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Abstract

Rice (Oryza sativa L.) is one of Guyana’s most important agricultural commodities, with cultivation schedules closely
linked to the country’s bimodal rainfall pattern. This study analyses rainfall data obtained from the Ministry of Agriculture’s
Hydrometeorological Service of Guyana, Georgetown weather station, for the period 1960-2016. The study aimed to
assess rainfall variability relative to the two main rice growing seasons: May to July (MJJ) and November to January
(NDJ). The rainfall data was processed using the Python Anaconda Distribution software.Time-series analyses were
conducted for the study period, including ten-day running mean graphs and boxplots to represent monthly and seasonal
variability under different ENSO phases.The results confirmed a distinct bimodal rainfall distribution driven by the northward
and southward migration of the Intertropical Convergence Zone (ITCZ), with peak rainfall occurring in the months of
June and December. Further, the results showed that the MJJ season displays higher precipitation (6.2 -11.8 mm ten-day
running mean) and greater variability compared to the NDJ season (4.3-9.3 mm), indicating generally wetter conditions
during the first crop. Further, the MJJ season shows no strong teleconnection to the El Nifio Southern Oscillation (ENSO).
The NDJ season displays a clear ENSO influence, with El Nifio years producing drier conditions and La Nifia years
producing wetter conditions. These findings highlight the importance of rainfall timing, distribution, and ENSO phase
monitoring in planning rice cultivation, particularly for the second crop when ENSO related rainfall deficits are more

likely to impact yields.
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Introduction

The Agricultural Sector in Guyana accounts for
approximately 31.9% of Guyana’s non-oil GDP and
generated approximately 21.3% of Guyana’s non-oil export
earnings in 2020 (Mahdu & Ellis, 2021; Office of the
President, 2022), whereby rice contributed to 45 percent of
Guyana’s agricultural exports in 2017 (Mahdu, 2019; Weber
etal., 2022). Further, rice is an aquatic crop that takes around
3 to 6 months from germination to the maturity stage, and it
is considered a staple in many tropical countries globally
(Niyomugabo et al., 2024). However, maturity is dependent
on the variety and environmental conditions under which it
is cultivated. In Guyana, characteristics of ten (10)
commercial varieties of rice highlighted that most of these
varieties had a growth duration between 108 and 125 days,
which can be characterized as short-duration varieties
(GRDB, 2008; Ricepedia, 2017).

Furthermore, agricultural activities are primarily
concentrated along Guyana’s coast (Velasco, 2014), where

two crops of rice are grown yearly and are classified as the
spring harvest (1%crop) and the autumn harvest (2™ crop).
The spring crop is usually sown between the months of
November and December and is normally harvested between
the months of March and April. In contrast, the autumn crop
is normally sown between June and July, or occasionally in
the month of May, and harvested between September and
October. Additionally, the sowing of the rice paddy for the
different crops corresponds with the rainy seasons, while
harvesting coincides with the dry season (GRDB,2008;
World Bank, 2010; Shako, 2020).

Most of Guyana experiences a bimodal annual cycle of
rainfall with two wet seasons and two dry seasons. The
seasonal variability is determined primarily by the variations
of rainfall patterns, which are due to the annual meridional
migration of the Intertropical Convergence Zone (ITCZ)
(Rama Rao et al., 2011). Additionally, EI Nifio Southern
Oscillation (ENSO), remains the dominant mode of
interannual climate variability. It’s El Nifio and La Nifa
phases alternate on irregular 2—7-year timescales, producing
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global teleconnections that influence rainfall, temperature,
and atmospheric circulation patterns globally (NOAA 2025;
Zhang et al. 2025). ENSO is also one of the most prominent
known sources of interannual variability in Guyana’s weather
and climate, with the country experiencing reduced rainfall
and droughts during El Nifio and increased rainfall and
flooding generally during La Nifa events (MOA, 2007).

