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What is FIRE at UMD?

The First-Year Innovation & Research
Experience (FIRE) is an immersive, inclusive
faculty-mentored course-based 3-semester
research experience that drives accelerated
career readiness and opportunity among a
broad array of disciplines and fields from
quantum machine learning, to fertility science,
and even Climate Computing!
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FIRE Timeline: FIRE is a 3-semester research experience with
the option for the best students to become peer mentors.

About Climate Computing

Students in my research stream have the
following learning objectives over their 2
and 3" semester in the program:

quSITP

Understand and apply knowledge of
general weather and climate systems and
parameters.

Utilize programming and scripting to
evaluate, analyze, and interpret basic
weather and climate data from observations,
reanalysis, and model output.

Compose, execute, and describe experiments
using the Community Earth System Model
and the Weather Research and Forecast
Model using the NCAR/CISL Derecho HPC.
Develop written, visual, and oral scientific
communication skills.

Build collaborative relationships
representing diverse cultures, races, ages,
genders, religions, lifestyles, and
viewpoints.

~'o FIRE: THE FIRST-YEAR

« INNOVATION & RESEARCH
o EXPERIENCE

CLIMATE COMPUTING

FIRE Summit 2025

The 3-semester FIRE experience culminates in a poster session for all sixteen of the research

groups. On 6 December 2024, the FIRE Summit took over the halls of the Edward St. John
Teaching and Learning Center to present their work. The event was attended by campus

partners and those just going through the building. Below is a sample of posters from the
Climate Computing stream.
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Examining The Impacts of Extremes In The NAO Index
Aaron Atayan, Leo Chen, Brian Monge, Rayan Reddy

The First-Year Innovation & Research Experience Program, University of Maryland College Park, College Park, MD, USA.
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Icelandic Lows are semi-permanent low pressure systems in the North Atlantic, located
close to Iceland and Greenland (near 69.729°N, -7.82°W). They influence atmospheric
circulation, wind patterns, and oceanic heat flux. This paper examines the effects of
extremes in the North Atlantic Oscillation (NAO), focusing on key variables like salinity,
heat flux, and temperature. Using the January, February, and March (JFM) month
extremes of the NAO index, we selected the years 1969, with a value of -1.313, 1981,
with a value of 0.033, and 1989, with a value of 1.673. These were the most negative,
neutral and positive NAO respectively. As polar amplification of warming continues,
studies show the potential for weather patterns to stall and repeat. We’ll run simulations
with repeated NAO winter events to capture the responses of key ocean variables.

We ran the Community Earth Service Model
(CESM version 2) using the inter annual
forcing set in the G compset (GIAF including
a CORE2 data-driven atmosphere, and an
active POP2 and CICE for ocean and sea ice)
on the f19_g17 grid (~2° lat/lon resolution).
We examined JFM means for each
simulation year and had a run time of 5
years for each. The above years were
decided on the most extreme and normal
means of the NAO index during these
months pre 2010 to follow the limitation of
the CORE2 dataset.
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temperature and surface heat flux effects.

The above figures are set up with the control case on the left, the minimum extreme in the middle and the maximum
extreme on the right. We can see that sea surface temperature is very minimally affected by extreme changes in the NAO
index value for both the minimum and maximum extreme cases. There is little difference between the extremes and the
control case. However, for surface heat flux, we can see that the control case has surface heat flux values of about -200
W/m"2 around the borders of Canada and Greenland but around -50 to -100 W/m"2 in the main North Atlantic Ocean
body. However, in the minimum extreme case, the difference in surface heat flux is about 100 to 200 W/m”2 in the area of
the ocean just south of Greenland, indicating that the surface heat flux increases a significant amount during the extreme
minimum NAO cycles. In the maximum extreme case, we can see there is a difference of 150 to 200 W/m”2 mainly in the
area between Canada and Greenland, and in sparse areas to the east of Greenland. This indicates that the extremely
positive NAO cycles mainly have an impact more north of the minimum cycles and are not as extreme in their

We would like to acknowledge high-performance computing support from the Derecho system (doi:10.5065/qx9a-pgo9) provided by the
NSF National Center for Atmospheric Research (NCAR), sponsored by the National Science Foundation.
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Introduction

Wave Activity Flux:

Analyzing Cold Air Outbreaks

By Nishanth Allam

The goal of this study is to analyze the correlation between certain Wave Activity Flux conditions and the occurrences of Cold Air

Outbreaks.

e Cold Air Outbreaks are large-scale, long lasting periods of extreme cold where surface temperatures drop significantly

below normal averages. The most recent Cold Air Outbreak was in December 2022.

Wave Activity Flux (WAF) measures how atmospheric
wave energy moves through the atmosphere. These
"waves" are disturbances, like ripples, that carry
energy and momentum.

e WAF is essential for understanding how waves
transfer energy between regions, affecting
temperature and pressure systems.

