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Introduction
The Earth has an estimated 45,000 tropical islands larger than 

0.05 km2 (5 hectares) [1]. The populations of these islands range 
from zero to 143 million on the Indonesian island of Java. Oceanic 
tropical islands often have environmental problems that include high 
population densities, water scarcity, and extinctions [2]. Data are often 
sparse [1] but because inputs and processes are similar, many oceanic 
tropical islands have commonalities including climate and in general 
vegetation. This study will look for patterns on data-rich islands. 
Nothing in this study will prove that these patterns apply to data-
sparse islands but it will generate hypotheses that can help guide future 
research on other oceanic tropical islands.

This study has two parts. First a simple theoretical approach, that 
examines how on many oceanic tropical islands, the easterly trade 
winds shape the distribution of the two variables of this study. And 
second, searching for available data to test the hypotheses generated 
from the theoretical approach. This is a pilot study. The vast majority 
of oceanic tropical islands do not have any available data to verify these 
hypotheses.

Over open water, upwind of an oceanic tropical island the relative 
humidity is typically around 80 percent [3]. The average value of relative 
humidity is equilibrium between evaporation which, on a daily basis, is 
almost constant and frequent but light rain storms that remove moisture 
out of the air. As a parcel of air moves over land it is disconnected 
from its source of moisture and from upwind to downwind it loses 
moisture to rainfall and becomes drier. When the winds are consistent, 
the interaction between the wind and the land creates a region with 
a reduced water vapor concentration in the atmosphere. The western 
part of the island is in the rain shadow of eastern end of the island. This 
structure in the atmosphere is a permanent feature even as the air in it is 
being constantly replaced. The exact patterns of climate will be affected 
by many factors including topography, the shape of the coastline, 
distance from the coast, and anthropogenic factors such as urban heat 
islands. The existence of this area of reduced water vapor content can 
be predicted solely on the basis of longitude and is independent of the 
specifics of the other factors. The distance from the eastern tip of the 
island can be measured either in degrees of longitude or kilometers 
and it would not change the results. The rates of rainfall and runoff are 
typically much higher in the humid tropics than in temperate regions 

[4] and the higher rainfall will increase the contrast between upwind
and downwind areas.

There are at least three methods to study the interaction between the 
prevailing trade winds and the land mass. Large numbers of temporary 
instruments can be deployed to provide a large amount of data over the 
span of a few weeks. Study an experiment is described for the Big Island of 
Hawaii by Chen and Nash [5]. A second approach is to use digital elevation 
models, complex mathematical algorithms, and expert knowledge to 
generate detailed maps of climate variables and this is the approach used 
in the Parameter-elevations Regression on Independent Slope Model 
(PRISM) [6]. The application of PRISM to the island of Puerto Rico is in 
Daly et al. [7]. A third approach is used in this study. This study looks at 
data-rich islands and uses simplified mathematical relationships to look for 
generalized patterns that probably exist on thousands of oceanic tropical 
islands where data are sparse. The simplified relationship will require less 
data than more complex patterns.

On many oceanic tropical islands the trade winds consistently blow 
from the east. This has been documented for Hawaii [5], Hispaniola 
[8] and Puerto Rico [9]. The eastern two-thirds of Hispaniola is the
Dominican Republic while the western one-third is Haiti. In Puerto
Rico, the wind blows between northeast and southeast at least 65
percent of the time [10]. A detailed study of the trade winds in Hawaii
is in Giambelluca and Nullet [11]. Data-rich islands have studies
but there are few studies that compare the environments of widely
separated islands.

The structure of the atmosphere in the Caribbean is important 
locally for the islands and is connected to continental scale patterns. 
The North Atlantic Oscillation (NAO) is derived from the difference 
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in barometric pressure between Iceland and Portugal. High levels of 
the NAO index are associated with high precipitation in northern 
Europe and low precipitation in southern Europe and Puerto Rico [12]. 
In late summer in the northern Antilles rainfall is associated with a 
negative NAO index combined with warm conditions in the El Niño 
Southern Oscillation in the eastern Pacific Ocean [13]. The Caribbean 
Low Level Jet (CLLJ) transports moisture to Central America and the 
eastern part of North America. Variability in the CLLJ is associated 
with variability of precipitation in the downwind areas [14]. Several 
studies have analyzed the inter-annual variability of Caribbean rainfall 
[15-18]. The climatological mean, annual, and monthly rainfall in 
Haiti is a complex function of fixed factors including the topography 
and shape of the country, as well as the annual cycle of regional-scale 
oceanic and atmospheric factors. The atmosphere is in the northern 
Antilles is dominated by the permanent Azores high, which induces 
permanent easterlies across the Caribbean islands [19].

The variables in this study are affected by multiple factors such 
as elevation, distance from coast, the shape of mountain ranges, and 
anthropogenic factors such as urban heat islands. The central question 
of this study is if longitude is needed to be added to the list to explain the 
observed data. The basic idea is that the consistency of the trade winds 
creates a rain shadow in the western parts of oceanic tropical islands. 
Mountains in Puerto Rico create a rain shadow [7]. At 3098 m, Pico 
Duarte is the highest mountain in Hispaniola and the Caribbean. The 
rain shadow of this mountain affects the climate of Jamaica and eastern 
Cuba [20]. Data are extremely limited for most oceanic tropical islands 
and this study will use simple patterns with limited data requirements 
to see if the results are useful and can then be extended to other islands.

