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3 Executive Summary

Climate change initiated by anthropogenic carbon pollution is now a major threat to human civilization and
ecosystems [1, 2]. As climate stressors intensify, adaptation and mitigation increasingly involve transition
to a low-energy economy at the local community level [3]. Technologies to enable this transition are still
in early stages of development and policy at levels from local to national are disordered and inconsistent
[4, 5]. Given the urgency, successfully achieving resilience requires developing and sharing the science and
technical knowhow widely, as they emerge in realtime. The purpose of the present document is thus to widely
disseminate, among citizen scientists and school outreach participants, the technical knowhow MEER has so
far gleaned through prototyping and using our first-generation devices based almost exclusively on glass.
At the community-level, a key challenge to resilience is food security and self-sufficiency because of increas-
ingly severe and frequent heatwaves and droughts [6, 7, 8, 9, 10, 11, 12, 13]. Heat exacerbates drought by
accelerating evaporation and transpiration [14, 15, 16, 17, 18]. Increasing temperatures in Winters and dur-
ing snow melting seasons is also contributing to decreasing planetary albedo and altering ice phenology and
exerbating the rate of warming [19, 20]. This project takes on these multiple challenges, employing cutting
edge technology to test the feasibility of using near-ground-level mirrors to reflect away a small percentage of
incoming solar radiation before it can be absorbed and re-radiated as greenhouse gas-reactive infrared energy.
We examine, at a very small scale, the impacts of individual mirrors and microarrays on local conditions in or-
der to better anticipate the climate and environmental impact of large scale deployment. An equally important
goal is to use the system for local capacity building around the world, in science, technology, and pedagogy.
Solar radiation management essentially controls conversion of shortwave solar radiation into heat. Theoreti-
cally, it reduces thermal energy flux through plants and soils, consequently reducing ground temperatures and
evaporative water loss. Despite this conceptual simplicity, there are no publications reporting experimental
results on the impact that mirror arrays have on the micro-environments around them. MEER teams at Ply-
mouth State University (PSU) and at the New Hampshire Technical Institute (NHTI) are currently conducting
systematic experimental investigation of the abiotic and ecosystem responses to mirror arrays as a function of
surface coverage by mirrors, and of the differential impact of various glass materials. In this multi-institution
collaboration, investigators with expertise spanning climate physics, ecology, chemistry, material science,
mechanical engineering, and social sciences collaborate to comprehensively examine the physical and bio-
logical impacts of glass mirror arrays on the local environment. Specifically, we explore the response of soil
temperature, water content, air temperature, air humidity, radiation flux, wind speeds, as well as plant growth
rate and physiology.
Alongside the main field experiments, we address a grand challenge in education, bringing technology into the
reach of diverse, often underserved populations and communities around the globe, including rural sectors.
We do this through open education resource sharing, direct outreach to K-16 and public audiences, the devel-
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opment of demonstration kits and education modules, and building towards the world’s first multidisciplinary
inclusive Research Education Community (iREC) [21, 22, 23]. The experimental prototypes described in this
manual can be used over multiple years, with varying methods for data acquisition, for investigating different
environmental questions, and over different ground types, urban, natural, and agricultural. The concept can
be easily adopted for formal and informal educational purposes worldwide, and lead to scientific data worthy
of publication. We therefore expect individual local projects to inspire community-level, grass-roots science
and citizen engagement and to instill hope for solving one of humanity’s biggest challenges around climate
change.
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4 Introduction and Motivation

4.1 Climate change and its impacts

As a result of anthropogenic carbon releases to the atmosphere, Earth has entered a state of positive energy
imbalance unprecedented, in the planet’s geologic history, by the rate of warming. The imbalance is char-
acterized by the storage of ocean and atmospheric heat at 400 Terawatts [24, 25, 26, 27, 28], twenty times
more than the human civilization energy dissipation rate. This imbalance has driven a warming trajectory
now known as anthropogenic climate change, or global warming [29]. Researchers across many scientific and
social science disciplines, plus the general public, are increasingly alarmed by this phenomenon. It is primed
to induce, within the lifetimes of most of the planet’s human population, a massive scale of global suffering
through extreme-weather events, heat strokes [6, 8, 30], drought and crop failure [12, 13, 31, 32, 33], internal
displacement [34, 35], ecosystem collapse [1, 36, 37], and, less intuitively, armed conflict [2], pandemics
[38, 39, 40], and suicide [41].

4.2 Mechanism of ecosystem collapse

Climate change impacts are predominantly due to the sensitivity of biological processes to heat, leading to
decay of fitness for most lifeforms, including important food crops and fisheries [42, 43, 44, 45], with inten-
sifying heatwaves and droughts [7, 46, 47, 48, 49, 50]. Biological fitness has a peak optimal temperature, and
a range of tolerance around the peak. Fitness falls sharply as temperatures rise to several degrees above the
optimum [46, 51, 52, 53, 54]. Species and subpopulations can have different optimal temperatures and op-
timal temperature ranges, usually matching conditions in their native environments [55]. The fitness curves
are asymmetric with respect to temperature such that many organisms show more sensitivity to, and harm
from, overheating than overcooling [56]. A temperature increase of 2-3∘C above historical habitat conditions
consistently induces local extirpation [57, 58, 59], ecosystem regime shift and collapse [1, 36, 37, 60].

4.3 We have committed to warming beyond 2∘C

In 2020, key climate parameters were recently reassessed [61, 62], and they paint a much bleaker future than
implied by previous reports by the Intergovernmental Panel on Climate Change (IPCC) [63]. When the most
advanced climate models (CMIP6) were updated with new understanding of cloud and aerosol mechanisms,
Earth’s transient climate response (TCR) jumped to 2.0±0.4∘C per CO2 doubling 1, the high extreme of
earlier predictions (0.8-2.5∘C) [62, 64]. TCR refers to the rapid change in Earth’s surface and ocean mixed
layer temperature, on the time scale of years, following a step-function perturbation in heating power. At the
same time, equilibrium climate sensitivity (ECS), supported by multiple lines of evidence, increased from

1Equivalent to 3.7 W m-2 of radiative forcing.
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1.5-4.5∘C to 2.4-4.5∘C per CO2 doubling [61, 65]. ECS involves the slower processes of vegetation and land
ice changes and so predicts conditions over a time scale of centuries [66, 67]. The new TCR range agrees with
the 1.3∘C of actual warming that has occurred so far, from a net radiative forcing of 2 W m-2 [68, 69]. It now
appears improbable that even an immediate highly unlikely cessation in anthropogenic fossil fuel emissions
will prevent global average temperatures from exceeding 1.5∘C because about 1.2 W m-2 of radiative forcing
are temporarily suppressed by aerosol co-emitted during fossil fuel burning [61, 70, 71, 72, 73, 74, 75, 76, 77].
The new TCR estimate points to an additional ≈ 0.7∘C increase and the new ECS range implies that as yet
unrealized heating from Earth’s energy imbalance will inevitably bring us above 2∘C [29, 78, 79, 80, 81, 82,
83, 84, 85]. This is extremely bad news given existing and accumulating knowledge about ecological and
agricultural vulnerability, and demonstrates that climate mitigation is an urgent priority for humanity. This
proposal describes experiments with mirror arrays designed to explore avenues for climate mitigation.

