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Abstract

Variability and climate change are having a strong impact on different meteorological variables; inducing changes in
the precipitation pattern that directly affects water availability in agroecosystems. It is for this reason that the objective
of this work was to analyze the interannual variability of tropical rainfall and its influence on rainfed agriculture of
the Lake of Valencia basin in Venezuela. For this, the monthly and annual precipitation data (1969-1999) of eight
climatological stations were used. Subsequently, the basic descriptive statistics were calculated, the evolution of the
precipitation was described and finally, it was calculated from the P90% -10% percentile range as an indicator of
the variation of the series amplitude. The results establish that there are changes in the interannual precipitation
regime and, after analyzing trends in annual precipitation in Yuma Caserio, Colonia El Trompillo, Agua Blanca and
Las Dos Bocas, there is a generalized reduction in rainfall, would negatively affect the generation and availability of
moisture in agricultural locations, which depend heavily on rainwater. The agricultural vocation in the lowlands of
the lake basin of Valencia makes it very vulnerable to persistent dry episodes, where rainfed crops such as industrial
sorghum, maize, vegetables, fruits (musdceas) and citrus fruits diminish their yield during the absence prolonged
rainfall, affecting the agricultural sector of the region.
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Resumen

La variabilidad y el cambio climético estdn teniendo fuertes repercusiones sobre diferentes variables meteorolégicas;
induciendo cambios en el patrén de precipitacién que afecta directamente la disponibilidad hidrica en los agroeco-
sistemas. Es por esta razén que el objetivo de este trabajo fue analizar la variabilidad interanual de la lluvia tropical
y su influencia en la agricultura de secano de la cuenca del Lago de Valencia en Venezuela. Para esto se utilizaron
los datos mensuales y anuales de precipitacién (1969-1999) de ocho estaciones climatolégicas. Posteriormente, se cal-
cularon los estadisticos descriptivos bdsicos, se describi6 la evolucién de la precipitacion y por tltimo, se calcul6 del
rango percentil P90 %-P10 % como indicador de la variacién de la amplitud de la serie. Los resultados establecen que
existen cambios en el régimen interanual de la precipitacién y, tras analizar las tendencias en la precipitacién anual
en las localidades Yuma Caserio, Colonia El Trompillo, Agua Blanca y Las Dos Bocas, existe reduccién generalizada
en la lluvia, estos cambios, afectarian negativamente la generacién y la disponibilidad de humedad en las localidades
agricolas, las cuales dependen fuertemente del agua de lluvia. La vocacién agricola en las tierras bajas de la cuenca del
lago de Valencia, la hace muy vulnerable a los episodios secos persistentes, donde los cultivos de secano como sorgo
industrial, maiz, hortalizas, frutas (muséceas) y citricos merman sus rendimientos durante la ausencia prolongada de
lluvias, lo que afecta al sector agricola de la region.

Palabras claves: Estacionalidad, precipitacién, tendencia, agrometeorologia.
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1 Introduction

For the subsistence of the agricultural sector, which
faces growing climate risks, timely and accurate in-
formation on weather, climate and water is essen-
tial. Observations, predictions and analyzes made
in research allow agricultural communities to in-
crease livestock production and crop yields, plan
sowing and harvesting seasons, and reduce pests or
diseases (OMM, 2009; Olivares, 2009).

The rainfed tropical agriculture developed in the
country, and specifically that of the Carabobo state,
is considered a risky business, mainly due to the in-
fluence of intra-annual and inter-annual variability
in the availability of crop water and the possibility
of carrying out mechanized agricultural work.

The tropical characteristics of the sub-humid zo-
nes under study, are represented by the precipita-
tion higher than the evapotranspiration in part of
the year and lower in other months (seasonal defi-
cit more common and severe, precipitation regime
can be very erratic); whose dominant environment
is characterized by presenting high to moderate fer-
tility soils, where a large part of the production of
vegetables, corn and sugarcane is found in the cen-
tral region. Class (I) lands predominate, with well-
drained deep soils that are easy to work, without
any or slight restrictions on their use (Comerma y
Parede, 1978; Zinck, 2012).

