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In Spring--Very Dry air in New Mexico; why is it important?

Dry conditions here in the spring months are part of weather systems which cause thunderstorms bearing
large hail, strong surface winds, and tornadoes, and lead to frequent severe weather episodes in which
lives are lost, especially in the Plains States, the Mid-South, Ohio Valley and other regions of the USA.

Two days after extremely dry conditions in New Mexico, some severe-weather-related headlines:

At least 10 killed and dozens others are hospitalized as tornadoes and dangerous storms tear
through the South and Midwest. https://www.cnn.com/2023/04/01/us/us-severe-storm-south-midwest-
saturday/index.html

Storms Kill at Least 10 as Tornadoes Tear Through Midwest and South.
https://www.nytimes.com/2023/03/31/us/midwest-storms-flood-weather.html

Three Dead After Large Tornadoes Hit Arkansas. https://www.wsj.com/articles/large-tornado-hits-little-rock-
ark-as-central-u-s-braces-for-severe-weather-fb9d781

Severe weather, tornado threat already brewing for first week of April in central US.
https://www.accuweather.com/en/severe-weather/severe-weather-tornado-threat-already-brewing-for-first-week-of-
april-in-central-us/1506171
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On 30 March 2023, an active weather system was in progress, crossing the Borderland.
A cold front was approaching from the west and strong southwesterly winds at the
surface and aloft were present.

Dewpoints in New Mexico and far West Texas fell to the single digits while at Grants, the
dewpoint fell to -1F!

What is the dew point? It is the temperature that a “parcel” of air, if cooled, would reach
saturation, and at which point dew would form.

How rare are such low dewpoints? Assuming the dew point temperature follows a
“Standard,” Gaussian, or “Bell Curve” distribution, a reasonable assumption, the dew
point numbers are on the following slide. But first. let’s review the Bell Curve distribution:

From Wikipedia: Characteristics of a Bell Curve

Around 68% of the data lies within 1 standard deviation.
Around 95% of the data lies within 2 standard deviations.
Around 99.7% of the data lies within 3 standard deviations




Biggs Army Air Field, (Biggs AAF,) is located just north of the El Paso International
Airport, which is in northeast El Paso, TX

Holloman AFB is located about 6 miles southwest of Alamogordo, NM, about halfway
between Alamogordo and White Sands National Park.

The Ampersand (&) is used below as the substitute for “Sigma” or one Standard
Deviation. Mean is the mean dewpoint, “Mean-1&" is “Mean minus one &,” and so forth.

Location March Mean Mean-1& Mean-2& Mean-3&
BIGGS AAF 23.6F 15.7F 7.9F Of
HOLLOMAN AFB 21.7F 13.2F 4.7F -3.7F

To answer the question, “How rare an event are these dewpoints?” They seem to be at
the 1% level. Data are from the Revised Uniform Summary of Surface Weather
Observations for Biggs AAF, https://apps.dtic.mil/sti/pdfs/ADA175364.pdf, and Holloman
AFB, https://apps.dtic.mil/sti/pdfs/ADA095335.pdf, extracts later in this infographic.
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Surface weather observations are plotted on a map in this stylized manner:
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This is the “Skew-T log-P |
thermodynamic chart with the El Paso |
sounding plotted.

More info on the Skew-T and the

map plots of the data is here.
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Map of temperatures, heights (of the
500 mb surface), and relative humidity
of the 500 millibar surface, about
halfway up through the mass of the
atmosphere, about 18,000 Ft MSL.

The closed Low centered in Idaho, and
the vigorous trough axis extending into
southern California are parts of the
strong spring storm bringing the

very dry conditions to New Mexico.
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Here is the surface forecast
map, valid 12 hours later at
31 Mar 2023/00Z
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GOES Weather Satellite view of the
system.

The strong winds aloft are producing
mountain wave clouds, the rippled
clouds, especially visible in Arizona.
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Surface weather observations are plotted on a map in this stylized manner:
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Friday AM sounding from Tucson
shows the leaved structure

of the Jet Stream-influenced
Tropopause; almost “multiple
tropopauses.”

The zone of winds in excess of

100 Knots extends from about
30,000 ft to 45,000 ft.
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Technical Note 1

Many times, the explanation of severe weather set-up involves a moist “summer-like”

air mass at and a few thousand feet above the surface, overlain with the dry air mass that forms
in the Desert Southwest USA and adjacent Mexico.

The next three graphics show such a situation.

First of the three is a repeat of the Lake Charles sounding for the morning of 6 Apr 2023.