9
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5 Proposed Research

We share experimental kits with researchers, educators, students, and community members around the world
who seek to understand and teach key principles of climate change physics and mitigation possibilities via
micro-environmental solar radiation engineering. All participants agree to collaborate with each other and
with MEER by co-developing and openly sharing data, technical engineering advances, custom data analysis
softwares, and open educational modules for use with the experimental kits, including ideas for hands-on-
learning-through-experimental-discovery, hypothesis testing and make-it-yourself ideas for students to do in
class settings or at home.

Globalization of research and education outcomes will be promoted through publication of peer-reviewed
articles, of teaching module and design concept in open education journals, presentations at international
conferences and development of a free, themed media series with sharable links posted on MEER.org and
instructions in multiple languages. This project also creates opportunity to learn about public reactions to
mirror arrays, and to test the influence of outreach in changing attitudes/acceptance of these kinds of climate
mitigation efforts, thus linking this STEM-focused project to the social sciences. Similar work has been done
to assess the impact of windfarms [86] and solar energy farms [87] on viewsheds.

The experimental project presented here is based around a research question that asks “How feasible and
how effective is climate adaptation using a ground-based array of mirrors to reflect away some of the incom-
ing solar radiation (visible light) that would otherwise be absorbed and reradiated to interact with greenhouse
gases?” The feasibility question is complex and involves many practical details, including materials costs,
labor, impact on landscapes, infrastructure durability, and social acceptance of the presence of mirror arrays
in addition to the actual climate impact. The effectiveness question requires a precise quantification of local
ecological, primary productive, albedo, hydrological, and economic cobenefits. Because of these factors, a
minimum array size is most desirable; this is because expansion of scale should improve both feasibility, by
dropping unit cost, and effectiveness, by exploiting collaborative cooling effects of neighboring infrastruc-
tures.

Thus, a corollary question is “What is the minimum area of mirrors needed to have a measurable mi-
croenvironmental or climate effect?” We approach these research questions through replicate pilot tests from
an individual-device scale to a micro-array scale, roughly 10 m2 each, with albedo and structural controls
enabled by black glass and transparent glass, respectively. The experimental design thus enables data col-
lection for evaluating the effectiveness of the mirrors in creating ecologically diverse microclimates in their
immediate vicinity, is a necessary predecessor step to implementation of the global climate mitigation idea,
and importantly will not generate any unforeseeable, negative global impact due to its vanishing scale.

The device deployed for the current cycle of experiments are based almost entirely on glass as both the
structural and functional material. A advantage of glass devices is their durability against corrosive degrada-
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tion, once optimally designed and installed. An important drawback of glass is its weight, making shipping
of material challenging, especially at small scales. Another drawback is risk of catastrophic failure and debris
generation in the case of severe hail storms and tornados. Future iterations of the experiment will feature more
light-weight materials based on hybrids among glass, bamboo, plastics, and sparing use of recycled metals.

In the following subsections, we describe examples of specific research questions that can be addressed
with the common set of mirror and glass devices.

5.1 Soil cooling and moisture retention

This study is suitable for most regions around the world and specifically examines the impact of the mirrors
on net energy flux at the surface, manifested by changing temperature and moisture of the soil in the ground
and of the air right above it; in other words, the micro-environments around the mirrors, and the effects of
shading and cover created by the presence of the mirrors. We investigate multiple land surface types, from
soil in rural, agricultural environments, to concrete and asphalt surfaces characterizing urban environments,
to frozen permafrost, mountain snow cover, and glaciers. We anticipate several outcomes from the proposed
experiments and test these with null hypotheses:
Prediction 1.1: The presence of the mirrors will create a micro-environment under the arrays manifested by
cooler ground and soil temperatures during periods of high solar irradiance, and greater soil moisture, and
these effects will scale proportionally to the temporal coverage by shadows projected by the mirrors and black
glass (Fig. 1). H0(1.1) null: There is no measurable difference in ground temperature, that systematically
varies with location of the soil with respect to mirror placement and shadow sweep regions.

If H0(1.1) is false, then

Prediction 1.2: The shading of direct radiation by individual mirrors create significant micro-scale spatial
heterogeneity in ground temperature within each array (Fig. 2). H0(1.2) null: Soil temperature is uniform
around any single device.
Prediction 1.3: A 20∘, South-facing tilting geometry of each mirror device during the warmer half of the
year (see Section 8) directs precipitation towards one side of the mirror, increasing soil moisture under the
southern edge of an individual mirror, compared to in other micro-environments (Fig. 2). H0(1.3) null: Soil
moisture is uniform to within background experimental variability around any single device.
Prediction 1.4: The micro-environmental impacts observed for mirrors are similar to but measurably different
compared to those due to black glass devices. Specifically, we predict increased rate of desiccation of soil
underneath the black glass as compared to under mirrors. The moisture is still higher compared to control.
H0(1.4) null: Soil moisture measured around black glass devices are not measurably different from those
measured at corresponding microenvironments under mirror devices.
Prediction 1.5: Transparent glass devices create measurable micro-environments by attenuating solar radi-

11
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ation, modifying the IR radiation environment at night, and perturbing wind profiles. Impacts are smaller
compared to those under mirrors and black glass. H0(1.5) null: Soil moisture measured around transparent
glass devices are not measurably different from those arising from natural, lateral variability in the soil.

Analysis and meaningful interpretation of the soil data requires data on other environmental variables that
will be studied by a project focusing on atmospheric conditions (Section 5.2).

