85
28 85
29 8%
30 6S
31 65

100
S0
SO
G0
SO
95
S5
95
9SS
90

100

100
90
95
80

100
95

100
SS
95
80

PROBABILITY (X) OF DRY DAY

100
90
100
90
95
90
75
95
90
90
100
100
100
95
90
85
95
80
80
100
90
75
95
95
95
90
95
85

TRUJILLO STATE

MAR APR MAY JUN JUL
95 75 80 80
95 85 75 85
80 80 85 95
95 90 75 100
7S 80 85 95
85 65 75 85
95 75 7S 65
85 90 95 80
80 95 90 85
80 80 90 85
60 85 95 85
75 70 70 100
85 90 85 95
80 75 95 85
70 85 95 90
85 85 90 75
80 85 95 90
90 75 90 80
90 75 85 80
75 80 90 80
85 95 75 90
80 85 85 90
65 95 90 100
70 80 85 75
65 80 85 100
70 85 85 85
100 85 95 90
95 90 95 100
7S 90 95 75
75 80 90 95
75 80

P(DRY)

P(WET)=1-P(DRY)

NUMBER 2164

OCT NOV DEC

e —— - — —— —— i — ————————— — ————— ——————— - — v ————— —

90
80
75
75

100
80
95

82



TABLE C-11

THE PREVIOUS CAY IS DRY

DRY<S MM

VALERA TRUJILLO

PROBABILITY (X) OF DRY DAY GIVEN THAT

P(DRY/DRY)

P(WET/DRY)=1-P(DRY/DRY)

NUMBER 21¢€4

Y = R

100 94 100 86 62

94 94 94 89 93

94 100 89 76 94
10 94 90 77 81 84
11 94 88 100 68 93
12 89 88 89 66 70
13 100 88 94 86 092
14 78 94 100 76 83
15 93 94 100 75 93
16 89 100 100 85 82
17 100 100 95 82 88
18 90 94 89 93 82
19 100 100 88 88 73
20 89 100 94 72 80
21 100 90 78 93 100
22 95 94 87 88 89
23 94 78 100 62 94
24 94 100 90 69 84
25 100 95 77 71 75
26 85 100 100 69 87
27 88 G5 94 100 94
28 88 G4 94 95 94
29 94 94 94 78 100
30 76 94 73 77
31 76 84 75

STATE
JUN JUL AUG
80 77 81

75 100 87

86 94 87

82 100 80

86 95 82

70 84 93

80 64 73

93 92 100

94 87 78

88 82 81

100 88 81
73 100 93

85 95 82

100 84 81
94 94 81

89 77 82

94 93 70

89 77 85

83 81 82

88 81 93

77 87 88

93 88 94

94 100 66

83 75 76

82 100 70

88 85 86

94 88 83

100 100 88
94 75 94

89 100 72

84 93

100
83
75
92
64
85
94

7S

86
77
81
80

77

100
88
82
81
87
76
81
80
75
71
78

100
80
93

100
89
94
88
83
81
93
94

100
94
89
83
93
84

100
94
88

83



TABLE C-12 PROBABILITY (X) OF DRY DAY GIVEN THAT

THE PREVIOUS DAY IS WET P{(DRY/WET)
DRY<S5 MM P{WET/WET)=1-P(DRY/WET)
VALERA TRUJILLO STATE NUMBER 21€4

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

T T T T o T T T T T e e - o e — —— - —— - — ———
—_— S S S S S S S s e S e s s T S T ST T S ST ===-S=======

