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Abstract 

Currently, from the estimated 7.7 billion people worldwide approximately 55% live in urban 

environments and this percentage is projected to grow to 68% by 2050. High coverage of impervious 

surface in urban environments, causes temperatures to be several degrees higher in urban areas 

compared to their surrounding rural areas, a phenomenon known as the urban heat island effect. 

The implementation of urban green spaces can mitigate this excess warming and by doing so 

increase the resilience of urban environments to heat stress. Although a large part of global 

urbanization is projected in the tropics, the urban heat island and the potential cooling effect of 

urban green space are not well studied in that region.  

Therefore, the main aim of this study was to provide an analysis of the Urban Heat Island effect and 

of the cooling effect of urban green space in the whole rural-urban region of the tropical city of 

Paramaribo (Suriname) in both the wet and dry season. The study was based upon a land cover map 

of the Greater Paramaribo Region and on land surface temperature, derived from Landsat 8 satellite 

data from both the wet and dry season. In order to study the effects of the composition (trees, 

mangroves, mixed low vegetation and grass) and configuration of urban green space on land surface 

temperatures, class metrics including percentage of landscape, aggregation index, landscape shape 

index, edge density and patch density were used. In addition, the influence of socioeconomic status 

on land surface temperature was tested. To complete the urban heat island study, air measurements 

were undertaken to allow for comparison between LST and air temperatures across different land 

cover types.  

The results show that a surface urban heat island effect exists between the urban core and the rural 

hinterland in Paramaribo. The magnitude was similar in both seasons (ca. 5.2 K). Urban green spaces 

were found to significantly mitigate this urban temperature increase. This cooling relationship was 

dependent on the urban green space type present. Trees and mangrove showed the strongest 

cooling effect on land surface temperature, while mixed low vegetation provided less, but still a 

significant, cooling effect. On the other hand, grass did not show a clear cooling relationship. 

Regardless of the type of urban green space, this study shows that increasing the size of urban green 

space increases the cooling effect. Our results also show that a large aggregated urban green space 

is favoured over a number of smaller disaggregated ones. The cooling effect of urban green space 

was slightly stronger in the dry season compared to the wet season. No relationship was found 

between the shape of urban green spaces and the land surface temperature in Paramaribo. The 

amount of urban green space was found to differ between neighbourhoods with different 

socioeconomic status. This resulted in an indirect negative relationship between socioeconomic 

status and land surface temperature.  This relationship did not apply to the neighbourhoods of the 

lowest SES, since due to the sandy characteristic of the streets in these neighbourhoods, their LST 

was also low.  

Based on these results, it is concluded that there is a substantial urban heat island present in 

Paramaribo in both the wet and the dry season. In addition, this study also shows that urban green 

space could provide a nature-based solution to mitigate this UHI in Paramaribo. Due to the lack of 

studies on urban ecosystem services in the global South, this study in Paramaribo can potentially add 

to the valuation of urban green spaces in policy across cities in the global South.  
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1. Introduction  
1.1. Background and relevance 
Currently, from the estimated 7.7 billion people worldwide approximately 55% live in urban 

environments and this percentage is projected to grow to 68% by 2050 (United Nations, 2019a). This 

implies that the world population is projected to grow to 9.7 billion by 2050, and urban areas are 

expected to absorb nearly all of the projected population growth (United Nations, 2019b). 

Consequentially, an extra 2.4 billion people are expected to reside in urban areas by 2050 (The 

Nature Conservancy, 2018). Although climate change is a global process with implications for the 

entire planet, from a human perspective its impacts are to a large extent experienced in urban 

environments (Jiménez Cisneros et al., 2014). Insight into these impacts is therefore vital to show to 

what extent urban population is exposed to future climate risks. Although the expected increase in 

urban population will enhance human vulnerability in urban environments, it also provides an 

opportunity to formulate a suitable mitigation plan (Argüeso, Evans, Pitman, & Di Luca, 2015). The 

role cities play in sustainable development is also acknowledged by international policy through 

Sustainable Development Goal 11 which targets urban areas and aims to “Make cities and human 

settlements inclusive, safe, resilient and sustainable” (United Nations, 2015).  

The process of urbanisation is inevitably related to the transformation of land from rural to urban 

land (Yao, Chen, Wei, & Sun, 2015). As a result, a total area of 1.2 million km² is predicted to be 

urbanised in the coming two decades (The Nature Conservancy, 2018). The transformation of rural 

to urban use generally reduces green area and increases impervious surfaces. This leads, among 

other impacts, to a decrease in surface albedo and an altered geometry compared to rural surfaces 

(Chapman, Watson, Salazar, Thatcher, & McAlpine, 2017). These changes in surface characteristics 

result in higher temperatures in urban areas than in the surrounding rural areas, a phenomenon that 

is better known as the Urban Heat Island (UHI) (Luber & McGeehin, 2008; Oke, 1982). Ongoing 

global warming means temperatures are likely to increase by 1.5°C between 2030 and 2052 (IPCC, 

2018). This temperature increase is superimposed on this UHI and has substantial implications on 

the temperature increase, energy usage, human health, air pollution and greenhouse gas emission in 

urban environments (Giridharan & Emmanuel, 2018). Ever since the first UHI study of Oke (1982), 

most studies show that the UHI causes an increase of several degrees of the air temperature in 

urban-rural transects. As a result, more hot days and heat waves occur in urban areas compared to 

their rural surroundings  (Tan et al., 2010). This increased heat exposure through the UHI is already 

epidemiologically linked with increased mortality rates in cities, a process that will be exacerbated 

by the expected global warming (Luber & McGeehin, 2008).  

Most of the 21st century global urbanisation is concentrated in the developing world, of which a 

large part is located in the tropical (23.5 °N and 23.5° S) and sub-tropical zones (up to 30° N and 

30°S) (Giridharan & Emmanuel, 2018; United Nations, 2019b). Despite this rapidly growing urban 

population, processes of local climate change altered by urban growth, such as the UHI, are not well 

studied in the tropics (Giridharan & Emmanuel, 2018; Perera & Emmanuel, 2018). However, the 

need for research focusing on the UHI in the tropics is urgent, since a ‘developmental’ transition is 

visible from excess deaths associated with rainfall to excess deaths related with thermal conditions 

(Giridharan & Emmanuel, 2018). The contribution of the UHI in combination with the large growth 

potential of the urban population in the tropics, shows the need to study the nature of the UHI in 

the tropics.  

Studies focussing on the UHI have increased over the past 40 years. During this period, several 

methods were used to study the associated processes and effects of the UHI. Currently, the most 
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common technique used is remote sensing (e.g. Du et al., 2019; Marando et al., 2019; Schwarz, 

Lautenbach, & Seppelt, 2011; Simwanda et al., 2019; Voogt & Oke, 2003). This technique is often 

used because it enables temperature extraction covering whole rural-urban regions (Anniballe, 

Bonafoni, & Pichierri, 2014). However, the use of remote sensing for temperature extraction has 

some limitations. Firstly, by means of remote sensing, it is only possible to extract the land surface 

temperature (LST) instead of the air temperature, which is the temperature that is experienced by 

humans. Secondly, LST can only be correctly extracted from satellite images on clear sky days, 

because clouds interfere with the signals send and received by the satellite. Air temperature 

measurements are only obtainable at the location of the measuring device, which means that 

information about the air temperature is only available in limited places. Therefore, the continuous 

LST information that remote sensing provides is better suited to study the spatial characteristics of 

the UHI across an urban environment (Figure 1). Since the LST is extracted through remote sensing, 

the Surface Urban Heat Island (SUHI) is measured, describing the increase in LST across an urban-

rural transect, as opposed to the UHI, sometimes also referred to as the Canopy Layer Heat Island 

(CLHI), which describes the increase in air temperature in the canopy layer across an urban-rural 

transect (Figure 1). Although LST and air temperature strongly correlate, their relation tends to vary 

across atmospheric conditions, time of day, and land cover types as is also illustrated by Figure 1 

(Balogun & Balogun, 2014; Mutiibwa, Strachan, & Albright, 2015; U.S. Environmental Protection 

Agency, 2008; Voogt, 2007). In previous studies, different indices were used to measure the SUHI in 

different urban environments. Frequently used SUHI indices are, for example, the difference 

between the average LST and the maximum LST in a city and the difference in average LST between 

the urban core and the rural hinterland. These indices should provide similar, however the study of 

Schwarz et al. (2011) showed that SUHI magnitudes differed due the use of different indices. For 

comparability reasons it is therefore recommended to use more than one index (Schwarz et al., 

2011).   

 

Figure 1. Typical diurnal variations of surface and air temperatures over the urban-rural transect, resulting in the difference 
between the SUHI and CLHI (U.S. Environmental Protection Agency, 2008). 

Previous studies have shown that the UHI intensity varies across an urban area and throughout the 

day due to the different impact of various surface features on the local temperature (Figure 1). An 

adaptation strategy proposed in previous research to mitigate the increased UHI-related 
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temperature in urban areas is urban greening (e.g. Bowler, Buyung-Ali, Knight, & Pullin, 2010; 

Demuzere et al., 2014; Estoque, Murayama, & Myint, 2017; Marando et al., 2019; Wardana, 2015). 

Increasing Urban Green Space (UGS), which typically includes urban forests, parks, shrubs, lawns, 

gardens, and street trees, could provide urban cooling mainly through evapotranspiration and 

shading (Demuzere et al., 2014). This makes urban greening a natural adaptation measure that 

increases the resilience of urban areas to the environmental threats imposed by global climate 

change (Du et al., 2019; Jenerette et al., 2007; Marando et al., 2019; Tang, Di, Xiao, Lu, & Zhou, 

2017; Wardana, 2015). However, in urban planning there is a trade-off between the costs and 

benefits of different urban designs and  the benefits of UGS in urban centres often are considered 

less valuable than the economic gain resulting from built-up surfaces (Yu et al., 2017).  

Due to the limited space in the hot city centres, it is vital to design UGSs in such a way that they 

reduce heat most efficiently. Previous research suggests that the type of UGS has the strongest 

influence on the LST, but acknowledges that the shape and distribution of UGS also contributes to its 

cooling effect (Du et al., 2019; Estoque et al., 2017; Maimaitiyiming et al., 2014; Marando et al., 

2019; Simwanda et al., 2019; Wardana, 2015). Most studies argue that trees are the type of UGS 

that most effectively cool the surface, mainly because of the high amount of shading (Brown, Vanos, 

Kenny, & Lenzholzer, 2015; Jaganmohan, Knapp, Buchmann, & Schwarz, 2016; Kong, Yin, James, 

Hutyra, & He, 2014; Vanos et al., 2012). However, the magnitude of this cooling effect is found to be 

dependent on local atmospheric conditions such as the overcast ratio. Regarding the effect of size, 

distribution and shape of UGSs on their cooling effect, most previous studies point out that large, 

aggregated UGSs provide the strongest cooling effect (Cao, Onishi, Chen, & Imura, 2010; Huang, Cui, 

& He, 2018b; Jaganmohan et al., 2016). However, the study of Kong et al. (2014) shows that multiple 

disaggregated UGSs are more beneficial for cooling. Studies are also contradicting regarding the 

influence of the shape of UGSs on the cooling effect. Therefore, it is important to further investigate 

the influence of both composition and configuration on the cooling effect of UGS. Spatial class 

metrics are most commonly used to study the influence of different configurations and distribution 

patterns within the urban green city structure. 

Most research focuses on the effect of land use characteristics on the UHI. In addition, research of 

Tang et al. (2017) and Jenerette et al. (2006) point out that the UHI is a complex phenomenon that is 

also influenced by socioeconomic factors such as income. This influence is mainly indirect due to the 

correlation income has with impervious surface and vegetation. As income increases in 

neighbourhoods, vegetation tends to increase and impervious surface tends to decrease (Jenerette 

et al., 2007; Tang et al., 2017). This indirect relationship between socioeconomic factors and the UHI 

could provide useful information for urban planners. However, this relationship has not yet been 

well studied in cities in the Global South. 

