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The aim of the thesis is to provide an assessment on the impact of land surface parameters 

to the magnitude of UHI in Tallinn, and the level of resilience of mitigating the UHI effect 

within the existing policy and planning framework. There are already a few existing studies 

on the UHI effect in Tallinn from which the latest assessments are conducted by the scholars 

from the University of Tartu (Sagris, Sepp and Gauk). 

In the thesis, stepwise multiple linear regression modelling was used to identify which land 

surface parameters and their combinations contribute to the increase of land surface 

temperature in Tallinn. Dependent and independent variables used for the regression 

analysis were calculated in ArcGIS 10.4 into suitable units within a 100x100m grid. In 

addition to modelling works a number of multilevel planning and strategic documents were 

analysed to understand how are the spatial developments in correlation with the results of 

the modelling of predictor variables. 

The results of the modelling suggest that transport surfaces are the highest contributors to 

the magnitude of UHI within the impervious surfaces, and their impact is enhanced in 

combination with building area and height, and with the lack of greenery, especially tree 

cover. At the planning level, the UHI effect has not been acknowledged in Tallinn and the 

current measures that are having a potential mitigating impact on the magnitude of UHI are 

targeting other aspects, and therefore are not based on any vulnerability assessment and lack 

spatial specificity. For further vulnerability assessment including additional parameters such 

as the Sky View Factor, distance from water bodies and compactness are necessary to 
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provide more focused information for the development of a methodology for calculating the 

volume of green spaces. 

Keywords: climate change adaptation, urban heat island (UHI), land surface parameter, land 

surface temperature (LST) 
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Lõputöö eesmärk on hinnata Tallinna näitel maapinna parameetrite mõju soojussaare efekti 

ulatusele ja olemasolevate strateegilise ja ruumilise planeerimise dokumentide mõju 

soojussaare efekti leevendamisele. Tallinna kohta on juba läbi viidud mõningaid soojussaare 

efekti käsitlevaid uuringuid, sh Tartu Ülikooli teadlaste (Sagris, Sepp ja Gauk) poolt 

teostatud soojussaarte esinemise, linna haavatavus nende mõjule ja tuumikalade analüüsid. 

Töös kasutati mitmest lineaarset regressioonimudelit, et hinnata, millised maapinna 

parameetrid ja nende kombinatsioonid põhjustavad maapinna temperatuuri tõusu Tallinnas. 

Regressioonianalüüsis kasutatud seletavad ja sõltuvad muutujad arvutati ArcGIS 10.4

programmis sobivateks ühikuteks 100x100m ruudustikus. Lisaks analüüsiti mitmeid 

strateegilise ja ruumilise planeerimise dokumente hindamaks, kas linnal on valmisolek

soojussaarte efekti leevendada. 

Regressioonianalüüsi tulemused näitavad, et Tallinnas mõjutavad soojussaarte teket kõige 

enam transpordi pinnad. Nende mõju tugevneb koos hoonete pindala ja kõrgusega ning 

rohelade, eriti kõrghaljastuse puudumisega. Planeerimise tasandil pole soojussaarte mõju 

Tallinnas teadvustatud ja praegused, soojussaarte ulatust potentsiaalselt leevendavad 

tegevused, on suunatud muudele eesmärkidele ega tugine seetõttu haavatavuse hinnangul 

ning neil puudub ruumiline fookus. Vajalik oleks täiendavate parameetrite (Sky View 

Factor, kaugus veekogudest (sh merest) ja kompaktsus) hõlmamine analüüsi, mis annaks 

planeerimisotsuste tegemiseks vajaliku lisa teabe ja oleks oluliseks sisendiks näiteks 

roheladade mahu arvutamise metoodika väljatöötamisel. 

Märksõnad: kliimamuutusega kohanemine, soojussaar, maapinna parameeter, maapinna 

temperatuur 
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Annex 2. Calculated land surface parameters per 100x100m grid 
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INTRODUCTION 

 

The potential risks caused by a changing climate require cities to increase their readiness 

and capacity to adapt. One of the climate risks impacting cities and towns is the urban heat 

islands (UHI) effect. The effect is caused by the combined effect of land use and heat waves 

and affects human health, the resilience of infrastructure and the energy consumption of 

buildings. In Estonia and Tallinn there are already some existing studies addressing the 

presence of the UHI effect and vulnerability to related risks. This study aims to contribute 

to the existing knowledge with an overview on the impact of land surface parameters to the 

magnitude of UHI by using statistical modelling. Additionally, the existing policy and 

planning framework is analysed in order to detect the level of resilience of mitigating the 

UHI effect in Tallinn. The specific objectives of this thesis are, based on Tallinn data to 

assess: 

1) which land surface parameters and their combinations contribute most to the UHI effect; 

2) what role the existing policies and measures play in the current and future distribution of 

land surface parameters within the UHI hotspots; 

3) will the existing spatial planning policies support the city’s resilience to mitigate the UHI 

effect. 

In this study stepwise multiple linear regression modelling is used to identify which land 

surface parameters and their combinations will contribute to the increase of land surface 

temperature in Tallinn. 

Land surface temperature used in the modelling was calculated based on 2014 and 2018 

Landsat-8 satellite images. Land surface parameters were downloaded from various sources 

(Copernicus Land Monitoring Service portal, Tallinn Geoportal etc.), and calculated in 

ArcGIS into suitable units within 100x100m grid obtained from the Statistics Estonia. 

The first paragraph gives an overview of the climate prognosis, UHI related challenges, and 

existing studies on UHI from Estonia and elsewhere. The second paragraph introduces 

methodology and data used in the assessment. The third paragraph gives an overview of the 

modelling results and their interpretation, and presents the conclusions from policy 
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assessment. The third paragraph will also draw conclusions and discussion on the 

shortcomings in the current policy and planning documents in connection with the modelling 

results. 

The author would like to thank supervisors Miguel Villoslada Pecina and Peeter Vassiljev. 

Miguel Villoslada Pecina helped to develop methodology, assisted with the GIS works, and 

run the data in SPSS software. Peeter Vassiljev gave full support with concept and 

methodology development, and provided thorough feedback. Author will also thank Jonatan 

Heinap for English language editing. 
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1. LITERATURE REVIEW 
 

1.1. The impact of climate change on urban environment  

 

In 2008 the world’s urban population passed 50% of the total and has continued growing 

(IPCC 2014: 541). By 2050 it is projected to reach 68%, which increases the challenges in 

balancing sustainable development of the cities while meeting the needs of their growing 

populations (United Nations 2018). Urban areas are especially vulnerable to climate change 

impacts due to the high population density, infrastructure dependency and different social 

groups. In addition to changing climate patterns, cities are also affected and made more 

vulnerable due to their design qualities which have a great impact on cities’ micro climate 

conditions that makes cities warmer than their surrounding rural or suburban areas. This is 

called the urban heat island (UHI) effect, which is caused by several factors that are 

characteristic to urban areas such as high building density, soil sealing, and lack of green 

areas and vegetation. (Sagris,  Sepp and Gauk 2015; Carter et al 2015) In addition to high 

temperatures, cities are also vulnerable to floods (pluvial, fluvial and coastal flooding 

depending on their geographic factors),  the root causes of which are similar to the ones of 

the UHI effect, i.e. soil sealing, and a smaller share of green areas and vegetation. In addition, 

the higher the density of vital infrastructure elements and buildings at risk, the higher the 

vulnerability of an area. In order to adapt to these risks, it is critical to understand the 

interplay between the urbanization process, current local environmental change, and 

accelerating climate change. Urban design and spatial planning decisions can have both 

positive and negative effects on urban resilience to climate change impacts. For example, 

poor planning decisions can strengthen and even increase the range of the local UHI by 

altering other small-scale processes, such as the land-sea breeze effect, katabatic winds, etc. 

(IPCC 2014: 551) 
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1.2. Temperature related trends and prognosis for Tallinn  

 

Despite mitigation efforts, global climate has changed over the decades and will continue to 

change. According to the IPCC 5th Report, each of the last three decades has been 

successively warmer at the Earth’s surface than any preceding decade since 1850.  Further 

warming and long-lasting changes in all components of the climate system will increase the 

likelihood of irreversible impacts for people and ecosystems (IPCC 2014). This trend also 

applies to Estonia and its capital Tallinn. During the past 40 years Tallinn has witnessed a 

constant increase in mean temperatures as shown in Figure 1 (Tallinna Energiaagentuur 

2020: 59-60). 

 

 

Figure 1. Annual mean temperatures (˚C) measured in Tallinn-Harku weather station in 

1981 – 2018 (Source: Tallinna Energiaagentuur 2020: 59). 

 

In Estonia, the term “heat wave” has not been officially defined but hot days are considered 

an emergency when the temperature is at least +30 °C for more than two days (Terviseamet 

2011). According to some studies a long-lasting temperature of +25 °C can also pose a health 

hazard (Sagris, Sepp and Gauk 2015). In Tallinn, the occurrence of hot days lasting longer 

than two days has increased from 4 during 1981-1999 to 8 during 2000-2018 (see Figure 2). 

The city has also experienced an increase in annual number of days with temperature above 

27 ˚C and 30 ˚C (Figure 3), and although warmer years alternate with ones of cooler 

temperature, the general trend shows a clear increase in the occurrence of high temperature 

days as well as the increase of hot days during one year. (Tallinna Energiaagentuur 2020: 

60)  
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Figure 2. Days above 27 ˚C maximum temperature measured in Tallinn-Harku weather 
station during 1980 – 2018. (Source: Tallinna Energiaagentuur 2020: 60). 

 

 

Figure 3. Days above 30 ˚C maximum temperature measured in Tallinn-Harku weather 
station during 1980 – 2018. (Source: Tallinna Energiaagentuur 2020: 60). 

 

As for future prognosis, the increase of air temperature including hot days is expected to 

continue growing (Luhamaa, Kallis et al 2014). By the middle of the 21st century, it is 

foreseen that hot days will more than double in Estonia, and by the end of the century there 

could be approximately 30 days annually with an air temperature exceeding +27 °C (Sagris, 

Sepp and Gauk 2015: 75). 
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1.3. The role of spatial planning in decreasing climate change 

vulnerability and related challenges in Tallinn 

 

Spatial planning is the most important instrument enabling cities to adapt and increase their 

resilience to climate change related risks (Sagris, Sepp, and Gauk 2015: 8). According to the 

EEA, spatial planning provides an important tool for bridging existing environmental levels 

and sectoral agendas. Integrating climate change considerations into spatial plans at different 

levels helps to increase urban resilience in efficient and non-disruptive ways. (EEA 2012: 

115) This, in turn, will result in measures that will increase a city’s climate resilience and at 

the same time serve other sectors and their objectives. One such example is blue and green 

spaces that not only help to decrease the effect of urban heat islands and urban flooding, but 

simultaneously serve as recreation hubs and ecosystems spots (EEA 2012: 115). Spatial 

planning on the global scale has been a part of risk management since the middle 1990s and 

has mainly been targeted towards decreasing the potential risks caused by natural 

catastrophes. On the local and national scale, climate change became a part of spatial 

planning quite recently and has been mainly used in the concept of climate change 

mitigation. For example, to reduce CO2 emissions through the planning of transport 

infrastructure (Schmidt-Thomé 2006: 8-9). The decision of cities to increasingly tackle 

climate change through adaptation can be motivated by either internal or external factors. 

External factors are related to policy and financial instruments while internal factors are 

driven by the cities’ own interest to protect their property and inhabitants. An increase in      

the implementation of climate change adaptation measures has also been noted after natural 

catastrophes, which are often categorized as climate change related events. (Carmin 2009: 

2) The latter also applies to Estonia, where after the storm in January 2005, coastal flooding 

was marked as a high priority, and as a result several measures have been implemented both 

at national and local levels. 

