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Executive Summary

This pilot project developed and evaluated strategies to monitor evaporation near the Great Salt Lake to
reduce uncertainties in water-budget modeling for the Great Salt Lake Basin. Evaporation sensor
systems were deployed for over a one-year period along the eastern margin of the Great Salt Lake on
the exposed lakebed of Farmington Bay and adjacent to commercial mineral ponds. Evaporation rates at
the commercial mineral ponds are influenced year-round by filling and draining associated with multi-
year operational cycles. In contrast, lakebed conditions vary seasonally and interannually as lake levels
fluctuate. During the cool season (October-March), the lakebed may be covered by snow, ice, or water,
whereas during the warm season (April-September), exposed lakebeds dry and expand. Episodic
rainstorms during the warm season can temporarily increase evaporation rates.

This study relied heavily on existing observational, communication, archival, and data dissemination
infrastructure maintained by the University of Utah near the Great Salt Lake. Evaporation sensors were
deployed during the core evaluation period from October 2024 through September 2025. These were
assessed for both durability in harsh environmental conditions and ability to provide accurate
evaporation measurements across a wide range of surface and atmospheric conditions.

The year-long deployment of eddy covariance gas analyzer systems was the first ever completed to
measure evaporation near the Great Salt Lake. Higher-cost, three-dimensional sensors provided
unprecedented insights into evaporation processes at both study sites. Lower-cost, one-dimensional
sensors generally performed adequately but tended to underestimate evaporation rates and
experienced more frequent equipment failures compared to the three-dimensional reference sensors.
Estimating seasonal or annual evaporation totals remains challenging, as many environmental
conditions degrade sensor performance or increase uncertainty, including dust accumulation following
storms, weak or strong turbulence, precipitation or fog, low temperatures, frontal passages, and other
weather events.

Despite these challenges, the sensor systems are valuable for reducing uncertainty in basin-scale water-
budget models by relating observed evaporation rates—after applying rigorous quality control—to
specific surface and atmospheric conditions. These observations can then be used to evaluate and
constrain evaporation estimates derived from remote sensing products as well as atmospheric and
hydrologic model outputs under comparable conditions. Improving monitoring of precipitation is equally
important for reducing water budget uncertainties.

Based on these findings, recommendations are provided to maintain and expand the existing
observational infrastructure near the Great Salt Lake that involves state agencies and other stakeholders
(federal, commercial, and academic). Such investments are necessary to provide weather information
for public safety and commercial activities on and near the Great Salt Lake as well as to fill critical data
gaps to improve understanding of atmosphere—environment interactions that influence water
availability, air quality, wildlife habitat, commercial activities, and public health and safety within the
Great Salt Lake Basin.



1. Background

The objective of the pilot program was to examine and test observational equipment to quantify
evaporative water loss from mineral ponds and exposed lakebeds near the Great Salt Lake. As shown
schematically in Fig. 1, improving understanding of the precipitation falling and water evaporating
directly on the Lake and surrounding surfaces is critical to reduce uncertainties in water cycling within
the Great Salt Lake Basin.

Arnow and Stephens (1990) summarized Great Salt Lake water sources common during the mid-20®
century as roughly 66% from runoff, 31% from precipitation falling directly on the GSL, and the
remaining estimated to be from groundwater transport. Considerable work has been done since that
time to improve understanding of the sensitivity of the Great Salt Lake environment to reductions in
streamflow as a result of increased water demand within the Great Salt Lake Basin (Mohammad and
Tarbuton 2012, Wurtsbaugh et al. 2017, Dunn et al. 2025). As summarized by Mohammad and Tarboton
(2012), while fluctuations in streamflow are the dominant factor for lake level fluctuations, lake area
changes that modulate evaporation and precipitation directly over the lake are also important.

As outlined in the Work Plan for the Great Salt Lake Basin Integrated Plan (Utah Division of Water
Resources 2023), hydrologic modeling of water cycling within the Great Salt Lake Basin depends on
reducing uncertainties in evaporation estimates under both present and future climate conditions.
Uncertainty in precipitation falling directly on the Great Salt Lake and adjacent surfaces is also
substantial and is often assumed to be on the order of 10% when using current climate products (Dunn
et al. 2025). Figure 2 schematically illustrates the nonlinear relationship between changes in lake area
and both precipitation and evaporation. For example, future increases in runoff to the Great Salt Lake—
whether from reduced upstream water use or intentional inundation of dust-prone playa—would likely
increase evaporation by expanding shallow water coverage over currently exposed lakebed. At the same
time, regional climate changes over the coming decades may both enhance and suppress precipitation
falling directly on the lake as well as across the broader basin.
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Figure 1. Precipitation falling and water evaporating from the Lake and surrounding surfaces added
schematically to Fig. 5.1 from the Work Plan for the Great Salt Lake Basin Integrated Plan (Utah
Division of Water Resources 2023).
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Figure 2. Factors affecting precipitation falling and water evaporating on the Great Salt Lake and
nearby land surfaces due to changes in climate, streamflow, and groundwater discharge. Rough
estimates also shown of annual precipitation (~ 10 in) and evaporation (~40 in) from the Great Salt
Lake.
The pilot study was designed to help reduce uncertainties in estimates of evaporation from playa
surfaces and mineral ponds. This study completed the following tasks:

e Task 1: Test deployment of a LI-COR LI-710 evapotranspiration sensor relative to a Campbell
Scientific EC150 open path gas analyzer and eddy covariance system on a single tower at the
University of Utah Mountain Meteorology facility.

e Task 2: Measure evaporation and other terms of the surface energy budget at an exposed
lakebed site.

e Task 3: Measure evaporation and as many other terms of the surface energy budget as possible
at a mineral pond site.

e Task 4: Maintain the sensors at the lakebed and mineral pond sites and collect, archive, and
provide resulting data during a one year period.

e Task 5: Analyze the data collected to offer initial insight on evaporative loss from Great Salt
Lake playa and mineral pond surfaces, update Utah Division of Water Resources staff on
progress and obtain feedback as the project evolves, and prepare for more extensive future
monitoring of conditions across the entire Great Salt Lake basin.

Results related to each task are described herein. As part of Task 5, bi-monthly meetings were held with
staff of the Utah Division of Water Resources and other participants to review progress and obtain
feedback as the project evolved.



2. Project Team

Table 1 summarizes the individuals in the Department of Atmospheric Sciences at the University of Utah
helping with this study. Drs. Hoch and Perry were not funded as part of the pilot study. We also
consulted and compared progress with Paul Inkenbrandt and the Utah Flux Network team in the Utah
Geological Survey who installed similar equipment in a nearby wetland area.

Table 1. Department of Atmospheric Sciences students, staff, and faculty involved in the study
John Horel Project Lead Sebastian Hoch Initial Project Design
Colin Johnson Technical Lead Peter Whelan Tech Support

Brett Botkin Station Tech Lead Sherlyn Hilton Tech Support

Misha Galant Cool season analysis Kylie Szilagyi Tech Support
Kacper Zaprzalka Warm season analysis Kevin Perry Playa Tech Support

3. Study Area

The locations of the mineral pond (Compass) and playa (Playa) sites examined in this study are shown in
Fig. 3. Also shown in Fig. 3 are other long-term observing sites operated by our team at the University of
Utah as part of the UUNET environmental network near the Great Salt Lake. The pilot study would not
have been possible without the considerable infrastructure (instrumentation, communication network,
and software) that has been available for nearly 30 years to access, archive and disseminate weather
information near the Great Salt Lake. Real-time access to weather conditions on the Great Salt Lake is of
high importance to the brine shrimp industry as well to the National Weather Service to monitor severe
weather approaching the Wasatch Front.

Figure 4 focuses on the study area encompassing the mineral ponds operated by Compass Minerals and
the exposed lakebed of Farmington Bay. As summarized in Table 2, a weather monitoring site (GSLM)
has been operated by our team since 2013 within the Compass Minerals facility. Because the GSLM site
was not ideal for evaporation monitoring, permission was obtained to deploy on 14 Aug, 2024 the eddy
covariance equipment required to monitor evaporation at the UUCMF site.

Lakeside |

i
|
|

Figure 3. Black dots are UUNET sites. Red dots are observing sites oprated by other agencies or firms
that rely on UUNET to disseminate provisional observations for diverse uses.



Figure 4. (a) Core sites (labeled black dots) for this study. UGSPG site (labeled red dot) is the Utah
Geological Survey Utah Flux Network wetland eddy covariance site. Sentinel satellite image on 25 Sep,
2025. (b) UUPYA 10 m tower (left), power system (center) and UUPYF 3m tower (right). (c) Power
system housing solar panels and batteries for both sites.

The Farmington playa site (UUPYA) was installed on 7 Jun, 2022 by University of Utah faculty (Drs. K.
Perry and S. Hoch) with funding provided by the National Science Foundation. Their study is focused on
assessing the conditions leading to hazardous dust transport events. Eddy covariance sensors were
installed on 24 Sep, 2024 on a separate tripod (UUPYF) roughly 20 m northeast of UUPYA.

Table 2 provides links to environmental data collected from these four sites since their install dates.
Eddy covariance sensors were removed from UUCMF on 4 Oct 2025 in order to assess sensor
degradation from exposure under the harsh environmental conditions during the project period.

