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Heat stress 

https://ehs.research.uiowa.edu/occupational/heat-stress 

„Heat stress occurs when the body cannot get rid of excess heat. 
When this happens, the body's core temperature rises, and the 
heart rate increases. As the body continues to store heat, the 
person begins to lose concentration and has difficulty focusing on 
a task, may become irritable or sick, and often loses the desire to 
drink. The next stage is most often fainting and even death if the 
person is not cooled down.” 

https://www.architectureanddesign.com.au/news/how-trees-can-mitigate-heat-in-urban-ecosystems# 



Heat stress- TYPES 

• Clusters of red bumps on skin 

• Clusters of red bumps (often appears) on neck, 
upper chest, folds of skin 

https://ehs.research.uiowa.edu/occupational/heat-stress 

Symptoms 

 Work in a cooler, less humid enviroment 

 Keep the affected area dry 

First Aid 

HEAT RASH 



Heat stress- TYPES 

• Muscle spasms 

• Pain 

• Cramps occur during or after working hours 

https://ehs.research.uiowa.edu/occupational/heat-stress 

Symptoms 

 Rest in shady, cool area 

 Drink cool water  

 Wait a few hours before you return to strenous 
work 

First Aid 

HEAT CRAMPS 



Heat stress- TYPES 

• Cool, moist skin, heavy sweating 

• Headache, dizziness, weakness 

• Nausea or vomiting 

• Irritability, fast heart beat 

https://ehs.research.uiowa.edu/occupational/heat-stress 

Symptoms 

 Rest in shady, cool area 

 Drink cool water  

 Cool with cold compresses 

 Don’t return to work 

First Aid 

HEAT EXHAUSTION 



Heat stress- TYPES 

• Confusion 

• Fainting, very high body temperaturę 

• Excessive sweating or red, hot, dry skin 

https://ehs.research.uiowa.edu/occupational/heat-stress 

Symptoms 

 Rest in shady, cool area 

 Drink cool water  

 Cool with cold compresses 

 Don’t return to work 

First Aid HEAT STROKE 



Heat stress- workers 

 German research (WWF/KIW) shows that office 
workers still function to their full capabilities at 
23°C. At 30°C, they only function at 70%. It is an 
established fact that at 30°C typing speeds drop by 
half compared with 20°C. For physical labour, a 
50% drop in performance is given for temperatures 
of more than 30°C.  

 
 Trees and vegetation have a cooling effect on the climate of the 

town or city: the shade they provide means that less sunlight hits 
the ground and the moisture evaporating from their leaves 

absorbs heat. In the shade of a tree, only 10-30% 
(depending on the species of tree) of the sunlight 
reaches the ground in the summer. Various studies 
conducted in the United States have also measured 
that walls standing in the shade of trees heat up by 
an average of 20°C less.  

https://www.urbangreenbluegrids.com/heat/#heading-7 

https://www.sustainability-times.com/clean-cities/lots-of-trees-can-help-keep-cities-cooler-in-summer/ 



Heat stress- hot nights  

 Climate change increases hot days by a similar amount for 
both urban and rural situations. However, rural and 
urban increases differ significantly for the 
frequency of hot nights. While Beijing as a rural 
surface has 14 additional hot nights, the urban 
surface has 26 additional hot nights and a further 15 
hot nights, resulting in a total of 42 hot nights in 
Beijing for the future climate. 

 

  In Lagos hot nights reach 153 per year compared to 
81 for the rural situation. 

https://www.researchgate.net/publication/228458273_Climate_Change_in_Cities_Due_to_Global_Warming_and_Urban_Effects 

https://theconversation.com/can-trees-really-cool-our-cities-down-44099 



What is

the significance of green infrastructure, especially trees,

for the heat island mitigation and water management,

as well as improving the living conditions and the health of the
city dwellers?



In Atlanta, by planting 5,000 larger trees (trunk diameter 30 cm) 

and 60,000 smaller ones (trunk diameter 7 cm), 

reduced heat islands by 1/3, which translated into significant economic 
effects in terms of energy savings for space cooling.

Did you know that:

The trees mitigates the air temperature





Urban Heat Island i Warszaw

There is a close relationship between the increase in temperature and the amount of atmospheric air pollution increases by 
10% for every 5% increase in temperature over 24 oC (Botkin et al. 1997). 



