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MOS Forecast Time History for station RCTP:

Time Wind Direction||Wind Speed||Visibility||Ceiling ”Temperamne Dew Point ”Pnessure Model Run Time
UTC Degrees Knots Km Feet Degrees Deg C||Degrees Deg C|[hPa UTC

2023/11/16 03:00:00/340 10 10 1150 |]23 21 1023 2023/11/15 18:00:00
2023/11/16 04:00:00/340 10 10 1400 |23 21 1023 2023/11/15 18:00:00
2023/11/16 05:00:00/340 10 10 1800 |]22 20 1022 2023/11/15 18:00:00
2023/11/16 06:00:00/350 10 9.5 1500 |22 20 1022 2023/11/15 18:00:00
2023/11/16 07:00:00/210 15 9.5 2450 |21 19 1022 2023/11/15 18:00:00
2023/11/16 08:00:00/180 15 10 2350 |21 18 1023 2023/11/15 18:00:00
2023/11/16 09:00:00/160 15 10 3750 |21 17 1023 2023/11/15 18:00:00
2023/11/16 10:00:00(140 10 9.5 4100 19 17 1023 2023/11/15 18:00:00
2023/11/16 11:00:00(|120 10 9.5 4900 19 16 1024 2023/11/15 18:00:00
2023/11/16 12:00:00/090 15 9 4300 19 16 1024 2023/11/15 12:00:00
2023/11/16 13:00:00/|050 15 9.5 5450 19 13 1024 2023/11/15 18:00:00
2023/11/16 14:00:00/030 15 10 4850 18 11 1025 2023/11/15 18:00:00
2023/11/16 15:00:00/020 15 10 5750 18 11 1025 2023/11/15 18:00:00
2023/11/16 16:00:00/020 15 10 6200 17 10 1024 2023/11/15 18:00:00
2023/11/16 17:00:00/010 15 0.3 6600 17 10 1023 2023/11/15 18:00:00
2023/11/16 18:00:00/010 15 . 6700 17 9 1023 2023/11/15 18:00:00
2023/11/16 19:00:00/020 15 10 = 10000(17 9 1024 2023/11/15 18:00:00
2023/11/16 20:00:00/020 15 10 =10000(17 9 1024 2023/11/15 18:00:00

7-H Al MOS $ith 2 S s
112 F [ BT TAERCRAR
IFgrst &gl C&V JEREIEAE
I iy HH 2 S BRI B T R AV B (R 1R
R U2F1IHIHEI AL HE1124E 4 H 1 HE 6 H 30 HZ A8
SERHE
N RATHEERIEZAS T 1% C&V HEVAREIE » ME B RGHE
ﬁHEﬂEH Jr’erHZﬁFJ %éf ﬂﬂ‘s&%f’ﬁiﬁﬁ@ ZIEFF

ol
#7080

_ 035ep 2023 ) - B 04 Sep 2023

[ 8 ﬁffﬁsz %?E*&E‘E =
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Radar 3D: Valid at 11/14/12 13:302
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U.S. Automated Weather Observation Methods

Surface Observation Sources

Automated Surface Observing System
ASOS

AWOS




Service
Level A & B

24/7

Augmentation by S

@ Augmentation by

FAA personnel in

control tower as
time permits

No Augmentation

AWOS

FAA-owned (Fed)
versus Non-FAA
owned (Non-Fed): 9
Levels

*AWOS-A can only report altimeter settings
*AWQOS-AV can report altimeter settings and
visibility

*AWOS-1 can report, altimeter setting, wind,
temperature, dew-point, and density altitude
*AWQOS-2 is rather the same as AWOS-1 but
adds visibility

*AWOS-3 is the same as AWOS-2 but with
clouds and ceilings

*AWOQOS-3P is the same as AWOS-3 but with a
precipitation identification sensor.

*AWOQOS-3PT is the same as AWOS-3P but
with the capability to determine thunderstorms
and lightning.

*AWQOS-3T is the same as AWOS-3 but with
thunderstorm and lightning reporting abilities
included.

*AWOS-4 is the same as AWOS-3 but with a
precipitation discriminator, type, accumulation,
thunderstorms and runway surface sensors.




Weather
Observations

METAR observations
generally used “as reported”
for research, model
forecasts, etc.