5.2 Air temperature and air moisture

This study should be implemented at the same time as the soil/ground study and specifically examines the
impact of the mirrors on atmospheric parameters, including air temperature, humidity, and energy balances in
the layer of air between ground and the device as well as right above the latter; in other words, the above-ground
micro-environments both under and above the mirrors via the effects of shading and cover created by the
presence of the mirrors and other glass devices, as well as altered radiation-heat conversion and convective heat
transfer. The aim is to qualitatively characterize changes to the fluxes of sensible heat (through air temperature)
and latent heat (through air humidity) in and near the devices.
Multiple air temperature and humidity sensors will be installed within each experimental plot. Data on air
temperature, relative humidity, and incoming visible light will come from continuous monitoring by sensors
located at strategically chosen positions within each array. We anticipate several outcomes from the proposed
experiments and test these with null hypotheses:
Prediction 2.1: The presence of the mirrors and glass plates will create above-ground micro-environments
within and around the mirror arrays manifested by cooler air temperatures compared to the control, and this
effect will be more prominent in a 2x2 array compared to under a single device (Fig. 2). H0(2.1) null: There
is no measurable difference in air temperatures between the control plot and any of the plots with glass arrays.

If H02.1 is false, then
Prediction 2.2: Air temperature displays heterogeneity around the mirror devices, manifested by the lowest
temperature below the mirrors in air volumes directly shadowed by a mirror around solar noon, higher in
the air space shielded from direct solar radiation and below the installation height of mirrors, and highest
at elevations above the mirrors. The relative trend between above- and below-device measurements reverse
during the night. Generally, diurnal temperature amplitude is attenuated underneath the devices and in the
shade, relative to control. H0(2.2) null: There is no measurable difference in air temperatures at various
heights and lateral locations within each mirror array.

If H02.1 is false, then also

Prediction 2.3: Air temperature displays heterogeneity around the black glass devices, manifested by the
lower temperature below the glass in air volumes directly shadowed by a plate around solar noon (micro-
environment d, Fig. 2), higher in the air space shielded from direct solar radiation and immediately below the

12
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installation height of mirrors, and highest directly above the black glass. The air temperature above the black
glass is higher than control values. The relative trend between above- and below-device measurements reverse
during the night. The average temperature is higher than underneath mirror devices and amplitude attenuation
is also less than under mirror devices. H0(2.3) null: There is no measurable difference in air temperatures at
various heights and lateral locations within each black glass array.
Prediction 2.4: Air temperature displays small but measurable heterogeneity around the transparent glass
devices, manifested by a lower temperature below the glass in air volumes directly shadowed by a plate during
the day, higher in the air space shielded from direct solar radiation and immediately below the installation
height of glass, and highest at elevations above the glass. The relative trend between above- and below-device
measurements reverse during the night. The average temperature is higher than underneath mirror devices and
amplitude attenuation is also less than under mirror devices. H0(2.4) null: There is no measurable difference
in air temperatures at various heights and lateral locations within each clear glass array.
Prediction 2.5: Air temperature is correlated with local cloud cover, wind speed and direction, and antecedent
precipitation. H0(2.5) null: There is no measurable correlation between air temperature/humidity and any of
the other monitored variables.

Regardless of whether H0(1.2)-H0(1.5) and H0(2.1)-H0(2.5) are true or false, environmental parameters ob-
tained through the soil (Section 5.1) and atmosphere (Section 5.2) projects will enable meaningful analysis
and interpretation of plant growth rate and physiology in experimental sites that incorporate plant studies
(Sections 5.5 and 5.6).

5.3 Snow-Ice longevity

The impacts of mirrors on the environment during the colder half of the year are equally important to un-
derstand. Altered energy balance during the winter, as a result of reducing and slowing down visible and
infrared radiation fluxes between the ground and the sky can also result in measurable changes with down-
stream physical and biological consequences. During seasonal cooling, the presence of a layer of glass above
the soil-air interface impedes the outward net flux of heat and IR radiation, leading to an expected warming
anomaly relative to control. The expected overall impact on the annual cycle may thus mirror diurnal trends,
manifested as an attenuation of amplitudes. The impact on values averaged over multiple diurnal cycles needs
experimental investigation.

This mirror-cryosphere interaction project is suitable for regions that reliably receive snow precipitation
during the winter. It examines the impact of the mirrors on net energy flux at the surface and within snow
and ice cover, manifested by changing temperature of the soil, of the snow, and of the air right above it. The
altered longevity and melting pattern in micro-environments around the various mirror and glass devices are
in addition followed using photos and video recordings. We anticipate several outcomes from the proposed
experiments and test these with null hypotheses:

13
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Prediction 3.1: The presence of the mirrors will create a micro-environment under the arrays manifested by
cooler snow and soil temperatures during sunny days and a reduction of the diurnal temperature amplitudes.
These effects will scale proportionally to the temporal coverage by shadows projected by the mirrors and
black glass (Fig. 1). H0(3.1) null: There is no measurable difference in snow and ground temperature, that
systematically varies with location of the soil with respect to mirror placement and shadow sweep regions.
Prediction 3.2: Snow and ice will melt at different rates that show spatial correlation with microenvironments
around the devices, and that these patterns could be reproducibly document in time series of photos and videos.
H0(3.2) null: There is no measurable difference in the rate of snow melting compared to control areas that
systematically varies with location with respect to mirror placement and shadow sweep regions.
Prediction 3.3: Compared to mirror devices, snow and ice will melt faster underneath clear glass devices and
fastest underneath black glass devices, and that these patterns could be reproducibly document in time series
of photos and videos. H0(3.3) null: There is no measurable difference the rate of snow melting underneath
the various devices.

5.4 Urban environment

Experiments conducted in urban environments over concrete and asphalt surfaces share much in common with
experiments over agricultural and natural soil surfaces. A key difference is the partitioning of surface energy
balance terms. Specifically, urban closed surfaces provide little to no water for evaporative cooling, resulting
in higher surface temperatures during the day and higher outgoing IR radiation flux. The physical presence of
devices compared to an otherwise featureless surface can perturb air circulation, add surface roughness, and
increase sensible heat flux. These effects combine to enable the prediction that ground surface temperatures
should be reduced in microenvironments around mirror and black glass devices, but that air temperature may
not respond in the same way due to potentially enhanced sensible heat transfer from an increase in surface
roughness. These effects are likely functions of wind conditions.

5.5 Endemic plant response

This project can be carried out in conjunction with soil moisture studies and assesses the effect of mirror arrays
on the growth rate and other physiological measures of the life cycle in plants endemic to the sites. Specifically,
we want to examine plant growth, leaf chlorophyll content, and biomass accumulation both above and below
ground as a function of mirror coverage. In each mirror array environment, we propose to compare the growth
of plants in 4 groups corresponding to the 4 types of micro-environments (Fig. 2). Micro-environmental
conditions are measured by sensor networks as described before in the soil and air impact projects. We
anticipate several outcomes from the proposed experiments and test these with null hypotheses:
Prediction 5.1: The spatial density of mirrors, and their proximity to each other, has a compound effect

14
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on vegetation growth that changes in a way consistent with plant physiological response to parameters that
include temperature, moisture, and solar radiation. H0(5.1) null: Vegetation growth is uncorrelated with
microenvironmental conditions around the devices.

