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1. Introduction 
The most frightening thing about Climate Change, is that we do not fully understand it. 
We do know that: 

 The world will, on average, become warmer 

 Sea-levels will rise 

 The world oceans will become more acidic 

 Ocean currents will change 

 And the climate will change in unpredictable ways 

The last bullet is one of the unknown variables that will keep throwing novel challenges 
at us, and I’ve written on it before (and will again). My most recent post of this is 
described and linked below: 

Stuck: I’ve known for some time that, in the U.S., in summer, weather patterns can stall 
in one place for some time, because I read an article in Scientific American about it in 
2019, and consequently wrote the paper on the climate change effect that caused this. 
The link below is a second paper I wrote on this subject based on a post by a well-
regarded scientist. 

https://energycentral.com/c/ec/stuck  

This paper is not about a summer effect, but about a fall-to-winter effect, and it caused 
the ERCOT power grid to laterally freeze in February of this year. This effect is known as 
the Polar Vortex. This paper is about this effect of climate change, how and why it nuked 
the Texas grid, why it should have been anticipated (hint: it has happened before), and 
recommendations to remedy the Texas grid’s vulnerability. 

2. Polar Vortex 
It seems really strange that a large cyclonic weather pattern in the arctic can push very 
cold weather deep into the U.S. mid-section, but can, and it has been doing so for many 
years. The bad news is that this once very rare even has become more common; the 
worse news is that it is likely to become even more so. 

One of the secondary effects of climate change that we now know about is Arctic 
amplification, that is, there is much more warming in the Arctic region than the average 
for the world. That is why (tertiary effect) there is much less sea-ice in the Arctic than a 
few decades ago, and since the missing ice once reflected much more sun back into 
space than open water (or land) does, this further accelerates warming of the arctic and 
Earth in general (positive feedback). 

Climatologists refer to the polar vortex as the stratospheric polar vortex (hereafter SVP). 
One other effect that has been observed is that the warmed polar water has produced 
more snow-fall in arctic land masses, especially Siberia.  

Less sea ice and more snow cover increase the probability of a stronger Siberian high-
pressure ridge and upward atmospheric wave energy flux. Increased wave flux from the 

https://energycentral.com/c/ec/stuck
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troposphere (where we live) to the stratosphere (from roughly 10 mi. high to roughly 30 
mi. high) can result in a sudden stratospheric warming (SSW) characterized by large 
rises in polar geopotential heights centered over the North Pole, often followed by an 
increase in severe winter weather (in the northern hemisphere)…1 

Kretschmer et al.2 used a machine learning technique to demonstrate that the weakest 
SPV state (occurring during sudden stratospheric warming) are increasing in frequency, 
whereas the strongest SPV states are decreasing in January and February over the 
period of Arctic amplification. In a follow-up study, the same machine learning technique 
identified a less-known SPV disruption whereby the SPV is stretched as opposed to the 
well-known sudden stratospheric warming. One important difference between sudden 
stratospheric warming events and SPV stretching is that the vertical component of 
atmospheric wave energy known as wave activity flux preceding SSWs converges in the 
polar stratosphere, resulting in rapid warming and rising of heights in the stratosphere, 
whereas during SPV stretching, wave activity flux is reflected from the SPV back into the 
troposphere where it amplifies the climatological pressure ridge and trough across North 
America. A second important difference is that North American cold spells tend to be 
more extreme following SPV stretching events. 

In other words, in the events where the stratospheric polar vortex is stretched, a large 
pressure ridge is opened up across North America, facilitating the flow of arctic air into 
the Midwest, Texas, or even Mexico. See the picture below, and note the date. 

 

                                                 
1 Judah Cohen, Laurie Agel, Mathew Barlow, Chaim I. Garfinkel and Ian White, Science, “Linking Arctic 

variability and change with extreme winter weather in the United States,” 3 Sep, 2021, 

https://www.science.org/doi/10.1126/science.abi9167  
2 M. Kretschmer et al., Bull. Am. Meteorol. Soc. 99, 49–60 (2018a) 

https://www.science.org/doi/10.1126/science.abi9167
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3. The Texas Freeze-out 
Below I will describe the February 2021 Event, other events and then why the first 
became a disaster. However, first note that I grew up in Texas, and received my BSEE 
from Texas Tech University in the Panhandle (Lubbock). 

The following is from the National Weather Service: 3 

Facts about the February 11-12th Freezing Drizzle/Rain Event across North and Central 
TX 

 Freezing drizzle occurred across much of the region which led to a thin coating of 
nearly invisible ice on many roadways. This resulted in numerous cars sliding off 
the road as well as several vehicular accidents, including a 100+ cars pile-up that 
resulted in several fatalities on I-35 W in Fort Worth. 

