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Introduction

The North American (NA) monsoon is a weather phenomenon spanning from the

Southwestern United States to Northwestern Mexico with a substantial increase in rainfall during July,

August, and sometimes September. The NA monsoon is caused by a sudden shift in atmospheric

circulation, causing eastward dry winds in the Paci�c Ocean to be replaced by moisture-carrying winds.

Sea Surface Temperature (SST) changes are closely related to the development of the North American

monsoon. Due to its large area, the North American monsoon does not behave in a constant manner,

its e�ects varying by the elevation and temperature of each region. During the summer, SSTs in North

America can exceed 40℃, a stark contrast to typical regional SSTs ranging between 25℃ and 28℃. In

Arizona, the North American monsoon is a recurring phenomenon with a predictable pattern. The

North American monsoon does not occur because of any single occurrence or change in weather

conditions but is a combination of di�erent factors which result in summer rainfall (Adams & Comrie,

1997).

El Niño is a widespread occurrence of weather changes in which the Paci�c Ocean experiences

a signi�cant increase in temperature due to changes in wind patterns. El Niño causes an increase in

atmospheric moisture over the Paci�c Coast and a decline in �shing conditions along the South

American coast. On the contrary, La Niña is the cold phase of the El Niño Southern Oscillation

(ENSO). ENSO is the process of weather changes due to El Niño and La Niña wind phases. El Niño

produces the highest temperatures on record on the Paci�c Coast due to the pushing of surface water

by winds towards the east of the Paci�c Ocean (Trenberth). Under normal conditions, the west of the

Paci�c Ocean–Southeast Asia and the Paci�c Islands–has relatively warmer bodies of water due to the

westward winds carrying moisture-�lled air masses. The east of the Paci�c Ocean–the west coast of

South America–contains cooler nutrient-rich water due to the winds blowing eastward. In El Niño

conditions, the winds blow east toward the Americas (Carlowicz & Uz, 2017). This change in wind

pattern causes the warmer surface water to gather, as well as a more humid air mass in the east -

primarily in South America. During La Niña, the winds become more intense in the same direction as



during normal conditions, which causes unusually cool waters to be pushed onto the South American

Coast. Both El Niño and La Niña occur during the El Niño Southern Oscillation, so El Niño refers to

phenomena of both phases. The region in which El Niño is most tumultuous and most seen is the

Niño 3.4 region – located in the middle of the Paci�c Ocean (National Centers for Environmental

Information). In this region, the e�ects of El Niño are most starkly represented in SSTs compared to

other Niño regions, making it a good determinant of whether a particular year is a Niño year or not.

Analyzing SSTs in the area helps determine the intensity of an ENSO period based on how much SSTs

vary from the mean temperatures.

The consensus is that despite areas in Mexico and South America being a�ected by the ENSO,

the North American monsoon remains independent of El Niño. The precipitation e�ects of El Niño

occur primarily in the central and western Paci�c, not so much in the east (Yang et al., 2018). While the

intensity of the North American monsoon depends upon an irregular pattern–similar to El Niño

occurrences–these events do not have a strong correlation. The Southwest United States receives both

summer monsoon and winter rainfall. It is likely that the other weather patterns of the region in the

Southwest mute any e�ects of El Niño. Despite this, the primary research on the North American

monsoon and El Niño is from over two decades ago. Due to climate change, the correlation between

ENSO and regional weather patterns very likely could have varied – with the relationships between

some regions and ENSO already changing, some getting stronger and some getting weaker (Yang et al.,

2018).

Methods

The method will center around gathering data about precipitation levels in Southern Arizona

over the last 100 years, allowing us to analyze these trendlines in order to detect any correlation

between the NA monsoon and ENSO. This data will be compared to the sea surface temperatures in

the Niño 3.4 region. Any correlative trends between both weather phenomena will indicate that the

relationship between the North American monsoon and El Niño has increased. The data will be

focused on July, August, and September–the months in which the North American Summer



monsoon is most prevalent, as the data will most likely indicate any correlation occurring between El

Niño and the North American monsoon to be during the summer months.

The software, MATLAB was used to produce models, utilizing the precipitation and

temperature data from the World Meteorological Organization. Trendline graphs in the Niño 3.4

Region would represent the temperature anomalies, demonstrating whether a particular year is an El

Niño year or not. The Niño 3.4 Region represents the standard level data to compare Southern

Arizona’s data. The Niño 3.4 Region, right on the equator and in the middle of the Paci�c Ocean,

remains largely seasonless. This same method will also be used to calculate precipitation levels in

Tucson. When comparing these two regions, it is important to note that the e�ects of El Niño show

up in the Niño 3.4 region during the winter months – December, January, and February (DJF), while

they show up on both the Paci�c American and Asiatic coasts during the summer monsoon months. It

is because of this that in order to determine correlations most accurately, I compared the DJF of the

Niño 3.4 Region with the June, July, and August (JJAS) months in Tucson – the time of peak

monsoon. Staggering the times like this allowed us to produce the most accurate models which were in

line with how the weather patterns do actually function.