Previous research points out that one of the main reasons for the low level of knowledge about UHI 

distribution across urban environments in the tropics is the lack of available data, both in terms of 

the spatial distribution of land cover types and of the influence of land cover types on the local 

temperature (Amorim, 2018; Balogun & Balogun, 2014; Ojeh, Balogun, & Okhimamhe, 2016; Perera 

& Emmanuel, 2018). Since the influence of land cover on the local temperature is not well studied in 

the tropics, there also exists a knowledge gap on the cooling potential of different UGS types during 

the wet and dry season in tropical cities (Giridharan & Emmanuel, 2018; Perera & Emmanuel, 2018). 

This unique seasonal characteristic of the tropical climate has serious impacts on the leaf and 

flowering characteristics of plants which in turn determines their cooling potential. On top of this, a 

plant’s cooling potential is also modulated by humidity and therefore may vary greatly between wet 

and dry season (Balogun & Balogun, 2014; Barradas, 1991; North Carolina Climate Office, n.d.; Ojeh 
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et al., 2016; Tan et al., 2010; Tropenbos Suriname, 2019; Zhang, Lv, & Pan, 2013). As a result, in the 

tropics the wet and dry seasons may not show a constant relationship between air and surface 

temperature. So, it is known that there is a "cooling effect" due to UGS, but the magnitude of this, as 

well as its influencing factors, are not yet understood in the tropics (Tropenbos Suriname, 2019).  

Therefore, this study focuses on the influence of both the composition and configuration of UGS on 

the LST in a tropical city using remote sensing images. This is based on a case study of Paramaribo in 

Suriname since this city experiences a typical tropical climate including a wet and dry season. 

Furthermore, this study will facilitate valuation of the important urban ecosystem services provided 

by UGS, since these are usually undervalued in urban planning efforts within most cities in the global 

South (Tropenbos Suriname, 2019).  

 

1.2. Research aim 
The aim of this research is to provide an analysis of the UHI effect in the whole rural-urban region of 

Paramaribo and of the cooling effect of UGS in both the wet and dry seasons based upon LST.  

This study investigates the SUHI by comparing the temperature differences between the urban 

centre (the administrative boundary) of Paramaribo and its rural hinterland (the Greater Paramaribo 

Region) (Figure 2). Furthermore, this study analyses the relationship between LST and land cover 

type. In this land cover-based analysis the main focus is on the influence of different types of UGS 

within the administrative boundary during the wet and dry season to study the difference in cooling 

effect between the two seasons. This analysis includes the influence of UGS composition as well as 

the influence of UGS configuration on the cooling effect. Distances from thermal centres such as the 

city centre, the river and the ocean are also considered in this study. Due to the different 

atmospheric conditions and vegetation types present in the tropics, compared to those in cities 

within the more commonly studied temperate zone, fieldwork is implemented in this research. The 

fieldwork creates a better understanding of the differences in UGS and Socioeconomic Status (SES) 

across Paramaribo. The relationship between the LST and air temperature is analysed to complete 

the study. So, a city-wide study with information on the cooling effect in wet and dry season is 

provided that can be used in future city planning of Paramaribo. This will provide valuable 

information for urban planners, not only in Paramaribo but also in other tropical cities, about what 

steps can be taken to optimally design their urban green structure to lower the temperature in their 

city.  

The research aim is divided in the following research sub-objectives: 

1. Identify the spatial distribution of LST and UGSs in the Greater Paramaribo Region in the wet 

and dry season. 

2. Identify the UHI effect within the city of Paramaribo in the wet and dry season. 

3. Identify relationships of LST with UGS and socioeconomic status in the city of Paramaribo in 

the wet and dry season. 

4. Identify the relationship of LST with air temperature in the wet and dry season. 

5. Analyse the differences in observed cooling effect of UGS within the wet and dry season. 
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1.3. Research questions  
To achieve the research objectives set in section 1.2. the following research questions need to be 

answered.  

 

Research question: What is the UHI effect in the tropical city of Paramaribo, and what is the cooling 

effect of UGS on the urban temperatures during the wet and dry season?  

 

Sub questions: 

1. Sub-objective: Identify the spatial distribution of LST and UGS in the Greater Paramaribo 

Region in the wet and dry season. 

a. What is the spatial distribution of LST in the Greater Paramaribo Region? 

2. Sub-objective: Identify the UHI effect of the city of Paramaribo in the wet and dry season. 

a. What do different indicators for the SUHI report on the UHI effect in Paramaribo? 

3. Sub-objective: Identify relationships between LST and the composition and configuration of 

UGS in the city of Paramaribo in the wet and dry season. 

a. What is the relationship of LST with NDVI? 

b. What is the relationship of LST with the different classified types of urban green, 

based on a classified Sentinel green cover map? 

c. What is the relationship of LST with the configuration of UGS, based on classified 

Sentinel green cover map?  

d. What are the influences on LST of the distance to the urban centre, the Atlantic 

Ocean and the Suriname River? 

e. What are the characteristics of typical green features, cold spots and 

neighbourhoods differing in socioeconomic status in the city of Paramaribo and how 

do they relate to the LST? 

4. Sub-objective: To identify the relationship between LST and air temperature in the wet and 

dry season. 

a. What is the relationship between air and LST on different types of UGS? 

b. What is the relationship between the urban-rural LST difference and the urban-rural 

air temperature difference? 

5. Sub-objective: To analyse the differences in observed cooling effect of UGS within the wet 

and dry season. 

a. Is there an observed cooling effect of UGS in both wet and dry season? 

b. In what way does this cooling effect differ between wet and dry season? 

 

2. Materials and methods 
2.1. Case study description 

2.1.1. Study Area 
The study area, Paramaribo (5° 50' 21.8328'' N and 55° 11' 56.7204'' W), is the capital of Suriname. 

Suriname is located on the north-eastern coast of South America and has a population of 

approximately 575,000, of which more than half live in Paramaribo and its surroundings (The World 

Bank, 2018; Tropenbos Suriname, 2019). The city of Paramaribo is situated along the northern coast 

of Suriname just west of the estuary of the Suriname river in the Atlantic Ocean. Paramaribo covers 
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an area of approximately 174 km2. The surrounding area of the city, the Greater Paramaribo Region, 

includes the districts Paramaribo, Wanica, and part of Commewijne, and covers approximately 863 

km2 (Figure 2) (Fung‐Loy, Van Rompaey, & Hemerijckx, 2019). The urban pull effect of the city of 

Paramaribo on rural populations has resulted in a population increase of 14% in the Greater 

Paramaribo Region in the period from 2000 to 2015, with a total conurbation of Paramaribo of 

around 380,000 inhabitants (Fung‐Loy et al., 2019). The population increase resulted in a largely 

unplanned and uncontrolled urban sprawl. Suriname lacks the needed coherent system of land 

registration, finances, technology, data, and expertise within the government to adequately oversee 

this spatial planning (Fung‐Loy et al., 2019; Verrest, 2010). Due to this somewhat incoherent 

governing system no proactive urban green policy is in place in Paramaribo (oral communication 

workshop ‘Beboste en Urbane Landschappen: naar een climate smart Suriname', dd 26 November 

2019). 

 

Figure 2. Lower left: The location of Suriname in South America. Upper left: The location of Paramaribo in Suriname. Right: 
The Study area: The administrative boundary of Paramaribo (yellow) and its surrounding Greater Paramaribo 
Region (red) including all its districts (white). 

Suriname is situated in the inter tropical convergence zone and is therefore experiencing an Af-

tropical rainforest climate according to the Köppen climate classification system. This leads to the 

fact that Suriname experiences four seasons, namely (GBS, 2016):  

1. The short rainy season (early December to late January). 

2. The short dry season, (early February to mid-April). 

3. The rainy season, (mid-April to mid-August). 

4. The dry season, (mid-August to early December). 

The months with the lowest levels of precipitation are September and October and the months with 

the highest levels of precipitation are May and June (GBS, 2016). This is also seen in Figure 3, which 

shows the monthly precipitation values for the years 2011-2015 in millimetres. The annual average 

temperatures in Suriname are between 26°C and 28°C, and do not vary considerably throughout the 

seasons (Figure 3). Through global warming, an average temperature rise of 0.3 to 1.3°C every 10 

years is projected (Tropenbos Suriname, 2019). 
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Figure 3. Monthly precipitation values in mm in Suriname from 2011 to 2015 (left), monthly average air temperatures in °C 
in Suriname from 2011 to 2015 (right) (GBS, 2016). 

2.1.2 Project: Towards a Green and more Liveable Paramaribo 
This study is part of the project “Towards a Green and more Liveable Paramaribo”, which is a 

twinning project, sponsored by the UTSN twinning facility. The project is run by the knowledge 

based non-governmental organization Tropenbos Suriname and the Faculty of Geo-information 

Science and Earth Observation of the University of Twente (UT-ITC) in the Netherlands. The goal of 

that project is to promote a green Paramaribo in which ecosystem services contribute to a healthy 

and more liveable environment for its inhabitants (Tropenbos Suriname, 2019). The project believes 

that UGS is undervalued and not included within the planning of the city of Paramaribo. This 

undervaluation of UGS in combination with the rising demand for built-up surfaces, leads to an 

increased replacement of UGS by built-up surfaces. To alleviate this trend, the “Towards a Green and 

more Liveable Paramaribo” project wants to create more awareness of the benefits that UGS 

provides among the residents of Paramaribo. One of these benefits is the cooling effect that UGS 

provides. More insight into this cooling effect in the recently warming climate can provide valuable 

information for planners in the city of Paramaribo. 

 

2.2. Data 
Most of the data used in this study consisted of secondary data and are summarised in   
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Table 1. Aside from the satellite data, most of the data was obtained through the overarching 

project. The primary data used in the study was obtained during fieldwork. This fieldwork data 

consisted of detailed descriptions of several selected UGSs and was produced by means of ground 

truthing. 
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Table 1. Secondary data used in this study. 

Data  Format Data Source 

Landsat 8 OLI/TIRS imagery Raster (USGS, 2019) 

World imagery base map Raster (Esri, 2018) 

Land cover map Raster (Taus, 2019) 

Administrative boundary Vector (Tropenbos Suriname, 2019) 

Greater Paramaribo region Vector (Tropenbos Suriname, 2019) 

Road network Vector Open street map 

River network Vector Open street map 

Air temperature data of outdoor 
temperature loggers 

Table (Kalpoe, 2019) 

Air temperature data stations Table Meteorological Service Suriname 

Socioeconomic status neighbourhoods Raster (Fung‐Loy et al., 2019) 

 

2.2.1. Satellite imagery 
The satellite images used in this study, summarized in Table 2, are from the Landsat 8 OLI/TIRS 

(Operational Landsat Imager/Thermal Infrared Sensor) satellite and were obtained from the United 

States Geological Survey (USGS). The Landsat 8 OLI/TIRS satellite is the most recently launched 

Landsat satellite and resultingly the most used in recent remote sensing studies that assess the UHI 

effect (e.g. Amorim, 2018; Estoque, Murayama, & Myint, 2017; Marando, Salvatori, Sebastiani, 

Fusaro, & Manes, 2019; Mushore et al., 2018; Richard et al., 2018; Simanjuntak, Kuffer, & Reckien, 

2019). The satellite images used for this study are all geometrically corrected by the USGS. They are 

also georeferenced to the WGS1984 datum and Universal Transverse Mercator (UTM) Zone 21N 

coordinate system. As a result, all the vector datasets obtained and created in this study were 

projected into the UTM Zone 21N. In this study, 30m resolution Landsat 8 OLI/TIRS images were 

downloaded from the USGS website for the area of Paramaribo (pat/row 229/056, WGS84 UTM21 S 

reference system). The thermal bands 10 and 11 of the Landsat 8 OLI/TIRS satellite originally have a 

spatial resolution of 100 meters, but these bands have been resampled to 30m resolution by the 

USGS (U.S. Geological Survey, 2019).  

