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Abstract 

This paper studied 2021 Feb. Texas Power Outage due to the Winter Storm Uri.  Houston 
was hit much harder than Dallas even both has the same ERCOT power system.  Cluster 
Sampling method was adopted and collected 2012-2021 Feb. Houston daily weather data.  
To improve the modeling capability, four primary weather factors were selected based on 
the cluster variables algorithm.  Several Statistical JMP Platforms such as Outlier, SPC 
Control Chart, PCA, Heat Map, Score Plot were conducted to analyze the Houston weather 
data.  Average Temperature and Dew Point were found to be the most contributing weather 
factors to 2021 Feb. Houston Power Outage Crisis.  The 2021 Feb. outage happening 
probability is lower than 0.5% (once in more than 7 years).    
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1. Introduction 

 
Texas State’s failure to winterize power equipment left natural gas facilities and wind 
turbines vulnerable to the extreme winter storms in February 2021. Though, 
recommendations already made by the North American Electricity Reliability Corporation 
as a result of the 2011 blackouts were ignored due to cost considerations. Many oil 
producers were willing to take the risk of possible “freeze-ups”. The Electric Reliability 
Council of Texas (ERCOT) decided to impose rolling blackouts on Texas residents, leaving 
many in crisis conditions, resulting in 2021 Feb. Power and Water outage crisis never in 
history.  
 
1.1 Texas Crisis Timeline 

“Winter Storm Uri” hits Texas, already suffering from freezing temperatures on Feb.13, 
2021. Electricity demand hit 69,150 MW on Feb.14, 3,200 higher than the record set in 
2018.  Feb.15, ERCOT begins rotating power outages, 4.4 million people are left without 
power.  ERCOT ends emergency conditions and ceases rolling blackouts on Feb.19, 2021. 

 
1.2 Scope and Objective 

The main objective of this paper is to find out which weather factors such as humidity, 
temperature, and dew point had the greatest impact on the Houston outage situation. Utilize 
Quantile Range Outliers, Principal-Component Statistical Process Control Chart, and 
Cluster Variables statistical methods to determine which markers differed the most from 
past years. Compare the 2021 climate to the past decade using the Heat Map and the Score 
Plot. Connect the outlier analyses results to environmental science to ultimately determine 
the most representative indicator(s) of similar crises in the future. 
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1.3 Crisis in Houston more than in Dallas 

What weather factor had the greatest contribution? Houston was hit much harder, during 
2021 Feb., by the crisis than Dallas (but both used the same power system). Houston has 
higher temperature and higher dew point as shown in Figure 1. Is the dew point the most 
important weather indicator of “freeze-up” risks? 
 

 
Fig.1 Temperature and Dew Point: Houston vs. Dallas 

 
1.4 Weather Science 

Air temperature (commonly known as just temperature) is the measure of the average 
kinetic energy of air molecules (condensation depends on air temperature). Relative 
humidity (commonly known as just humidity) expresses how much energy available has 
been used for evaporation. Dew point temperature (commonly known as just dew point) is 
the temperature at which condensation first begins (measure of moisture). Humidity 
depends on both temperature and dew point (which are both independent variables) as the 
greater the difference between air temperature and dew point, the lower the relative 
humidity. Dew point is independent of atmospheric pressure, but temperature and humidity 
are directly related to pressure. Could the weather science explain the crisis severity 
between Houston and Dallas in 20121 Feb.? 

2. Data Collection 

 
To investigate the weather factors contributed to the 2021 Feb., Texas Power crisis. A 
Cluster sampling method was adopted by collecting the daily Houston weather statistics in 
the month of February from 2012 to 2021 [1]. The other months were not considered in 
this paper to improve the data integrity.  The total Sample size = 283 (28 days *10 years + 
3 days from leap years) should be sufficient to draw statistical decision at high confidence 
level. Weather parameters that were collected were temperature, dew point, humidity, wind 
speed, pressure, and precipitation of Houston City as shown in Figure 2.  
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Fig.2 Data Collection of Houston Weather in Feb. 

