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Introduction 

Urban environments trap heat, redirect water, and reduce soil contact. These conditions make it 

difficult for natural ecosystems to thrive. Green roofs have been introduced as one way to 

support plant life, reduce surface temperatures, and hold rainwater in developed areas. While 

most studies focus on grasses and succulents, this paper investigates mosses as natural 

microclimate indicators on green roof systems. 

Mosses grow in patches, often unnoticed, but their biological structure allows them to respond to 

subtle environmental changes. They absorb water directly through their leaves, making them 

highly sensitive to humidity and surface temperature. This study looks at how mosses behave in 
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artificial roof environments by observing growth patterns, moisture retention, and temperature 

stability in moss-covered modules across three sites in the northeastern United States. 

Background 

Green roofs have been studied for their ability to improve insulation and manage stormwater 

runoff. Their materials usually include a drainage layer, a growing medium, and 

low-maintenance plants. Most systems prioritize drought-tolerant species that can handle shallow 

soil and wind exposure. Mosses are rarely selected for this purpose, although their biology makes 

them well suited for surface-level water retention. 

Mosses do not have true roots. They take in moisture through capillary action and rely on 

external conditions for photosynthesis and hydration cycles. Researchers in northern climates 

have observed moss activity as a marker of ecosystem health in alpine and forested regions. This 

project tests whether similar observations can be made in constructed environments where 

temperature and humidity vary more rapidly. 

Methodology 

Three buildings were selected for testing in Boston, Philadelphia, and Providence. Each roof 

included a flat area equipped with 1-meter-square trays containing a uniform moss mix. The 

species included Bryum caespiticium, Tortula muralis, and Ceratodon purpureus, all known for 

tolerating disturbed habitats. 

Sensors were placed in the center of each tray to record soil moisture, surface temperature, and 

ambient humidity at 15-minute intervals. Data collection ran from April through September. 
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Parallel trays without moss served as control units. Each site had identical construction material 

and received equal sun exposure. Manual watering was avoided to reflect natural rainfall 

patterns. 

Visual assessments were recorded weekly. Color, spread, and surface texture were noted. A field 

notebook was maintained for on-site observations, including weather conditions and any 

disturbances such as debris or wildlife contact. 

Results 

The moss trays showed significantly higher moisture levels during dry periods. After five days 

without rain, moss units retained 27% more surface moisture on average than non-moss controls. 

Surface temperature readings also stayed lower during mid-day peaks, with moss trays 

measuring up to 3.4°C cooler than adjacent bare trays. 

Growth remained stable across all locations. Boston trays showed the fastest surface expansion, 

increasing moss cover by 41% over the season. Philadelphia trays followed closely. Providence 

units experienced slower spread, which may reflect lower rainfall totals. 

Humidity above moss surfaces remained elevated for several hours after rainfall, suggesting 

delayed evaporation. This effect was not seen in control trays. Sensor readings confirmed that 

moss trays held moisture longer and released it gradually, creating a stable microenvironment for 

longer stretches of time. 

Discussion 
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Moss coverage influenced both temperature regulation and moisture stability in measurable 

ways. Their ability to trap water at the surface level helped moderate sharp changes in heat 

during daytime peaks. These results align with previous field research in forest understories, 

where moss presence contributes to reduced thermal fluctuation. 

The consistent patterns observed across urban sites point to mosses as useful indicators of green 

roof microclimates. Their sensitivity to surface-level moisture makes them strong candidates for 

monitoring environmental stress without invasive methods. 

Variations in growth rates may relate to wind exposure, surface texture, or pollution levels. 

Further study is needed to understand how moss communities adapt under long-term conditions. 

Additional sensors could track photosynthetic activity or assess surface cooling in different 

seasons. 

Conclusion 

Mosses provide quiet but consistent feedback about rooftop environments. Their presence 

improves moisture retention and reduces temperature shifts, which suggests they hold value as 

part of urban greening efforts. Future research should continue testing their function across 

different cities and materials. As cities adapt to rising temperatures and unpredictable weather, 

mosses may help track small changes with large implications. 
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