Further, most of the rice crop in Guyana is grown under
irrigation. Nevertheless, the distribution of rainfall usually
decides the moisture range under which field preparations
occur and when sowing and harvesting should commence
for most of the crops grown in the country. In many instances,
crops may be affected by the variability in the onset dates of
the two most important rainfall seasons and from dry spells
combined with periods of excessive rainfall. Added,
sufficient rainfall does not always coincide with crop growth
stages due to annual variability in the onset and development
of the rainfall season, attributing to water scarcity for
irrigation purposes during drought periods (Shaw, 1987,
Republic of Guyana, Guyana Lands and Surveys
Commission, 2020).

The rice crop during its growth and developmental phases
has specific water needs. As a result, the management of
water at the field level is important to acquire good yields
from the crop (Wopereis et al., 2008). The specific water
requirement of the rice crop may vary from 775-3000mm
during the developmental cycle of the crop (Tyagi et al., 2000,
Lu et al., 2000; Zawawi et al., 2010).

During the growth and development cycle of the crop, many
critical stages exist where the crop requires a lot, little or no
water. Water availability is important during the seedling
establishment, tillering, heading, and grain filling stages of
the crop (GRDB, 2008; Wopereis et al., 2008). Hence, the
objective of this study is to understand the rainfall variability
in Guyana relating to the planting seasons of the rice crop.

Methodology

Study Location and Rainfall Data used in the Study

The study was conducted in Guyana, located in Northern
South America. Daily data for the study were obtained from
the Ministry of Agriculture - Hydrometeorological Service
of Guyana, Georgetown weather station (6.8167 ° N, -58.150
W), for the period 1960 to 2016. The weather station was
primarily selected due to the completeness of its dataset and
its location along the coast of Guyana, where most of the
agricultural activities take place.
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Data Analysis and Representation

All graphs were created using the Python Anaconda

Distribution software. In scientific research, Python

Anaconda can be used in climate modelling, hydrology, and

agriculture for analysing large datasets (Anaconda Software

Distribution, 2020). For this study, the daily rainfall data

was processed using the Python Anaconda Software to:

1. Identify the long-term variability in daily, monthly, and
seasonal rainfall.

2. Compare precipitation patterns between the two rice
growing seasons: May-July (MJJ) and November-
January (NDJ).

3. Assess the influence of ENSO phases (El Nifio, La Nifia,
and Neutral) on seasonal rainfall distribution using the
Oceanic Nifio Index (ONI) from NOAA (Data
downloaded from NOAA 2025: https://origin.cpc.
ncep.noaa.gov/products/analysis_monitoring/ensostuff/
ONI vS5.php).

The influence of the El Nifio—Southern Oscillation (ENSO)
on seasonal rainfall variability was assessed using the
Oceanic Nifio Index (ONI) obtained from the National
Oceanic and Atmospheric Administration (2025). ENSO
phases were classified based on standard ONI thresholds,
with EI Nifio conditions defined as ONI>+0.5 °C, La Nifa
conditions as ONI < — 0.5 °C, and Neutral conditions as
—0.5°C <ONI <+0.5 °C. The ONI represents a three month
running mean of sea surface temperature anomalies in the
Nifio 3.4 region.

Seasonal rainfall totals and ten-day running mean
precipitation values for the May-July (MJJ) and November—
January (NDJ) periods were grouped according to these
ENSO phases. This classification enabled a consistent
comparison of rainfall magnitude, variability and distribution
across ENSO conditions and facilitated interpretation of
ENSO rainfall teleconnections relevant to rice cultivation
in Guyana.