Table 2: Project sites and links to provisional data available from MesoWest
Location | Name Latitude; Period of MesoWest Link
Longitude Record
GSLM Compass | 41.2970; Apr 2013 — https://mesowest.utah.edu/cgi-
-112.2691 Present bin/droman/meso_base dyn.cgi?stn=GSLM
UUCMF | Compass | 41.2961; Aug 2024— | https://mesowest.utah.edu/cgi-
Flux -112.3074 Oct 2025 bin/droman/meso_base dyn.cgi?stn=UUCMF
UUPYA Playa 41.0303; Jun 2022 - https://mesowest.utah.edu/cgi-
-112.1175 Present bin/droman/meso_base dyn.cgi?stn=UUPYA
UUPYF Playa 41.0304; Sep 2024 — https://mesowest.utah.edu/cgi-
Flux -112.1174 Present bin/droman/meso_base dyn.cgi?stn=UUPYF



https://mesowest.utah.edu/cgi-bin/droman/meso_base_dyn.cgi?stn=GSLM
https://mesowest.utah.edu/cgi-bin/droman/meso_base_dyn.cgi?stn=GSLM
https://mesowest.utah.edu/cgi-bin/droman/meso_base_dyn.cgi?stn=UUCMF
https://mesowest.utah.edu/cgi-bin/droman/meso_base_dyn.cgi?stn=UUCMF
https://mesowest.utah.edu/cgi-bin/droman/meso_base_dyn.cgi?stn=UUCMF
https://mesowest.utah.edu/cgi-bin/droman/meso_base_dyn.cgi?stn=UUCMF
https://mesowest.utah.edu/cgi-bin/droman/meso_base_dyn.cgi?stn=UUPYF
https://mesowest.utah.edu/cgi-bin/droman/meso_base_dyn.cgi?stn=UUPYF

4. Tasks
4.1. Task 1. Initial testing

Evapotranspiration measurements were made during Spring 2024 at our Mountain Meteorology test
facility, located at the southeastern edge of campus. That site allowed for mounting eddy covariance
sensor systems on a single tower. Since eddy covariance measurements can be affected by nearby
obstructions, we identified an approach to mount the multiple sensors on a boom extending from the
tower. This approach was then replicated at the mineral pond and playa field sites.

4.2. Task 2. Upgrade UUPYA site to measure evaporation from exposed lakebed

A 10 m tower and associated instrumentation were installed at the UUPYA site in 2022 with funding
from the National Science Foundation (Fig. 4b). The site and existing equipment are well suited for
testing methods to estimate evaporative losses from the Great Salt Lake’s exposed lakebed. However, to
improve the site’s resilience to extreme weather and surface conditions, the power infrastructure
required replacement after sustaining damage from flooding and snow and ice accumulation (Fig. 5).
This effort involved designing, constructing, transporting, and installing a wooden support structure (Fig.
4c) to securely mount solar panels and additional batteries and to provide sufficient power for both the
UUPYA and UUPYF sensor systems.

Table 3 lists the extensive infrastructure available on the UUPYA tower at the time the project started
and the additional instrumentation installed at the UUPYF site located 20 m to the northeast of the
UUPYA tower. Because of the harsh conditions at the site that affect performance of many of these
sensors, complete records from all of them are not available for the study period.

Installation of the eddy covariance systems (LI-710 and EC150/CSAT3A) at the UUPYF site required
ordering the equipment and testing at the Mountain Meteorology facility. Installation was completed on
26 Sep, 2024. The eddy covariance sensors were mounted at 2.7 m AGL and oriented pointing 30° (NNE)
to capture flow from the predominant NW-S directions. Communication relies on the existing cell phone
and existing Verizon cell phone data plan used for the UUNET network. Power is supplied by 140W Solar
panels and deep cycle batteries.

Figure 5. (a): Snow covered UUPYA on 1 Feb, 2023. (b) Aerial view of water covered UUPYA on 23 May,
2023.



Table 3. UUPYA and UUPYF Instrumentation

Instrument/ Variable Manufacturer Model Levels

Wind Speed RM Young Wind Sentry | 03101 0.5/1/1.5/2.5/5/10m

Wind Direction RM Young Wind Sentry | 03002 10m

Temperature & Relative Humidity Campbell Scientific EE181 2/5/10m

Radiation Balance, Short and Apogee SN-500 2m

Longwave, Incoming and Outgoing

UV radiation, In and Out Apogee SU-221 2m

Erosion Mass Sensor Sensit H14-LIN surface

Leaf Wetness Decagon LWS 2m

Rain Gauge Texas Electronics TE525

Soil Moisture and Temperature Campbell Scientific SoilVUE10 5/ 10/ 20/ 30/ 40/ 50
cm

Soil Heat Flux Hukseflux HFPO1SC 2@5cm

Soil Temperature Campbell Scientific TCAV 0-5cm

Dust Monitor PM 1/ 2.5/ 4/ 10 MetOne ES-642 2m

Soil Thermal Properties Hukseflux TPO1 Surface crust

Web camera Microseven M7B5MP Oriented to SW

Dataloggers Campbell Scientific CR3000 (UUPYA) & | Enclosures

CR1000X (UUPYF)

Evapotranspiration (UUPYF) LI-COR LI710 27m

fSS‘;f;"ariance' COu HOflux | o pbell Scientific | EC150 & CsaT3A | 27 ™

Pressure (UUPYF) Campbell Scientific Eg:gg;:;fgrated Fnclosure

Solar Radiation (UUPYF) Apogee SN-500 2m




4.3, Task 3. Upgrade GSLM site to measure evaporation over mineral pond

The 10 m tower at GSLM within the Compass
Minerals facility has provided measurements of
wind, temperature, relative humidity, pressure,
incoming solar radiation, and rainfall since 2013. In
June 2024, a Lufft WS-100 micro-radar sensor was
added to provide liquid and ice precipitation
measurements. However, that location was not
well suited for testing evaporation sensors because
of interference from nearby buildings and pump
infrastructure, as well as its proximity to a pond

; ! . Figure 6. Power system and 3-m tower with LI-
that is not actively mined. COR 710 and Campbell Scientific EC150/CSTAT3
sensors mounted closest and furthest
respectively from the tower on a crossarm
pointing towards 289°.

The UUCMF site, 3 km due west of GSLM, was
selected due to its location between two adjacent,
actively mined mineral ponds. As shown in Fig. 6, a
3 m tower with the same pair of eddy covariance sensors used at UUPYF was deployed on 15 Aug 2024
on a berm (1.5 m tall and 10 m wide). The UUCMF site provides evaporation data representative of the
conditions specifically of the ponds immediately to its north and south. Halite saturated water from the
north arm of the Great Salt Lake’s north arm is pumped to the northern edge of the facility and then
circulates by gravity and pump stations through the mineral ponds as part of a multi-year production
cycle. Because it was not practical during the pilot study to mount radiation sensors with a downward
view over the pond surfaces or to estimate ground heat storage terms at this site, a surface energy
budget analysis for the ponds could not be performed. A solar radiation sensor was added in March
2025 to help estimate cloud cover differences between the GSLM and UUCMF sites.

4.4. Task 4. Maintain and monitor evaporation over exposed lakebed and mineral pond

Meteorological data at GSLM are recorded and transmitted via radio every 15 minutes. Data from
sensors at UUPYA are recorded at 1 minute intervals and transmitted every 15 minutes via cell phone.
Eddy covariance summary data sampled at 30-minute intervals at UUCMF and UUPYF were transmitted
via cell phone. While overall data loss was minimal (less than 5%) from the four sites, there were
occasional sensor outages during the pilot study. As summarized by Galant (2025), weather issues (e.g.,
fog, precipitation) affected estimating evaporation most frequently during winter months (Fig. 7).

Playa conditions during the 2024-2025 winter were much milder than those during the 2022 -2023
winter (Fig. 5). The Playa site during that winter was at times severely impacted by snow, ice, and
flooding. Our power system for the UUPYA/UUPYF towers was designed to withstand those types of
conditions. Our ability to monitor station issues in real-time helped limit the number of site visits
necessary for us to make. Table 4 summarizes site visits to monitor equipment wear and tear and
perform routine maintenance. Since UUCMF and GSLM can be accessed by vehicle, it was practical to
visit those sites more routinely than UUPYF and UUPYA. The latter sites require using fat-tire bikes to
traverse the playa surface. Collaborator K. Perry and others on his research team assisted our efforts
and made many additional visits to UUPYA with UUPYF equipment checks completed at the same time.
Dates that raw 10 Hz eddy covariance data were downloaded are also listed in Table 4.

10



Sensor Issues by Station

Codes
. LI710 issues
« EC150 issues
e Site issues
UUPYA issues
« Site issues part-day
UUCMF (= . —_— =
UUPYF s mem—=s =m=ss = =5 === ——= =
\5’9\, C"QN ‘0"6\ 6‘"@’ I\ s 6”&
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Date
Figure 7. Intermittent sensor and site issues at UUCMF and UUPYF
(Galant 2025).
Table 4. Site visits and 10 Hz data downloads
Station Date Purpose Downloads
UUCMEF 3/22/2024 Siting
UUCMF 5/29/2024 Siting
UUCMF 8/15/2024 Install
UUCMF 8/20/2024 Install
UUCMF 9/10/2024 Maintenance
UUPYF 9/26/2024 Install
UUCMF 10/3/2024 Maintenance
UUPYF 10/8/2024 Remove LI-710
UUPYF 10/15/2024 Replace LI-710 Yes
UUCMEF 10/16/2024 Replace LI-710 Yes
UUCMF 11/14/2024 Winterize Yes
UUPYF 11/22/2024 Winterize Yes
UUCMF 2/10/2025 Maintenance Yes
UUCMF 4/10/2025 Maintenance Yes
UUPYF 5/23/2025 Maintenance Yes
UUCMF 5/29/2025 Maintenance
UUPYF 6/24/2025 Maintenance Yes
UUCMF 6/25/2025 Maintenance Yes
UUCMF 7/31/2025 Maintenance
UUPYF 8/22/2025 Maintenance Yes
UUCMF 10/3/2025 Uninstall Evap Yes
UUPYF 11/4/2025 Maintenance Yes
UUPYF 11/20/2025 Maintenance

11




4,5, Task 5. Data analysis and preparing for future monitoring

This ongoing task throughout the pilot study had several core components described in this subsection:

4.5.1 Assess the seasonal evolution of the underlying surfaces at the two sites.

4.5.2 Assess the overall wind and stability conditions throughout the one year period (Oct 2024 -
Sep 2025) that control evaporation rates.