Relationship between canopy cover and surface temperaturedata from Munich (Tyrvainen,2005 za Pauleit i Duhme)

l

Tree canopy cover% Surface temerature o C



During a hot summer day at 32°C, when the pavement slabs are heated to 42°C, there is a 
temperature of 28°C under the crowns of nearby trees with irrigated pavement.

trees can lower the air temperature of the streets during hot, sunny, summer days by up to 11 degrees Celsius

Hot buildings

shadow

heating

transpiration

Air temperature

42°C



Elizabeth Street heat camera opposite Queen Victoria Market. Photograph: City of Melbourne
Source: https://www.theguardian.com/sustainable-business/2017/feb/21/urban-heat-islands-cooling-things-down-with-
trees-green-roads-and-fewer-cars



Elizabeth Street heat camera opposite Queen Victoria Market. Photograph: City of Melbourne
Source: https://www.theguardian.com/sustainable-business/2017/feb/21/urban-heat-islands-cooling-things-down-with-
trees-green-roads-and-fewer-cars













pavement foundation modification – structural soil (improuvment of site conditions and retention capacity) 







expectations of how to maintain urban greenery

more shadow less shadow

no cut of trees and shrubs

lawns that are cut less often lawns that are cut more often 

cleaned up leavesleft leaves

Intensive maintainencewilde character

more frequently cut branches and twigsleft branches and twigs

regularly cut trees and shrubs



what the pocket park concept should include?

perennial flower beds

dog paddocks

more tree plantings

reducing the number of parking lots 

modernization of the parking area

resting place in the shade 



An app called “Cool walks” has 
been developed in Barcelona that 
shows how to get from one point 
to another by walking as much as 
possible in the shade. “

The app offers three options: the 
shortest route, a route optimized for 
shade, and a vampire route that 
avoids the sun altogether.”









Blue-green infrastructure
what does it mean today? 



sponge park



temporary garden



ecosystem design - meadows

Źródło: https://www.streetlife.com/us/projects/light-and-space-gothenburgs-brunnsparken

habitat gardens - prairie garden



flower meadow



leaving leaves



low-budget parks, wastelands
Pozostałości ekosystemów Hoobsa (ang. remnant vegetation). 
Studies show ecosystem benefits, including human health
(Thompson, Kao-Kniffin 2016, Watkins et al. 2020)



urban agriculture



https://blorrainesmith.medium.com/pocket-
forests-full-of-more-change-347af955e616

lasy kieszonkowe (pocket forest) pocket forest









Źródło:https://twistedsifter.com/2011/06/high-line-park-new-york-city/



High Line Park 
New York



park kieszonkowy (pocket park) 

pocket parks



wellbeing of city dwellers

lower energy bills
avoiding emissions

CO2 sequestration and absorption
higher local retention 

slow down surface runoff 
social ties 

50% less crime 
better physical and mental health of residents   

….and many other benefits 

Which can be expressed m3 of water retained in the crowns or in tons of CO2 absorbed
AND THEIR VALUE CAN BE CALCULATED MONETARY



green facades

A large five-leaf grapevine (Partenocissus quinqefolia), occupying only about half a square meter of ground, can produce 
about 2,600 m2 of foliage during the growing season (Table 1). 

Such an area is about the size of seven linden trees with a crown diameter of 10 meters, 
and much more than a 100-year-old beech which reaches a foliage area of about 1600 m2 (Borowski and Latocha 2014). 

Tab. 1. 

leaf area

leaf mass 

water transpiration

transpiration cooling

oxygen production

CO2 uptake

Partenocissus quinqefolia on 531 m2 of wall

l/day

GJ/day

kg/year

O2/year



Biological protection of the building 
Extending the life of a façade

A green wall provides protection for a facade from external influences such as sun, 
rain, wind and temperature fluctuations, extending the life of a building's facade.

Vegetation on the walls also reduces the ultraviolet (UV) radiation reaching the 
building. 

Green facade construction extends the life of the facade coating by 15 years 

Benefits



Reduction of the level of noise in the environment, both outside and inside

The green wall works like a sound barrier in a building.

It absorbs 41% more sound than a traditional facade,
and this means that the environment both inside and outside is significantly
quieter.

Noise reduction is up to 8 dB, which means it is reduced by half.

Benefits



Reduction of surrounding temperatures

Cooling benefits

green facade provides a thermal isolation effect that will help reduce energy consumption,
protecting the building from the cold in winter and providing a cooling effect in summer

Plants absorb sunlight, 50% is absorbed and 30% is reflected; so this helps create a cooler and
more pleasant climate.

In terms of indoor conditions, this means that air conditioning runs 33% less intensively,
which translates into energy savings.

The exterior green wall, also has a positive effect on the heat island effect in the city. In
general, it is possible to reduce the temperature in the urban area by 3°C.

Benefits



Urban forests in the United States can reduce annual stormwater runoff by 2-7 percent. 

Green streets and tree planting are estimated to be 3-6 times more effective in managing stormwater per $1,000 investment 
than conventional methods.

Does it pay off?