50 100 100 80 75 100 100 100 100 100 83 100

100 100 0 100 57 60 66 100 100 100 75 100

100 100 100 .0 80 100 57 80 100 75 50 100

100 100 100 100 100 0O 75 100 100 50 100 SO
10 100 0 50 75 0 100 100 75 25 100 83 60
11 100 100 80 25 S50 S0 66 75 80 33 100 66
12 0O 100 100 87 66 0 100 50 33 S50 75 75
13 66 100 S0 80 83 83 0O 66 50 100 100 100
14 100 100 100 100 0O 66 100 75 100 66 100 0o
15 100 100 0O S0 60 100 66 100 66 66 50 50
16 100 o 0O 83 100 100 50 100 60 100 60 100
17 100 0 0 66 66 100 80 66 85 50 60 50
18 o 0 100 75 33 100 100 83 100 66 SO 100
19 S0 100 50 100 80 100 75 66 100 S0 66 S0
20 100 0 100 100 80 100 75 75 100 100 75 75
21 100 0 100 60 7S S50 100 S50 100 100 75 100
22 0O 100 S0 33 0O 60 100 66 100 80 100 100
23 100 100 100 75 100 66 100 S0 100 75 SO 0
24 100 100 0o 71 0 100 0 100 S0 33 80 100
25 100 O 50 S50 100 100 100 100 50 33 S0 100
26 0O 100 80 71 75 66 0 100 S50 100 66 SO
27 66 0O 100 100 33 100 100 100 66 75 100 100
28 66 100 100 0 66 0 100 100 100 100 100 100
29 33 100 0] 0 0 100 0O S50 83 100 0 66
30 (o} 100 80 100 100 80 100 66 SO0 100 o
31 42 100 75 0 80 60 100



TABLE C-13 PROBABILITY (X) OF DRY DAY P(DRY)

DRY<KS MM P(WET)=1-P(DRY)

VALLE DE LA PASCUA GUARICO STATE NUMBER 2584

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

100 95 100 100 100 S5 55 75 85 75 95 95

90 100 100 100 80 80 70 55 85 95 85 100

100 100 100 100 95 80 S5 60 85 100 95 &5
10 100 100 100 100 95 85 75 65 S5 85 100 100
11 $5 100 100 100 95 75 70 60 70 80 95 95
12 100 100 100 95 90 70 70 80 85 95 100 90
13 100 100 100 95 90 75 75 80 85 100 95 100
14 100 100 100 95 95 65 85 6S 90 85 95 100
15 100 100 100 100 95 70 6S 65 85 95 95 95
16 95 100 95 100 85 55 70 65 70 95 90 90
17 100 S5 100 100 85 40 70 80 75 90 85 95
18 100 100 95 90 B85S 60 75 40 85 85 90 95
19 100 100 95 95 90 65 65 75 85 90 90 100
20 100 100 100 90 90 70 70 70 70 95 90 100
21 100 100 100 95 65 60 8S5S 90 85 90 95 100
22 100 1€C0 100 95 80 75 75 80 85 95 80 100
23 100 100 100 80 65 85 S0 70 80 85 100 100
24 100 100 95 90 80 60 SS 85 95 85 100 100
25 100 100 100 85 65 70 75 80 85 95 100 100
26 100 100 100 85 80 65 70 65 80 85 95 100
27 100 95 100 85 85 6S 6S 65 95 75 100 100
28 100 100 100 90 70 75 7?5 65 90 95 95 100
29 100 100 100 95 70 65 60 80 80 7S5 95 95
30 100 95 85 90 S5 60 70 80 90 90 100
31 95 95 75 70 70 8S 100



TABLE C-

DRY<S MM

VALLE DE

DAY JAN

14

LA

PROBABILITY (%) OF DRY DAY GIVEN THAT
THE PREVIOUS DAY IS DRY P(DRY/DRY)
P(WET/DRY)=1-P(DRY/DRY)

PASCUA GUARICO STATE NUMBER 2584

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

L
COVODNTNSUWN ™
et
o
(=)

WWNNNNNONNNNDNNN® e e e o g
= O VONOCOPUNDODOVDINDITOLEWUN =
P e et Bt pad pmd bt S e e e b e e ™
VOO O0OO0O0OO0O0O0O0O0O0ODOOOVOOOOCV
NOO0OODOOO0OODO0OO0OOOOCOOWNNOOOO WM