To investigate the difference in cooling effects of urban green between dry and wet season, four 

images obtained in the dry season (Mid-August to early December) and three obtained in the wet 

season (mid-April to mid-August) were selected. Only images that originate from the last five years 

were selected, because it can be assumed within reason that the vegetation cover of the study area 

has not changed drastically within this period. Finally, cloud coverage was the determining criterion 

for selecting the satellite images. Cloud coverage over the study area needed to be limited to a 

minimum to ensure valid and reliable information extraction of the earth’s surface (Tseng, Tseng, & 

Chien, 2008). A common threshold for maximum cloud coverage is ten percent (Simwanda et al., 

2019; Wardana, 2015). Within the dry season, the four images were selected with the least cloud 

cover over land. These images had a cloud coverage of well below ten percent and were evenly 

distributed over a period of four years, from October 2015 to October 2019. However, within the 

wet season, the only three available images with acceptable and workable cloud cover over the 

study area were selected. The details of these Landsat images are shown in Table 2. Note that 

although some of the images obtained in the wet season had substantially high cloud coverage on 

land, well over ten percent, the cloud cover above the study area was sufficiently low. 
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Table 2. Details of Landsat 8 OLI/TIRS imagery used. 

Scene ID Cloud coverage 
on land (%) 

Acquisition date Acquisition 
time  

Season 

LC82290562015288LGN02 1.02 15 October 2015 13:58:11 Dry 

LC82290562016275LGN01 2.83 01 October 2016 13:58:25 Dry 

LC82290562018264LGN00 3.80 21 September 2018 13:57:50 Dry 

LC82290562019251LGN00 5.62 08 September 2019 13:58:25 Dry 

LC82290562016211LGN01 20.76 29 July 2016 13:58:11 Wet 

LC82290562017165LGN00 23.57 14 June 2017 13:57:53 Wet 

LC82290562018216LGN00 26.28 04 August 2018 13:57:31 Wet 

 

2.2.2. Land cover map 
The land cover map used in this study shown in Figure 4 was produced within the project (Taus, 

2019). It was produced based on a 10m resolution, cloud free Sentinel 2 image. The image was 

classified into 8 different land cover classes, using the support vector machine classifier in QGIS. The 

classification was based on 313 training sample polygons created using high-resolution drone 

imagery from March 2019 in combination with Google Earth imagery for 2019. An accuracy 

assessment on the basis of 230 ground truthing polygons, resulted in an overall accuracy of 84%. The 

maps shown in Figure 4 show the eight different land cover types according to   
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Table 3 for two different areas (Greater Paramaribo Region versus administrative boundary). All the 

obtained Landsat information was clipped to the Greater Paramaribo Region for further analysis.   

 

Figure 4. Land cover maps of the Greater Paramaribo Region (left) and the administrative boundary (right) on 12 
September 2019. 
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Table 3. Area covered per land cover type in the Greater Paramaribo Region and the administrative boundary 

Land cover 
The Greater Paramaribo 

Region 
Administrative Boundary 

Area (km²) Proportion Area (km²) Proportion 

Urban 39.77 5% 22.11 13% 

Infrastructure 47.02 5% 24.72 14% 

Bare soil 66.03 8% 19.34 11% 

Grass 180.27 21% 29.67 17% 

Mixed low vegetation 244.90 28% 39.03 22% 

Trees 220.92 26% 8.57 5% 

Mangrove 10.86 1% 6.50 4% 

Water 53.16 6% 23.57 14% 

Total 862.93 100% 173.51 100% 

 

2.2.3. Neighbourhood SES classification 
The SES of different neighbourhoods across Paramaribo was retrieved from a 30m resolution raster 

provided by Fung‐Loy et al. (2019), that divided the administrative boundary of Paramaribo in 

neighbourhoods classified on their SES. The factor used by Fung-Loy et al. (2019) to represent SES in 

this study was the type of dominant residential class present in a neighbourhood. As a result the SES 

was divided into four residential classes: rich, middle, middle to low and poor (Figure 5) (Fung‐Loy et 

al., 2019). The spatial criteria upon which the four residential classes were based are shown in   
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Table 4.  

 

Figure 5. Neighbourhoods in Paramaribo sorted by SES based on residential class (Fung‐Loy et al., 2019). 
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Table 4. Distinction between residential groups, based on spatial criteria (Fung‐Loy et al., 2019). 

Criteria Rich Middle Middle to low Poor 

Average size of plot > 600 m² 350 < plot < 600 m² 300 < plot < 350 m² < 300 m² 

Average size of house > 300 m² 150 < house < 300 m² 100 < house < 150 m² < 100 m² 

Street type Asphalt Asphalt/street tiles 
Asphalt/street 

tiles/sand 
Sand (narrow)/ 

no street 

Private swimming pool Yes No No No 

Clear demarcation of plot Yes Yes Yes No 

 

2.3. Temperature extraction 
2.3.1. Cloud correction  
Remaining cloud cover present on the Landsat images were removed via cloud removal using the 

Landsat Quality Assessment (QA) ArcGIS Toolbox which removes clouds, cirrus clouds and cloud 

shadows on the basis of information in the quality assessment band of the Landsat 8 satellite (Roy et 

al., 2002; U.S. Geological Survey, 2017). The light clouds that still remained after usage of the QA 

Toolbox were removed manually to create satellite images which were as cloud-free as possible. This 

was a process based on visibility, in which polygons were manually drawn over pixels covered with 

clouds. Afterwards these polygons were erased from the Landsat satellite images, leaving only 

cloudless surface pixels. On the satellite images that were taken in the wet season, the extra 

manually erased pixels could amount to about thirty thousand pixels (~3%). However, after the 

manual LST extraction, the created LST maps still showed patterns of colder temperatures around 

clouds that had previously been removed. These 30m x 30m cells were probably only partly covered 

by clouds and therefore not identified as clouds by neither the Landsat QA toolbox nor the manual 

method. Therefore, to get rid of these edge effects, an additional cloud removal method was 

performed. This was done with the use of a threshold method that erased pixels with an LST value 

below a certain threshold value of the image. This threshold value was increased until a pixel was 

erased that was not situated at the edge of a removed cloud, so that the surface cooling pattern was 

not affected. This threshold method deleted fewer extra pixels than the manual method, but it was 

still around fifteen thousand pixels (~1.5%) for some images in the wet season. 

2.3.2. Atmospheric corrections and radiometric calibrations 
The electromagnetic radiation received by the Landsat satellite is typically a mixture of two kinds of 

energy. It is a mixture of the reflectance of the earth’s surface, in which we are interested, and of 

reflectance of the atmosphere itself (Themistocleous & Hadjimitsis, 2008). Therefore, atmospheric 

corrections were applied to correct for the different atmospheric conditions present at the different 

dates of the satellite images. In this process, Digital Number (DN) values of thermal band 10 were 

converted into Top Of Atmosphere (TOA) spectral radiance values (1) (Amorim, 2018; Estoque et al., 

2017; Marando et al., 2019; U.S. Geological Survey, 2019). Only thermal band 10 is used in this study 

for the LST extraction since on Jan. 6, 2014, the U.S Geological Survey state in an TIRS calibration 

notice that it is recommended to use Band 10 instead of Band 11 due to larger calibration 

uncertainty associated with TIRS Band 11 (U.S. Geological Survey, 2014). Subsequently, TOA radiance 

values were used to derive the TOA brightness temperature (2). TOA brightness temperature 

assumes that the earth is a blackbody and so has an unity emissivity (Chander, Markham, & Helder, 

2009; Estoque et al., 2017). This derivation was done using prelaunch calibration constants (Chander 

et al., 2009; U.S. Geological Survey, 2019). The conversion of DN values into TOA planetary spectral 

reflectance is the second atmospheric correction that was done before the LST could be extracted 
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(3) (U.S. Geological Survey, 2019; Wardana, 2015). All calculations were performed using the raster 

calculator in ArcGIS Desktop.  

 

 Conversion of DN values into TOA spectral radiance (U.S. Geological Survey, 2019): 

 

𝐿𝜆 =  𝑀𝐿 ×  𝑄𝑐𝑎𝑙 + 𝐴𝐿          ( 1 ) 

Where: 

Lλ   = TOA spectral radiance (W/(m2 * sr * μm)) 

ML = Radiance multiplicative scaling factor for the band (W/(m2 * sr * μm)) 

                 (RADIANCE_MULT_BAND_n from the Landsat metadata) 

Qcal  = Quantified and calibrated pixel value of the standard product (DN)  

AL   = Radiance additive scaling factor for the band (W/(m2 * sr * μm)) 

                      (RADIANCE_ADD_BAND_n from the Landsat metadata) 

 

 Conversion of TOA spectral radiance to TOA brightness temperature (U.S. Geological Survey, 

2019):  

𝑇𝐵 =  
𝐾2

ln(
𝐾1
𝐿𝜆

+1)
                         ( 2 ) 

Where: 

TB   = TOA brightness temperature (K) 

Lλ   = TOA spectral radiance (W/(m2 * sr * μm)) 

K1   = Band-specific thermal conversion constant from the Landsat metadata  

            (W/(m2 * sr * μm))  

                      (K1_CONSTANT_BAND_x, where x is the thermal band number) 

K2   = Band-specific thermal conversion constant from the Landsat metadata (K) 

                      (K2_CONSTANT_BAND_x, where x is the thermal band number) 

 Conversion of DN values to TOA planetary spectral reflectance (U.S. Geological Survey, 

2019). 

 

𝜌𝜆 =  
(𝑀𝜌×𝑄𝑐𝑎𝑙+𝐴𝜌)

𝑠𝑖𝑛(𝜃𝑆𝐸)
                     ( 3 ) 

Where: 

ρλ   = TOA planetary spectral reflectance (unitless) 

Mρ  = Reflectance multiplicative scaling factor for the band (unitless) 

         (REFLECTANCEW_MULT_BAND_n from the metadata) 

Qcal = Quantified and calibrated pixel value of the standard product (DN) 

Aρ   = Reflectance additive scaling factor for the band (unitless) 

         (RELECTANCE_ADD_BAND_n from the metadata) 

ϴSE  = Local sun elevation angle (degrees) 

2.3.3. LST extraction 
To derive the LST from the satellite images, the TOA brightness temperature needed to be adjusted 

based on surface emissivity (7) (Estoque et al., 2017; Simwanda et al., 2019; Sobrino, Jiménez-

Muñoz, & Paolini, 2004; Wardana, 2015). The emissivity was obtained using the NDVI Threshold 
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Method, which bases emissivity on NDVI value (4) (5) (6) (Sobrino et al., 2004). This method 

considers pixels with an NDVI value < 0.2 as bare soil, resulting in an emissivity value of 0.97. Pixels 

with an NDVI value > 0.5 are considered to be completely vegetated and are assigned an emissivity 

value of 0.99. Pixels with an NDVI value equal or in between 0.2 and 0.5 are considered to have a 

land cover containing both bare soil and vegetation.  

