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Rainfall, temperature and relative humidity effects on
Oxygen isotope levels
Abstract
Global warming is the foremost societal issue facing humankind in the
21st century. Its impacts have resulted in shifts in rainfall patterns that
have greatly impacted a wide range of things from agriculture to changes
in Tropical cyclones (TC’s) rate striking the Caribbean countries. As
predictions have stated the change in temperature has led to an increasing
amount of weather phenomena that was never seen before. In this study,
monthly cave monitoring of air and drip water temperatures and humidity
was conducted using two HOBOware located at different sites inside the
cave. Rainfall variability was also collected monthly from sites, located
at the University of Belize central campus and another one at Actun Coh
cave. Furthermore, geographic mapping of the cave location by ArcGIS
program was carried out. The results showed that the mean temperature
for site 1 was 23.016°C ± 0.282; while for site 2 was 22.681°C ± 0.287
for a period of 3 months studied. A difference of 0.335°C was observed
between the two sites. The humidity levels for both sites remained
constant at 100%. The rainfall amount at Actun Coh cave was greater than
the one collected at UB campus; while the temperatures of the rainfall is
less at the cave site than at UB campus site. Therefore, a difference of
1.56 mm and 6°C was obtained from both locations of its rainfall activity
within the 3 month time. Isotope levels within the cave show less readings
within the cave drip (p=0.235) than the rainfall isotope levels (p=0.380).
This implies that rainfall, temperatures and humidity levels all influences
the level of isotopes within cave drips that forms stalagmites. The data
obtained in this study contributes to a bigger study that is ongoing until
the end of 2018. While limited conclusions can be drawn from this study
due to only 3 months of data gathered, it is clear that environmental
conditions inside Actun Coh cave remains relatively constant.
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Introduction
Earth is the third planet in our solar system, and it is the only planet that holds water in its
surface and a fully developed atmosphere. This atmosphere is a thin, gaseous blanket layer
comprised mostly of nitrogen (N) and oxygen (O). Other trace gases that are present in small
amounts are water vapor (H2O), carbon dioxide (CO2) and carbon monoxide (CO). Interactions
with earth, moon and sun’s gravitational field create the elliptical movement of the earth; these
movement drives atmosphere to move and form clouds. These clouds essentially allow the earth
to prevent it from becoming a microwave which cools the earth and prevents most of the sun’s
harmful rays to penetrate the earth. All of these interactions allow the hydrological cycle to be
possible and therefore the water can be able to undergo phase changes from liquid to vapor to
liquid again (Montgomery, 2000). Water from the planet evaporates and form distinct clouds that
move towards land. Simultaneously, transpiration of the trees and plants occurs that eventually
joins with the clouds; when the clouds become heavier they condense. Precipitation occurs right
after in the form of rain, snow or hale that returns back to the land surface. Infiltration of the
water into the soil follows but this process if affected by the type of soil composition and the
presence of vegetation (Ahrens, 2012).
Global warming is a major societal issue that has been increasing over the past years. These
events have a great effect on Tropical cyclones (TC’s) rate striking the Caribbean countries.
Tropical cyclones (TCs) are known regionally as tropical storms, hurricanes, typhoons, and/or
cyclones, are humanly and economically costly climate hazards that are difficult to forecast
under future climate change scenarios. Nevertheless, there is a poor spatial and temporal
understanding of the precipitation levels in Belize from a chorological time scale. It is believed
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that the El Niño/Southern Oscillation (ENSO), tropical cyclogenesis and shifts in mean of the
Intertropical Convergence Zone (ITCZ) are indicators to these global warming issues.
Anthropogenic activities for instance burning of fossil fuels and increasing the production of cow
products all lead to the production of methane gas and carbon dioxide. Methane gas is naturally
occurring gas that is used every day for instance cooking. This gas however, is thought to be the
second leading cause of global warming of about 10%. This gas is potent and it lasts in the
atmosphere for about 15 years before releasing oxygen and water; during its lifetime it traps heat
coming directly from the sun. Carbon dioxide is the highest leading cause of global warming that
accounts for a mere 81%; this gas enters the atmosphere through chemical reactions, breathing
and burning of fossil fuels. Through time, it is thought that methane gas and carbon dioxide has a
direct correlation with each other (Solomon et al., 2009).
The high amounts of carbon dioxide that enters the atmosphere it interacts with the water vapor
and often leads to a term called acid rain. Acid rain is simply a combination of sulfur, nitrogen
and main component carbon dioxide with a low pH. As the rain proceeds in land it starts to
corrode the land masses especially those made-up of calcium carbonate (limestone). Due to an
extensive period of acid rain on limestone formations it eventually dissolves the joints, bedding
planes and fractures leading to a large hollow structure called a cave (Demény at al., 2016).
Speleogenesis is the process by which a cave is formed over thousands even millions of years.
During the formation of the caves, special structures called speleothems are created by secondary
mineral deposits of calcium carbonates (Palmer, 2003). These speleothems includes both
stalactites and stalagmites. Stalactites are basically calcium carbonate formations that hang from
the ceiling of caves caused by dripping of concentrated calcium carbonate in water. This term
originates from the Greek word “Stalasso” that means to drip or that which drips. The
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corresponding formation is stalagmite, this is a rock formation mainly composed of calcium
carbonate. It forms by the extremely slow accumulation of these minerals that are deposited from
the ceiling primarily by the dripping of stalactites. Stalagmites name originates from the Greek
word “stalagmitês” which means dropping or trickling (Mariethoz at al., 2012).
There are two main types of oxygen isotopes which are δ18O and δ16O. Oxygen isotope 16 is the
form of oxygen that is the most common in nature and is the more stable form oxygen. Whilst,
oxygen isotope 18 is the more radioactive form oxygen and it is the heavier form with 10
neutrons instead of 8 as in isotope 16. With these isotope chronologies are tested for the evident
change in climate over a long period of time (Helman et al., 2005). The common and less
efficient mode of testing the weather pattern of a period of time is using ice core samples from
the icebergs in the artic besides marine core samples. Ice core sampling is the method that uses
these isotopes along with carbon isotopes derived from carbon dioxide. However, this technique
is viable to change in the chronologies due to ever changing atmospheric conditions present in
the area especially with the immense melting of the polar ice caps (Riebeek, 2005). As time has
passed, scientists began to look towards using caves and its natural formation the stalagmites and
stalactites for paleoclimate study. The use of stalagmites tend to be the most used rock formation
for this particular study due to its slow formation of a 100 years for every 1 inch of stalagmite
growth. The deposits of δ18O and δ13C proxies on the stalagmite growth lamella are quantified to
reveal the change in isotope readings due to rainfall variability, temperature and relative
humidity levels (Tan et al., 2014).
Studies on longer time scales have been limited by the lack of temporally extensive paleoclimate
records. Particularly, only records from one location in the northern Caribbean, Lake Petén Itzá
in Guatemala (Hodell et al., 2008, Escobar et al., 2012), extend to the last glacial interval. These
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records suggest contrasting patterns of past climate variability in this region during the last
glacial interval. Despite some studies pointing towards more intense, yet perhaps fewer TCs
under future anthropogenic climate change scenarios, considerable uncertainty remains regarding
future TC frequency and intensity in region-specific projections, such as for Belize.
The prediction of TC’s and other severe weather events are becoming difficult to forecast.
Therefore, stalagmite oxygen isotope ratio (δ18O) records, rainfall, temperature, humidity and
cave drip analysis offer a unique opportunity to reconstruct the long-term history of precipitation
variability and TC activity in low latitude regions, extending beyond the instrumental record and
over glacial to interglacial time scales. The Objectives of this study was to conduct a baseline
data for future paleoclimate study of the cave located in the Mountain Pine Ridge area called
Actun Cho Cave in the Cayo district. Obtain the exact coordinates of the cave via a hand-held
Garmin GPS finder; then produce a map of the cave location by using ArcGIS program. Both
rainfall and temperature from two installations would be collected; one located at the University
of Belize campus and the other at the immediate area of the cave monthly. Temperature and
relative humidity were to be gathered from inside the cave to see differences in their levels per
month. Oxygen isotopes were to be measured from each cave drip to seek correlation between
rainfall alongside temperature with the isotope readings. As mentioned earlier, these parameters
will be used as baseline data for the paleoclimate study. It was hypothesized that rainfall and
temperature will vary between the cave surrounding and at UB campus. Actun Coh cave located
at the Cayo district and Rio Secreto cave located at Mexico will have similar air-surface
temperature and relative humidity within both caves; isotope readings will remain constant in
most container installations. Rainfall isotope readings will be slightly higher than cave drip
isotope readings.
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In this project the atmospheric analysis conditions within the cave is important because it helps
to reveal the relative humidity and air-surface temperature where it is in contact with the
stalagmites formations. Measuring both temperature and rainfall from the surround area of the
cave and another at the UB campus are highly important because they tell if they have an effect
on isotope readings or cave calcite deposit rates. There are currently no data in Belize that
monitors neither cave climatic conditions nor rainfall and cave isotope readings. The closet
