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1. Summary of Problem, Basic Approach, and Operational Relevance

The proposed work will investigate trends in precipitation and flooding in Michigan, with a
focus on a July 2019 event that broke the state 24-hour rainfall record that had stood since 1914.
A brief presentation of trends in precipitation follows, along with documentation of recent floods
that resulted in disaster declarations. The data document an increase in precipitation and an
increase in frequency of extreme precipitation events, along with several recent instances of
damaging floods. Finally, the precipitation analysis and hydrologic impacts of the July 2019
record event are examined. Though this event was historic, the impacts were relatively minimal.

The proposed work will evaluate the performance of the National Water Model for the record-
breaking event, when forced using the QPF from a variety of operational and experimental
models, similar to the approach taken for the May 2018 Ellicott City, Maryland flood by Viterbo
et al. (2020). The proposed work will incorporate the results of this research within the forecast
methods and IDSS provision processes at the NWS Grand Rapids, Michigan office. The record-
breaking event was associated with a particularly challenging forecasting environment, which
featured a damage-inducing QLCS prior to the heavy rainfall. Environments which produce
concurrent severe weather and flash flooding have been analyzed by Nielsen et al. (2015), who
note the difficulty in forecasting and public communication for these events, which are further
discussed in Henderson et al. (2020).

Since 2000, annual precipitation averaged over all sites in Michigan has increased (Fig. 1).
During that increase, 13 of these 21 years (62%) have exceeded the 1981-2010 normal.
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Figure 1: Michigan total annual precipitation (blue) and 5 year moving average (green), 1981-2010 average
Michigan total annual precipitation (orange) Data from NCEI nCLIMDiv (2020).

The increase in precipitation corresponds with an increase in flow along Michigan’s rivers. For
example, cumulative volume along the Muskegon River at Croton Dam over the last 4 years has
generally met or exceeded the 75" percentile value (Fig. 2).
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Figure 2: Cumulative river flow volume for the Muskegon River at Croton Dam for each water year, for all
recorded years (NWS 2020).

The annual average number of extreme precipitation events over the two most recent 5-year
periods has met or exceeded that of any 5-year period since 1900 (Fig. 3).
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Figure 3: Annual number of days with precipitation exceeding 2 inches, averaged over 5 year periods. Values are
averaged over 17 long-term reporting stations across Michigan (NCEI Michigan State Summary 2020).

These observed changes are consistent with a warming climate which allows the air to have a
greater capacity for water vapor (Frei et al. 1998). These extreme precipitation events have had a
significant impact on society and infrastructure throughout Michigan. In the last four water
seasons in Michigan, three high-impact flash flood events have taken place (FEMA 2020).



1. June 2017, Isabella County. A federal disaster was declared with ~$6 million in

assistance provided.

July 2019, Lake County. 12.92” of rain in 24 hours, breaking the 2014 record of 9.78”.

3. May 2020, Midland County. Two days of heavy rains resulted in the failure of the
Wixom Lake Dam. A federal disaster was declared with ~$33 million in assistance
provided.

N

Additional flooding events in Michigan since 2010 have resulted in federal disaster declarations.

1. 2018 in the Upper Peninsula. ~$45 million in assistance provided.
2. 2014 in Metro Detroit. ~$172 million in assistance provided.
3. 2013 in Grand Rapids. ~$18 million in assistance provided.

Of the 6 events detailed above, it is interesting to note that the July 2019 event in Lake County
that broke the Michigan 24-hour rainfall record did not result in flood damages sufficient to
warrant a federal disaster declaration. MRMS Q3 (radar only) data depicted a 9 isohyet
spreading across Lake and Mason counties near the Lake Michigan shoreline (Fig. 4), with a
smaller area of 10 to 12”. All but one inch of the precipitation fell during a 10-hour period. The
rainfall record was verified by the NCEI State Climate Extremes Committee.
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Figure 4: Multi-radar multi-sensor radar indicated 24 hour precipitation ending 00 UTC 7-21-2019 (NCEI SCEC
Memorandum 2020).

The heaviest rainfall occurred over the confluence of four watersheds (Fig. 5). These four
watersheds encompass three rivers; the Little Manistee, the Big Sable, and the North Branch of
the Lincoln River. The precipitation was thus divided amongst these watersheds and transported
to Lake Michigan via the three rivers, reducing the impact to any one river.
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Figure 5: 48 h NCEP Stage IV precipitation ending 12 UTC 7-21-19. County borders, USGS river gauge sites, water
features, and watershed boundaries.

Moreover, the extreme rainfall took place over a sparsely populated area within the boundaries
of Manistee National Forest, with population densities generally 15 to 20 people per square mile
(ESRI 2015). The soil in the area is primarily classified as “high infiltration with low runoff
potential”, indicating that water is likely to easily penetrate it (Fig. 6a). This is another factor that
reduced the likelihood of long-lasting flooding or rapidly rising waters. Though the soil is easily
infiltrated, its sandy characteristics in this area do not allow it to store much water, only 5 to 10
mm within the soil layer (Fig. 6b). Excess water in the soil layer is distributed into both surface
runoff and groundwater. The impacts of the rainfall were most significant in the tributaries and
small streams.
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Figure 6: Left: Hydrologic Soil Group classified by the USDA Gridded Soil Survey Geographic Database. Right:
Available Water Storage in the soil layer classified by the USDA Gridded Soil Survey Geographic Database.