 The resulting emissivity of these pixels with 0.2 ≤ NDVI ≤ 0.5 was obtained using the 

following equation: 

𝜀 = 0.004𝑃𝑣 + 0.986            ( 4 ) 

Where: 

𝑃𝑣 = (
𝑁𝐷𝑉𝐼−𝑁𝐷𝑉𝐼𝑚𝑖𝑛

𝑁𝐷𝑉𝐼𝑚𝑎𝑥−𝑁𝐷𝑉𝐼𝑚𝑖𝑛
)

2

            ( 5 ) 

Where: 

𝑁𝐷𝑉𝐼 =
𝜌𝑁𝐼𝑅−𝜌𝑅𝑒𝑑

𝜌𝑁𝐼𝑅+𝜌𝑅𝑒𝑑
         ( 6 ) 

Where: 

ε   = Land surface emissivity (unitless) 

Pv   = Vegetation proportion (unitless) 

NDVImax  = 0.5 (unitless) 

NDVImin  = 0.2 (unitless) 

ρNIR  = TOA spectral reflectance value in Near Infrared Band 5 (unitless) 

ρRed  = TOA spectral reflectance value in Red Band 4 (unitless) 

 Conversion of brightness temperature to LST (Artis & Carnahan, 1982; Estoque et al., 2017; 

Marando et al., 2019; Simwanda et al., 2019; Wardana, 2015) 

 𝐿𝑆𝑇 =  
𝑇𝐵

1+(𝜆×𝑇𝐵/𝜌) 𝑙𝑛 𝜀
− 273.15                                                    ( 7 ) 

Where: 

LST = Land surface temperature (°C) 

TB  = Landsat 8 Band 10 brightness temperature (K) 

λ   = Wavelength of emitted radiance = 10.8 (μm), the centre wavelength of     

                  Landsat 10  

ρ   = hc/σ (1.438 x 10-2 mK) 

h   = Planck’s constant (6.626 x 10-34 Js) 

c   = Velocity of light (2.998 x 108 m/s) 

σ   = Boltzmann’s constant (1.38 x 10-23 J/K) 

2.3.4 LST standardization and seasonal composition procedure 
To ensure comparability and better establishment of the SUHI between satellite images obtained 

during different months and weather conditions, the LST maps were standardized (8) (Walawender, 

Szymanowski, Hajto, & Bokwa, 2014). Technically, standardization of a LST raster determines by how 

many standard deviations the LST value of every pixel lies above or below the mean LST value of the 

whole LST raster sample (Walawender et al., 2014). Therefore, in this study the standardized LSTs 

were calculated by the following equation: 
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𝐿𝑆𝑇𝑠 =
𝐿𝑆𝑇𝑥−𝐿𝑆𝑇𝜇

𝐿𝑆𝑇𝜎
           ( 8 ) 

Where: 

          LSTs  = The standardized LST pixel value (°C) 

          LSTx  = The LST pixel value (°C) 

          LSTμ  = The mean LST of the Greater Paramaribo Region (°C)  

          LSTσ  = The standard deviation of the LST raster of the Greater Paramaribo  

   (°C) 

 

After standardization, the distribution of every LSTs raster was characterized by a mean value of 0 

and a standard deviation of 1 (Walawender et al., 2014). This conversion to LSTs meant that the LST 

values of all the seven individual images were shown in comparison to the mean sample LST on that 

particular day. This increased the comparability of the cooling effect of the separate images. 

Standardisation enabled the possibility to create seasonal composites that formed a general 

representation per season. The seasonal composites were also created to cope with the high cloud 

coverage on the satellite images in the wet season. The removal of the high cloud coverage resulted 

in three highly disrupted LST maps, which are shown in Appendix 1 and 2. So, to perform a sufficient 

analysis on the cooling effect, these three LSTs were combined in a composite to create a more 

continuous LSTs raster.  

These LSTs seasonal composites of the wet and dry season were created by selecting the maximum 

LSTs value of all the inputs for each pixel location using the Maximum function in cell statistics in 

ArcGIS Desktop. The Maximum function was used because some cloud edge pixels containing low 

LSTs remained even after removal of the cloud edge effects in the three images of the wet season. As 

a result, an edge effect pixel value only prevailed in the outcoming raster if that edge effect pixel 

value was the only pixel value present on that particular location in all of the input rasters. 

Consequentially, the influence of cloud pixels was minimized in the resultant seasonal LSTs, max 

rasters. These LSTs, max rasters together with the classified land cover map formed the basis of this 

research. 

 

2.4. Analysis 
2.4.1. Analysis of the SUHI effect 
The SUHI was analysed on two different scales. First, in the Greater Paramaribo Region to show the 

LST developments between the city core and the rural hinterland (Appendix 1). Secondly, the SUHI 

was analysed within the administrative boundary, to show the intra-SUHI of the city of Paramaribo 

(Appendix 2). 

On the basis of LSTmax values per land cover type, the SUHI effect was scaled using the most reported 

SUHI indicators in literature (Schwarz et al., 2011; Schwarz, Schlink, Franck, & Großmann, 2012). 

These indicators are summarized in Table 5. We followed the procedure as reported by the 

referenced studies closely, with the following exceptions. First, in the referenced studies in Table 5 

the mean LST value per land cover type of one satellite image was used for all of the mentioned 

indicators. However, in this study the mean LSTmax value was used instead, since seasonal 

composites were used to calculate the SUHI indicators as opposed to a single satellite image. 

Secondly, in this study a distinction was made between urban land cover and infrastructure, while in 

some of the referenced studies this difference was absent. In these studies, a combined built-up 

land cover class was used instead, which served as the urban land cover class needed to calculate 
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the several indicators that use urban temperatures. Therefore, for comparison reasons, in this study 

the SUHI indicators that include “urban” temperatures, were once calculated by only using the land 

cover type urban, and once by using a reclassified and combined land cover class termed “built-up” 

(combination of urban and infrastructure). 

Table 5. SUHI indicators used in this study. 

Indicator Units Quantification Related references 

Difference urban - other K Difference in mean LSTmax between urban 
area and all other areas 

(Dousset & Gourmelon, 2003), 
(Gallo et al., 1993), 
(Tomlinson, Chapman, Thornes, 
& Baker, 2012) 
(Zhou, Li, & Yue, 2010) 

Difference urban - water K Difference in mean LSTmax between urban 
area and water surface 

(Chen, Zhao, Li, & Yin, 2006) 

Difference core - rural K Difference in mean LSTmax between urban 
core (> 67% urban land use in 9 km²) and 
rural areas (< 25% urban land use in 25 km²) 
in the Greater Paramaribo Region 

(Verburg, van Berkel, van Doorn, 
van Eupen, & van den 
Heiligenberg, 2010) 

Hot island area km² Area with LSTmax higher than the mean plus 
one standard deviation 

(Zhang & Wang, 2008) 

Magnitude K Difference between maximum and mean of 
LSTmax 

(Rajasekar & Weng, 2009) 

Micro-UHI % Percentage of area (without water surfaces) 
with LSTmax higher than the warmest LSTmax 
associated with tree canopies 

(Aniello, Morgan, Busbey, & 
Newland, 1995) 

Standard deviation K Standard deviation of LSTmax (Schwarz et al., 2011) 

Note: All LSTmax values, except for the rural LSTmax, were measured within the administrative boundary.  

After the Greater Paramaribo Region SUHI was analysed, the intra-SUHI within the administrative 

boundary was analysed to study the cooling effect of UGSs. A non-parametric Kruskal-Wallis test was 

performed on the LSTs, max values per land cover class, to assess whether LSTs, max values were 

significantly different across different land cover types. The Kruskal-Wallis test was chosen to ensure 

robustness. Results of this statistical test were adjusted by the Bonferroni correction for multiple 

tests. To check if the LSTs, max per land cover type significantly differed between the wet and dry 

season, a non-parametric Wilcoxon signed-rank test was performed. All statistics in this study were 

performed using IBM SPSS Statistics 25, on a randomly taken sample of raster pixel values created 

with the CLUE modelling framework file converter 3 (Verburg & Overmars, 2009). A minimum 

distance of 90 meters between sample pixels was used in the sample to reduce autocorrelation and 

ensure independency.  

2.4.2. Analysis of the cooling effect of UGS 

2.4.2.1. The relationship between the LST and NDVI 

In previous research focusing on the relationship between LST and green vegetation, green 

vegetation is mostly represented by NDVI (e.g. Anniballe et al., 2014; Cui & Shi, 2012; Estoque et al., 

2017; Simanjuntak et al., 2019; Wardana, 2015). Thus, the relationship between LST and NDVI is of 

interest, as NDVI is a fast and easily applicable measure that reflects the intensity of green in a 

landscape. The relation analysis between LST and NDVI was performed twice, once on a random 

sample of pixels taken from the administrative boundary and once on a random sample taken from 

the administrative boundary after water surface was excluded. This was done because NDVI values 

range from -1 to 1, increasing with the greenness of the landscape. Negative values and values close 

to zero generally correspond to barren or constructed areas, while low positive values generally 

represent shrub and grassland. High values approaching one indicate very dense green land cover, 

such as temperate and tropical rainforest. However, the lowest NDVI values approaching -1 (very 
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low intensity of green) generally correspond to water (Sentinel Hub, n.d.). This is due to the fact that 

water has a relatively low reflection in both the near infrared spectral band and the red spectral 

band. The main aim of this study is to explore the relationship between UGSs and LST, this 

relationship, using NDVI as an indicator for UGS, showed that in general UGSs have a high NDVI 

value and a low LST. Since water, like UGS, in general has a low LST but unlike UGS, it has a very low 

NDVI, water interfered strongly with the correlation between LST and NDVI, when NDVI was used as 

an indicator of UGS. (Cai, Han, & Chen, 2018; Zhang, Estoque, & Murayama, 2017). As a result, a 

substantial amount of low LST values also corresponded with water (low NDVI values), while we 

were mainly interested in the relationship between UGS (high NDVI values) and LST.  

A Pearson’s correlation analysis was performed to test for a statistically significant relationship 

between the LST and NDVI and to measure the strength of this relationship. A linear regression 

analysis was conducted to describe the impact of a unit NDVI change on the LSTs, max. The correlation 

and regression were performed on a random sample, with a minimal distance of 90 meters between 

the sample points. 

2.4.2.2. The relationship between the LST and land cover type 

In this study of the relationship between UGS and the SUHI, landscape metrics were used to study 

the composition and configuration of UGS in the landscape. (Du et al., 2019; Li, Zhou, & Ouyang, 

2013; Maimaitiyiming et al., 2014; Simanjuntak et al., 2019). The landscape metrics of different land 

cover classes were calculated from the classified land cover map shown in Figure 4, using Fragstats 

4.2 (McGarigal, Cushman, & Ene, 2012).  

The influence of the eight different land cover classes on the LST was studied using the Percent of 

Landscape (PLAND) metric. PLAND is a class metric, describing how much area of a landscape is 

covered by a certain class (McGarigal, 2015). This metric generated land cover density maps, using a 

moving window method with a circular kernel for a certain radius around a pixel. The PLAND metric 

was used instead of the pixel land cover type, because with the PLAND also the influence of the land 

cover in the environment of a pixel on the LST on that pixel is taken into account. This is in line with 

several studies that used the PLAND metric and thereby addressed this influence from the 

environment on LST (Du et al., 2019; Li et al., 2013; Maimaitiyiming et al., 2014; Simanjuntak et al., 

2019; Wardana, 2015). The radius of optimal influence was determined through a Pearson’s 

correlation analysis between LSTs, max and different PLAND radii that used UGS as land cover class 

(following Wardana, 2015). The optimal radius was chosen based on the highest Pearson’s 

correlation coefficient. In this calculation UGS is a reclassified land cover class containing all four 

green land cover types, grass, mixed low vegetation, mangrove and trees. Since the main goal of this 

research was to determine the cooling effect of UGS, the combined UGS class was used to determine 

the optimal influence radius. 

Thereafter this optimal radius for UGS was used as radius for the moving kernel in the PLAND metric 

for each individual land cover type. As a result, eight different 30m resolution rasters of the 

administrative boundary were created, with each cell displaying a percentage of a particular land 

cover type in its surrounding. These eight-land cover density rasters were then associated with the 

LSTs, max values in the wet and dry season. This analysis was done on the same random sample as was 

used for the NDVI analysis. The analysis on the influence of the individual land cover types on LST 

comprised of Pearson’s correlations and simple linear regressions. 

However, before each individual land cover was correlated against the LSTs, max the 0% values were 

filtered out of the sample. The PLAND percentage only gives information on the presence of the 

selected land cover type. So, a 0% PLAND value only meant that there was 0% of the selected land 
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cover present, but not what land cover was present instead. This caused a large scatter in the 

correlation of all land cover types with LSTs, max around the 0% value, also influencing regression 

results. Therefore, the sample points with a 0% PLAND value of the selected land cover type were 

filtered out before the correlation analysis was performed. 