100 100 <93 75 50 81 82 100 100 85
100 100 100 81 90 58 52 85 100 100

100 95 94 60 85 83 92 93 100 89
100 100 88 78 78 81 82 100 95 100
100 94 94 66 86 62 94 85 94 100
100 100 94 69 70 69 83 94 94 95
95 100 84 57 61 S3 70 94 94 89
100 100 82 54 85 84 85 89 88 94
95 90 94 87 71 37 86 88 88 100
100 94 94 83 60 100 88 88 88 100
100 94 94 61 76 60 70 94 100 100
100 100 66 57 85 85 85 89 94 100
100 100 92 75 70 77 94 100 78 100
100 84 68 86 60 68 82 84 100 100
95 100 84 64 70 92 93 82 100 100
100 83 75 83 81 76 84 94 100 100
100 88 84 71 60 68 88 84 95 100
100 100 93 53 64 69 93 82 100 100
100 94 82 76 84 S3 89 93 95 100
100 94 64 60 60 76 83 73 94 95
95 89 92 S53 66 68 75 86 89 100
100 T2 83 64 83 100

86



TABLE C-15

PROBABILITY

(%)

THE PREVIOUS DAY IS WET

DRY<S5 MM

VALLE DE LA PASCUA

DAY JAN FEB MAR APR

OF DRY DAY GIVEN THAT

P(DRY/WET)

P(WET/WET)=1-P(DRY/WET)

NUMBER 2584

. ————————— ———— —— b — — ————— —— —— ———— —— ——— — — ———— — o

1 0 100 0 100
2 0 (0] o 0
3 o 0 0o 0
4 0 (0] (4] 0
S o o (o] (0]
6 0 o 0 0
7 0 0 0 (o}
8 0 100 0 0
9 100 0 0 0
10 0 (0] 0 0
11 0 (] (¢ (0]
12 100 0 0 ]
13 (o] o 0 0
14 0 0 0 100
15 0 0 0 100
16 0 0o 0 (o]
17 100 0 100 0
18 0 100 0 0
19 0 0 0 100
20 0 0 100 0
21 (0] o 0 50
22 0o (0] 0 0
23 0 0 0 o
24 0 o 0 SO
25 o 0 100 100
26 0 o 0 66
27 o 0 0 0o
28 0O 100 0 66
29 o 0o 0o 100
30 (0] 0 0
o o

GUARICO STATE
MAY JUN JUL AUG
66 60 66 100
100 28 S5 40
100 60 33 SS
66 42 70 SO0
66 50 87 60
33 37 50 66
100 60 62 40
0O 66 55 60
100 100 66 33
0 100 55 7S5
100 100 60 28
0 100 33 75
100 66 66 75
100 60 80 75
100 71 33 57
100 S50 85 85
100 22 33 71
33 41 83 S0
66 37 80 58
50 85 57 100
50 66 83 100
57 75 100 100
50 80 20 75
71 33 40 66
25 S50 66 100
71 S0 100 SO
50 85 66 57
0O 71 57 85
83 80 60 85
83 S57 50 75
100 50 83

100
100
66
S5

66

100
66
100
66
50
80
66
66
83
33
66
100
100
33
100
100
SO
100

NOV DEC
33 100
100 0o
(0] 0

0 100

0 0
100 0
100 0
0 100
66 o
100 100
0o 0o
100 100
0 100
100 0
100 0
0 100
50 100
100 0
100 100
0 0
100 0
100 0o
100 0
0] o
(0] 0

0 0
100 o
(0] (]
100 0
100 100
o}
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Probability, P(Dry), (%)
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Figure D-1. Initial probability P(Dry) vs. day of year for dry days defined as
<1 mm of precipitation for Yaritagua station.
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Probability, P(Dry), (%)
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Figure D-2.
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Initial probability P(Dry) vs. day of year for dry days defined as
<5 mm of precipitation for Yaritagua station.
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Probability, P(Dry), (%)
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Figure D-3. Initial probability P(Dry) vs. day of year for dry days defined as

<1 mm of precipitation for E1 Portacheulo station.
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Probability, P(Dry), (%)
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Figure D-4. Initial probability P(Dry) vs. day of year for dry days defined as
<5 mm of precipitation for E1 Portachuelo station.
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Probability, P(Dry), (%)
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Figure D-5. Initial probability P(Dry) vs. day of year for dry days defined as