Despite understanding the importance of spatial planning in the climate change adaptation 

processes, there are several constraints hindering its implementation through municipal 

spatial planning. For example, there is still a lack of comprehensive and consistent territorial 

multi-level governance for adaptation. This means that in order to support the local level in 

developing spatial plans that incorporate climate change related risks and adaptation 

measures, it would also be required that all the policies, legal acts and spatial plans support 

that objective (EEA 2012: 115). When the inclusion of climate change adaptation into spatial 
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planning is non-mandatory, it tends to result in a low implementation level (Ribeiro et al 

2018: 18). Moreover, there are several other factors hindering local governments 

mainstreaming climate change adaptation into spatial planning, such as a lack of information 

at the level of quality/quantity needed for planning, institutional limitations, and resource 

constraints (Maesham et al 2011: 893-894). The climate change adaptation concept is a 

complex topic for a municipality, as it involves different policy sectors as well as 

understanding historical and future climate variables and their impact in combination with 

socio-economic and technological developments. Despite the large amount of research on 

urban climate, the results are difficult to compare, generalize and integrate into the existing 

planning system (Buchholz 2015: 59). There is still a lack of downscaled climate change 

information, as most of the projections target the global, regional or national scale, making 

it difficult to decide on adaptation actions at the local level (Ribeiro et al 2018: 18). Climate 

change adaptation on the other hand is a place-based matter (EEA 2012: 96), as impacts 

depend highly on local conditions (existing land use, geographic location etc.). Therefore, 

in order to implement adaptation options at the local level, cities first need to identify 

vulnerability hot spots as well as to carry out vulnerability assessment across sectors. 

 

 

1.3. Urban Heat Island effect 
 

The term ’Urban Heat Island’ (UHI) refers to the phenomenon of “/…/ the increased 

temperature of the urban air compared to its rural surroundings” (EEA 2012: 21). This effect 

is especially stark at night (EEA 2012: 21). The UHI effect takes place when energy from 

the Sun is absorbed by artificial low albedo surfaces, then stored in the building mass and 

released into the surrounding air (EEA 2012: 21). The extent and magnitude of the UHI 

effect is expected to increase in the future due to a changing climate, as the number of hot 

days is expected to increase (Roose 2016: 130; EEA 2012). However, the vulnerability of a 

city and the level of present and future impacts derived from UHI depends not only on the 

temperature but also on the urban fabric (EEA 2012: 24). The UHI in urban centres has been 

found to be associated with the intensity of urbanization due to the changes in land cover 

(IPCC 2014; Villanueva-Solis 2017: 23). The UHI effect, often having a stronger impact in 

bigger and more dense cities, is also present in smaller cities and towns. It has been noted 

that Northern European cities seem to suffer from higher UHI magnitude than the southern 

European cities as the latter are better adapted (Sagris and Sepp 2016: 1). This applies also 
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to Estonia where the UHI effect is identified not only in Tallinn but also in smaller cities 

such as Tartu and Pärnu (Sagris, Sepp and Gauk 2015). Besides meteorological factors, there 

are several morphological factors having an impact on the magnitude of the UHI effect such 

as topography, building mass, impervious surfaces, and blue and green infrastructure (EEA 

2012: 21). UHI can cause many negative effects in cities, from human health to increased 

energy consumption. Therefore, it is important for the cities’ planners and managers to 

understand the root causes of the UHI and their impact, in order to choose appropriate 

mitigation measures.  

Globally, the UHI effect is a widely studied phenomenon linked to urbanization (Salvati, 

Palme, and Inostroza 2017: 1). There are many assessments on impacts of different land 

surface parameters on the UHI patterns. Two studies of Szeged, Hungary, have assessed the 

extent of the relationship between the mean maximum UHI intensity and land surface 

parameters. Unger and Bottyán (2003) detected a very strong linear connection between the 

mean maximum UHI intensity and the following applied land-use parameters: ratio of built 

up surface and water surface as a percentage, mean Sky View Factor (SVF), and mean 

building height. Gàl, Balázs and Geiger (2005) carried out an additional study of Szeged, 

Hungary where they added two additional parameters to the ones assessed earlier by Unger 

and Bottyán with the aim to estimate the intensity and spatial distribution of the mean 

maximum UHI. These two additional parameters were average compactness and weighted 

volumetric compactness. The result of this assessment showed that compactness has an even 

stronger correlation to the UHI intensity than SVF (Gàl, Balázs, and Geiger 2005: 68). The 

assessment of Izmit, Turkey, Gerçek, Güven and Oktay (2016) widened the list of land 

surface parameters impacting UHI intensity even further. They used zonal statistics of land 

surface parameters per UHI grade (day and night) to explore the UHI effect and its relation 

to factors causing it. Their list of land surface parameters included: vegetation index, 

imperviousness, albedo, solar insolation, SVF, building envelope, distance to sea, and traffic 

space density. According to this survey, daytime UHI intensifies as greenness decreases, and 

imperviousness, albedo and solar insolation increases. Authors admit that this result 

contradicts the expectation that higher albedo leads to lower surface temperature and 

suggests that probably this is caused when stronger parameters such as greenness or 

imperviousness have surpassed the effect of albedo. This suggestion is also supported by the 

result that the highest ranges of temperatures observed are for greenness and imperviousness. 

(Gerçek, Güven, and Oktay 2016) Salvati, Palme, and Inostroza (2017) investigated eight 
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parameters and their hierarchy in impacting UHI intensity in the Mediterranean, including 

three land surface parameters: 1) Urban Morphology (calculated from average building 

height (m), site coverage ratio (m2/m2), and façade to site ratio (m2/m2)); 2) Tree coverage 

percentage, and 3) Albedo of vertical and horizontal surfaces. According to this study, urban 

morphology is the most important parameter affecting UHI intensity, and that increase of 

albedo and tree coverage may be ineffective in terms of UHI mitigation when the ratio of 

these variables over a whole urban area is not changed. (Salvati, Palme, and Inostroza 2017) 

UHI mitigation measures in the literature are mainly linked to greenery and soil sealing. 

Several authors have come up with the estimated correlation between the ratio of vegetated 

areas and the reduction of radiation absorbed by low albedo surfaces (Pomerantz, et al 2000; 

Akram, and Bryan 2010; Villanueva-Solis 2017). According to the existing studies, a higher 

density of impervious surfaces usually results in   higher land surface temperature (Cao, L. 

et al 2008; Ziter et al 2019). While green areas have an acknowledged mitigating role, the 

level of impact differs by the type of greenery. Trees decrease near-surface temperatures 

through direct shading and evaporative cooling. The reduction of solar radiation depends on 

the size and characteristics of tree canopy that can contribute up to 60- 90% in reduction 

(Shishegar 2014; Georgi and Zafiriadis 2006). Temperatures over a grassy surface were 0.7–

1.3ºC cooler under urban trees compared to adjacent areas with no tree cover, and the effect 

was even stronger under mature trees in a suburban neighbourhood where temperatures were 

2.2–3.3ºC cooler compared to new developments with no trees (Loughner, C. P. et al 2012: 

1776). 

There are also several studies that have assessed the connection between the urban surface 

parameters and the mean UHI intensity by applying multiple regression analysis. For 

example, the study conducted by Li et al (2020) assessed the correlation between the park 

cooling intensity and park characteristics. Unger and Bottyán (2003) described the linear 

function between urban surface parameters and mean UHI intensity, and Gal et al (2005) 

used multiple regression analysis to assess the effect of the urban structure on the 

development of the mean annual UHI in Szeged, Hungary. Similar to this thesis the main 

goal of these studies has been to predict the UHI intensity based on land surface parameters 

in order to enable spatial planners to estimate the potential impact of spatial solutions on 

heat island structure and intensity. 
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1.4. Existing assessments on Urban Heat Island effect in Tallinn 
 

In Tallinn the UHI effect was more thoroughly analysed in 2015 by the project „Assessment 

of climate change impacts and elaboration of adaptation instruments in the field of planning, 

land use, health and rescue management” (KATI) financed by the EEA Grants programme. 

In this project, scientists from the University of Tartu analysed the UHI effect during July 

and August 2014 and its impact on the vulnerability of the city’s inhabitants. The primary 

UHI component, which is ground temperature, was mapped based on Landsat 8 Operational 

Land Imager (OLI) and Thermal Infrared Sensor (TIRS) images taken at 11.30 on July 25. 

In the end of July 2014, the daily maximum air temperature was measured more than +30 

°C in most of the Estonian weather stations. In Tallinn the temperature stayed over +27 °C 

for eight days and after two days of lower air temperatures it increased again for six 

additional days. The severity of the impact on ground temperature was clearly shown by the 

applied methodology. The whole of Tallinn suffered from the UHI effect, especially the 

densely built up areas and industrial and commercial areas where the ground temperature 

reached up to +45 to +50 °C, while the measured air temperature in Harku meteorological 

station was +27,9 °C. Harku meteorological station is the most commonly used reference 

station for Tallinn weather data locating on the border of the city (N 59°23´53´´ and E 

24°36´10´´). The results also pointed out that some of the areas having the highest UHI 

effect, such as Mustamäe and Lasnamäe districts, are also the most vulnerable due to the 

social profile of their inhabitants that are considered risk groups (Sagris, Sepp and Gauk 

2015). 

The assessment carried out by Sagris and Sepp (2015) clearly shows that the UHI effect has 

become a challenge in Tallinn. According to climate prognosis models, it is expected that 

heat waves will become even more frequent in the future. Additionally, when combined with 

other negative trends related to ageing population, social segregation and decrease of green 

areas, the city will become even more vulnerable to the risk related to increased air 

temperature leveraged by the UHI effect (Tallinna Energiaagentuur 2020: 72). The 

assessment carried out by the University of Tartu gave an overview on the areas most 

influenced by the UHI effect but did not carry out any calculations on the level of impact of 

specific land surface parameters and their combinations. The latter would be the necessary 

next step to understand the efficiency of current planning policies and needs for specific 

adaptation measures. The additional assessment carried out at the beginning of 2020 by 

Sagris and Sepp was an input to Tallinn’s Sustainable Energy and Climate Action Plan 
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(SECAP). In this assessment Sagris and Sepp analysed both 2014 and 2018 land surface 

temperature (LST) layers and ‘zoomed’ in to the areas having a surface temperature over 

32.5 °C (defined as UHI core areas) to see which objects are located in the areas with the 

highest surface temperature and how the situation has changed over four years. The 

assessment was presented district by district giving a narrative summary overview on the 

specific areas with the highest surface temperature in each city district and the main changes 

between 2014 and 2018, and giving an overview which are the concrete land use functions 

where the surface temperature is the highest on the dates observed. (Sagris and Sepp 2020) 

According to the results of this analysis most of the areas with the highest temperatures 

covered industrial and commercial areas characterized by flat roofed buildings and large 

parking areas in Lasnamäe, Mustamäe and Haabersti (Sagris and Sepp 2020). 

The current thesis will complement the analysis already carried out and aims to give a 

statistical overview on the relationships between land surface parameters and the UHI effect, 

and compares the results with existing policies and measures in the city of Tallinn in order 

to understand the future perspective in terms of vulnerability related to the increase of hot 

days. It is also important to highlight that in this thesis one will assess the correlation between 

surface parameters and surface temperature, and not the correlation between surface and air 

temperature as that would need to include data on urban morphology, weather situations, 

and surrounding surfaces adjoining the specific area. (Unger et al 2010)  
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2. DATA AND METHODOLOGY 
 

2.2. Defining and mapping land surface parameters 
 

The survey area chosen for the spatial assessments is the mainland area of Tallinn city, 

capital of Estonia. The land surface parameters impacting the UHI effect were derived from 

the literature review described in paragraph 1.3 (Buchholz and Kossmann 2015; Gerçek, 

Güven and Oktay 2016; Salvati et al 2017). All selected parameters reflect the aspects 

contributing to UHI occurrence and its magnitude but the final selection of land surface 

parameters (Table 1) for the Tallinn assessment also largely depended on data availability. 

Therefore, a number of potentially relevant aspects were left out from the assessment, such 

as the albedo of different surfaces, Sky View Factor, compactness etc. Also, the parameters 

having a potential impact on air temperature and not direct impact on surface temperature 

such as distance from the sea, were left out. 

 

Table 1. Selected land surface parameters 

Parameter Spatial data type Source 
Imperviousness density raster Copernicus Land 

Monitoring Service portal 
Tree cover density raster Copernicus Land 

Monitoring Service portal 
Area of greenery vector Tallinn base map layer 

‘t02_51_maakate’; 
Tallinn’s green network 
map 

Area of buildings vector Tallinn base map 
Height of buildings vector Tallinn base map 
Area of transport surfaces vector Tallinn base map layer 

‘t02_51_maakate’, ETAK 
and Building registry 
(processed by SpinUnit) 

 

All the selected land surface parameters (in Table 1) were intersected with a 100x100m grid 

obtained from Statistics Estonia in order to connect land surface temperature and land 

surface parameters spatially into comparable units. Using the grid from Statistics Estonia 

also enables to compare the results of this thesis with other statistical data such as census 
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data that in Tallinn’s case is aggregated into a 100x100m grid. Subsequently, within each 

grid cell, the value best reflecting a certain parameter and its potential impact was calculated. 