The individual simple linear regressions were carried out in order to provide insight into the 

individual relationships between land cover types and LST. However, even after filtering out the 0% 

values, a substantial part of the land cover at the lower percentages remained unexplained in the 

individual analyses. This results in an unclear relationship between LSTs, max and PLAND around the 

lower PLAND values. To overcome these disturbances and in order to provide a complete overview 

of the relationship between land cover percentages and LST, the PLAND’s of the land cover types 

were combined in a multiple linear regression against LSTs, max. The PLAND values of the eight land 

cover types are fractional data that together sum up to a hundred percent. Therefore, in order to 

fully investigate the influence of the different land-cover types, the multiple linear regression models 

tested consisted of all combinations of all eight land-cover types minus one. From these models the 

best representative model was selected on the basis of the proportion of variance was explained by 

the models (R²). In addition, in order to select the best model, the number of times was counted that 

the coefficient of each land cover switched sign. The ones that switched sign least were the most 

evident heaters and coolers, and so needed to be included in the model the most. 

2.4.2.2. The relationship between the configuration of UGS and its cooling effect 

Next to the question whether UGS cool the surface, this study aimed to analyse the influence of the 

spatial configurations of UGS on this cooling effect. This relationship between spatial configurations 

of UGS and temperature was analysed on the basis of the most widely used spatial metrics (e.g. Du 

et al., 2019; Estoque et al., 2017; Li et al., 2013; Maimaitiyiming et al., 2014; McGarigal et al., 2012; 

Simwanda et al., 2019; Wardana, 2015). The selected class metrics were: Aggregation index (AI), 

Landscape shape index (LSI), Edge density (ED) and Patch Density (PD). These were selected because 

they are the most commonly used metrics in previous research, and when combined they provide a 

complete overview of the shape complexity and distribution of UGS. The detailed descriptions and 

computing equations of these metrics are listed in Table 6.  

Table 6. Class metrics used in this study. 

Metric (abbreviation) Description Equation Units 

Percent landscape 
(PLAND) 

Proportion of the landscape occupied by 
corresponding class. 𝑃𝐿𝐴𝑁𝐷 =  

∑ 𝑎𝑖𝑗
𝑛
𝑗=1

𝐴
(100) % 

Aggregation index  
(AI) 

AI equals the number of like adjacencies 
involving the corresponding class, divided by 
the maximum possible number of like 
adjacencies involving the corresponding class. 

𝐴𝐼 =  [
𝑔𝑖𝑖

𝑚𝑎𝑥 → 𝑔𝑖𝑖
] (100) % 

Landscape shape index 
(LSI) 

Perimeter of patch divided by the minimum 
perimeter possible for a maximally aggregated 
class. 

𝐿𝑆𝐼 =  
. 25 ∑ 𝑒𝑖𝑘

∗𝑚
𝑘=1

√𝐴
 - 

Edge density 
(ED) 

Total length of all edge segments of 
corresponding class divided by the total 
landscape area per hectare. 

𝐸𝐷 =  
∑ 𝑒𝑖𝑘

𝑚
𝑘=1

𝐴
 (10,000) m/ha 

Patch density 
(PD) 

Number of patches per unit area of 
corresponding class 

𝑃𝐷 =
𝑛𝑖

𝐴
(10,000)(100) 

Number 
per km² 

aij = area of class ij (m²); A = total landscape area (m²); gii = number of like adjacencies between pixels of class i based on 

single count method; max-gij = maximum number of possible like adjacencies between pixels of class i; eik = total length of 

edge of class i in landscape (m); ni = number of patches in the landscape of class i. (McGarigal, 2015) 

These class metrics were calculated for the combined UGS class using the same optimal radius of 

influence that was used for the PLAND metric. Afterwards, the values of the several class metrics 
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were associated with the LSTs, max values of the different seasons. This was done again performing 

Pearson’s correlations and simple regressions on a random sample. 

2.4.2.3. Influences of major thermal centres on LST 

In order to finally predict the LST within the city of Paramaribo on the basis of several land cover 

characteristics, the influence of the major thermal centres on LST needed to be analysed. This was 

necessary because previous research pointed out that for example distances from thermal centres 

as the city centre or the sea also had a substantial influence on the LST (Cai et al., 2018; Estoque et 

al., 2017; Marando et al., 2019; Simwanda et al., 2019; Wardana, 2015). Subsequently, distance 

rasters originating from thermal centres were created, using the Euclidean distance tool in ArcGIS 

Desktop, to study their thermal influence on their environment (Estoque et al., 2017; Marando et al., 

2019; Simwanda et al., 2019; Wardana, 2015). The thermal centres that were selected in this study 

are the urban city centre, the coastline and the Suriname river. For the urban city centre, the 

Vaillantssquare was selected because of its central position in the economic centre of the city and its 

recognizability due to the monument for the colonial parliament that is situated on the square. 

These distance rasters were related to LSTs, max values from different seasons within a random 

sample through individual Pearson’s correlations and simple regressions. 

2.4.2.4. The effect on LST of all land cover features combined. 

After all variables were analysed individually, three multiple linear regressions were applied on a 

restricted number of selected variables. The number of variables was restricted in this process to 

ensure better variable analysis within the regression models. The multiple linear regression models 

investigated how changes in land cover features could best describe the LST during the research 

period while testing one of the formed hypotheses. The dependent variable used to test the three 

hypotheses formed was LSTs, max. The input variables for each model were selected on the basis of 

the hypothesis that the model tested. Based on the original research questions and the results of the 

individual simple regression analyses, three central hypotheses were formulated, to confirm these 

results in multiple linear regression analyses. 

1. Impervious urban surface increases surface temperatures. 

2. UGS cools the surface. 

3. Trees are the UGS type that cools the surface most effective. 

By means of the multiple linear regressions, it was tested whether the main findings of the individual 

relationships with LSTs, max found were still valid when the influence of other indicators was added. 

As variables for each model, the combination of the least possible variables was chosen that still test 

the hypothesis well while minimizing loss of explanatory power when compared to the model 

including all 18 variables. In the selection process all land cover types, class metrics, distances from 

thermal centres and NDVI were considered. In this selection process the maximum correlation 

between model variables allowed was 0.7 to prevent multicollinearity, a threshold value which is 

applied in studies that performed comparable analyses (Van Der Zanden, Verburg, & Mücher, 2013).  

2.4.2.5. Detailed analysis on LST across several geographical specifics in Paramaribo  

Due to the tropical climate, Paramaribo has a different site-specific vegetation than most of the 

cities whose UHI effect was analysed, as they are generally located in temperate zones. (Perera & 

Emmanuel, 2018). To obtain more knowledge on these UGSs that are specific to the tropics, a 

fieldtrip was conducted as part of this research. During the fieldtrip typical green features for the 

city of Paramaribo were determined. These typical green features were subdivided into 13 groups 

differing in vegetation characteristics. The locations of these green features were documented, as 

was their land cover, in detail using the ESRI Collector app for ArcGIS. Afterwards, the LSTs, max values 
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of the green features were extracted. As a result, an analysis was done on the cooling effects on the 

LST of these 13 different green feature groups on the LST. Results of this analysis provides the city 

council with a good overview of the cooling effect of the different UGSs across the city. 

To extend the analysis of which vegetation type most effectively cooled the land surface in the city 

of Paramaribo, cold spots were selected in addition to the selected green features. These were 

selected purely on the lowest LSTs, max values within the administrative boundary. Thus, based on the 

LST data, considered in this study, these sites had proven to effectively reduce local LST over time. 

LST. During the fieldtrip the land cover characteristics on these selected cold spots were 

documented.  

After all green spaces and cold spots were selected, located and visited, they were grouped 

according to their size and vegetation characteristics. Next, LST values were extracted from all pixels 

on the different groups of green features and cold spots. In addition to these descriptive analyses of 

all pixels, a random sample was taken and analysed for both green features and cold spots. This 

sample analysis consisted of a Kruskal-Wallis test to check whether the LSTs, max distribution between 

the groups was statistically different. The Kruskal-Wallis test was followed by a Wilcoxon signed-rank 

test that checked whether the LST within the groups differed significantly between the wet and dry 

seasons. This analysis was performed once for the selected green feature groups and once for the 

selected cold spot groups.  

Lastly, different neighbourhoods were also visited that differed in SES of their inhabitants. This was 

carried out to check if the amount and type of UGS differed between these neighbourhoods and so 

indirectly between levels of SES. This potential differentiation of UGS between different levels of 

SES, would then also reflect in different average LST values. This relation was tested on the basis of 

the 30m resolution raster that divided the administrative boundary of Paramaribo in 

neighbourhoods classified on their SES (Figure 5). The LSTs, max differences between the residential 

classes were analysed in the same manner as the green features and cold spots, using a Kruskal-

Wallis and a Wilcoxon signed-rank test.  

2.4.3. Analysis of the relationship between LST and air temperature 

2.4.3.1. SUHI vs CLHI 

The SUHI between the urban core of the city and its rural surrounding was determined in LST 

according to the criteria stated in Table 5. In addition, within the overarching “Towards a Green and 

more Liveable Paramaribo” project, the difference in air temperature between the urban core and 

its rural hinterland was also obtained. This data was collected via an outdoor temperature logger 

that was placed on the most rural location that was available. Available, meaning a location that was 

under supervision from someone known within the project, to prevent it from being stolen. As a 

result, the outdoor temperature logger was placed just outside the Greater Paramaribo Region, see 

Appendix 3 for the exact location on the map. This rural outdoor temperature logger was only 

operational since December 7th, 2019, meaning that none of the analysed Landsat images were 

obtained in the same period. However, December 7th, 2019, is around the same period of the start of 

the short rainy season (early December – late January). So, to still provide a good overview of the 

CLHI, the hourly air temperatures of the outdoor temperature loggers from December 7th, 2019 to 

January 31st, 2020 were averaged, to create some reference air temperatures for the LST values from 

the wet season. Outdoor temperature loggers 1 and 2, of which an example is shown in Appendix 4, 

were placed on locations within the urban core and therefore provided the urban core air 

temperatures during the same short rainy season to subsequently calculate the CLHI. The resulting 
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CLHI was then compared to the SUHI in the wet season that was obtained through LST extraction 

from remote sensing data.  

2.4.3.2. Relationship between LST and air temperature found in the city of Paramaribo 

The relationship between LST and air temperature was analysed through a comparison between air 

temperature measurements performed by outdoor temperature loggers placed on different 

locations within the administrative boundary and LST values on the same locations (Figure 6). The 

outdoor temperature loggers were placed at different heights that were on average about two 

meters above the ground and mostly out of the sun. The comparison between LST and air 

temperature was done on air temperature data obtained by the outdoor temperature loggers at 2 

pm on 8 September 2019. This was due to the fact that this was the only time that one of the 

analysed LST images was taken within the operational period of the outdoor temperature loggers. 

In addition, through the meteorological service of Suriname, air temperature records were obtained 

for the measuring stations Cultuurtuin and Zorg en Hoop (Figure 6). At these two locations, 

comparisons were performed for all seven acquisition dates of the Landsat images.   

 

Figure 6. Locations of the outdoor temperature loggers and of the two air measuring stations of the meteorological service. 
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2.5. Workflow 
To provide a complete overview, the methods used in this study are summarized in a flow diagram 

shown in Figure 7. 

 

Figure 7. Workflow of methods used in this study. Each box provides the input data and methodology used for a given task. 
The flow paths (lines) start at boxes on the top (right) that contain the input data, then they proceed to a processing box in 
the middle to end in an analysis box at the bottom (left). The line colours separate main subjects of the research: LST (blue), 
local detailed Paramaribo specifics (black), land cover-based analysis (green), and air temperature (red). 
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3. Results 
3.1. Analysis of the SUHI 

3.1.1. Spatial characteristics of the SUHI in the Greater Paramaribo Region 
Table 7 gives an overview of the LST in the Greater Paramaribo Region on the dates that the satellite 

images were taken. The table shows an average LST of 27.2 °C for the dry season and an average LST 

of 25.7 °C for the wet season. The seasonal average minimum LST within the dry and wet season 

were of equal magnitude (23.6 and 23.7 °C), but the average seasonal maximum LST within the 

Greater Paramaribo Region was higher in the dry season (36.7 °C) than in the wet season (33.4 °C). 