Results and Discussion

Daily Rainfall Analysis of Georgetown 1960 — 2016

Daily rainfall variability at the Georgetown synoptic station
over the 1960-2016 period is depicted in Figure 1. The daily
rainfall for the station was variable, with periods of high-
intensity rainfall that have surpassed more than 100mm per
day and periods below 50mm were recorded on several
occasions. It is apparent that the station is generally wet;
however, the inter-seasonal variability needs to be understood
since it is not clearly represented by the time series.
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As aresult, in Figure 2, box plots of the daily precipitation
by months are represented. A bimodal rainfall distribution
pattern of the station can be observed. In this plot, a clearer
picture of the inter-seasonal variability of the precipitation
pattern of the station can be seen. From January, there is a
gradual decrease in the rainfall over the months of February
to March, which represents the primary dry season along
the coast. From April, a gradual increase in rainfall continues
over the months of May to July, which coincides with the
primary rainfall period over the study area. Thereafter, a
gradual decrease in rainfall is observed from August to
October, which is the secondary dry season on the coast of
Guyana. Moreover, months 9 and 10 are the driest months.
Subsequently, a gradual increase starts in November and rolls
over to January, which coincides with the secondary wet
season of November/January. These findings coincide with
the literature by Rama Rao et al. (2011) and Persaud and
Persaud (1995), in their description of the rainfall variability
along Guyana’s coast.

On consulting the literature, it was found that the rainfall
variability between the dry and wet seasons (Figures 2 and
3) is marked primarily by the northward and southward
movement of the ITCZ in the central (equatorial) portion of
the tropics. Further, the northward flow of the ITCZ is
associated with substantial rainfall between mid-April and
the end of July. Added, the southward movement of the ITCZ
is associated with a second wet season observed between
mid-November and the end of January, with peak rainfall in
December. The periods in between reflect the dry periods
along the coast (Rama Rao et al., 2011; Galvin, 2016).

Further, to analyse the rainfall variability of the Georgetown
Station on a shorter time span, the Ten-Day Running and
Daily Precipitation mean was calculated for 1960 to 2016
and can be seen in Figure 3. As expected, a bimodal trend of
the rainfall pattern is evident. The variability of the Ten-
Day Running Mean is less when compared to that of the
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Figure 1. Daily precipitation (mm) in Georgetown, Guyana from
1960 to 2016. The graph illustrates pronounced day-to-day
variability in rainfall, with intermittent high intensity events and
periods of relatively lower rainfall occurrence across the study
period.

daily mean, with the maximum values of about 12 mm
peaking at the May-June period and minimum values of
around 2mm being obtained in the drier months of
September/ October. Likewise, the daily mean has a similar
trend with the same peaks of 15mm and lows of 1.5mm.

" by months from 1960-2016

Georgetown Daily Pre
T : T N
H . . . i b4

s :

8

i

¥
¥

P
|
Hi]l

:LELQQQ: =

Months
Figure 2. Box plot of daily precipitation (mm) in Georgetown
Guyana, by month for the period 1960-2016. The distribution
highlights strong seasonal contrast, with higher rainfall amounts
and greater variability during the main wet season months, and
lower medians during the drier periods.
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Figure 3. Mean daily precipitation (mm) and 10-day running mean
for Georgetown, Guyana, over the period 1960-2016. The daily
mean rainfall (mm) shows pronounced short-term variability, while
the 10-day running mean smooths this variability to highlight the
seasonal rainfall cycle. Peaks correspond to wetter periods of the
year, whereas the low points indicate relatively drier conditions
in coastal Guyana.