4.5.3 Evaluate the performance of the two sensors used in this study: LI-COR LI-710 and Campbell
Scientific EC-150 systems.

4.5.4  Analyze the evaporation measured at the two sites.

Brief summary comments are provided for the first three subsections. Recommendations for future
monitoring based on all of this work are provided in Section 5.

4.5.1. Surface Characteristics

The physical processes governing evaporation from the halite-saturated mineral ponds and largely bare
playa soils are somewhat simpler than those controlling evapotranspiration from heavily vegetated
areas. However, evaporation at these sites remains complex, as surface and atmospheric conditions
evolve continuously throughout the year.

Monthly photos during the study period at the playa site are shown in Fig. 8. Such camera images,
available interactively and archived on SD cards at 10-minute intervals for later analysis, have proven
valuable for assessing surface conditions at the site. The playa state varies substantially from standing
water evident after rain events (e.g., 17 Mar, 2025) to dry crusts (e.g., 19 Jun, 2025).

Overpasses within five days from two Sentinel-2 satellites provide 10 m resolution coverage of surface
conditions during cloud-free periods. Surface water extent can be estimated from the normalized
difference water index (NDWI; Craft and Horel 2019) and the normalized difference moisture index
(NDMI). NDWI Sentinel-2 satellite imagery helps visualize water coverage near the two sites during the
pilot study period. While NDMI imagery is intended to examine vegetative moisture, we found it to be
very useful for evaluating the often subtle variations in playa soil moisture.

Figure 9 shows variations in surface state within the Farmington Bay playa region throughout the year
on the basis of NDMI satellite imagery. Cloud-free images for this region were available every month.
Brown shades denote dry surfaces while shades from white to aqua green denote increasing soil
saturation and surface water. Unlike spring 2023 (Fig. 5), the UUPYF site was never covered by more
than a couple of inches of water during the study period. However, extensive water was present within
250 m of the site from Dec 2024-Feb 2025. For brevity, we have not included the corresponding NDWI
images available at the same times.

12



Figure 8. View to northeast from UUPYA tower during (a) Oct 2024, (b) Nov 2024, (c) Dec
2024, (d) Jan 2025, (e) Feb 2025, (f) Mar 2025, (g) Apr 2025 (h) May 2025, (i) Jun 2025, (j)
Jul 2025, (k) Aug 2025, (1) Sep 2025.
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Figure 9. Sentinel 2 NDMI during (a) Oct, (b) Nov, (c) Dec 2024. Increasingly aqua (brown)
shades denote higher water content (drier) soils. UUPYA/UUPYF denoted by black dot.
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The surface albedo shown in Fig. 10a helps to illustrate the daily variations in playa soil state. Albedo is
computed from the ratio of total daytime outgoing solar radiation to total daytime incoming solar
radiation at the UUPYA tower. Low albedo denotes darker, generally wetter soils while high albedo
denotes brighter, generally drier soils. Aloedo was generally low during the winter months, but strong
winds led to rapid drying and high albedo (~0.4) indicative of dry soils during mid-January 2025. That
period was followed on 20, 21, and 31 Jan 2025 by strong dust storms affecting the nearby Wasatch
Front. Rapid soil darkening by precipitation followed by longer dry periods leads to the sea-saw pattern
in albedo during the summer months. The camera images in Fig. 9 help to illustrate the surface moisture
conditions leading to the albedo variations.

Daily Albedo at UUPYA
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Figure 10. (a) Daily albedo of the UUPYA playa surface during the year (solid line). Periods of high soil
high volumetric water content (VWC) at 5 cm depth (shaded). Red dots denote days during 2025 with
PM10 blowing dust in excess of 500 ug m. (b) Maximum, median, and minimum daily surface

temperature (°C) derived from outgoing longwave radiation (blue shading and lines) and median 5 cm
temperature (orange line).
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The shading in Fig. 10a denotes periods when the mean daily volumetric water content (VWC) at 5 cm
depth is in the upper quartile of values during the entire year. Due to the high electrical conductivity in
the saline playa soils, the 5 cm VWC values are not proportional to the percentage of water in the near
surface soils. However, analysis of VWC at layers from 5-50 cm suggest that the upper quartile of 5 cm
VWOC at this location corresponds to periods when higher water content is evident near the surface. The
strong relationship between high 5 cm WVC and low albedo during winter and after summer rainstorms
is evident in Fig. 10a.

Days with high PM10 concentrations (>500 ug m) associated with playa generated extensive blowing
dust are shown by the red dots in Fig. 10a. The dust events occurring during periods of locally higher soil
water content likely resulted from dust generated from drier soils elsewhere within the Farmington Bay
region. The Great Salt Lake Basin Dust Exposure Modeling Tool developed by other University of Utah
researchers illustrates locales possibly responsible for such high dust events (https://wilkes-
center.github.io/gsl-dust-tool/).

The strong seasonal and diurnal variations in surface and 5 cm soil temperature shown in Fig. 10b
modulate evaporation rates. Radiative cooling of the surface at night leads to lower surface
temperatures and energy loss from the soils while strong daytime heating leads to higher surface
temperatures and soil heat gain (Fig. 10b). Episodes when the soil has low albedo and high moisture
content tend to correspond to periods of lower surface and subsurface (5 cm) temperatures as well.

Since we were not able to place a net radiation sensor or camera at the UUCMF site, we evaluate the
variability in water coverage near UUCMF in terms of site visit photos and Sentinel-2 NDWI. For
example, the site visit photos in Fig. 11 on 14 Nov, 2024 and 10 Feb, 2025 illustrate the variations in
water coverage in the mineral ponds during the year. NDMI images tend to be less illustrative of water
depth and coverage for the mineral ponds and are therefore not included.

The monthly NDWI images in Figure 12 illustrate how the commercial operations cycle through
inundation, evaporation, and extraction phases during the year. Halite concentration data are not
available from the mineral ponds at this time. The ponds never dry to the extent of the playa surface.
The pond north of UUCMF was drier during Oct — Nov 2024 and July — Aug 2025 than other months. The
pond south of UUCMF tended to have higher water content than the north pond throughout the year.

Our objectives were reached to place the eddy covariance sensors in locations relevant for monitoring
conditions on the Farmington Bay playa and adjacent to actively mined evaporation ponds. The surface
water content at the playa site varied substantially through the year although never under deep water as
happened during recent winters. Since NDWI imagery tends to underestimate playa soil wetness, we
recommend using NDMI images as well. Warm season precipitation events provided notable inundation
cycles that were often followed by dust events. The eddy covariance sensors were placed between two
active mineral ponds that contained variable water concentrations through the year as a result of
precipitation, evaporation, and commercial operations.
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Figure 11. a) Pond north of UUCMEF on 14 Nov 2024. b) Pond north of UUCMF on 10 Feb 2025. c) Pond
south of UUCMF on 14 Nov 2024. d) Pond south of UUCMF on 10 Feb 2025.
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4.5.2. Wind and Stability Characteristics

Assessing the suitability and representativeness of the two sites to estimate evaporation near mineral
ponds and on playa surfaces were critical tasks for this pilot study. In order to understand how the
sensors performed at the two sites required first documenting the wind and stability conditions
observed at those locations during the year-long project period.

Siting eddy covariance systems involves evaluating the impacts of typical environmental conditions
(wind speed and direction and atmospheric stability), instrument height, sensor characteristics, surface
heterogeneity, and nearby obstructions (Aubinet et al. 2012; Munger et al., 2012). As shown in the wind
roses in Fig. 13a, the higher frequency of northerly wind direction at UUCMF follows from the
predominant nocturnal drainage winds down the Bear River throughout the year. Such flows typically
reverse to up-valley flows during mid-afternoon, particularly during the warm season. Nocturnal winds
at UUPYF are frequently from southeast and shift to the northwest during the afternoon as a result of
Lake-land thermally-driven circulations (Fig. 13b). High winds associated with occasional synoptic and
mesoscale weather systems account for a small fraction of observed winds within these summary
figures.

The Monin-Obukhov (M-0) stability ratio (Z) is a dimensionless number that helps to describe
atmospheric conditions that control evaporation rates (Kljun et al. 2015), as follows:

(>04 Very stable conditions that inhibit evaporation.

0<{<0.4 Stable conditions with weak evaporation.

-04<7< 0 Neutral or unstable conditions with buoyancy enhancing turbulence and evaporation.
(<-04 Very unstable conditions such that evaporation may be poorly estimated.
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Figure 13. Wind roses showing the fraction of time during the entire year (Oct 2025 - Sep 2026) when
wind direction is from 16 cardinal directions (total shaded length) with wind speed intensities (m s™)
subdivided according to the legends. (a) Mineral pond (UUCMF) and (b) Playa (UUPYF).
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As shown in Table 5, stability Table 5. Stability during Oct 2024 — Sep 2025

conditions determined from EC- | Stability M-O Ratio UUCMF UUPYF
150 sensor data indicate more Very stable (204 1% 5%
frequent periods of high Stable 0<7<0.4 21% 32%
stability at UUPYF than at Neutral/Unstable 0.4<7<0 62% 37%
UUCMEF. Those conditions Very unstable 7<-04 16% 26%

typically occur at night when
evaporation is weak. The higher occurrence of strong instability (typically in the afternoon) at UUPYF
suggests that evaporation estimates may be underestimated then. The fraction of time that Cis in the
middle two rows indicates periods when the atmospheric stability is more favorable to estimate
evaporation by eddy covariance systems: 83% and 69% of the time at UUCMF and UUPYF, respectively.

