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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?

Houston
Temperature (* F) Max Average Min
Max Temperature 82 61,68 27
Avg Temperature 7482 53.32 21.67 |
Min Temperature 71 4568 15
Dew Point (* F) Max Average Min
Dew Paoint | 69 43.88 3
Dallas

Temperature (° F) Max Average Min
Max Temperature 79 51.61 14
Avg Temperature 65.31 42.45 9.47 |
Min Termperature 56 34.1 3
Dew Point (* F) Max Average Min
Dew Paint 66 30.57 -5

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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Time Temperature (* F) Dow Poirt (* F) Humidity (%) Wind Speed (mph) Prassure (Hg)

Feb Max Avg Min Max  Avg Man Max Avg Min Max Avg  Min Max Avg Min
1 85 538 44 M 295 20 3 428 20 16 2.7 2 304 303 302
2 86 547 47 43 361 20 80 513 35 13 68 0 303 302 301
3 &8 5.3 49 56 502 43 83 730 55 15 88 0 301 300 209
4 il 696 61 61 58.0 44 a7 681 48 23 124 6 209 208 207
5 81 530 48 44 411 36 80 E54 a7 2 127 7 300 200 208
] 68 578 50 56 498 43 89 750 64 17 83 3 300 208 208
T 63 526 43 ar 426 338 86 699 50 15 88 -] 301 300 209
8 7 623 53 61 56.1 48 93 808 83 15 2.5 Bl 300 299 299
8 Lal 680 B4 88 626 €0 98 BBS TB 14 81 o 300 300 298
10 68 G621 48 84 592 46 a7 803 7B 18 78 0 300 209 209
1" ar 431 40 a5 403 38 23 B89.7 85 21 145 10 300 3200 299
12 42 382 38 a7 346 32 93 BT4 TO 22 164 12 301 301 300
13 44 36.7 36 32 316 31 82 7248 63 18 141 9 30.1 300 30.0

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

Fig.2 Data Collection of Houston Weather in Feb.

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

3. Statistical Analyses

Feb. since crisis period was very short in a few days.

Quantile Range Outliers

Outliers are values Q times the interquantile range past the lower and upper quantiles.

Tail Quantile 0.25
1.5

ooe

Select columns and choose an action.

Some quantiles were stretched to avoid a large group at the median.
5%

25% Low High Number of
Column Quantile Quantile Threshold Threshold  OQutliers Outliers (Count)
Temp-Max 62 76 41 o7 6 2736383940(2)
Temp-Avg 53 671 3185 8825 2 217263
Temp-Min 43 59 19 83 21518
Dew Point-Max 47 66 185 945 0
Dew Point-Avg 39 613 5.55 9475 0
Dew Peint- Min 32 55 25 895 0
Humidity%-Max 86 97 695 1135 19 46495354(2) 5556 5963 64 65 66(2)67(2) 68(2) 69(2)
idity%-Avg 645 87 3075 120.75 1299
Humidity%-Min 39 69 -6 114 0
Wind Speed-Max 14 20 5 29 5 30(2)31(2)32
Wind Speed-Avg 69 114 0.15 18.15 1184
Wind Speed-Min L] 5 75 125 213(2)
Pressure-Max 30 303 2955 3075 0
Pressure-Avg 299 302 2945 3065 0
Pressure-Min 298 304 2935 3055 0
Preception (in) 0 0.06 -0.09 0.15 21 0.160.190.220.230.26(2)0.27 0.41(2) 0.430.610.70.710.76 0.89 0.92 093 1.13 1.41 148 182

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.

Wind Speed-
Year Feb Temp-Max Temp-Avg Temp-Min Dew Point-Max Dew Point-Avg Dew Point- Min ity %-M: idity%-Avg idity%-Mi Max
2021 2 66 54.7 a7 a3 36.1 2 80 513 35 13
2021 3 68 50.3 49 56 502 4 89 73 55 15
2021 4 79 696 61 & 58 ad 87 681 a8 23
2021 5 61 53 48 a4 411 3% 80 654 47 2
2021 6 66 578 50 56 498 43 89 s 64 i7
2021 7 63 526 43 47 426 8 86 699 50 15
2021 8 7 623 53 & 56.1 48 93 809 63 15
2021 9 bl 66 64 65 626 60 96 889 7% 14
2021 10 68 62.1 48 64 592 46 a7 903 7% 16
2021 1 47 431 40 45 403 38 9 897 85 21
2021 12 42 382 36 37 346 32 9 871 79 22
2021 3 44 397 36 32 36 31 82 728 63 18
2021 « [ 34.1 28 3 288 24 86 809 70 22
2021 15 217 i 23 141 T 86 713 58 5
2021 17 354 33 37 326 30 93 864 7% 22
2021 8 44 358 32 1 217 20 92 732 58 23
2021 19 51 385 26 28 224 19 78 542 2 ia
2021 20 60 462 32 a1 353 27 82 678 4 14
2021 2 7] 50.1 46 54 495 42 £ 728 a4 20
2021 2 % 618 51 54 406 24 90 539 15 13
2021 2 7 616 45 53 455 7 8 623 23 17
2021 24 80 701 58 6 621 52 90 768 56 17
2021 25 72 69.3 66 57 65.1 64 93 86.5 78 15
— —

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 1* cluster is Temp; the 2™ 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.