isotope readings done in Belize were the use of stable isotope readings from burials in Cahal
Pech Mayan site (Green, 2016). McDermott (2003), states that cave monitoring is expensive and
time-consuming. However, it is very important to assess the isotopic composition of cave drip
and reveal the calcite deposit rates. Therefore, the report that is being produced will be used to
provide isotopic composition of cave drip and how they affect the calcite deposit rates.
Additionally, be the baseline data for future research in paleoclimate study of stalagmites within
Actun Coh cave system.
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Background Information
Ice core Sampling
As precipitation falls to the ground in the form of snow and survives gets transformed into
glacier ice. Different atmospheric gases especially carbon dioxide and other aerosols precipitate
and accumulate in the glacier ice in the form of bubbles. Therefore ice cores of 10-20 cm in
diameters to several meters in length are mechanically extracted with a thermal drill. Thus,
telling the weather pattern changes over thousands of years to present day that forms the baseline
of paleoclimatology (Steig, 2003). The precipitations of gases are all dependent on the
accumulation rates of the snow. Many ice core samples lack sufficient trapped air bubbles that
are not suitable for dating. Thus, testing of carbon dioxide with the oxygen 18 isotope
concentrations are quantified and measured. From the samples collected it was noted that over
the year about 50% of methane gases are seen (Alley, 2000).The annulus of the ice core samples
only provide some degree of accuracy in historical dating and 1% of error in estimated reading;
this can change due to impurities and the melting of the polar ice caps.
Stalagmite Paleoclimatology
The Mayan civilization was vast and prosperous yet declined over a 150 year interval called the
Terminal Classic Period. During this time it was suggested that severe drought caused the great
collapse of the Mayan civilization. With the use of the new high resolution of stagalamite record
on oxygen isotope (δ18O) and rainfall variability it was revealed that there were eight severe
droughts having lasted approximately 3 to 18 years. Thus, the populations in the city states
decreased with lowered rainfall from 52% to 36% (Elizalde et al., 2010). A quantitative analysis
of stalagmites was proposed whereby droughts were the main cause for the disintegration of the
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Mayan civilization. The annual precipitation reduced up to 40% due to a high frequency of
tropical cyclones and severity contributing to the high levels of drought making the Mayan
civilization collapse (Elizalde and Rohling, 2012). High-resolution absolute U-Th stalagmite
analysis was produced based upon oxygen isotope (δ18O) from Río Secreto, Playa del Carmen
and Yucatan Peninsula. This specimen stalagmite was dated to span across BCE 1037 and CE
397 period. This determined quantitative precipitation changes from the stalagmite (δ18O) record
following previous methods. The stalagmite precipitation record revealed that there were periods
of low precipitation where there was an increase in population in the Yucatan Peninsula.
Additionally, there were periods of high precipitation where the Mayan inhabitants showed
abandonment; due to great shifts in rainfall fluxes from Atlantic tropical cyclones (Elizalde et al.,
2015).
In this research, they have developed a technique by the sector-field inductively coupled plasma
mass spectrometry (ICP-MS) was developed. ICP-MS measures isotope composition and
concentration of both thorium (230Th) and uranium (234U). These isotopes were used as tracers
and when it was compared to the thermal ionization mass spectrometry (TIMS) it revealed the
use of a smaller sample size, a larger sample output and the capability of analyzing sample of
speleothems with low 230Th concentrations at higher sensitivity output (Shen et al. 2001).
Environmental Factors Affecting Isotopic concentrations and stalagmite growth
Oxygen 18 isotope analysis of precipitation over Andaman Island was conducted in one year
period from 2012 to 2013. Based on their analysis both hydrogen and oxygen isotopes seems to
be affected by tropical cyclones. But the entire isotopic composition of rainfall is all dependent
on moisture rather than just individual rain events. Convection systems alongside seasonally
variability all have a negative effect on the concentration of isotopes from one period to the other
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(Chakraborty et al., 2016). In Europe, a study was conducted to test to see if there is any
correlation between the oxygen 18 isotope ratios and hydrogen isotopes with the North Atlantic
Oscillation. Hence, they analyzed samples from weighed isotopes precipitation means to data
sets gathered from European Global Network for Isotopes in Precipitation (GNIP) and Austrian
Network for Isotopes in Precipitation (ANIP) stations during the winter period. There they noted
that the comparison between present day isotope readings to past readings suggests changing
temperatures and precipitation levels thereby stating that the North Atlantic Oscillation tends to
control the precipitations oxygen and hydrogen isotopes in the winter period (Deininger et al.,
2016).
A research conducted in the Great Plains region in Texas; from 2015 to 2016 they intended to
investigate the isotopic composition of rainfall. They founded that there was no correlation
between temperature and isotopic value rather a slightly larger correlation was found between
rainfall amount and isotopic values. Furthermore, a test between every storm event was done to
see any effect on is isotopic reading displayed that the main controlling parameter was the type
and strength of the storm on isotope readings (Mcchesney, 2017). A report on cave systems
suggested that cave temperatures are all dependent on the partial CO2 from the soil composition
rather than the atmospheric composition due to the roots of trees as well as microbial
interactions. Thus, the more vegetation surrounding a cave the higher the partial CO2 in the soil
which influences the temperature in the cave and the cave drip composition. Here also the
porosity of the soil with roots and microbial interactions as stated influences how much carbon
dioxide enters the cave and forms the composition of the cave drip which is essential in the
growth of stalagmites. The more cave drip with higher saturation of calcium carbonate the faster
the growth rates of the stalagmites as well as the stalactites (Labuhn, 2014).
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In Tartair Cave located in Scotland scientist tested to see if there are any relationship between
δ18O in precipitation, infiltration of water and calcite deposits rates due to the cave’s highly
sensitive to changes in temperature and precipitation. The monthly precipitation seemed to have
a negative linear correlation with δ18O with a 7.1% range. The infiltration rates only showed
minimal variation with their annual weighed mean to be the same to the precipitation rate.
Thereby, suggested that the hydrological cycle plays a key role in infiltration rates which
simultaneously the calcite deposits forms close to the isotopic equilibrium (Fuller et al., 2008).
In Texas, oxygen isotopic measurements of rainfall, drip-water and calcite in a well-ventilated
cave was conducted to see temperature reconstruction. Within a two years period from 20092011 the rainfall demonstrated a variation of 11.5 δ18O to 1.0 δ18O while the drip water had a
smaller variation of 0.3 δ18O to 4.4 δ18O. Additionally, information revealed that calcite growth
indicated seasonally variation between summer and winter. A strong correlation with their
growth and surface air temperature was noted with three sites having (r2 = 0.88-0.96; p < 0.00)
hence temperature not only has an effect on calcite growth but also is a major factor that controls
the calcite growth rates. The isotope levels in the cave drip water are temperature dependent
whenever the cave drip water lands on the substrate it influences the calcite growth rates. Slower
calcite growth rate on high temperatures while faster calcite growth rate on lower temperatures
(Feng et al., 2013).
Seasonal variation in rainfall and partial CO2 seems to be the dominant factors in cave drips and
stalagmite formation in St. Michael’s cave system. To some degree the ventilation controls the
humidity as well as the temperature from the exterior and interior of the cave. This, change in
temperature with change in rainfall due to seasonal variation influences the concentration of the
calcium carbonate formation on the drips. The higher the concentration of calcium carbonates on
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the drips the faster the accumulation of these minerals to form the rock structures (Mattey et al.,
2008). Reconstruction of oxygen 18 isotope ratios were done using cave drip oxygen and
clumped isotopes from Bunker cave in Germany. There, they noted that during the process of
reconstruction of past climate regimes they are severely affected by kinetic isotope fractionation.
In doing it limits the paleoclimate reconstruction, despite this disequilibrium is evident thus the
cave drip isotope readings are similar to most cave readings. Past reconstruction states that the
levels of isotope oxygen were lower in colder regions while significantly higher in warmer
regions (Kulge at al., 2013).
A study was conducted in Cathedral cave located in Wellington Australia cave system reserve; to
determine temperature and drip rate correlation to stalagmite growth. After their study, they
concluded that in two selected sites one in particular with fast drip rate and another on a slow
drip rate with a relative constant surface air temperature. Revealed that their hypothesis was true
that evaporative cooling is the dominant scheme in that cave. Since, temperatures from the drip
itself was different that the cave temperature; the level of cooling is dependent on the drip rate,
relative humidity and amount of ventilation. Thus, both δ18O and cave microecology are
temperature sensitive and the cave drip is confirmed to be vital to the stalagmite growth
(Cuthbert at al., 2014).
According to McDermott (2003), he explains in his article several factors that influences both
oxygen and carbon isotope readings in cave systems by reviewing a number of literature. It
explains that yes indeed rainfall, temperature, relative humidity as well as interactions from the
soil all lead to the cave drip rates. These cave drips in turn influences the stalagmites growth;
however previous techniques in reading the isotopes also gave wrong interpretations. But further
overview of the location of caves, ventilation amount and altitude seems to be one major
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determinant in the cave deposits which many scientists do not take into account. Further research
on different cave systems need to be conducted to reveal a more precise reconstruction of past
weather events and ever changing climate (McDermott, 2003).