The equation to the left indicates how to calculate
3D Plumb WAF in the northern hemisphere.

Wave Activity Flux
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Data & Results

The charts below display calculated Wave Activity Flux for the year 1981, after implementing

the equation for 2D Takaya-Nakamura WAF.

Data is a 30 year (1979-2008) climatology of ERA5 Reanalysis on Single-Level Daily

Statistics from 1940 to present.
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The ZQalinZ(f) component is a scalar
normalization, to account for the shape of
the Earth and its rotation. It is applied to
the derivative of the wind multiplied by
geopotential over longitude.

The U and V represent the strength of wind
in the longitudinal and latitudinal directions.

Future Goals

Although the calculation is
complete for the 2D Wave
Activity Flux, the study is not yet
full realized. Here are some
future goals:

e Creating a method of
identifying CAO dates and
locations over all of North
America via ERAS reanalysis.

Analyze statistical
correlation between CAOs
and WAF by comparing WAF
measurements prior to CAO
formation vs timings in non-
CAO years.

Calculate WAF z-component
to better understand CAO
association and energy

direction.
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IMPACT OF EXTREME ARCTIC OSCILLATION |
ON THE NORTHERN ATLANTIC OCEAN

Leo Jiang, Evan Lewis, Jack Linehan-Reckford, Zahra Siddique
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INTRODUCTION RESULT

As climate changes, understanding natural climate Surface Heat Flux [W/m*2] Sea Surface Salinity [g/kg]

oscillations remains vital to understanding the Figure A: Figure D:

Surface Heat Flux (Positive minus Zero)

relationships between components of the climate Sea Surface Salinity (Positive minus Zero)

system. This modeling study investigates the long-
term impacts of repeated extreme high and low-
pressure patterns of the Arctic Oscillation (AO) on
ocean dynamics in December, January, and
February. We compare the difference between
surface heat flux (SHF) and sea surface salinity
(SSS) under extremes in the AO to better
understand how the AO impacts the Northern
Hemisphere, especially the North Atlantic Ocean.

METHODS C T o
Figure B: Figure E:

e Community Earth System Model (CESM2.2.2)
e Coordinated Ocean Research Experiments
version 2 (CORE2) input data
e Component Set: GIAF -- POP2/CICE/data
atmosphere set-up
e Resolution: f19_g17
o f19: atmosphere and land grid with a
resolution of 1.9° latitude by 2.5° longitude
o g17: ocean and sea ice grid with a resolution
of 1/7° in both latitude and longitude

TOOLS AND DATA ' F e

e Control: Simulate AO with an AO index near O for the
months of December, January, and February
e Test: Simulate AO with an extreme negative and positive
AO index over the same months using cycling forcing for 4
years, where the AO data is repeatedly applied in a loop.
o Negative AO Index Values:
= Dec 1985:-2.074
= Jan 1986: -3.767
= Feb 1986:-2.010
o Positive AO Index Values
= Dec 1988:1.679
= Jan 1989:3.106
= Feb1989:3.279
¢ We used netCDF operators to create files to understand
the differences between the test and control cases.

| DISCUSSION FUTURE WORK

Surface Heat Flux: « Analyze different variables related to the atmosphere to understand the impact of extreme
¢ Figure B shows a loss of ~100 w/m”2 of heat (to the high and low-pressure patterns of the AO on the weather outside of ocean and sea ice.
atmosphere) at 60 N between 30 and 60 W, meaning « Simulate the AO for more than 4 years to analyze long-term impacts and potential feedback
that when AO is negative, the water there is cooler than mechanisms in the system

when AO is near O.
ACKNOWLEDGMENTS

Sea Surface Salinity:
e Figures D, E, and F indicate that when AO is higher,
salinity is lower in the region by 120 N 80 E, so water here We would like to acknowledge high-performance computing support from the Derecho
system (doi:10.5065/gx%a-pg09.) provided by the NSF National Center for Atmospheric
Research (NCAR), sponsored by the National Science Foundation.

Sea Surface Salinity (Zero minus Negative)

Surface Heat Flux (Zero minus Negative)

©

Figure F:

Surface Heat Flux (Positive minus Negative) Sea Surface Salinity (Positive minus Negative)

will sink as AO gets higher.