According to the investigations developed by
Martelo (2003); Guenni et al. (2008); Guevara et al.
(2008); Lobo et al. (2010); Cortez et al. (2011); Oliva-
res et al. (2012, 2013a); Paredes et al. (2015), it is es-
tablished that in mid-April the displacement north
of the Atlantic anticyclone, allows the advance of
the Intertropical Convergence Zone (ITCZ), esta-
blishing itself over a large part of the country. The
ITCZ allows us to signal the beginning of the rainy
season in Venezuela, which lasts until the beginning
of November. With the progressive withdrawal of
the ITCZ to the south; outside the Venezuelan terri-
tory, and the increase of the influence of the Atlan-
tic anticyclone on the country, the beginning of the
dry season is established, which extends until the
month of April.

Rain is considered as a space-time process wit-
hin the climate system, since it exhibits random as-
pects both in time and space and whose structure of
variability can be explored by appropriate statisti-
cal techniques (Pradere, 1999; Toledo y Herndndez-
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Szczurek, 2003). One of the aspects to be considered
in meteorological studies is represented by the evo-
lution of precipitation and the possible impact that
climatic variability has on it, that is why the varia-
bility of seasonal tropical rain is important as a des-
criptive parameter of the series of observation and
more when it has implications for rainfed agricultu-
re.

The objective of this research is to study and de-
fine the main characteristics of tropical rain events
of seasonal importance in rainfed agriculture, deve-
loped in the Lake of Valencia basin, Carabobo sta-
te, Venezuela. In this sense, the initiative to deve-
lop research on the likely evolution of climate, the
variability of climatic elements and the influence
on socio-economic activities, contribute to impro-
ve agricultural production and sustainability and,
at the same time, the food security of the nation.

2 Materials and methods

2.1 Study area

In the study area, the predominant natural region is
the depression of the Lake of Valencia, comprising
the Serrania del Litoral, the Interior and the Depres-
sion of Valencia, which constitutes types of lands-
capes of mountains and valleys, with an area of 2
300 km? (MARN, 2005). The valleys bordering the
lake and the rest of geomorphological landscapes
such as plains, hills and mountains are the product
of the interaction of a group of rivers and the tecto-
nics of the region (La Victoria fault in the west-east
direction) (Figure 1). The slopes are steep in moun-
tainous areas reaching 70 % and in the depression,
the slope ranges between 1 and 5% (INE, 2011).

The study area has a dry sub-humid climate
with annual rainfall ranging between 921 mm and 1
063 mm. The rainfall regime describes a Unimodal
type distribution with two defined periods; a rainy
season between May to October, and a dry season
between November and April. the altitude condi-
tions of the Depression of the Lake of Valencia (400-
500 msnm) and its location between two mountai-
nous areas, generate not so fresh conditions consi-
dering the altothermic gradient, rather they remain
with a slow gradual decrease, and in general a little
warm, registering in Valencia (478 masl), an avera-
ge annual temperature of 24.6°C (Herndndez et al.,
2017).
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Figura 1. Type of Landscape in the state of Carabobo, Venezuela (Herndndez et al., 2017).

2.2 Precipitation data

For this study, the monthly rainfall data (1969-1999)
from eight meteorological stations, located in the
Lake of Valencia basin, Carabobo state (Table 1), we-
re obtained from the data bank of the Processing
Management and Data quality of the National Ins-
titute of Meteorology and Hydrology of Venezuela.

The selection of this period of time (1969-1999)
was based on the accuracy of the series, which con-
sisted in the correctness of the data, as well as the

LA GRANJA:Journal of Life Sciences 27(1) 2018:84-100.
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validity referred to the applicability of the data in
order to establish the trends of the temporal series
data. The decision not to consider the current pe-
riod of precipitation data was associated with the
fact that more than 33 % of the total weather stations
had uninterrupted and extensive periods of missing
data within the historical record, in addition there
was a significant portion of stations that were dis-
mantled in During 2001-2010, they did not have rain
data as of the year 2000.

&7



Scientific paper / Articulo cientifico
AGROMETEOROLOGY AND CLIMATE CHANGE

Barlin Orlando Olivares

Tabla 1. Geographical description of rainfall stations located in the Lake of Valencia basin, Carabobo state, Venezuela.

