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ABSTRACT 
 

During the winters of 2013-2015, southern Idaho, USA, experienced significantly below normal 
precipitation during very stable weather conditions resulting in very low water supplies during the following 
summers.  Looking for an explanation, pictorial data from several years were compared to identify patterns linking 
sea surface temperature anomalies (SST) and patterns in cyclonic lows in weather systems.  The data indicate that 
the relatively warmer and cooler areas of SST cause cyclonic and anti-cyclonic atmospheric behavior, respectively.  
The cyclonic weather systems create blocks preventing cyclonic weather systems to the west from moving eastward 
faster than the blocking systems are moving.  A ridge of high pressure will form between the two systems providing 
feedback that strengthens the pattern.  Three significant locations were identified as the major sources of energy 
affecting winter weather patterns over the northern hemisphere land masses:  the tropical waters off Southeast Asia, 
the eastern tropical Pacific Ocean, and the eastern tropical Atlantic Ocean.  Over land masses, the easternmost and 
southernmost weather systems almost always govern the interactions.  Examples are provided to illustrate the 
interactions of the dominant forces causing persistent weather patterns.  (KEYWORDS:  sea surface temperature 
anomaly, stability of weather patterns, blocking systems, atmospheric energy, jet stream, water supply) 
 

INTRODUCTION 
 

During the winters of 2013-2015, southern Idaho experienced significantly below normal precipitation 
leading to very low water supplies during the following summers.  The persistence of the dry conditions raised many 
questions in the minds of water users and forecasters alike.  First and foremost were questions about what was 
causing the persistent weather patterns and how long would they last.  This work delves into those questions to 
identify the sources of atmospheric energy causing the stability of weather patterns.   
 

METHODS AND FINDINGS 
  

Pictorial data from several years were compared to identify patterns linking sea surface temperature 
anomalies (SST) and patterns in cyclonic lows in weather systems.  Assembling the data in chronological sequence 
allowed visual comparison of multiple measures of energy sources and corresponding atmospheric conditions.   
 

The data indicate that the relatively warmer areas of SST cause cyclonic atmospheric behavior.  Warm SST 
north of the tropics add energy to cyclonic systems.  Similarly, cool SST steer cyclonic systems easterly and can 
cause them to become slightly anti-cyclonic.   Additionally, the data indicated that cyclonic weather systems create a 
block preventing weather systems on their west side from moving eastward faster than the blocking system is 
moving.  A ridge of high pressure will form between the two systems.  Stronger or slowly moving cyclonic systems 
cause stronger ridges on their western sides, especially if there is an area of warmer SST to the west.  Identification 
of this reaction explained much of the governance of weather system stability.  For a ridge to break down, the 
blocking cyclonic system must move first.   
 

The oceanic conditions in tropical areas are the dominant sources of energy driving the weather patterns.  
As the weather systems move northeasterly toward the arctic, they interact with other systems driven by other SST 
conditions in other parts of the world.  Three significant locations were identified as the major sources of energy 
affecting winter weather patterns over the Northern Hemisphere land masses:  The tropical waters off Southeast 
Asia, the eastern tropical Pacific Ocean, and the eastern Atlantic Ocean around 5º N to 25º N.  The stability or 
variability of the relative SST strength and location over time causes the intensity, and the persistence or variability 
in weather patterns.   
 

The North American and Eurasian continents provide large areas where the weather systems interact with 
each other but with limited significant new energy sources.  Over these land masses, the easternmost and 
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southernmost weather systems almost always govern the interactions.  When the flow of weather systems across 
Europe is blocked on the southeast, the systems tend to move northerly, carrying the jet stream northerly across 
northeastern Eurasia into the arctic.  This can push the arctic cold southerly into North America.   
 

The 300 mb jet stream is a useful indicator of the general location and persistence of the storm tracks.   The 
energy from the major SST sources feeds into and strengthens the jet stream.  This causes it to continue in a 
direction until it begins moving easterly or even southeasterly.  Other energy sources add strength and turn it 
northeasterly.  Major storm systems are reflected in this jet stream. 
 

Careful analysis of SST patterns and changes allows forecasting of weather patterns in southern Idaho up to 
9 days in advance.   
 