If H0(5.1) is false, then

Prediction 5.2: Endemic vegetation growth rate displays heterogeneity within the mirror arrays, and correlates
with the micro-environment in which the plants are found (Fig. 2). H0(2.2) null: There is no measurable
difference in the growth rate and physiological metrics of the endemic plant in 20 cm x 20 cm sampling areas
compared across various micro-environments of an array.

If H5.2 is false, then

Prediction 5.3: Mirror arrays interact with background climatic conditions to create variability of the growth
rate in time. Presence of the mirrors will promote faster growth of endemic species during periods of heat
and water stress. During cool periods with abundant precipitation, the presence of mirrors would reduce the
growth rates of plants. These effects will be more prominent in plots with larger areal coverage by mirrors
(Fig. 1). H0(5.3) null: There is no measurable difference in plant growth rate between representative 20 cm
x 20 cm sampling areas within the arrays.

Vegetation growth will be assessed using pre- and post-experiment surveys of existing vegetation within each
plot. 3 sampling areas for each micro-environment will be analyzed. The analysis will be repeated monthly
throughout the growing season. The exact placement of the sampling areas will be finalized after installation of
the arrays, at which point a better assessment of the heterogeneity characteristics can be conducted, including
the exact pattern of local shading level and precipitation direction. The sampled vegetation will be identified
to species, and measured for overall stem height, root morphology, total wet/dry mass, and the ratio of above-
and below-ground biomasses. For some species, it may be possible to compare seed production, numbers and
mass of seeds per plant, across the plots.
We foresee that this project requires significant development and repetition over multiple growth seasons due
to the complexity of an endemic ecosystem. We will use in situ monitoring via field cameras, photography
from above the experimental areas, field sampling of leave chlorophyll content, and laboratory analysis of
sample biomass to follow plant response. We further foresee the need to expand the sensor network for this
preliminary experiment in the future to include measurement of the level and directionality of photosyntheti-
cally active light in each of the micro-environments.
In addition to tacking the complexity of an endemic ecosystem of plants, we also propose to study a model
plant species for more controllable conditions, as described in Section 5.6.
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5.6 Experimental model plant response

We will examine terrestrial plant growth and chlorophyll content of a potted plant, such as Arabidopsis
thaliana, as a function of mirror coverage. This experiment will mirror the micro-environment design of
the endemic plant project (Section 5.5). In each of the 2-by-2 arrays, we will place 20 potted samples, due
to 5 micro-environments with 4 replicates each. As much as possible, available sensors will be installed to
monitor the micro-environments. These micro-environments are 1) control (south of array), 2) under southern
row but not directly shadowed, 3) at the center of the array, in the shadow band of the southern row, 4) to the
East of the array, receiving direct morning light and evening shadow, 5) to the west of the array, receiving
direct evening light and morning shadow.
Each sample pot will have 7-10 seeds for germination and will be exposed to naturally varying temperatures,
sunlight intensity, and photoperiod. Seeds will be sterilized prior to sowing. After sowing and vernalization
of seeds we will observe and record details of growth and life cycle stages, timing of germination, percentage
of seeds germinated, development of first cotyledon, plant height, leaf area, bolting, flowering, plant weight
(gross weight), number of leaves per plant. Seeds will be collected, dried, and stored. After plants are har-
vested, we will collect data on number of lateral shoots, stem diameter, and plant width, wet/dry weight of
stem, leaves, and bracts, area of leaves and bracts, stomata density and length of silique. We anticipate several
outcomes from the proposed experiments and test these with null hypotheses:
Prediction 6.1: The various microenvironments generate a measurable effect on Arabidopsis thaliana growth
that changes in proportion to total shading. H0(6.1) null: Vegetation growth is uncorrelated to microenviron-
mental parameters such as radiation, soil, and air temperature.

If H0(6.1) is false, then

Prediction 6.2: Arabidopsis thaliana growth rate displays heterogeneity within the mirror arrays, and cor-
relates with the micro-environment in which the plants are found (Fig. 2). H2.2 null: There is no measur-
able difference in the growth rate and physiological metrics of Arabidopsis thaliana compared across various
micro-environments of an array.

If H0(6.2) is false, then

Prediction 6.3: Mirror arrays interact with background climatic conditions to create variability of the growth
rate in time. Presence of the mirrors will promote faster growth of Arabidopsis thaliana during periods of heat
and water stress. During cool periods with abundant precipitation, the presence of mirrors would reduce the
growth rates. H0(6.3) null: There is no measurable difference in Arabidopsis thaliana growth rate in various
micro-environment within the arrays.

To enable this experiments, the pots in which the plants are placed will be customized to enable anchoring to
or inserting into the ground so that wind gusts and other weather events would not tip the pots.
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5.7 Other possible projects

The system can also be used to investigate many other adaptation-relevant processes. We list a few more
examples here. The evaporation of water can be studied by placing a dense array of beakers, carefully weighed
before and after the addition of a precise amount of water, to cover the microenvironments around the mirror
device and array. It is important to note that the choice of the color of the container in this experiment is
likely to significantly impact the outcome of the experiment. The impact on marine ecosystems can start to
be investigated by placing a similar array but identically inoculated with a strain of algae. This experiment
should be conducted using transparent containers.
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5.8 Data collection

In addition to the ground-level sensors, each site will be continuously monitored for ambient atmospheric
conditions, including air temperature, relative humidity, incoming visible light, and wind speed. While these
factors are unlikely to vary significantly within each site, the data about them will help in interpretation of
the ground sensors and plant growth measurements. For example, if the entire month of June ends up being
unusually cloudy, wet and cool, then differences created by the presence of mirrors may be minimal compared
to differences in a predominantly clear, warm and dry month. As a result, data collection will be continuous
through a minimum of 3 months. And efforts should be made to ensure continuous data collection over at least
2 years, careful written and photographic documentation of major weather events including, but not limited
to, snow, melting, hurricanes, hail, drought, heatwaves, and flooding.

5.9 Resource and data sharing

Sharing of resources, experimental findings and lessons learned across the disciplines are interwoven STEM
education outcomes for this project, and are fundamentally based in principles of open education in the pur-
suit of global solutions to the climate dilemma. Partners working together to facilitate this work through the
MEER Framework include all the participating citizen scientists, university and school instructors, and uni-
versity PIs currently directing large field experiments. Additional partners are students at all these institutions,
including participants in PI Doner’s NSF-funded GeoPathways project, students in courses Tracy Lesser at
NHTI mentors, students and volunteers from affiliated with MEER, and the kindergarten, primary school, and
secondary school instructors who incorporate visits to the field site, and/or utilize the demonstration kits in
their lessons.
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6 Devices, geometric structure, and array design

To eliminate device design and geometric variations as an uncontrolled parameter, participating sites in the
global network all use the same standard set of mirror and glass devices, as well as a shared set of sensors.
We encourage different sites to acquire additional sensors such as field cameras, infrared imaging devices,
vector wind sensors, and soil moisture probes, to achieve more comprehensive coverage and sampling of
environmental parameters.