Color Map on Correlations

-1
-08
-06
-04
02
0
02
04
06
08
1
Cluster Summary
Number Most Repr i Cluster Proportion Total Proportion of
Cluster of Members Variable of Variation Explained  Variation Explained 2 4 .6 .8
1 6 Temp-Avg 0.851 0319 :
4 3 Pressure-Avg 0.941 0.176 [I00:
3 3 Humidity%-Avg 0.845 0.158 [
2 4 Wind Speed-Avg 0.566 0.141 1 ¢

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 1% 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.

Cluster Members

RSquare with RSquare with 1-RSquare
Cluster Members Own Cluster Next Closest Ratio
1 Temp-Avg 0.922 0.316 0.114
1 Dew Point-Avg 0.923 0.535 0.166
1 Temp-Min 0.88 0.2%4 0.17
1 Dew Point-Max 0.87 0.457 0.24
1 Temp-Max 0.771 0.255 0.307
1 Dew Point- Min 0.741 0.457 0.478
2 Wind Speed-Avg 0.936 0.022 0.065
2 Wind Speed-Max 0.697 0.031 0.313
2 Wind Speed-Min 0.616 0.012 0.388
2 Precipitation 0.014 0.009 0.995
3 Humidity%-Avg 0.975 0.298 0.036
3 Humidity%-Min 0.807 0.135 0.224
3 Humidity%-Max 0.754 0.325 0.365
4 Pressure-Avg 0.975 0.343 0.038
- Pressure-Min 0.927 0.273 0.1
4 Pressure-Max 0.921 0.377 0.127

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.

T? for 5 Principal Components T? for 4 Principal Components
h ¢ .
€0 0
3 50 .
: 40 | n ’
‘ 40
° 30
; - '
.L ' ﬂ 1 1o 3 0 s % 'T l h
07 '8 ¥ S Lrat Ta %% b | Y ?
, Sl T e Shiviet v— OV O VWL XU X
0 50 100 150 200 250 300 0 .
Sample 0 50 100 150 200 250 300

Fig.6 Default SPC Control Chart Analysis
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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.

Cluster Members T2 for 2 Principal Components
RSquare with RSquare with 1-RSquare
Cluster Members Own Cluster Next Closest Ratio 12
1 Dew Point-Avg 0.923 0.535 0.166 10
1 Temp-Min 0.88 0.2%4 017
1 Dew Point-Max 0.87 0.457 0.24
1 Temp-Max 0.771 0.255 0.307
1 Dew Point- Min 0.741 0.457 0.478 2
2 Wind Speed-Avg 0.936 0.022 0.065 T
Wind Speed-Max 0.697 0.031 0.313
Wind Speed-Min 0.616 0.012 0.388

Preception (in) 0.014 0.009 0.995
Humidity%-Avg
Humidity%-Min 0.807 0.135 0.224

Humidity%-Max 0.754 0.325 0.365
Pressure-Avg 0.975 0.343 0.038

Pressure-Min 0.927 0.273 0.1
Pressure-Max 0.921 0.377 0.127

s swwl oo

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.

T? Contribution Proportion Plot for Selected Samples

08 Legend
£ Sample-270, Il Univariate out of Control
07 Il Univariate in Control

06
03
04
03
02

N =
00
\&é‘*

Contribution
Proportion

Variable

Fig.8 T2 Contribution Proportion Plot

708



JSM 2021 - Section on Risk Analysis

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.

Eigenvalues

Score
Score Eigenvalue StdDev Percent 20 40 60 80 Cum Percent

1 2784 16684 695930 0 T} 69.593
2 0701 0.8372 17.524 : 87.116
3 0510 07142 127530 : : 99.869
4 0005 00723 0.131 : : 100.000
Eigenvectors
Prin1 Prin2 Prin3 Prind
Temp-Avg 0.50198 -0.55380 0.40120 0.52049
Dew Point-Avg  0.58275 0.31481 -0.74807
Humidity%-Avg 0.44385 0.80166 0.39972
Pressure-Avg -0.45980 022128 0.85987

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.

T Contribution Proportion Heat Map
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Fig.9 Heat Map of 2012-2021 Feb.
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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.

T* Contribution Proportion Heat Map
280

T* Cantribution Proportion

s

276

7]

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.

Use buttons to assign and compare relative contributions.

—95% Confidence Ellipse
—99% Confidence Ellipse
——99.9% ConfidenceEllipse
——99.5% ConfidenceEllipse

Component 2 (17.5 %)

Component 1 (69.6 %)

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).

Score Contribution Propertion Plot for Selected Samples Score Contribution Proportion Plot for Selected Samples
Sample =270 Legend 18 Sampie = 131
I Univi f Conred

. Ui

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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