<1 mm of precipitation for Agua Fria station.
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Probability, P(Dry), (%)
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Figure D-6. Initial probability P(Dry) vs. day of year for dry days defined as

<5 mm of precipitation for Agua Fria station.
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Probability, P(Dry), (%)
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Figure D-7.
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Initial probability P(Dry) vs. day of year for dry days defined as
<1 mm of precipitation for Valera station.
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Probability, P(Dry), (%)
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Figure D-8.
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Initial probability P(Dry) vs. day of year for dry days defined as
<5 mm of precipitation for Valera station.
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Probability, P(Dry), (%)
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Figure D-9. Initial probability P(Dry) vs. day of year for dry days defined as

<1 mm of precipitation for Valle de la Pascua station.
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Probability, P(Dry), (%)
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Figure D-10. Initial probability P(Dry) vs. day of year for dry days defined as
<5 mm of precipitation for Valle de la Pascua station.
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Probability, P(Dry/Dry), (%)
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Figure E-1.
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Conditional probability P(Dry/Dry) vs. day of year for dry days defined as
<1 mm of precipitation for Yaritagua station.
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Probability, P(Dry/Dry), (%)
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Figure E-2. Conditional probability P(Dry/Dry) vs. day of year for dry days defined
as <5 mm of precipitation for Yaritagua station.
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Probability, P(Dry/Dry), (%)

E1 Portachuelo

104

30 €090 120 150 180 210 240 270 300 330 360 390
Day of Year

Figure E-3. Conditional probability P(Dry/Dry) vs. day of year for dry days defined
as <1 mm of precipitation for E1 Portachuelo station.
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Probability, P(Dry/Dry), (%)
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Figure E-4. Conditional probability P(Dry/Dry) vs. day of year for dry days defined

as <5 mm of precipitation for E1 Portachuelo station.
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Probability, P(Dry/Dry), (%)
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Figure E-5. Conditional probability P(Dry/Dry) vs. day of year for dry days defined
as <1 mm of precipitation for Agua Fria station.
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Probability, P(Dry/Dry), (%)

Agua Fria
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Figure E-6. Conditional probability P(Dry/Dry) vs. day of year for dry days defined
as <5 mm of precipitation for Agua Fria station.
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Probability, P(Dry/Dry), (%)

Valera
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Figure E-7. Conditional probability P(Dry/Dry) vs. day of year for dry days defined
as <1 mm of precipitation for Valera station.
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Probability, P(Dry/Dry), (%)
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Figure E-8. Conditional probability P(Dry/Dry) vs. day of year for dry days defined
as <5 mm of precipitation for Valera station.
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Probability, P(Dry/Dry), (%)
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Figure E-9.

Valle de la Pascua
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as <1 mm of precipitation for Valle de la Pascua station.
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Conditional probability P(Dry/Dry) vs. day of year for dry days defined
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Probability, P(Dry/Dry), (%)

Valle de T1a Pascua
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Figure E-10. Conditional probability P(Dry/Dry) vs. day of year for dry days defined
as <5 mm of precipitation for Valle de la Pascua station.
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OOOOOONO

ER OF DRY DAY GIVEN THAT THE PREVIOUS DAY IS DRY (FIRST DAY OF

NUMB
EACH MONTH) .

NUMBER CF DRY DAY GIVEN THAT THE PREVIOUS DAY IS WET (FIRST DAY OF
EACH MONTH).

? INCI9J9K) el T<e10.AND.RAIN(I412431)<LT.10)NDDDRY(JyK)=NDDDRY (J,
AIN(T4JyK)elLTo10.AND.RAIN(I+12431).GE.10INDDWET(JsK)=NDDWET(J

50 ‘
INCI9J9K) oL To10.AND.RAIN(Iy1431) <LT.10)NDDDRY(JsK)=NDDDRY(J,
AIN(I+4JyK)eLTe10.AND.RAIN{Iy1931).GE<1OINDDWET(J,K)=NDDWET (J,