21

Methodology
Geographic mapping
Initial sampling took place on 16th of Decemeber 2017 at Actun Cho cave located Mountain
Pine Ridge Area; the coordinates for the cave was latitude (-17.04852) and longitude (-88.99068)
with an elevation of 344 meters (Figure 1). The Way point ID was 142, thus a map was produced
with the use of Environmental Systems Research Institute (ESRI) - Geographic Information
Systems (ArcGIS 10.4.1, 2015). A Garmin hand-held GPS finder was used to obtain the
coordinates in latitude and longitude along with the waypoint and elevation. WGS 1984 model
was utilized within the ArcGIS 10.4 program to have a more accurate raster data output within
the map. The Cave also was documented with photographs with the use of water proof digital
camera. Hence, documentation of cave features with photographs produced a visual
representation of those features at the time of inventory.
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Figure 1. Map displaying the location of Actun Coh cave.
Figure 1.The image above shows the map of Actun Coh cave point location in the Cayo District
in the Mountain Pine Ridge area. This is cave is located on the road that leads to Blancaneaux
lodge; where dense forest vegetation is abundant (ArcGIS 10.4.1).
Cave Monitoring
Daily relative humidity and air surface temperature within the cave chambers was monitored in
the Actun Cho cave for a 3 month period using two U23 Pro v2 Temperature/Relative Humidity
HOBO Data. Logging intervals was set at every 6 hours to collect the relative humidity and air
surface temperature of the cave. One HOBO instrument 1 was placed towards the entrance of the
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cave while HOBO instrument 2 was placed towards the middle portion of the cave. Slight
variations between both instruments were noted in temperature but it is minimal while the
relative humidity peaked at 100% for both instruments. The cave flooring is currently below
water table that provides a constant moisture source that is retained in the cave chambers.
Monthly collection of drip waters from varying stalagmites chambers would be done (Elizalde et
al., 2017), to reveal precipitation and underground water temperature variability over time.
Rainfall and Temperature variability
Monthly rainfall was collected 3 months along with the temperature variability at two specific
locations one at the immediate area of the exterior of the cave and the other at the University of
Belize central campus at Belmopan City. These two installations were installed on 16th of
December 2017 with a special rain collector called Aquarefri of an 8 liter capacity. Parafilm was
used to seal the end of the cap; a small hole was punctured on the container and covered with
duct tape to minimize evaporation. At the large end with the big cap a hole was made to insert
the thin transparent hose and a small funnel of 12 cm in diameter was placed on the end of the
hose; and a small golf ball was placed on the funnel to prevent evaporation and contaminants to
enter. Duct tape was use to seal the remaining ends; each of the installations were placed on a
large white container with a cover to house the home-made rain gauge and prevent it from
evaporating and keeping a constant temperature inside (IAEA, 2012). This was carried out from
January to March 2018; with a measuring cylinder of 250 ml was used to carefully measure out
the monthly rainfall until the last drops of rain a dropper was used to extract the remaining
rainfall in the container. Then small samples of rainfall was placed unto small wide-mouth
bottles, HDPE of 30 ml and sealed with parafilm. These samples were then taken to Auburn
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University in Alabama USA for analysis of isotopic δ18O cave drips and rainfall. The rainfall
variability was measured using an equation was summarized below:
Measuring cylinder- 12 cm diameter = 1200 mm3
Rainfall = (Volume cm3/inch3) / (Area cm2/inch2)
Ex. Rainfall = 4,500 mm3 / π . (1200 mm3)
= 99.74 mm/per month
Monthly Cave drip δ18O
The same procedure was done on the installations inside the cave to collect drip water however it
was placed on additionally container to protect it. Five containers were installed inside the cave
at different locations. Using the same procedure to measure the rainfall with a 250 ml measuring
cylinder was measured out and the remaining cave drip water a dropper was used to extract it.
This was done at each of the five container installations for 3 months from January to March
2018. The samples were sealed once again with parafilm and shipped to Auburn University. The
mean average isotopes for the samples were obtained from the laboratory facilities in Auburn
University.
Data Analysis
To measure the rainfall variability per month the equation as stated previously was used, for the
temperature of both cave drip and rainfall a standard SEOH red spirit total immersion
thermometer was used. Two HOBO instruments U23 Pro v2 Temperature/Relative Humidity
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Data Logger set at 6 hours interval was used. The rainfall variability was measured using the
equation below:
Equation 1:
Measuring cylinder- 12 cm diameter = 1200 mm3
Rainfall = (Volume cm3/inch3) / (Area cm2/inch2)
Ex. Rainfall = 4,500 mm3 / π . (1200 mm3)
= 99.74 mm/per month
The application of paleotemperature equation by (Tremaine et al., 2011) estimate the
temperature variability having a direct correlation with last glacial annual precipitation 18O
levels. The drip water of 18O composition would be determined within a 1465mm/yr reference
as follows:
Equation 2:
t(°C) = 1000/(((1000 * Ln α ) + 24.6)/16.1)
Formula 3:
α = (1000 + δ18Oc-VSMOW)/(1000 + δ18Ow-VSMOW) and δ18OcVSMOW = 30.92 + 1.03092*(δ18Oc-PDB)
Key:
π- pie ~ 3.142
Ln – natural log
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T(℃) – temperature in Degrees Celsius
α- alpha
δ18Oc-VSMOW – isotopic oxygen 18 composition of calcite drip water measured in
Vienna Standard Mean Ocean Water analysis.
δ18Ow-VSMOW- isotopic oxygen 18 composition of fresh water measured in Vienna Standard Mean
Ocean Water analysis.
δ18Oc-PDB- isotopic oxygen 18 composition of calcite drip water measured in PeeDee
belemnite standard analysis.
The results were then placed into excel 2010 spreadsheet to make tables, line graph and bar
graph to demonstrate the difference of rainfall, temperature, relative humidity, cave drip isotope
readings per month from January to March 2018. Statistical correlation regression analysis
comparison between rainfall and isotope levels from Veracruz, Mexico GNIP station and UB
campus station were done at a 95% Confidence interval. Additionally, another correlation
regression analysis comparison between rainfall and cave drip isotope levels was done at 95%
confidence interval; whereby the application of Statistical Package for the Social Sciences
(SPSS, 2015) was used.
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Results
The Figure below shows HOBOware instrument # 1 of data collected for the months between
December to March. In the color coded black in the line graph it can be seen that the relative
temperature of the cave at initial reading is approximately 26.769°C; yet only around the period
of the month December it can be seen that there was a slight downfall of the cave’s temperature
leading to a depression of 19.341°C. After this depression, the relative cave temperature
increased that stabilized at estimated 23.016°C; and a standard deviation of 0.282 (σ). On the
other blue colored line graph, it demonstrates the cave’s relative humidity for the data collected
of the months between December to March. Thus, it can be noted that the relative humidity of
the cave showed a minimum depression of 56.587% at initial to a peak of 99.396%; then
stabilizing to a 100% relative humidity; and a standard deviation of 3.690 (σ).

Figure 2. Display of temperature and relative humidity of HOBOware 1 in Actun Coh cave.
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In figure 3 below shows HOBOware instrument # 2 of data collected for the months between
December to March. In the color coded black in the line graph it can be seen that the relative
temperature of the cave is at initial reading was approximately 26.622°C; yet only around the
period of the month December it can be seen that there was a slight downfall of the cave’s
temperature leading to a depression of 19.603°C. After this depression, the relative cave
temperature increased once again to remain constant at 22.681°C. Therefore having a standard
deviation of 0.287 (σ). On the other blue colored line graph, it demonstrates the cave’s relative
humidity for the data collected of the months between December to March. From there, it can be
seen that the relative humidity of the cave showed a minimum humidity of 57.475% to a peak of
99.606%; then stabilizing to a 100% relative humidity. Nevertheless, it had a standard deviation
of 3.712 (σ).

Figure 3. Display of the temperature and relative humidity of HOBOware 2 in Actun Coh cave.
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Table 1. The table below showcases the average rainfall that occurred from January to March in
(mm) as well as their temperature in (°C) for both UB campus and immediate area of the cave
site. There it can be noted that in January the precipitation levels was at 59.33 mm with a
temperature of 25°C. In February, the precipitation was at 39.94 mm and a temperature of 28°C.
A decrease in precipitation levels of 18.8 mm in March and an increase of temperature of 30°C
for UB campus were experienced. Whilst, the precipitation levels at the cave site was at a higher
level of 68.436 mm in January and temperature at 19°C. In February, precipitation level was at
45.624 mm and a temperature of 22°C. The precipitation levels decreased even lower in March
up to 28.9 mm and temperature increase up to 24°C was observed. Average of both the rain fall
and temperatures was done using the UB campus and cave site so that an estimate of the total
rainfall and their corresponding temperatures was done. For the month of January the average
precipitation of UB campus and cave site was 63.983 mm, in February it was 42.782 mm and
even lower in March at 23.85 mm. The average temperature of both UB campus and the cave site
was at 22°C in January, 25°C in February and 27°C in March which was the highest. The pattern
seen here is that the precipitation levels decreased at both locations as temperature increased;
during this period of collection was solely at the dry season.
Table 1. Table showing the rainfall collected at UB campus and UB campus with their measured
temperatures for the period of January to March 2018.
Data information for rainfall of both cave and UB campus
Month Rainfall (mm) UB campus Rainfall (mm) Cave Average Rainfall (mm)
Temperature (°C) UB Campus
January
59.53
68.436
63.983
25
Feburary
39.94
45.624
42.782
28
March
18.8
28.9
23.85
30
Average
43.53833333

Temperature (°C) Cave Average Temperature (°C)
19
22
22
25
24
27
24.66666667
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The figure below demonstrates the rainfall variability over a period of 3 months from January to
April 2018 at the UB campus. In January the approximate period of rainfall was at 59.53 mm, in
February the rainfall decreased to 39.94 mm. A further decrease in rainfall was noted in March
with only18.8 mm. Thus, the rainfall decreased in every month as time progressed; however the
location where the home-made rain gauge was placed was void of any vegetation and was
exposed directly over an open field in UB campus during the dry season.