The second is a tornado sounding from Dodge City, Kansas on 24 May 2016.

The third is from a training graphic from the NWS, what they call a “Loaded Gun” sounding because
of the explosive cloud growth when such a situation occurs.
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DDC-19z-sounding
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Textbook example of Tornado Sounding

from Dodge City KS.
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Loaded Gun Sounding

https://www.weather.gov/source/zhu/ZHU Training

Page/convective parameters/skewt/skewtinfo.
htmI#Sounding?2
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» Severe weather sounding (large CAPE, very unstable LI).

» Large hydrolapse in mid-levels (mT air in boundary layer capped by cT air).

* There must be an inversion above mT air.
« Most common and in Great Plains, Midwest and SE US.
¢ Most common severe weather: Laree hail, tornadoes, convective wind gusts of 58 mph or ereater.


https://www.weather.gov/source/zhu/ZHU_Training_Page/convective_parameters/skewt/skewtinfo.html#Sounding2
https://www.weather.gov/source/zhu/ZHU_Training_Page/convective_parameters/skewt/skewtinfo.html#Sounding2
https://www.weather.gov/source/zhu/ZHU_Training_Page/convective_parameters/skewt/skewtinfo.html#Sounding2

Technical Note 2:

The extreme weather, specifically tornado-bearing thunderstorms, develops in squall-lines ahead of the
cold air and cold front associated with these systems.

Another view of these conditions has this explanation:
When the air ahead of these systems is lifted, the saturated air cools MOIST adiabatically.

The dry air (from New Mexico and the Desert Southwest of the USA and adjacent Mexico) cools DRY
adiabatically.

The resulting column of air becomes extremely unstable, and when afternoon heating of the surface is
added, the huge thunderstorms, actually meso-cyclonic storms, have towers which accelerate to strong
vertical wind speeds, and produces tornadoes.

| re-use the “Loaded Gun” sounding in the next graphic and annotate it to show what happens when
the governing storm system lifts the air as it moves from west to east.



Loaded Gun Sounding

https://www.weather.gov/source/zhu/ZHU Training
Page/convective parameters/skewt/skewtinfo. ‘
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At the same time, when the dry part of the air mass
is lifted, it cools at the DRY adiabatic lapse rate,
the pink-purple lines, neutral stability. __
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The result is that with the bottom of the layer coollng
at the MOIST adiabatic lapse rate and the top cooling
at the DRY adiabatic lapse rate, the saturated air
becomes MUCH warmer than the ambient air and cloud
climb rates become very large, shown with the red sloped
line. Vertical wind speeds of 87 knots have been reported.
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https://www.weather.gov/source/zhu/ZHU_Training_Page/convective_parameters/skewt/skewtinfo.html#Sounding2
https://www.weather.gov/source/zhu/ZHU_Training_Page/convective_parameters/skewt/skewtinfo.html#Sounding2
https://www.weather.gov/source/zhu/ZHU_Training_Page/convective_parameters/skewt/skewtinfo.html#Sounding2
https://en.wikipedia.org/wiki/Cumulonimbus_and_aviation

The strength of these severe storms is fed by the pole to equator
temperature difference. The stronger that temperature difference, the
stronger the storms.

As the planet slowly warms, the warming is stronger in the polar
regions, the equatorial region hardly changes at all. The temperature
difference is slowly getting smaller.

The next chart shows the frequency of the strong tornado-producing
storms is decreasing.



Annual Count

https://climateataglance.com/climate-at-a-glance-tornadoes/

U.S. Annual Count of Strong to Violent Tornadoes (F3+) 1954-2020
Data Source: NOAA/NWS Storm Prediction Center
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https://climateataglance.com/climate-at-a-glance-tornadoes/

Some images of tornado-producing thunderstorms from NOAA
https://www.weather.gov/media/unr/SpottersGuide2011 fielduse.pdf

Shown is a severe thunderstorm in the distance with a visible thick anvil

Wall cloud and rain free base. and large overshooting top. Photo by Gene Rhoden.

Photo by Brian Morganti.

These are the types of storms which have vertical cloud speeds over 60 knots!


https://www.weather.gov/media/unr/SpottersGuide2011_fielduse.pdf

Reference Data follow:
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More info on severe weather is at

https://www.weather.gov/imedia/zhu/ZHU Training Page/convective parameters/Stability Indices severe wx.pdf



https://www.weather.gov/media/zhu/ZHU_Training_Page/convective_parameters/Stability_Indices_severe_wx.pdf
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