50
IN(I9yJyK) oL T.10.AND.RAIN(T,42428) <LT.10)NDDDRY(J,K)=NDDDRY(J,
AIN(I+JyK).LT.10.AND.RAIN(I+2,28).GE-10INDDWET(JoyK)=NDDWET (J,

50
INCT9JsK) oL T10.AND.RAIN(I43,31) .LT.10)NDDDRY(JyK)=NDDDRY(J,

A
RA
1
0
A
R
0
A
R
0
A
RAIN(I +J9K) oL To10.AND.RAIN(I43431).GE-10INDDWET(J,K)=NDDWET (J,
ro
A
R
o
A
R
0
A
R
0
A

IN(I'JoK).LT.IO.AND.RAIN(I,493O) «LT.10)NDDDRY(J,K)=NDDDRY (J,
AIN(I 9yJ9K) oL Te10.AND.RAIN(I$4430) .GE.10)NDDWET(JoK)=NDDMET(J,

IN(I9JyK) LT .10.AND.RAIN(I+5+31) LT.10INDDDRY(J,K)=NDDDRY(J,
AIN(T4JyK) el To10.ANDoRAIN(I95+431)«GE-1O0INDDWET(JyK)=NDDWET (J,

INCIyJyK) el Te10.AND.RAIN(I46430) LT-10)NDDDRY(JoK)=NDDDRY(J,
AIN(T+JyK) oL Te10.AND.RAIN(I+6530) .GE.10I)NDDWET(J,K)=NDDWET (J,

INCIyJyK) oL Te10.AND.RAIN(I,7,31) .LT.10)NDDDRY{JyK)=NDDDRY(J,

ELL



OOOOOOOOO0

. {RAIN(I'JoK).LT.IO.AND.RAIN(Io7v3l).GE.10)NDDHET(J,K)=NDDHET(J;
4+
T0 50
509* IN(IyJyK)oeLT.10.AND.RAIN(I48531) LT.10)NDDDRY(J,yK)=NDDDRY(J,
. AIN(TI 3JsK)eLTo10.ANDRAIN(I+8,31)<GE<10INDDWET(J,sK)=NDDWET(J,
50
510* IN(1,JsK)oLT.10.AND.RAIN(I+9,30) .LT.10INDDDRY(JsK)=NDDDRY(J,

AIN(I ¢yJyK)oLTo10.AND.RAIN(I,9,30)GE-10INDDOWET(J,K)=NDDWET (J,

511 IN(T9JdyK) LT o10<AND.RAIN(T,10,31)<LT«10)NDDDRY(J4K)=NDDDRY (J,
X AIN(T 9JsK) eLTe10<ANDRAIN(I 10531) .GE -10)NDDWET (J,K)=NDDWET(J
50
512 INCIoJyK) oL T <10 «AND-RAIN(I,11,30).LT10)NDDDRY{J,K)=NDDDRY (J,
e AIN(I 9JyK)eLT<10-AND.RAIN(T,11,30).GE-10)NDDWET(J,K)=NDDWET(J
50 CONTINUE
PROBABILITY(DRY), PROBABILITY(DRY/DRY), PROBABILITY(DRY/WET) FOR
ALL DAYS EXCEPT THE FIRST DAY OF EACH MONTH.
IF (J.EQ.2.AND.K.EQ.29) GO TO 1020
PROBD(JoK)=NDDRY(JyK)*5
GO TO 1021
020 PROBD(J,K)=(NDDRY(J,K)-15)*%20
021 IF (K.EQ.1) GO TO 40
IF (NDDRY(J,KP).EQ.0) GO TO 400
PROBDD(J K ) =NDDDRY(J yK) %1 00/NDDRY (J,KP)
400 IF (K.EQ.1) GO TO 40
IF (NDWET(J,KP).EQ. 0) GO TO 40
PROBDW(J s K) =NDDWET (JK)*100/NDWET (J,KP)
40 CONTINUE
30 CONTINUE
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FOR THE FIRST DAY OF EACH MONTH.

PROBABILITY(DRY/WET)
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PROBABILITY(DRY/DRY) FOR THE FIRST DAY OF EACH MONTH.
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