Sensors generally take
observations far more
frequently than what is
reported in the official
observations

Lots of processing can
happen between raw and
reported data!

>

Common
Measurements

Temperature/Relative
Humidity/Dewpoint

Pressure

Wind Velocity
Precipitation
Ceiling

Visibility
Precipitation Type




Measurements of Temperature/RH

* Hygrothermometer — “HO-83"

* Uses a platinum wire Resistive Temperature
Device (RTD) to measure ambient temperature

* Originally used a chilled mirror to determine
dew point temperature
— Switched to an integrated electric RH sensor

— Dewpoint is a derived quantity, not a
measured quantity

Aspirated Temperature/Relative

I Hygrothermometer Humidity Sensor

HOUSING /\
S
} A

HSPIRATOR‘ FAN
DE HOUSING) ——— .._f \ N = | P
RETAINING ““ - Y, 27 I
SCREW - e
~_ W
Ay ) Y 3
Dawglgn SENSOR | M. 7 \

ASSEMBLY ~_ N

Installed at 2 m AGL




* Measurements taken every 6 seconds

* Data is averaged every minute to produce a one-minute
report

* Further averaging is done over 5 minutes, updating every
minute, rounded to the nearest degree Fahrenheit and
converted to the nearest 0.1 degree Celsius to produce a 5-
minute report

 All mid-point temperature values are rounded up for
temperatures above freezing (e.g. 40.5F = 41F) and down
for temperatures below freezing (-5.5F = -6F)

Maximum/Minimum
Hourly
Temperature/Dewpoint
Reporting

Once each minute, ASOS
uses the running 5-minute
average ambient
temperature to update the
hourly maximum and
minimum ambient
temperature values

*Maximum and minimum
hourly temperatures
could be several degrees
higher/lower than what is
reported in the METAR*




Temperature/Dewpoint
Six-Hour Reporting

At synoptic hour reporting
times (00, 06, 12, and 18 UTC),
the current six-hour maximum
and minimum ambient
temperatures are computed
from the hourly maximum and
minimum ambient
temperatures measured to 0.1
degrees Celsius, and included
as remarks in the synoptic
hourly METAR.

I Temperature/Dewpoint
Hourly Reporting

Once each hour (at the hourly METAR report time) the
current hourly ambient temperature and dew point
temperature are reported in the METAR Remarks section, to
the nearest tenth of a degree Celsius™

These higher resolution temperature/dewpoint values are
reported in the “T” field in the remarks

*Based on 5-minute averages




Temperature/Dewpoint
Daily Maximum/Minimum Reporting

Once each minute, ASOS computes the highest
and lowest ambient temperatures, to that point
for the current calendar day, in tenths of degrees
Celsius. The calendar day maximum and
minimum ambient temperatures are reported in
the midnight, LST hourly METAR remarks (In the
“4” field)

Hygrothermometer Sensor
Range/Error/Resolution

arameter hange | Maxror | Resouton____

Ambient Temp -80°F to -58°F + 3.6°F 0.1°F
-58°F to +122°F + 1.8°F 0.1°F
+122°F to +130°F + 3.6°F 0.1°F

Dewpoint Temp -80°F to -0.4°F 4.5°F to 13.9°F 0.1°F
-0.4°F to +32°F 3.4°F to 13.9°F 0.1°F
+32°F to +86°F 2.0°F to 7.9°F 0.1°F

The low end of the maximum error range is for a Dewpoint
Depression (DD) of 0°F

The high end of the error range is for a DD of 63°F




Wind
Measurements

* Originally deployed a Belfort 3-cup
anemometer and wind vane

* Began complete replacement of all Bel
3-cups with Vaisala heated sonic
anemometer

— Also known as the ice free wind sersu:
* Installed at 30 m height AGL
* Measurements taken every 1 second

Wind Observations

* Five second averages of
speed and direction are
computed and rounded to
the nearest degree and
nearest knot

Every 5 seconds a running 2-

minute avg wind (dir and
speed) is computed. If the
computed 2-minute average
wind speed is 2 knots or less,
the 2-minute average wind
direction and speed is
reported as “calm”




Wind Speed
Reporting

e The 2-minute average wind speed is
reported once every minute in the
one-minute observations