Calculated values are described in paragraph 2.1.1. All calculated values per 100x100m grid 

are represented in Annex 1. 

 

 

2.2.1. Calculation of selected parameters per 100x100 m grid 
 

1) Mean imperviousness density 

The Imperviousness Density layer includes a per-pixel estimate of impermeable soil sealing 

and is mapped as the degree of imperviousness (0-100%). The Imperviousness Density data 

is available as raster data in European projection (EPSG: 3035) at the Copernicus Land 

Monitoring Service portal which is freely accessible. (Copernicus Land Monitoring Service: 

Imperviousness 2015) For the purpose of this analysis, the 100 m resolution layer of 2015 

was clipped for the extent of Tallinn. The average imperviousness per one 100 m x 100 m 

grid cell was calculated by using the Zonal Statistics as Table in ArcGIS 10.4 (zone layer 

Statistics Estonia 100x100m grid, raster layer Imperviousness density, and the selected 

statistics ‘MEAN’). The resulting table was joined to the shapefile gathering all calculated 

land surface parameters and mean land surface temperature. Attributes of the shapefile are 

available in Annex I.  
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Figure 4. Imperviousness density in 100x100m grid (spatial data obtained from the 

Copernicus Land Monitoring Service portal and the Statistics Estonia). 

 

2) Mean tree cover density 

Tree Cover Density is a status layer showing the level of tree cover density in a range from 

0-100%. Tree Cover Density data is available as raster data in European projection (EPSG: 

3035) at the Copernicus Land Monitoring Service portal which is freely accessible 

(Copernicus Land Monitoring Service: Tree Cover Density 2015). The 20 m resolution layer 

of 2015 was selected and clipped to the extent of Tallinn. The average tree cover density per 

one 100x100 m grid cell was calculated by using the Zonal Statistics as Table in ArcGIS 

10.4 (zone layer ‘Statistics Estonia 100x100m grid’, raster layer ‘Tree cover density’, and 

the selected statistics ‘MEAN’). Using the Tree Cover Density data in the assessment would 

contribute into assessing the impact of tree landscaping vs other green areas.  
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Figure 5. Tree cover density in 100x100m grid (spatial data obtained from the Copernicus 

Land Monitoring Service portal and the Statistics Estonia). 

 

3) Percentage of all green areas 

This parameter is based on two datasets:  

1. Functional Green Infrastructure (FGI) map (Figure 6). The FGI map was produced 

by the University of Life Sciences for the Sustainable Energy and Climate Action 

Plan (SECAP) of Tallinn. The FGI map considers the following Green Infrastructure 

types: forest, park, grassland, graveyard, private garden, agricultural land, reed, 

wetland, other (meadows, vegetated median strip). The FGI map does not include 

green areas and vegetation outside the existing Tallinn Green Infrastructure map, 

which was used as the basis for developing the map. 
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Figure 6. Functional green infrastructure in Tallinn (source: Miguel Villoslada Pecina, 

University of Life Sciences). 

 

2. Green areas outside the green infrastructure map extracted from the Tallinn base map 

layer ‘t02_51_maakate’ where surfaces covered by grass, garden and yard were 

selected. 

For further assessment, both datasets were merged into one layer that incorporates all green 

areas in Tallinn. The percentage of all green areas per 100x100m grid was calculated in 

ArcGIS 10.4 (Figure 7) with the following steps: 

o intersecting the layer incorporating all green areas to the 100x100m grid; 

o calculating the SUM with the Summary Statistics tool; 

o using the Field Calculator to get percentage of the shape area. 
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Figure 7. Surface of FGI and other green areas in 100x100m grid. Zoom in to Haabersti 

and Mustamäe districts. 

 

4) Building typology 

For assessing the building typology, two categories were selected:  

● Mean building height in 100x100m grid: 

o intersecting surface parameter from the base map layer to the 100x100m 
grid; 
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o calculating the MEAN with the Summary Statistics tool. 
 

● Percentage of building area per 100x100m grid: 

o intersecting surface parameter from the base map layer to the 100x100m grid; 

o calculating the SUM with the Summary Statistics tool; 

o using the Field Calculator to get percentage of the shape area. 

 

The buildings’ data for both layers (area and height) was extracted from the Tallinn base 

map layer. Buildings were selected according to their type: residential, public, production 

and side building. Calculations for building height and density were done separately and 

intersected with 100 m grid ArcGIS 10.4 (Figure 8) as two different data sets (Annex I).  
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Figure 8. All buildings in 100x100m grid: residential, public, production and side buildings. 

Zoom in to Haabersti and Mustamäe districts.  

 

5) Percentage of transport surfaces 

Surfaces occupied by transport infrastructure were derived from three layers: street surfaces 

for cars, street surfaces for pedestrians and cyclists and other derivable surfaces (parking 

areas, ports, airport etc.) marked in Figure 9. All of these are TAR, ETAK and Building 

registry layers processed by the SPIN Unit company. The percentage per 100x100m grid of 

the unified layer of all transport surfaces was calculated in ArcGIS 10.4 for the regression 

analysis (Figure 10) with the following steps: 
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o intersecting the layer incorporating all transport surfaces to the 100x100m 

grid; 

o calculating the SUM with the Summary Statistics tool; 

o using the Field Calculator to get percentage of the shape area. 

 

 

Figure 9. Surfaces of transport infrastructure by mobility type, zoom in to Haabersti and 

Mustamäe districts. Other derivable surfaces stand mostly for parking lots (source: SPIN 

Unit). 
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Figure 10. All transport surfaces in 100x100m grid. Zoom in to Haabersti and Mustamäe 
districts.  

 
 

2.3. Zoning of climate change vulnerability – detecting urban heat island 

hot spots 

 

In order to define UHI hot spots, the land surface temperature (LST) was extracted from two 

Landsat-8 thermal infrared sensor imagery: 1) 25 July 2014 (Sagris and Sepp 2017), and 2) 
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27.07.2018 (http://glovis.usgs.gov) (Figure 11). The 2014 map was received from the 

University of Tartu (Sagris and Sepp 2017) and the one of the 2018 was downloaded from 

USGS. Both layers are taken at 11:30 due to Landsat overflight schedule (Sagris and Sepp, 

2020, pp 10). Selecting 2016 or 2017 was not feasible due to the lower temperatures and 

high number of rain days during the summer months. There are also some potential 

differences in terms of UHI intensity between the 2014 and 2018 Landsat layers. The 2014 

satellite image was taken at the peak of the heat wave while the one from 2018 is from the 

beginning of the heat wave. This is the reason why 2014 surface temperatures are higher 

than the ones of the 2018 when the heat had not yet accumulated. (Sagris and Sepp 2020: 

10-11) 

The methodology for extracting land surface temperature from Landsat-8 imagery is based 

on the work carried out by Sagris and Sepp (2017). In this study, the TIR bands 10 and 11 

were used to estimate brightness temperature and bands 4 and 5 were used to calculate 

Normalized Difference Vegetation Index (NDVI) for the extent of Tallinn. The resolution 

of all bands is 30m. All land surface temperature (LST) processing steps were automated 

using the Land Surface Temperature plugin in QGIS. NDVI values are used to calculate 

Land Surface Emissivity, which is later combined with Top of Atmosphere brightness 

temperature in order to estimate LST. (Sagris and Sepp 2017) The LST layer obtained from 

this process is initially in Kelvin and was therefore converted to Celsius by using the Raster 

Calculator in ArcGIS 10.3 using the conversion factor 0K = -273.15°C.  

At 11:30 when satellite images were taken on the selected dates, Harku’s meteorological 

station (reference meteorological station) measured air temperature of 27-27.5°C. 24 July 

2014 temperature measurements show 27°C at 11:00 and 27.9°C at 12:00, and 

measurements taken at 27 July 2018 show 26.8°C at 11:00 and 27.3°C at 12:00 (Estonian 

Weather Service). In the thesis the selected threshold for UHI is +30°C (air temperature that 

is considered as a health hazard) meaning that the areas with equal and/or higher surface 

temperature were considered UHI hot spots. In order to detect UHI hotspots, the values to a 

binary mask above and below the +30°C threshold of temperature were reclassified for both 

layers. Below the threshold, values were reclassified to 0 and above the threshold to 1. After 

reclassification, both layers were summed up, producing areas with values 0, 1 and 2. The 

areas with the value 2 (marked with red in Figure 12) are considered hot spots, as they 

consistently experience temperatures above the aforementioned threshold. The map (Figure 

12) shows that most areas within Tallinn borders had higher surface temperature than the 
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measured air temperature at the reference meteorological station. The same situation applies 

to both dates. 

 

 

 

Figure 11. On left LST 2014 (source: Sagris and Sepp 2017) and on right LST 2018 (source: 

http://glovis.usgs.gov, downloaded by the University of Life Sciences).  
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Figure 12. UHI hot spots. The map is based on LST 2014 (source: Sagris and Sepp 2017) 

and LST 2018 (source: USGS, downloaded by the University of Life Sciences, and Tallinn’s 

base map from Geoportal). 

 

For multiple regression analysis, the mean land surface temperature value between 2014 and 

2018 LST layers was calculated with Raster calculator in ArcGIS 10.4 summing both layers 

and dividing by 2: 

(LST 2014 + LST 2018)/2 

The calculated layer was intersected with 100x100m grid layer using Zonal Statistics as 

table in ArcGIS10.4. This enabled the connecting of the mean surface temperature to the 

values of selected parameters per 100m cell for the whole territory of Tallinn (Annex I). 

Such methodology has a chance of miscalculating the areas with new infrastructure elements 

but the number of such areas during the observed period is not substantial enough for 

defining the overall trend. 
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2.4. Correlation between urban configuration and Urban Heat Island 

 

In order to assess the effect of different land surface parameters to the LST, a stepwise 

multiple regression analysis in SPSS was carried out.1 In this thesis the reason for carrying 

out the multiple regression analysis was to identify which multiple predictor variables (listed 

in paragraph 2.1.1) will contribute to the increase of LST (calculated mean of LST 2014 and 

LST 2018 satellite images). Before starting the modelling in the SPSS, all the grid cells that 

overlapped water surfaces were deleted as water has a very complex buffering effect in terms 

of temperature and could therefore interfere with the model and its results. Water with a 

lower temperature than its surroundings works as a cooling element while warmer water 

could have an adverse impact on thermal comfort. (Theeuwes et al 2013) As the thesis does 

not assess the impact on air temperature, parameters having a potential effect on it such as 

distance from water were not taken into account either. 

The stepwise multiple regression method enables to screen the variables that explain the 

distribution best, and develop the models composed of different sets of the variables that 

help explain variations in dependent variables. The stepwise method also enables to find 

which independent variables have no impactful contribution to the model or show 

redundancy. The difference between multiple and simple regression models is that in 

multiple regression models the effect of a single independent variable is dependent on other 

independent variables in the model (Almquist, Ashir and Brännström 2017). While carrying 

out multiple regression with the stepwise method, the following parameters were assessed: 

multicollinearity of selected independent variables, relationship between the dependent 

variable (mean temperature) and independent variables, and the selection of the model that 

best explains the magnitude of UHI based on Tallinn data.  

Multiple linear regression was conducted with six independent variables (listed in Paragraph 

2.1.1) summarized per 100 m grid cell and one dependent variable: LST. In order to find the 

most suitable model explaining the magnitude of UHI, the following aspects were 

considered: 

1) Multicollinearity between the independent variables: the correlation between 

independent variables cannot exceed 0.7. If the correlation value is higher, the two 

 
1 Running data through SPSS software was conducted by Miguel Villoslada Pecina based on the spatial data 
calculations done by the author of the thesis. 
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independent variables show redundancy and using both will not bring any additional 

value to the model (Almquist, Ashir and Brännström 2017: 141). 

2) Correlation between the independent variables and the dependent variable: that 

should stay over 0.3 in order to be considered to be a good model. A correlation 

coefficient less than 0.3 shows that the relationship between the variables is weak 

(Almquist, Ashir and Brännström 2017: 141). 