4



Flooding is not just a matter of having a large amount of precipitation in a short time.
Interestingly, the precipitation that broke the 24-hour rainfall record resulted in relatively
minimal flash flooding, while other events with lesser amounts resulted in significant, even
catastrophic damage. This suggests that flooding can be very sensitive to not only intensity, but
also location (Seo 2018). The grid spacing of operational forecast models continues to decrease,
and convection-allowing ensembles have been employed operationally and within testbed
experiments, helping forecasters to understand the uncertainty of a given event. In principle,
these advances in numerical prediction could lead to greater confidence in the timing, placement,
and intensity of precipitation. The precipitation predicted by these models can be used as input to
the National Water Model (NOAA 2016), which can then predict the hydrologic impacts of the
precipitation in real time. The pairing of these two advances — high resolution, probabilistic QPF
and the National Water Model — has the potential to provide forecasts of impacts that are
grounded in the scientific process. Though the NWM has yet to be paired with a convection-
allowing ensemble in operations, it is close to being realized. A pairing such as this is found
between the NSSL Warn-on-Forecast System and the FLASH flooding prediction system as
documented in Nusrat et al. (2020).

The 2020 failure of the Edenville Dam in Midland County illustrates that the physical
infrastructure in some areas of the state is at risk (M1 EGLE 2020). If the total amount of
precipitation, as well as the intensity and frequency of extreme precipitation events, continue to
increase, Michigan’s aging physical infrastructure may be insufficient. Those responsible for
issuing warnings, communicating warnings, and mitigating and adapting to flood-related losses
can also be considered part of the infrastructure. Though the proposed work will not address the
vulnerability of the physical infrastructure, it will seek to improve the knowledge and capabilities
of the NWS forecasters responsible for quantitative precipitation forecasts and communicating
their impacts.

The proposed work will include efforts from a university professor and his undergraduate
students, an NWS Science and Operations Officer, and a Hydrometeorology Testbed Support
Scientist at WPC. The three Pls have longstanding working relationships with one another. The
proposed work seeks to inform forecasters on trends in precipitation and the current capabilities
of the National Water Model in Michigan. A verification of QPF from operational and
experimental models for the July 19, 2019 record breaking event will be conducted, along with
an evaluation of the performance of the hydrologic model when forced by the QPF from these
models. Finally, results of these activities will be incorporated into GRR forecaster training, and
where appropriate, used to guide operational procedures.

2. Statement of Objectives and Methods

1. Climatology of rainfall and flooding across Michigan. This analysis will focus on
trends in liquid precipitation at different locations. A particular focus will be on trends
and variability in extreme precipitation events, such as those shown in Figure 3. Analysis
of which precipitation events led to flooding will come from NCEI’s storm events
database (NCEI 2020). Composite analysis and case studies of events associated with
flooding will highlight common synoptic conditions which result in flooding in
Michigan. Finally, the amount of rainfall that occurred in areas where NWS flash flood
and flood watches and warnings were issued will be examined. The results of this
objective will provide forecasters with greater knowledge of how precipitation is



changing across Michigan and the meteorological conditions associated with these
changes. This information has the potential to provide forecasters with greater situational
awareness and context for future heavy rain events.
a. Focal Points: Undergraduate students, supervised by Baxter and NWS
b. Data Sources (location and data type): Storm Data, lowa State, QPE: Gauges,
Stage IV, CPC

Evaluation of the National Water Model Reanalysis and Recent Operational
Forecasts in Michigan. This objective makes use of a 26 year archive of a National
Water Model reanalysis, which is freely available via the Amazon Cloud (Blodgett 2020),
and just over 2 years of archived forecasts from the National Water Model, freely
available via the Google Cloud. Any portions of either dataset can be analyzed and
plotted using Python programming without the need to download the entire dataset.
Participants in this portion of the project will learn the latest techniques for analysis and
visualization of cloud hosted data from NOAA’s Big Data Program (Richardson et al
2020). The reanalysis uses QPE as input, and thus represents the upper limit of capability
of the model, as errors in QPF will propagate to the hydrologic model. A true verification
of the reanalysis is difficult to achieve, as the only available observations, USGS gauges,
are included in the assimilation to create the reanalysis. However, the reanalysis can
provide an estimate of the distribution of historical streamflow values at many locations
that do not have USGS gauges. This knowledge can help to provide forecasters with
context when examining real-time forecasts from the National Water Model for locations
that do not have USGS gauges. The limited number of archived real-time forecasts from
the National Water Model will be verified at USGS gauge locations. In addition, the
heavy rain and flooding events from Objective 1 above will be analyzed in greater detail,
in order to focus on the ability of the model to simulate the events with the greatest
impacts.
a. Focal Points: Undergraduate students, supervised by Baxter and Trojniak
b. Data Sources (location and data type):
i. Model output: NWM Reanalysis (https://registry.opendata.aws/nwm-
archive/)
(https://console.cloud.google.com/marketplace/product/noaa-
public/national-water-model)
ii. Observations: USGS Gauges

. Verification of model forecasts for the July 19, 2019 event, using the operational
models, experimental models run during the 2019 Flash Flood and Intense Rainfall
Experiment, and current experimental models rerun for the date. Traditional contingency
table type verification and object-oriented verification will be performed using the Model
Evaluation Tools package (Brown et al. 2021) from NCAR’s Developmental Testbed
Center. Though probabilistic verification metrics are best applied to a large collection of
forecasts, there are some metrics which will be illuminating for a single event. The Pl
responsible for these efforts has performed forecast verification using this software
package as part of previous efforts, and the University Pl has also made use of the
package in his research. This effort will focus on QPF verification, but where data is
available, the differences in atmospheric fields responsible for the variability in QPF will
be examined. The QPF serves as a primary input for hydrologic models, which are then
employed to determine hydrologic impacts. This part of the project will provide us with
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the lead-time provided by each modeling system, as well as the variability of the
maximum QPF in space. The results will provide forecasters with information on the
strengths and weaknesses of each modeling system for this event. Though generalizations
about model capabilities cannot be made from a signal event, a comparison of the
information the different modeling systems can provide at different lead times can be
insightful to the forecast process. The performance of new and experimental convection-
allowing ensembles in this event, and the unique information they can provide relative to
other kinds of modeling systems, will help forecasters to more effectively incorporate this
kind of guidance into the forecast process as it becomes operationally available.
a. Focal Points: Trojniak
a. Data Sources (location and data type):
i. Model output:
1. NCEI NOMADS: GFS, NAM, RAP, GEFS, NDFD
2. OU CAPS: SSEF
3. NCEP/NWS Mass Store: HREF, HRRE, NBM
4. EMC/WPC-HMT: FV3-SAR, FV3-LAM, FV3-LAMX, HRRRv3
and v4
5. TIGGE archive: ECMWEF and EPS
ii. Observations: RTMA (NCEI), Radar (NCEI/AWS), ERAS reanalysis,
Stage 1V, Gauges, MRMS