The flux footprint is a metric used to assess the upwind area that contributes to the sensor’s measured
fluxes of momentum, heat, and moisture (Rannik et al. 2012). Examining the flux footprints over the
entire year helps to assess the wind and stability characteristics of the two sites. Flux footprints were
computed using the Kljun et al. (2015) method. While uniform surface roughness, moderate stability,
and steady turbulence are assumptions made when using this method; such conditions are not present
during the entire year for either site. The Klujn approach tends to be more conservative (i.e., suggesting
greater influence from near the observing site) than other footprint methods, such as Chen et al. (2009).

The top row of Fig. 14 illustrates the Kljun footprint method applied to 30-minute samples passing tests
for sufficient turbulence (friction velocity > 0.1 m s2) yet not excessively unstable ({ < -15). The resulting
13,843 (10,051) 30-minute samples at UUCMF (UUPYF) are, in the context of the Kljun method,
representative of conditions favorable for estimating evaporative fluxes. The shaded footprint areas
follow directly from the frequency of the wind directions evident at the two sites in Fig. 13. Of primary
interest is the region surrounding the sensors where flux contributions are the greatest. At UUCMF,
peak contributions are centered approximately 10-20 m to the north of the tower, whereas at UUPYF
the largest contributions occur around either 15 m to the southeast or within a swath extending from
westerly to northwesterly directions at distances of 15-25 m.

The bottom row of Fig. 14 considers additional constraints on momentum, heat, and evaporation flux
data obtained from the EC-150 sensor. These include winds that are blowing within 30° of the sensor’s
orientation, very stable periods (> 0.4), intermittent or exceptionally strong turbulence ( < -0.4), and
flux signal strengths less than 80%. Applying these strict criteria reduces the available sample size to 49%
at UUCMF and 32% at UUPYF during the year. The differences between the top and bottom panels are
relatively modest except for the effects of removing wind directions oriented along the sensor’s axes.

The wind roses (Fig. 13) for both sites over the entire year indicate that the orientations of the eddy
covariance sensors were appropriate for the predominant wind directions (289° and 30° for UUCMF and
UUPYF, respectively). The footprint analysis suggests that the eddy covariance sensors were obtaining
evaporative flux estimates predominantly from the mineral pond located to the north of the UUCMF site
and predominantly from the playa surface to the west-northwest of the UUPYF site. This analysis helps
provide confidence that we are appropriately testing the sensors in environments representative of
mineral pond and playa surfaces during the year. Even with the relative homogeneity of the pond and
playa surfaces at these locations, evaporation measurements from UUCMF are not necessarily
representative of other mineral ponds at Compass Minerals or elsewhere with seasonally evolving halite
concentrations, and measurements from UUPYF are not necessarily representative of other playa
surfaces around the GSL.
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Figure 14. Footprint analysis during the year following Kljun et al. (2015) where higher percentages
denote distances (m) from the sensor likely to contribute larger fractions of the fluxes. a) flux footprint
at UUCMF using 13,843 samples during the year. b) As in (a) except for UUPYF using 10,051 samples.
c) As in (a) except using 8,223 samples satisfying additional constraints. d) As in (c) except at UUPYF
using 5,389 samples.

4.5.3. Comparison of LI-COR 710 and EC150 Performance

A critical objective was to contrast estimates of evaporation rate from a lower cost one-dimensional
sensor system to a reference three-dimensional system. The reference EC150 IRGA and CSAT3A sensors
are the primary components of the open path EC150 infrared gas analyzer system from Campbell
Scientific (Campbell Scientific, 2017). Water vapor and carbon dioxide concentrations are measured by
the EC150 gas analyzer (horizontal cylinders in Fig. 15a) while wind speed in three cartesian directions
and sonic virtual temperature are measured by the CSAT3A (three-prong sensors at top and bottom in
Fig. 15a). The EC150 system is mounted perpendicular to the dominant axis of turbulent flows, with less
representative winds and gas fluxes when the flow is perpendicular to the sensor housing and tower.

Momentum, sensible heat, and latent heat fluxes, as well as evaporation rate are derived at 30-minute
intervals from the raw 10 Hz output of the EC150 sensor system using the EasyFlux open-source
datalogger program (Campbell Scientific 2022). The EasyFlux code implements a suite of well-
established corrections appropriate for eddy covariance systems (Aubinet et al., 2012; Foken et al.,
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Figure 15. Eddy covariance sensors used during the project. (a) The Campbell Scientific EC150/CSAT3
sensor system. (b) The LI-COR LI-710 sensor.

2012; Rebmann et al., 2012). These corrections include coordinate rotation, time lag compensation,
frequency response correction, air density correction, spike detection, and stationarity checks.

Vertical and latent heat fluxes and evaporation rate during 30-minute samples are determined from the
one-dimensional LI-COR LI-710 ET sensor system (Fig. 15b). The vertically-aligned transducers measure
vertical wind speed, temperature, and pressure while a pump draws air past a fast-response relative
humidity sensor to measure water vapor concentration. Since the LI-710 does not measure horizontal
wind speed and direction, it is not possible to implement many of the flux corrections recommended by
Foken et al. (2012) and implemented for three-dimension open path sensor systems such as the LI-COR
LI-7500DS and EC-150 systems (Burba, 2021; Campbell Scientific, 2022).

The lower cost of the LI-710 sensor ($6500) compared to that of three-dimensional infrared gas analyzer
systems ($30,000) was part of the impetus for this pilot study. The goal was to determine whether it
would be possible to measure evaporation rates cost-effectively at sites around the Great Salt Lake
using the LI-710 sensors, rather than relying on expensive reference infrared gas analyzer systems. We
hypothesized that the potential limitations of the one-dimensional LI-710 might be less critical for our
applications near the Great Salt Lake since the underlying surfaces are relatively uniform leading to
simpler flux footprints (Fig. 14).

As part of this pilot study, Galant (2025) examined the performance of the LI-710 relative to the
reference EC-150 sensors at the two sites. As summarized in Fig. 7, Galant (2025) focused on the cool
season (Oct 2024 — Mar 2025) when the sensors are most stressed by environmental conditions
affecting sensor performance, e.g., cold temperature and fog. Such comparisons for the entire year
were hampered by LI-710 sensor performance issues described by Galant (2025). The LI-COR sensor at
UUCMF was removed on 29 May 2025 and sent to LI-COR for firmware upgrades and evaluation of the
pump and relative humidity sensor performance. The LI-COR sensor at UUPYF was removed on 24 June
2025 for similar reasons. While the UUCMF sensor was later reinstalled at UUCMF, relative humidity
readings of 0% were common after that point. For these reasons, the two sensor types are compared
here during the period from Oct 2024 — May 2025.

Table 6 summarizes data collected from the two sensors at each site during the period from Oct 2024 —
May 2025. While data were collected during 17,472 (17,535) 30-minute samples at UUCMF (UUPYA)
during that period, only during 4,201 (2,856) samples were environmental conditions and sensor
diagnostics from both the EC150 and LI-710 sensors indicative of appropriate periods to validate the LI-
710 relative to the EC150. These conditions correspond to 30-minute sample values within
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Table 6. Comparison during Oct 2024-May 2025 of LI-710 to EC150
Sensor Sample Size Sensible Heat Latent Heat Evaporation Evaporation
Flux (W m?) Flux (W m?) (mm 30 mint) | (mmday?)
UUCMF-EC150 4201 31.6 48.2 0.035 1.70
UUCMF-LI-710 4201 26.0 25.1 0.018 0.86
UUPYF-EC150 2856 33.9 56.9 0.041 2.0
UUPYF-LI-710 2856 37.1 45.2 0.033 1.6

recommended limits for both sensor types including that the steady-state and integral turbulence
characteristic (SSITC) value from the EC150 is < 6 and the Irgason diagnostic code reports normal
operations. While imposing these limits is quite restrictive, it ensures that the sensor comparison is
done for periods when the sensors and turbulence and stability conditions are appropriate for this
analysis. The daily evaporation values in the rightmost column are simply the 30-minute rate multiplied
by each day’s possible 48 samples, which overestimates the actual daily totals since the samples are
biased to afternoon periods when turbulence is moderate and evaporation is higher than when
turbulence and evaporation is weaker at night.

As shown in Table 6, the mean sensible heat fluxes from the LI-710 over the entire sample are roughly
comparable (within 5 W m™) at both sites to those from the EC150. However, the mean latent heat flux
and corresponding daily mean evaporation obtained from the LI-COR 710 are much lower compared to
the EC150 value, particularly at UUCMF.

Figure 16 provides context on the periods available for this comparison of the two sensors at both sites.
Focusing on the days with at least six 30-minute contemporaneous samples at each site illustrates that
the LI-710 (red bars) tends to underestimate evaporation from the EC150 (black bars) at both sites.

Other researchers and LI-COR staff have noticed similar reductions in crop evapotranspiration from the
LI-710 relative to three-dimensional eddy covariance systems (e.g., Peddinti and Kiseka 2024). Galant
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Figure 16. Evaporation totals (mm) estimated from as few as 6 simultaneous samples in a day from
the two sensors at the two sites.
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(2025) provides further diagnostics on differences in sensor performance at our two sites for the cool
season (Oct — Mar). Based on all of this work and feedback from LI-COR staff, there are many potential
factors contributing to lower evaporation from the LI-710 at our two sites. Since the LI-710’s estimates
of sensible heat flux generally agree well with the EC150’s three-dimensional measurements, it is likely
that the dominant factors pertain to the closed-path approach to estimate the water vapor flux. These
include clogging of the inlet tube affecting the flow past the fast-response relative humidity sensor, as
well as sensor drift or degradation of the relative humidity sensor.

Restricting the analysis here to simultaneous periods where both the LI-710 and EC150 pass quality
control checks confirms the tendency of the former to often underreport the latent heat flux and
evaporation rate. Corrections may be developed using machine learning techniques to minimize this
tendency at our two sites. However, generalizing such bias corrections to other sites near the Great Salt
Lake may not be practical given the differences in underlying surface state as well as atmospheric
stability and turbulence characteristics.