3) Quality of proposed models: 

o Variance in dependent variables (R Square):  should stay over 30% (0.3 

points) in order to be considered to be a good model. 

o Identification of multicollinearity by assessing the tolerance (should be 

greater than 0.1) and Variance Inflation Factor (VIF) (should stay under 10) 

values. In case the tolerance value is smaller than 0.1, then the variable under 

consideration is almost a perfect linear combination of the independent 

variables already in the equation and that it should not be added to the 

regression equation. (Research Consultation 2007) 

 
 

2.5. Assessment of planning documents 
 

In order to understand what would be the possible future development scenarios for the land 

surface parameters under assessment, a number of multilevel planning and strategic 

documents were analysed concentrating on municipality’s planning documents such as 

comprehensive and designated plans, as well as strategies setting a possible development 

direction that the spatial plans should follow. Such assessment would help to understand if 

and to what extent the problem related to UHI effect has been acknowledged in the city, or 

do potential planning decisions pose a further potential negative impact for the future 

vulnerabilities stemming from the increase of hot days, and how are the spatial developments 

in correlation with the results of the modelling of predictor variables. The thesis does not 

investigate the measures related to adaptation (managing the problems caused by extreme 

heat) but rather the measures that would help to decrease the UHI magnitude (here 

considered as mitigation measures).  

Although the main focus of this thesis is the UHI effect, one has also taken into account 

measures targeting the urban flood risk from heavy rains from the perspective of 

overlapping. Therefore, when analysing Tallinn’s spatial planning documents, measures 
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currently targeting only rainwater mitigation will also be mapped as existing climate 

mitigation measures and activities. In Table 2, climate mitigation measures that serve both 

UHI and pluvial flood management in the urban environment are marked in bold.  

 

Table 2. Comparison of UHI and pluvial flood mitigation measures 

Urban heat island (UHI) mitigation 

measures 

Pluvial flood mitigation measures 

High albedo pavements Permable pavements 

Permable pavements Increased capacity of sewer and drainage 

systems 

Green roofs Swales and retention ponds 

White/reflective (cool) roofs Ditches and micro-reservoirs (open 

water) 

Green walls Rain gardens and vegetation 

Green vegetation Green roofs 

Shade trees Infiltration wells 

Water bodies Storage blocks 

(Sources: Urban Heat Island Mitigation Strategy Toolkit for the City of Toronto; Ramos et 

al 2017; Salvati, Palme, and Inostroza 2017) 

 

For assessing the existing local level measures and policies, a selection of planning and 

strategic documents was screened (Table 3). The selected documents had to have a direct 

impact on spatial planning in terms of land use prioritisation and compensation measures. 

Therefore, a number of sectoral strategies having an indirect impact on land use planning 

(such as Transport Development Plan) were left out of the current analysis. The assessment 

of documents includes:  

1. Screening of key words (Table 4). This assessment method helps to give an 

indication to what extent a planning document covers the measures, and if the 

measures are indirect or direct. When the document is missing the key words such as 

climate change, microclimate and urban heat island, it will reflect that measures 

related to increasing greenery etc., are indirect measures for mitigating the UHI 

effect. 
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2. Listing potential existing direct and indirect2 UHI mitigation/proofing measures at 

the local level (based on listed measures in Table 2). In this assessment one will 

summarize the relevant measures set by the assessed planning document. 

3. Assessing the potential impact of the existing planning measures to the magnitude of 

the UHI. 

 

Table 3. Spatial and strategic planning documents assessed 

No. Name of the document Type of the document 
1. Tallinn’s Environmental Strategy until 2030  strategic planning document 
2. Tallinn 2030 strategic planning document 
3. Tallinn Development Plan 2018-2030 strategic planning document 
4. Tallinn Environmental Protection Development Plan 

2013-2018  
strategic planning document 

5. Tallinn’s Rainwater Strategy until 2030 strategic planning document 
6. Tallinn’s Greenery Action Plan 2013-2025 strategic planning document 
7. Development Plan for Parking 2006-2014 strategic planning document 
8. Comprehensive plan for Tallinn spatial planning document 
9. Comprehensive plan for Paljassaare and Russalka 

coastal area 
spatial planning document 

10. Comprehensive Plan for Mustamäe district spatial planning document 
11. Comprehensive plan for Pirita district spatial planning document 
12. Comprehensive plan for Lasnamäe residential areas spatial planning document 
13. Comprehensive plan for Lasnamäe industrial areas spatial planning document 
14. Comprehensive plan for Põhja-Tallinn district spatial planning document 
15. Comprehensive plan for Kristiine district spatial planning document 
16. Comprehensive plan for Nõmme district spatial planning document 
17. Compreensive plan for Haabersti district spatial planning document 
18. Designated Plan for Planning the Recreational 

Possibilities of the Pirita River Valley Protection Area  
spatial planning document 

19. Designated Plan for Tallinn Green Areas spatial planning document 
20. Designated Plan for Tallinn Street Network and 

Pedestrian and Cycling Roads 
spatial planning document 

21. Designated Plan for Defining the Borders of Valuable 
Miljeu Areas in the City Centre and Setting Conditions 
for Their Protection and Use 

spatial planning document 

22. Designated Plan for the Location of Highrise Buildings 
in Tallinn 

spatial planning document 

23. Designated Plan for Planning of Recreational Facilities 
in Nõmme-Mustamäe Landscape Protection Area 

spatial planning document 

 

 
2 Under indirect measures are considered these measures which contribute to other objectives (such as pluvial 
flood mitigation measures and nature conservation), but at the same time have potential positive impact on 
mitigating the UHI effect. 



38 

 

Table 4. Key words screened in the assessed spatial and strategic planning documents 

In English In Estonian 

climate kliima 

climate change kliimamuutus 

micro climate mikrokliima 

heat island soojussaar, kuumasaar 

heat wave kuumalaine 

green area roheala 

green area haljasala, haljastus 

vegetation taimestik 

tree landscape kõrghaljastus 

albedo albeedo 

impervious surfaces  kõvakattega pinnad 
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3. RESULTS AND DISCUSSION 
 

3.2. Land surface parameters and their combinations impacting urban 

heat island effect 

 

The first modelling was carried out using all the calculated land surface parameters described 

in paragraph 2.1.1. Table 5 shows the correlations between independent variables and the 

relationship between the independent variables and the dependent variable. According to the 

modelling results, multicollinearity exists between the independent variable ‘mean 

imperviousness density’ and the independent variable ‘percentage of all transport surfaces’. 

The correlation between these two variables is 0.765, meaning that these two variables most 

probably explain the same phenomenon. The correlation between all the other variables is 

below 0.7 which means that there is no multicollinearity between these independent 

variables. The relationship between the dependent variable (mean land surface temperature) 

and independent variables is above 0.3 in all cases which means that all 6 independent 

variables contribute to the magnitude of UHI. Due to the multicollinearity between the 

independent variable ‘mean imperviousness density’ and the independent variable 

‘percentage of all transport surfaces’, two alternative models were run. Model 1 (Table 6) 

contains imperviousness and all the green related variables. From Model 1, building-related 

variables were also excluded, as imperviousness is a result of the high share of soil sealing 

due to dominant land uses such as buildings and transportation. Although the first modelling 

with all the selected land surface parameters did not show multicollinearity between 

imperviousness and buildings, there is an assumption that they are overlapping to a large 

extent. Running a separate model with the Copernicus imperviousness data could show if 

this could be used as a proxy if there is an absence of higher quality data for detecting the 

areas most vulnerable to UHI effect. Model 2 (Table 7) excludes imperviousness and 

disaggregates the phenomenon by including the area of transport surfaces and buildings, and 

building height instead.  
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Table 5. Correlations 

 Mean_ 
temp 

Tree 
density_ 

mean 

Building 
area % 

Building 
height_ 
mean 

Impervio
usness_ 
mean % 

All 
transport 
surfaces_

% 

Green
% 

Pearson 
Correlation 

Mean_temp 1.000 -.741 .524 .499 .699 .661 -.560 

Tree density_mean -.741 1.000 -.409 -.402 -.518 -.528 .594 

Building area % .524 -.409 1.000 .485 .630 .424 -.380 

Building 
height_mean 

.499 -.402 .485 1.000 .500 .492 -.437 

Imperviousness_m
ean % 

.699 -.518 .630 .500 1.000 .765 -.439 

All transport 
surfaces_% 

.661 -.528 .424 .492 .765 1.000 -.473 

Green% -.560 .594 -.380 -.437 -.439 -.473 1.000 

p-value (1-
tailed) 

Mean_temp . .000 .000 .000 .000 .000 .000 

Tree density_mean .000 . .000 .000 .000 .000 .000 

%Building area .000 .000 . .000 .000 .000 .000 
Building 
height_mean 

.000 .000 .000 . .000 .000 .000 

Imperviousness_m
ean% 

.000 .000 .000 .000 . .000 .000 

All transport 
surfaces_% 

.000 .000 .000 .000 .000 . .000 

Green% .000 .000 .000 .000 .000 .000 . 

N 

Mean_temp 12798 12798 12798 12798 12798 12798 12798 

Tree density_mean 12798 12798 12798 12798 12798 12798 12798 

%Building area 12798 12798 12798 12798 12798 12798 12798 

Building 
height_mean 

12798 12798 12798 12798 12798 12798 12798 

Imperviousness_m
ean% 

12798 12798 12798 12798 12798 12798 12798 

All transport 
surfaces_% 

12798 12798 12798 12798 12798 12798 12798 

Green% 12798 12798 12798 12798 12798 12798 12798 

 

Table 5 lists three possible models with different combinations of independent variables 

(predictors) in Model 1. Column R Square gives us the percentage of the variance explained 

in the dependent variable. All models yield more than 50% variance explained in the 

dependent variable. Model 1.3 which includes independent variables ‘mean tree cover 

density’, ‘mean imperviousness density’, ‘percentage of all green areas’, has the highest R 

Square value which gives the model 69.1% as the variance of the dependent variable. Table 

6 shows the results of the alternative model where imperviousness data is replaced with more 

detailed data that is expected to explain the same phenomenon. Model 2 provides five 

possible combinations of independent variables. Similar to the Model 1 results, all models 

yield more than 50% variance explained in the dependent variable. The highest R Square 



41 

 

which gives the model 68.3% as the variance of the dependent variable, is contributed to 

Model 2.5 which includes ‘mean tree cover density’, ‘percentage of transport surfaces’ 

‘percentage of building area’, ‘mean building height’ and ‘percentage of all green areas’. 

 

Table 5. Model 1 summary (Dependent Variable: Mean land surface temperature) 
 

Model R R 
Square 

Adjusted R 
Square 

Std. Error of 
the Estimate 

Change Statistics 

R Square 
Change 

F Change df1 df2 Sig. F 
Change 

1 .741a .549 .549 2.2613557 .549 15576.819 1 12796 .000 
2 .828b .685 .685 1.8905209 .136 5513.344 1 12795 .000 
3 .831c .691 .691 1.8712791 .006 265.487 1 12794 .000 

1. Predictors: (Constant), mean tree cover density  

2. Predictors: (Constant), mean tree cover density, mean imperviousness density 

3. Predictors: (Constant), mean tree cover density, mean imperviousness density, 

percentage of all green areas 

 

 

Table 6. Model 2 summary (Dependent Variable: Mean land surface temperature) 

Model R R Square Adjusted R 
Square 

Std. Error of 
the Estimate 

Change Statistics 

R Square 
Change 

F Change df1 df2 Sig. F 
Change 

1 .741a .549 .549 2.2613557 .549 
15576.81
9 

1 12796 .000 

2 .806b .650 .650 1.9926142 .101 3685.317 1 12795 .000 

3 .822c .676 .676 1.9155765 .027 1050.832 1 12794 .000 

4 .825d .681 .680 1.9034525 .004 164.502 1 12793 .000 

5 .826e .683 .682 1.8973881 .002 82.909 1 12792 .000 

1. Predictors: (Constant), mean tree density 

2. Predictors: (Constant), mean tree density, percentage of transport surfaces  

3. Predictors: (Constant), mean tree density, percentage of transport surfaces, percentage of 

building area 

4. Predictors: (Constant), mean tree density, percentage of transport surfaces, percentage of 

building area, mean building height 

5. Predictors: (Constant), mean tree density, percentage of transport surfaces, percentage of 

building area, mean building height, percentage of all green areas 
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Table 7 and Table 8 show the level of contribution of each independent variable to the mean 

surface temperature. In Table 7 the Model 1.3 and in Table 8 Model 2.5 will be assessed 

more thoroughly as these have proven to be the ones with the most explanatory power. 

