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Abstract 
Urban heat islands (UHIs) show up as one of the most steady and measurable outcomes tied to fast urban 

growth around the globe. In general, cities end up noticeably warmer than nearby countryside areas—

sometimes by 1°C to 7°C—because natural cover gets swapped for heat absorbing materials, building shapes 

change the local airflow and radiation balance, and people add extra heat through everyday activities. That new 

thermal scene is not equal opportunity for all plants though. A bunch of species seem to take advantage of the 

warmer conditions, using them to stretch their growing season, push flowering earlier, and even nudge their 

distribution into urban neighborhoods. Other species don’t get that kind of advantage and instead they face 

ongoing heat stress, pollination cycles that fall out of sync, lower soil moisture, and weaker reproductive 

outcomes. This article looks into how urban plants respond in different physiological and ecological ways to the 

heat island effect, using peer reviewed studies plus what researchers have recorded in real field settings. It also 

maps out the key mechanisms behind heat tolerance versus sensitivity, and weighs which plant functional types 

often do better or worse, while also thinking about what all this means for urban biodiversity, green 

infrastructure decisions, and climate adaptation efforts. Getting a clear picture of how UHI conditions remix 

plant communities is not only a scholarly topic—it matters directly for how we design cities that stay 

comfortable while also being ecologically sturdy. 
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I. Introduction 
Walk through any major city on a summer afternoon and you’ll feel something that the surrounding 

countryside doesn’t really offer, persistent radiating warmth that lingers even after the sun starts to dip. It’s the 

urban heat island effect, kind of at work in the background, and it’s one of the most well-documented 

consequences that comes with dense urbanization. The term was first systematically described by Luke Howard 

in the early 19th century, he noted that London’s temperatures were repeatedly higher than those of the 

surrounding farmland. Nearly two centuries later, the whole thing has only grown stronger, more persistent. 

 

As the U.S. Environmental Protection Agency (EPA, 2022) explains, urban areas can run about 1°C to 

7°C warmer than nearby rural regions during daylight, and on calm clear nights the gap can even top 12°C. The 

why isn’t hard to decode—concrete, asphalt, and rooftops absorb and re-emit solar radiation, far more 

effectively than vegetated land, while tall buildings tend to trap heat and also limit the wind’s natural movement. 

Then add the extra thermal spill from vehicles, air conditioners, and industrial processes, and suddenly cities 

start behaving like heat pockets, thermal oddities tucked inside what would otherwise be their more normal 

surroundings. 

Plants, of course, didn’t evolve for these exact conditions. Most urban greenery— from street trees to 

rooftop gardens to those remnant forest patches people talk about — sits in a setting that’s at once hotter, drier 

(thanks to paved surfaces that shunt water away), more fragmented, and more polluted than anything the species 

met historically. And what’s interesting, maybe a little counterintuitive, is that this situation doesn’t just bruise 

all plants in the same way. Some actually thrive in cities. Warmer winters let certain species survive where they 

previously couldn’t. Longer growing seasons nudge others into flowering sooner and with more vigor. At the 

same time, plants that evolved for cooler, steadier microclimates end up physiologically overwhelmed, like their 

bodies can’t keep up. 

This piece follows that divide, the winners and the losers in the urban thermal environment, and it tries 

to explain why that happens. The stakes are not theoretical. Cities hold more than 56% of the world’s population 

as of 2022, according to United Nations data (United Nations, 2022), and that proportion is still climbing. How 

we imagine urban plant communities’ shapes air quality, mental well-being, stormwater handling, urban cooling, 

and even local biodiversity. If the plant selection is off, or if heat dynamics get ignored entirely, cities pay a 

steep price. 
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II. The Urban Heat Island: Mechanisms and Magnitude 
2.1 What Creates the Thermal Difference 

The UHI effect kind a pop out because of a few different things that act together. At the core there’s the 

swap of permeable, vegetated surfaces with impervious materials. Vegetation cools the nearby air in a very 

direct way, through evapotranspiration, which is basically plants sweat and that evaporation pulls heat away 

from the air. Concrete and asphalt, well they can’t really do this. They hoard solar energy during daytime, then 

release it more slowly later on, so cities often feel sort of smothering at midnight in summer. 

But then urban geometry makes it worse, for real. Streets bordered by tall buildings create what 

scientists refer to as “urban canyons”. And these canyons shrink the sky view factor, meaning the proportion of 

sky you can actually see from street level. With less open sky, surfaces have a harder time sending heat outward, 

back to space. So instead of dissipating, the warmth tends to loop around, then accumulate. 