. Evaluation of streamflow and other hydrologic conditions output by WRF-Hydro.
WRF-Hydro is a hydrologic model developed by NCAR, and provides hydrologic
variables at ~1.7 million grid points across the U.S. (Gochis et al. 2020). WRF-Hydro
will be run locally with a configuration similar to that of the operational National Water
Model. WRF-Hydro will be run in ‘uncoupled’ mode, and not paired with the WRF
model. This allows the hydrologic model to be forced solely by the QPF or QPE from
any gridded data source. This effort will first investigate the ability of the hydrologic
model to realistically simulate the impact of the rain that fell using QPE as forcing. Next,
the hydrologic impacts from each model QPF will be analyzed, in order to determine the
envelope of possible hydrologic impacts associated with varying QPF coverage and
intensity. This analysis will help forecasters to understand how the National Water Model
works, along with the sensitivity of the hydrologic system to varied QPF inputs from
operational models. These results will be compared with those of the operational National
Water Model run during the event, which are freely available on Google Cloud. The
results will aid forecasters in understanding the limits of the National Water Model when
deterministic QPF is the sole input source. In addition, this analysis will provide valuable
information on how effective WRF-Hydro is in a hydrologic environment that allowed
record-breaking heavy rainfall to cause relatively minimal hydrologic impacts. The
University Pl in charge of this objective is a longtime user of the WRF model in an HPC
environment, and recently completed an AMS short course sponsored by NCAR on the
use of WRF-Hydro. The results of this effort will be compared with the operational
output from the NWM at the time, which is available via the Google Cloud.
a. Focal Points: Baxter
b. Data Sources (location and data type):
I. Model output and observations: As in 3 above.
ii. Additional observations: USGS gauge data, Satellite data of land cover
following the precipitation



5. Consideration of NWS Grand Rapids forecast methods and IDSS provision prior to
and during previous flooding events. Based on the results of parts 1-5 above, updates to
forecaster training along with improvements in local tools will be considered. One
example could be the development of tutorials on how the National Water Model
performs in the forecast area. GIS-derived imagery which highlight geophysical features
(e.g., soil types and their available water storage) and man-made structures vulnerable to
flooding (e.g., dams, structures in frequently flooded areas) available in the NWS
Situational Awareness for Emergency Response Hazard Dashboard will be assessed for
their utility in the forecast process. If the assessment indicates that additional or further
customized imagery would be beneficial, it will be created using online GIS-based
resources or manually via local GIS installations. One goal of these efforts will be to
bridge the gap between flash flood and flood watches and warnings through integrating
available models and observations (both atmospheric and hydrologic) to perform
mesoanalysis that incorporates more awareness of the hydrologic impact of the
impending rainfall. NWS GRR personnel will connect with the WPC MetWatch
forecaster who was on duty during the event to discuss potential improvements in
collaboration during flooding events between the office and the national center. Finally, a
list of references and websites will be collated to serve as a resource for learning more
about hydrology and available datasets. All of these efforts will facilitate the potential for
improved forecasts, watches, warnings, and IDSS provision at NWSFO GRR.

a. Focal Points: NWS
b. Data Sources: NWS GRR local training materials

3. Description of specific tasks to be accomplished and an approximate time schedule
The following is based on a one-year timeline, as required for a Partners Project. It is likely that

an extension will be requested, as the conferences relevant to the research are further than one
year after the anticipated start of the project.



Objective | June & July 21 | Aug & Sep21 | Oct & Nov 21 | Dec & Jan 22 | Feb & Mar 22 | Apr & May 22
1) Acquire and Develop Compile Compile Create Formalize
organize data analysis and rainfall flooding composites of | results &
listed above visualization climatology climatology conditions integrate with
code associated other
with flooding | objectives
2) Acquire and Learn about Develop Run Evaluate Formalize
organize data the NWM and | evaluation/ evaluation/ results of results &
listed above gauge data verification verification evaluation/ integrate with
code code verification other
objectives
3) Acquire and Select which Run MET Run MET Evaluate Formalize
organize data parts of MET | verification verification results of results &
listed above verification code code verification integrate with
code to run other
objectives
4) Acquire and Configure and | Run model Run model for | Evaluate Formalize
organize data compile WRF- | and validate it | July 2019 case | model results | results &
listed above Hydro model for test cases integrate with
other
objectives
5) Acquire and Develop list of | Develop Develop Develop Formalize
organize data references and | maps of tutorials on mesoanalysis | results &
listed above websites features NWM examples and | integrate with
vulnerable to methodology | other
flooding objectives

Additional outcomes:

e Presentation of results will take place at either the Fall 2022 National Weather Association
Annual Meeting or the Winter 2023 American Meteorological Society Annual Meeting.
Presentation of results will also be made at the 2022 Flash Flood and Intense Rainfall
experiment, which Dr. Trojniak organizes annually. Undergraduate students working on

the project will have the opportunity to observe the experiment.

e One journal submission on the trends in extreme precipitation in Michigan and National
Water Model performance, along with discussion of IDSS, training, tools, and
communication for recent flooding events in Michigan

o Work areas: 1, 2, and 5
o Target Journal: NWA Journal of Operational Meteorology

e One journal submission on the model accuracy (predictability) for QPF and hydrologic
model output for the record-breaking event
o Work areas: 3 and 4
o Target Journal: AMS Weather and Forecasting

4. Brief Pl descriptions

Marty Baxter is Professor of Meteorology at Central Michigan University. His primary teaching
areas are synoptic meteorology and weather forecasting. His research interests involve the
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observation and modeling of summer and winter precipitation. He has been at CMU for 15 years.
His research results on snow ratios have been used at WFOs across the country. His involvement
with the COMET program includes serving as Academic Lead Instructor for the 2005 MSC Winter
Weather and the 2007 COMAP course. He has been awarded two prior COMET Partners
proposals, both of which resulted in publication in the AMS Weather and Forecasting journal.
Additionally, he served as co-Pl on a NOAA C-STAR grant. A short vita is attached to this
proposal.