Belize Rainfall variability for 3 months at UB campus
Rainfall variability (mm)
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Figure 4. Display of the rainfall variability for 3 months at the UB campus.

From the figure below it reveals the change in temperature for a 3 month period from January to
April 2018. In the month of January the temperature was the lowest of 25°C, for the month of
February the temperature was at 28°C. Whereas, the temperature showed an increasing rate in
March up to 30°C. Hence, the overall temperature for these 3 months indicate that there seemed
to be a steady raise from 25°C to 30°C; a 5°C increase. Since, the data collection was done
during the dry season and the rain gauge placed at an open field free from trees in the UB
campus. It supports the increase in temperature with more exposure to the sunlight.
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Belize temperature for 3 months at UB campus
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Figure 5. Display of the temperature variability over a 3 month period at the UB campus.

The figure below demonstrates the rainfall variability over a period of 3 months from January to
March 2018 at the immediate area of the cave site. At January the approximate period of rainfall
was at 68.44 mm, at February the rainfall decreased to 45.62 mm. A further decrease in rainfall
was noted at March having the lowest of 28.9 mm. Despite the rainfall variability from the
immediate area of the cave site was from January to March; measurements indicate that the
rainfall was a slightly greater in the immediate vicinity of the cave than in the open area of the
UB campus. Since, the surrounding area was covered by dense vegetation and was higher up in
the altitude than Belmopan city we can noted the tree density seems to acts like a buffer zone.
This buffer zone would ultimately withhold more moisture and with their leaves cause more
condensation to the ground suggesting a slighter increase in rainfall than the urban area of the
UB campus with almost no trees.
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Figure 6. Display of the rainfall variability for 3 months at the cave site.

The figure below reveals the change in temperature for a 3 month period from January to March
2018. In the month of January the temperature was the lowest of 19°C, for the month of February
the temperature was at 22°C. Whereas, the temperature showed an increased in the rate in March
up to 24°C. Hence, the temperature showed a steadily increase from 19 °C to 24 °C; a mere 5 °C
increase. Although, the temperature collected as just from January to March the temperatures at
the immediate cave area was lower than the UB campus.
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Belize temperature for 3 months at the cave site
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Figure 7. Display of the temperature variability of 3 months at the cave site.

The figure below shows a comparison between the rainfall variability that occurred at the UB
campus and at the immediate area of the cave for a 3 month period. Here it suggests that the
rainfall for the UB campus was less than the rainfall at the cave site surrounding. Whereby, in
January the precipitation it was 59.53 mm at the UB campus; while at the cave surrounding it
was 68.436 mm. By the third month, the precipitation levels were at 39.94 mm in March at the
UB campus and 45.624 mm in the cave area. A 1.56 mm difference is obtained between the cave
site and UB campus at the end of the 3 months.
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Comparison of Rainfall between UB campus
and Cave site
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Figure 8. Display of a comparison of rainfall between both the UB campus and cave site for the 3
months.

The figure below shows the comparison of temperature between UB Campus and the immediate
area of the cave site. It can be seen that at the UB campus the temperatures was more than the
cave site. The temperature variability in January for UB campus it was at 25°C and 19°C for the
immediate surroundings of the cave site. By the third month of March it was noted that the
temperature was at 30°C in UB campus while at the cave area it was 24°C even lower than the
rain gauge reading located at the UB campus. By the end of 3 months, a difference of 6°C is
gathered between UB campus site and cave area.
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Comparison of temperature between UB
campus and Cave site
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Figure 9. Display of the comparison of temperature variability between the UB campus and cave
site.

The Figure below shows HOBOware instrument A Station of data collected for the months
between December to March at Rio Secreto Cave. In the color coded black in the line graph it
can be seen that the relative temperature of the cave at initial reading is approximately 24.46°C;
it remained constant throughout January and February. In March there was a slight increase in
temperature up to 24.609°C and a standard deviation of 0.129 (σ). The relative humidity level of
Rio Secreto at the initial was 100% and this variable remained constant up to March 2018; it
standard deviation was 0 (σ).
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Figure 10. Display of temperature and relative humidity of HOBOware A Station in Rio Secreto
Cave; Mexico.

The Figure below shows HOBOware instrument B Station of data collected for the months
between December to March at Rio Secreto Cave. In the color coded black in the line graph it
can be seen that the relative temperature of the cave at initial reading is approximately 24.388°C.
A slight decrease was experienced in January of 24.084°C and it stabilized once again
throughout February and March of 24.305°C and a standard deviation of 0.112 (σ). The relative
humidity level of Rio Secreto at the initial was 100% and this variable remained constant up to
March 2018; it standard deviation was 0 (σ).
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Figure 11. Display of temperature and relative humidity of HOBOware B Station in Rio Secreto
Cave; Mexico.

The figure below demonstrates a comparison of isotopic levels between rainfall in UB campus
and Actun Coh cave site from January to March. In January it shows that 1.94 δ18O was
measured for UB campus; while in the cave site it displays a higher amount of 2.37 δ18O. In
February UB campus had 1.91 δ18O; while at the cave was once again measured at 2.37 δ18O. In
March a decrease was seen for UB campus isotopic levels of 1.87 δ18O and for the cave site a
slight increase of 2.38 δ18O was observed.
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Comparison of isotope levels between rainfall in
UB campus and Cave site
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Figure 12. Display of a comparison of isotope levels between rainfall in UB campus and Actun
Coh cave site.

In the figure below it showcases the different isotope readings from January to March for each
cave drip container installed. In January A-UB-AC-6 had the highest reading of 3.78 δ18O,
followed by A-UB-AC-1 of 2.98 δ18O. Both A-UB-AC-3 and A-UB-AC-3 and A-UB-AC-4 had
the same amount of 2.94 δ18O; while A-UB-AC-2 had the least of 2.75 δ18O. In February,
isotope readings for A-UB-AC-6 were once again the highest that remained constant at 3.78
δ18O; both A-UB-AC-1 and A-UB-AC-4 had the same isotope readings of 2.97 δ18O. While, the
isotope readings for A-UB-AC-3 was 2.94 δ18O and the least being A-UB-AC-2 of 2.80 δ18O.
Next, in March a slight decrease was seen for A-UB-AC-6 of 3.74 δ18O yet still having the
highest reading; A-UB-AC-1 remained at a reading of 2.98 δ18O. Astonishingly, A-UB-AC-2
experienced the slight increase of 2.97 δ18O; while A-UB-AC-3 had 2.94 δ18O and A-UB-AC-4
had 2.95 δ18O isotope reading.
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Cave drip isotope readings for 3 months
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Figure 13. Display of cave drip isotope readings for January to March 2018.