 
 

3. Statistical Analyses 

 

In section 3: several JMP statistical platforms were utilized to further investigate 
what weather factors contributed to the 2021 Feb. Houston Power Outage Crisis. 
 
3.1 Outlier Analysis 

 
The Quantile Range Outliers analysis was conducted to detect the outliers across all 
weather parameters during 2012-2021 Feb. months.  The outlier threshold setting was at 
0.25 Tail and Q=1.5 as standard outlier detection method [2].  The Max Humidity and 
Perception were two parameters with most outliers detected during the 2012-2021 Feb. 
period.  Though, this observation may not reflect what were really happening during 2021 
Feb. since crisis period was very short in a few days.   

 
Fig.2: Quantile Range Outliers Analysis 
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JMP Platform could colorize the detected outliers in the original raw data table as shown 
in Figure 3.  Temp Max was the most sensitive weather factor which could match well with 
Power crisis period.  Humidity Max was another factor to be considered. 
 

 
Fig.3: Map February 2021 Quantile Range Outliers. 

 
 
3.2 Cluster Variables Analysis 

To further investigate the weather factors, modern Cluster Variables analysis [3] was 
conducted to group the similar factors in a separate cluster as shown in Figure 4 Color Map 
and Cluster List analysis.    Four clusters were identified and each weather factor was 
assigned to one cluster.  Each cluster has also identified the most representative weather 
factor.  The 1st cluster is Temp; the 2nd cluster is Wind Speed; the third cluster is Humidity; 
the fourth cluster is pressure.  Each cluster may indicate one independent weather 
mechanism to explain the association weather patterns during 2012-2021 Feb. months.  
This cluster analysis is a good analysis to brainstorm the weather science but not sufficient 
to draw any meaningful insights regarding the 2021 Feb. Houston Power Crisis. 
 

 
Fig. 4: Cluster Variables Analysis 
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Cluster members were further listed in Figure 5.  The most interesting observation is that 
Temp and Dew Point were assigned to the 1st cluster at a very high correlation.  As 
discussed in Section 1.4 weather science, the Dew Point is related to both the Temp and 
Humidity.  Also, in Section 1.3, Houston had much higher Temp and Dew Point than 
Dallas.  This observation may indicate that Dew Point, in addition to temp, may be another 
weather factor which contributed to the 2021 Houston Power crisis. 

 
Fig.5 Four Clusters 

 
3.3 Model Driven SPC Control Chart Analysis 

To further investigate the weather factor pattern in time domain, a modern Principal 
Component Analysis (PCA) driven Statistical Process Control (SPC) chart platform was 
conducted to analyze the combined T2 Multivariate control chart.   
 
3.3.1 Default PCA-Driven SPC Control Chart Analysis 

A default setting (include all weather factors) of PCA-driven SPC method [4] was 
conducted as shown in Figure 6.  The 2021 Power Outage was located around Sample 270.  
Though, the default setting cannot detect the 2021 weather situation very well.  It may be 
necessary to remove certain weather factors (Noise) to improve the control chart detection 
power.   
 

 
Fig.6 Default SPC Control Chart Analysis 

 
707



 
 
 

3.3.2 Enhanced PCA-Driven SPC Control Chart Analysis 

To improve the statistical signal-noise ratio, four primary weather factors were selected as 
shown in Figure 7 on the left chart.  Average parameters are more representative than 
Minimum and Maximum which may make sense of the accumulated impact during the 
crisis period.  The updated T2 control chart only needed 2 principal components (over 4 or 
5 principal components in the default method) which has significantly simplified the 
complexity of the weather association patterns.  The highest peak in the control chart was 
located at sample 270 which was exactly the worst date during the 2021 Mid. Feb. Houston 
Crisis. The four weather factors selected may be sufficient to explain well of Houston 
Power Crisis in 2021 Mid. Feb. 
 