This resulted in a larger range of LST values in the Greater Paramaribo Region in the dry season than 

in the wet season. This is an indication of a larger UHI effect within the dry season than within the 

wet season. The detailed LST maps of the Greater Paramaribo Region on the separate dates of 

acquisition are shown in Appendix 1. 

Table 7. LST of the Greater Paramaribo Region extracted from Landsat images, including minimum, maximum, range, mean 
and standard deviation. 

The Greater Paramaribo Region 

Season Date Landsat Image 
LST (°C) 

Min.  Max. Range  Mean S.D. 

Dry 

15/10/2015 24.4 41.4 17.0 28.8 2.2 

01/10/2016 23.6 35.3 11.7 27.1 1.8 

21/09/2018 23.6 36.2 12.6 27.5 1.9 

08/09/2019 22.8 33.8 11.0 25.5 1.7 

Average dry 23.6 36.7 13.1 27.2 1.9 

Wet 

29/07/2016 24.4 34.5 10.1 26.6 1.5 

14/06/2016 21.9 30.1 8.2 23.6 1.2 

04/08/2018 24.8 35.7 10.9 26.8 1.6 

Average wet 23.7 33.4 9.7 25.7 1.4 

 

The two seasonal maximum LST (LST max) maps are shown in Figure 8 (a & b). In addition of the LSTmax 

maps also the corresponding standardized maximum LST (LSTs, max) maps are shown in Figure 8 (c & 

d). 
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Figure 8. Spatial pattern of LSTmax in the dry (a) and wet (b) season and LSTs, max in the dry (c) and wet (d) season in the 
Greater Paramaribo Region. 
Note: White spots are areas where clouds were present in all the images used to create the seasonal composites, 
these clouds were removed. Therefore, the white spots in the seasonal images indicate no data. 

3.1.2. Spatial characteristics of the intra-SUHI in the administrative boundary 

3.1.2.1. Temperature distribution in the administrative boundary of Paramaribo 

The intra-SUHI was studied on the basis of LST maps within the administrative boundary. The results 

of these LST maps are summarized in   
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Table 8. The table shows an average LST of 29.1 °C for the dry season and an average LST of 26.9 °C 

for the wet season. Therefore, the average LST in the administrative boundary was 1.9 °C higher in 

the dry season and 1.3 °C higher in the wet season compared to the Greater Paramaribo Region 

(Table 7). In the wet season, the seasonal average minimum LST within the administrative boundary 

was 1.1°C higher in the dry season (24.8 °C) than in the wet season (23.7 °C). The average seasonal 

LSTmax within the administrative boundary was the same as for the Greater Paramaribo Region in 

both seasons, indicating that all of the LSTmax values within the Greater Paramaribo Region occurred 

within the administrative boundary. This resulted in a slightly smaller range in LST values in the dry 

season within the administrative boundary than within the Greater Paramaribo region. This indicates 

an UHI effect between the city of Paramaribo and its rural hinterland. The detailed LST maps of the 

administrative boundary on the individual acquisition dates are set out in Appendix 2. 
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Table 8. LST extracted from Landsat images within the administrative boundary. 

Administrative Boundary 

Season Date Landsat Image 
LST (°C) 

Min.  Max. Range  Mean S.D. 

Dry 

15/10/2015 25.6 41.4 15.8 30.6 2.5 

01/10/2016 25.0 35.3 10.3 28.8 2.2 

21/09/2018 25.8 36.2 10.4 29.5 2.2 

08/09/2019 22.9 33.8 10.9 27.4 2.2 

Average dry 24.8 36.7 11.9 29.1 2.3 

Wet 

29/07/2016 24.4 34.5 10.1 28.0 2.2 

14/06/2016 21.9 30.1 8.2 24.5 1.7 

04/08/2018 24.8 35.7 10.9 28.1 2.2 

Average wet 23.7 33.4 9.7 26.9 2.0 

 

Seasonal composition of the LSTmax values of the individual images resulted in two seasonal LSTmax 

maps shown in Figure 9 (a & b). Again, for comparability reasons two seasonal LSTs, max  maps were 

created Figure 9, (c & d) which, in combination with the classified land cover map, formed the basis 

of this research.  

 

Figure 9. Spatial pattern of LSTmax in the dry (a) and wet (b) season and LSTs, max in the dry (c) and wet (d) season in the 
administrative boundary. 
Note: White spots are areas where clouds were present in all the images used to create the seasonal composites, 
these clouds were removed. Therefore, the white spots in the seasonal images indicate no data. 
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3.1.2.2. Land cover based descriptive pixel analysis of LST in the administrative boundary  

The mean LSTs, max values and the standard deviations of the different land cover classes in the 

administrative boundary are shown in Figure 10Error! Reference source not found.. The 

corresponding descriptive analysis, including a figure similar to Figure 10, of the Greater Paramaribo 

region is shown in Appendix 5. The full descriptive analysis of the Greater Paramaribo Region and 

the administrative boundary are shown in Appendix 6 and 7, respectively. 

 

Figure 10. Mean LSTs, max values per land cover class, including error bars displaying the standard deviation, in the 
administrative boundary in the dry and wet season. 

The results show that in general the LSTs, max values for the different land cover types were either 

lower or higher than average in both the wet and the dry season. This means that every land cover 

type either heated or cooled the surface independent of the season. The order of magnitude of this 

heating or cooling effect was dependent on the land cover type and the season. The highest 

temperatures in both seasons prevailed on the most sealed and constructed land cover types, 

specifically urban (1.4 ± 0.6 & 1.3 ± 0.8 °C) and infrastructure (1.2 ± 0.6 & 1.1 ± 0.8 °C). The LSTs, max 

values were lower, but still higher than the average temperature, for the land cover type bare soil 

(0.8 ± 0.6 & 0.5 ± 0.8 °C). Land covered with grass showed on average slightly higher than average 

LST values within the dry season (0.3 ± 0.7 °C) and exactly average LST values within the wet season 

(0 ± 0.7 °C). The rest of the land cover types had an average LST value that was below the average 

LST value of the administrative boundary and so had a cooling effect on the LST. Mixed low 

vegetation showed the smallest cooling effect (-0.3 ± 0.6 & -0.6 ± 0.5 °C). This cooling effect was 

larger on land covered by trees (-1 ± 0.4 & -0.9 ± 0.3 °C), but was largest on land covered by 

mangrove (-1.1 ± 0.4 & -0.9 ± 0.3).  

The Kruskal-Wallis test showed that both the dry season LSTs, max values and the wet season LSTs, max 

values were significantly affected by land cover type (Hdry(7) = 2691.87, p < .001 & Hwet(7) = 2245,27, 
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p < .001). To follow up on these findings pair-wise comparisons were performed using Mann-

Whitney tests. The detailed results of the Kruskal-Wallis test and the pair-wise comparisons are 

shown in Appendix 8. These resulted in the conclusion that almost all groups had significantly 

different LSTs, max values within the dry season, when compared to each other. Only the differences 

in LSTs, max between the land cover types mangrove and trees (U = 10251, r = -.22), water and trees 

(U = 31334, r = -.29), and infrastructure and urban (113511, r = -.14) were non-significant. In the wet 

season it appeared that LSTs, max values were not significantly different between the land cover types 

trees and mangrove (U = 11664, r = -.093), water and mixed low vegetation (U = 196156, r = -

0.0016), and infrastructure and urban (U 109577, r = -.098). Except for these three combinations of 

land cover, all other possible combinations of land cover types had significantly different LSTs, max 

values in the wet season. This conclusion is in line with the mean values of LSTs, max values of the 

different land cover types displayed in Figure 10. 

Besides the differences between different land covers the results also showed differences in LSTs, max 

on the same land cover type between seasons. A larger heating effect was visible on the constructed 

land cover types, bare soil and grass in the dry season than in the wet season. On the contrary, 

larger cooling effects were also observed for the vegetated land cover types in the dry season than 

in the wet season. To check if these seasonal differences per land cover type were statistically 

significant, a non-parametric Wilcoxon signed-rank test was performed. The results of this test, 

displayed in detail in Appendix 9, point out that these seasonal differences per land cover type were 

all statistically significant. 

3.1.2.3. Analysis of the SUHI in the city of Paramaribo according to widely used SUHI-indicators  

The results of the SUHI indicators are shown in   
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Table 9. They reveal that the SUHI indicators are quite similar when either using the urban land 

cover type or the combined built-up land cover. The LSTmax on urban land was clearly higher than all 

other classes of land use in both the dry and wet season. This temperature difference was even 

larger when not all other land use was considered but just land covered by water. Moreover, the 

difference between urban and water surfaces was about 2 K larger in the dry season than in the wet 

season, indicating a larger SUHI effect in the dry season. The slightly higher value of the Magnitude 

indicator in the dry season than in the wet season supports this indication. The Micro-UHI indicator, 

on the other hand, showed a slightly higher UHI effect in the wet season. This was due to the fact 

that in the dry season, 12.3 % of the total area had a higher LSTmax value than the maximum LSTmax 

value on the tree-covered land, whereas in the wet season this was 15.3 %. The difference between 

the mean LSTmax in the urban core and the rural hinterland in the Greater Paramaribo Region was 

around the same magnitude in the dry and wet season. In conclusion, when comparing all SUHI 

indicators, most indicators show a slightly larger SUHI in the dry than in the wet season, however 

these differences are small. 
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Table 9. SUHI indicators at 14:00 hrs, local time, for both seasons, once taking only the urban land cover type as "urban" 
and once using a combination of urban and infrastructure in the form of a reclassified built-up land cover class as 
“urban” 

SUHI Indicators 

Indicator Units Quantification 
Dry season Wet season 

Urban Built-up Urban Built-up 

Difference 
urban - other 

K 
Difference in mean LSTmax between 
urban area and all other areas 

3.1 3.5 2.8 2.8 

Difference 
urban - water 

K 
Difference in mean LSTmax between 
urban area and water surface  

5.4 5.3 3.7 3.5 

Difference 
core - rural 

K 

Difference in mean LSTmax between 
urban core (> 67% urban land use 
in 9 km²) and rural areas (< 25% 
urban land use in 25 km²) in the 
Greater Paramaribo Region 

5.3 5.1 

Hot island 
area 

km² 
Area with LSTmax higher than the 
mean plus one standard deviation 

33.4 32.6 

Magnitude K 
Difference between maximum and 
mean of LSTmax 

10.9 8.1 

Micro-UHI % 

Percentage of area (without water 
surfaces) with LSTmax higher than 
the warmest LSTmax associated with 
tree canopies 

12.3 15.3 

Standard 
deviation 

K Standard deviation of LSTmax 2.5 2.4 

Note: All areas and LSTmax values, except for the rural areas and LSTmax, are measured within the administrative boundary.  

 

3.2. Analysis of the cooling effect of UGS 

3.2.1. Relationship between the LST and NDVI within the administrative boundary. 
The results of the correlation analysis between the LSTs, max and the NDVI are shown in Table 10.  

Table 10. Pearson’s correlation (r) of seasonal LSTs, max values and NDVI once using a sample of the whole administrative 
boundary and once using a sample after water was excluded from the administrative boundary. N = number of 
pixels in sample.  

NDVI 

Pearson’s Correlation 

Dry season Wet season 

N r  N r  

NDVI (all) 12064 -.264* 11364 -.364* 

NDVI (no water) 10516 -.813* 9902 -.805* 
* Statistically significant at the .001 level (2-tailed). 

The results in Table 10 show the interference of water in the relationship between LST and NDVI. 