6.1 Package content

The kit contains 6x each of mirrors, black glass, and transparent glass for a total of 18x devices in the kit.
18x machined cedar wood adaptors, complete with a plastic interface for double-sided suction cups, are also
included (5x suction cups per device). 20x 1-meter-long glass rod stands are provided for the devices, includ-
ing one for the custom weather station and one extra for anchoring some sensors and as a replacement in case
of breakage at one of the devices due to mishandling or other processes.

6.2 Device geometry and structure

The mirrors are 60 cm square thin reflective films stabilized by an underlying glass plate. The overall thickness
is 6 mm, of which 2 mm is the glass mirror, about 1 mm is glue adhesive holding the mirror to the supporting
glass, consisting of a 3 mm layer of tempered glass. The black and transparent glass are also 60 cm squares
of 4 mm thickness. Each device will be mounted so that the center point of the plate is 50 cm off the ground.
The plane of the horizontal device should also be 50 cm above the ground. The devices will be tilted 20°
from horizontal during the summer and 45° from horizontal during the winter. These angles are prepared
and cut into the wooden adaptor blocks supplied with the kit. This combination of angles were chosen by
analyzing the coordinates of the participating site locations, so as to ensure both good average local cooling
(maximal frontal exposure to the sun at solar noon) and global cooling (maximal rejection of solar radiation
power through atmosphere). Solar elevation for each site was obtained using (suncalc.org). A description of
the partitioning of the 18 devices into small sub fields is as follows:

6.3 Device allocation to experimental plots

• Control plot, 0% shade, no devices

• 2×2 mirror array, 4 mirrors

• 2×2 black glass array, 4 black glass plates

• 2×2 transparent glass array, 4 transparent glass plates
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• horizontal mirror, permanent installation, 1 mirror

• horizontal black glass, permanent installation, 1 black glass plates

• horizontal transparent glass, permanent installation, 1 transparent glass plates

• horizontal mirror, post-snowfall installation, 1 mirror

• horizontal black glass, post-snowfall installation, 1 black glass plates

• horizontal transparent glass, post-snowfall installation, 1 transparent glass plates

The "post-snowfall" devices is available for various uses in customized experiments in studies that do not
involve snowfall. For example, one may juxtapose both horizontal devices side by side to create shadowed
regions with higher effective direct shadowing. One could also use both devices to create duplicated, identical
measurements. One could also use them to study impact on different surfaces and structures underneath
identical shading conditions, such as the growths of two cultivars of lettuce, the evaporation from bins of soil,
or from bins of water, etc. The possibilities are numerous.
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7 Installation Procedure

7.1 Unpacking

Mirrors and all other supplies will arrive in large cardboard boxes. Glass parts are fragile. Please make
sure there is enough space to work safely, for you and the equipment. Place padding material on the ground
to receive the glass rods and the glass plates. Open the box and carefully remove all materials leaving the
plywood box holding the mirrors. Once everything else is removed, unscrew top and side pieces from the
plywood box to access the glass sheets. Once top and sides are removed carefully remove the glass sheets and
place on a flat surface away from potentially falling objects from above, that would break the glass. Mirror
devices need to be sealed at the edges by a mirror sealant before deployment. MEER team will try to complete
this step before packaging and shipping. Please examine the edges and contact MEER if the sealant is not
visible.

Figure 1: Examples of glass and mirror device arrays used in the experiments (photo credit: Tracey Lesser and Peter
Maslan). (a) An array of black glass devices (22∘ tilt) photographed on a cloudy autumn day. (b) A 2-by-2 microarray
of mirror devices (45∘ tilt) on a sunny autumn day. (c) An array of clear glass devices (22∘ tilt) photographed on a
sunny autumn day. Notice the lack of clearly-visible shadows from the glass, as observed for mirror devices under sunny
conditions in b and from other objects in c.
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7.2 Experimental site selection

Several factors need to be weighed in choosing an optimal experimental field. The decision is a balance among
several potentially conflicting considerations 1) physical uniformity of the site to minimize uncontrolled to-
pographical and other environmental variables, 2) safety for the experimental equipment and data loggers, 3)
lack of human and animal disturbance, 4) possibility of access by the experimental team and by citizens and
school classes at a later date for educational and media outreach purposes.

7.2.1 Topographic requirement

The experimental site should be as flat as possible, with a background soil and vegetation that is as uniform
as possible. Good examples of site selection are in Fig. 1a and Fig. 1c. No major intrusion by shadow
from nearby structures and tall vegetation throughout the annual solar cycle. A bad example is in Fig. 1b.
When assigning different parts of the chosen plot to different devices and configurations, there cannot be

Figure 2: The 3 experimental configurations for each device type (photo credit: Peter Maslan). (a) A horizontal device
installed on a permanent basis for the duration of the experiment. Snowfall would lead to the accumulation of snow
above the device. Vertical distance between the soil and the glass plate is 50 cm. (b) A glass rod is prepared and ready
to receive a plate-wooden adaptor assembly, after uniform accumulation of ground snow. The device configuration after
the assembly would be identical to that in a. Snow on the other hand, would be below the plate, rather than above it.
(c) A 2-by-2 microarray of mirrors prepared in the Winter configuration (45∘ tilt). The centers of the mirrors are 50 cm
above the soil-air interface.
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visible differences for areas devoted to mirrors, black glass, and clear glass devices, or among the 3 geometric
configurations for each plate material (Fig. 2).

7.2.2 Safety requirement

Due to an angled, sun-facing design, devices in the Northern Hemisphere are more sensitive to northerly wind,
and vise-versa for those in the Southern Hemisphere. Wind from direction of the poles creates a lift force.
The force due to wind with a horizontal speed of 33 m per second, or 120 km per hour, on a 45∘ is about
160 Newtons. If this force is distributed over 2 attachment points on the mirror surface, due to installation
imperfection and wobbling, each chord would need to handle about 100 Newtons. A 1/32 inch stainless
cordage is about sufficient to handle these loads, though a 1/16 inch OD material is preferable. In addition to
tie-down with a proper selection of the mirror interface part (Fig. 4), cordage material (Fig. 5), and cordage-
ground anchor (Fig. 5), it is also advisable to seek sites that are protected by trees and other tall structures on
the side facing the pole. In the absence of such structures, participants should work towards installing a robust
2-m tall windbreak fence 3 meters North (South) of the experimental installation in the Northern (Southern)
hemisphere.