TJ Turnage has served as the Science and Operations Officer at the National Weather Service in
Grand Rapids, MI (GRR) since 2006. He received his Masters Degree from Florida State
University and specializes in mesoscale meteorology. Additional NWS personnel from GRR who
will assist with the project include Andrew Dixon (Service Hydrologist), Brandon Hoving
(Observing Program Leader), and Joe Ceru (GIS Subject Matter Expert). These supporting
personnel are not included in the budget, and their level of involvement will be at the direction of
TJ Turnage.

Sarah Trojniak is a Hydrometeorology Testbed Support Scientist at the Weather Prediction Center,
employed by Systems Research Group, Inc. She is the facilitator for the Flash Flood and Intense
Rainfall Experiment, which focuses on evaluating the ability of experimental guidance and product
to highlight intense rainfall and flooding events. Both her Masters and Doctorate work focused on
extreme rainfall in western Michigan.

Drs. Baxter and Trojniak have a history of working together, as Dr. Trojniak was an undergraduate
student at CMU. Dr. Trojniak went on to work with Dr. Baxter’s Ph.D. advisor at Saint Louis
University, and Dr. Baxter was a member of her M.S. committee. Baxter and Turnage know each
other from our participation in the 2007 COMAP course, and through our interactions regarding
student internships and other initiatives between the NWS office and the meteorology program.

5. Summary of contributions to be made by the university and/or forecast office

In support of the project, the University Pl will donate his time free of cost in both the summer
and during the academic year. In addition, computing needs will be provided by CMU. The PI has
access to a high performance computing environment at Michigan State University that CMU has
purchased access to. In addition, the University PI has 30 TB of storage on CMU’s campus, which
will be used to store and share all data relevant to the project. Local NWS facilities would not have
a computer system such as this, or the available bandwidth, which are both necessary to conduct
the proposed research. More information about the resources available at MSU is available here:
https://wiki.hpcc.msu.edu/pages/viewpage.action?pageld=20120131. In order to provide the
undergraduate students with adequate payment for their efforts, and remain under the required
$15K limit, the University Pl will contribute $1500 in university travel funds towards conference
travel, and will contribute mileage and per diem for both research and conference trips from either
university funds or out of pocket.

The WPC Development and Training Branch manager has approved the project as part of the PI’s
workflow and therefore no compensation is needed. Any travel costs to conferences will be
covered by the PI’s contract company, SRG. The contributions from the two NWS PIs are
documented in the budget section below.
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In addition to the contributions listed in the budget section, The NWS Warning and Forecast Office
(WFO) PI will also provide collaboration with the Service Hydrologist to assess both the forecast
guidance and how this information could be incorporated into targeted Decision Support Services.
The NWM could be used to create hypothetical “worst case” forecast scenarios that could be
evaluated for utility in training and possible inclusion for table top scenarios with NWS partners.
The WFO PI will also assess how findings from this effort can be implemented into the WFO’s
operational workflow. The WFO also has a subject matter expert in GIS who will be able to assist
with Objective 5: Consideration of NWS Grand Rapids forecast methods and IDSS provision.

6. Description of budget

The proposed budget includes funding for the University Pl and two undergraduate students, and
the NWS PI.

Three trips are planned:

1. A rresearch trip for the University Pl to the Grand Rapids NWS office.
2. Aresearch trip for the NWS PI to Central Michigan University
3. A conference trip for all to either the NWA or AMS Annual Meeting

The University Pl will drive to Grand Rapids, Ml and staying 4 nights in a hotel at $150 per night.
The NWS PI will drive to Mt. Pleasant, MI in a federal vehicle. The current standard federal per
diem rate for Michigan of $55 per day and the federal lodging rate of $96 per night are used for 4
nights hotel stay and 5 days of work. Given the close proximity (~88 miles) between the two
locations, multiple trips may be made up to the limit of 4 night’s stay and 5 days’ work.

The 2023 AMS conference is to take place 6-10 January 2023. The 2022 NWA conference does
not yet have a city listed. Registration, hotel, and flight costs for the University Pl and two
undergraduate students were estimated by using rates from the 2020 AMS annual meeting in
Boston, MA. For the students, these are: $250 registration, $750 hotel (using a $250 per night rate),
and $200 flight, each. For the University PI, these are: $600 registration, $1250 hotel, and $200
flight. The costs for the University Pl are reduced by $1500, which will be contributed by the
University. The NWS PI’s costs were estimated in a similar fashion, and use current federal per
diem rates estimated using a high cost city.

The salary for the undergraduate researchers was calculated using a $10.50 per hour rate. Students
will work 15 hours per week during the summer, for 11 total weeks. Fringe benefits are required
during the summer, and are calculated at 7.65%. Students will work 5 hours per week during the
academic year, for two 14-week semesters. The bulk of the money from the grant would go to
supporting these students. The students will need to spend considerable time and effort
accomplishing the objectives specified in the proposal. The Pls see this as a great opportunity for
two students to gain experience in understanding the breadth of challenges at an NWS forecast
office. This experience will prepare them well for eventually entering the NWS.

