
El Nino and La Nina: The

Controls on Rainfall and Drought in 

the Western USA

Bob Endlich

bendlich@msn.com

Cruces Atmospheric Sciences Forum

19 Jun 2021

mailto:bendlich@msn.com


El Nino and La Ninaé      OUTLINE

Introduction and Overview of Patterns

Diagnostics:  Ocean Temperatures and Global Temperatures

Some Marker El Nino Weather Events 

Detailed Diagnostics:     Ocean Temperatures.  

Global Temperature of the Lower Troposphere.

ENSO Diagrams from Bob Tisdaleôs book, ñWho turned on the Heat?ò

Sidebars:  Sunlight heats seawater

The hottest seawater ever gets

Upwelling of cold water brings the fish

Anomalies Help Understand the Story.

Catastrophe: the Little Ice Age in New Mexico.

El Ninoôs Big Brother: The Pacific Decadal Oscillation.

Thereôs no need for False CO2 stories if you understand El Nino.



Introduction.  Overview of Patterns.



Origins of the name, El Niño

El Niñoé originally recognized by fisherman off the west coast of South America as  
appearance of unusually warm water in the Pacific Ocean,  ~beginning of the year. 

El Niño means The Little Boy or Christ child in Spanish. 

Named for the tendency of the phenomenon to arrive around Christmasé Northern 

Hemisphereôs Winter Solstice

Southern Hemisphere 32% of Land Area

Northern hemisphere  68% of Land Area 



Ferrell Cell

http://1.bp.blogspot.com/tDTpvWrModo/U2XoP6s57XI/AAAAAAAAA7o/r6Ik0N5VHk8/s

1600/Hadley+cells+2_ux1_eiu_edu.jpg

Note especially

the equatorward

areas of both

subtropical

ridges

Northeasterly

and 

Southeasterly

Trade Winds

http://1.bp.blogspot.com/tDTpvWrModo/U2XoP6s57XI/AAAAAAAAA7o/r6Ik0N5VHk8/s1600/Hadley+cells+2_ux1_eiu_edu.jpg


http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/nawinter.shtml

El Nino pattern:  wet weather from California to New Mexico to East Coast

Huge Warm Pattern from Gulf of Alaska all the way to Michigan!

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/nawinter.shtml


Northeasterly Trade Winds are very prevalent, stronger in La Nina years.

Visitors to Hawaii usually encounter steady winds from the northeast: Trade Winds

offshore winds: 

Upwelling of cold water

Offshore winds

Upwelling of cold water

But EL NINO is caused by a disruption of this pattern, which allows warm water

to flow from Indonesia/Western Pacific across the entire Pacific Ocean.



El Ninoôs counterpart is La Nina.

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/

nawinter.shtml

La Nina results in dry from ~Arizona to Florida

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/nawinter.shtml
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycle/nawinter.shtml


Diagnostics: 

Ocean Temperatures  and 

Global Tropospheric  Temperatures

These features are diagnostic, not prognostic 



Nino 3.4 region:  area bounded from 5N to 5S and from 120W to 170W



The Oceanic Nino Index: (ONI) is one of the primary indices used to monitor El Nino-

Southern Oscillation (ENSO). The ONI is calculated by averaging sea surface 

temperature anomalies in an area of the east-central equatorial Pacific Ocean, which 

is called the Nino 3.4 region (5S to 5N; 170W to 120W).



X-Axis,  Date since Jan 1990

Y-Axis, Temperature Anomaly in Nino 3.4 Region, 3-month average.

Jan 1990                                                                                    Jan 2021

Ocean Nino Index is the Sea Surface Temperature Anomaly,  Nino 3.4 Region  

Marker Events:

The 1997-98 El Nino.  Extensive snowfall with 2 months of snow Organ Mountains. 

The 2015-16 El Nino.  Heavy rains and snows in South America. 

Feb 2017                     Oroville Dam, CA,  partial failure.  



https://wattsupwiththat.com

https://i1.wp.com/www.bom.gov.au/climate/enso/monitoring/

nino3_4.png

Australian

Bureau of Meteorology

uses 1-week average.

https://wattsupwiththat.com/
https://i1.wp.com/www.bom.gov.au/climate/enso/monitoring/nino3_4.png


More El Nino óMarkerô Storms     



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

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


https://www.govtech.com/em/emergency-blogs/disaster-zone/disaster

-officials-brace-for-havoc-from-historic-el-nino.html

FILE - In this Jan. 27, 1983, file photo, the landmark Crystal Pier in the San 

Diego community of Pacific Beach collapses under the force of surging waves 

during an El Nino storm. 