 
Fig.7 Enhanced Model Driven SPC Control Chart Analysis 

 
3.3.3 T2 Contribution Proportion Analysis 

To further investigate the control chart result, T2 Contribution Proportion Analysis was 
conducted to analyze which weather factor (among four selected) was the most contributed 
one during 2021 Feb. Houston Power crisis period as shown in Figure 8.  Temperature and 
Dew Point factors are the main contributors to the weather situation of the 2021 outage 
crisis. The red columns shown were regarded to the unstable weather factors in Power 
outage period.  This is another observation that Temperature and Dew Point were linked 
together to Power outage crisis. 

 
Fig.8 T2 Contribution Proportion Plot 
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3.4 Principal Component Analysis 

In the enhanced PCA model driven Control Chart analysis, only two principal components 
needed to explain what happened to Houston Power outage mechanism.  PCA analysis 
[5,6] was also conducted to draw more insights as shown in Figure 9.  Principal Component 
1 and 2 can explain more than 80% of the variation (Pareto principle). This finding has 
further supported the power of the enhance model by selecting four weather factors.  First 
eigenvector is quite evenly distributed among the four parameters. Second eigenvector 
mainly considers temperature and humidity.  
 

 
Fig.8 Principal Component Analysis 

 
3.5 Heat Map Analysis 

Heat Map analysis was also conducted to visualize the pattern among four weather 
factors in time domain. 
 
3.5.1 Heat Map Analysis across 2012-2021 Feb. Months 

The heat map analysis was first conducted across the 2012-2021 as shown in Figure 9.  
Temperature and Humidity% are the main contributors across February 2012 to 2021.  
Though, we should look at the pattern during the 2021 Feb. outage crisis period since the 
heat map pattern may be quite differently. 

 
Fig.9 Heat Map of 2012-2021 Feb. 

 
709



3.5.2 Heat Map Analysis in 2021 Feb. 

The heat map analysis was duplicated during the 2021 Feb. crisis period as shown in Figure 
10.  Temperature and Dew Point are the main contributors for the 2021 outage crisis.  The 
pattern during the 2021 Feb. crisis period is significantly different from the entire 2012-
2021 period.  This observation may indicate the historical 2012-2020 weather pattern may 
not predict the 2021 Feb. outlier crisis. 
 

 
Fig.10 Heat Map during Feb. 2021 Outage Crisis 

 
 
3.6 Score Plot Analysis 

The Score Plot analysis can plot the probability at various Confidence Ellipse levels based 
on the first two Principal Components as shown in Figure 11.  February 15th (the day with 
the worst weather situation) is outside the 99.5% confidence ellipse (occurs once every 7 
years when disregarding other factors). This result is consistent with previous analysis that 
it’s very difficult to predict the happening of the 2021 Feb. crisis based on 2012-2020 data.  
The four days with the worst weather situation lie opposite to the temperature and dew 
point eigenvectors which has indicated the extreme outliers of temp and dew point occurred 
during 2021 Feb. outage period. 
 

 
Fig.11 Score Plot Analysis 
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Next step is to compare the most extreme outlier vs. the average (center) point as shown in 
Figure 12.  Temperature and Dew Point are the main contributors for February 15th 
(Sample 270).  Humidity is relatively more important for the center point (Sample 131). 
 

 
Fig.12 Contribution Analysis Comparison 

 
On February 24th, Governor Abbott called for the Texas grid to be winterized. Many critics 
believe that the new legislation does not go far enough to prevent another power crisis. 
Utilities should plan for the future and consider the increased risks associated with climate 
change instead of looking just at the past. 
 

4. Results and Conclusions 

 

Studied different weather indicators such as temperature, humidity, and dew point. Used 
Cluster Variables to address the limitations of the general Quantile Outliers tool. 
Implemented Cluster Variables and the Principle Component Analysis to more efficiently 
reduce the number of parameters and distinguish the weather pattern. Compared the 
February 2021 weather situation with the past decade using the Statistical Process Control 
(SPC) chart, the Heat Map, and the Score plot. Investigated the different contribution 
proportions of the four most representative variables (temperature, dew point, humidity, 
and pressure). Temperature and dew point may be the most important weather indicators 
for future events (instead of humidity and pressure). 
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