Differing PBL Parameterization Schemes and their Effects
on Modeling Arctic Atmospheric Rivers with WRF
Ankit Amin, Sean Coughlin, Tal Ledeniov, Aarav Satashia, Dr. S.T. Strey
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Atmospheric rivers (ARs), long bands of concentrated moisture, This study uses the WRF model and ERAS reanalysis data to
critical in the Pacific Northwest climate system. However, rain-on- | |simulate AR activity near Svalbard from March 18 to April 6,
2019. The domain (75°—82°N, 10°-21°E) was modeled at 4 km
resolution with 3-hourly ERAS input. Three PBL parameterization
change increasing AR prevalence, particularly in early winter, their | [schemes were compared: Mellor—Yamada—Janjic (MYJ), Yonsei
University (YSU), and Mellor—Yamada Nakanishi Niino Level
significant. Accurate AR simulation is challenging due to complex |[2.5 (MYNN), with other components, such as microphysics

snow events are increasingly contributing to polar ice melt,
influencing precipitation and sea ice dynamics. With climate

effects on Arctic sea ice and moisture transport grow more
parameterization schemes. This study investigates the influence of | [(Morrison 2-Moment) and radiation (RRTMG), kept constant.

different planetary boundary layer (PBL) schemes in the Weather
Research and Forecasting (WRF) model on Arctic AR simulation,

Variables analyzed included rainwater mixing ratio (QRAIN),
specific humidity (QVAPOR), and surface pressure (PSFC), with

aiming to improve model accuracy for better climatic predictions. difference plots created to visualize variability among schemes.
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Conclusion

Future studies should examine additional Arctic AR events

The comparison of PBL schemes revealed significant variability in

simulated atmOSpheriC river characteristics. MYNN predicted Sllghﬂy across seasons to evaluate the consistency of findings

higher overall rainfall, while MYJ showed a more pronounced moisture under Varying conditions. Expanding the PBL range and

band near Svalbard. No notable differences were observed in surface testing higher-resolution simulations in WRF could

pressure (PSFC). All PBL schemes generally represented the AR as improve accuracy. Exploring links between Arctic ARs

increasing rainfall and moisture off Svalbard’s west coast. These results and variables like sea ice can reveal their impact.

highlight the importance of selecting appropriate parameterization

We would like to acknowledge high-performance computing support from the
Derecho system (doi:10.5065/qx9a-pg09) provided by the NSF National Center for
Atmospheric Research (NCAR), sponsored by the National Science Foundation.

schemes for simulating Arctic ARs, as small changes in model
configuration can influence moisture and precipitation predictions.
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Impacts of Varying Sea ice on the

August 2022 Drought in China

Alexa Chu, Anu Daga, Neha Rajasekaran, Dr. ST Strey

ABSTRACT

Research Question: How does Arctic Ocean Sea Ice Impact Mid-
Latitude Precipitation/Droughts?

Using the Weather Research and Forecasting (WRF) model, we examine
the impacts of changing sea ice on drought, focusing on Xinjiang, China.
In August of 2022, there was a record setting hydrological and
socioeconomic drought over much of China that is credited with
lowering river levels. Du et al. (2022) linked this drought to changes in
weather patterns caused by Barents Sea ice loss.

METHODS

Control: August 2022 Annual Arctic Ocean Sea Ice Extent
Drought case 1996
High Ice: August 1996 2002

Low Ice: August 2012 /‘\
14 _,r’ \ 4
All three cases were run s / :

with conditions from Aug
2022. In the test cases, we

TOOLS AND DATA

1.Weather Research and Forecasting Model v 4.4.2 forced with
NCEP/NCAR Reanalysis Data at 209 km resolution & 6-hour temporal
resolution

2.Simulations at 10 km spatial and 3-hr temporal resolution from
roughly 30-90°N using physics parameterization schemes shown
below:

Process Parameterization Schema

Microphysics Morrison-Double Moment

Convective Parameterization Kain-Fristch
Long wave Radiation RRTM
Short wave Radiation Dudhia

Planetary Boundary Layer Yonsei University

Surface Layer MM5

Land Surface Noah Land Surface

replaced the 2022 sea ice
extent with those from
1996 and 2012. We analyzed
differences in T2, PFSC, LH,
and rain between the
control and test cases, to
observe possible impacts on
drought conditions.
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Discussion

The 1996 high-ice case consistently showed fewer risks of drought, as
shown by T2 and PFSC staying mostly moderate with a slight minor
temperature decrease of ~1°C. The 2012 low-ice case had higher
pressure at >14 mb and a slightly higher temperature decrease of 4°C,
leading to a worse drought due to inhibition of cloud formation and
less rainfall. While there was a slight decrease in LH flux of about 5
W/mA2 in 1996, the 2012 low-ice case had a slightly larger decrease in
LH flux of about 15 W/mA2, leading to drier air and a greater risk for
drought. In the 2012 low-ice case rain decreased by 30-45 mm/day in
China, indicating heightened drought risks. In contrast, the 1996 high-
ice case has smaller areas of decreased rain at only about 20 mm/day.
These findings suggest that reduced sea ice amplifies drought risks,
particularly in China, while increased sea ice is related to slightly more
rain, showing the possible implications of ongoing sea ice loss.
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Future Work
Future work will involve extending the si ions to include additional years and
regions to better understand the temporal and spatial variability of Arctic sea ice
impacts. Additionally, integrating higher-resolution datasets to refine the analysis of
precipitation and atmospheric variables. Additionally, we could focus on examining other
drought events or comparing input data with higher spatial resolution, such as ERA5.
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We would like to acknowledge high-performance computing support from the Derecho
system (doi:10.5065/qx9a-pg09) provided by the NSF National Center for Atmospheric
Research (NCAR), sponsored by the National Science Foundation. We would also like to
thank Nishanth Allam for his guidance and technical assistance throughout our
project.
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Ghost of Hurricane Katrina’s Past, Present, & Future:
The Impact of SST on Hurricane Behavior & Intensity