* The METAR/SPECI reports the latest
2-minute wind speed average

Wind Direction
Reporting

—

* ASOS reports a 2-minute average of
5-second average wind directions
once a minute (i.e., 24 samples each
minute) for distribution through the
OMO

* The direction from which the wind
is blowing is reported to the nearest
10 degree increment (e.g., 274
degrees is reported as 270 degrees)




message
daily/mog
summarié

~Wind dir

reported relz v/

to magggta
in tfeon

gq08

Wind Gust

Determination

Uses 10-minute
observation period

Every 5-seconds,
ASOS computes the
greatest 5-second
average speed during
the past minute

ASOS computes the
current 2-minute
average wind speed
every 5-seconds and
compares it with the
greatest 5-second
average wind speed
during the past
minute




Wind Gust
Reporting

ASOS compares the highest
gust stored in memory for
the past 10 minutes with
the current 2-minute
average wind speed. If the
difference between the two
is 3 knots or more, the
current reported wind
speed is greater than 2
knots, and the highest gust
exceeds the minimum 5-
second wind speed in the
past 10 minutes by 10 knots
or more, then the highest
gust stored in memory is
designated as the
reportable gust.

Wind Gust
Reporting

The minimum
gust speed
reported by
ASOS is 14
knots




* Avariable wind is reported when
the wind direction varies by 60
degrees or more during the 2-
minute evaluation period before
the observation

* |f the 2-minute wind speed is 6

k knots or less, than a variable wind

Variable direction indicator (VRBWWAKT) is
Win included in the METAR report (ex:

d VRBO3KT)

* |f the 2-minute wind speed is
greater than 6 knots, then a
variable wind direction group is
appended to the basic wind group
in the body of the METAR/SPECI
report (DDDVDDD) (ex: 180V220).

Squall (5Q) T

* Defined as the wind speed
suddenly increasing by at
least 16 kts and remaining
sustained at 22 kts or more
for at least one minute

e ASOS Algorithm: If the
current 2-minute wind
speed (measured every five
seconds) is greater than or
equal to 22 knots and
exceeds the 2-minute
average wind speed
computed two minutes ago
by 16-knots or more, then
the highest 5-second
average wind speed during
the last 2-minutes is
reported as a squall




Wind Shifts

A wind shift is
indicated by a
change in wind
direction of 45
degrees or more in
less than 15 minutes
with sustained winds
of 10 knots or more
throughout the wind
shift

WSHFT HHMM

Peak Wind

The highest
instantaneous wind
speed observed or
recorded since the last
scheduled hourly
observation (METAR)

On ASOS, Peak Wind is
determined from the
highest observed 5-
second average wind
speed which exceeds
25 knots since the last
generated METAR

PK WND DDDSS/MM




Wind Measurement Range/Error

Range 0-165 knots 0-360 degrees
Resolution 0.1 knots 1
Accuracy +0.26 knotsor £3  *2°

% of reading,
whichever is greater

Pressure

e Atmospheric pressure is
the most important
surface weather element
for aircraft operations
since it provides the
means of establishing the
height of an aircraft above
the surface

* Because accurate
pressure is critical, three
separate and independent
pressure sensors are used
at towered airport
locations

* At other locations, two
pressure sensors are used




!}_ Altimeter Setting

Pressure Remarks

R e p 0) rte d 9%  Sea-Level Pressure
P re S S u re A« Density Altitude
Elements

A~ Pressure Change/Tendency

Station Pressure

|

Pressure Sensor

h
The ASOS pressure sensor |I':!!n:ir:=m AC Pn“:t Raek
consists of redundant digital
pressure transducers, which use
capacitive sensors, one side of
which is permanently evacuated
to a vacuum to make it a
barometric (aneroid) pressure
sensor

Measurements taken every 10
seconds




Pressure Sensor
Reporting

* The algorithm routinely
computes and updates the
pressure report for each
pressure sensor once a minute
from readings obtained every
10 seconds from each sensor

* The current 1-minute pressure
values from each sensor are
then compared against each
other and absolute differences
computed

Pressure Sensor
Reporting

* The lowest 1-minute
sensor pressure value
obtained from a pair of
sensors, whose pressure
difference is 0.04 inch or
less, is the designated
ASOS pressure to be
reported

* This pressure value is then
used to compute an
altimeter setting and
other derived pressure
values