One hundred feet of the 56-year-old structure was lost. 

https://www.govtech.com/em/emergency-blogs/disaster-zone/disaster-officials-brace-for-havoc-from-historic-el-nino.html
https://www.govtech.com/em/emergency-blogs/disaster-zone/disaster-officials-brace-for-havoc-from-historic-el-nino.html


https://www.weareiowa.com/article/news/local/california-home-owners-urged-to-evacuate

-as-cliffs-dissapear-into-pacific-ocean

PACIFICA, CA ïA cliff-side dwelling may have a great view, but some California residents

have been ordered to evacuate for fears their homes could fall into the Pacific Ocean.

El Niño-fueled storms have loosened and washed away the ground, leaving the cliffs

to crumble.

https://www.weareiowa.com/article/news/local/california-home-owners-urged-to-evacuate-as-cliffs-dissapear-into-pacific-ocean
https://www.weareiowa.com/article/news/local/california-home-owners-urged-to-evacuate-as-cliffs-dissapear-into-pacific-ocean


https://www.usatoday.com/story/weather/2016/01/05/california-drought-el-nino/78304844/

https://www.usatoday.com/story/weather/2016/01/05/california-drought-el-nino/78304844/


https://www.cbsnews.com/news/heavy-storms-in-california-signify-return-of-el-

nino/

https://www.cbsnews.com/news/heavy-storms-in-california-signify-return-of-el-nino/


https://abcnews.go.com/US/powerful-western-storms-fueled-el-nino-weather-pattern

/story?id=36106177

https://abcnews.go.com/US/powerful-western-storms-fueled-el-nino-weather-pattern/story?id=36106177
https://abcnews.go.com/US/powerful-western-storms-fueled-el-nino-weather-pattern/story?id=36106177


https://abcnews.go.com/US/powerful-western-storms-fueled-el-nino-weather-

pattern/story?id=36106177

Note the bores and hydraulic jump, features of shallow water 

waves                 

https://abcnews.go.com/US/powerful-western-storms-fueled-el-nino-weather-pattern/story?id=36106177
https://abcnews.go.com/US/powerful-western-storms-fueled-el-nino-weather-pattern/story?id=36106177


https://www.latimes.com/local/california/la-me-oroville-floods-norcal-

20170216-story.html

The frantic effort over the last few days to lower water 

levels at Oroville Dam after the structure's two spillways 

became damaged is part of a larger drama playing out 

as California rapidly shifts from extreme drought to 

intense deluges.

Large swaths of the region are on track to experience 

their wettest winter on record, with many areas having 

already surpassed their average precipitation for an 

entire year.

And all that water is putting new strains on the network 

of dams, rivers, levees and other waterways that are 

essential to preventing massive flooding during wet 

years like this one.

Be prepared: Monster storm could be biggest of 

season for L.A. area         Feb 16, 2017 | 7:45 AM

What can be seen is the result of the massive 

collapse (pictured) when 100,000 cubic feet of 

water per second was rushing down the spillway

https://www.latimes.com/local/california/la-me-oroville-floods-norcal-20170216-story.html


El Nino in the Southern Hemisphere:

South  America

Australia



http://www.bloomberg.com/news/articles/2015-08-12/worst-el-nino

-in-30-years-pounds-south-american-economies-polls

http://www.bloomberg.com/news/articles/2015-08-12/worst-el-nino-in-30-years-pounds-south-american-economies-polls
http://www.bloomberg.com/news/articles/2015-08-12/worst-el-nino-in-30-years-pounds-south-american-economies-polls


http://www.bloomberg.com/news/articles/2015-08-12/worst-el-nino

-in-30-years-pounds-south-american-economies-polls

The El Nino climatic phenomenon has hit South Americaôs southern cone

with a vengeance in the past week, causing flooding and landslides that have

damaged crops, cut off roads, disrupted copper mining and might even

influence Argentinaôs presidential elections.

After more than five years of drought caused by La Nina, the switch to El Nino

had been forecast for more than a year.

Still, the sudden turnaround has caught people by surprise.

More rains are projected to hit Argentinaôs agricultural belt in the coming days,

prompting opposition presidential candidate Mauricio Macri

to claim the government should be doing more to help.

http://www.bloomberg.com/news/articles/2015-08-12/worst-el-nino-in-30-years-pounds-south-american-economies-polls
http://www.bloomberg.com/news/articles/2015-08-12/worst-el-nino-in-30-years-pounds-south-american-economies-polls


http://www.bom.gov.

au/climate/enso/

http://www.bom.gov.au/climate/enso/
http://www.bom.gov.au/climate/enso/


http://www.aviso.altimetry.fr/en/news/idm/2015/jul-2015-el-ninos-return

-west-side-story.html

http://www.aviso.altimetry.fr/en/news/idm/2015/jul-2015-el-ninos-return-west-side-story.html
http://www.aviso.altimetry.fr/en/news/idm/2015/jul-2015-el-ninos-return-west-side-story.html


http://www.aviso.altimetry.fr/en/news/idm/2015/jul-2015-el-ninos-return

-west-side-story.html

http://www.aviso.altimetry.fr/en/news/idm/2015/jul-2015-el-ninos-return-west-side-story.html
http://www.aviso.altimetry.fr/en/news/idm/2015/jul-2015-el-ninos-return-west-side-story.html