Figure 3: An example of tie-down design for illustrative purposes only. The actual deployment requires a more robust
configuration involving tie-down forces applied downwards from the frontal side of the glass plate. More appropriate
parts are illustrated in Fig. 4 and Fig. 5.

Fig. 3 provides the general idea for performing a tie-down from the plate directly to the ground. The tie-down
is essential for two purposes, constraining rotation of the plate, and preventing liftoff of the plate due to wind.
The actual process requires more robust materials compared to what is illustrated and provided in the kit. In
particular, all three components that go into the tie-down need to be of high quality. The 3 parts are padded
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Figure 4: Examples of glass clamps to enable safety tie-down of glass plates. The thickness of glass used with these
commercially available clamps are generally thicker than the devices for the experiment. The mismatch can be resolved
by placing a 3mm-thick piece of plastic shim, about 1-by-1 inch or slightly larger, that both leads to good thickness fit
and also distribute the point force over a larger area. The color of the plastic should be made to match that of the mirror
and glass devices.

metal clamp to interface with the glass plate, stainless steel cable for providing tension, and a ground anchor
screw. Examples of acceptable parts are provided in Fig. 4 and Fig. 5. These parts need to be purchased by
the participants and are absolutely necessary to ensure the success of the experiments over hopefully many
years of experimentation.

7.2.3 Access control

Each site should strive to minimize uncontrolled access by people, pets, and large wildlife. This can be
achieved by a combination of physical barriers and information signage describing the nature and importance
of the ongoing experiments. The signages should be installed on the polar side of the field experiment, to
serve the dual purpose of a wind break, and to avoid creating sources of shadows that impact the experiment.
All participant will collaborate to write the content for these signage and design the graphics. We should aim
to have several different panels, each for a different type of glass or mirror, and also panels that give more
upper-level overview of the MEER concept and also an overview of the various experiments going on within
MEER-iREC.
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Figure 5: Examples of ground anchor and stainless steel cable for tie-down. We suggest 1/16 inch (1.5 mm outer
diameter) stainless steel cables for the tie-down. a minimum gauge of 1/32 inch is necessary for the expected loads.
Commercially available parts for cable handling and adjustments are also illustrated.

Design and execution of the appropriate fencing mechanism is another technical area where participants
should collaborate on. An relatively easy approach is to use the same stainless steel cordage in tie-down as
the basis for constructing the fencing. Alternative ideas and specific details are to be worked out in group
meetings.
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7.3 Experimental site preparation

After site selection and partitioning into plots for the various devices and arrays, installation can be done
a number of ways, depending on the nature of the ground. One that may prove highly efficient for soil is
to drive a steel stake around 20 mm in diameter into the ground where you want a glass pole to stand. A
major challenge is to create a hole that points perfectly downwards, so the resulting devices look both visually
perfect, and also project shadows exactly as designed based on solar path analyses. Another challenge has a
chance element about it; there are occasionally rocks in the ground, running into one might mean requiring
to parallelly shift an entire array.

7.3.1 Planning for the seasons

Both the length and the positions of shadows projected by mirrors and glass vary as a function of both the sea-
son and the chosen device tilt angle. One should therefore prepare multiple device implantation/arrangement
geometries in one go, to avoid the future need to repeat this procedure. There needs to be multiple sets of
holes pre-drilled for the 2-by-2 array. At least two sets are necessary, for the summer and winter halves of the
year. One could also envision 3 sets of holes, with one set for spring and fall, or an even finer division, based
on the specific needs of the experiment. The different sets of holes could share the same southern pair of
holes. In that case, the northern pair should be progressively farther away from the souther pair as time moves
from summer to winter. It is important that the wind break be placed farther than the reach of the shadow of
the Northern devices, for that shadow region is part of experimental investigation.

The exact measurements for each of the seasons need to be customized on a case-by-case basis, as a
function not only of the latitude of the experimental site, but also of the specific planned experiment, which
includes consideration, for example, of the footprint of pots and beakers for experiments that investigate plant
growth and water evaporation, respectively. Individual sites need to individually work with Dr. Tao to deter-
mine these site-specific parameters.

7.3.2 The perfect array

To make perfectly rectangular arrays, guide strings are useful. Tie a string that is longer than the size of the
array (example: if 4 columns or rows of devices are to be implanted with 100 cm between each in the East-
West orientation, cut a string approximately 450 cm in length.) to a stake inserted at a first chosen corner of
the array. Pull this string out in one of the cardinal directions towards the other corner (Fig. 6e): North, South,
East, or West (depending on which corner you started with). Once you have pulled the string taut and fixed it
by placing some weight over it, measure the required inter-column or inter-row distance. Mark the location of
the point with a visible stick. For large arrays, there would be many rows or columns marked. For this citizen
science experiment, we are only dealing with 2 devices in each direction.
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Repeat this process for the other orthogonal direction using another string, making sure the two strings
indeed make 90 degrees. Consider using a large object with a known 90 degree angle. From there, locate the
4th corner, and make sure that the two diagonals are of equal lengths before moving on to drill the holes to
depth.

The distance between each device in the N-S orientation will be different for each site as a result of solar
elevation at noon, and varies depending on the season of experiment and purpose of the experiment. The
choice of inter-row separation will be discussed and calculated on a case-by-case basis. We use, however, a
standard, inter-column (E-W) separation of 1 meter for these experiments.

Figure 6: Techniques for perfect array geometry. (a) A metal stake is used for pre-drilling holes for planting the glass
rods. Letting gravity act on the center of the gravity of the stake ensures verticality. (b) A level is essential for checking
verticality both during pre-drilling with the stake and upon installation of the glass rod. The measurement needs to
be performed from both orthogonal direction. (c) The implantation depths (different from that illustrated) need to be
precisely controlled. The goal is to achieve 50 cm distance between the air-soil interface and the center of the plate. (d)
When using a smooth, featureless rod for tie-down, the anchoring stakes need to be inserted into the soil at an angle
such that it makes a angle less than 90∘ with the tension cordage. This is to ensure that no slipping off from the tip could
happen. (e) A compass that provides geographic North (instead of magnetic North) is necessary for both establishing the
orientation individual devices, and for planning out perfect rectangular arrays precisely oriented parallel and orthogonal
to the cardinal directions.
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7.3.3 Making straight vertical implantation holes

A trick for achieving a straight hole is to hold the top of the steel stake such that it hangs motionless, pointing
down as one slowly lowers it to touch the soil surface at the design location (Fig. 6a). Start driving it into the
ground with a hammer without laterally moving the upper tip. It may be useful to have two other people to
help looking from orthogonal directions during this procedure. Continue driving until the insertion start to
constrains rotation. Check the verticality of the stake using a level (e.g., see Fig. 6b). Try correcting small
imperfections and re-measure periodically. For concrete and asphalt surfaces, it is advisable to build a jig that
guides the initial drilling until verticality is established. It takes practice to achieve perfectly straight holes.
Participants should practice this procedure over unimportant locations before doing it over optimally chosen
experimental plot locations.