Anthropogenic heat, coming from the cars, HVAC equipment, factories, and day to day human activity, 

adds kind of a third layer. In cities that are very dense, this specific source by itself might match or even 

overtake the solar input when winter shows up. Sailor and Lu (2004) worked out for Manhattan that the 

anthropogenic heat flux can climb to values that rival the peak solar radiation, and in a real way it changes the 

city thermal budget across the whole year. 

 

2.2 The Spatial Heterogeneity of Heat 

One thing that often gets missed in the big broad discussions of UHI is how patchy it actually is, at the 

street and block level. A city is not uniformly hot, it’s more like a mosaic and you can feel it when you walk 

around. Like a parking lot next to a brick building in full sun will be dramatically hotter than a shaded courtyard 

with trees and a fountain, fifty meters away. Research that uses Landsat satellite imagery found surface 

temperature differences of 10°C or more within a single city block, in some U.S. cities (Imhoff et al., 2010). 

And this spatial variability matters a lot for plants. A tree growing in a plaza surrounded by glass and 

concrete is in a fundamentally different thermal reality than one in a residential neighborhood with lawns and 

tree canopy. If we want to understand how plants respond to UHI, we have to accept that “urban” is not one 

single thermal environment. It’s more of a spectrum, shifting from place to place. 

 

III. Plants That Benefit From Urban Warmth 
3.1 Extended Growing Seasons and Phenological Shifts 

Maybe one of the most often documented upsides that urban heat gives to some plants is a longer 

stretch of growing, and yes, it really shows up in the notes. Phenology, basically the timing of biological 

moments like leaf-out, flowering and fruit set is heavily steered by temperature. If springs are warmer then leaf 

emergence comes earlier, and if autumns stay mild then senescence just keeps getting pushed back. So, for 

species that can use that whole opening, city conditions can turn into a kind of productivity bonus, not subtle 

either. 

People who worked with long-term datasets across European cities have generally reported the same 

pattern. Urban trees, in many cases leaf out several days to two weeks earlier than trees outside the city. In a 

review of phenological records across multiple German cities, Jochner and Menzel (2015) reported that spring 

events appear earlier in urban settings than in rural reference sites, and the shift lines up with how strongly a 

place is urbanized plus with local temperature increases. A few examples come up again and again, horse 

chestnut (Aesculus hippocastanum) and common lilac (Syringa vulgaris), for instance, can show some of the 

strongest urban vs rural differences, with the advancement occasionally exceeding ten days, or so. 

As shown in Figure 1, this relationship between urbanization intensity and phenological advancement is not 

linear but shows consistent directionality — the more urbanized the site, the earlier plants tend to initiate spring 

growth. 
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Figure 1: Relationship Between Urbanization Intensity and Spring Leaf-Out Advancement in European City 

Trees 

This figure kind a shows a scatter plot, describing how the degree of urbanization, roughly read from 

local temperature anomaly compared to a rural baseline (so in °C, along the x-axis), relates to how far the spring 

leaf-out date shifts (shown as days earlier than rural controls, on the y-axis). It covers common urban tree 

species across 15 European cities, and each dot is basically one species with one city, not more. Overall, the 

line-like movement looks pretty clear: higher urbanization seems to line up with leaf-out happening sooner, and 

not just a little either. Some species show an advance of up to 12 days when the UHI anomaly reaches 4°C or 

more. You can see these data are sourced from Jochner& Menzel (2015), International Journal of 

Biometeorology, and also from Menzel et al. (2006), in Global Change Biology. The main point is that extra city 

warmth acts like climate warming does for plant phenology, but on a more pinpointed, city-level scale, where 

conditions get changed locally, rather than only broadly. 

 

3.2 Range Expansion of Thermophilous Species 

Some plant species are naturally heat-loving—what ecologists sort of call thermophilous. They’re the 

ones that in natural settings would mostly stay stuck to warmer climatic zones, you know. But then urban heat 

islands come in and kind of nudge the climate range of cities poleward, or up to higher altitudes, so 

thermophilous species can move in where they historically couldn’t, or at least not very well. And sure, this 

sounds like just a gardening oddity, but it is actually a real ecological shift with longer-term consequences for 

what kinds of plants dominate in cities, and how they’re put together. 

Species such as Ailanthus altissima, the tree of heaven, and a bunch of fig species (Ficus spp.) have 

grown more common across northern European and North American cities. Partly it’s because the urban 

microclimates hand them the warmth required to get through winters that would otherwise be too close to the 

edge for survival. Kowarik (2011) even described how cities in central Europe act as thermal refuges for 

Mediterranean, and sub-Mediterranean plants. In practice, this makes the cities almost like climate-warming 

experiments, tucked inside cooler surroundings. 