The table below demonstrates the different isotope readings for a 3 month period from January to
March for every container installed within Actun Coh cave system. It shows that for the three
months A-UB-AC-6 had the highest reading that varied from 3.78 δ18O in both January and
March and 3.74 δ18O in February. A-UB-AC-1 showed the second highest reading which 2.98
δ18O were in both January and March; while 2.97 δ18O in February. Both A-UB-AC-3 and AUB-AC-4 showed similar readings, whereas A-UB-AC-3 demonstrated a constant isotope
reading of 2.94 δ18O for the three months. A-UB-AC-3 had 2.94 δ18O for January, in February it
was 2.97 δ18O and in March it was 2.95 δ18O. A-UB-AC-2 showed that it had the lowest reading
for both January and February which were 2.75 δ18O and 2.80 δ18O respectively. In March a
small increase was seen of 2.97 δ18O isotopic reading.
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Table 2. Table showing the different cave drip isotope readings for every container installed in
Actun Coh cave from January to March 2018.
Months
January
February
March
January
February
March
January
February
March
January
February
March
January
February
March

Sample Name
A-UB-AC-1
A-UB-AC-1
A-UB-AC-1
A-UB-AC-2
A-UB-AC-2
A-UB-AC-2
A-UB-AC-3
A-UB-AC-3
A-UB-AC-3
A-UB-AC-4
A-UB-AC-4
A-UB-AC-4
A-UB-AC-6
A-UB-AC-6
A-UB-AC-6
Average

# of Samples
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

δ18O Data in Actun Cho Cave for 3 months
Count of Corrected d18O2 Average of Corrected d18O StdDev of Corrected d18O Average of Corrected dD2 StdDev of Corrected dD
3.00
2.98
0.02
9.68
0.12
3.00
2.97
0.02
9.72
0.11
3.00
2.98
0.02
9.69
0.20
3.00
2.75
0.22
9.08
0.53
3.00
2.80
0.02
9.23
0.26
3.00
2.97
0.01
9.56
0.11
3.00
2.94
0.01
9.69
0.25
3.00
2.94
0.02
9.45
0.08
3.00
2.94
0.01
9.31
0.17
3.00
2.94
0.02
9.48
0.30
3.00
2.97
0.02
9.58
0.38
3.00
2.95
0.02
9.55
0.17
3.00
3.78
0.03
17.63
0.22
3.00
3.78
0.03
17.85
0.04
3.00
3.74
0.08
17.79
0.19
3.00
3.09
0.04
11.15
0.21

The table below shows isotope reading from the UB campus rainfall and Actun Coh cave
surrounding that occurred from January to February. In January, the isotope reading of UB
campus was 1.94 δ18O and its standard deviation was 0.09. While in February it was 1.91 δ18O
with a standard deviation of 0.01; and in March it was 1.87 δ18O and standard deviation of 0.03.
The isotope reading for Actun Coh cave for January it was 2.37 δ18O and standard deviation of
0.02. In February it remained constant of 2.37 δ18O and standard deviation of 0.01. While, in
March it showed an isotope reading of 2.38 δ18O and standard deviation of 0.03.
Table 3. Table showing the different isotope readings of rainfall at UB campus and the
surrounding cave area.
Months
January
Feburuary
March
January
Feburuary
March

Sample Name
UB-rain
UB-rain
UB-rain
Cave-rain
Cave-rain
Cave-rain
Average

# of Samples
1
1
1
1
1
1
1

δ18O Data Rainfall for 3 Months
Count of Corrected d18O2 Average of Corrected d18O StdDev of Corrected d18O Average of Corrected dD2 StdDev of Corrected dD
3.00
1.94
0.09
2.77
0.50
3.00
1.91
0.01
2.36
0.05
3.00
1.87
0.03
2.03
0.09
3.00
2.37
0.02
4.56
0.11
3.00
2.37
0.01
4.50
0.16
3.00
2.38
0.03
4.43
0.16
3
2.140277778
0.032920386
3.440611111
0.176777789
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Figure 14 shows the result for the 3 samples from Veracruz GNIP station which are: a mean of
16.20, a standard deviation of 8.83855. From the use of the correlation regression statistics, the
correlation regression analysis was generated as shown below in figure 15. In figure 15 it shows
that the R2 is 0.605, where it states that there is a direct correlation between the rainfall and
isotope levels. And the standard error of the estimate is 0.24443 and its F change is 1.531.

Descriptive Statistics

Mexico_Veracruz_δ¹⁸O
Monthly_Rainfall_Precipitati
on_Mexico

Mean

Std. Deviation

N

.4400

.27495

3

16.2000

8.83855

3

Figure 14. Display of the Mean and standard deviation of amount of rainfall and isotope levels
collected from January to March at Veracruz, Mexico.

Model Summaryb
Change Statistics
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R

Adjusted R
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R Square
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Square

Square
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Change

Change
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.24443
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Sig. F
df1

df2
1

Change
1
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a. Predictors: (Constant), Monthly_Rainfall_Precipitation_Mexico
b. Dependent Variable: Mexico_Veracruz_δ¹⁸O

Figure 15. Display of R2, standard error of the estimate, and F-change of rainfall and isotope
levels at Veracruz, Mexico.
Figure 16 and 17 below displays the calculated result from the 3 samples collected from January
to March at Veracruz GNIP station. Figure 16 display the F-change as 1.531 and its significant
level of 0.433 whereby it states that there is a correlation between rainfall and isotope level. This
means that the p value is more than alpha (0.05), therefore it can be concluded with a 95% of
confidence that the rainfall has a correlation with isotope levels within the confidence interval. In
figure 17, the B is 0.024, the standard error is 0.20 and the beta is 0.778. This means that as
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rainfall increases then the oxygen isotope levels also increases at a 95 % confidence level at
Veracruz, Mexico GNIP station.
ANOVAa
Model
1

Sum of Squares

df

Mean Square

Regression

.091

1

.091

Residual

.060

1

.060

Total

.151

2

F

Sig.
.433b

1.531

a. Dependent Variable: Mexico_Veracruz_δ¹⁸O
b. Predictors: (Constant), Monthly_Rainfall_Precipitation_Mexico

Figure 16. Display of the F-change and significant level at Veracruz, Mexico.

Coefficientsa
Standardize
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d
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Coefficients

Coefficients
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Std. Error
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t
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Lower

Upper

Bound
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.912

-4.359

4.455

1.237

.433

-.224

.273

a. Dependent Variable: Mexico_Veracruz_δ¹⁸O

Figure 17. Display of B, standard error and Beta of the rainfall and isotope level correlation
regression analysis at Veracruz, Mexico.

Figure 18 shows the result for the 3 samples from UB campus which are: a mean of 39.4233, a
standard deviation of 20.36991. From the use of the correlation regression statistics, the
correlation regression analysis was generated as shown below in figure 19. In figure 19 it shows
that the R2 is 0.996, where it states that there is a correlation between the rainfall and isotope
levels. And the standard error of the estimate is 0.00299 and its F change is 274.131.
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Figure 18. Display of the Mean and standard deviation of amount of rainfall and isotope levels
collected from January to March at UB campus.
Model Summaryb
Change Statistics
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a. Predictors: (Constant), Monthly_Rainfall_Precipitation_Belize
b. Dependent Variable: Rainfall_δ¹⁸O_Belize

Figure 19. Display of R2, standard error of the estimate, and F-change of rainfall and isotope
levels at UB campus.