For angled and horizontal devices alike, the final height at the center of the devices should be 50 cm above
the air-soil interface. We suggest first drill a hole that is 50 cm deep, make a test assembly run, measure the
actual height of the center point, and then adjust the depth of the hole accordingly.

7.4 Expectation for participants for durability, safety, and controlled access

Durability of the infrastructure and its safety for the surrounding area is key. For this reason, all participating
sites need to 1) adhere to the current best practice in device installation, 2) actively contribute to improving
the engineering robustness and security of the device tie down method, 3) Set up the necessary wind breaks
and perimeter markers to prevent and minimize intrusion by pedestrians, dogs, and other animals, 4) col-
laboratively develop outdoor, information signs to be erected at the sites to educate passerby about climate
change science, ecology, and MEER adaptation experiments, as well as to discourage unauthorized and un-
documented access to the vicinity of the experimental site, which could lead to both falsification of data and
damage to infrastructure.

As stated before, experimental site should be chosen such that no shadow passes through it throughout
the year. Due to the sun-facing angled design of the devices, the devices in the Northern Hemisphere are
more sensitive to northerly wind, and vise-versa for the Southern Hemisphere, which creates a lift force. It is
thus advised to seek sites that are protected by trees and other tall structures on the side facing the pole. In
the absence of such structures, we advice the participants to install a windbreak fence 3 meters to the North
(South) of the experimental installation.

Once properly completed, instrumented, and wind-protected using, for example, informational signage,
the test location can offers opportunities for both unsolicited outreach and informal education, as well as
formal education associated with courses and outdoor labs during school sessions.
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Figure 7: Sequence of steps for a safe assembly of devices. (a) Double-sided suction cups are carefully cleaned with
alcohol wipes and fixed onto an equally cleaned, optically smooth surface (either glass or acrylic) affixed onto the top
of the angled wooden adaptor. (b) The attachment of the wooden block to the glass plate can take place only when
the glass rests securely supported on a completely flat surface, such as a clean, wooden bench top. Otherwise, the
downward pressure at the center would crack and break the glass through torque generation. The carpet floor in the
picture is far from optimal and should not be used (c) Attach the tie-down mechanism onto the glass plate. Illustrated
here are double-sided suction cups, which should not be used for this purpose. The better part to use are those in Fig.4.
(d) A view of the glass-wooden adaptor assembly before attachment to the glass rod. (e) The plate-wooden adaptor
assembly is gently positioned over the pre-prepared glass rod in the ground. The assembly should be manipulated by
holding directly onto the wooden block. (f) Tie-down cordage is attached from the angled ground anchor to the tie-
down attachment points on the glass. Adjust until there is tension established in the cords. Stronger stainless steel based
cordage should be used in practice. The twine and suction cups are shown only for illustrative purposes. The proper
system to use are from parts shown in Fig.4 and Fig.5.
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8 Sensor Placement

Weather Station: Each site is supplied with a custom weather station that logs air temperature, air humidity,
and monitors downwelling solar radiation and wind speed. The sensing is based on Elitech’s temperature and
humidity sensor RC-4HC. Radiation shielding is achieved using mirrored plastic boards. Photon sensitivity is
achieved using solar paint, and wind sensitivity is achieved by differential comparison between wind-shielded
and wind-exposed probes. A total of 3 RC-4HC loggers are used in the Weather Station
Ground temperature: Each site is equipped with 18 soil temperature probes based on Elitech’s RC-5+. Each
probe is inserted into the soil surface at a depth of 2 cm.
Ground interface: Each site is equipped with 18 radiation-shielded, soil-air, soil-snow interface sensor based
on Elitech’s RC-5+.
Glass temperature: Each site is equipped with 3 sensors that measure the temperature of the glass surface
on the underside. They are based on Elitech’s RC-HC4. The devices also measure the humidity directly
underneath the plates.
Air temperature: Each site is equipped with 13 radiation-shielded air temperature and humidity sensor based
on Elitech’s RC-4HC. 1 is used as control. 4 are dedicated to each device type, of which 3 are installed

Figure 8: Approximate sensor placement for mirror-snow and mirror-cryosphere interaction projects. Instrumentation
for one of three device types is provided.
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Figure 9: Approximate sensor placement summer soil moisture projects. Instrumentation for one of three device types
is provided.

underneath each of the 3 configurations, and 1 is installed above the horizontal device.
The total number of data loggers is 55 and detailed in Tables in Section 12.
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9 Specific aims

9.1 Temperature trends as a function of micro-environment

The experimental design is set up to allow determination of spatial trends in temperature across the spring and
summer growing seasons, as well as snowy winter seasons, under different sized shade versus sunlit areas,
below and above ground. It tests the primary null hypothesis : there is no measurable difference in ground
temperature between the control plot and any of the plots with glass devices.

9.2 Moisture content trends as a function of micro-environment

The experimental design is set up to allow determination of spatial trends in soil moisture and air humidity
across the spring, summer, and fall seasons, and under different types of shade versus sunlit areas. As with
the temperature data, it tests the primary null hypothesis : there is no measurable difference in soil moisture
between the control plot and any of the microenvironments in plots with glass devices. Confounding factors
for soil moisture are local water table variations and channeling of rain off the mirror surfaces. These are not
controlled for in the experimental design but can be assessed from atmospheric sensor data retrieved at the
plot sites.

9.3 Intra-plot spatial heterogeneity

Heterogeneity within each plot includes intrinsic variability of the soil and ground in the lateral dimensions.
Random error induced by variable sensor burial depth also contribute. These influences will be controlled and
analyzed by taking time series with sensors in place in the absence of glass and mirror devices. The resulting
time series serve as background data. Ground variations will influence the exact extent of shading; these
will be minimized as a much as possible selecting level ground within the plot for each device type, ideally
completely level for all 3 device types. Another technique to tease out random variability from specific impact
of the devices is to rotate the 3 types of devices around, by detaching at the glass rod-wooden block junction.
We propose the following frequency and timing of measurements:

• from the ground-level air temperature and buried soil temperature sensors„ at 10 minute intervals over
a 21-day interval prior to device placement,

• Air temperature and moisture sensors: 5 minute intervals over the entire experimental period

• Shortwave radiations and wind speed: 1 minute intervals over the entire experimental period
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9.4 Primary production trends as a function of mirror coverage

The experimental design is set up to allow determination of spatial trends in the response of primary produc-
tion across the spring and summer growing seasons, under different sized shade versus sunlit areas. It tests
the primary null hypothesis : there is no measurable difference in primary productivity between the control
plot and any of the plots with mirror arrays.