In terms of a particular procedure, I decided �rst what locations to choose. Ultimately,

referencing the seasonality diagrams of the North American Monsoon paper, I chose Salt Lake City – a

city with little rainfall during these months and little weather changes during the monsoon season, as

well as Chihuahua – a city which is very visibly dependent on the NA Monsoon in order to obtain

water (Adams & Cormie). This variety was selected in order to make sure that I could compare the

seasonality and weather patterns of all across this NA Monsoon area, further reinforcing that this area

is not strictly restricted to a particular habitat, but extremely diverse and widespread instead.

Then, utilizing the KNMI Explorer Climate page, I extracted the precipitation data for these

areas, grouped by millimeters of rainfall per month over the course of 120 years, from 1901 to 2021.

On MATLAB, I graphed these precipitation values versus month (Figures 1.1 and 1.2), producing the



graphs of precipitation, which were then analyzed in order to determine if there is a correlation

between precipitation in the NA monsoon region, speci�cally Tucson, and the ENSO cycle.

Data

Nino 3.4 SST (Sea Surface Temperatures) from 1901 - 2021 – Generated on MATLAB with handwritten code.

Tucson Precipitation levels from 1901 to 2021 – Generated on MATLAB with handwritten code



Analysis

A serial correlation between the trendlines' peaks and troughs of both data sets will indicate a

relationship between the North American Monsoon and ENSO. If a correlation is found, the

following evaluations will include determining to what extent the intensity of a particular ENSO

season will a�ect the intensity of that monsoon season. In addition, an essential piece of analysis will be

analyzing how these correlations have changed over time–particularly over the last two decades. This

will show how global warming or any other factor in climate change changes the behavior of such

weather phenomena. If there is no correlation between both trendlines, past research will hold for

current weather patterns between the two regions. This will indicate that the two phenomena

occurring on di�erent wind patterns do not a�ect each other. In addition, it will show that climate

change, while in�uencing the behavior of these weather phenomena, has not altered wind patterns and

behaviors.

As depicted in Figure 2.1, there is no correlation between Niño 3.4 SSTs and the precipitation

behavior in Tucson during monsoon months. The calculated r^2 value – that which determines the

correlation between two values, was 0.0145, demonstrating that there is zero correlation between them,



instead that these are two phenomena that act independently of each other.  Had the r^2 value been >

0.8, So, we can conclude that there is no substantial relationship between the NA Monsoon and

ENSO.

Conclusion

Based on the results of this analysis, it can be concluded that there isn’t a relationship between

the NA Monsoon and ENSO. For a large part, this is due to the fact that ENSO generally has a more

direct e�ect on the Southern Americas – particularly the west coast of Peru, Ecuador, and Chile. Near

the equator, the lack of seasonal interferences makes these e�ects more pronounced, but overall, they

become much more muted. While a prediction was that climate change has interfered with wind

patterns and could have caused the central Paci�c winds to go more northwards to the

Mexico-Southern US area, the data disproved this. For the future, possible experimentations to learn

more about how ENSO interacts with global wind patterns could be comparing the relationship

between known regions a�ected by ENSO, and seeing if this relationship has strengthened, weakened,

or stayed the same over the last 100-200 years.



References

Adams, D. K., & Cormie, A.C. (1997). The North American Monsoon Bulletin of the American

Meteorological Society, 78(10), 2197–2214.

https://doi.org/10.1175/1520-0477(1997)078<2197:TNAM>2.0.CO;2

Trenberth, K E. (1997). The De�nition of El Niño Bulletin of the American Meteorological Society,

78(12), 2771–2778.

https://doi.org/10.1175/1520-0477(1997)078<2771:TDOENO>2.0.CO;2

Carlowicz & Uz (2017). El Nino NASA Earth Observatory

https://earthobservatory.nasa.gov/features/ElNino

National Centers for Environmental Information. (n.d.). Equatorial Pacific Sea Surface Temperatures

(SST) https://www.ncei.noaa.gov/access/monitoring/enso/sst

Yang, Song. , Li, Zhenning., Yu, Jin-Yi.,  Hu, Xioming., Dong, Wenjie., He, Shan. (2018). El

Niño–Southern Oscillation and its impact in the changing climate National Science Review,

5(6), 840-857. https://doi.org/10.1093/nsr/nwy046