Source Example 1 

The tropical waters off Southeast Asia are comprised of the northern Indian Ocean, the South China Sea, 
and the Pacific Ocean just east of the Philippines.  The SST near Southeast Asia have a significant influence on 
weather all around the northern hemisphere.  Most importantly, it either allows storms to move freely across Eurasia 
or it causes them to backup to the Atlantic Ocean.  Secondly, it directs the feed of energy and the jet stream over the 
far northwest Pacific Ocean.   
 

Example 1a is when the Indian Ocean is warm.  When the northern Indian Ocean is the dominantly warm 
area of the three, the energy flows from the Indian Ocean northeastward across southeast China generally toward 
southern Japan.  A good example of this existed from October 29 – November 1, 2012.  This energy flow can be in 
cyclonic storms or just as long streams of clouds.  This northeasterly flow of energy, even without cyclonic activity, 
is sufficient to block the eastward moving cyclonic systems over Eurasia causing them to bunch up and turn more 
northward.   
 

Example 1b is when the Indian Ocean is cool.  In this condition, energy flowing from the South China Sea 
continues moving westerly toward Africa.  A good example of this existed from February 19 – February 21, 2014.  
Simultaneously, storms were moving freely slightly southeasterly across Eurasia toward southeastern China. 
 

Example 1c is when the South China Sea is warm.  When the South China Sea is the dominantly warm area 
of these three, storms form and the energy flows northeasterly, typically passing southeast of Japan.  A good 
example of this existed from March 2 – March 5, 2009, when there was a series of storms moving energy 
northeasterly from the South China Sea.  Simultaneously, storms were moving freely slightly southeasterly across 
Eurasia toward China.  There they turned more easterly, merging with the storms from the South China Sea.   
  

Example 1d is when the South China Sea is cool.  In this condition, the energy flows westerly toward the 
Indian Ocean.  A good example of this existed from January 29 – February 1, 2015 when there was a flow of storm 
energy westerly over the South China Sea.  Simultaneously, storms were moving freely slightly southeasterly across 
Eurasia toward China where they turned more easterly.  In this region, the presence of storm energy moving 
westerly, even without significant cyclonic activity, creates a block that steers the jet stream easterly. 
 

Example 1e is when the Pacific Ocean just east of the Philippines is warm.  When the tropical Pacific 
Ocean just east of the Philippines is the dominantly warm area of these three, the energy tends to flow anywhere 
from northwesterly into China to northerly toward Japan in significant storm events.  A good example of this existed 
on January 14 – January 15, 2014.  This storm energy tends to create the same blocking effect as energy from the 
Indian Ocean, causing weather systems to backup across Eurasia.    
 

Example 1f is when the Pacific Ocean just east of the Philippines is cool.  In this case, the energy tends to 
continue westerly into the South China Sea area.  A good example of this existed about March 2, 2015.   
 
Source Example 2 

The eastern tropical Pacific Ocean is the second major area producing significant energy.  The SST in this 
area affect the weather over the western and southern United States (USA), Mexico, the Caribbean Sea, and the 
western north Atlantic Ocean.   
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Example 2a is the El Niño condition when the eastern tropical Pacific Ocean is warm.  Storms can be 
generated just west of Colombia.  These storms normally move northerly then northeasterly across the Caribbean 
Sea.  Storms can form farther west, generally southwest of Mexico, where they then move northeasterly across 
Mexico.  Storm formation in these areas tends to alternate between the two locations.  November 4, 2014, provided 
an example of this.  As the warm SST spread westerly, another storm track forms generally south of Hawaii.  
December 18, 2014, provided an example of this.  This track feeds northerly or northeasterly.  These sources of 
energy are strong enough to create blocks that redirect storms approaching the USA from the west or northwest.  
This contributes to the jet stream sometimes passing farther north across North America.  As the warming moves to 
the central tropical Pacific Ocean, energy can feed into storms approaching from the northwestern Pacific Ocean as 
shown in the November 30 – December 3, 2015, example.  The December 24 – December 28, 2015, example shows 
those storms approaching the USA from the northwest being blocked by storm energy from the south and from 
Southeast Asia. 
 