Charges for a publication in Weather and Forecasting were allocated based on the current $120
per printed page rate, with an approximated 20 pages. Charges for a publication in the Journal of
Operational Meteorology were allocated based on the current flat rate of $450. The University’s
46.5% on campus federal rate was included on all costs.
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University Senior Personnel

COMET Funds

NWS Contributions

1. Martin Baxter 5 h /wk, 12 months NA
2. (no salary requested) NA
Other University Personnel
1. Undergraduate Research Assistant #1 15 h / wk, 11 weeks NA
5 h /wk, 28 weeks
$3202.50
2. Undergraduate Research Assistant #2 15 h / wk, 11 weeks NA
5 h / wk, 28 weeks
$3202.50
Fringe Benefits on University Personnel 7.65% during summer NA
only = $132.5 x 2 = $265
Total Salaries + Fringe Benefits NA

NWS Personnel

1.Thomas Turnage NA 3 h/wk, 12 months
60 h FY21,84 h FY 22
2. Sarah Trojniak NA 5 h/wk, 12 months
100 h FY21, 140 h FY 22
Travel
1. Research Trips $600 (Baxter only) $755 (Turnage only)
2. Conference Trips Baxter: $550 Turnage: $2430

Two Students: $1200 each
Total: $2950

Trojniak: $2430

3. Other
Total Travel $3550
Other Direct Costs
1. Materials & Supplies NA
2. Publication Costs (put in the NWS column if a $2850
co-author will be an NWS employee)
3. Other Data
4. NWS Computers & Related Hardware NA
5. Other (specify)
Total Other Direct Costs $0
Indirect Costs NA
1. Indirect Cost Rate 46.5%
2. Applied to which items? All
Total Indirect Costs $4752 NA
Total Costs (Direct + Indirect) | $14972 ($10220 + $4752) | $8465
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Martin A. Baxter

Central Michigan University, Department of Earth and Atmospheric Sciences
Mt. Pleasant, Michigan, 48859

Telephone: (989) 774-2055, Email: baxtelma@cmich.edu

Professional Preparation:

Saint Louis University Meteorology Ph.D. 2006
Saint Louis University Meteorology M.S. 2003
University of Missouri-Columbia Atmospheric Science B.S. 2001
Professional Appointments:

Central Michigan University, Mt. Pleasant, Ml Professor 2017—present
North Carolina State Univ., Raleigh, NC Adjunct Associate Professor 2013—present
Central Michigan University, Mt. Pleasant, Ml Associate Professor 2012-2017
Central Michigan University, Mt. Pleasant, Ml Assistant Professor 2006-2012

Publications: (last three years)

Baxter, M.A., 2020: Winter Weather: Warming Shrivels Future Snowstorms, Nature Climate
Change, 10, 494-495.

Radford, J.T., G.M. Lackmann, and M. A. Baxter, 2019: Evaluating the predictability of
snowbands in the High-Resolution Rapid Refresh, Weather and Forecasting, 34, 1477-
1494,

Zheng, T., R. Nassar, and M. Baxter, 2019: Estimating power plant CO2 emission using OCO-2
XCO2 through analytical Bayesian inversion, Environmental Research Letters, 14,
085001.

Zheng, T., N. French, and M. Baxter, 2018: Development of WRF-CO2 4DVar Assimilation
System. Geoscientific Model Development, 11, 1725-1752.

Baxter, M.A. and P.N. Schumacher, 2017: Distribution of Single-Banded Snowfall in Central
United States Cyclones. Weather and Forecasting, 32, 533-554.

Publications: (five other significant)

Hartnett, J.J., J.M. Collins, M.A. Baxter, and D.P. Chambers, 2014: Spatiotemporal Snowfall
Trends in Central New York, Journal of Applied Meteorology and Climatology, 53,
2685-2697.

Baxter, M., G. Lackmann, K. Mahoney, T. Workoff, and T. Hamill, 2014: Verification of
Quantitative Precipitation Reforecasts over the Southeast United States. Weather and
Forecasting, 29, 1199-1207.

Bunkers, M.J. and M. A. Baxter, 2011: Radar Tornadic Debris Signatures on 27 April 2011,
Electronic Journal of Operational Meteorology, 12, (7), 1-6.

Baxter, M.A., P.N. Schumacher, and J.M. Boustead, 2011: The Use of Potential VVorticity
Inversion to Evaluate the Effect of Precipitation on Downstream Mesoscale Processes,
Quarterly Journal of the Royal Meteorological Society, 137, 179-198.

Baxter, M.A., C.E. Graves, and J.T. Moore, 2005: A Climatology of Snow to Liquid Ratio for
the Contiguous United States, Weather and Forecasting, 20, 729-744.

Synergistic Activities:
Member of AMS Weather Analysis and Forecast Committee, January 2016-August 2020
Member of UCAR/Unidata Strategic Advisory Committee, October 2016-2019
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Member of UCAR/Unidata Users Committee, October 2011-September 2014

Served as Academic Lead Instructor for two forecaster training courses at UCAR/COMET:
Meteorological Services of Canada Winter Weather Course (2005) and NWS Mesoscale
Analysis and Prediction Course (2007)

Reviewer for Weather and Forecasting, Bulletin of the American Meteorological Society, Pure
and Applied Geophysics, Monthly Weather Review, Quarterly Journal of the Royal
Meteorological Society, Electronic Journal of Operational Meteorology, Journal of the
Atmospheric Sciences, Atmospheres, Nature Climate Change, Remote Sensing, Atmospheric
Science Letters, Atmospheric Research, Journal of Applied Meteorology and Climatology,
National Weather Digest, International Journal of Climatology, Journal of Atmospheric and
Oceanic Technology, and Atmospheric Measurement Techniques. Received the 2013 Editor’s
Award for the Bulletin of the American Meteorological Society. Served as Editor of the Journal
of Operational Meteorology. Proposal Reviewer for NOAA, NASA, NSF.

Prior Research Support:

Lackmann, G.M, and M.A. Baxter: Prediction of Heavy Banded Snowfall: Resolution
Requirements, Microphysical Sensitivity, and Hydrometeor Lofting. National Oceanic and
Atmospheric Administration Collaborative Science, Technology, and Applied Research
Program. (May 1 2016 — April 30 2019). $355,734, with $103,538 subcontracted to CMU.