 

3.3 Reduced Frost Stress 

In temperate regions frost is a pretty major stressor for plants— it damages cellular membranes, tears 

up water conducting tissues and can wipe out buds and flowers, just like that. Cities, with their warmer nights 

and less radiative cooling, see noticeably fewer frost events and milder frost overall than the country side around 

them. For species living right on the thermal margin of hardiness, this ends up making urban environments 

genuinely friendlier.   

 

This effect matters a lot for early flowering species. Say a magnolia in an urban plaza blooms two 

weeks earlier thanks to the UHI warmth, well it is also, unfortunately, more exposed to late frosts if a cold snap 

shows up. Still, in places where late frosts are rare the extra urban warmth provides a clear edge— longer 

flowering time, more pollinator visits, and better seed set. 
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IV. Plants That Struggle Under Urban Heat 
4.1 Heat Stress Physiology 

For plants that kinda came from colder climates, or places that are more thermally stable, the city can 

feel… genuinely hostile. When temperatures go past a species specific threshold, proteins inside leaf cells start 

to denature. The photosynthetic system, especially the enzyme Rubisco which fixes carbon dioxide, gets less 

effective, and then eventually it becomes dysfunctional. Chloroplast electron transport chains also get disrupted. 

In response, plants divert energy toward heat shock proteins, so cellular structures stay protected but still, 

resources get pulled away from growth and reproduction. 

Longer stretches of high temperatures also speed up water loss through stomata. In theory, a plant can 

close those stomata to reduce transpiration, but then CO₂ uptake drops and photosynthesis basically stops. It’s a 

real physiological trap—either the plant keeps exchanging gases and risks desiccation, or it saves water and ends 

up starving. In urban spaces where pavement and sealed surfaces reduce soil moisture anyway, this dilemma 

gets sharper, faster. 

There’s research in Urban Forestry and Urban Greening by Gillner et al. (2014) that basically reported 

for a few commonly planted city tree species, including Norway maple (Acer platanoides) and small leaved lime 

(Tilia cordata), they showed visible symptoms of heat and drought stress during hot summer spells. Crown 

dieback happened more often in areas with high impervious surfaces. These trees were not always “bad” urban 

trees in cooler cities, but as cities warmed, with compacted soils and limited irrigation, they were increasingly 

struggling. 

 

4.2 Disrupted Pollination and Reproductive Success 

Heat doesn’t just touch the plant in a direct way— it messes with the broader ecological web it relies 

on. Like the pollinators, especially bees, they also have their own thermal limits. Studies have shown that quite a 

few bee species become less active during those peak urban heat periods, so their visits to flowers drop off, 

mainly during the hottest slice of the day. And for insect-pollinated plants that count on midday “attendance” 

from pollinators, this simple timing mismatch can lower seed set, sometimes by quite a bit. 

Also, pollen is heat-sensitive too. When temperatures push past roughly 35°C pollen germination can 

fall quite a lot depending on the species. Zinn et al. (2010), in PLoS ONE, reported that pollen tube growth gets 

strongly inhibited by higher temperatures across several plant species, and they even saw measurable declines 

tied to seed production when the plants experience heat stress. So, in cities where summer afternoons regularly 

sit above 35°C, the consequence is pretty clear for urban plant reproduction— even if the plants look perfectly 

fine on the surface. 

 

4.3 Soil Moisture Deficit and Compaction 

Urban soils are kinda its own problem and they tangle with heat stress. Under streets and plazas, soil is 

often really compacted by construction machinery, to the point where root penetration becomes severely limited. 

Even if trees are placed in pits or trenches, the root volumes there are frequently way below what the tree 

canopy actually asks for. So when the root zone is limited, the tree ends up with limited access to soil moisture 

and also nutrients, it’s not just one thing. 

Heat speeds up the loss of soil moisture. Bare urban soils sitting in direct sun can end up with surface 

temperatures above 60°C during summer (Kjelgren & Montague, 1998). At that level, the top soil layer is 

basically sterilized, so microbial communities get destroyed, and those microbes are the ones that help plants 

take up nutrients. In these conditions, trees may look like they’re surviving, though really, they’re running in a 

chronic sub optimal mode. You often see reduced growth rates, a thinner canopy, and shorter lifespans compared 

with the same species in suburban or rural landscapes. 

 

V. Biodiversity Patterns in Urban Heat Gradients 
5.1 The Thermal Gradient as a Natural Experiment 

Cities are kind of a gift to ecologists, because they provide something genuinely useful, a natural 

gradient in temperature, basically moving from the rural edge into the actual city center. Scientists have leaned 

on this pattern in multiple studies as a stand-in, sort of like spatial evidence for what temporal warming might 

do to plant communities. Instead of waiting decades, researchers can just look across space, at the temperature 

increase already happening. 