Stations Municipality Landscape  North East  Altitude (m.s.n.m)
Vigirima Guacara Mountain 1142558 622 845 557
San Diego San Diego Valley 1137558 615956 460
Valencia-GFV Valencia Valley 1126726 609 967 460
Yuma-Caserio Carlos Arvelo Hill 1117317 642415 460
Colonia El Trompillo  Carlos Arvelo hill 1112434 634579 450
Agua Blanca Carlos Arvelo Hill 1110749 627 339 515
Las Dos Bocas Valencia Mountain 1101292 610 166 550
Barbula Naguanagua  Mountain 1136672 607 806 493

Quality control was carried out on the monthly
rainfall data to define the proportion of missing da-
ta, identify out-of-normal values and observe the
basic understanding of the distribution of the se-
ries(Parra y Cortez, 2005; Olivares et al., 2013b; Gue-
vara, 2003); using the programs JMP v.6 (Jones y
Sall, 2011), InfoStat v.11 (Di Rienzo et al., 2011) and
Vesper v.1.6 (Minasny et al., 2002).

2.3 Analysis of time series

The proposed methodology is inserted within the
statistical procedures of the analysis of time series,
which comprises three phases of study: the first re-
lated to the calculation of basic descriptive statistics
(mean, median, variance, standard deviation, coef-
ficient of variation, kurtosis , asymmetry, maximum
and minimum values, the 1st and 3rd quartiles);
the second phase was to describe the secular evo-
lution of precipitation (1969-1999), which consisted
in the typing of the annual values of precipitation
and from these, execute both the calculation of mo-
ving averages centered in two years, and that of
the trend line calculated with the minimum number
of squares; finally, the calculation of the percentile
rank P90 % -P10 % as an indicator of the variation of
the amplitude of the series.

3 Results and discussion

3.1 Behavior of medium precipitation
(1969-1999)

Figure 2 shows the behavior of the median precipi-
tation for the stations under study. Throughout the
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Lake Valencia basin, the amount of precipitation is
extremely variable both in time and space. During
the months of the dry season (January to March)
all the localities present average rainfall less than 40
mm, with a high proportion of zero values.

During the months of April and May the values
of medium precipitation increase, with a rise from
northwest to southeast, which indicates the advan-
ce of the Intertropical Convergence Zone (ITCZ),
keeping values in the range (50-150 mm) for the
most of the locations, except in Agua Blanca (Figure
2g) and Las Dos Bocas (Figure 2h) where the me-
dian exceeds this range.

On the other hand, for the months of June, July
and August the rainy season in the study region is
already established, with median values exceeding
150 mm in most seasons. The locality of Yuma Case-
rio (Figure 2e) presents values lower than 150 mm,
being the locality with lower values in the rainy sea-
son. The locality Las Dos Bocas presents medium-
sized amounts in the range (180-240) because it is lo-
cated in a slightly humid climate according to Her-
nandez et al. (2017).

With respect to the months September and Oc-
tober, these present values of median inferior to 150
mm, developing the pattern that began to mani-
fest itself in August, towards the south of the state
the precipitation increases significantly during the-
se months. In November and December, a pattern of
decreasing rainfall is present throughout the study
area.
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Figura 2. Average precipitation (mm) for the period (1969-1999) in the stations under study: (a) Vigirima; (b) San Diego; (c)
Barbula; (d) Valencia GFV; (e) Yuma Caserio; (f) Colonia El Trompillo; (g) White Water; (h) The Dos Bocas.
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3.2 Behavior of statistic descriptors

The graphical representations of each locality (Figu-
re 3) showed acceptable and logical values within
the ranges reported by the First National Commu-
nication of Climate Change in Venezuela (MARN,
2005). A characteristic of this region is the marked
seasonality of precipitation, due to the alternating
action of the intertropical convergence zone. The
rainy period concentrates more than 85% of the to-
tal annual precipitation, while in the dry months it
rains very little, being the monthly precipitation lo-
wer than the reference evapotranspiration; It is very
frequent that in the months of February and March
the rainfall registered is zero millimeters (Martelo,
2003).

The statistical results that describe the seasona-
lity of the rain in the area under study coincide with
the climatic characteristics of the region (Guenni
et al., 2008; Olivares et al., 2013b, 2017). The annual
variability of precipitation in Venezuela is highly in-
fluenced by the prevailing geographical conditions
such as the presence of the La Costa mountain range
and its interaction with the Caribbean Sea; as well as
the migration of the Intertropical Convergence Zo-
ne that originates the unimodal regime in the area.