The trade winds blow from the east and the air loses water to rain 
as it passes over the land. This concept generated two hypotheses. 
The second hypothesis derives from the first. In numerical form, the 
hypotheses will be stated for the western hemisphere; in the eastern 
hemisphere the correlations are reversed. Each hypothesis will be stated 
as a correlation with longitude. Longitude has an arbitrary datum in 
Greenwich, United Kingdom but it would not affect the correlations of 
this study if the datum were the eastern tip of the island or any other 
location. The hypotheses, for oceanic tropical islands, are:

First: the western part of the island is in the rain shadow of the east 
and there will be an inverse correlation between longitude and relative 
humidity.

Second: the diurnal air temperature cycle is the average difference 
between the daily highs and the lows at night and will be correlated with 
longitude. Dry air is more transmissive of infrared radiation [21], and 
with the same amount of solar radiation, the days will be hotter and the 
nights will be colder, as occurs in deserts [22]. There is a published map 
of the diurnal air temperature cycle in Puerto Rico [10]. The correlation 
with longitude is visible on the map but the interpretation is based on 
distance from the coast.

The vast majority of the oceanic tropical islands on Earth have 
no data to assay these hypotheses. There are other islands that have 
data but they are not readily available. This study uses data collected 
by government meteorological agencies and made available on the 
Internet. At least one hypothesis was tested on 6 islands. The two 
Caribbean islands in this study are Hispaniola and Puerto Rico. All 
data from Hispaniola are from the Dominican Republic as no data 
are available for the Haitian side of the island. The Hawaiian Islands 
used in this study are the Big Island of Hawaii, Maui, Oahu, and Kauai. 
Puerto Rico and Hawaii are part of the United States.

The 6 islands in this study are not representative of the 45,000 
tropical islands on Earth. All are in the northern hemisphere and all are 
in the western hemisphere. All are near the Tropic of Cancer and none 
are in the deep tropics. None of the islands are in the Indian Ocean. 
The largest concentration of tropical islands on Earth is between Asia 
and Australia and none of the islands in this study are in this part of 
the world. These are the islands for which data are available on the 
Internet and if the hypotheses work on these islands it can guide the 
work of future researchers on other islands. The islands of this study 
are well separated from continental landmasses. Future work will be 
needed to understand the relationship between distance and the effect 
of continents on the climate of tropical islands. The large masses of 
ocean water around the islands of this study buffers the climate and 
reduces the annual air temperature cycle.

The location of the islands is in Figure 1. The data were collected 
by the National Weather Service (NWS), except in the Dominican 
Republic where they were collected by the Oficina Nacional de 
Meteorología (ONAMET). NWS data are at the Southeast Regional 
Climate Center [23] and the Western Regional Climate Center [24]. 
The data from the Dominican Republic are at World Climate [25] 
and were submitted to the World Meteorological Organization and 
edited by the National Climate Data Center (NCDC). Both the NWS 
and the NCDC are part of the National Oceanic and Atmospheric 
Administration of the United States.

Material and Methods
The hypotheses were tested for every oceanic tropical island for 

which data could be found on the Internet. Typically for each station 
the metadata includes latitude, longitude, and elevation. For each 
hypothesis assayed, each island has between 15 and 68 data points. 
The data were plotted versus longitude and visually examined for 
outliers, which were excluded. The Pearson correlation coefficient was 
calculated, the p-value used was 0.05. 

The hypotheses were assayed with climate stations that had at least 
7 years of data and in many cases 30 or more years. The first hypothesis, 
which states that the western ends of oceanic tropical islands have lower 
relative humidity than the eastern parts, was assayed only for the island 
of Hispaniola. The data were the monthly average relative humidity, 
which were averaged to produce the average relative humidity. The 
second hypothesis, stating that the diurnal air temperature cycle is 
larger in the western parts of the islands was assayed for all of the islands. 
The monthly air temperature cycle is the average high temperature in 
a month less the average low temperature in the month. In the tropics, 
the diurnal air temperature cycle is 65 percent of the monthly cycle 
[26], so the monthly average high and low temperature was used as a 
proxy for the diurnal cycle. A proxy was needed because data on the 
diurnal air temperature cycle are not readily available. Each station has 
a value for the monthly difference between high and low temperature 
and these were averaged to produce a single value for the station over 
the course of a year.

The hypotheses were also assayed for north-south differences. If the 
trade winds are converging on the equator then it would be logical that 
the low latitude part of the island would be dryer and have a larger 
diurnal air temperature cycle.

