


A Request For Patience
Cautions:
Not At All Exhaustive Description of Dust Bowl
Contains Mixed Units
Sometimes Eye Chart Graphics
Lengthy & Cumbersome Detalil Descriptions
Mixed descriptions of ‘Summer’ == ‘JJA == ‘June-July-August’

‘Hottest Day Of Summer’ == Highest Tmax temperature
during JJA for a given station



Motivations

* Anger & Defiance? (can lead to bias)
* Ego (tying ego to position — biased defense of position)
e Curiosity

- Least susceptible to bias

— Soldier versus Scout (The Scout Mindset by Julia Galef)
» Soldier’s priority is cohesion to accomplish a mission
* Scout works individually and is accountable for (in)accuracy



% Andrew Dessler @AndrewDessler - Aug 21, 2021
One of the things you learn as a scientist is the ability to look at a

plot and think, "that '|ust doesn't look right." That's the feeling |

got when | saw this plot that Lomborg is currently pushing.

Climate Change Indicators: Heat Waves

This indicator describes trends in multi-day extreme heat events across the United States.

Figure 3. U.S. Annual Heat Wave Index, 1895-2020 \’EPA ‘i scament
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The Real Prof. Katharine Hayhoe
@KHayhoe

"Why was 1934 the warmest year in the US?" | was asked today.
Climate scientists often get strawman questions. so my
response is, "It wasn't." But then ask, "Why do you think it is?" to
turn the conversation to the motivation--which is what really
matters! epa.gov/climate-indica...

Figure 1. Temperatures in the Contiguous 48 States, 1901-2021
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Dr. John Christy, Testimony To Congress
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Questions

* What happened during the Dust Bowl?

 How did temperatures vary during the Dust
Bowl?

* What was the role of drought?

 What caused the Dust Bowl? (unsatisfactory)



Popular Focus on the Visible: The Dust Storms
(Most Dust Storms Were In March & April)
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Less Photographed Was
Visible Evidence Of The Droughts
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South Dakota, May 1936

Idaho, May 1936



Still Less Visible Evidence Of Dust Bowl Heat

July 25, 1936
Lawn of the
Nebraska
State Capitol
In Lincoln.

Low Temperature
91F

Nebraska State
Record High
Tmax of 118F
Set the day prior.




Focus On Dust & Ascribed Causes

* “The Dust Bowl was caused by several
economic and agricultural factors, including
federal land policies, changes in regional
weather, farm economics and other cultural

factors.” (history.com)



Dust Bowl Thought Of As Area Of Worst Dust but:
All-Time Max Temp. Records in half of states

I'_‘:

1l

e :EJ:’;‘"
4, [T T
. .: i L |

Lt

ﬁ
o]
'

|
|
[

All Time State Tmax Records During Dust Bowl




Not Constant Heat Year to Year or
Winter To Summer (1936 below)

Statewide Minimum Temperature Rank (129 years) December 1935-February 1936 Statewide Maximum Temperature Rank (128 June - August 193€

years)
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Temp: 17.53°F Rank: 3rd Coldest Anomaly: -4.21°F Mean: 21.74°F
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Questions And Problems About High Daily Temps
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Mean # of Daily USHCN High Temperatures Exceeding 100°F
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* What is the relationship
between daily, monthly
seasonal, annual T?

e Stations came and went

» Early stations concentrated Iin
Great Plains & Midwest

 WWhat was the effect of TOBS?

* What was the effect of
equipment changes?



What Causes Heatwaves?
(Domeisen, Nature Reviews, 2022)

Rossby wave train Clear-sky conditions

Potential for more
stationary atmospheric
conditions™

Blocking
Increased size of blocking™

Higher

atmospheric s

moisture - air Sit,::ﬁ-,endmg Stratification |
Cloud cover changes

Air Incoming W BEEEEES L ~

subsidence shortwave -«h
radiation —— : |—’
/) Precipitation
/. / Heavier precipitation

- Drivers
=T Positive feedback

== Negative feedback

Current climate
Future climate

Warm advection

Advection of warmer air
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Increased soil
desiccation
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heat flux



Low Moisture: High Moisture:
High Sensible Heat Low Sensible Heat
Low Latent Heat High Latent Heat




Dust Bowl Marked By
Drought, Heat & Springtime Blowing Dust

* How did meteorological drought ( low
precipitation ) relate to temperature during the
dust bowl?