 The highest ice accumulations up to 0.5" occurred across portions of Central TX. 

Facts about the February 14-17th Winter Storm across North and Central TX 

 The official event snowfall for DFW International Airport was 5.0". 

 The official event snowfall for ACT (Waco Regional Airport) was 4.6". 

 Consecutive hours at or below freezing for DFW Airport:  

o 93 hours: 5 pm Feb 9th - 2 pm Feb 13th  

o 139 hours: 5 pm Feb 13th - Noon Feb 19th (ties for 5th place for most 
consecutive hours below freezing, and ties for 8th place for most 
consecutive hours at or below freezing)  

Note: The temperature climbed to 33 degrees briefly from 2 to 5 pm on 
February 13th.  

 Consecutive hours at or below freezing for ACT (Waco Regional Airport): 

o 205 hours: 10 pm Feb 10th  - 11 am Feb 19th (new record) 

3.1. Why Texas Froze 
What caused the event? The record cold spell and extended period of wintry weather 
was caused by the upper level polar vortex dropping south from the North Pole and then 
lingering over south central Canada for more than a week. This allowed cold arctic air to 
gradually spill southward into Texas. At the same time several upper level disturbances 
riding the jet stream moved through the area providing lift and moisture for winter 
precipitation. These disturbances show up as waves or dips in the lines that move in 
from the west. Ahead of each wave upper level lift increases and moisture is drawn up 
from the south. Since it was already so cold, this precipitation fell as snow, sleet, and 
freezing rain.3 

                                                 
3 https://www.weather.gov/fwd/Feb-2021-WinterEvent  

https://www.weather.gov/fwd/Feb-2021-WinterEvent
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3.2. Coldest Ever? 
Not exactly: On December 18, 1983, one of the severest Arctic cold snaps in modern 
day plunged into Texas. The mercury dipped below freezing at 7:00 am on December 
18th and remained below freezing until 2:00 pm, December 30th, for a record of 295 
consecutive hours of freezing/subfreezing temperatures. This of course made December 
1983 the coldest December on record for Dallas/Fort Worth with an average monthly 
temperature of 34.8°F. This is 12.1°F below normal for the month and 4°F colder than 
any other cold December of record. The coldest temperatures recorded during this 
period was 5°F on December 22, 1983. 4 

The area experienced a series of Arctic cold fronts beginning on the 15th, 18th, 21st, 
24th, and 28th. The Arctic front on the 18th was the most significant. Cloud cover played 
a role in insolating the area, combined with a very low sun angle so close to the solstice, 
inhibiting any warming, and allowing the mercury to stay below freezing for several days. 
The cloud cover also kept temperatures from totally bottoming out, as had skies cleared 
totally, temperatures likely would have fallen below zero (in fact, Glen Rose, TX did on 
the 30th with a low of -2°F). Therefore, this cold snap did not bring DFW its coldest low 
temperatures for December. That happened a few years later for DFW in December 
1989, during another historic cold snap. The coldest temperature recorded was -1°F 
during 1989. However, from the 22nd through the 25th of 1983, the high temperatures 
failed to rise above 19°F with the coldest high reported on Christmas Eve of 13°F. This 
was the second coldest high temperature in DFW weather recorded history. This cold 
snap brought us 5 daily low temperature records that still stand to this day, and 6 daily 
high maximum low temperature records… 

Just happened once before, right? Must have been a fluke. 

Not exactly. The following information is from the Columbia University Climate School; 

How unexpected and how widespread was this cold snap? What did the steep rise in 
electric power consumption leading up to near collapse tell us? We have evaluated 
these questions and submitted our results and recommendations to a peer-reviewed 
journal for publishing. A brief summary of our findings is below...5 

Heating degrees measure the difference between the outside air temperature and a 
comfortable indoor temperature of 68°F. For example, when the outside temperature for 
a cell is 8°F, heating degrees are 60°F — an extreme value for Texas. Heating degrees 
are a good indicator of the electricity and gas demand for heating, as well the gas 
demand overall, since natural gas is used both to generate electricity and for direct 
supply for home heating furnaces and boilers. The heating demand in the previous 
scenario, for example, will be twice that of when the outside temperature is 38°F, with 
30°F heating degrees. 