* The pressure sensors are
the most reliable and
accurate sensor in ASOS




Pressure Sensor
Characteristics

* Range:16.9-31.5
inches of mercury

e Accuracy: = 0.02
inches of mercury

* Resolution: 0.003
inches of mercury
(measurement);
0.005 inches of
mercury
(reporting)

Precipitation
Measurement

Two types of gauges are
used on ASOS

— NWS-owned
stations use a
weighing gauge

— FAA-owned
stations use a
heated tipping
bucket

Measurements taken every 1 minute




Precipitation Measurement Changes

Early versions of the heated gauge applied
excessive heat creating excessive evaporation and
the under-reporting of the liquid-equivalent mass

Weighing gauge initially had a single wind shield

Precipitation
Measurement
Range/Errors

* Range of Oto
10.00 inches
per hour

* Resolution of
0.01 inch

* Accuracy of =
0.02 inch or 4%
of the hourly
total
(whichever is
greater)




Precipitation

- Algorithm

The precipitation
accumulation algorithm
obtains precipitation
accumulation data from
the HTB precipitation
gauge once each minute

Each minute the
measured rainfall is
adjusted using the
following equation:

Rainfall = A (1 + 0.6A);
A = Measured Rain

HTB Strengths/Weaknesses

* One weakness involves high rainfall

rate events when the tipping bucket
cannot keep up with the water flow
and under-reports the accumulation

During freezing conditions, the
application of heat to melt snow and
prevent gauge icing also induces
evaporation or sublimation,
especially during light freezing rain
or snow events at temperatures
near 32F




HTB
Strengths/Weaknesses

“False tips” may be caused
by dew, frost, or heavy fog

Summary

Raw Measurement Interval | METAR Report

Temperature/RH 6 seconds 5 minute average

Pressure 10 seconds 1 minute average

Wind Velocity 1 second 2 minute average

Precipitation 1 minute 1 minute

Ceiling Height & Sky 30 seconds 30 minute average with

Coverage past 10 minutes double-
weighted

Visibility 20 seconds 10 minute harmonic mean

Lightning Sensor 1 minute 15 minute lookback

Precipitation Type 1 minute 10 minute lookback

Freezing Precipitation 1 minute 15 minute lookback

Sensor




MPAS Update

Bill Skamarock and the MPAS Team
Mesoscale and Microscale Meteorology Laboratory

h NCAR CWA - MPAS Update, 20 September 2023 :@I

This material is based upon work supported by the National Center for Atmospheric Research, which is a major facility sponsored by the National Science Foundation under Gooperative Agreement No. 1852977,

Model for Prediction Across Scales (MPAS)

MPAS-Version 8 released on 16 June 2023

Previous releases:
Version 7.0: 8 June 2019
Version 7.1: 3 September 2021
Version 7.2: 14 February 2022
Version 7.3: 24 March 2022

* Atmosphere and land only

* Open Source: https://mpas-dev.github.io/

* Global and regional, variable-resolution capabilities

* GPU-enabled for some configurations (V6.x, October 2020)
* DA —both DART and JEDI

Today:
* Updates
* Current and future development
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MPAS Release Paradigm

New version numbering: MAJOR.MINOR.PATCH

e Beginning with MPAS v8, version numbers will be
MAJOR.MINOR.PATCH
e More or less following Semantic Versioning

MPAS v8.1.3

MAJOR - signifies major changes or lack of compatibility
with previous versions of MPAS

MINOR - new model features with backward compatibility
PATCH - bug fixes to MAJOR.MINOR

EEQE CWA - MPAS Update, 20 September 2023
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MPAS Version 8 — What's New?
Infrastructure Dynamics updates
+ SMIOL (Simple MPAS 10 Layer) * Regional MPAS LBCs
» Refactored halo communications. » Upper absorbing layer generalization
* Diagnostics
Initialization updates » Vertical interpolation
« Extrapolations below analyses lower .
boundary .
+ Static field parallel execution
g Physics updates
NCAR
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New I/O Layer: The Simple MPAS 1I/0 Layer (SMIOL)

e Provides an alternative to the Parallel I/0 (PIO) library
SMIOL source code is included in MPAS-Model source tree
e Minimal library dependencies: only MPIl and PNetCDF

The use of SMIOL in place of PIO is activated at compile time by not setting the
$P 10 environment variable.
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New I/O Layer: The Simple MPAS 1I/0 Layer (SMIOL)

e Build summary indicates whether SMIOL or PIO was used

AEA A A A AAEAAAAAATA A A A AAAAAAAATEAAAXAAAAAXAXAXAAAXAAAAAXAXAXAXAAAAXAAAAAITAAXAAAAXAAAAAIXIxAAAAAhdxdiix

MPAS was built with default single-precision reals.
Debugging is off.