Column ‘Beta’ tells us the degree of change in the outcome variable for every 1-unit of 

change in the predictor variable (Statistics Solutions 2019), e.g. which independent variable 

causes more change in the dependent (outcome) variable. In the case of Model 1.3 the 

independent variables with the biggest effect to the mean surface temperature are tree density 

and degree of imperviousness. Column ‘Part’ shows the amount of variance if a variable will 

be removed from the model. In Model 1.3, tree density and degree of imperviousness also 

have the highest effect on the amount of variance while in case of Model 2.5 the highest 

effect is shown by tree density and area of transport surfaces. Collinearity diagnostic factors 

Tolerance and the Variance Inflation Factor (VIF) stay in the suggested range in all cases 

which shows that there is no multicollinearity in any of the models.  

It is important to highlight that some independent variables both in the Model 1.3 and Model 

2.5 have positive beta coefficients while others have negative. This shows the direction of 

the relationship (Almquist, Ashir and Brännström 2017: 141). A positive beta coefficient 

means that for every 1-unit increase in the predictor variable, the outcome variable will 

increase by the beta coefficient value. A negative beta coefficient on the other hand means 

that for every 1-unit increase in the predictor variable, the outcome variable will decrease by 

the beta coefficient value. (Statistics Solutions 2019; Almquist, Ashir and Brännström 2017: 

141). In the case of Model 1.3 it means that while the degree of imperviousness has an impact 

on increasing the magnitude of UHI, tree cover density with a negative value has a mitigating 

impact. In other words, tree cover density has an impact on decreasing the land surface 

temperature while density of imperviousness is increasing it. In case of the Model 2.5 this 

means that transport surfaces, building area and building height are increasing the UHI effect 

while green areas and tree cover density are having a mitigating impact. When comparing 

the level of impact, it can be seen that although building area and height also have an impact 

on increasing the UHI, their beta value is less impactful which means that their contribution 

is lower than the one of the transport surfaces. Green areas on the other hand have a 

mitigating role but it is far less impactful than the impact of tree cover density. The latter is 

reflected in the results of both Model 1.3 and Model 2.5. 
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Table 7. Model 1 coefficients (Dependent Variable: Mean temperature) 

Model Unstandardized 
Coefficients 

Standa
rdized 
Coeffi
cients 

t Sig. Correlations Collinearity 
Statistics 

B Std. 
Error 

Beta Zero-
order 

Partial Part Toleran
ce 

VIF 

1 

(Constant) 34.150 .024  1429.909 .000      

Tree 
density_mean 
 

-.100 .001 -.741 -124.807 .000 -.741 -.741 -.741 1.000 1.000 

2 

(Constant) 32.238 .033  989.205 .000      
Tree 
density_mean 

-.070 .001 -.518 -89.185 .000 -.741 -.619 -.443 .731 1.367 

Imperviousness_
mean% 
 

.056 .001 .431 74.252 .000 .699 .549 .369 .731 
1.367 

3 

(Constant) 32.386 .034  966.164 .000      

Tree 
density_mean 

-.063 .001 -.467 -71.395 .000 -.741 -.534 -.351 .565 1.771 

Imperviousness_
mean% 

.054 .001 .413 70.553 .000 .699 .529 .347 .705 1.419 

Green% -.010 .001 -.101 -16.294 .000 -.560 -.143 -.080 .624 1.604 

 

 

Table 8. Model 2 coefficients (Dependent Variable: Mean temperature) 

Model Unstandardize
d Coefficients 

Standardized 
Coefficients 

t Sig. Correlations Collinearity 
Statistics 

B Std. 
Error 

Beta Zero-
order 

Partia
l 

Part Tolera
nce 

VIF 

1 (Constant) 34.150 .024  1429.909 .000      

Tree 
density_mean 

-.100 .001 -.741 -124.807 .000 -.741 -.741 -.741 1.000 1.000 

2 (Constant) 32.251 .038  855.244 .000      

Tree 
density_mean 

-.073 .001 -.543 -88.166 .000 -.741 -.615 -.461 .721 1.387 

All transport 
surfaces_% 

.065 .001 .374 60.707 .000 .661 .473 .318 .721 1.387 

3 
(Constant) 31.842 .038  829.571 .000      

Tree 
density_mean 

-.067 .001 -.496 -81.254 .000 -.741 -.583 -.409 .679 1.472 

All transport 
surfaces_% 

.055 .001 .320 52.115 .000 .661 .418 .262 .669 1.495 

%Building 
area 

 

.049 .002 .185 32.417 .000 .524 .276 .163 .773 1.294 
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4 (Constant) 31.716 .039  805.257 .000      

Tree 
density_mean 

-.066 .001 -.487 -79.681 .000 -.741 -.576 -.398 .670 1.493 

All transport 
surfaces_% 

.051 .001 .297 46.521 .000 .661 .380 .232 .613 1.631 

%Building 
area 

.043 .002 .161 26.813 .000 .524 .231 .134 .694 1.441 

Building 
height_mean 

.038 .003 .079 12.826 .000 .499 .113 .064 .656 1.525 

5 

(Constant) 31.853 .042  757.277 .000      

Tree 
density_mean 

-.062 .001 -.461 -68.852 .000 -.741 -.520 -.343 .553 1.808 

All transport 
surfaces_% 

.050 .001 .289 44.949 .000 .661 .369 .224 .601 1.663 

%Building 
area 

.042 .002 .157 26.173 .000 .524 .225 .130 .690 1.449 

Building 
height_mean 

.033 .003 .069 11.097 .000 .499 .098 .055 .636 1.572 

Green% -.006 .001 -.059 -9.105 .000 -.560 -.080 -.045 .583 1.715 

 

 

Residuals plots (Figure 13) indicate normality for both models (Model 1 and Model 2) as 

the predictor variables in the regression have a straight-line relationship with the outcome 

variable, e.g the points generally follow the diagonal line with no strong deviations. 

 

 

Figure 13. Residuals plots for Model 1 (left) and Model 2 (right). 
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3.2.1. Conclusions from the regression analysis and spatial data assessment 
 

Results of the regression analysis suggest that low tree cover density and high density of 

imperviousness in combination have the strongest impact on UHI magnitude in Tallinn. The 

same result was indicated by both models which suggests that Copernicus imperviousness 

data is a good proxy to more detailed data of sealed surfaces on most dominant land uses 

such as transport surfaces and building. The results of the modelling carried out with more 

detailed parameters suggest that transport surfaces are the highest contributors to the 

magnitude of UHI within the impervious surfaces, and their impact is enhanced in 

combination with buildings’ height and area, and with the lack of greenery, especially tree 

cover. Buildings’ height and area, and lack of greenery on the other hand, are less impactful 

compared to tree cover density, and area of transport surfaces. This suggests that the UHI 

effect in Tallinn is caused mainly by the combination of lack of trees and a high density of 

transport surfaces.  

In general Tallinn could be considered a green city as most of its territory is covered with 

green areas. Ca 188 km² which is 75% of the total territory is covered with different types 

of greenery (spatial data calculated from TAR layer ‘t02_51_maakate’ and city’s green 

infrastructure map). It consists of different types of green areas from forests to street 

landscaping. In the hot spots map (Figure 12) the white areas are covered with forests, large 

parks and cemeteries. These are the areas where LST remains under the reference 

meteorological station’s air temperature measurement during both observed dates. The 

biggest white areas are forests (i.e. areas with the lowest mean LST): Õismäe bog, Mustjõe, 

Pääsküla bog around the peat mine, Harku bog, Pirita river valley, Paljassaare peninsula, 

and areas around Ülemiste lake. In addition, there are several non-forest areas showing lower 

temperatures on both days such as: Kardrioru park, Tallinn Zoo, Siselinna cemetery, Kopli 

cemetery park, Kalamaja cemetery park, Süsta park etc. Different levels of contribution of 

greenery and tree cover density could therefore depend on vegetation structure. The heat 

tolerance of an urban area depends on foliage in combination with direct solar radiation. It 

is assessed that the foliage of a tree could reduce solar radiation received by the ground by 

up to 60-90%, on the size and characteristics of a trees canopy. (Shishegar 2014; Georgi and 

Zafiriadis 2006) The effect does not only apply to lowering the surface temperature. It is 

also noted that although street trees are mostly wide-spread they still seem to result with 

cooler areas beneath the trees compared to the air temperature in treeless areas (Shishegar 

2014).  
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The high impact of impervious surfaces is characteristic to urban environments and is a result 

of a high share of soil sealing. Impervious surfaces that could be considered as a proxy to 

buildings and transport surfaces, are the dominant land cover type in most urban 

environments, and are known to affect urban surface temperatures. The level of impact 

depends on the extent of an area and the spatial occurrence of impervious surfaces. A study 

investigating the relationship between impervious surfaces and LST in Wuhan, China 

concluded that higher density of impervious surfaces usually results in higher land surface 

temperature. (Cao et al 2008) The same conclusion is reflected in the results of the current 

regression analysis of Tallinn where high land surface temperature correlates with high 

density of imperviousness. Buildings and transport surfaces are both high contributors to 

impervious surfaces in an urban environment but could have different levels of impact on 

UHI magnitude. The regression analysis suggests that transport surfaces (i.e. the street 

network) are having a stronger impact on the magnitude of UHI compared to buildings’ area 

and height. Though in theory buildings could be expected to have a bigger impact as rooftops 

are exposed to sunlight radiation almost all day long while streets might have partial shadow 

coverage due to surrounding high-rise buildings and greenery (Sharifi and Lehmann 2015: 

19). Instead streetscape surfaces mostly have higher temperatures than building rooftops. 

According to the assessment carried out in Sidney, Australia, a strong correlation was 

detected between the overall surface temperature and the proportion of hard-landscaped 

open space such as paved areas with concrete and asphalt. This means that high street 

network intensity contributes to higher overall surface temperatures. (Sharifi and Lehmann 

2015: 8)  

According to the regression analysis transport surfaces are bigger contributors to the UHI 

magnitude in general also in Tallinn. Though it is important to note that this reflects the 

general correlation and might also be affected by the fact that transport surface is more 

dominant land use than buildings. When looking at the spatial coverage (Aegna island 

excluded) by the land use type then transport surfaces contribute ca 31 km² while buildings 

cover the area of ca 13.9 km². This is respectively ca 20% and 9% of the total territory of 

Tallinn. Spatial calculation on the other hand shows the highest LST values to the 100 m 

grids with high building percentage as the most dominant feature (see Annex I). These are 

commercial low height buildings with dark flat roofs surrounded by transport infrastructure 

and very little or no greenery. These are the objects that are having a very strong location 

base effect to the LST which is approximately 12-15ºC higher than the air temperature 
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measured at the reference meteorological station. Figures 14-19 show a selection of grids 

with the highest mean LST laid over the orthophoto. Numbers marked in red show the mean 

LST calculated from LST 2014 and LST 2018 layers. These examples illustrate the features 

of the most affected small scaled areas but do not describe the overall spatial distribution of 

land uses and their relation to the LST. Similar results were also obtained in a study 

conducted by Gercek, Güven and Oktay (2016) who assessed the range of surface 

temperature for land surface parameters in Izmit, Turkey. According to that study, the 

highest temperatures during the day time occur in spaces with very low building density or 

where the space is open, paved, bare or with large roofs (Gercek, Güven, and Oktay 2016: 

128). The grids with the highest mean LST values are also in line with the results of the 

assessment conducted by Sagris and Sepp (2020) where industrial and commercial areas 

characterized by low flat roofed buildings and large parking areas in Lasnamäe, Mustamäe 

and Haabersti were identified as the most problematic while areas with residential buildings 

combined with greenery showed lower temperatures (Sagris and Sepp 2020). 