Seasonal Rainfall Analysis for MJJ and NDJ Growing
Seasons

Georgetown May/July (MJJ) Season
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Figure 4. Box plot of the 10-day running mean precipitation (mm)
for the May—June—July (MJJ) season in Georgetown, Guyana, for
the period 1960-2016. The distribution summarizes the central
tendency and variability of seasonal rainfall during the main wet
season. The median and spread reflect typical rainfall conditions
and the range of interannual variability across the study period.
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Figure 5: Box plots of the 10-day running mean precipitation (mm)
for May, June, and July (MJJ) in Georgetown, Guyana, from 1960—
2016. The figure illustrates monthly differences in rainfall intensity
and variability within the main wet season. Median values and
spread indicate changing rainfall conditions from May through
July across the study period.
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Figure 6. Box plots of daily precipitation (mm) during the May—
June—July (MJJ) season in Georgetown, Guyana, grouped by
ENSO phase for the period 1960-2016. The figure compares
rainfall distributions under El Nifio, La Nifia, and neutral
conditions. Differences in medians, spread, and extreme values
highlight the influence of ENSO phase on seasonal rainfall
characteristics.
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Georgetown November/January(NDJ) Season
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Figure 8. Box plot of the 10-day running mean precipitation (mm)
for the November-December—January (NDJ) season in
Georgetown, Guyana, from 1960-2016. The distribution
summarizes typical rainfall conditions during the secondary wet
season. The median and spread reflect interannual variability in
seasonal rainfall intensity over the study period.
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Figure 9. Box plots of the 10-day running mean precipitation (mm)
for November, December, and January (NDJ) in Georgetown,
Guyana, from 1960-2016. The figure highlights monthly
differences in rainfall intensity within the secondary wet season.
Median values and variability indicate relatively higher rainfall
in December compared with November and January across the
study period.
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Figure 7. Box plots of the 10-day running mean precipitation (mm)
during the May—June—July (MJJ) season in Georgetown, Guyana,
classified by ENSO phase for the period 1960-2016. The figure
compares smoothed rainfall distributions under El Nifio, La Nifia,
and neutral conditions. Differences in median values and variability
indicate the influence of ENSO phase on seasonal rainfall intensity.
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Figure 10. Box plots of daily precipitation (mm) during the
November—December—January (NDJ) season in Georgetown,
Guyana, grouped by ENSO phase for the period 1960-2016. The
figure compares rainfall distributions under El Nifio, La Nifia, and
neutral conditions. Variations in median values, spread, and
extreme events indicate differing seasonal rainfall responses to
ENSO phase.
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Figure 11. Box plots of the 10-day running mean precipitation
(mm) during the November—December—January (NDJ) season in
Georgetown, Guyana, classified by ENSO phase for the period
1960-2016. The figure compares smoothed rainfall distributions
under El Nifio, La Nifa, and neutral conditions. Differences in
median values and variability indicate the influence of ENSO phase
on NDJ seasonal rainfall intensity.

Figures 4 to 11 above represent the precipitation patterns
for the main growing seasons for the rice crop in Guyana. A
comparison of the range for the MJJ and NDJ seasons Ten-
Day Running means shows that the precipitation range for
the MMJ season is wider when compared to that of the NDJ
season, whereas values of 6.2 to 11.8 mm and 4.4 to 9.5mm
were recorded respectively.

Subsequently, in Figs. 5 and 9, the Ten-Day Running Mean
distribution by month is represented. The ten-day running
mean rainfall distributions for the MJJ (May-July) and NDJ
(November- December) seasons shows a clear seasonal
contrasts and intra-seasonal transitions in Georgetown over
the 1960 — 2016 period. This analysis aids in identifying the
precipitation variability between the months in the seasons
of interest. In both seasons, the general pattern of the
precipitation distribution is similar. For example, the first
month in both seasons has the widest variability of
precipitation, and the second months (June and November)
have the highest peaks in rainfall for the seasons. It should
be noted that during the month of June, the rainfall range
was higher than that of November, which ranged
approximately between 10 to 11.2 mm and 8 to 9.8mm,
respectively. The latter months of both seasons then showed
a reduction in the range of the Ten-Day Running Rainfall
mean, which is expected since the season would usually start
to transition from wet to dry. The MJJ and NDJ seasonal
analysis reveal clear differences in rainfall magnitude and
variability in Georgetown with the MJJ season exhibiting
higher and more variable rainfall than the NDJ season.

InFigs. 6, 10, 7 and 11, the ENSO Phases for the two seasons
(MJJ and NDJ) and the Ten-Days Running Mean by ENSO

phases for the period 1960 to 2016 are represented. El Niflo
years in this research were classified as years with values >
+0.5 °C sea surface temperature; the La Nifia years were
classified as years where the sea surface temperature obtained
values of <—0.5 °C. Finally, the ENSO Neutral years were
classified as years in between the classification made above.
As described by NOAA (2025), these thresholds were set
for the Oceanic Nifio Index (ONI), which consists of a 3-
month running mean of ERSST.v4SST anomalies that can
be found in the Nifio3.4 region (5°N-5°S, 120°-170°W).