Parallel version is on.

Papi libraries are off.

TAU Hooks are off.

MPAS was built without OpenMP support.

MPAS was built without OpenMP-offload GPU support.
MPAS was built without OpenACC accelerator support.
Position-dependent code was generated.

MPAS was built with _F files.

The native timer interface is being used

Using the SMIOL library.

AEAEAEAAAAAAAAAATAAAAAAAAAAAXAAAAAAAAAXAAXAATAXAAAAAXAXAXAAXAAAIAAAAAITAAAIAAAAAKXAAAXIAAAAAAAXX
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New OpenACC-friendly group halo exchange module

e Allows MPI messages to be aggregated across fields whose halos are communicated
at the same point in solver

e Specifically designed to be adaptable for direct GPU-to-GPU communication of halos
with OpenACC

Example of a group of halo exchanges in MPAS v7:

call mpas_dmpar_exch_halo_field(theta_m_field)
call mpas_dmpar_exch _halo field(scalars_field)
call mpas_dmpar_exch_halo_ field(pressure p field)
call mpas_dmpar_exch _halo_ field(rtheta p field)

EEQE CWA - MPAS Update, 20 September 2023

New OpenACC-friendly group halo exchange module

e Allows MPI messages to be aggregated across fields whose halos are communicated
at the same point in solver

e Specifically designed to be adaptable for direct GPU-to-GPU communication of halos
with OpenACC

Equivalent group halo exchange in MPAS v8.0:

call exchange halo_group(domain, &
"dynamics:theta _m,scalars,pressure _p,rtheta p")
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Regional MPAS Lateral Boundary Conditions

Horizontal momentum filter change in the relaxation zone

NOAA-NSSL CONUS 3 km mesh

50N —

40N —

Instability in the
relaxation zone
of the lateral
boundary

30N -

20N

T

Zonal velocity, Z ~ 10 km

NN - haEs
0 1000 2000 3000 4000 T 4
terrain height (m) -50 0 50
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Regional MPAS Lateral Boundary Conditions
Horizontal momentum filter change in the relaxation zone

2nd-order Laplacian for the
horizontal momentum in MPAS

0 on
2 o — - — —
Vi =K (6:@ g v Oz )

We’ve added a coefficient to scale the
divergent component of the Laplacian
I

0 on
2 o)) S . — —
K V2 = K (axiVC s axj)
Zonal velocity, Z ~ 10 km

We are using 7p = 6.0 o
-50 0 50

Instability in the
relaxation zone
of the lateral
boundary
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Upper Absorbing Layer Generalization

Model top
Model level LLLLL -0
There is an option to apply a 2"d-order horizontal | .| e U, 0,p
filter to u, w and 6 near the model top. We have
generalized this formulation so that the damping
coefficient linearly varies linearly, with increasing w
model level, from zero to a user-specified maximum
value as a function of model level, beginningata = |—F——— === e U, 0, p
user-specified model level. /
w
New: User specification of (1) number of levels to
apply damping, and the linear dependence of K. I 5
..... u, 9, p
0 Kmax

Filter viscosity
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Diagnostics: In(p) Interpolation for Isobaric Heights

In previous MPAS-A releases, we diagnosed
heights on isobaric levels with interpolations
using pressure that resulted in a positive bias
in heights. We now interpolate using /In(p) to
remove this bias.