Baxter, M.A., P.N. Schumacher: Climatology and conceptual models of snowfall distribution in
cold-season Central U.S. cyclones. UCAR/COMET. (17 August 2011-1 May 2013). $16,686

Baxter, M.A., P.N. Schumacher, and J. Boustead: Variability of the Influence of Convection on
Conveyor Belts: Development of Conceptual Models and Forecast Methodologies.
UCAR/COMET. (1 March 2007-28 August 2008). $14,275

Additional external funding for equipment and other services totaling $45,798.

Collaborators and Other Affiliations:

(i.) Non-CMU Collaborators (past co-authors, co-Pls, or research collaborators):

Gary Lackmann (NCSU); Kelly Mahoney (ESRL); Thomas Hamill (ESRL); Thomas Workoff
(NCEP); Philip Schumacher (NWS); Matthew Bunkers (NWS); Jennifer Collins (USF)

(ii.) Graduate and Postdoctoral Advisors:
James T. Moore (M.S. & Ph.D. co-advisor); Charles E. Graves (M.S. & Ph.D. co-advisor)

(iii.) Undergraduate Research Advisor and Graduate Committee Member (current affiliation):
Jillian Goodin, B.S. (Northern Illinois U., M.S. student)

Woody Unruh, B.S. (NWS, Duluth, MN)

Alex Smith, B.S. (Texas A&M, M.S. student)

Jacob Radford, M.S. (North Carolina State U., Ph.D. student)

Heather Richards, B.S. (Ball State U., M.S. student)

Kevin Prince, B.S. (U. Wisconsin-Milwaukee, Ph.D. student)

Jennifer Tate, M.S. (NWS/NCEP/WPC)

Patrick Saunders, B.S. (NWS, Cleveland, OH)
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Tim Theilke, B.S. (U. Wisconsin-Milwaukee, Ph.D. student)
Andrea Honor, B.S. (NWS, Grand Rapids, MI)

Stephanie Bonney, B.S.

Maura Casey, B.S. (NWS, Portland, ME)

Sarah Trojniak, M.S. (NWS/NCEP/WPC)

Justin Hartnett, M.S. (Syracuse U., Ph.D. student)

L.B. LaForce, B.S. (Accuweather Inc.)

Adam Picard, B.S. (Atmospheric Technology Services Co.)
Kim Hoogewind, M.S. (NOAA/NSSL & OU/CIMMS)

Mike Piatek-Jimenez, B.S. (Gaucho Software LLC)

Kim Hoogewind, B.S. (NOAA/NSSL & OU/CIMMS)

Chad Gravelle, Ph.D. (NWS Southern Region, Fort Worth, TX)
Jayson Gosselin, M.S. (NWS, St. Louis, MO)

Rachel Kulik, B.S. (NWS, Hastings, NE)

Kailey Marcinkowski, B.S. (Michigan Tech U., Research Scientist)
Brandon Hoving, B.S. (NWS, Grand Rapids, MI)

David Anderson, B.S.

Michelle Keast, B.S. (USAF)
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U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration

National Weather Service, Central Region Headquarters
7220 NW 101 Terrace
Kansas City, MO 64153

May 11,2021

MEMORANDUM FOR: COMET Proposal Review Board

FROM: Kenneth W. Harding
NOAA/NWS Central Region Director

SUBJECT: Evaluation of Model QPF and Associated Hydrologic Impacts
Predicted by the National Water Model in the July 19, 2019
24-hour Record Rainfall in Michigan

The NWS Central Region Headquarters has reviewed the COMET Partners program
proposal entitled, “Evaluation of Model QPF and Associated Hydrologic Impacts
Predicted by the National Water Model in the July 19, 2019 24-hour Record Rainfall in
Michigan’;, submitted collaboratively by Central Michigan University (CMU), NWS Grand
Rapids, Michigan, and the Weather Prediction Center (WPC).

This appears to be a very interesting and worthy topic for exploration. The scope and
highly collaborative nature of the work, including the NWS, CMU (a professor and his
undergraduate students), and WPC has the potential fo benefit many parties. In
addition to examining precipitation/flood trends, and the capabilities of the National
Water Model in Michigan, additional connections of this research to improved IDSS by
NWS GRR, the global climate, and the impact of extreme rainfall on an aging physical
infrastructure add even greater relevance to this work. It is also noteworthy that
planned outcomes of this research include a national NWA or AMS meeting
presentation, a presentation at WPC's 2022 Flash Flood and Intense Rainfall
Experiment, and two journal submissions.

This collaborative project has the potential fo improve our scientific understanding of
extreme rainfall events, and to enhance the life saving services provided by the NWS. |
strongly endorse this proposal.




SERVICEg
t"f*‘x f{s;f

& Program Support Center
r.: DEPARTMENT OF HEALTH & HUMAN SERVICES Financial Managem ent Portfolio
3 C Cost Allocation Services
T‘é‘{‘

%‘m 1301 Young Street, Room 732

Dallas, TX 75202

PHONE: (214) 767-3261

FAX: (214) 767-3264

EMAIL: CAS-Dallas@psc.hhs.gov
February 8, 2019

Mr. Barrie Wilkes

Vice President, Finance & Administrative Services
Central Michigan University

Finance & Administrative Services

Warrior Hall 104

Mount Pleasant, M| 48859

Dear Mr. Wilkes:

A copy of an indirect cost rate agreement is being sent to you for signature. This provisional agreement
reflects an understanding reached between your organizationand a member of my staff concerning the
rate(s) that may be used to support your claim for indirect costs on grantsand contractswith the
Federal Government.

Please have the agreement signed by an authorized representative of your organizationand returnto
me by email, retaining the copy for your files. Our email address is CAS-Dallas@ psc.hhs.gov. We will
reproduce and distribute the agreement to the appropriate awarding organizations of the Federal
Government for their use.