Results
The results are in Table 1. The graph of average relative humidity 

versus longitude for Hispaniola is shown in Figure 2. There are 15 
data points. The 13 data points from stations below 200 m above sea 
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level showed a clear trend from 83 to 63 percent relative humidity. 
The two stations higher than 400 m above sea level were more humid 
and were excluded as outliers. The Pearson correlation coefficient 
was -0.74 which had a p-value of 0.0019. Hypothesis number two 
predicts that the western parts of oceanic tropical islands will have a 
larger diurnal air temperature cycle and this was tested with monthly 
air temperature data. The average monthly air temperature cycles for 
Hispaniola and Puerto Rico are shown in Figure 3, while Figure 4 has 

the same data for the four Hawaiian Islands. All six islands had a larger 
diurnal temperature cycle in the western parts of the islands but the 
correlations were not significant in the Big Island of Hawaii and Maui.

The hypotheses of this study were assayed 7 times on 6 oceanic 
tropical islands in two groups in two oceans. The hypotheses were 
as predicted 5 of the 7 times. The binomial distribution was used to 
calculate the p-value for this to occur by random chance and the result 
is 6 times in a million trials. The testing of the north-south hypotheses 
produced no significant results.

Discussion
The correlations in this study are based on the consistency of the 

easterly trade winds. In parts of south Asia and the island-rich region 
between Asia and Australia, the climate is dominated by the monsoon 
pattern which can include abrupt changes in wind direction and 
precipitation [27]. Understanding how the Asia monsoon affects the 
climatology of tropical islands is crucial in the extension of this study to 
other areas such as Indonesia and the Philippines; however none of the 
islands in this study are affected by the monsoon pattern.

In Maui the hypothesis on the correlation between longitude 
and the monthly air temperature cycle has 20 data points, a Pearson 
correlation coefficient of 0.37, and a p-value of 0.054. It was classified 
as insignificant but it is right on the edge and with one more station 
the correlation would be significant. The Big Island of Hawaii is a 
different story. With 37 data points, the Pearson correlation coefficient 

Relative Humidity Hypothesis #1 Diurnal Air Temperature Cycle Hypothesis #2
Island ma ma bb rc rc nd p-value m b r n p-value

Puerto Rico e 2.47 -154 0.54 44 <0.001
Hispaniola -4.05 362 -0.74 13 0.0019 1.00 -60 0.52 68 <0.001

Hawaii 0.379f -50 0.091 37 0.29
Maui 287 -439 0.37 20 0.054
Oahu 7.23 -1130 0.65 30 <0.001
Kauai 9.01 -1430 0.90 16 <0.001

a m is slope
b b is intercept
c r is Pearson correlation coefficient
d n is sample size
e blank cells represent no data
f highlighted in gray  are insignificant

Table 1:  Results of assaying the hypotheses on oceanic tropical islands.
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Figure 1: Locations of the oceanic tropical islands used in this study.

Figure 2: Hypothesis #1--Average relative humidity versus longitude for 
Hispaniola. The excluded data are from stations over 400 m in elevation while 
the rest of the data are from stations within 200 m of sea level. Data modified 
from World Climate [25].
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in predicting observations on widely separated oceanic tropical islands. The 
variables used in this study are affected by multiple factors like elevation, 
proximity to the coast, the shape of mountains, and anthropogenic factors 
like urban heat islands, the consistency of the easterly trade winds adds 
longitude to the list. A simple correlation with limited data requirements 
produced useful results even though the distance between Puerto Rico and 
Hawaii is more than 9,000 km.

Oceanic tropical islands are tiny specks of land spread out over vast 
distances of ocean. On thousands of these islands, the easterly trade 
winds shape the environment in predictable ways. This study is the first 
part of a larger effort to identify these underlying physical processes that 
can help improve the management of water and other natural resources 
on these islands. The easterly trade winds affects not only the humidity 
and diurnal air temperature cycle but probably also the temperatures 
of sea surface, rivers, and groundwater. These abiotic conditions shape 
the environment for plants, animals, bacteria and fungi. Puerto Rico is 
a good place to start because its political relationship with the United 
States has made it one of the most data-rich places on Earth. The 
goal is science that can improve the management of water and other 
natural resources in Puerto Rico while at the same time providing 
insights that can help in the environmental management of thousands 
of islands where data are sparse. Puerto Rico is and island but the 
viewpoint should not be insular but rather one that is inclusive of the 
tens of thousands oceanic tropical islands with similar climates and 
environmental problems.

Conclusion
The consistency of the easterly trade winds on oceanic tropical 

islands leads to two predictions which can be assayed with data that are 
publically available on the Internet. The hypotheses that were verified 
on two islands in the Caribbean and four in the Pacific are that on 
the western end of the island the relative humidity is lower and the 
diurnal air temperature cycle is larger. These patterns probably exist 
on thousands of islands for which there are no readily available data. 
With more data it should be possible to observe these patterns much 
more widely.

It has been observed that on islands, the topography of the island 
can act as an obstacle or barrier to the wind causing an unequal 
distribution of humidity and diurnal air temperature cycle. This study 
establishes the difference between the east (windward) and the west 
(leeward) part of the islands. The east side benefit from the moisture of 
the trade winds, while the west slope receives dryer wind. This generates 
microclimates that also depend on elevation and large differences can 
occur across small horizontal distances.
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