Value of tree



Valuation and assessment of ecosystem services provided by selected urban trees in
Warsaw:

Assessment and valuation of the impact of trees on the
- concentration of carbon dioxide in the air,
- concentration of nitrogen dioxide, sulfur dioxide and particulate matter PM2.5 and
PM10

- oxygen production by trees,

on the selected area of the Capital City of Warsaw
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Average value of ES

4 EUR

9 EUR

8 PLN 2 EUR

Midle sizelittle Tall tree

WSZYSTKICH 
DRZEW NA 
TERENIE 

The highest ecosystem services value – medium size trees

+ + 2 805 EUR
46,4%=

one tree

The highest 
economical value

27 EUR



The calculation of tree value including replacement value and value of
ecosystem services is used worldwide as a basis for valuation of property
valuers and refinement of methodology in this regard may also enable this
direction in valuation practice in the City of Warsaw and the whole
country.

The replacement value of trees was 9 806 968 PLN. (2 274 686,11 Euro)



tree No. 1118 were as follows:

NO2 removal: 3.16 KG/year;

SO2 removal: 21.2 KG/year;

PM2.5 removal: 37.3 KG/year;

PM10 removal: 2.68 KG/year;

C sequestration: 14.2 tons/year.

E T A P    IV
ecosystem services 



The value of ecosystem services is: 71.5 PLN/year (16,58 Euro)

The replacement value of the tree is: 3 231,90 PLN (749,46 Euro)

E T A P    IV value of tree



The value of selected ecosystem services (air purification from NO2, SO2, PM2.5, PM10, 
oxygen production, carbon storage and sequestration), 

1336 surveyed trees amounted to more than 25 000 PLN/year (5 861,55 Euro)

The average value of ecosystem services of one tree in the study area was 23 PLN/year
(5,33 Euro)
(all benefits counted for Praski Park were 16 Euro/tree) 

The estimated value of the selected ecosystem services calculated by us for the City of 
Warsaw is over 174 million PLN per year (40 340 160,00 Euro) 

It is possible to include the value of other services (97 PLN per year per capita).
The replacement value of trees was 9 806 968 PLN (2 274 686,11 Euro)



The collected database allows the conversion of further ecosystem services, 
for example, such as:

I) MITIGATION OF THE CITY HEAT ISLAND based on m3 of water evaporated,

II) SURFACE RUN OFF LIMITATION based on m3 of water. 

III) LESS ENERGY CONSUMPTION expressed in reduction of energy costs of 
buildings in Kwh per year, which generates savings



the maximization of the effect: work of green and gray infrastructure to increase the level of ecosystem services 





structural soil vs. retention capacity 











structural soil - a retention capacity of 0,17 do 0,31 m3/m2



Parameters for trees planted on the SGGW experimental
plot - common maples (Acer platanoides),

iTree Eco estimation of potential ecosystem services

The following tree sizes were adopted:

small trees (20 years: tree height 5 m, breast height 13 cm),

medium trees (50 years: tree height 13 m, breast height 32
cm),

large trees (100 years: tree height 18 m, breast height 57 cm)
9
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Ecosystem services studies are being conducted in the study area, including surface
runoff, temperature (urban heat island mitigation potential).

Monitoring will be carried out in the plots, including the following studies:

meteorological parameters such as air temperature,

precipitation amount, wind speed, relative humidity,

measurement of surface temperature, which will make it possible to determine any differences and reductions in
the heating temperature of such surfaces in urban areas,

measurement of surface runoff, measurement of humidity, temperature, salinity in the substrate near trees
to determine water needs, measurement of CO2.



• Jakieś fajne wykresy z linka …



To summarise:

The use of an structural soil SGGW pavements allows planting and maintenance of trees in areas covered by pavements 
where previously this was not possible at all, thus increasing green spaces in cities with high levels of ecosystem services or 
improving the functioning of existing spaces.

The structural soil SGGW ensures that the load-bearing capacity required for the road base E2>80 MPa (pedestrian and road 
traffic) is achieved .

Depending on the arrangement of layers, the tested variants of anti-compression substructure have a retention capacity of 0.17 
to 0.31 m3/m2.

Crucial for the level of ecosystem services is that the trees reach at least medium size, i.e. an age of about 40-50 years (25 m3 
to 35 m3 of retained water). 

The application of the solutions described in this study allows improving the habitat conditions of newly planted trees in 
situations of space scarcity (open ground) and of existing trees, and has the potential to provide in highly urbanized urban 
conditions the possibility of long-term tree growth until natural aging. 



HOW TO MANAGE URBAN FOREST? E T A P    IV

Tree canopy cover (%)

Parks

Streets

Residential area

Average TCC



What factor is optimal? 

Allows for the establishment of targets necessary to achieve the optimal proportion of 
green space (e.g., 30% canopy cover) (Barron et al., 2016). 

The tree canopy cover of the study area is 30.5%. 