4.5.4. Analysis of Evaporation during the Pilot Study Period

Although substantial progress has been made to process and analyze the data collected during the pilot
period, additional analysis is still needed. Spank et al. (2024) emphasize that even small uncertainties in
evaporation measurements can result in large uncertainties in overall water balance estimates, which
must be accounted for in water resource management. Accordingly, this subsection is intended only to
illustrate general patterns of evaporation from Great Salt Lake mineral ponds and playa surfaces. It does
not include a comprehensive evaluation of additional potential sources of uncertainty that will be
important for future hydrological modeling of the Great Salt Lake.

We rely on the reference EC150 data at the two sites for brevity. Galant (2025) extensively examined
evaporation during the cool season (Oct 2024 - Mar 2025) from both the one- and three-dimensional
eddy covariance sensors. As expected, subsequent evaluation during the warm season (Apr — Sep 2025)
and over the entire year highlights greater evaporation rates estimated during the warm season.

Figure 17 contrasts the accumulating evaporation at UUCMF and UUPYF from the reference EC150
sensor systems. Not surprisingly, the total evaporation at UUCMF (657 mm/26 in) during the one year
period from 1 Oct 2024 — 30 Sep 2025 was much larger than that at UUPYF (289 mm/11 in) for a roughly
similar period (16 Oct 2024 — 15 Oct 2025). The need for those two different time frames arises from
sensor install and removal dates. The small differences between the pairs of black and blue lines results
from removing the periods when the wind direction is within 10° of the sensors’ orientation. More
stringent criteria such as those used for comparing the EC150 and LI-710 evaporation from Table 6 and
Fig. 16 were also applied. The resulting accumulated amounts are reduced substantially, and filling the
resulting gaps in order to visualize yearly totals becomes difficult.

Three periods with roughly similar daily evaporation rates are evident in Fig. 17 at UUCMF: Oct 24 — Feb
2025 (0.5 mm day?); Mar — May 2025 (~2 mm day); and June — Sep 2025 (~3 mm day?). The roughly
0.8 mm daily evaporation rate at UUPYF varies as a function of the timing and duration of dry and wet
surface periods, with generally sharp increases in evaporation after rainfall events during the warm
season. Prior studies suggest yearly averages of 0.45-0.7 mm day® from playa surfaces (Malek, 2003;
Hang et al., 2015) and 3-5mm day ! from mineral ponds (Turk, 1970).
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Figure 17. Accumulated rainfall (mm) from GSLM WS100 (dark green), GSLM unheated tipping bucket
(dashed green), and UUPYA unheated tipping bucket (light green). EC150 evaporation (mm) at UUCMF
(dark shades) and UUPYF (light shades). All EC150 samples used (black & gray) while values ignored if
wind direction nearly parallel to sensor orientation (blue shades).

While this pilot study was focused on estimating evaporation near the Great Salt Lake, there are similar
needs to develop best practices to estimate precipitation for this area. Figure 17 indicates similar
amounts of precipitation estimated from unheated tipping buckets at the two sites. Higher precipitation
amounts are estimated from the WS100 micro-radar sensor at GSLM since that type of sensor is capable
of measuring frozen precipitation common during the 2024 - 2025 winter. However, comparisons at
other UUNET locations with multiple precipitation sensors suggests that WS100 sensors may
overestimate warm season rainfall by 10-20%.

Focusing on the warm season, Fig. 18 compares observed evaporation to evapotranspiration estimates
from OpenET, operational satellite mapping of field-scale evapotranspiration (Melton et al. 2022).
OpenET relies on LANDSAT imagery at 30 m resolution with satellite overpasses roughly every eight
days. To provide daily estimates of evapotranspiration, OpenET uses images from other satellites with
reduced spatial resolution. Daily atmospheric conditions are estimated from gridded operational models
to drive six surface energy models. The six mode ensemble mean tends to improve accuracy for
croplands, but OpenET evapotranspiration is recognized to have large errors for grass and bare soil areas
(Volk et al. 2024; Purdy et al. 2025) and open water (Fisher et al. 2023). In addition, Abdelready et al.
(2016) suggest that the surface energy models used by OpenET likely underestimate evaporation from
the Great Salt Lake by ~30%, suggesting even higher underestimates for mineral ponds.

Daily values of evapotranspiration were retrieved from the OpenET API service for points centered on
UUCMEF as well as the centers of the adjacent mineral ponds. Fig. 18 compares the observed
evaporation to that obtained from OpenET for that location. Not surprisingly, the OpenET ensemble
mean and all but one member (PT-JPL model) overestimate evaporation. The PT-JPL model typically
underestimates evaporation more than the other models for limited vegetation surfaces. Large spread
in evaporation estimates is evident among the OpenET’s six surface energy balance models at UUPYF
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Figure 18. a) Accumulated rainfall (mm) from GSLM WS100 (dark green), EC150 evaporation (mm) at
UUCMF using all values (solid black line) and using values when the wind direction is not parallel to
sensor orientation (dashed black line), OpenET ensemble mean (blue line), and OpenET ensemble
range (shaded) over the northern mineral pond during Apr — Sep 2025. b) As in (a) except near UUPYF.

(Fig. 18b). The SSEBop returns zero values for dry soils as evident by the ensemble member with zero
accumulation until after 1 Oct 2025.

The sensors available from the UUPYA and UUPYF towers make it possible to assess the surface energy
budget at the playa location. Daytime turbulent energy drivers — net radiation and ground heat flux- are
contrasted to the cumulative sensible and latent heat fluxes as shown in Fig. 19. That scatter diagram
contains all 30-minute samples that passed quality control checks (including requiring SITC values < 6)
and are color coded separately for the months from Apr — Oct 2025. The regression slope less than unity
suggests incomplete energy balance closure, with turbulent fluxes less than the available energy across
the observed range of conditions. As reviewed by Mauder et al. (2020), this lack of closure is not unusual
and has been studied for decades. The strong linear relationship in Fig. 19 suggests that this
underestimation is not due to sensor issues or our postprocessing approach. Rather, Mauder et al.
(2020) highlight this underestimation likely results from many contributing factors including lateral
larger scale transport and advection and imbalances largest during the morning and evening transitions.
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Figure 19. Relationship between available energy (net radiation, RN, and ground heat flux, G) and the
turbulent fluxes (latent heat, LE, and sensible heat H, fluxes) from 3,183 30-minutes samples during
Apr — Oct 2025. Points are colored by month. The dashed line represents a theoretical energy balance
between available energy and turbulent fluxes while the solid line shows the observed least-squares
regression between those quantities (slope = 0.51, R? = 0.69).

Figure 20 illustrates the coupling between these physical processes as well as the residual imbalance as
a function of time of day throughout the year. The surface loses heat to the atmosphere at night (with
net radiation nearly balanced by the ground heat flux) while the surface gains heat during the day (large
positive net radiation and ground heat flux). Latent and sensible heating remove energy from the
surface during the day, particularly during the afternoon. For the entire year shown in Fig. 20, the
positive residuals during the morning transition and negative residuals in the evening are relatively small
compared to the other terms. Surface energy budget analyses have been done for specific days or
limiting the analysis to periods to moderate and stable turbulence. The residuals in these cases show
similar features but with slightly reduced amplitude.

Evaporation is enhanced on the playa when the surface is water covered or the soils are wet.
Differentiating between wet and dry periods identified from the 5 cm soil moisture at UUPYA (Fig. 10),
peak afternoon evaporation rates during wet periods during Mar — Sep 2025 are double those during dry
periods (Fig. 20). Summing over composite wet and dry days, Table 7 illustrates statistically significant
differences in daily evaporation rate during the times of year when the soils are wet compared to when
they are dry.

Because of the large number of key points presented in this subsection relevant to future monitoring of

evaporation on and near the Great Salt Lake, those points are discussed and incorporated into the
following section.
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Figure 21. Composite evaporation rate (mm 30 min™) at UUPYF as a
function of time of day and soil moisture during Mar-Sep 2025.

Table 7. Composite daily evaporation rate at UUPYF as a function
of soil moisture during Mar-Sep 2025.
Soil State No. Days Evaporation Rate (mm day?)
Wet 75 1.35
Dry 95 0.65
All 214 0.95
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5. Summary and Recommendations

5.1. Summary

As with any analysis based on a single year of observations, the conditions during this period should not
be viewed as typical. During the 2024-2025 winter, the playa surface was less covered by snow or
standing water than previous years. In addition, fewer warm-season rainfall events tracked across the
eastern periphery of the Great Salt Lake than would normally be expected.

Nonetheless, the types of conditions observed were adequate to understand the relevant processes
leading to evaporation from mineral ponds and playa surfaces. For example, the combination of
predominantly northerly winds blowing across the variable halite concentrations in the north mineral
pond provided sufficient cases to evaluate sensor performance there.

Evaporation rates from the mineral ponds were more than double those estimated on the playa.
Evaporation rates from the mineral pond site vary strongly with season while those at the playa site
depend more on whether the surface is water saturated. Cumulative evaporation rates on the playa
depend on the frequency and intensity of precipitation events and seiching (wind-driven transport) of
water (Craft and Horel 2019).

Quality control checks applied to 30-minute processed data help evaluate when eddy covariance sensors
provide reasonable evaporation estimates from 10Hz raw data. Many known limitations are accounted
for, yet implementing stringent criteria as applied appropriately for the comparison of the LI-710 and
EC150 sensors and other portions of this study excludes from analysis the types of weather conditions
during which evaporation is taking place, even if not well sampled by the sensors. Papale (2012)
summarizes a wide range of procedures to fill in data gaps arising from equipment failures and data
discarded due to data quality filtering. While such data gaps are not necessarily distributed randomly,
comparisons as shown in Fig. 20 and Table 7 for wet vs dry soils help to isolate factors affecting
evaporation rate that are likely to be less sensitive to data gaps than extrapolating accumulated
evaporation over a month, season, or year.