Figure 20 and 21 below displays the calculated result from the 3 samples collected from January
to March at UB campus. Figure 20 display the F-change as 274.131 and its significant level of
0.380 whereby it states that the isotope levels are normally distributed within the rainfall. This
means that the p value is more than alpha (0.05), therefore it can be concluded with a 95% of
confidence that the rainfall has a correlation with isotope levels within the confidence interval
and normally distributed. In figure 21, the B is 0.002, the standard error is 0.000 and the beta is
0.998. This means that as rainfall increases then the oxygen isotope levels also increases at a 95
% confidence level at UB campus station.
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ANOVAa
Model
1

Sum of Squares

df

Mean Square

Regression

.002

1
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Residual
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1

.000

Total
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2

F

Sig.
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a. Dependent Variable: Rainfall_δ¹⁸O_Belize
b. Predictors: (Constant), Monthly_Rainfall_Precipitation_Belize

Figure 20. Display of the F-change and significant level at UB campus.
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a. Dependent Variable: Rainfall_δ¹⁸O_Belize

Figure 21. Display of B, standard error and Beta of the rainfall and isotope level correlation
regression analysis from UB campus.
Figure 22 shows the result for the 3 samples from Actun Coh cave drip which are: a mean of
47.6533, a standard deviation of 19.84597. From the use of the correlation regression statistics,
the correlation regression analysis was generated as shown below in figure 23. In figure 23 it
shows that the R2 is 0.869, where it states that there is a correlation between the rainfall and cave
drip isotope levels. And the standard error of the estimate is 0.01064.
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Figure 22. Display of the Mean and standard deviation of amount of rainfall and isotope levels
collected from January to March at Actun Coh cave drip.
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Figure 23. Display of R2 and standard error of the estimate of rainfall and isotope levels at Actun
Coh cave drip.
Figure 24 and 25 below displays the calculated result from the 3 samples collected from January
to March at Actun Cho cave drip. Figure 24 display the F-change as 6.659 and its significant
level of 0.235 whereby it states that the cave drip isotope levels are affected by rainfall at Actun
Coh surrounding. This means that the p value is more than alpha (0.05), thus it can be concluded
with a 95% of confidence that the rainfall has a correlation with cave drip isotope levels within
the confidence interval and normally distributed. In figure 25, the B is 0.001, the standard error is
0.000 and the beta is 0.932. This means that as rainfall increases then the oxygen isotope levels
within the cave drip also increases at a 95 % confidence level at Actun Coh cave.
ANOVAa
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a. Dependent Variable: Cave_drip_δ¹⁸O_Belize
b. Predictors: (Constant), Monthly_Rainfall_Precipitation_Belize