Along that same gradient, species richness doesn’t behave in a simple way. Non-native species and 

ruderal types (species suited for disturbed, open ground) often climb as you get closer to the urban core. 

Meanwhile native species richness frequently drops, especially species that rely on stable, cooler or more humid 

habitat conditions. Aronson et al. (2014), through a large meta-analysis in Global Ecology and Biogeography, 

reported that cities across the world show higher shares of non-native plants than nearby surroundings, and the 

signal gets stronger where the Urban Heat Island effect is more intense. 
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So the floral line-up inside towns tends to shift. It moves away from a highly diverse native assemblage 

and toward a more cosmopolitan mix of heat-tolerant, disturbance-ready species. Some of those species are 

invasive and cause real trouble. Others are not aggressively harmful, but they can still be ecologically weaker 

for local wildlife support, like a lower value trade for food webs and shelter. 

As shown in Figure 2, the relationship between urbanization intensity and plant community composition shifts is 

consistent across multiple continents, with native species proportion declining as impervious surface coverage 

increases. 

 
Figure 2: Proportion of Native vs. Non-Native Plant Species Across an Urban-Rural Gradient in North American 

Cities 

 

This figure kinda presents a bar chart, comparing how much native versus non-native plant species 

were logged at five site types that run along an urbanization gradient: rural fringe, suburban residential, 

suburban commercial, urban residential, and urban core. The values show averaging across twelve North 

American cities that were included in the National Urban–Rural Gradient study, so it’s not just one place. On the 

x-axis you have the site categories going from least to most urbanized, and on the y-axis, you see the percentage 

of the total species count. The bars show a pretty clear direction though: native species proportion seems to drop 

from about 75% at rural fringe sites down to something like 45% by the urban core, and then the non-native 

species basically rise to match that shift. Data are based on Aronson et al. (2014), Global Ecology and 

Biogeography, plus supplementary info from the U.S. National Phenology Network urban vegetation monitoring 

program. So, the main takeaway is that urban heat and disturbance jointly reshape plant communities, rather 

than only affecting individual plant condition. 

 

5.2 Functional Trait Filtering by Heat 

Not all plants that stumble in cities are really functionally identical, there’s some logic to the winners 

and losers, kind of ecological and not random. Functional traits like specific leaf area, which is the ratio of leaf 

surface to leaf mass, plus leaf water content, and stomatal density—these things steer heat tolerance. Species 

with small but thick, waxy leaf surfaces often do better with heat than species with big, thin, soft leaves. It’s the 

same general idea as the one that tells you why Mediterranean plants, like lavender and rosemary, do well in hot 

dry stretches— their leaf design, more or less, limits water loss and fights off heat damage. 

So yeah, cities act like filters. Species whose functional traits already fit heat, even if they evolved in 

totally different places, tend to stick around and sometimes even prosper. Meanwhile species that basically 

assume cooler, wetter, more steady conditions tend to get fewer as urbanization ramps up. And this filtering 

process ends up shaping what the urban plant communities look like, in ways that planning documents rarely, if 

ever, really predict. 

 

VI. Conclusion 
The urban heat island is not just some quiet condition that plants kind of tolerate or endure. It actually 

steers, which species end up surviving, which ones start thriving, and which ones slowly get pushed out of city 

landscapes. And that steering is not random either. There’s physiological logic behind it: species with traits that 

match the warmer, often drier, and more thermally changeable conditions end up with an unexpected advantage 
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in the middle of cities. Meanwhile species that were fine tuned for steadier and cooler environments find the 

urban core becoming progressively less habitable. 

For cities, this matters in more than just biology. Urban greenery cools things down via shade and 

evapotranspiration, it takes in stormwater, locks up carbon, dulls noise, and supports mental health. But when 

the heat island pushes plant communities toward a smaller heat tolerant group, the whole menu of ecosystem 

services from green spaces starts to weaken, more or less all at once. A line of heat stressed trees that are 

chronically underperforming just doesn’t give the same benefits as a healthy, diverse canopy. 

The good news is that understanding the UHI–plant interaction gives urban planners and ecologists 

something actually useful, you know, not just theory. Like species selection, microclimate design, surface 

material choices , and green infrastructure investments all become more informed when they’re guided by how 

heat ends up shaping plant performance. Cities that take it seriously—where they plan their green spaces around 

the real thermal situations of their built environments, instead of tidy, idealized assumptions—will usually end 

up with landscapes that are greener, cooler, and more resilient in the decades ahead. 

And urban plants aren’t just passive passengers inside the heat island system. They’re sort of shaped by it, and at 

the same time they can reshape it back. Getting that relationship right is one of the more practical challenges 

that urban ecology and planning really need to tackle together. 
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