* How do meteorological drought and
temperature correlate during all years of
observation?



After Examining USHCN Data
Determined To Write Up Results in PLOS ONE
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PLOS

* Public Library Of Science ( peer reviewd online journal )

* “PLOS One is built on several conceptually different
Ideas compared to traditional peer-reviewed scientific
publishing in that it does not use the perceived
Importance of a paper as a criterion for acceptance or

rejection.”
e Submitted to PLOS ONE instead of PLOS Climate



Submitted:

Highest daily maximum surface temperature and

precipitation during summer in the contiguous

United States from 1930 through 2022

* Rejected for lack of novel finding
* Though rejected, experience providec
* Undaunted, findings from this effort fo

a focus
low



Relationship Between
Precipitation & Temperature During Summer

Madden & Williams(1978):. Inverse seasonal relationship.
Zhao & Khalil(1993): Inverse relationship in CONUS homogenized monthly means.

Durre, Wallace & Lettenmaier(2000): “Dependence of Extreme Daily Maximum
Temperatures on Antecedent Soil Moisture in the Contiguous United States during
Summer.” Inverse relationship, based on simple daily soil moisture model, for 1948-
1995.

Trenberth & Shea (2005). Inverse relationship during summer for most land areas,
using ERA-40 monthly reanalyses (1979-2002).

Mueller & Seneviratne (2012): Inverse relationship between extreme maximum
temperature during hottest month in global reanalysis (1979-2010).




GHNC ( Global Historical Climate Network )
lomogenized

Raw And

RAW Daily Observations
Precipitation & Tmin/Tmax

MaxMin sometimes invokes
TOBS error

Shelter/Instrument changes
thought to have introduced
biases

* Quality Control(flags)

Monthly Means

Raw or ‘Adjusted’
Quality Control(flags)

‘Pairwise Homogenization’
based on trends of
neighboring station

Not falsifiable and changes
with every analysis



‘Hottest Day Of Summer’

Frequency of 100F Days (Christy above)

Statewide All Time Records (NOAA above)

Correlation of Extremes and Drought (Durre, Wallace & Lettenmaier)
All Indicate Significance of DAILY observations

* Observation of highest daily maximum Tmax during June-July-
August is the ‘Hottest Day Of Summer’

* Temperature of the ‘Hottest Day Of Summer’ is not subject to the
TOBS bias




Instruments & Shelters (Kunkel, AMS 2017)
Max/Min Hazen or CRS Shelters to XXX

Experimental Data

* Side-by-side observations of MMTS and
LIG/CRS or Hazen shelter

* Fort Collins, CO COOP site operated by
Colorado State University
— 28 years of data (Jan 1988 — Dec 2015)

* New Brunswick, NJ COOP site operated by
Rutgers University

— 20 years of data (Aug 1995 — July 2015)




Ft. Collins(Hazen) & New Brunswick (CRS)

_Fort Collins site _ New Brunswick site
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Open Slats At The Bottom Of Shelter
Reflected Sunlight, IR Incident On Thermometers




~20y Side By Side Tmin(blue) & Tmax(red)
MMTS Adjustment (Menne et al., 2008):
HCN, After 1984, Tmax(+0.52°C), Tmin(-0.37°C)

Fort Collins Temperature Differences New Brunswick Temperature Diff

Fort Collins: Percentile Temperature Differences )
New Brunswick: Percentile Temperature Differences

Tmax: 0.43K cooler

0.4
0
02 ¢ i
Tmin: no difference = Tmax: 0.47 cooler 02
% 00 1 — — ) Tmin: 0.17K warmer x
i g 2 00
Tmax differences S .03 J g

much larger at low Tmax differences
04 7 - slightly larger at lower
ercentiles

0.6 +

-0.8

-1.0

42

0 10 20 30 0 60 70
e

(

MMTS - LIG/CRS Diffe
MMTS - LIG/CRS Differel




CONUS HCN stations, sorted by completeness

USHCN Records Are Fragmentary
Selecting For Completness Reduces Instability

(A) (B) (€)