Comparison of the LI-COR LI-710 sensor system to the Campbell Scientific EC150 sensor system was
successfully completed at both sites. Although both sensors showed some visible wear from exposure to
those harsh environments, most performance issues were related to occasional periods of dust or dirt
accumulation on lens surfaces after dust and rain storms. The remote nature of the sites affected how
rapidly those conditions could be remediated. Underestimates of evaporation rate and near 0% relative
humidity values obtained from the closed path LI-COR LI-710 sensor system may be related to
performance issues of the pump and fast-response relative humidity sensor.

While not discussed as part of the original pilot project plan, low cost and low power draw micro-radar
rain sensors were tested at Compass Minerals and at the Syracuse site near the Playa. These Lufft WS-
100 sensors were found to provide reasonable water and frozen precipitation estimates that have not
been available from unheated tipping rain sensors used at other sites near the Great Salt Lake. The WS-
100s have, however, shown a tendency to overestimate rainfall.

The potential loss of environmental monitoring capabilities near the Great Salt Lake provided at this

time by the University of Utah also factors into the following recommendations. State agencies and
other stakeholders (federal, commercial, and academic) need to establish and maintain an observational
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network to monitor environmental conditions near the Great Salt Lake for diverse applications, including
not only water budget modeling for the Great Salt Lake Basin, but also brine shrimp harvesting, public
safety and health, weather and climate, wildlife, and dust mitigation.

The types of instrumentation that need to be deployed depend on the overall objectives for such a
network. To provide overall structure to the following recommendations, a strategic assessment
summary is provided first in Table 8. These topics are then expanded upon in the following subsections.

Table 8. Strategic Assessment of observing Infrastructure near the Great Salt Lake

Strengths * Real-time weather monitoring infrastructure in place during past 10-30
years provides information that has been shared with decision makers,
researchers, and the public

* Improved technology exists to monitor critical weather & environmental
data from in-situ, remote sensors, & operational models

* Expertise available in state agencies & universities to design, manage, and
operate environmental network for diverse uses

* NWS National Mesonet Program provides nationwide infrastructure to
disseminate weather information for operational and research applications

Weaknesses e Critical University of Utah infrastructure to be decommissioned in 2026

* Personnel changes at agencies & universities reduces institutional
knowledge & continuity

* Limited in-situ observations of precipitation and evaporation constrains
calibration & validation of remote sensing & modeling products

Opportunities * High demand for weather & environmental information near the Great Salt
Lake including monitoring conditions leading up to dust events with high
health impacts

* Expanding use of remote sensing & modeling to support planning and
decision-making

* Potential for collaborative, multi-partner funding to support sensors,
communications, & data delivery

* Develop skilled future workforce through student training

Threats *  Funding sources not identified yet to replace aging infrastructure & install
New sensors

» Staffing to maintain & operate sensors not identified

* Use of remote sensing & modeling requires close coupling with
observations of the surface energy balance, precipitation, and evaporation

* Resources not identified to manage communication needs, data archival, &
dissemination to end users
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5.2.  Sensor System Recommendations

As outlined in the Gap Analysis for the Great Salt Lake Basin Integrated Plan (Utah Division of Water
Resources 2023), modeling the Great Salt Lake’s water budget requires improved monitoring of the
conditions below, on, and above the surface on and near the Great Salt Lake. Optimal for such modeling
is the use of available satellite imagery and satellite estimates of evaporation, such as the Sentinel
images relied upon in this study (Figs. 9 and 12) and OpenET (Fig. 18).

Improved long-term monitoring will help reduce uncertainties in the application of such imagery and
help manage the evolving water needs within the Basin. Figure 22 places the Compass Mineral and Playa
sites in the context of other monitoring sites near the Great Salt Lake underway by the University of
Utah (black circles) and Utah Geological Survey (orange circle in Fig. 22).

Not shown in Fig. 22 are the air quality monitoring sites being developed as the Utah Dust Observation
and Research Network (UDORN) by the Utah Division of Air Quality (Great Salt Lake Strike Team 2026).
UDORN will expand Utah’s air-quality network with nine new dust-monitoring stations and upgrades to
13 existing stations to track dust downstream from Great Salt Lake and other major playa surfaces
across the state. Unlike the Playa site relied upon in this study, the UDORN sites near the Great Salt Lake
are not located in dust generation source regions but rather monitor downstream transport of dust

Gunnison

1

Figure 22. Existing University of Utah UUNET (black) and Utah
Geological Survey (orange) stations, and potential locations for
additional monitoring sites (red).
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across the interfaces between playa surfaces and the Wasatch Front. Perry (2026) provides
recommendations for dust control measures from the exposed lakebed of the Great Salt Lake including
the need for real-time monitoring on the exposed lake beds to alert decision makers and the public
about impending hazardous conditions for public health.

The focus for the following is placed on recommendations associated with operating a network of
stations near the Great Salt Lake to monitor environmental conditions including evaporation and
precipitation. Of equal importance, yet not included in detail here, is to undertake research on how to
use observations from such a network to evaluate satellite and model output of both evaporation and
precipitation. Such research is needed, for example, to assess how OpenET and other satellite-based
systems can be used effectively to estimate evaporation over and near the Great Salt Lake. None of the
six surface energy balance models used presently by OpenET estimate evaporation from open water or
bare soils adequately. Other options exist such as the AquaSEBS model for open water (Abdelready et al.
2016; Fisher et al. 2023). Estimating evaporation rates relevant to the Great Salt Lake, mineral ponds,
and playa surfaces also requires improved understanding and availability of salinity measurements to
correct satellite data for these environments.

Similarly, Great Salt Lake hydrologic modeling studies generally rely on precipitation climatologies
derived from sparse observations. Reducing uncertainties in such models related to precipitation could
be obtained by relying on Multi-Radar Multi-Sensor (MRMS) hourly gridded analyses at 1 km horizontal
grid spacing (Zhang et al. 2016). While the MRMS precipitation analyses near the Great Salt Lake are
presently based now on the Promontory Point National Weather Service (NWS) radar, such analyses can
be significantly improved if precipitation data from gauges recommended to be deployed in this study
are transmitted operationally via the National Mesonet Program.

The following recommendations are not ordered by priority. Instead, they progress from short-term
needs to maintain existing equipment and capabilities to broader, longer-term needs to upgrade and
add functionality for estimating evaporation and precipitation to support water resource management
within the Great Salt Lake Basin.

1. The deployment by the United States Geological Survey of buoys on the Great Salt Lake is of high
importance. Temperature sensors near and at depth are critical to maintain. The validation of near
surface temperatures is valuable for assessing satellite and model derived data. However,
evaporation from those buoys can only be estimated at this time from meteorological sensors using
bulk moisture transfer assumptions (Allen et al. 1998; McMahon et al. 2013). It is not practical with
existing technologies to mount gas analyzer eddy covariance sensors on a lake platform. The high
cost to install and service platforms able to withstand the harsh conditions on the Great Salt Lake
and host such sensors would be prohibitively expensive. It may be cost-effective to rely on the buoys
and shoreline sensors to calibrate satellite and modeling estimates of evaporation.

2. Continue to maintain and upgrade the surface energy budget sensor system in a wetlands area east
of Farmington Bay operated by the Utah Geological Survey as part of the Utah Flux Network (orange
circle in Fig. 22, Inkenbrandt et al. 2026). That site is evaluating changes in water use before and
after treatment to remove invasive vegetation and after replacement with native vegetation.

3. Maintain and upgrade as needed the UUPYA/UUPYF instrumentation for long-term monitoring of

the processes below, on, and above the playa surface in the Farmington Bay region. This effort may
be aided by cost sharing with projects focused on mitigating dust impacts on public health along the
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Wasatch Front. Maintaining UUPYA/UUPYF is a cost-effective way to augment the UDORN network
in a Great Salt Lake playa dust source region.

4. Deploy a platform in an operational mineral pond able to mount a complete surface energy balance
system such as that presently at UUPYA/UUPYF. The temporary deployment of eddy covariance
sensors at UUCMF was useful but incomplete. To lessen impact on mineral extraction operations, it
may be adequate to use a tower with radiation sensors mounted on booms extending over one
pond. Sensors embedded in the brine would help improve closure of the surface energy budget.
Access to halite concentration data as a function of time of year in the operational mineral pond
would be very helpful in order to estimate evaporation rates.

5. Test and deploy scintillometer instrumentation (Lobos-Roco et al. 2022; Perelet et al. 2022) as a
potential alternative to the eddy covariance flux tower approach examined in this pilot study.
Scintillometry provides area-averaged evaporation and sensible and latent heat flux estimates by
measuring atmospheric turbulence between a transmitter and receiver typically separated by more
than several hundred meters. The benefits of this approach include increased spatial
representativeness. Siting an eddy covariance system at the transmitter or receiver site would be
necessary to help evaluate output from the scintillometer. Possible locations for deploying a
scintillometer system include the Causeway or near the Promontory Point marina sites described
below. Rail traffic may complicate deploying such a system on the Causeway.

6. Field testing should be done to contrast the performance of the LI-COR Carbon node one
dimensional open path eddy covariance sensor system to full three-dimensional open path systems
(e.g., LI-COR LI-7500DS or Campbell Scientific EC150). The Carbon node water vapor flux sensor
potentially reduces some of the limitations of the LI-COR LI-710 that was evaluated in this study.

5.3. Maintaining and Upgrading Stations

Figure 23 highlights the UUNET sites presently operated by the University of Utah that are
recommended to be upgraded and maintained. In order of priority, they are: Gunnison, Hat,
Locomotive, Fremont, Great Salt Lake Minerals, Lakeside, and Syracuse. Photos of the first six of these
sites are shown in Fig. 23. The recent addition of a UDORN site at Syracuse reduces, but does not
entirely eliminate, the need for instrumentation at that site.