When all land cover was considered, there was only a small to medium negative correlation between 

LST and NDVI in the dry (-.264) and wet (-.364) season. This indicates that when the NDVI increased, 
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LSTs, max decreased, or vice versa since Pearson’s correlation does not indicate the direction of 

causality (Field, 2009). The correlation disturbance is seen in the large increase in correlation 

coefficient when water was excluded from the analysis. This exclusion resulted in a notably strong 

negative relationship between LST and NDVI in both the dry (-.813) and wet (-.805) season.  

 

Figure 11. Scatterplots, including regression line, of LSTs, max vs NDVI with water in the dry (a) and wet (b) season, and of 
LSTs, max vs NDVI without water in the dry (c) and wet (d) season. 

The disturbance of the relationship due to water was also clearly visible in the scatterplots, shown in 

Figure 11. Scatterplots a and b in Figure 11 show a substantial point cloud in the lower left corner of 

the grid. These values are clearly influencing the general downward pattern of the values. The 

regression lines are therefore also highly influenced in both the dry (y = 0.577 - 0.833x, R² = 0.007, p 

< .001) and wet (y = 0.568 - 1.138x, R² = 0.133, p < .001) season. The disturbing values are also those 

with the lowest NDVI values. When water was excluded from the sample, these values did not show 

on the scatterplots anymore, proving that these disturbing points were points on water. The two 

scatterplots c and d in Figure 11 show a significant and strong relationship between LSTs, max and 

NDVI in both the dry (y = 2.038 - 3.221x, R² = 0.660, p < .001) and wet (y= 1.889 - 3.296x, R² = 0.648, 

p < .001) season.  

3.2.2. Relationship between the LST and the land cover composition in the surrounding area 

within the administrative boundary. 
There was a statistically significant negative correlation between the LSTs, max values and the 

percentage of UGS for every radius in both the wet and dry season (Table 10 & Table 11). So, this 

means that when the density of green cover around a pixel increased, the LSTs, max on that pixel 

tended to decrease. The Pearson’s correlation coefficient was highest when the radius of the moving 

window was about 90 meters (rdry, 90 = -.508, p < 0.01 & rwet, 90 = -.614, p < 0.01), Table 11. These 90 

meter correlation coefficients for the dry and the wet season both show that LSTs, max and UGS 
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density have a large and negative relationship (Cohen, 1988). Since the correlation coefficient was 

lower when the radius of the moving window surpassed 90 meters and started decreasing when the 

radius increased to 200 meters, the process was stopped.  

Table 11 shows the results of the Pearson’s correlations between the pixel LSTs, max value and the 

PLAND of UGS for an increasing radius. The results showed a statistically significant negative 

correlation between the LSTs, max values and the percentage of UGS for every radius in both the wet 

and dry season. So, this means that when the density of green cover around a pixel increased, the 

LSTs, max on that pixel tended to decrease. Averaging over the wet and dry season it is seen in Table 

11 that the Pearson’s correlation coefficient was highest when the radius of the moving window was 

about 90 meters (rdry, 90 = -.508, p < .01 & rwet, 90 = -.614, p < .01). Both of these correlation 

coefficients show that LSTs, max and UGS density have a large and negative relationship (Cohen, 1988). 

Since the correlation coefficient flattened out when the radius of the moving window surpassed 90 

meters and started decreasing when the radius increased to 200 meters, the process was stopped.  

Table 11. Pearson’s correlation (r) of seasonal LSTs, max values and PLAND for different radii used in the focal analysis. 

Pearson’s Correlation Coefficient 

Radius (m) Dry season Wet season 

10 -.477* -.564* 

20 -.486* -.575* 

30 -.496* -.589* 

40 -.502* -.597* 

50 -.506* -.604* 

60 -.508* -.608* 

70 -.509* -.611* 

80 -.509* -.613* 

90 -.508* -.614* 

100 -.507* -.614* 

110 -.506* -.614* 

120 -.505* -.614* 

130 -.504* -.613* 

140 -.502* -.613* 

150 -.500* -.612* 

160 -.499* -.611* 

170 -.497* -.610* 

180 -.477* -.564* 

190 -.493* -.607* 

200 -.491* -.605* 

Number of observations 12064 11364 
                                 * Statistically significant at the .001 level (2-tailed). 

After the optimal radius of influence was determined at 90 meters by using the combined UGS class, 

the individual relationship of all eight land cover classes with the LST was analysed. This was done by 

running the PLAND metric, using a moving window of 90 meters, for each class individually. This 

resulted in eight different rasters within the administrative boundary, with each pixel displaying the 

percentage of land covered by a certain land cover type in a 90-meter radius around the pixel. Figure 

12 shows the result of this process for the combined land cover class UGS in the dry and wet season. 
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Figure 12. Percentage of UGS in a 90-meter radius around focal cell in the Administrative boundary in the dry (a) and wet 
(b) season. 
Note: White spots are areas where clouds were present in all the images used to create the seasonal composites, 
these clouds were removed. Therefore, the white spots in the seasonal images indicate no data. 

The results of Pearson’s correlations of LST with the PLAND values of the individual land cover types, 

after 0% values were filtered out, are shown in Table 12. 

Table 12. Pearson’s correlation (r) of seasonal LSTs, max values and PLAND values of the combined land cover class UGS and 
of all individual land cover types, after 0% values were filtered out. N = number of pixels in sample.  

Pearson's Correlation 

Land cover UGS Urban Infra 
Bare 
soil 

Grass 
Mixed 

low veg 
Trees Mangrove Water 

Dry Season  
N 10723 7210 8222 8695 9674 9669 3399 1933 2830 

r -.822* .772* .792* .247* -.146* -.576* -.475* -.553* -.670* 

Wet Season 
N 10120 6772 7707 8177 9144 9134 3238 1855 2695 

r -.848* .789* .816* .155* -.258* -.611* -.392* -.409* -.514* 

* Statistically significant at the .001 level (2-tailed). 

To correctly interpret the results shown in Table 12 scatterplots were produced for each of the 

individual relationships between the land cover PLAND (90m) values and the LSTs, max values. These 

scatterplots for the dry season are shown in Figure 13, and for the wet season in Appendix 10. Table 

12 shows that LSTs, max and the PLAND values for the different land cover types correlated in 

approximately the same direction and magnitude in the dry and wet season. The LSTs, max and the 

PLAND of the land cover UGS, mixed low vegetation, trees, mangrove and water showed a large 

negative relationship. If these land cover types increased around a pixel the LST on that pixel tended 

to decrease, or vice versa. Table 12 indicates that several types of UGS cool the surface. The PLAND 

of the land cover types urban and infrastructure showed a very strong positive relationship with LSTs, 

max since if these land cover types increased in a 90-meter radius around a pixel, the LST value on 

that pixel tended to increase, or vice versa. This result confirmed the basis of the SUHI effect, namely 

that impervious man-made urban surfaces heat the surface. The PLAND of the grass showed a small 

to medium negative effect on the LST, while the PLAND of bare soil showed a small to medium 

positive effect on LST. These land cover types were not correlated that strongly with LST which is 

also clearly seen in the scatterplots in Figure 13. It is clearly visible that there were as many pixels 

around bare soil (d) and grass (e) that had a higher than average LSTs, max, as pixels that had a lower 

than average LSTs, max. 
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Figure 13. Scatterplots, including regression line, of LSTs, max vs PLAND (90m) values of the combined land cover class UGS 
and of all individual land cover types in the dry season after the 0% PLAND values were filtered out. 
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To assess the heating or cooling effect of the different land cover types in more detail, linear 

regressions were performed on the LSTs, max (°C) values and the individual PLAND (%) values. These 

linear regressions predicted the LSTs, max value (y) from the PLAND value (x) of a land cover type. The 

results of these linear regressions are shown as a red line in the scatterplots in Figure 13 and as 

equation in Table 13. From the coefficient in the regression equation, the difference in LSTs, max value 

on a pixel can be predicted when the coverage, of the land cover in question, in a 90-meter radius 

around that pixel increased by 1%. The R², as a percentage, represents the amount of variation in the 

LSTs, max that can be explained by the model.  

Table 13. Linear regression results of LSTs, max and PLAND values of the combined land cover class UGS and of all the 
individual land cover types. 

PLAND Land Cover 
Dry Season Wet Season 

Equation R² Equation R² 

a) PLAND UGS (90m) y = 1.566 - 0.022x .676* y = 1.456 - 0.024x .720* 

b) PLAND Urban (90m) y = 0.012 + 0.038x .596* y = -0.324 + 0.045x .623* 

c) PLAND Infrastructure (90m) y = -0.234 + 0.044x .628* y = -0.588 + 0.051x .666* 

d) PLAND Bare soil (90m) y = 0.317 + 0.020x .061* y = 0.187 + 0.014x .024* 

e) PLAND Grass (90m) y = 0.637 - 0.007x .021* y = 0.556 - 0.014x .067* 

f) PLAND Mixed low vegetation (90m) y = 0.768 - 0.017x .331* y = 0.613 - 0.019x .373* 

g) PLAND Trees (90m)  y = -0.289 - 0.012x .225* y = -0.467 - 0.008x .153* 

h) PLAND Mangrove (90m) y = -0.171 - 0.012x .306* y = -0.330 - 0.007x .167* 

i) PLAND Water (90m) y = 0.360 - 0.013x .449* y = 0.147 - 0.009x .264* 

   * Statistically significant at the .001 level (2-tailed). 

Table 13 shows that much of the variation in LSTs, max could be explained by the variation in UGS 

(R²dry = .68 & R²wet = .72), urban (.60 & .62) and infrastructure (.63 & .67). However, variation in 

mixed low vegetation, trees, mangrove and water also accounted for substantial amounts of 

variation in LSTs, max. Bare soil and grass did not show a substantial influence on the LST. The 

coefficients of the regression equations in Table 13 showed that infrastructure and urban land cover 

were the largest heaters of the surface. An increase of 1% in infrastructure coverage in a 90-meter 

radius around a pixel would increase the LSTs, max on that pixel with 0.044 °C in the dry season and 

with 0.051 °C in the wet season. When the different types of UGS are considered, Table 13 indicates 

that mixed low vegetation (-0.017 & -0.019) was the biggest cooler of the surface, followed by trees, 

mangroves and grass. However, observation of the scatterplots in Figure 13 reveals that the average 

temperature on land covered with trees and mangrove is on average cooler than land covered with 

mixed low vegetation. 

Due to the lack of information on land covered by a different land cover type than the selected one, 

the relationships between LST and land cover types were disturbed at lower PLAND percentages. 

Therefore, in order to test the influence of different land cover types on LST more extensively, all 

possible combinations of seven out of the eight land cover type densities (PLANDs) were combined 

in seven multiple linear regression models. During the selection process for the best model, it 

appeared that the model had to explain two patterns, namely a heating pattern and a cooling 

pattern. When one of the heating variables was left out of the regression model (infrastructure or 

urban), then the cooling variables had a very strong influence and the model explained the cooling 

pattern. However, the influence of the other heater became negligible. When one of the strong 

cooling variables (trees or mangrove) was left out of the model, the model explained the heating 

pattern and the heating variables had a very strong influence, while the influence of the other strong 

cooling variable became negligible.  
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For all seven land cover combinations, the proportion of variance in LSTs, max explained by the model 

(R²) was around the same value. The land cover types which switched signs most were grass and 

bare soil. Consequentially, the best explaining model was that without the inclusion of grass or bare 

soil. The best model between the two was then selected based on the coefficient of each land cover 

minus the average coefficient of that land cover in all the possible models of 7 land cover types. As a 

result, the model did not contain the PLAND value for bare soil. The results of these multiple linear 

regression models are shown in Table 14. 

Table 14. Multiple linear regressions to predict LSTs, max in the dry (upper) and wet season (lower) based on PLAND for all 
land cover types except bare soil. 