B >=95% complete
B >=50% complete

B completely absent
|

19'55 19'15 19'25 1955 19‘45 mbe 19%5 19LH> 1955 1959 ZBBG ZBE[G ZB&O

Year Year Year

CONUS HCN stations, sorted by completeness
CONUS HCN stations, sorted by completeness




Station Distribution Improves
By Shortening To The Period Of Interest

USHCN Stations(95%) [1895-2022] (n=209)




Processing

Many stations ‘composites’- Select only unmingled stations ( no moves > 40km )

Read observations and exclude all observations flagged for QC

Exclude stations < 95% complete for daily Tmax & Precip from 1930-2022

For each station, for each year Tmax 95% complete, find highest Tmax June-July-
August

» Single day Tmax is not subject to TOBS
* Adjust Tmax upward by 0.52C for obs after 1984

* For each station, for each year Precip 95% complete, find previous 10 day total precip
for each day. Also sum the total JJA precip

* Exclude any 10 day precip period if missing data



4 Of 10 Driest Summers & 5 Of 10 Hottest Summers
Were Durina The Dust Bowl
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Observations (%)

Differences Between
Hottest/Coolest & Wettest/Driest Summers

(A)

—— 10 coolest summers
----- 10 hottest summers
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JJA Max Tmax Inversely Correlated w/ JJA Precip
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Observations (%)

Precipitation Frequency Distributions
(A) All Summers & (B) Categorical Summers
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Hottest Days Of Summer [1930-2022]
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% Rainless 10d Periods Of CONUS Stations
During Categorical Summers

Figure 37B
US JJA Rainless 10 Days (%)
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Temperatures of CONUS Hottest Days of Summer
versus NCDC SW CONUS Precipitation

[1930- 2022]

Flgure 37C
US JJA Max Tmax vs. Precipitation
slope=-1.6, rz=.51, p<.0001*%***
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Temperatures of CONUS Hottest Days of Summer
versus NCDC Global Mean JJA Temperature

[1930-2022]

Figure 37D
US JJA Max Tmax vs. Global JJA Tavg
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Could Global Warming Lead To
a Less Extreme Climate?

Figure 38A
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Figure 38B
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Annual Temperature Ranges Over CONUS
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Annual Temperature Ranges Over CONUS

[1930-2022]

{Figure 39

Temperature Trends(°F/century)
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Conclusions

* In CONUS, four of the driest summers and five
of the summers with the hottest days occurred
during the Dust Bowl.

* For highly complete CONUS HCN stations,
extreme high temperatures and precipitation
are strongly and inversely related.



Conclusions (continued)

* For highly complete CONUS HCN stations, for
all summers, the ten days preceding the hottest
day of summer experienced significantly less
precipitation than did the ten days preceding all
days of summer.




Conclusions (continued)

* For highly complete CONUS HCN stations, for
all summers, the ten days following the hottest
day of summer experienced precipitation which
did not differ significantly from the average day
of summer.



Conclusions (continued)

* The five hottest Dust Bowl summers were more
likely than the five hottest summers since the
Dust Bowl to exhibit no precipitation for ten days.

* The ten coolest summers were less likely than
average to experience no precipitation for ten
days.



Conclusions (continued)

* Over CONUS, since 1895, the temperatures of the
hottest days of summer are significantly and strongly
anti-correlated with NCDC spatially weighted total
summer precipitation

* Over CONUS, since 1895, the temperatures of the
hottest days of summer are not statistically related to
the global mean temperature during June-July-August.



Conclusions (continued)

* Over CONUS, for highly complete stations since 1895, the
temperature trend of the hottest days of summer is not significantly
different from zero.

* Over CONUS, for highly complete stations since 1930, temperatures
of the hottest days of summer indicate a significant negative trend.

* Over CONUS, for highly complete stations since 1895, the
difference of temperatures between the hottest days of summer
and the coldest nights of winter appears to have decreased, that
IS, temperatures have become less extreme.




Conclusions (continued)

* Over CONUS, for highly complete stations since 1895, temperature
trends are greatest for

— The Single Coldest Night Of Winter, followed by

— All Nights Of Winter, followed by

- Mean Temperature Of All Days of the Year, followed by
- All Days Of Summer, followed by

— The Single Hottest Day Of Summer

* These trends are consistent with decreased temperature variability
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