If you think of Texas as a chessboard, we calculated the heating degrees for every grid 
cell in the state, every winter hour since 1950. We added up heating degrees over the 
region served by the interconnected grid that supplies most of Texas. We accounted for 
the varying population in each location. (The higher the population, the higher the total 

                                                 
4 DFW Weather, “Remembering the ‘Cobblestone’ Ice Storm.” http://www.dfwweather.org/wxblog/?p=74  
5 James Doss-Gollin, David J Farnham, Upmanu Lall, Vijay Modi, Columbia Climate School, “How 

Unprecedented Was the February 2021 Texas Cold Snap?” |March 16, 2021, 

https://news.climate.columbia.edu/2021/03/16/unprecedented-texas-cold-snap/  

http://www.dfwweather.org/wxblog/?p=74
https://news.climate.columbia.edu/2021/03/16/unprecedented-texas-cold-snap/
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energy demand for heating.) This heating degrees measure is a good proxy for the peak 
hour heating demand in any hour across the state, given the current population of the 
state. 

To see how the February 2021 event compared to historic storms that have hit Texas, 
we combined today’s population with the temperature on each day since 1950 — this 
way, we can see what would be the heating demand if past storms hit Texas today. We 
examined how severe the temperature deviation was for the most intense cold spell of 
six hours and of two days during every winter season since 1950. The results are shown 
below. 

 

As seen above, the coldest six-hour duration event in the last seven decades occurred in 
1989 (shown as the 1990 winter season) with a temperature deviation of 61F. The same 
1989 event recorded a two-day deviation of 52F. The six-hour 1989 event was slightly 
worse than the recent February 2021 event. 

If we consider the two-day duration, three of the last 40 years (1983, 1989 and 2021) 
have events that exceeded a 50°F deviation, showing that these extreme events are 
relatively common. Similar events have occurred prior to 1950 as well. In the years 
between 1990 and 2020, the temperature deviation were not nearly as large. 

Note that event described at the beginning of this subsection occurred in 1983. 

3.3. Why the Grid Failed 
What has sent Texas reeling is not an engineering problem, nor is it the frozen wind 
turbines blamed by prominent Republicans. It is a financial structure for power 
generation that offers no incentives to power plant operators to prepare for winter. In the 
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name of deregulation and free markets, critics say, Texas has created an electric grid 
that puts an emphasis on cheap prices over reliable service.6 

It’s a “Wild West market design based only on short-run prices,” said Matt Breidert, a 
portfolio manager at a firm called Ecofin. 

And yet the temporary train wreck of that market Monday and Tuesday has seen the 
wholesale price of electricity in Houston go from $22 a megawatt-hour to about $9,000. 
Meanwhile, 4 million Texas households have been without power. 

4. FERC/NERC/Regional Entity Preliminary Findings 
The February 2021 event is the fourth in the past 10 years which jeopardized bulk-power 
system reliability due to unplanned cold weather-related generation outages:7 

• 2011 – 29,700 MW 

• 2014 – 19,500 MW 

• 2018 – 15,800 MW 

• 2021 – 61,800 MW 

4.1. Pre Event 
ERCOT, SPP and MISO Balancing Authorities, who balance available electric 
generation and load, knew from weather service forecasts in early February 2021, that 
an arctic cold front would bring much colder weather. Each Balancing Authority issued 
cold weather preparation notices to generation and transmission operators in each of 
their respective footprints (SPP and ERCOT on February 8, and MISO on February 9) to 
prepare for the cold weather. 

4.2. Event 
The cold weather conditions in the areas of ERCOT, SPP and MISO South resulted in a 
total of 1,045 individual bulk-power system generating units experiencing either an 
outage, a derate or a failure to start from February 8 through February 20, 2021. A single 
generating unit can range from a gas turbine, to a 1,000-MW-plus nuclear unit, to a wind 
farm with multiple wind turbines. To provide perspective on how significant this was, 
including generation already on planned or unplanned outages, ERCOT averaged 
34,000 MW of generation unavailable (based on expected capacity) for two consecutive 
days from February 15 to 17, equivalent to nearly half of its all-time winter peak electric 
load of 69,871 MW. 

In the southern portions of the U.S., many generation facilities are designed and 
constructed without enclosed building structures, leaving the boilers, turbine/generators, 
and other ancillary systems exposed, in order to avoid excessive heat build -up. For the 
colder months, when temperatures may fall below freezing, these facilities are at risk of 

                                                 
6 Will Englund, The Washington Post, “The Texas grid got crushed because its operators didn’t see the 

need to prepare for cold weather,” Feb 16 2021, https://www.msn.com/en-us/news/us/the-texas-grid-got-

crushed-because-its-operators-didnt-see-the-need-to-prepare-for-cold-weather/ar-BB1dJPUS  
7 NERC, “February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations,” 