 

 

Figure 14. Address: Karjavälja tn 4 

(Land surface parameters calculated for the marked grid: mean tree cover density: 0; 

buildings’ area %: 79.73; mean buildings’ height: 15.3 m; mean imperviousness density: 65; 

transport surfaces %: 16.92; greenery %: 0) 
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Figure 15. Address: Valukoja tn 27 

(Land surface parameters calculated for the marked grid: mean tree cover density: 0; 

buildings’ area %: 99.83; mean buildings’ height: 26.22 m; mean imperviousness density: 

86; transport surfaces %: 0.17; greenery %: 0) 

 

 

 

Figure 16. Address: J. Smuuli tee 43 

(Land surface parameters calculated for the marked grid: mean tree cover density: 0; 

buildings’ area %: 81.9; mean buildings’ height: 7.5 m; mean imperviousness density: 87; 

transport surfaces %: 16.02; greenery %: 0.1) 
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Figure 17. Address: Punane tn T7  

(Land surface parameters calculated for the marked grid: mean tree cover density: 0; 

buildings’ area %: 60.26; mean buildings’ height: 10.3 m; mean imperviousness density: 35; 

transport surfaces %: 24.69; greenery %: 0.31) 

 
 

 

Figure 18. Address: Paneeli tn 2 

(Land surface parameters calculated for the marked grid: mean tree cover density: 0; 

buildings’ area %: 43.87; mean buildings’ height: 11.83 m; mean imperviousness density: 

88; transport surfaces %: 54.20; greenery %: 0.5) 
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Figure 19. Address: Vesse tn 3 

(Land surface parameters calculated for the marked grid: mean tree cover density: 0; 

buildings’ area %: 43.87; mean buildings’ height: 11.83 m; mean imperviousness density: 

88; transport surfaces %: 54.20; greenery %: 0.5) 

 

 

3.3. Addressing climate change impacts and climate proofing measures 

in Tallinn’s spatial and strategic planning documents  

 

Different level spatial plans have their own role in climate change adaptation. National level 

plans are more strategic and accompanied guidelines provide directions, guidance and 

support for municipalities to downscale different topics such as climate change and 

ecosystem services into local level planning documents. On the local level it is argued that 

while comprehensive plans should focus on decisions about avoidance, detailed plans have 

the highest potential to incorporate minimisations strategies. This means that detailed plans 

play an important role in lowering the sensitivity of land use functions and adjusting physical 

circumstances to adopt technical measures to climate change impacts. (Ribeiro et al 2018: 

18) 

Estonia has a hierarchical planning system where spatial plans are divided into four main 

types: national spatial plan, county-wide spatial plan, comprehensive plan and detailed plan. 

The last two are local level spatial plans (National Planning Act). The national spatial plan 

provides general guidelines for county-wide spatial plans and municipal comprehensive 

plans. The national level also provides recommendations and guidelines for municipalities 
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on incorporating certain topics into spatial plans. In Estonia two national level spatial 

planning related guidelines include reference to climate change adaptation. These are 

Guidelines for the Strategic Environmental Assessment (SEA) and Guidelines for Green 

Network Planning. Both are of high importance to municipal level spatial planning. SEA’s 

references to climate change adaptation are rather general and refer to the National Climate 

Change Adaptation Strategy while mitigation is tackled in much more detail as it has 

different targets set by various sectoral strategies (Keskkonnaministeerium 2017). Green 

Network Planning gives municipalities a step by step approach with examples on how to 

specify green networks in municipal level comprehensive plans. It also reflects the 

importance of green networks in climate change adaptation and provides an approach for 

using ecosystem services in assessing the functionality of a green network. (Kutsar et al 

2018) Though as it does not provide a list of climate change adaptation related ecosystem 

services and guidelines on assessing optimal levels of such ecosystem services it currently 

has left up to the municipalities to map, define and set targets that fit to their local 

circumstances.   

When looking at the obligations, targets and guidelines targeted to local municipalities by 

the state level it could be said that downscaling climate change adaptation to local level 

planning systems has left it on the municipalities’ shoulders. State level documents provide 

some recommendations which are mostly not mandatory. This also means that the state level 

regulation does not create any restrictions for the municipalities to carry out climate change 

inclusive planning through the existing planning system.  

 

 

3.3.1. Addressing climate change risks and adaptation measures in Tallinn’s strategic 

planning documents 

 

Local level strategic documents have an impact on urban landscape development by setting 

targets and priorities which in many cases are implemented through land use planning. These 

strategic planning documents could serve different level and direction of impact in terms of 

UHI magnitude. First of all, the strategies could suggest direct or indirect measures to 

mitigate the UHI effect. But there are also sectoral regulations and development goals that 

could act as potential drivers in deepening the UHI effect by supporting land use distribution 

that could potentially increase the UHI magnitude. Table 9 presents an overview on the 
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strategic documents that are setting targets and guidelines to the city’s spatial development 

that is implemented through comprehensive plans. According to the policy assessment the 

city has set strategic goals preserving and maintaining its green areas as valuable elements. 

Though it has been little if at all connected to climate change adaptation and has been seen 

mainly serving ecological and recreational purposes. Climate change adaptation aspects are 

also very little or not at all presented in the strategic planning documents as most of the 

strategies are developed before the enforcement of the National Adaptation Strategy. In the 

documents where climate change adaptation is mentioned, it is mostly related to increasing 

the adaptation capacity through strategic planning without connecting it to the concrete 

vulnerabilities (Strategy Tallinn 2030 and Tallinn’s Development Plan 2018-2023). 

Although the development plans (Strategy Tallinn 2030 and Tallinn’s Development Plan 

2018-2023) that set general goals to all sectoral developments in most cases also include 

policy goals that have a potential positive effect on UHI mitigation. But at the same time 

there are some sectoral policies that set spatial development measures that have potential 

negative effects on UHI magnitude. One such strategy that has a direct impact on land use 

planning is the Parking management development plan for Tallinn in 2006-2014. Although 

outdated, the document is still valid and minimum parking standards set by this strategy are 

implemented through comprehensive plans and carried out with detailed plans. There is a 

risk that minimum standards (a minimum number of parking spaces required per unit) put 

pressure on green areas and increase demand for transport infrastructure in general (SPIN 

Unit 2019). In addition, the strategic goal related to making urban spaces more compact can 

make the urban environment more vulnerable to climate change impacts and increase UHI 

magnitude. Though the impact of this measure is not that straightforward, as it can also 

decrease the need for intensifying transport infrastructure, but only when putting more 

emphasis on sustainable mobility. 
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Table 9. Tallinn’s strategic planning documents impacting spatial development and 

potential impact on UHI mitigation 

Name of the 
Plan in English 

Date  

Direction of 
impact on UHI 

mitigation 
(positive/ 
negative) 

Key words 
represented in the 
planning context 

Included UHI mitigation 
goals/measures (direct/indirect) 

OR contra measures 

Tallinn’s 
Development 
Plan 2018-2023 

2018 Positive ● Kliimamuutus 
● Roheala 
● Haljasala 

UHI mitigation measures 
Indirect: 
1) Creating a living environment 

with functional green 
infrastructure and versatile 
landscape; 

2) Building and parking areas 
should not be developed at the 
expense of green spaces, and 
green areas are preserved for 
the recreational purposes. 

3) Forests, parks and alleys will be 
merged into a connected 
network. 

4) Green areas are considered an 
equal element together with the 
built environment. In case of 
reconstruction, nature based 
spatial solutions should be 
considered. 

Strategy Tallinn 
2030 

2010 Positive ● Kliimamuutus 
● Roheala 
● Haljasala 
● Kõrghaljastus 

UHI mitigation measures 
Direct: 
1) Acknowledges the importance 

of increasing the city’s climate 
change adaptation capacity. 

Indirect: 
2) Increasing green areas and 

protecting the existing ones 
from the development pressure. 

3) Tallinn’s green areas should be 
looked at as a green network 
system.  

4) City forests, parks, alleys and 
the sea side should be 
connected into one network. 

 
Contra measures: 
1) Making urban space more 

compact. 

Tallinn’s 
Environmental 
Strategy until 
2030 

2011 Positive ● Kliima 
● Kliimamuutus 
● Roheala 
● Haljasala 
● Haljastus 
● Kõrghaljastus 

UHI mitigation measures 
Indirect: 
1) Considering greenery and its 

share in general city 
development documents 
(comprehensive plans, partial 



54 

 

● kõvakattega 
pinnad 

master plans, thematic plans, 
development plans).  

2) Improving control over 
environmental plans (including 
landscaping), comprehensive 
plans, detailed plans and 
projects and cooperation with 
other agencies. 

3) Taking into account existing 
green systems, greenery and 
new greenery design from the 
early stages of land use 
planning, including ensuring 
the most favourable tree growth 
conditions. 

4) Reservation of areas for 
preservation of existing 
landscaping and establishment 
of new landscaping, including 
planning of public green areas 
(comprehensive and detailed 
plans). 

5) Increasing the importance, 
diversity and quality of street 
greenery (e.g. more extensive 
use of street coverings which 
allow rainwater to pass and 
promote greening conditions, 
including in parking lots, etc.). 
Planning the construction of 
street landscaping in the initial 
stages of street design or 
reconstruction, as well as 
planning of new development 
areas (detailed plans).  

6) Renovation of alleys according 
to survey results of high-
altitude greenery. 

Tallinn’s 
Rainwater 
Strategy until 
2030 

2012 Positive ● Kliima 
● Kliimamuutus 
● Haljastus 
● Haljasala 
● Roheala 
● Taimestik 
● Kõvakattega 

pinnad 

UHI mitigation measures 
Indirect: 
1) Emphasizes the importance of 

greenery that increases the 
infiltration potential. 

Parking 
management 
development 
plan for Tallinn 
in 2006-2014 

2005 Negative ● Haljasala Contra measures: 
1) Proposes to increase parking 

areas at the expense of green 
areas, and for that sell or rent 
out land to the housing 
associations. 

2) Sets minimum parking 
standards. 
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3.3.2. Addressing climate change risks and adaptation measures in Tallinn 

comprehensive plans 

 

This chapter will give an overview on if and how Tallinn has included measures and targets 

that have relevance to climate change adaptation (see the list of UHI relevant measures in 

Table 10) in its comprehensive plans. Special attention will be given measures and targets 

impacting the land use factors that according to the regression analysis have the highest 

impact on LST.  

According to the national Planning Act the aim of a comprehensive plan is to define the 

spatial development principles and directions of the entire territory of a rural municipality, 

city or a part of such territory (Planning Act § 74 lg 1). Tallinn with a territory of 158 km² 

is organized by several comprehensive plans, developed either on a city district or functional 

area level. By spring 2020 Tallinn had nine local level comprehensive plans enforced and 

one under development. By the time the current assessment was carried out, Tallinn city 

government had initiated the process for developing a comprehensive plan for the central 

city. All of the existing comprehensive plans were adopted either before or very shortly after 

the National Adaptation Strategy and its Action Plan until 2030 were enforced in 2017. 

Among others, the National Planning Act also sets a function directly targeted at climate 

change adaptation. This concerns defining the boundaries of areas of repeated flooding on 

the coastline and to set the high-water marks of internal bodies of water with an extensive 

flooding area (Planning Act § 75 lg 1 p 9). Though one should not forget that there are 

several functions that will also affect a city’s resilience to a changing climate through spatial 

planning and building design. Therefore, the functions such as vegetation, and green and 

blue infrastructure when implemented to serve objectives related to biodiversity or 

recreational purposes can also support climate change adaptation. According to the results 

of the regression analysis, potential adaptation measures having a mitigating effect on LST 

are: 1) increasing tree cover density; 2) increasing the share of green areas; 3) decreasing the 

share of impervious surfaces. Measures impacting these aspects directly or indirectly were 

classified as potential UHI mitigation measures. 

The assessment of spatial planning documents shows that the green network and vegetation 

has been understood to some extent to be a tool for minimizing climate related risks – i.e. 

making urban landscapes more resilient. This is also reflected in the city’s upper level 
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strategic plans noted in the previous paragraph. Though the main connection has been made 

between green areas/vegetation and its positive effect on lowering flood risk. Climate change 

adaptation is directly targeted only in one currently existing comprehensive plan which is 

the Comprehensive plan for the Põhja-Tallinn district. This comprehensive plan is also the 

only adopted planning document in the city which includes reference to UHI and 

microclimate, and recognizes the positive effect of green areas (including tree landscaping) 

for mitigating the UHI effect. But it does not attach the set targets to concrete spatial 

locations and is not based on any climate change vulnerability assessment. All other existing 

comprehensive plans address urban greenery (including tree landscaping) from the 

recreational and ecological perspective but do not connect ecosystem services aspects to 

climate change adaptation. Most of the assessed plans also address the need to limit 

impervious surfaces, especially in case of building parking lots for cars. In all cases 

mitigation measures and targets addressing impervious surfaces are referring to pluvial flood 

management. Albedo factor is not mentioned in any of the existing plans. 