More than 33% canopy cover significantly reduces stress, anxiety

and depression.





PLANING FACTOR 



















How trees can mitigate heat in urban ecosystems3 

Without a tree canopy, the heat from the sun 
directly hits the ground and gets trapped; it is 
subsequently released into the atmosphere, 
increasing the temperature. 

 

Tree canopy cover can create 10-degree 
temperature differences. 

3https://www.architectureanddesign.com.au/news/how-trees-can-mitigate-heat-in-urban-ecosystems# 

http://lesjardiniersdeliledefrance.com/impact-environnemental/ 



increasing the city's tree canopy cover to 30% (from the 20% calculated in 2014) prevented 403 deaths
per year (3% of total mortality), with the smaller increase still resulting in reduced mortality.

a 5% increase in tree canopy cover in areas where there are no trees could result in 302 fewer deaths
per year citywide,

and an increase of 10% could lead to a reduction in mortality of 376 people.

Residents of low socioeconomic status living in greenery-poor neighborhoods would benefit the most
from an increase in tree canopy cover.

According to Kondo et al. (2020), an increase in tree canopy cover is an essential element of urban
planning policy to promote social health and environmental justice.

How much greenery is enough?



Arboriculture & Urban Forestry 33(1): January 2007 

annual benefits of ash trees 



The calculations of the replacement value of trees and ecosystem services provide a basis for analysis of 
optimal tree satructure within the City. 

Making replacement values and ecosystem services publicly available supports the management process by 
enabling rational planning and benefit-cost analyses. 

Education is needed on the relationships between organisms and conservation priorities, such as protecting 
large and mature trees and green coridors. 

Nowadays challanges are veryfing the priorities of urban forest management 

Local land use plans and city council standards have a potential of playng the role of effective and important
management tools.
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Heat stress mitigation
Cooling with trees and vegetation 
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To realize how great the cooling effect of one tree is, just imagine that a large Acer saccharinum,
can evaporate more than 265 liters of water per hour on a hot summer afternoon.

The effect of transpiration of such a large tree can be a cooling effect, which can be compared to the efficiency
of five average-sized air conditioners (Leonard 1972).

Heat stress- green solutions  



Heat stress- Energy savings 

 for London the best types for cooling the air are: 
Sessile Oak, Cherry Tree

 trees reduce 13% energy emissions in cities, saving
£22 milion a year

2https://www.energylivenews.com/2019/09/30/could-urban-trees-mean-we-can-leaf-air-conditioning-emissions-behind/ 

http://anglistkazkrakowa.pl/jesien-w-londynie/ 



energy consumption for heating 
and cooling (Washington)

7 strategically placed trees reduce energy costs by 
$400 a year 

24 dense conifers on the south side cause shade 
from the sun during winter, which increases energy 

costs by $300

(wg. McPherson,1999)





Planting a row of conifers on the north or north-western side of the building creates a 
wall to protect against cold winter winds ... and reduces heating bills by up to 30%. 

Wind speed 55 km/h

15 km/hr here
The tree barrier reduces speed 

up to 25 km/hr here



Effect of tree shading on energy demand of two similar buildings

Effect of woody vegetation on cooling and energy savings in Acure city in Nigeria. 

cooling effect of 



Effect of tree shading and transpiration on building cooling energy use

Effect of trees on cooling around the building
– 4 scenarious of a typical summer day were
simulated. 



Effect of shelterbelt trees on reducing heating-energy consumption of office buildings in Scotland 

Effect of trees reduced significantly wind speed, cousing reduction of external convection coeficient.

It was observed energy savings by 18,1% of the total heat energy costs by placing sheltbelt trees around a 
naturally ventilated office model with glass fasades. 

Poorly designed seheltbelts can increase heating energy consumtion of building in winter. 



Assessing the effect of urban street trees on building cooling Energy needs:

the role of foliage density ond planting pattern

Effect of urban greenery on cooling energy demand of buildings by three comonnly used tree species (A. hippocastanum T. cordata
and L. tulipifera) and two planting patterns (in rows and in rows with spacing)

simulation in the northen part of Greece. 

Street trees decreased cooling enery demand for both examined
building units by combination of shadow effect and lower
convective heat transfer. 

The higher the foliar density, the higher the solar radiation
blockage and the lower the solar heat gains of the thermal zone.  

The higher energy savings up to 54% have been achived when the 
trees formed a continiuous shading canopy and the Leaf Area
Density of 2,5 m2/m3. 



  



Biodiversity and climate change

Two questions: 

Why biodiversity is so imortant in the urban
environment? 

Is just a matter of the numer of the species? 



urbanised areagreen area

the value of biodiverity

the value of biodiversity































Irradiance - the flux of radiation per unit area (W/m2). 





















Green spaces

Trait identity

Tree diversity
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