These existing UUNET stations have infrastructure to monitor meteorological conditions (wind,
temperature, moisture, solar radiation, pressure, and warm season rainfall) at several sites for over 25
years and are relied upon for public safety on the Great Salt Lake and for metropolitan regions along the
Wasatch Front. They are also critical for monitoring the conditions affecting the brine shrimp industry
and bird nesting habitats. Maintaining all these sites is critical in order to obtain improved estimates of
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Figure 23. University of Utah stations recommended to be upgraded and maintained.
a) Locomotive Springs. b) Gunnison Island. c) Lakeside Mountain. d) Hat Island. e) Fremont Island.
f) Great Salt Lake Minerals.
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precipitation across the Great Salt Lake. The transmission of such provisional data as rapidly as possible
via the National Mesonet Program is critical to maximize its benefit for diverse applications.

With some exceptions, nearly all of the equipment at the sites shown in Fig. 23 have been deployed far
beyond design life and many rely on an unsustainable radio communication network. These stations
provide critical documentation of conditions during the past that need to be extended into the future.
Increased solar power and all-season precipitation sensors (e.g., Lufft WS 100 sensors) should be added.
Most of these sites are not practical for siting eddy covariance systems as they are laterally and
vertically far from Great Salt Lake shorelines. One exception is Locomotive that could be moved south
on the playa surface closer to the northern shoreline of Gunnison Bay.

5.4. Additional Station Locations

The numbered red symbols in Fig. 22 suggest possible locations where additional meteorological sensor
and eddy covariance systems could be deployed to estimate precipitation and evaporation rates along
representative shorelines of the Great Salt Lake. Monitoring evaporation at each site is not necessary.
Brief site descriptions corresponding to the images in Fig. 24 are provided along with pragmatic
advantages and limitations for those locations. Future network planning will require extensive
evaluation of site locations and the types of equipment appropriate for those locations.

Figure 24. Possible locations for additional monitoring sites. a) Ogden Bay Wildlife Management
Area (41.2054, -112.1792). b) Eardley Spit (40.7340°, -112.3291° ). ¢) Great Salt Lake State Park
(40.7368°%-112.2118°). d) White Rock Bay (40.9942°-1122536°). e,f) Boulder Point (40.9942°;-
1122536°). g) Promontory Point. 42.2022°;-112.4282°). h) Causeway. 41.2204°;-112.6710°). i)
Coyote Bay (41.4900°-112.7509°).
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Our initial recommendations for deploying complete sensor systems that are of higher importance
include: Ogden Bay (Site 1); Boulder Point (Site 5); and the Causeway (Site 7). All of these sites have
tradeoffs that will require considerable evaluation.

e Site 1. Ogden Bay Wildlife Management Area (Fig. 24a). An additional site in a wetland not
undergoing invasive vegetation treatment is recommended. The site should be designed,
instrumented, operated, and maintained similar to the existing Utah Geological Survey Utah Flux
Network sites (Inkenbrandt et al. 2026). That will require a platform within the wetland to be built
and accessible by watercraft.

e Site 2. Eardley Spit (Fig. 24b). This site was scouted by our team as it was thought to be a valuable
site for monitoring evaporation in shallow areas near the GSL. The width of the Spit at present water
levels requires either two sets of sensors to measure evaporation associated with nighttime flows
from the south and daytime flows from the north, or a single tower as far east as possible. However,
locating the tower towards the eastern tip may affect bird resting habitats. An alternative to a tower
is a barge design capable of being deployed stably in the shallows and then moved when lake levels
change. Time-consuming access is another drawback for maintenance since this site would require
travelling by UTV from the west or boat from the east.

e Sjte 3. Great Salt Lake State Park (Fig. 24c). This site’s main advantage is accessibility for
maintenance and proximity to relatively deep water. Afternoon onshore winds would provide useful
information on evaporation rates. A tower could be positioned on a breakwater with a subsurface
temperature probe and boom extending radiation sensors immediately offshore. While the Utah
Division of Air Quality has deployed a UDORN trailer containing instrumentation to monitor dust
nearby, it is located too far from the shoreline to be useful for estimating evaporation.

e Site 4. White Rock Bay (Fig. 23d). A tower capable of being repositioned on the northwest shore of
Antelope Island in one of the concave bays would provide evaporation rates from deeper offshore
water to the west during prevailing onshore afternoon winds. The concave bays help to focus
onshore winds. The design for this and other near-shore deployments should include a power
system (solar and batteries) like that used at Playa and Compass Minerals that could be positioned
above the shoreline and allow the tower to be guyed as close to the shoreline as practical. The need
to move the tower as major lake level changes occur should be anticipated.

e Site 5. Boulder Point Breakwater (Fig. 24e,f). Deploying a tower on the breakwater on the northwest
tip of Stansbury Island would serve multiple needs. The site is adjacent to deep water and accessible
via road as the site is used seasonally for brine shrimp operations. Evaporation arising from easterly
onshore morning winds and afternoon flows from multiple directions would be captured.

e Site 6. Promontory Point Breakwater (Fig. 24g). Deploying a tower on the breakwater on the
southern tip of Promontory Point would be a similar deployment to other breakwater sites. The site
is used seasonally for brine shrimp operations, adjacent to relatively deep water, and accessible via
road. Evaporation arising from easterly onshore morning easterly winds and afternoon southerly
winds would be captured.

e Site 7. Causeway (Fig. 24h). There are limited locations where towers could be mounted on the
causeway that would not interfere with rail operations. In addition, the width of the causeway and
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5.5.

impacts of passing trains would necessitate having towers on both north and south sides. Access is
provided with permission of the railroad and subject to their operations. The types of towers to be
deployed would be similar to other recommended locations.

Site 8. Coyote Bay (Fig. 24i). Gunnison Bay. A site representative of conditions in Gunnison Bay
would be similar to a sensor system on the western edge of Antelope Island. A possible location is
the concave bay south of Coyote Point. UTV access would be required. Sensor deployment would be
similar to that at White Rock Bay. Upgrading and shifting the Locomotive Springs site closer to the
present Lake shoreline would be an alternative.

Equipment Recommendations

Independent of this study, the Utah Geological Survey provided draft estimates to the Utah Division of
Water Resources for the requirements and costs to install and maintain evapotranspiration systems
near the Great Salt Lake as part of the Utah Flux Network. Rather than repeat their analysis, general
equipment needs are provided here by installation type. The types of requirements relevant to the
needs near the Great Salt Lake fall into four general categories:

e C(Class 0: Upgrade and maintain sensors and infrastructure at existing UUNET observing sites and
add year-round precipitation, net radiation, and camera observations.

e (lass 1: Class 0 with added basic evaporation monitoring near the Great Salt Lake using LI-COR
Carbon node one dimensional open path eddy covariance sensor systems.

e (Class 2: Class 0 with added evaporation and surface energy balance using three-dimensional
open path eddy covariance systems (e.g., LI-COR LI7500DS or Campbell Scientific EC150).

e (Class 3: Class 2 with added scintillometer system (e.g., Scintec Large Aperture Scintillometer
BLS900).

As shown in Table 9, estimated equipment costs increase substantively as a function of the deployment
type. Key recommendations are as follows:

Maintaining and upgrading meteorological sensors to meet Class 0 requirements is recommended at
the UUNET labeled sites in Fig. 22. Upgrading all sites to have cameras is valuable not only for
monitoring environmental conditions but also for assessing maintenance needs. Priority order from
highest to lowest to maintain these sites is as follows: Gunnison; Hat; Locomotive; Fremont; Great
Salt Lake Minerals; Lakeside, and Syracuse. The oldest equipment, loggers, and communication
infrastructure are at Gunnison and Locomotive. Gunnison’s second camera site to monitor pelican
nesting is optional. Lakeside is valuable for monitoring weather systems approaching the GSL. The
recent addition of a UDORN site at Syracuse reduces, but does not entirely eliminate, the need for
that site.

Class 1 requirements are recommended for remote sites where vehicle access may be difficult.
While our team has not tested the LI-COR Carbon node open path eddy covariance system (1D Flux
in Table 9), it will likely be a substantial improvement relative to the LI-710 sensor that we evaluated
and may be adequate for obtaining evaporation data. Field testing near the Great Salt Lake or at a
playa location should be undertaken prior to deploying such sensor systems. The Carbon node
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system should be paired with other meteorological and soil sensors where relevant (e.g., soil heat
flux plate).

Class 2 requirements are recommended at high priority sites such as in the Ogden Bay Wildlife
Management Area, Boulder Point, and along the Causeway. As mentioned earlier, a matching pair of
Class 2 sensor systems would need to be deployed on the Causeway to capture northerly and
southerly wind periods. Because of the increased maintenance required for such sensor systems,
selecting sites that are accessible by road (e.g., Great Salt Lake State Park, Boulder Point,
Promontory, and Causeway) is recommended.

Testing a scintillometer as part of a Class 3 system initially at a representative and accessible
location would be of great benefit. Subsequent scintillometer locations near the Lake, e.g., playa
surfaces susceptible to dust production, would be beneficial to estimate evaporation over a wider
fetch and footprint than possible with short tower systems. Rather than multi-year deployment of a
scintillometer system at one location, such a system could be deployed for short-term (1-2 month)
intensive studies to assess conditions above different surface types and times of year.

The detailed equipment list recommended by the Utah Geological Survey documents the substantial
ancillary equipment required for such sensor deployments. Sufficient spare sensors need to be
available in order to swap, calibrate, and/or repair and avoid long data outages.