September 23, 2021, https://www.ferc.gov/february-2021-cold-weather-grid-operations-preliminary-

findings-and-recommendations  

https://www.msn.com/en-us/news/us/the-texas-grid-got-crushed-because-its-operators-didnt-see-the-need-to-prepare-for-cold-weather/ar-BB1dJPUS
https://www.msn.com/en-us/news/us/the-texas-grid-got-crushed-because-its-operators-didnt-see-the-need-to-prepare-for-cold-weather/ar-BB1dJPUS
https://www.ferc.gov/february-2021-cold-weather-grid-operations-preliminary-findings-and-recommendations
https://www.ferc.gov/february-2021-cold-weather-grid-operations-preliminary-findings-and-recommendations
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incurring freezing issues. Other energy production facilities are also at risk of being 
impacted by cold weather, including wind turbine generators and facilities that are 
involved in the production of natural gas, such as natural gas wellheads and processing 
facilities. Owners and operators of these facilities need to undertake specific freeze 
protection efforts, which typically involve a combination of heat tracing, insulation, wind 
breaks, temporary heating and other weather protection measures in order to be reliable 
during the cold weather conditions. 

Author’s Notes: Above underscore is mine. 

Wind Turbines have a standard “cold-weather kit” available. This keeps them operating 
down to -20°F. Apparently none of the wind turbines in Texas had this, as it didn’t get 
this cold. See the paper described and linked, section 3.2 below for more details. 

Cold Weather Renewables: Going forward most regions must transition to very low 
greenhouse gas (GHG) electric generation (a.k.a. ‘renewables) in order to avoid the 
worst effects from climate change. 

This paper is about the coldest regions in North America, and how they might implement 
renewables. 

https://energycentral.com/c/cp/cold-weather-renewables  

Between February 15 and 18, ERCOT, MISO and SPP Balancing Authorities needed to 
implement energy emergency measures including firm load shed within their respective 
footprints. Of the three Balancing Authorities, ERCOT needed to shed the greatest 
quantity of firm load to balance electricity demands with the generating units that were 
able to remain online. The firm load shed began when the ERCOT footprint suffered the 
loss of 15,000 MW of generation in a five-hour period from February 14, 10:00 pm CST 
(all times in CST) to 3:00 am on February 15. To maintain system reliability during a 
period of rapid interconnection frequency decline, the ERCOT Balancing Authority 
operators first ordered 1,000 MW of firm load shed on February 15 at 1:20 am. By 4:30 
am, ERCOT had ordered 10,000 MW of firm load shed. ERCOT steadily increased the 
amount of load shed ordered because of the continued increase in generating units 
outaged or derated. By 7:00 pm on February 15, ERCOT needed to order 20,000 MW of 
firm load shed. The entire ERCOT Interconnection has a maximum total import limitation 
of only 1,220 MW over its direct current ties with SPP (Eastern Interconnection) and 
Mexico. ERCOT did schedule power to be imported to the extent available from the 
Eastern Interconnection. 

SPP shed 610 MW for approximately two hours on February 15 when its imports were 
curtailed. On February 16, SPP shed load in two separate steps of 1,360 MW each (33 
minutes apart), totaling 2,720 MW, for three hours. In both instances, SPP restored the 
load it had shed once curtailed imports were restored. MISO declared an energy 
emergency for MISO-South, and on February 16, needed to shed a maximum of 700 
MW firm load during its evening peak to provide sufficient reserves. 

Many generating units experienced multiple outages during the Event from February 8 
through 20, as discussed earlier. This pie chart below shows the causes for the 4,124 
outages, derates or failures to start (e.g., freezing issues, fuel issues). Together, freezing 
issues and fuel issues accounted for 75% of the unplanned generator outages and 
derates.  

https://energycentral.com/c/cp/cold-weather-renewables
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Freezing issues, which in turn are caused by failure to sufficiently “winterize” the 
generating units for cold weather conditions, are the largest cause. Of the 1,823 
unplanned outages, derates, and failures to start caused by freezing issues, 1,244 were 
in ERCOT, 473 were in SPP, and 106 were in MISO South. The most common sub-
causes of generation outages and derates due to freezing issues were frozen 
instrumentation (sensing lines, transmitters) and icing on wind turbine generator blades. 

Although outages, derates or failures to start caused by failure to sufficiently “winterize” 
the generating units were 44 percent of the total, analysis of the 21 percent of outages, 
derates or failures to start caused by “Mechanical/Electrical Issues” indicated that they 
are also related to the cold temperatures. As temperatures decreased, the number of 
generating units outaged or derated due to mechanical/electrical issues increased. 