 

Table 10. Comprehensive plans in Tallinn and listed UHI mitigation measures 

Name of the 
Plan in English 

Status o Date  
Key words 

represented in the 
planning context 

Included UHI mitigation measures 

Comprehensive 
plan for Tallinn 

Enforced 11.01.2001 

● Haljasala Indirect: 
Planning green infrastructure to 
support recreational and biodiversity 
aspects. 
 

Comprehensive 
plan for 
Paljassaare and 
Russalka coastal 
area 

Enforced 09.12.2004 

● Haljasala 
● Roheala 
● Kõrghaljastus 

Indirect: 
Planning green areas and vegetation 
for recreational, air purification and 
noise pollution decreasing function as 
well as high biodiversity importance. 

Comprehensive 
Plan for 
Mustamäe district 

Enforced 22.06.2006 

● Haljasala 
● Roheala 
● Kõrghaljastus 
● Kõvakattega 

pinnad 

Indirect: 
1) Using green areas in flood risk 

management. 
2) Preserving tree landscape, sets 

targets for certain areas.  

Comprehensive 
plan for Pirita 
district 

Enforced 17.10.2009 

● Haljastus 
● Kõrghaljastus 
● Roheala 

Indirect: 
1) Sustaining green areas and 

vegetation when planning parking 
lots. 

2) Preserving the existing tree 
landscaping. 

Comprehensive 
plan for 
Lasnamäe 
residential areas 
 

Enforced 21.10.2010 

● Haljasala 
● Haljastus 
● Kõrghaljastus 
● Roheala 

Indirect: 
1) Using green areas for flood risk 

management. 
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 ● Taimestik 
● Kõvakattega 

pinnad 

2) Preserving the existing tree 
landscaping as much as possible. 

Comprehensive 
plan for 
Lasnamäe 
industrial areas 

Enforced 03.03.2017 

● Haljasala 
● Haljastus 
● Roheala 
● Kõrghaljastus 
● Kõvakattega 

pinnad 

Indirect 
1) Using green areas for flood risk 

management. 
2) Infiltrating rainwater at the site by 

using no impervious surface 
materials and installing buffer 
areas for collecting rainwater in 
case of heavy rainfall 

3) Green roofs as an important 
measure for minimizing the 
pressure to rainwater systems - 
should be implemented through 
detailed planning and building 
designs 

Comprehensive 
plan for Põhja-
Tallinn district 

Under 
development 

03.03.2017 

● Kliima 
● Kliimamuutus 
● Mikrokliima 
● Soojussaar 
● Haljasala 
● Haljastus 
● Kõrghaljastus 
● Roheala 
● Kõvakattega 

pinnad 

Indirect 
1) Using green areas for flood risk 

management sets concrete targets 
for the share of green areas 

2) Including green area solutions in 
parking lot design in order to 
fragment impervious surface 

3) Incorporating green roofs on 
parking houses where possible 

Comprehensive 
plan for Kristiine 
district 

Enforced 03.03.2017 

● Haljasala 
● Haljastus 
● Kõrghaljastus 
● Roheala 
● Kõvakattega 

pinnad 

Indirect 
1) Developing a Tallinn wide model 

for calculating the optimal area of 
impervious surfaces per 
catchment area 

2) Targets for the share of green 
areas excluding green walls and 
roofs (these should be calculated 
as an addition) 

3) Requirements for including green 
areas to parking lot design in 
order to fragment impervious 
surface 

4) Impervious surfaces should be 
replaced with permeable surfaces 
where possible 

Comprehensive 
plan for Nõmme 
district 

Adopted 01.06.2017 

● Haljastus 
● Haljasala 
● Kõrghaljastus 
● Roheala 
● Kõvakattega 

pinnad 

Indirect: 
1) Using green areas for flood risk 

management  
2) Sets the max share of impervious 

surfaces of 1/3 per lot. 
3) Infiltrating rainwater on the lot. 
4) Preserving existing tree 

landscaping and creating 
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conditions for new tree 
landscaping. 

Comprehensive 
plan for Haabersti 
district 

Enforced 01.06.2017 

● Haljasala 
● Haljastus 
● Kõrghaljastus 
● Roheala 
● Kõvakattega 

pinnad 

Indirect 
1) Developing a catchment area 

based rainwater model that 
enables to calculate the optimal 
impervious surfaces area 
permitted per planned object 

2) Limiting rainwater runoff through 
installing collecting tanks and 
infiltrating the water at the site. 

3) Using landscaping and green 
areas to achieve recreational and 
biodiversity goals. 

4) Minimum requirements for green 
areas when designing parking lots 
as well as minimum land use 
function targets for green areas in 
detailed plans. 

 

 

 

3.3.3. Addressing climate change risks and adaptation measures in Tallinn designated 

spatial plans 

 

By spring 2020 Tallinn had three designated plans adopted and four under development. All 

of the designated plans serve concrete objects or areas that mainly have an infrastructure or 

recreational purpose. Therefore, the measures and targets included are also very location and 

activity specific, having no or very little impact on climate proofing. In Table 11 lists the 

existing designated plans and the indication of included climate proofing measures. 

Although most of the designated plans include to some extent targets for green areas or the 

preservation of existing vegetation, in most cases they are carrying either a recreational or 

historical value. In the designated plan for high rise building areas, the target for green areas 

is linked with the quality of public space, meaning that vegetation in this area mainly carries 

a visual or public access value. Impervious surfaces are addressed from the perspective of 

flood management. The Designated Plan for Tallinn Green Areas is the only document 

addressing the positive effect of green areas to microclimate conditions. This is done in a 

very general manner and does not go into detail with the micro climate related challenges. 

Similar to the comprehensive plans, the albedo factor is not mentioned in any of the existing 

designated plans. 
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Table 11. Designated plans in Tallinn and listed UHI mitigation measures 

Name of the Plan in 
English 

Status Date  
Key words 

represented in the 
planning context 

Included UHI mitigation 
measures/reference 

Designated Plan for the 
Recreational Possibilities 
of the Pirita River Valley 
Protection Area 

Under 
development 

28.10.2004 ● Haljastala 
● Haljastus 
● Kõrghaljastus 
● Roheala 

No UHI mitigation measures 
included. 
 
Purely recreational. 

Designated Plan for 
Tallinn Green Areas Under 

development 
24.03.2005 

● Kliima 
● Mikrokliima 
● Haljastus 
● Haljasala 
● Kõrghaljastus 
● Roheala 
● Kõvakattega 

pinnad 

Indirect 
1) Using vegetation for 

improving urban 
microclimate 

2) Preserving green areas 
and mitigation measures 
for decreasing the 
negative effect of soil 
sealing. 

Designated Plan for 
Tallinn Street Network 
and Pedestrian and 
Cycling Roads 

Under 
development 

16.06.2005
  

 No UHI mitigation measures 
included or indicated. 

Designated Plan for 
Defining the Borders of 
Valuable Milieu 
Housing Areas in the 
City Centre and Setting 
Conditions for Their 
Protection and Use 

Adopted 16.04.2009 ● Haljastus 
● Haljasala 
● Kõrghaljastus 

Indirect 
1) Preservation of existing 

vegetation as a typical 
character for these areas, 
including tree 
landscaping. Vegetation 
is considered important 
from the historical point 
of view. 

2) Minimum targets for 
vegetation per a lot, 
including tree 
landscaping. 

Designated Plan for the 
Location of Highrise 
Buildings in Tallinn 

Adopted 16.04.2009 ● Haljasala 
● Haljastus 
● Kõrghaljastus 
● Roheala 
● Kõvakattega 

pinnad 

Indirect 
1) Minimum targets for 

vegetation though the 
target is combined with 
required area to be left 
for public space. 

Designated Plan for 
Planning of Recreational 
Facilities in Nõmme-
Mustamäe Landscape 
Protection Area 

Adopted 19.02.2015 
● Haljastus 
● Kõrghaljastus 
● Roheala 

Indirect 
1) Preservation of existing 

vegetation. 
2) Requirements for 

parking lots to fragment 
impervious surfaces. 
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3.3.3 Trends in Tallinn’s spatial development and its impact on climate change 

resilience 

 

Strategic goals and measures set in place in Tallinn are in general emphasizing the 

importance of green areas. In most cases this is not connected directly to climate change 

adaptation and UHI mitigation, but to flood management, recreational and ecological 

purposes. Although the UHI effect is also present in Tallinn, the city today can still be 

considered relatively green. The main weakness of the existing policies and spatial plans 

today is that they do not reflect the potential positive effect of different types of greenery in 

connection to vulnerabilities related to climate change which makes it difficult to preserve 

or even increase the share of green areas and especially tree landscaping to a level necessary 

for UHI mitigation. Targets for minimum green areas and tree landscaping, as well as for 

maximum impervious surfaces are calculated per lot which differs in size and spatial 

location. These targets are mostly applied at a subdistrict level. This means that current 

measures might not have the expected result also for mitigating with flooding as they are 

built on fragmented spatial management and not looking at the areas holistically. This will 

come especially relevant when developing measures for UHI mitigation as the LST depends 

on combined impact of land surface parameters, which makes it important to look bigger 

areas as a whole. It is also not possible to assess if the existing targets are sufficient to 

mitigate with the UHI effect or at least avoiding the increase of vulnerability. Previous 

studies even show that the measures set in the comprehensive plans might even pose negative 

effect to urban environment. Figure 20 will refer to the potential negative impact on the 

magnitude of UHI when applying the measures set by the currently adopted comprehensive 

plans. 

Applying a holistic approach in spatial planning is especially important in the case of a 

growing city like Tallin. Due to population growth, Tallinn is facing the trend of 

densification of urban space, often at the expense of greenery. New development areas have 

a modest amount of greenery planned. In addition, there is an increased desire to build on 

forested land and other green areas. During the last decade the biggest changes have taken 

place in Pirita district (the area between Mähe and Merivälja, Lepiku, Laiaküla) and 

Haabersti district (Kakumäe, Astangu). (Tallinn 2011) During the period of 2013-2019 

Tallinn has lost 2.57 km² of its green areas. The biggest decline in green areas by districts 

has taken place in the central city. (Tallinna Linnakantselei 2019) Greenery is not 



61 

 

sufficiently valued, which is also reflected in renewing the greenery. For example, street-

side trees are often eliminated and their planting areas replaced by pavement or lawns. No 

new green spaces have been built because they are thought to demand high maintenance 

(Tallinn 2011). Such trends in urban development are contributing to the increased 

vulnerability to climate change impact in Tallinn, including climate risks related to heat 

waves. Greenery, especially trees, have the potential to dampen the UHI and decrease near-

surface temperatures through direct shading and evaporative cooling. It has also been noted 

that temperatures over a grassy surface were 0.7–1.3ºC cooler under urban trees compared 

to adjacent areas with no tree cover and 2.2–3.3ºC cooler under mature trees in a suburban 

neighbourhood compared to new developments with no trees. (Loughner et al 2012: 1776)  

Although in general higher level strategic and spatial plans in Tallinn seem to support spatial 

development that will not increase vulnerability to UHI, gaps emerge when comparing 

current UHI hot spots, the distribution of green areas and targets set for the districts and 

subdistricts (including targets by land use purpose, i.e. residential, commercial etc.). 

Required levels for green areas are higher in the districts with an already higher amount of 

green areas, especially tree landscaping such as Nõmme and Pirita district, while districts 

with an already low amount of greenery, such as Lasnamäe, have lower targets set by the 

comprehensive plans. (Peterson et al 2018: 12-14) This means that the emphasis is mainly 

set on preserving existing green areas. Those target levels that are mainly set for the purpose 

of flood management, are not based on any concrete calculations for guaranteeing the 

expected effect within the catchment area. In addition, when looking at the potential future 

trend in the case that all the detailed plans would be implemented, it shows that areas with 

already higher shares of impervious surfaces will lose most of their green areas. Although 

the potential spatial development is mostly negative, there are also some areas where surface 

permeability will be improved by the increased share of greenery (see Figure 20) (Peterson 

et al 2018: 14). This potential trend does not only have a negative impact on pluvial flood 

management but will also increase the UHI magnitude in Tallinn. In terms of LST, the trend 

is even more substantial as it depends on the type and area of green areas – a higher tree 

density has a bigger decreasing impact on LST than areas covered by grass. Figure 21 

illustrates a possible future scenario where all the district comprehensive plans would be put 

into action and the greenery ratios proposed in these plans are strictly followed (Peterson et 

al 2018: 16). This illustration shows that areas that already have lower canopy cover levels, 

such as Lasnamäe, Mustamäe and Kristiine (Table 12) will, in case of a 10% decrease, be 
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under threat to lose most or even all of the canopy cover which will make them even more 

vulnerable to the UHI effect. 