L. Kim, J. Riganati, N. Silbermann, A. Tsai, Dr. S. T. Strey
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L ntroduction ke Data & Methods (] B {
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In recent years, as sea surface temperatures (SST) Hurricane Katrina was simulated using the Weather 3% L
have risen due to climate change, the intensity of Research and Forecasting (WRF) using ERAS data for {(f.‘. <}(
hurricanes has also increased. By looking at how the forcing to draw insights on SST and hurricane —‘-::c.n 1
behavior of past storms change depending on SST, intensity. Simulations were run using test cases of W 2
we can predict how current storms might behave 1984 and 2023, selected due to being record low .
under similar cases. Our research question is “how and high years respectively for SST in the Gulf of 1,,,,..\6 L
do different SST’s impact Hurricane Katrina?” Our Mexico, and a control case of 2005. In WRF, the 2005 ‘/’ /)
study’s role is to not only test how higher SST SST was replaced with the SST data from 1984 and / j -
affects Hurricane Katrina’s intensity but also if and 2023 for the test cases in order to see the impacts of N

Qow lower SST affects Hurricane Katrina’s intensity/ QT on the storm behavior and intensity. Fig. 1) Composite of Storm Paths
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Analysis

Looking at Fig. 2, the difference between the 2023 and 2005 SST’s is

small difference between 2005 and 2023 resulted in the pressure, wind
speed, precipitation, and storm paths being similar to each other, though

rainfall relative to 2005 until ~23Z on the the 28th (where it increased as it
approaches land), a decrease in wind speed, and a shift in the path of the
hurricane to the east, with the worst of the storm hitting Gulfport, MS
instead of New Orleans, LA (Fig. 1). The increase in pressure is likely due to
the decrease in SST, as is the decrease in winds speed. The initial decrease in

expected, the WVMR for the 2023 case was higher than in 2005, meaning
there was more moisture in the storm, explaining the increase in rainfall.

-

Conclusions and Discussion

Based on the results stated above, when SST is lowered, the storm is
significantly weaker. However, the change in severity between the control
and warmer test cases is dependent on the degree of difference between
the SST of the two cases. In the case of 2005 and 2023, the location of high
SST anomalies may impact why there was not much change in severity
between them. For the 1984 case, the data shows a higher eye pressure,
slower wind speed, lower WVMR, and less total rainfall, which indicates a
weaker storm. This shows that a decrease of ~1.5 K is enough to change a
storm’s severity. This supports our hypothesis, but is only currently
applicable to this particular storm. More research is needed to confirm this
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Fig. 2) Composite of Water Vapor Mixing Ratio Fig. 3) Composite of Wind Speed and Sea level Pressure
( ) / SST Difference Between 1984 and 2005 SST Difference Between 2023 and 2005 \

relatively small while the 1984 and 2005 difference is significantly larger. The

there was a increase of precipitation in 2023 after landfall at ~9Z on the 29th
compared to 2005. The 1984 case had: an increase in pressure, a decrease in

rainfall is likely due to a decrease in the water vapor mixing ratio (WVMR). As

J
( )
N v

Coordinate Latitude

Coordinate Latitude

Difference in temperature (K)

Difference in temperature (K)

W SZW S0W G8W oW BaW 82w

Coordinate Lonaitude

%W 92°W S0WI B8W 86W B4W 62

Coordinate Lonaitude
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FIRE Climate Computing 2024 cohort.

FIRE Semester 2

» Students are first introduced to basic
weather and climate variables and concepts
like temperature, pressure, moisture, and
wind through reading, lectures, and applied
programming lab activities.

* Through key journal articles and lab
activities, students learn about the different
components of the climate system and how
they interact.

* Mini Project One gives them an introduction
to CESM as a tool to investigate key climate
1Ssues.

* Mini Project Two focuses on weather case
studies to learn more about WREF as a tool.

FIRE Semester 3

» Students design and propose their research
experience with me within the umbrella
topics of air-sea-ice interactions in phase
one.

* During the second phase, students execute
and analyze their projects.

* At the end of the semester, they participate
in FIRE Summit where they present their
findings and submit papers in the style of a
Geophysical Research Letters article.
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