The Office of Management and Budget (OMB) has requested that we reach an agreement witheach
institution on components for the published F&A cost rates. The attached form(s) are provided for that
purpose. Please sign the form(s) and returnthem with an agreement.

An indirect cost proposal, together with the supporting information, is required to substantiate your
claim for indirect cost under grantsand contractsawarded by the Federal Government. Thus, your next
proposal based on actual costs for the fiscal year ending 06/30/2021 is due in our office by 12/31/2021.
Please submit your next proposal electronically via email to CAS-Dallas@ psc.hhs.gov.

Sincerely,

Digitally signed by Arif M. Karim -5
DN:¢=US, 0=1).5. Government, ou=HHS,

Arif M_ Karim —S ‘ou=PSC, ou=People, cn=Arif M. Karim -,

0.9.2342.19200300.100.1.1=2000212895
Date: 2019.02.10 22:17:20 -06'00"

Arif Karim
Director
Cost Allocation Services

Enclosure

PLEASE SIGN AND RETURN THE NEGOTIATION AGREEMENT BY EMAIL



COLLEGES AND UNIVERSITIES RATE AGREEMENT

BEIN: 1386004447A1

ORGANIZATION:
Central Michigan University

DATE:02/08/2019

FILING REF.: The preceding
agreement wasg dated

Finance and Administrative Services 02/28/2014

Warriner Hall 104
Mount Pleasant, MI 48859-

The rates approved in this agreement are for use on grants, contracts and other
agreements with the Federal Government, subject to the conditions in Section IIL.

SECTION I: Facilities And Administrative Cost Rates

RATE TYPES: FIXED FINAL PROV. (PROVISIONAIJL) PRED. (PREDETERMINED)

EFFECTIVE PERTOD

TYPE FROM TO RATE (%) LOCATION APPLICABLE TO

PRED 07/01/2018 06/30/2019 44 .50 On Campus Organized
Regearch

PRED 07/01/2019 06/30/2022 46 .50 On Campus Organized
Regearch

PRED. 07/01/2018 06/30/2019 44 .50 On Campus Instruction

PRED. 07/01/2019 06/30/2022 46.50 On Campus Instruction

PRED. 07/01/2018 06/30/2019 32.00 On Campus Other Sponsored
Activities

PRED. 07/01/2019 06/30/2022 34 .00 On Campus Other Sponsored
Activities

PRED. 07/01/2018 06/30/2022 26.00 Off Campus All Programs

PROV. 07/01/2022 Until Use same rates

Amended and conditions

as thosge cited
for fiscal year
ending June 30,
2022.
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ORGANIZATION: Central Michigan University
AGREEMENT DATE: 2/8/2019

*BASH

Modified total direct costs, consisting of all direct salaries and wages,
applicable fringe benefits, materials and supplies, services, travel and up to
the first $25,000 of each subaward (regardless of the period of performance of
the subawards under the award). Modified total direct costs shall exclude
equipment, capital expenditures, charges for patient care, rental costs,
tuition remission, scholarships and fellowships, participant support costs and
the portion of each subaward in excess of $25,000. Other items may only be
excluded when necessary to avoid a serious ineguity in the distribution of
indirect costs, and with the approval of the cognizant agency for indirect
costs.
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ORGANIZATION: Central Michigan University
AGREEMENT DATE: 2/8/2019

SECTION II: SPECIAL REMARKS

TREATMENT OF FRINGE BENEFITS:

The fringe benefits are specifically identified to each employee and are
charged individually as direct costs. The directly claimed fringe benefits are
ligted below.

TREATMENT QF PAID ABSENCES

Vacation, holiday, sick leave pay and other paid absences are included in
salaries and wages and are claimed on grants, contracts and other agreements
as part of the normal cost for salaries and wages. Separate claimg are not
made for the cost of these paid absences.

OFF-CAMPUS DEFINITION: For all activities performed in facilities not owned by
the institution and to which rent is directly allocated to the project(s), the
of f-campus rate will apply. Actual costs will be apportioned between on-campus
and off-campus components. Each portion will bear the appropriate rate.

FRINGE BENEFITS:

FICA
Retirement/Pension
Digability Insurance
Worker's Compensation
Life Insurance
Unemployment Insurance
Health Insurance
Tuition Remission
Dental Insurance

Your next proposal, based on actual costs for the fiscal year ending
06/30/2021, is due in our office by 12/31/2021.

Equipment means tangible personal property {(including information technology
gsystems) having a useful life of more than one year and a per-unit acguisition
cost which equals or exceeds the lesser of the capitalization level
established by the non-Federal entity for financial statement purposes, or
$5,000.
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ORGANIZATION: Central Michigan University
AGREEMENT DATE: 2/8/2019

SECTION III: GENERAL

A, LIMITATIONS:

The rxates in this Agreement are subject to any statutory or administrative limitations and apply to a given grant,
contract oxr other agreement only to the extent that funds are available. Acceptance of the rates is subject to the
following conditions: (1) Only costs incurred by the organization were included in its facilities and administrative cost
pools as fimally accepted: such costs are legal obligations of the organization and are allowable under the governing cost
principles; (2) The same costs that have been treated as facilities and administrative costs are not claimed as direct
costs; (3) Similar types of costs have been accorded consistent accounting treatwent; and {4) The information provided by
the organlzatlon which was used to establish the rates is not later found to be materially incomplete or inaccurate by the
Federal Government. In such situations the rate(s) would be subject to renegotiation at the discretion of the Federal
Gavernment.

B. ACCOUNTING CHANGES:

This Agreement is based on the accounting system purported by the organizaticn to be in effect during the Agreement
period. Changes to the method of accounting for costs which affect the amount of reimbursement regulting £rom the use of
this Agreement require prior approval of the authorized representative of the cognizant agency. Such changes include, but
are pot limited to, changes in the charging of a particular type of cost from facilities and administrative to direct.
Failure to obtain approval may result in cost disallowances.