The generalized dry events of a relevant nature
occur mainly in the months of the rainy season and
in the months of November and December, brin-
ging negative consequences for the growth and de-
velopment of crops. There is a significant difference

450

with respect to the dry events that are concentrated
in the months of April to August; it seems that rainy
events can occur at any time due to the origin of
the precipitation in the area. In this regard, Martelo
(2003) points out that the rainy events recorded in
the historical series between the months of January
and February can be very likely the consequence of
the arrival of Cold Fronts, while dry events in the
rainy season may be due to a higher-than-normal
East Waves passage or a particularly intense hurri-
cane season.

A typical characteristic of tropical rain is the oc-
currence of great intensity; as indicated by Gonza-
lez y Cérdova (1992) with durations between 30 mi-
nutes and 6 hours; in turn, the study developed by
Goldbrunner (1984) states that 95% of rainfall falls
in the form of rain showers of 15 to 30 minutes, of-
ten in the afternoon.

The study area is notable for its agricultural and
livestock production especially in the western va-
lleys and on the banks of Lake Valencia. It is the
main producer of items such as corn, tobacco, cot-
ton, coffee, cocoa, sugar cane, banana, yam, pota-
toes and citrus. In this order of ideas, one of the
main problems faced by rainfed agriculture is the
great variability that spatial rain presents and tem-
porarily, which affects the variability of the begin-
ning, end and length of the growing season, which
are important parameters within the agricultural
activity.
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Figura 3. Behavior of average monthly precipitation (mm), maximum, minimum, 75 % and 25 % percentiles for the stations under
study: (a) Vigirima; (b) San Diego; (c) Barbula; (d) Valencia GFV; (e) Yuma Caserio; (f) Colonia El Trompillo; (g) White Water;
(h) The Dos Bocas..
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In these localities where the variability of rainfall
is high, it is not recommended to use the average va-
lue, particularly because they are located in a sub-
humid region, areas where rainfall is usually used
and where the variability of precipitation tends to
be high. It is more appropriate to use a value who-
se probability of occurrence is greater than 50 % (for
example, 75 % or more), depending on the local cha-
racteristics of the precipitation, the type of use and
the scarcity situation. Generally, the more severe the
situation of scarcity and the priority is the type of
use, the less uncertain the amount of water availa-
ble must be.

The management of information on the water
deficit can guide and even modify the sowing dates
of the crops in order to have a lower water deficit.
Although it may seem obvious, this type of study
allows the producer or planner to be guided when
selecting the sowing dates, seeking to coincide the
periods of least probability of deficit (higher values
of the design rain) with the most critical period of
susceptibility of the crops, usually the reproductive.
The aim is to find an adjustment between the water
demand of the crops and the availability of water in
the period.

In particular, the length of the cycle of crops gro-
wing in the study area (cereals, vegetables and tu-
bers) should be shorter than the length of the most
likely growing season (less than five months).

The lack of significant water, in a rainy month
and under rainfed agricultural conditions, puts the
agricultural producers of the area in a hurry, who,

faced with a reality that is repeated year after year,
must elaborate a series of strategies to manage with
success this situation. Considering the magnitude
of the water deficit in these agricultural areas of the
state of Carabobo, drought episodes should be ad-
dressed through a greater allocation of resources for
the construction of deep wells, also taking advanta-
ge of the rivers and nearby streams.

On the contrary, the excesses of water also exert
a considerable influence on the logistics of the agri-
cultural harvest, so, for those areas of ample size
and whose technological package allows it, the ma-
chinery must be in operating conditions so as not to
waste time of harvest days for foreseeable breaks.
In addition, it is likely that the network of roads or
agricultural roads is in a situation of impassable, so
it should be organized with time storage in the field
and its subsequent care according to storage mois-
ture and storage conditions.

3.3 Evolution of annual
(1969-1999)

precipitation

The curves of the moving averages (Figure 4), recor-
ded the lowest values in the years 1979 (generalized
drought), 1985 and 1990 for the localities San Diego
(Figure 4b) and Barbula (Figure 4c), coinciding with
the minimum values of Vigirima (Figure 4a), except
for the 1994 period. For its part in Valencia (Figure
4d), the lowest moving average was presented du-
ring the years 1997 and 1990.
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Figura 4. Evolution of annual rainfall (1969-1999) for the stations under study: (a) Vigirima; (b) San Diego; (c) Barbula; (d)
Valencia GFV.