Detailed Diagnostics: 

Ocean Temperatures  and Global Temperatures



http://ggweather.com/enso/oni.htm

Golden Gate Weather Services, Jan Null; used with permission

Nino 3.4 sea surface temperature anomalies 

http://ggweather.com/enso/oni.htm


http://www.drroyspencer.com/wp-content/uploads/UAH_LT_1979_thru_May_2021_v6.jpg

http://www.drroyspencer.com/wp-content/uploads/UAH_LT_1979_thru_May_2021_v6.jpg


Global Greenhouse Temps, TLT



http://www.esrl.noaa.gov/psd/enso/mei/

Notice the Great Climatic Shift of 1976, when the number of El Ninos per

decade increased dramatically. 

http://www.esrl.noaa.gov/psd/enso/mei/


https://iri.columbia.edu/ourexpertise/climate/forecasts/enso/current/

The El Nino Index is diagnostic.         Below are current attempts at prognostication. 

https://iri.columbia.edu/ourexpertise/climate/forecasts/enso/current/


Bob Tisdaleôs Hovemuller diagram.  Equatorial Sea Surface Temperature 

(Longitude)

SSTs , not anomalies. Rough Geography ïYellow arrows 

Celebes  Papua New Guinea    International Date Line             Galapagos Is.                    Ecuador

El Nino Years

(Red)

La Nina

Years (Blue)
Date:



El Nino, basics on how

it develops and worksé

The entire phenomenon

is called 

ENSO: El Nino-Southern 

Oscillation 



A highly-recommended

E-book.

This book is the source

for the excellent

graphics I use later

in this section.

ENSO Diagrams from Bob Tisdaleôs E-book

















SIDEBAR:

Sunlightôs absorption in (sea) water

for various wave lengths of radiation 
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Explanation: At visible wavelengths, the 

colored portion of the spectrum, the sunôs 

radiation, penetrates well into the water,

because the absorption coefficient is low.

Light in the blue-violet portion of the 

spectrum penetrates easiest and deepest.

Yellows and reds are absorbed more;

this is responsible for the blue appearance 

of the water in sunlight.

Back radiation (towards earth) from 

increased carbon dioxide in the 

atmosphere, at 10.6 um and ~15 um, does 

not penetrate ocean, river or lake water to 

any appreciable depth.

Therefore, increased water temperatures 

over time are caused by reduced 

cloudiness, allowing more sunlight to heat 

the water over time. 

More atmospheric carbon dioxide can not

heat river, lake, or ocean waters.

Graphic shows that sunlight heats the water, seawater, as it is transported trans-

Pacific by the Trade Winds. 

SIDEBAR:  Sunlightôs absorption in (sea) water for various wavelengths





https://wattsupwitht

hat.com/2012/02/0

9/jason-and-the-

argo-notes/

PRECURSOR Figure 1. All Argo ocean surface temperature data. There have 

been 696,872 Argo measurements to date of the ocean surface temperature.

SIDEBAR: Maximum Ocean Temperatures are ~29C,  from Willis Eschenbach

https://wattsupwiththat.com/2012/02/09/jason-and-the-argo-notes/


Precursor:

https://wattsupwiththat.com/2012/02/09/jason

-and-the-argo-notes/

Figure 2. All Argo ocean temperatures, sorted 

by latitude.

Note that there is an obvious upper limit to 

the ocean temperatures, the ñflat-topò on the 

graph at just above 30°C. No matter how 

much incoming solar there is, the ocean 

doesnôt get any warmer than that. This 

provides a ñcapò on how hot the ocean can 

get. Above that temperature, any extra 

incoming energy is converted to latent and 

sensible heat, rather than warming the 

surface.

https://wattsupwiththat.com/2012/02/09/jason-and-the-argo-notes/


Figure 1. A ñhistogramò shows how many data points fall in each of the 1°C intervals shown along the bottom axis. 

The maximum is in the interval 28°-29°C.



Next, Sidebar on Upwelling



SIDEBAR ON UPWELLING  

off West Coasts of North America

and South America

Helps answer the question as to why the Pacific Ocean seems so cold; 

Mark Twainôs observation,

"The coldest winter I ever spent was a summer in San Francisco.ò



Peruvian Upwelling
Upwelling is the natural 
process which brings 
cold, nutrient-rich water 
to the surface. A huge 
upwelling regularly 
occurs off the coast of 
Peru, which enjoys a 
large fishing industry as a 
result.

https://www.nationalgeographic.org/

encyclopedia/upwelling/

https://www.nationalgeographic.org/encyclopedia/upwelling/
https://www.nationalgeographic.org/encyclopedia/upwelling/










You saw this earlier, El Ninoôs

ñWest Side Storyò







http://www.climate.gov/news-features/blogs/enso/walker-circulation-ensos-

atmospheric-buddy