Figure 24. Display of the F-change and significant level at Actun Coh cave drip.
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Coefficientsa
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Figure 25. Display of B, standard error and Beta of the rainfall and isotope level correlation
regression analysis from Actun Coh cave drip.
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Discussion
Based on the result from figure 2 HOBOware instrument #1; the initial temperature reading is
26.769°C when it was first installed at the entrance of Actun Coh cave. Then during the month of
December the temperature decreased down to 19.341°C; thereafter from January to March 2018
the temperature stabilized around 23.016°C. The standard deviation of the temperature recorded
in HOBOware 1 was measured to be 0.282 (σ). The relative humidity on the other hand, the
initial reading taken was 56.587%. Then it was noted that around the same time in December the
relative humidity significantly increased up to 99.396%. By the month of January the humidity
stabilized at a 100% where up to the month of March remained constant. The measured standard
deviation was 3.690 (σ). Despite this, another HOBOware instrument # 2 was placed towards the
center of the cave. There an initial reading of 26.622°C was recorded then during the month of
December a decrease in temperature was also noted to be around 19.603°C. Then, from January
to March the temperature stabilized at 22.681°C with a standard deviation of 0.287 (σ). The
relative humidity at the initial reading was 57.475% and in December a rise in humidity was
noted up to 99.606%. Afterwards, the humidity stabilized at 100% with a measured standard
deviation of 3.712 (σ). Hence, it can be noted that the temperature only varied by 0.335°C from
HOBOware 1 and 2 and showing a slightly higher temperature reading in HOBOware 1 that was
installed towards the entrance of the cave. The humidity for both instruments stabilized at a
100% that remained constant despite their location placed within the cave.
The other data of HOBOware gathered were obtained from Rio Secreto cave in Mexico labeled
as A and B station as figures 10 and 11. At the initial reading of HOBOware A station the
temperature showed to be at 24.46°C; and from the period of January to February it remained
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constant at 24.46°C. While by the month of March the temperature from HOBOware A station
slightly increased to 24.609°C with a standard deviation of 0.129 (σ). The relative humidity
remained constant throughout December to March at a 100% with a standard deviation of 0 (σ).
In HOBOware B station the initial reading was 24.388°C and in January the temperature slightly
decreased to 24.084°C. In the months from February to March the temperature stabilized to
24.305°C and a standard deviation of 0.112 (σ). While, the relative humidity reading remained
constant throughout the three months at 100% with a standard deviation of 0 (σ). The
temperature at of HOBOware A station located at Rio Secreto cave is slightly higher by 1.593°C
from HOBOware 1; while HOBOware B station was 1.624°C higher from HOBOware 2. The
relative humidity from both cave remained constant to a 100%. An experimental research
showed that the ventilation of cave systems is highly important because it determines the
temperature and the humidity levels from inside and outside of caves (Gregorič et al., 2013).
Based on a research of cave ventilation is influenced by CO2 whereby high amounts of carbon
dioxide present within a cave leads to a higher temperature rate and the relative humidity also
increases (Cañete et al., 2013). Hence, it is believed that the temperature and relative humidity
within the cave at Actun Coh cave and Rio Secreto cave are both influenced by the ventilation
system of each cave. The wider the entrance of the cave then there is more ventilation leading to
higher temperatures and humidity levels (McDermott, 2003).
Additionally, in the results shown in figures 4 and 5; show two plotted graphs that indicate the
UB campus rainfall activity and temperature respectively. Whereas, in figure 4 it can be seen that
the rainfall showed a decrease in precipitation levels from 59.53 mm to 18.8 mm. In figure 5, it
shows a 5°C increase from January at 25°C to 30°C in March. In figures 6 and 7 two similar
graphs are plotted showing Actun Coh cave surrounding rainfall and temperature readings from
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January to March. Figure 6 shows a higher precipitation rate than UB campus of 68.436 mm;
however another decrease rate of 28.9 mm in March was experienced. The temperature shown in
figure 7 reveal a lower temperature recording of 19°C in January to 24°C in March; where a 5°C
increase was also observed. Figures 4,5,6 and 7 are supported by table 1 that show all the rainfall
and temperature recorded for both UB campus station and Actun Coh cave surrounding from the
months of January to March. Furthermore, figure 8 and 9 all show a visual comparison between
UB campus and Actun Coh cave area’s rainfall and temperature quantities. According to Sheil
and Murdiyarso (2009) they reveal that the forest trees attract higher precipitation rates on its
surroundings than an area void of trees. Another research says that the loss of rainfall is
experienced on areas where deforestation is common especially in countries like West Africa,
Cameroon and India (Malhi and Wright, 2005). Loomis (2017) states that the Amazon forest
trees somehow control its own atmospheric conditions like temperature, humidity and
precipitation levels. Whereby, both the humidity and moisture levels are high enough that it
produce its own low lying clouds that acts like a blanket that significantly lowers the temperature
and allow higher precipitation rates. Therefore, it supports that the rainfall collected at Actun
Coh cave surrounding is higher than UB campus due to its dense forest cover. Which then allow
the temperatures to be significantly lower at that area than UB campus having low precipitation
rates and higher temperatures since its free from any tree covering.
Table 3 and figure 12 both showcase the rainfall isotope gathered from UB campus and Actun
Coh cave. In January UB campus isotope level was 1.94 δ18O and in February it was measured
as 1.91 δ18O. In March it was measured as 1.87 δ18O; while at Actun Coh cave the rainfall
isotope level for January and February it was 2.37 δ18O. And in March the isotope reading it was
2.38 δ18O. In addition, table 2 and figure 13 reveal the isotope levels attained for every cave drip
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container installed within Actun Coh cave. A-UB-AC-6 has the highest isotope readings for the 3