Table 9. Planning cost estimates for key instrumentation
Equipment Class 0 Class 1 Class 2 Class 3
Temperature/Moisture S600 $600 $600 $600
Wind $1500 $1500 $1500 $1500
Pressure $800 $800 $800 $800
Net Radiation S4000 $4000 S4000 $4000
Camera $1000 $1000 $1000 $1000
Soil Temperature $200 $500 $500 $500
Precipitation $1500 $1500 $1500 $1500
Datalogger $2300 $2300 $2300 $2300
Tower $2000 $2000 $2000 $2000
Batteries + Solar S4000 $4000 $4000 $4000
Modem + Antenna $1500 $1500 $1500 $1500
Soil heat flux plate $3000 $3000 $3000
1D Flux $20000
3D Flux $35000 $35000
Scintillometer $60000
STotal 19400 $42700 $57700 | $117700
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5.4. Staffing Recommendations

The entities selected to install, operate, and maintain the sensor systems are not defined here. This
project likely will evolve into continued collaborations between federal and state agencies and
contractors from universities (e.g., University of Utah or Utah State University) or commercial firms. This
research team at the University of Utah that completed the pilot study will be less involved, but that
does not rule out participation led by other researchers from the University of Utah.

This pilot project relied upon considerable University of Utah assets developed over decades that will
not be available in the future. Some of that infrastructure is obsolete (e.g., radio communication) and
should not be replicated. A comprehensive communication strategy will need to be developed in order
to manage data collection and ongoing costs for such a network.

Required staff to manage, operate, and analyze the data is expected to require at a minimum:

e Full time Lead Scientist with prior experience managing an environmental network,

e Two full time Field Technicians to install and maintain the equipment,

e Full-time IT Software Manager with experience dealing with collecting, archiving, and
disseminating environmental data,

e  Full time Data Analyst with background in as many areas as possible of the following: in-situ and
remote sensing observing systems, modeling, quality control procedures, assessing uncertainties
in observational data streams, and visualizing environmental data.

5.5. Installation and Operation Recommendations

During the initial phases to develop the network, the Lead Scientist and team will need to survey, select,
and obtain permits for the sites. Purchasing equipment will likely require open bidding for key
components. Equipment testing and construction of power and sensor platforms will require
considerable effort. Substantial transportation costs to deploy and maintain equipment to any remote
field sites needs to be assessed.

Once the sensor systems are in place, monthly visits to every site from March to October should be
planned. Additional visits should be anticipated depending on weather disruptions and sensor failures.
For safety, site visits should require two person crews. This network may require a combination of
transportation modes (truck, UTV, EV bike, swamp boat). Deploying a scintillometer will require
specialized support and troubleshooting likely not available from the field technicians handling other
sites.

Cell communication and software network infrastructure may be handled using cloud data services and
archive repositories. Real-time and retrospective visualization on a hosted web server will be needed.
Data should be processed and made available as part of the FLUXNET and AmeriFlux networks (Novick et
al. 2018, Baldocchi et al. 2001).

To maximize the benefits of the installation and maintenance of this network, continuous collection of
provisional data as rapidly as possible and transmission of that open source data via the National
Mesonet Program of the National Weather Service is strongly recommended. That will ensure that the
information is accessible for multi-agency, commercial, and public service needs.
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8. Supplementary Material
8.1. Galant (2025)

Galant, M., 2025: Evaluating Evaporation from Land Surfaces near the Great Salt Lake . M.S. Thesis.
University of Utah. 98 pp. https://home.chpc.utah.edu/~u0035056/Galant Misha Thesis.pdf

EVALUATING EVAPORATION FROM LAND SURFACES
NEAR THE Great Salt Lake
Misha Galant
Master of Science
Department of Atmospheric Sciences
The University of Utah
August 2025
ABSTRACT

The desiccation of saline lakes, such as the Great Salt Lake (GSL), presents significant environmental
challenges, including increased water insecurity and habitat destruction. This phenomenon is partially
dependent on natural variability and climate change, but is largely influenced by excessive water use
and management policy. An essential component of water balance within closed lake systems is the
amount that is lost o evaporation and evapotranspiration. These processes within the Great Salt Lake
basin have been incompletely studied.

This study evaluates evaporation fluxes from both exposed playa and anthropogenic mineral pond
surfaces using two eddy covariance sensor systems: the open-path, three-dimensional Campbell
Scientific EC150 and the semi-open-path, one-dimensional LI-COR LI-710. LI-COR’s release of the lower
cost LI-710 during 2024 provided the impetus for comparing its performance characteristics to those of
the EC150. Analyses are conducted of daily evaporation rates, energy flux patterns, and sensor
performance under distinct environmental conditions. Instruments were deployed at a playa site in
Farmington Bay and at a mineral pond site operated by Compass Minerals, with data evaluated in this
study from October 2024 through March 2025. The procedures used to assess sensor performance will
be discussed in detail, using data collected at these sites

Differences in flux rates between the playa and mineral pond sites highlight the impact of surface type,
moisture availability, and atmospheric dynamics and thermodynamics on evaporation processes. The
spatial heterogeneity of these surface types within the Great Salt Lake boundary further underscores
the importance of localized measurements for accurate quantification. Preliminary results indicate that
the LI-710 systematically underestimates evaporation rates compared to the EC150. Feedback from LI-
COR staff suggests that this underestimation is recognized and requires an LI-710 sensor firmware
upgrade that will be made available during summer 2025.
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8.2. Data Access

Data obtained as part of the study are archived on disk servers in the Center for High Performance
Computing at the University of Utah. The data are stored and accessible as outlined in the following.

8.2.1. Evaporation Viewer and Download Tool

UUNET Evaporation Viewer
htps:/horel.chpc. utah, edulflux_web_va/viewer_csv hirm

Site: UUPYF —PlayaFlux v TIME End Date: 2025 Mon: 10 Day: 1 Hour: 0 Duration: Entire record v/ Download 30 Min Data Downioad Daily Data Help

Time Series 1 Time Series 2
sor CS150 v Varisble: Evap (Daily total) v BRaw BFid (QCY Y suo v Min: su Sensor:| LITA0 V| Veriable: LatentHeat(30min) v EARaw EBFNd []QCY Y- a0 v Mn a

Max: | aut Max

n: UUPYF Name
>S150

cs: ov 4
LI710 Latent Heat (30 min) from 2024-09-26 12:3000 to 2026-04-02 06:30:00 local - plotted points: 26524 Raw, Filtd

Evap (Daily total) a

far 2025 May 2025 Jul 2025 Sep 2025 Nov 2025 Jan 2026

al Date

Daily evaporation (mm) at UUPYF available from the Evaporation Viewer.

Efficient access to core data are available via the UUNET Evaporation Viewer
(https://horel.chpc.utah.edu/flux_web v4/viewer csv.html). This viewer and download tool provides
access to the sensible and latent heat flux and evaporation data at 30 minute and daily intervals for both
the UUCMF and UUPYF sites and the two flux sensor types (EC-150 and LI-710).

Presently, the periods of record are:

e UUCMF: 8/15/2024 - 10/3/2025
e UUPYF: 9/26/2024 - 4/2/2026

Data from UUPYF will likely continue to be added periodically.
Options are available to view and overlay:

e Raw: Data without gross error checking, gap filling, or QC applied to the 30 min data.
e Fill'd: Data after gross error checks and short period gap filling applied.
e QC'd: Datafrom 30 min periods when the CS-150 QC flags are less than 7.

Options are available to download the data as csv files at 30 minute or daily intervals for all variables
from the two sites. The “Entire record” option can be used to download the complete archives from the
two sites.
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8.2.2. UUNET Viewer

Work is underway to replace the MesoWest web displays (Table 2) with more efficient tools to access
data from the pilot study sites as well as those available from around the Lake as discussed in Section
5.2 (Fig. 22). Managing and displaying the dozens of variables obtained from the eddy covariance sensor
systems within MesoWest software was not possible. That has contributed to the need to design
entirely new UUNET data storage and display software. A preliminary viewer providing access to the
data collected at the four observing sites used in this study (GSLM, UUCMF, UUPYA, and UUPYF) is
available from: https://horel.chpc.utah.edu/flux_ web v4/viewer.html. This software development
effort is ongoing in order to provide access to all the UUNET stations managed by the University of Utah
and from other networks in Utah and nearby states.

UUNET Viewer

Silo: UUPYF —PlayaFhx ~  TIME End Dale:| 2026 Mon: | 4 Day: 1 Hour: 0 Duration: 180 days | QG <- eE——— o =

Time Series 1 Time Serles 2

Product. vi4b | Table: csflux | Variable: LEF ~ ¥ ao v Min aulo Max: Product. vi4b | Table: (none) | Variable:| (none) v ¥:| auto v | Min | aul Max

Station: UUPYF Name: Playa Flux Products: vd4a, viuo

04
Variable 1 Goverage: LE_F begins 2024-08-28 12:30 and ends 2026-04-02 06:30 local n: 26268 Source: flux_viHb
Pict updated

l\ \ ! 1 /, A |
10/06 10/11 10/16 10/21 10/26 18/31 13/05 13/10 1Y15 1420 13/35 13/30 12/05 1/10 13/15 12/20 1325 12/30 01/04 0109 OL/14 0119 0124 0129 0Z/D3 02/08 013 0/18 02/23 0228 03/05 03/10 03/15 0320 025 0330

Local Time

Latent heating (W m) at UUPYF available from the preliminary UUNET Viewer.

The UUNET viewer provides access to data grouped according to Product and Table that vary among the
stations as a function of the sensors available at those sites:

e Product vO4a: raw data
e  Product v04b: includes data after gross error checks and missing data filling (_F suffix)
o Table diag_eb: diagnostic fields related to energy balance closure for the UUPYF site

Up to 180 days of data may be displayed. The QC slider bar limits the display to periods when the heat
and/or latent heat flux QC checks for the CS-150 are below that value (observations are increasingly
suspect as the QC flag value increases).

Critical tasks remain to simplify access to UUNET data by standardizing where possible variable names
and units. All data accessible via the UUNET viewer at this time should be considered provisional.
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