C. EIXED RALES;

If a fixed rate is in this Agreement, it is based on an estimate of the costs for the period covered by the rate. When the
actual costs for this period are determined, an adjustment will be made to a rate of a future year(s) to compensate for
the difference between the cogts used to establish the fixed rate and actual costs.

3. USE BY OTHER FEDERAL AGENCIES:

The rates in this Agreement were approved in accordance with the authority in Title 2 of the Code of Federal Regulations,
Part 200 (2 CFR 200), and should be applied to grants, contracts and other agreements covered by 2 CFR 200, subject to any
limitations in A above. The organization may provide copies of the Agreement to other Federal Agencies to give them early
notification of the Agreement.

E. OTHER;

If any Federal contract, grant or other agreement is reimbursing facilities and administrative costs by a means other than
the approved rate(s) in this Agreement, the organization should {1} credit such costs to the affected programs, and (2)
apply the approved rate(s) to the appropriate base to identify the proper amount of facilities and administrative costs
allocable to these programs.

BY THE INSTITUTICN: ON BEHALF OF THE FEDERAL GOVERNMENT:

Central Michigan University
DEPARTMENT OF HEALTH AND HUMAN SERVICES

(INSTITUTION) ~ (AGENCY) ;. Digltally signediby Arif M. Xarim -§

PN:£=US, a=LL5. Government, su=HHS, ou=PsC,
f—B Arif M. Karim S oumbeapia enmArH Kol .
, . 0.92342,19200300.100.1.1=200021 2895

Date: 2019.02.50 2%:16:19-06'00°

{SIGNATURE) {5 1GNATURE}
BMV\@ W\“L@S Arif Karim
(NAME) (NAME)
V‘Ce Pvesrldeﬂ} "F[Mﬂ.ce W Avlm iﬂ }:S'I'Ydj&& &theg Director, Cost Allocation Services
(TITLE) (TITLE)

2""' /?'/ ? z/8/2018

{DATE) 2008

{DATE)

HHS REPRESENTATIVE: Theodore Foster

Telephone: (214) 767-3261
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COMPONENTS

INSTITUTION:
FY COVERED BY RATE:

APPLICABLE TO:

RATE COMPONENT:

Building Depreciation
Equipment Depreciation
Interest
Operation & Maintenance
Library
Utility Cost Allowance
Administration®

TOTAL

OF PUBLISHED F&A COST RATE

Central Michigan University

JULY 1, 2018 through JUNE 30, 2022

ORGANIZED RESEARCH

FY 2019

ON CAMPUS

56
1.5
1.3
9.9
0.2
0.0
26.0

44.5

FY 20 -22

ON CAMPUS

5.1
1.6
1.3
12.2
0.3
0.0
26.0

46.5

* Reflects provisions of Appendix i to Part 200 of Uniform Guidance—Indirect (F&A) Costs Identification arkd Assignment,
and Rate Determination for Institutions of Higher Education (IHEs), C.8. dated December 26, 2013.

CONCURRENCE:

Central Michigan University

(Institution)

{Signature)

Pavrie, Wilkes

(Name)

Vice Presi dent -Finamee i Adminishahve ServiceS

(Title)
2-/9-79%

{Date}




NWS Checklist for Submitting a COMET Outreach Proposal

Actions Before Proposal is Submitted to COMET

1. Did NWS office staff and university staff meet to discuss and
form outline and scope of project?

2. Did NWS office consult Scientific Services Division (SSD)
staff?

3. Was Statement of Work and budget formulated as a team
effort between university and NWS staffs?

4. Was proposal submitted to SSD for review?

5. Did SSD forward copies of proposals dealing with WSR-88D
data to Radar Operations Center (ROC), Applications Branch
Chief for review?

6. Did SSD forward copies of proposals dealing with
hydrometeorology to the Senior Scientist of National Water
Center (under NWS Office of Water Prediction) for review?

7. Did SSD review the data request for project to ensure its
scope and criticality for proposal?

8. Is all data for the project being ordered by NWS offices
through the National Center for Environmental Information
(NCEI) (ncei.info@noaa.gov) free of charge?

9. Does budget include publication charges and travel costs for
NWS employees to present results at scientific conferences?

10.Does budget separate NWS costs into fiscal year costs and
university costs into calendar year costs?

11.Does proposal include a separate justification for university
hardware purchases which are usually not funded by the
COMET Outreach Program?

12. Have the following people signed off on the proposal cover
sheet:

- MIC/HIC?

- SSD Chief?

- Regional Director?

13. Is a letter of endorsement signed by regional director
attached?

YES

X

N/A

N/A

N/A

N/A

NO

DATE

4/19/21

4/26/21

Jan-Apr
2021

4/26/21

requested
5/11/21

4/26/21

4/26/21

MIC:
4/23/21
SSD &

RD:
5/10/21


mailto:ncei.info@noaa.gov

NWS Checklist for Submitting a COMET Outreach Proposal

Actions after Endorsement by NWS YES NO DATE
1. University submits proposal to the COMET Program. X

2. Proposal acknowledgment letter sent by the COMET
Program to submitting university with copies to SSDs and
NWS office.

3. COMET review of proposal (internal review for Partners
Project proposals and formal review for Cooperative Project
proposals).

4. The COMET Program sends acceptance, rejection, or
modification letters to university with copies to SSD, NWS
office, and NWS Office of Science and Technology Integration
(OSTI).

5. The COMET Program allocates funds for university.
6. OSTI obligates funds for NWS offices.
7. SSD/NWS office orders data from NCEI.

8. NWS office or SSD calls OSTI for accounting code for
expenses.

9. NWS office sends copies of all travel vouchers and expense
records to OSTI.

10. NWS office or SSD sends copies of publication page
charge forms to OSTI.

11. NWS office keeps SSD informed of progress on the project
and any results or benefits derived from the project.
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