
Revisiting the Effect of El Niño on 
the North American Monsoon 

based on Precipitation Levels in 
Southern Arizona



Since the last study done on the 
relationship between ENSO and the 

NA Monsoon in 1997, has climate 
change caused any variances in how 

they interact, leading to  a relationship 
between the two weather patterns 

now?

Conclusions
1. Using MATLAB, construct plots of 

precipitation levels in the Tucson 
area from 1901 to 2020

2. Construct data plot of Sea Surface 
Temperatures in Nino 3.4 region 
from 1901 to 2020

3. Offset SSTs by 6 months
4. Graph offset SSTs as a function of 

precipitation and find any 
correlation between the two

Research Question

Procedure

Data Analysis

R²=  0.0145

1. There is no substantial relationship 
between Tucson  Monsoon and 
ENSO

2. Significant climate change has not 
changed teleconnection patterns 
between the NA Monsoon and 
ENSO regions over the last 100 
years

Revisiting the Effect of El Niño on the North American Monsoon 
based on Precipitation Levels in Southern Arizona



El Niño Southern Oscillation (ENSO) is 
a widespread occurrence of weather 
changes in which the Pacific Ocean 

experiences a significant increase in 
temperature due to changes in wind 

patterns (Trenberth, 1997)

Definition

Background on ENSO

Roof Resilience Network: El Nino Southern Oscillation

The region in which El Niño is most 
tumultuous and most seen because on 

equator, so there aren’t seasonal 
changes – located in the middle of the 

Pacific Ocean (National Centers for 
Environmental Information)

Niño 3.4
Primarily causes changes in Sea 

Surface Temperatures (SSTs)  on South 
American West Coast and on the 

Pacific Islands + Australian East Coast

No current findings to relate ENSO 
with North American regions 

  

Interpretation of Graph



El Niño causes warmer waters to flow 
towards South America’s eastern 

coast, and cooler waters on the 
western Pacific. 

This is caused by warmer, more humid 
bodies of air flowing towards South 
America, causing increased rainfall. 

Effects of ENSO

Background on ENSO

Under El Niño or La Niña conditions, 
there is a shift in regular wind patterns. 
This causes the Pacific ocean water to 
move in different ways. Under El Niño, 

wind patterns shift so that the wind 
blows towards the South American 

coast. This causes the warmer surface 
water to be pushed towards this coast, 
thereby causing warmer water and air 

bodies both.  

How does this happen
This change in wind patterns takes 
time to reflect on either shore. This 

takes about 6 months for them to fully 
show on both coasts. So, when looking 

at relations between El Niño and 
resulting effects on either of the 

coasts, it is important to offset the 
comparison by 6 months – a data set 
from the coast vs. Nino 3.4 data set 

from 6 months before that
 

  

Offset?



Weather phenomenon spanning from 
the Southwestern United States to 

Northwestern Mexico with a 
substantial increase in rainfall during 

July, August, and September (JAS) 
(Adams & Comrie, 1997)

Definition

Background on NA Monsoon

The NA monsoon is caused by a sudden 
shift in atmospheric circulation, 

causing eastward dry winds in the 
Pacific Ocean to be replaced by 

moisture-carrying winds. SST changes 
are closely related to the development 

of the North American monsoon 
(Adams & Cormie, 1997)

How does it work?
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In order to best find a correlation 
between the NA Monsoon and ENSO, 
it is important to use a region where a 

majority of the precipitation falls 
during JAS. As can be seen in the graph, 
the clear majority of rainfall in Tucson 
falls during the months of JAS (month 

7,8,9)

Why Tucson?



The precipitation effects of El Niño 
occur primarily in the central and 

western Pacific, not so much in the east  
(Yang et al., 2018). 

Climate change could have varied 
weather patterns and wind cycles.

Currently Known

Current knowledge + Hypothesis

Changes in wind patterns coupled with 
climate change and global warming 

could have shifted the direction of the 
winds from the Pacific to point more 

northward, hitting greater north of the 
equator – interacting with the NA 

Monsoon Region

Hypothesis



KNMI Data Extractor used to obtain 
precipitation level data from 1901 to 
2020 for Tucson, Arizona; Salt Lake 
City, Utah; and Chihuahua, Mexico

Data Collection

Procedure

An R value >0.875 would indicate that 
there was a correlation between the 
NA Monsoon in Tucson and Niño 3.4 

patterns.

Additionally, a distinct slope on a graph 
would be a visual method of seeing a 

relationship between the two.

Final Results

The software, MATLAB was used to 
create seasonality graphs – reflecting 

average monthly precipitation data for 
each of these locations, plot monthly 
precipitation level data, and plot SSTs 

of the Niño 3.4 region – with a 6 month 
offset.

Programming

Again, using MATLAB, the Tucson 
monthly data was plotted against Niño 

3.4 data to detect any correlation, as 
well as the R coefficient value

Data Analysis



Data



Data



Results

R²=  0.0145



There is no substantial relationship 
between ENSO and the NA Monsoon wind 

patterns. This means that the 
tumultuousness in NA Monsoon levels 

cannot be attributed to ENSO patterns, 
but rather, different weather patterns.

Lingering effects of El Niño spread to 
Central America and Chile on the eastern 

Pacific coast, but do not apparently 
directly impact the NA Monsoon region. 

This suggests that other factors influence 
the NA Monsoon.

Conclusion

Although there is great interest and 
uncertainty in how ENSO magnitude and 

frequency will change over time with 
anthropogenic warming, we find that 

results published >20 yrs ago still hold 
true regarding the decoupling of NA 

Monsoon precipitation and ENSO 
variability in the Pacific. We suggest that 
other factors need to be accounted for in 
order to understand future NA Monsoon 

variability.  



● Using Tucson as a standard for the 
NA Monsoon may have caused 
some region-specific effects

● Only using the last 100 years of 
data prevents seeing any 
pre-industrialization vs. 
post-industrialization changes

● The Southernmost area studied 
was Chihuahua, Mexico – going 
further south can determine the 
extent to which ENSO extends 
away from the equator

● Only the summer monsoon was 
studied, not winter rain

Limitations

Commentary

● In order to better understand 
effects of climate change, also 
compare Nino 3.4 with known 
ENSO affected regions

● Also study any relationship 
between NA Monsoon and other 
American wind patterns

● Use more regions + greater 
number of years of data to study 
any changes in ENSO relationship 
with NA Monsoon

For the future
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