This has no effect on MPAS-A solutions, just
the isobaric heights in the diagnostic output.
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Layer to Interface Projection z

W
Interface: w Layer: u, 6, p
In previous MPAS-A releases, to project layer variables (u, 6, p) to Zy veeefeene U, 0, p
interfaces we would interpolate linearly in height. o
In the new release we integrate over the layers sharing the interface, Zy —— w
assuming (u, 0, p) are constant in a layer, and take the average "
value.
Zq =esefeeee U, O, p
. , : Old
Differences in the solutions are small. (z2 Zw) (Zw —_ )
The new approach is energetically p(2w) = 1 P2 -1 W
. . (z2 — z1) (22 — 21)
more consistent, and also gives us a I
consistent hydrostatic relation 1% P
integrating between layers or New
interfaces. (20) = (20 — 21) + (22 — 2w) 77777
Pl2w) = 1 P2
(z2 — 21) (22 — 21)
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MPAS-A Initialization: Extrapolations

* Reset the default for the lower air-temperature extrapolation
(config_extrap_airtemp) from "linear" to "lapse-rate" in the namelist. This applies
to initializations and to lateral boundary condition generation for MPAS-A.

» Set the condition for the lower extrapolation of the horizontal velocity such that it
returns the lowest analysis level value instead of a linear extrapolation when the
requested level is below the lowest analysis level. Applies to initializations and
LBC generation.

MPAS-A Initialization: Static Fields Generation

* We have enabled parallel remapping of static fields with arbitrary
graph partition files; special CVT partition files are no longer
required.
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MPAS Physics Updates in V8

Update the Noah land surface scheme to the WRF 4.5 release.
Update the MM5 surface layer scheme to the WRF 4.5 release.

Implemented the CCPP-compliant version of:
* the revised MM5 surface layer scheme;
+ the parameterization of the gravity-wave drag over orography;
» the YSU Planetary Boundary Layer scheme;
» the scale-aware nTiedtke parameterization of convection; and
» the WSMG6 cloud microphysics parameterization.
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MPAS Developments: Physics

CCPP-compliant version of moist physics for the convection-permitting suite (using
WRF-release 4.5.1).

EDMF version of the MYNN Planetary Boundary Layer scheme.

Option to use the two-moment graupel and hail prognostic variables version of
the Thompson cloud microphysics scheme.

CCPP-compliant version of the RRTMG longwave and shortwave radiation codes

Merge the physics and 3D grid analysis nudging Four-Dimensional Data Assimilation
(FDDA) codes provided by the EPA developers (summer 2023).

Merge the refactored version of the Noahmp land surface scheme

Implementation of physics to run aquaplanet experiments

Aerosol-aware option of the Thompson cloud microphysics scheme

To do: Provide physically-based surface emissions of anthropogenic and natural
aerosols (linked to chemistry).

EEQE CWA - MPAS Update, 20 September 2023




MPAS Developments: SIMA

/ System For Integrated Modeling of the \ .
Atmosphere (SIMA) CESM/SIMA pulls MPAS directly from the

MPAS repository in its build.
SIMA is the effort to unify NCAR-based

community atmospheric modeling across

; _ These changes have not changed any user
Weather, Climate, Chemistry, and Geospace

requirements for running MPAS-A.

applications
_CESM = Observations:
4 SIMA \ *  MPAS with CAM6 physics in SIMA is much
, Y — slower than MPAS with MPAS/WRF physics
) (el deat) (e ]C"h'g,:;::iy = «  MPAS/SIMA takes much more memory than

MPAS with MPAS/WRF physics

MPAS/SIMA has not yet been released

«  MPAS/SIMA is not yet capable of efficient
high-resolution applications (global, km scale)

Physics-Dynamics Coupling

Dynamical | | = | L
Cores X
\ * where needed to augment CAM physics
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MPAS Developments: GPU capabilities
[ 00 3 W 00.. ‘"
We released the GPU-enabled '
MPAS-Atmosphere in October 2020
as a branch from MPAS Version 6.1.
NVIDIA Ampere A100 GPU
What is in current (2020) release:
* GPU-enabled MPAS dynamical core using OpenACC directives.
+ Some GPU-enabled physics (e.g. YSU, WSM6, M-O, scale-aware nTiedtke)
* Asynchronous execution capability on heterogenous architectures - currently
radiation (lagged) and NOAH land model on CPUs, all else on GPUs
NCAR
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MPAS Developments: GPU capabilitie

LA N . : &

We released the GPU-enabled
MPAS-Atmosphere in October 2020
as a branch from MPAS Version 6.1.

What is NOT in this release: NVIDIA Ampere A100 GPU
* Regional capability
* Most of the physics options

We are currently evaluating the MPAS GPU implementation. We are
considering re-implementing this capability given what we have learned in
this first implementation.
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