From February 8 through February 20, 2021, of the 1,293 unplanned generating unit 
outages, derates, and failures to start that were due to fuel issues, 1,121 (87 percent) 
were due to natural gas fuel supply issues. Natural gas fuel supply issues included the 
combined effects of decreased natural gas production, the specific terms and conditions 
of natural gas commodity and pipeline transportation contracts, and other issues like low 
pressure. Natural gas fuel supply issues led to a total of 357 individual natural gas-fired 
generating units experiencing either an outage, a derate or a failure to start (within 
ERCOT - 185 units, SPP - 141 units and MISO/MISO South - 31 units). 

Root cause of natural gas fuel supply issues: 

Natural gas production declines 

• Wellheads, gathering facilities 

o Shut-ins 

o Freezing issues 

o Power outages* 
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• Processing facilities 

o Supply decrease (receipts) from wells, gathering facilities 

o Mechanical failure (freezing issues) 

o Mechanical failure (other issues) 

o Power outages* 

*Natural gas production facility loss of power was primarily due to weather-related power 
line outages and firm load shed. 

4.3. Key Recommendations 
The team made 28 preliminary recommendations, nine of which are key 
recommendations which we detail… 

The key recommendations are summarized below. Note that “extreme weather” is a 
proxy for a scientific / statistical determination of the most extreme cold-weather event 
that could reasonably occur within any 20 year period (author’s suggestion).  

See reference 7 for more details on the recommendations. 

1. Revise the Reliability Standards to require: 

• Generator Owners (GOs) to identify and protect cold-weather critical 
components 

• GOs to build new generating units, and retrofit existing units, to work in 
extreme weather 

• Annual training on winterization plans 

• GOs that experience freeze-related outages to develop Corrective Action 
Plans 

• Each GO/Generator Operator (GOP) to provide the Balancing Authority 
(BA) with the percentage of the total generating unit capacity that the BA can 
rely upon during extreme weather. 

• Each BA to use the data provided by the GO/GOP… with its evaluation, 
based on experience, to calculate the percentage of each individual 
generating unit’s total capacity that it can rely upon during extreme weather. 

• GOs to account for effects of precipitation and accelerated cooling effect of 
wind when providing temperature data. 

• BAs’ and Transmission Operators’ (TOPs) manual load shed provisions to 
include processes for identifying and protecting critical natural gas 
infrastructure loads from firm load shed to avoid adversely affecting bulk-
power system reliability. 

• BAs’ operating plans for contingency reserves and to mitigate capacity and 
energy emergencies to prohibit use of critical natural gas infrastructure loads 
for demand response. 
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• Adjust load shedding to reduce the times a critical load is shed. 

2. Generator owners should have the opportunity to be compensated for the costs 
of building or retrofitting their units to operate to a specified ambient temperature 
and weather conditions… 

3. Congress, state legislatures and regulators with jurisdiction over facilities used 
for producing, treating, processing, pressurizing, storing, or transporting natural 
gas should require those gas facilities to have cold weather preparedness plans, 
including measures to prepare to operate during a weather emergency. 

4. Natural gas production, gathering and processing facilities should consider 
implementing measures to protect against freezing and other cold-related 
limitations which can affect the production, gathering and processing of gas. 

5. FERC should consider… a forum in which representatives of state legislatures 
and/or regulators with jurisdiction over natural gas infrastructure, in cooperation 
with FERC, NERC and the Regional Entities, and with input from the Balancing 
Authorities and gas infrastructure entities, identify concrete actions … to improve 
the reliability of the natural gas infrastructure system necessary to support bulk-
power system reliability. 

6. GO/GOPs should identify reliability risks of natural gas fuel contracts and 
communicate these risks to BAs. 

7. FERC, NERC, and Regional Entities should host joint technical conference to 
discuss how to improve generator winter readiness. 

8. GOs’ plans should include performing inspection/maintenance of freeze 
protection measures prior to and during the winter season, and pre-event when 
specific cold weather events are forecast. 

9. Planning Coordinators should reconsider some of the inputs to their publicly-
reported winter season anticipated reserve margin calculations for their 
respective BA footprints so that the reported reserve margins will better predict 
the reserve levels that the BAs could experience during winter peak conditions. 

5. Final Words 
Texas is not the only state nor utility infrastructure to get nuked by the effects of climate 
change. My long-time readers might remember that I frequently criticized PG&E for 
sparking many wildfires a few years ago. This was mainly due to increasing drought 
brought about by climate change drying out wild-lands and making them much more 
flammable. Then PG&E went through a bankruptcy and reorganization, and appear to be 
much more responsive now, plus have taken major steps to mitigate wildfire risk. These 
wildfires are still happening, and they are occasionally caused by PG&E equipment as 
our droughts worsen. 