Example 2b is the La Niña condition when the area is cool.  A good example of this existed on December 
20 – December 27, 2010.  The far northern Pacific Ocean is warm in the west and cool in the east in this example.  
The data showed westward flows across the tropical Pacific with minimal storm formation.  As the limited energy 
moves northward near the middle of the Pacific, it merges with the predominantly cyclonic flow from the 
northwestern Pacific Ocean.  From there, it changes to predominantly eastward flow across the eastern north Pacific 
Ocean and the USA with minimal blocking to obstruct the flow.  The central north Atlantic Ocean was cool at this 
time.  That condition contributed to the storms continuing eastward into Europe. 
 
Source Example 3 

The eastern tropical Atlantic Ocean in the vicinity of 5º N to 25º N is the third major area producing 
significant energy.  This area primarily affects the direction of storms moving either northeasterly into the Middle 
East or easterly across North Africa.   
   

Example 3a is when the eastern Atlantic Ocean is warm.  In this case, the storms develop a cyclonic shape 
and move northeasterly into Europe.  A good example of this existed from October 31 – November 1, 2012.   
 

Example 3b is when the eastern Atlantic Ocean is cool.  In this case, the storms develop an anti-cyclonic 
shape and move easterly across North Africa.  A good example of this existed from January 10 – January 12, 2015.   
 
Source Example 4 

Example 4a is the north Pacific Ocean.  This is a very large area that can have significant energy inputs 
from the west, the south, or the warm north Pacific SST locations.  A good example of this existed around 
November 17, 2014.  The jet stream left eastern Asia.  The Pacific SST distribution and any energy from the south 
acted to reshape the path of the jet stream.  If a cyclonic trough or other blocking pattern existed over North 
America, the Pacific SST energy caused a cyclonic trough to develop to the west with a ridge in between the two 
troughs. 
 

Example 4b is the north Atlantic Ocean.  This variably shaped area can have several different combinations 
of cool and warm SST.  Here, the storms respond similarly depending on the distribution of the SST.  A good 
example of this existed around January 9, 2014.  In the northern area from Greenland, past Iceland to Norway, the 
warm SST was causing cyclonic behavior.  Simultaneously, the cool SST between Nova Scotia, Canada, and France 
was causing an eastward movement of storms as they moved from the continental USA to the ocean.  As these 
easterly moving storms reached Europe, they experienced blocking caused by multiple storms backed up across 
Europe.  This blocking caused the majority of the energy to dissipate or move northward in highly distorted cyclonic 
shapes. As the north Atlantic SST pattern changes, these storm responses change the direction they send the energy 
arriving from the tropics. 
 
Putting It All Together 

Figure 1 shows the SST patterns on January 5, 2015.  Figure 2 shows the corresponding USA and north 
Atlantic Ocean storm patterns.  Figure 3 shows the corresponding jet stream.   
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Figure 1.  SST 1/5/2015                        Figure 2.  Infrared view Atlantic clouds     Figure 3.  Jet stream 1/6/2015 
 

The cool SST by Africa sent the storm energy east. The slightly warmer SST near India strengthened the jet 
stream and strengthened the blocking northwesterly across Europe.  The cool SST in the North Atlantic caused a 
slightly anti-cyclonic storm pattern as the jet stream collided with the serpentine jet stream over Europe.  The arctic 
cold being pushed southerly across eastern Canada and the northeastern USA created a trough.  The trough was 
strengthened by an energy feed from the eastern tropical Pacific and the warm off the eastern USA.  This trough 
created the block which formed the ridge over the western USA.  That ridge was strengthened by the energy from 
the warm SST off the western USA.  This was a fairly stable pattern for a large portion of the winter. 
 

SUMMARY 
 

The data indicate that the relatively warmer and cooler areas of SST cause cyclonic and anti-cyclonic 
atmospheric behavior, respectively.  The cyclonic weather systems create blocks preventing cyclonic weather 
systems to the west from moving eastward faster than the blocking systems are moving.  A ridge of high pressure 
will form between the two systems providing feedback that strengthens the pattern.  Three significant locations were 
identified as the major sources of energy affecting weather patterns over the northern hemisphere land masses 
during the winter:  The tropical waters off Southeast Asia, the eastern tropical Pacific Ocean, and the eastern tropical 
Atlantic Ocean around 5º N to 25º N.  Careful analysis of SST patterns and changes allows forecasting of weather 
patterns in southern Idaho up to 9 days in advance.   
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