Based on the results obtained, it can be seen for that the MJJ
season does not display a strong ENSO teleconnection (Figs.
6 and 7), since there are no significant variations in
precipitation observed for the phases. However, during the
El Nifio years in this season, there are a few more outliers of
extreme daily rainfall when compared to the La Nifia and
Neutral years.

On the contrary, during the NDJ season, a clear
teleconnection as it relates to the ENSO phases can be
observed (Figs. 10 and 11). During the NDJ season for the
period of study, there is a clear reduction of rainfall variability
on the seasonal time scale and on the Ten-Day Running Mean
by ENSO phases. It can be concluded that the ENSO
teleconnection is stronger in the second cropping season of
the rice crop, where drier and wetter than normal conditions
are expected with El Nifio and La Nifia conditions
respectively.

Alook at the daily climatological data for Georgetown found
that the station has a bimodal rainfall distribution, which
coincides with the findings in Bovolo et al. (2009) and Rama
Rao etal. (2011). The rice crop has varying requirements of
water during its growth and development stages. A
comparison of the ten-day running mean precipitation for
the two rice growing seasons indicates clear differences in
rainfall magnitude and variability. For the MJJ season, ten-
day running mean precipitation values ranged from
approximately 6.2 to 11.8mm, reflecting generally wetter
and more variable conditions. In contrast, the NDJ season
recorded lower values, ranging from approximately 4.3 to
9.3 mm, indicating comparatively drier conditions and
reduced variability. These results confirm that the primary
rice growing season (MJJ) is typically wetter than the
secondary season (NDJ), with important implications for land
preparation, crop establishment, and water management.

As observed in Figs. 6 and 10, the ENSO El Nifio
teleconnection, which is usually associated with below
normal rainfall in Guyana (Simon,1997; MoA, 2007), is more
prominent during the November/ January rainfall season
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when compared to that of May /July. Based on the results
obtained, the results indicate that the precipitation distribution
over the area of study has a higher probability of being below
normal during the November/January sowing season.

Additionally, the data analysed in the study were obtained
from the Georgetown weather station, which is in an urban
area. The station provides a long and consistent historical
record; however, its location may not adequately capture the
spatial variability of rainfall across Guyana’s major rice
growing regions. As a result, the findings may not fully
represent localized rainfall conditions affecting rice
production.

Conclusion

This study demonstrates that rice production in Guyana is
heavily influenced by the seasonal distribution of rainfall,
which follows a bimodal pattern shaped by the migration of
the ITCZ. An analysis of the rainfall data from Georgetown
shows that the MJJ season is generally wetter and more
variable than the NDJ Season, thereby providing more
favourable weather conditions for land preparation,
transplanting, tillering, and early vegetative development.
On the other hand, the NDJ season exhibits a stronger ENSO
teleconnection, with El Nifio events linked to below-average
rainfall and La Nifa events linked to above-average rainfall
conditions,increasing the risk of water stress during sensitive
stages such as flowering and grain filling. These results
suggest that while the first crop is less vulnerable to large-
scale climate variability, the second crop faces a higher risk
from ENSO-related rainfall deficits. For sustainable rice
production, especially in the NDJ season, adaptive water
management strategies should be integrated into agricultural
planning, such as irrigation scheduling, drought monitoring
and preparedness, and ENSO-based forecasting. These
strategies will mitigate the effects of seasonal and interannual
variability, thereby ensuring more reliable yields in the face
of climate uncertainty. Incorporating ENSO-based seasonal
forecasts into irrigation scheduling, drought preparedness,
and planting decisions could therefore enhance climate
resilience and support more sustainable rice production in
Guyana.
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