 

 

Figure 20. Surface permeability in Tallinn today (left) and in the future (right), if the 

comprehensive plans would all be put into action (source: Peterson et al 2018: 14). 

 

 

 

 

Figure 21. Contemporary and future canopy cover in Tallinn if the greenery percentage is 

reduced by 10% compared to contemporary cover (source: Peterson et al 2018: 16-17). 
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Table 12. Percentage of green areas from total area of districts (source: TAR layer 

‘t02_51_maakate’, Tallinn’s green network plan from Tallinn Planning Department) 

City district Green areas % from total area of the district 

Haabersti  67,24 

Kristiine  40,62 

Mustamäe  43,18 

Nõmme  68,12 

Põhja-Tallinn 49,44 

Kesklinna  51,72 

Pirita  75,97 

Lasnamäe  33,43 

 

 

3.4. Conclusions and discussion 
 

In spring 2020, when the thesis was written, Tallinn had two strategic documents under 

development that were expected to increase the awareness and capacity to tackle climate 

change adaptation. These documents are The Sustainable Energy and Climate Action Plan 

(SECAP) and Tallinn Development Plan 2021+. Currently existing strategic and spatial 

planning documents with one exception, the Comprehensive Plan for Põhja-Tallinn district, 

do not tackle UHI at all, and have mostly indirect measures related to climate change 

adaptation. Though there are several existing measures that are having a potential mitigating 

impact on the magnitude of UHI, these are indirect measures targeting other aspects such as 

pluvial flood management, ecology and recreation. This means that although in general 

existing strategic and planning documents state the need for decreasing (or at least slowing 

the increase) impervious surfaces and preserving or increasing green areas and tree 

landscaping, these measures do not target UHI and are not based on any climate change 

vulnerability assessments. Tackling the UHI effect needs understanding which planning 

solutions are potentially increasing it and which spatial developments could decrease the 

effect. But it also means understanding which areas are the most affected by the increase of 

LST. As the results from the regression analysis suggest and what has also been 

acknowledged by existing studies, in general UHI magnitude is increased by the high share 

of impervious surfaces and lack of green areas. More detailed modelling on the other hand 
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shows that in Tallinn’s case, transport surfaces are more impactful than buildings, and tree 

cover has a much higher mitigating role than areas covered by grass. Though, the points on 

the map with the highest temperature are located in commercial areas where in most cases 

the dominant land use is buildings with low height. 

Such results might suggest the need for tackling the UHI effect on two levels: 1) The ity as 

a whole, and 2) Smaller areas (for example sub-district based). The first level enables to 

track the overall trend of urban development and point out the most problematic areas in 

terms of LST as well as vulnerability to UHI. The latter is not only defined by LST but also 

by several other socio-economic and spatial parameters, such as function, number of 

vulnerable groups living in the area etc. Territory-wide planning also means setting 

conditions for planning land uses that have a potential negative effect of UHI magnitude. 

For example, when we know that transport infrastructure has a strong impact on UHI and it 

is emphasised when combined with large building areas and low levels of greenery, 

especially tree cover, then compensating measures should be provided and downscaled 

through different planning levels. A location-based approach on the other hand would mean 

looking at a specific area as a whole (not just plot-based as currently done), meaning that 

concrete planning solutions would also depend on what already exists in the location and its 

surroundings, and taking into account the degree of vulnerability. The current approach in 

planning greenery might not have much of a mitigating effect on UHI as it is not based on 

concrete calculations on necessary levels and vegetation types in combination with other 

land uses. While the population in Tallinn is still growing and the city is continuously being 

built denser, limiting the UHI effect and vulnerabilities caused by it will become even more 

challenging.  

 

 

 

 

 

 

 

 

 



65 

 

 

 

SUMMARY 
 

This thesis analysed which land surface parameters and their combinations impact the 

magnitude of the UHI effect in Tallinn, and how the existing policy and spatial planning 

framework supports the city’s resilience to mitigating the UHI effect. In order to identify 

which land surface parameters in which combinations will contribute to the increase of land 

surface temperature, a stepwise multiple regression analysis in SPSS was carried out. The 

modelling was based on parameters’ values calculated per 100x100m grid.  

Parameters included in the modelling were ‘mean imperviousness density’, ‘mean tree cover 

density’, ‘percentage of transport surfaces’, ‘percentage of building area’, ‘mean building 

height’, ‘percentage of all green areas’ as predictor variables and ‘mean land surface 

temperature’ as a dependent variable. As multicollinearity was detected between predictor 

variables ‘mean imperviousness density’ and ‘percentage of transport surfaces’, two separate 

models were run to test if Copernicus impervious layer could be considered as a proxy to 

transport surfaces and building area. Model 1 included ‘mean imperviousness density’, 

‘mean tree cover density’ and ‘percentage of all green areas’ as predictor variables and the 

Model 2 included ‘mean tree cover density’, ‘percentage of transport surfaces’, ‘percentage 

of building area’ , ‘mean building height’, ‘percentage of all green areas’ as predictor 

variables. Results of the regression analysis suggest that low tree cover density and high 

density of imperviousness in combination have the strongest impact on UHI magnitude in 

Tallinn. The same result was indicated by both models which suggests that Copernicus 

imperviousness data is a good proxy to more detailed data of sealed surfaces on most 

dominant land uses such as transport surfaces and building. The results of the modelling 

carried out with more detailed parameters suggest that transport surfaces are the highest 

contributors to the magnitude of UHI within the impervious surfaces, and their impact is 

enhanced in combination with building area and height, and with the lack of greenery, 

especially tree cover. Buildings’ height and area, and lack of greenery are less impactful 

compared with tree cover density, and area of transport surfaces. Regression shows buildings 

height and percentage of green areas as least impactful. Low impact of building height would 

need further investigating as in the current analysis its effect might be hindered by more 

dominant parameters. The high contribution of transport surfaces might have different 
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reasons as it might reflect the general correlation and might also be affected by the fact that 

transport surface is a more dominant land use than buildings.  

The results from the assessment of spatial and strategic planning documents show that 

existing documents do not tackle the UHI effect, and incorporate mostly indirect measures 

related to climate change adaptation that might have some level of effect to UHI mitigation. 

These measures that are having a potential mitigating impact on the magnitude of UHI are 

targeting other aspects such as pluvial flood management, ecology and recreation, and 

therefore are not based on any vulnerability assessment and lack spatial specificity. This 

means that the planning of greenery might not have the expected effect of mitigating UHI as 

the planning decisions are not based on concrete calculations of levels and vegetation types 

necessary in combination with other land uses. 

The results of the thesis give only a general overview of the impact of land surface 

parameters to the magnitude of UHI in Tallinn. For further vulnerability assessment, 

including additional parameters such as Sky View Factor, distance from water bodies 

(especially the sea) and compactness would provide more focused information necessary for 

making planning decisions which would be an important input for the development of a 

methodology for calculating the volume of green spaces. 
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ÜLDKOKKUVÕTE 

 

Tallinna linnamaastike vastupidavus muutuvale kliimale: maapinna 

parameetrid ja nende mõju soojussaare efekti tekkele  

 

Lõputöös analüüsiti, millised maapinna parameetrid ja/või nende kombinatsioonid 

mõjutavad Tallinnas soojussaare efekti teket ja selle intensiivsust ning kuidas toetab 

olemasolev poliitika ja ruumilise planeerimise raamistik soojussaare efekti leevendamist. 

Selgitamaks välja, millised maapinna parameetrid ja millistes kombinatsioonides 

põhjustavad Tallinnas maapinna temperatuuri tõusu, viidi SPSSis läbi mitmese lineaarse 

regressioonimudeli analüüs. Mudelisse võetud tunnused arvutati läbi 100x100m ruudustiku 

kohta. 

Regressioonimudelisse valiti seletavate tunnustena 'keskmine vett mitte läbi laskva 

pinnakatte tihedus', 'keskmine puude tihedus', 'transpordi pindade protsent', 'hoonestusala 

protsent', 'hoonete keskmine kõrgus', 'roheala protsent' ja sõltuva tunnusena 'keskmine 

pinnatemperatuur”. Kuna seletavate tunnuste „keskmine vett mitte läbi laskva pinna katte  

tihedus” ja „transpordi pindade protsent” vahel tuvastati multikollineaarsus, viidi läbi kaks 

eraldi mudeldamist testimaks, kas Copernicuse vett mitte läbi laskva pinna katte tiheduse 

andmestikku võiks käsitleda transpordi pindade ja hoonestusala analoogiks. Esimene mudel 

sisaldab seletavate tunnustena „keskmist vett mitte läbi laskva pinna katte tihedust”, 

„keskmist puude tihedust” ja „roheala protsenti” ning teine mudel sisaldab seletavate 

tunnustena „puude keskmist tihedust”, „transpordi pindade protsenti”, „hoonestusala 

protsenti“, „keskmine hoonete kõrgust” ja “roheala protsenti”. Regressioonanalüüsi 

tulemused viitavad sellele, et madalama puude tiheduse ja kõrge vett mitte läbi laskva pinna 

katte tiheduse kombinatsioon avaldab kõige suuremat mõju soojussaare efekti ulatusele 

Tallinnas. Sama tulemust näitasid mõlemad mudelid, mis viitab sellele, et Copernicuse 

veekindluse andmed on heaks analoogiks detailsematele domineerivatele kaetud pindade 

andmetele nagu transpordi pinnad ja hooned. Detailsemate tunnustega mudeldamise 

tulemused viitavad sellele, et suletud pindadest mõjutavad soojussaare efekti ulatust kõige 

enam transpordipinnad ning mõju tugevneb koos hoonete pindade ja kõrgusega. Mõju 

ulatust suurendab rohelade puudumine ning siin on suurem mõju vähesel kõrghaljastusel. 
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Hoonete kõrgus ja pindala ning roheala puudumine on puude tiheduse ja transpordipindade 

pindalaga võrreldes vähem mõjuvad. Regressioonianalüüs näitab hoonete kõrgust ja 

rohealade protsenti väikseima mõjuga. Hoone kõrguse vähest mõju oleks vaja täiendavalt 

uurida, kuna praeguses analüüsis võib selle mõju esile tulemist takistada domineerivamad 

parameetrid. Transpordi pindade suure mõju põhjuseks võib olla, et see kajastab üldist 

korrelatsiooni, mida mõjutab asjaolu, et transpordipinnad on Tallinnas domineerivam 

maapinna parameeter kui ehitised. 

Ruumiliste ja strateegiliste planeerimisdokumentide hindamise tulemused näitavad, et 

olemasolevad dokumendid ei käsitle soojussaarte mõju ja hõlmavad enamasti kaudseid 

kliimamuutustega kohanemisega seotud meetmeid, millel võib olla teatav mõju soojussaare 

efekti leevendamisele. Need meetmed, millel on soojussaare efekti ulatust potentsiaalselt 

leevendav mõju, on suunatud muudele teguritele, näiteks sademeveest tingitud üleujutuste 

leevendamine, ökoloogia ja rekreatsioon. Seetõttu ei tugine olemasolevad soojussaarte efekti 

teket potentsiaalselt leevendavad meetmed haavatavuse hinnangutele ja neil puudub täpsem 

ruumiline määratlus (enamjaolt käsitletakse linnaosa tervikuna). See tähendab, et rohealade 

ja haljastuse kavandamisel ei pruugi olla soojussaare efekti ulatuse leevendamisele 

eeldatavat mõju, kuna näiteks taimestiku tüüpe ja ulatust puudutavad planeerimisotsused ei 

põhine konkreetsetele arvutustele ega võta arvesse maapinna parameetrite koostoimet 

konkreetsel alal. 

Antud töö tulemused annavad üldise ülevaate maapinna parameetrite mõjust Tallinna 

soojussaare efekti ulatusele. Täiendav haavatavuse hindamine, mis hõlmab selliseid 

lisaparameetreid nagu Skye View Factor, kaugus veekogudest (sh merest) ja kompaktsus, 

annaks planeerimisotsuste tegemiseks vajaliku lisa teabe, mis oleks oluliseks sisendiks 

näiteks roheladade mahu arvutamise metoodika väljatöötamisel. 
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