9.5 Primary production trends as a function of intra-plot micro-environment

The experimental design is set up to allow determination o trends in the response of primary production across
the spring and summer growing seasons, within different characteristic microenvironment arising from the
discrete nature of individual mirrors in an array. It tests the primary null hypothesis : there is no measurable
difference in primary productivity among samples grown in different micro-environments.

9.6 Maintenance of the field arrays and anticipated problems

There are a number of uncontrollable factors that may disrupt the experiment, but the most likely are van-
dalism, damage caused by animals (especially to data cables), severe weather (hail), dust storms, hurricanes,
flooding of field areas with soil saturation lasting more than 24 hours, and sensor battery drainage and sen-
sor corrosion causing data loss. Regular battery replacement will be conducted to minimize data loss from
electrical outages. And data will be downloaded every two weeks and backed up on multiple local and cloud
storage locations. One Daily visits to the array will include checks for damage, and repair as needed. Deer
fencing will be installed to reduce the likelihood of larger animal incursions. Information signage will be
erected for educational outreach and to minize pedestrian ingress and disturbance.
Site visits by educational groups will keep visitors outside the perimeter of the whole array, with a demon-
stration model available to show the arrangement of the sensors. Live data feeds will be accessible via an
outward facing weblink. Only approved researchers will have access to the raw data.
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10 Data Management Plan

Access to all the data will be available for download within 1 years of the end of the experiment. Selected
excerpts will be available for educational uses during the experiment. All the data will be centrally stored by
MEER and made available for download through MEER.org for research and educational purposes.
With future funding, we will establish internship positions dedicated to developing accessible summaries
of the data and other educational materials in the forms of digital flyers, YouTube channel videos, QUBES
content, and social media posts to inform the public stakeholder of the day-to-day achievements of our teams
and the latest experimental findings.
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11 Open education and public engagement goals

We are committed to open science education, research, and collaboration. Our goal is to demonstrate the
feasibility of collaborating with educators and students in k-12 and higher education, as well as the global
public who are all stakeholders in this project.

11.1 In higher education

We are committed to involving undergraduate and graduate students in MEER-iREC research. Each site is
committed to reach out to local universities to inform their ecological, agricultural, and engineering depart-
ments of the experimental sites. Intern applicants from universities and neighbor schools will be selected to
participate in the research to gain experience in the process of science and collaboration through helping to
design, set up, measure, collect daily data, assist with maintenance of the arrays, analyze data and commu-
nicate findings with members of this team, as well as develop outreach materials for social media sites and
the project website. Both remote and on-site positions will be made available. Also, much of the work we
conduct will be transferable to higher education classrooms so that future experiments can be conducted in
the classroom to provide greater insight into the effects of passive adaptation technologies and an opportunity
for students to participate in an innovative science project.

11.2 At pre-university levels

We are committed to working towards developing feasible protocols and materials so that these experiments
can be conducted in upper elementary, middle school, or high school classrooms. The nature of this multidis-
ciplinary experiment gives it the potential to be integrated into the science curriculum and align with many of
the science standards and aspirations in the third decade of the 21st century. For example, science standards
in the state of New Hampshire refer to plant growth, photosynthesis, the science process, and human impacts
on the environment which directly connect to this experiment. There are also opportunities to connect the en-
gineering design process to science experiments as students can help to improve on the experimental design
and set up. Lastly, the general design and size of demonstration kits makes it possible to reach more distant
schools and students and expanding to more rural parts of our state. Our goal is to work to develop a feasible
protocol, materials, and the connection to standards for interested educators in hopes of potentially creating a
small network among schools across the globe.

11.3 For the public stakeholder

Qualified volunteers would also be allowed to participate in and contribute to experimental implementation
and data analysis, on a case-by-case basis as determined and approved by the principal investigators supervis-
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ing the project.

11.4 The Student Colleague Model

As much as possible, students and citizen scientist volunteers will be treated as research colleagues and en-
couraged to perform the work as part of an internship or undergraduate research project, with mentoring by
PIs and the MEER project team. This mentoring commitment includes training in specific tasks, problem
solving, communication training, mentoring by example, and guidance in leveraging the experience and net-
work connections for further advancement. Project ownership will be encouraged to develop self efficacy and
confidence as researchers.
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12 Sensor List

This section provides lists of sensor deployment for the snow longevity and soil moisture projects. Sensor
configuration for other studies are similar, with decisions that can be customized based on experimental needs.

SENSOR NAME ABBREV. LOGGER𝑎 COUNT CONTROL MIRROR BLACK CLEAR # LOGGER

Weather Station WS RC-4HC 3 1 3
Air Above AA RC-4HC 1 1 1 1 3
Air Below AB RC-4HC 1 3 3 3 9
Air control AC RC-4HC 1 1 1
Glass Temp GT RC-4HC 1 1 1 1 3
Soil Shadow SS RC-5+ 1 2 2 2 6
Soil Under SU RC-5+ 1 2 2 2 6

Soil Control SC RC-5+ 1 2 2 2 6
Ice Shadow IS RC-5+ 1 2 2 2 6
Ice Under IU RC-5+ 1 2 2 2 6

Ice Control IC RC-5+ 1 2 2 2 6

TOTAL𝑎 55

Table 1: Snow longevity-sensor names, placement, and logger count 𝑎 This is the number of logger in each instru-
ment. 𝑏 This is the total number of logger deployed at a site.

SENSOR NAME ABBREV. LOGGER𝑎 COUNT CONTROL MIRROR BLACK CLEAR # LOGGER

Weather Station WS RC-4HC 3 1 3
Air Above AA RC-4HC 1 1 1 1 3
Air Below AB RC-4HC 1 3 3 3 9
Air control AC RC-4HC 1 1 1
Glass Temp GT RC-4HC 1 1 1 1 3
Soil Array SA RC-5+ 1 5 5 5 15

Soil Shadow SS RC-5+ 1 3 3 3 9
Soil Under SU RC-5+ 1 2 2 2 6

Soil Control SC RC-5+ 1 2 2 2 6

TOTAL𝑎 55

Table 2: Soil moisture-sensor names, placement, and logger count 𝑎 This is the number of logger in each instrument.
𝑏 This is the total number of logger deployed at a site.
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