month period of 3.78 δ18O; while the second highest was A-UB-AC-1 with 2.98 δ18O. Both AUB-AC-3 and A-UB-AC-4 show similar readings of 2.94 δ18O and 2.95 δ18O. The lowest was
A-UB-AC-2 isotope reading of about 2.84 δ18O. A research on rainfall isotope analysis at
Namibian used rainfall isotope data from the Globally Fitted Isoscape (GFI) and compared it to
cokriging method to see if they are any correlations between rainfall amount and oxygen isotope
levels. There they noted that when they used the GFI method showed a weak correlation between
rainfall and isotope levels of r2 < 0.20. However, when they utilized the cokriging method a
stronger correlation was discovered and they concluded that rainfall do affect isotope levels
within the rainfall of about r2 = 0.67 (Kropp, 2016). From this we can say that although there are
several different methods of assessing rainfall and its isotope analysis; they do reveal a
correlation of rainfall amount to isotope amount.
In figures 14, 15, 16 and 17 they reveal the correlation regression analysis between Veracruz,
Mexico rainfall levels and the isotope level. There it shows the mean of 16.20, standard deviation
of 8.83855 for figure 16. While, figure 15 it shows the R2 to be 0.605 with a standard error of
0.2443 and F-change of 1.531. Furthermore, figures 18 and 19 shows a significant level of 0.433
more than 0.05 alpha, B = 0.024, standard error of 0.20 and beta = 0.778. From these results it
shows that the p value is higher than alpha, and the beta is 0.778; therefore stating that rainfall
has a direct correlation with isotope levels. As rainfall increases the oxygen isotope levels also
tends to increase in the GNIP Veracruz station. Likewise, another correlation regression analysis
was done for UB campus rainfall activity and isotope levels. Figure 18 show a mean of 39.4233,
standard deviation of 20.36991 and R2 of 0.996. The standard error of estimate of 0.00299 and Fchange of 274.131 was noted in figure 19. Figures 20 and 21 reveal a significant level of 0.380
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greater than 0.05 alpha, B= 0.002, standard error of 0.000 and beta of 0.998. Thus, showing a
strong correlation between UB campus rainfall and its isotope level; suggesting that as rainfall
increases so does the isotope level increases within the precipitation. Finally, one more
correlation regression analysis was done between Actun Coh rainfall and the cave drip oxygen
isotope levels. From the results obtained figure 22 shows a mean of 47.6533, standard deviation
of 19.84597. Figure 23 displays R2 of 0.869 and standard error of the estimate of 0.01064. In
figures 24 it displays an F-change of 6.659 and a significant level of 0.235 that is more than 0.05
alpha. Figure 25 shows B= 0.001, standard error of 0.000 and beta of 0.932. In the figures above
it shows a moderate correlation between rainfall amount and cave drip isotope level;
interestingly suggesting that as precipitation increases the isotope levels also increases.
Nevertheless, it can be seen that there is a stronger correlation between rainfall and its isotope
level from both Veracruz GNIP station and UB campus; than Actun Coh cave area and cave drip
isotope levels. It has been stated by Kohn and Welker (2005) that δ18O isotope levels vary by
season and that the condensation temperatures influences the δ18O values. Higher isotope levels
are experienced in lower temperatures and lower isotope levels are exhibited in higher
temperatures. Furthermore, the oxygen δ18O level within the soil is less than the rainfall isotopes
when the water infiltrates the soil (Tang and Feng, 2001). Cobb et al. (2007) states that drip
water oxygen δ18O in caves decreases when it mixes with the soil and epikarst of cave systems.
Oxygen δ18O isotopes are higher in precipitation than cave drip waters. This supports that cave
drip water of Actun Coh cave is less than the rainfall isotope levels at the cave surrounding area
and UB campus. Likewise, most caves lacks large opening at the entrance which characterizes
the relative humidity values to be near 100%; than caves with large entrances which allow the
humidity levels to change (Poulson and White, 1969).
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Conclusion
In this study it shows the within Actun Coh cave system the temperature remains constant at
about 23.016°C in HOBOware 1 and 22.681°C in HOBOware 2. A difference of 0.335°C is
noted between both HOBOware sites. The relative humidity is constant at 100% similarly seen at
Rio Secreto cave in Mexico. The rainfall amount at the surrounding area of Actun Coh cave is
28.9 mm in March that is higher than the UB campus rainfall level at 18.8 in the same month. A
difference of 1.56 mm is seen for rainfall activity between Actun Coh site and UB campus site in
the 3 month period. While the temperature was lower at the cave area at 24°C and was higher at
UB campus station of 30°C at the end of March. A 6°C is noted among cave site and UB campus
site within the 3 months. The cave drip installation A-UB-AC-6 had a higher drip isotope level in
the 3 month of 3.78 δ18O and the lowest was A-UB-AC-2 of 2.84°C. Statistical analysis show
that rainfall do have a correlation with the level of isotope present within the rain collected
(p=0.380). Additionally, rainfall also has a correlation with cave drip isotope level (p=0.235) yet
at smaller quantities than rainfall isotope levels. Thus, when the rainfall lands falls and mixes
soil and infiltrates the epikarst as cave drip; the cave drip isotope level is lower than the rainfall
amount (Lachniet, 2009). Therefore, the relative humidity, air-surface temperature and rainfall
amount all influences the cave drip isotope levels which in turn lead to the formation of
stalagmite calcite growth.
This report intends to be the baseline data for future stalagmites paleoclimate study of the past
weather-events of Belize.
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Appendices

Figure 26. Showing the preparation for the
installation of the rain gauge outside the cave.

Figure 27. Picture showing Dr. Carrias
obtaining cave drip water.
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Figure 28. Showing
a stalagmite
within
Actun
Figure
29. Picture
above
demonstrates a
Cho cave.
stalagmite being cut at the base to
prevent breakage during stalagmite
extraction.

Figure 30. The Figure above shows the
Aquarefri 8 ml container that was used to
collect rainfall and cave drip water.

Figure 31. The Figure above shows a rain
gauge installation.

Figure 32. The picture above displays the HOBO
U23 Pro v2 Temperature/Relative Humidity Data
Logger used.
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