From this graph it can be seen that the southeas- gure 5b), whose lowest values of moving average
tern part of the Carabobo state has a negative ten- are recorded during the 1977 and 1994; On the ot-
dency in precipitation, represented by the localities her hand, in Agua Blanca (Figure 5c) the driest years
Yuma Caserio (Figure 5a), Colonia El Trompillo (Fi- were 1974 and 1997, while in Las Dos Bocas (Figure
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5d) the dry years were 1980 and 1989.

For most of the localities analyzed, the trend
component is not statistically significant, however,
the values obtained from negative slopes for the
study area are in agreement, at least in sign, with
the reports of Guenni et al. (2008). The negative slo-
pes can also be evidence of a greater activity of the
phenomenon ENSO (El Nifio-Southern Oscilation)
in recent years, given the negative impact of the
warm phase of ENSO (El Nifio) on the precipita-
tion of the northern region of South America (Po-
veda et al., 2006).

The analysis of these negative trends could raise

the possibility of a reduction in the number of wet
months, which limits the use of both annual and pe-
rennial crops, depending on the magnitude of the
reduction. The distribution of precipitation will be
affected, an example of this is the analysis of the dis-
tribution derived from the study of Martelo (2003),
where the highest incidence is in the month of May,
which corresponds to the preparation of the land
and planting of the main crops in most agricultural
areas; with incidences also in the month of August,
month that corresponds with the flowering, fructifi-
cation and filling of grains mainly of cereals.
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Figura 5. Evolution of annual rainfall (1969-1999) for the stations under study: (a) Yuma Caserio; (b) Colonia El Trompillo; (c)
White Water; (d) Las Dos Bocas.

This pattern coincides with the threats associa-
ted with Climate Change, given that global studies
have estimated, among others, alterations in the cli-
mate system and changes in the seasonality of pre-
cipitation with an increase in the intensity of dry pe-
riods with strong repercussions on the hydrological
cycle (MARN, 2005; Ovalles et al., 2008).

According to the above, the Carabobo state has a
harvested area of 6,970 hectares where 65% corres-
ponds to sugar cane, 16 % to cereals, the remaining
19% distributed among cocoa, banana, banana, to-
bacco, paprika and tomato. Already in these areas
most of the items mentioned (cocoa, sugarcane, ve-
getables, musaceas and cereal seed) are at least par-
tially under irrigation. This will create greater com-
petition for water with other uses such as urban wa-
ter and will require much more efficient irrigation
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methods than current ones to stay in the area.

Given the estimated impact of the average re-
duction in the annual water supply in the towns of
Yuma Caserio, Colonia El Trompillo, Agua Blanca
and Las Dos Bocas, it should be understood that it is
necessary to understand the possible repercussions
due to changes in the concentration of precipitation
in a daily and hourly scale, which in turn will help
to determine in a more precise way the future adap-
tations in the agro-productive systems of Carabobo
to face the risks by changes in the frequency and in-
tensity of rainfall events.

That is why the impacts of climatic trends de-
termine the relevance of undertaking coordinated
actions on the agricultural territory, given that the
changes in the upper parts of the sub-basins that
comprise it, will also affect the activities in the
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middle and lower zones, as well as in the popula-
tion and the different agro-productive sectors.

The results induce a possible increase in the
monthly precipitation at lower altitude, on the re-
presentative Valley in the localities San Diego and
Valencia, this will imply technological adaptations
of some units of agricultural production, mainly for
agriculture that is actively developed in this area of
the basin of the Lake of Valencia, referred for exam-
ple to modifications on the dates of sowing and the
programming of the irrigation. However, the grea-
ter estimated impacts of reduction in annual pre-
cipitation towards the southern zone, can have a
strong impact on a decrease in the water supply and
the consequences on less water to satisfy the water
needs of the crops.

3.4 Analysis of the percentile rank P90 %
-P10 %

This indicator provides information on the ampli-
tude of the variation in the series, where 87% of
the values of the series present minor differences
to this range, and only 13% of the total values of
all the localities under study are considered as va-
lues extremes. This information would allow, in a
very broad sense, to identify those years where the
annual rainfall received compared to the rainfall of
the rainy season (May to October) does not manage
to be significant or sufficient to cover the water de-
mands of the crops, in the case of dry extremes or,
on the contrary, that excess water conditions are ge-
nerated in humid extreme years, which makes the
management of the agroecosystem very vulnerable.

By plotting the annual and seasonal rainfall
amounts (May to October), together with the loca-
tion of the particular years in relation to the per-
centiles obtained from the historical data series, the
wet and dry extremes for two representative locali-
ties are defined in the study area. On the one hand,
Vigirima (Figure 6a) identifies the years 1983 and
1988 as wet extremes, that is, these years present an-
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nual and seasonal amounts above the 90th percenti-
le. The occurrence of these events can determine the
failure of the harvest, the drastic reduction of the
yields, the affectation of the plantation by favorable
conditions for the attack of plagues and appearan-
ce of diseases, as well as the increase of the climatic
risk that can affect the stability of agriculture in the
area. On the other hand, the years 1979 and 1999
correspond to the extreme dry values (<800 mm),
being located below the 10th percentile of the an-
nual and seasonal rainfall.

For the period analyzed, the results described
show that the phenomenon ENSO (El Nifio-Austral
Oscillation) can partially explain the occurrence of
extremely dry months or humid extremes at local
scale during the wet and dry seasons in the lake ba-
sin of Valencia (Paredes ef al., 2015; Olivares et al.,
2016).

According to Cérdenas et al. (2002), El Nifio has
a greater incidence on rainfall extremes than La Ni-
fia at a local scale and is usually related to anoma-
lously dry conditions with moderate spatial covera-
ge. The moderate to scarce connection between the
active phases of ENSO identified at the local level
suggests that other factors not evaluated had a deci-
sive influence on certain extreme rainfall events (for
example, the generalized drought of 1979 occurred
during the neutral phase of ENSO).

The strategies of water management in the lo-
calities under study would be oriented to maintain
high infiltration in the soil; the prevention and con-
trol of runoff, given the high risk of water erosion
in the humid period for mountainous areas, in ad-
dition to promoting techniques to capture and store
water in the wet period for use in the dry period
(Ovalles et al., 2008). Likewise, it is clear that the
use of water improvement techniques in the soil, the
use of runoff or the use of irrigation (depending on
the availability of water) is very important for the
agricultural production of the localities addressed.
It would also help the use of crops adapted to the
local ecosystem depending on the type of climate
and soil.
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In Agua Blanca (Figure 6b), the years 1969 and
1975 were identified as wet extremes, with annual
and seasonal rainfall values higher than the 90th
percentiles of the series, while the years 1974 and
1997 are considered as the dry ends of the series,
being below the 10th percentile. In this case, both
dry end values are higher than 800 mm, which is in-
terpreted that under these conditions, the wet ends
would have a greater impact than the dry ends.

Based on what has been described, it is neces-
sary that this type of analysis be carried out with
daily information, mainly because in the case of
rainfed agriculture, the evaluation of these extreme
situations requires tools that include inter-annual
variability with a daily scale approach with the firm
conviction to obtain a greater idea of the climatic
risk in the agricultural zones.

4 Conclusions

The interannual variability of precipitation is high,
even in the rainiest months. Likewise, the studies
carried out show, as expected, an increase in the va-
riability in the dry season. It is to be considered that
the results shown in this study are of great impor-
tance from the point of view of the sustainable ma-
nagement of water for agriculture, since it implies
the need to know in local detail, which are the main
ranges of precipitation that have direct effects on
agro-productive systems, especially when this cli-
matic element is the most variable of the whole sys-
tem.

The results showed the behavior of the seasonal
and interannual variability of rainfall in a general
way and its possible influence on the rainfed agri-
culture developed in the Lake of Valencia basin, Ca-
rabobo, with this a basic and wide knowledge about
this climatic element is obtained, which will allow a
much more assertive approach in making strategic
decisions in agricultural territories.

The agricultural vocation in the lowlands of the
lake basin of Valencia, makes it very vulnerable to
persistent dry episodes, where rainfed crops such
as industrial sorghum, corn, vegetables, fruit (Mu-
saceae) and citrus reduce their yields during the ab-
sence prolonged rain, which affects the agricultural
sector of the region.
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