Land Cover Model Dry Season 

Coefficients Dry Season 

R² 

Unstandardized 
coefficients 

Standardized 
coefficients 

t Sig. 
B 

Std. 
Error 

β 

Constant 0.221 0.035  6.242 .000 

.862 

PLAND Urban (90m) 0.018 0.001 0.287 34.997 .000 

PLAND Infrastructure (90m) 0.018 0.001 0.288 32.450 .000 

PLAND Grass (90m) -0.002 0.000 -0.042 -4.841 .000 

PLAND Mixed low vegetation (90m) -0.008 0.000 -0.222 -20.437 .000 

PLAND Trees (90m) -0.016 0.000 -0.246 -39.428 .000 

PLAND Mangrove (90m) -0.014 0.000 -0.229 -34.531 .000 

PLAND Water (90m) -0.011 0.000 -0.356 -30.039 .000 

 

Land Cover Model Wet Season 

Coefficients Wet Season 

R² 
Unstandardized 

coefficients 
Standardized 
coefficients 

t Sig. 
B 

Std. 
Error 

β 

Constant -0.622 0.035  -17.888 .000 

.871 

PLAND Urban (90m) 0.029 0.001 0.461 56.452 .000 

PLAND Infrastructure (90m) 0.029 0.001 0.461 52.220 .000 

PLAND Grass (90m) 0.001 0.000 0.011 1.263 .207 

PLAND Mixed low vegetation (90m) -0.002 0.000 -0.053 -4.885 .000 

PLAND Trees (90m) -0.005 0.000 -0.071 -11.361 .000 

PLAND Mangrove (90m) -0.003 0.000 -0.051 -7.608 .000 

PLAND Water (90m) -0.001 0.000 -0.024 -2.075 .038 

 

The results in Table 14 show that when all land cover types except for bare soil were taken into 

account, urban and infrastructure had a similar heating effect in both seasons (Bdry = 0.018 & Bwet = 

0.029). Land covered with grass showed a very small cooling effect in the dry season (-0.002) and a 

non-significant influence in the wet season. Water (-0.011 & -0.001) and mixed low vegetation (-

0.008 & -0.002) were significant coolers of the surface in both seasons, although this effect was 

larger in the dry than in the wet season. The second most effective cooling UGS type was mangrove 

(-0.016 & -0.003). However, the land cover type that cooled the surface most was trees (-0.018 & -

0.005). 
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3.2.3. Relationship between the LST and configuration of UGS  
The previous sections showed that the presence of UGS cooled the surface. This cooling effect was 

investigated in more detail via analysis of the configurational class metrics AI, LSI, ED and PD. By 

means of Pearson’s correlations and regression analyses the relation between LST and the 

distribution of UGS was studied. The statistical analysis was performed only on pixels that contained 

some UGS in their environment. The results of the Pearson’s correlation are shown in Table 15.  

Table 15. Pearson’s correlation of seasonal LSTs, max values and the used configurational class metrics, after 0% UGS values 
were filtered out. 

Configurational Class Metric 
Pearson’s Correlation 

Dry season Wet season 

Aggregation index (90m) -.712* -.745* 

Landscape shape index (90m) .560* .521* 

Edge density (90m) .406* .336* 

Patch density (90m) .598* .599* 

Number of observations 10723 10120 
                                 * Statistically significant at the .001 level (2-tailed). 

The results show that all relations were statistically significant, and that there was a significant, 

strong and negative relationship between LSTs, max and AI in both the wet and dry season. This 

implies that if the aggregation of UGS increased then the LST would tend to decrease. The class 

metrics LSI and PD showed a large positive correlation with LSTs, max in both seasons while the LSTs, max 

and ED showed a medium correlation with each other. However, to correctly interpret the results of 

the Pearson’s correlation, scatterplots were also created and compared to the correlation results.  
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Figure 14. Scatterplots, including regression line and equation, of LSTs, max by the several configurational class metrics for 
the dry (left) and wet (right) season after the 0% PLAND UGS values were filtered out. 

The scatterplots in Figure 14 show a linear relationship between LST and aggregation index. This 

relationship was specified by a linear regression analysis, resulting in significant negative 

relationships between AI and LSTs, max in both the dry (y = 3.083 – 0.034x, R² = 0.507) and wet (y = 
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3.098 – 0.037x, R² = 0.555) season. This means that the more aggregated an UGS is, the better it 

cools the land surface. More aggregated UGS partly results from a higher presence of UGS in the 

pixels 90-meter radius environment, since the AI was highly correlated (r = 0.853).  

On the contrary, the scatterplots of LSTs, max by LSI, ED and PD in Figure 14 do not show a linear 

relationship between the three class metrics and LST, even though the Pearson’s correlations 

indicated otherwise. However, the scatterplots all show a sort of V-shape to some extent. These can 

be explained based upon the nature of the different class metrics and their relationship with the 

presence of UGS in the 90-meter radius on which they were calculated: 

The equation in Table 6 shows that the minimum LSI value of one was reached when the shape of a 

UGS was as simple as possible. The LSI value does not say anything about the size of this UGS. So, 

both an UGS that totally covered the total 90-meter radius environment around a pixel, and the 

smallest UGS of just one, simply square-shaped pixel, have LSI values equal or very close to one. It 

could therefore be either very cold or very hot at a low LSI value, due to the difference in presence 

of UGS. When higher LSI are reached there needs to be at least a certain amount of UGS pixels and a 

certain amount of non-UGS pixels to be present in the 90-meter radius for a complex shape to be 

formed. As a result, a V-shape is displayed in Figure 14 representing high and low LSTs, max for low LSI 

values and average LSTs, max values for higher LSI values. 

The V-shape displayed in the scatterplot of the class metric ED can be explained in a similar way. A 

very low value for ED can be a result of just one pixel of UGS in the whole radius. But when the total 

90-meter environment is covered by one large UGS there is no border length present at all, resulting 

in an ED of zero. So as with LSI, a low value of ED can either mean a high quantity of UGS or very 

little UGS. An increase in the border length could therefore mean both a decrease and an increase in 

UGS abundance. As a result, a V-shaped pattern emerged. 

The minimum PD value is reached when just one patch of UGS was present in the 90-meter radius 

environment of a pixel. However, as with ED this could be an UGS patch that exists of just one pixel 

or an UGS patch that covered the whole 90-meter radius environment. So, an increase in PD from an 

UGS of one pixel could indicate an increase in UGS abundance. But an increase in PD from an UGS 

covering the whole 90-meter radius environment, means that there also needs to be non-UGS pixels 

present to separate the patches. As a result, the UGS abundance in the pixel environment decreases, 

leading to an increase of LSTs, max. High values of PD are most likely reached when around 50% of the 

90-meter radius environment consists of UGS. This resulted in the V-shaped scatterplot between PD 

and LSTs, max displayed in Figure 14. 

3.2.4. Analysis of thermal centres and the effect on LST of all land cover features combined. 

3.2.4.1. Influence of thermal centres 

To complete the influence of individual land cover features, the influence of selected thermal 

centres was analysed. The results of the Pearson’s correlations are shown in Table 16. The results 

indicate that there was a medium to large negative correlation between LSTs, max and distance to 

centre, and a small negative relation between LSTs, max and distance to river. Furthermore, there was 

a small to medium correlation visible between LSTs, max and distance to coast.  

However, observation of the scatterplots shown in Appendix 11 reveals that there is a lack of pattern 

visible in the plots of LSTs, max by all three distance variables in both seasons. As a result, for the city 

of Paramaribo these thermal centres did not clearly influence the LST.  
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Table 16. Pearson’s correlation of seasonal LSTs, max values and distances between interesting thermal centres. 

Distances 
Pearson’s Correlation 

Dry season Wet season 

Distance centre -.468* -.563* 

Distance coast .261* .460* 

Distance river -.110* -.244* 

Number of observations 12064 11364 
         * Statistically significant at the .001 level (2-tailed). 

3.2.4.2. The effect on LST of all land cover features combined. 

After the relationships between all variables and LST were analysed, the three stated hypotheses 

were tested. When all 18 variables were combined in a multiple linear regression model, this 

resulted in an adjusted R² of .878 for the dry season (Appendix 12) and .882 for the wet season 

(Appendix 13), respectively. As a result, all 18 variables combined explained around 88% of the 

variance in LSTs, max.  

Variable selection revealed that the PLAND of water, urban and a green indicator (PLAND UGS or 

NDVI) turned out to be essential variables in all three of the models. The PLAND of water was 

essential for the variance explained by the model because of the vast Suriname river that runs 

through the administrative boundary. All river pixels located further than 90-meters from the 

riverbank only contained a PLAND value for water and were zero for all other land covers. Thus, only 

the PLAND value of water correlated to LSTs, max values in the river in both the wet and dry season. 

The PLAND of urban turned out to be essential, because it provided the heating counterpart for the 

mostly cooling UGS and water variables that explained LSTs, max on urbanized land cover. Therefore, it 

made sure that the variance explained by the model increased, since not only the lower values of 

LSTs, max but also the higher were explained. Vice versa, the same argument applies to the inclusion of 

a green indicator in the model to provide a cooling counterpart. Moreover, during the variable 

selection it became clear that after the essential variables to test the hypotheses were included, 

adding one of the configurational class metrics or distance to thermal centre variables did not 

explain any extra variance in LSTs, max. This negligible additional influence can also be seen in the total 

multiple linear regression models shown in Appendices 12 and 13. Therefore, they have been 

omitted in all three models. 

As a result, the following variable combinations were found to best describe LSTs, max in both seasons, 

while testing the hypotheses: 

Model 1: PLAND Urban (90m), PLAND Water (90m), NDVI 

Model 2: PLAND UGS (90m), PLAND Urban (90m), PLAND Water (90m) 

Model 3: PLAND Trees (90m), PLAND Mixed low vegetation (90m), PLAND Grass (90m), 

   PLAND Urban (90m), PLAND Water (90m) 

The results of the first model to test if impervious urban surface heats the surface in the dry season 

are shown in   
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Table 17.  
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Table 17. Multiple linear regression model 1, used to test the hypothesis: Impervious urban surface heats the surface in the 
dry season. 

Model 1: Urban 
Heats 

Coefficients Dry Season 

R² 
Unstandardized 

coefficients 
Standardized 
coefficients t Sig. 

B Std. Error Β 

(Constant) 0.937 0.021  44.228 .000 

.781 
PLAND Urban (90m) 0.026 0.000 0.422 59.004 .000 

PLAND Water (90m) -0.021 0.000 -0.671 -74.128 .000 

NDVI -1.797 0.029 -0.569 -62.172 .000 
*Dependent variable: dry season LSTs, max 

The R² value shows that the model variables accounted for 78.1% of the variation in LST in the dry 

season. So, the explained variance that was lost by just using these three variables instead of all 18, 

only amounted to 9.7%. The adjusted R² of model one was equal to R², meaning that the model 

generalizes very well. Because there is a unit difference between the PLAND values and the NDVI, 

the standardized β-coefficients have been considered for the sake of comparability.   
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Table 17 shows that urban land cover in a 90-meter environment of a pixel has a significantly strong 

positive effect on the LSTs, max on that pixel. So, model one confirmed the first hypothesis, that 

impervious urban land cover does heat the surface. 

Table 18. Multiple linear regression model 2, used to test the hypothesis: UGS cools the surface in the dry season. 

Model 2: UGS Cools 

Coefficients Dry Season 

R² 
Unstandardized 

coefficients 
Standardized 
coefficients t Sig. 

B Std. Error Β 

(Constant) 1.458 0.021  68.767 .000 

.822 
PLAND UGS (90m) -0.021 0.000 -0.792 -87.061 .000 

PLAND Urban (90m) 0.008 0.001 0.123 14.580 .000 

PLAND Water (90m) -0.023 0.000 -0.756 -97.795 .000 
*Dependent variable: dry season LSTs, max 

Table 18 shows the results of model two which was used to test the second hypothesis: UGS cools 

the surface. As in model one, the variance of LSTs, max in the dry season explained by model two (R²), 

was close to the amount of variance explained by the total model containing all 18 variables. Again, 

the adjusted R² was equal to R² meaning that the model generalizes well. The standardized β-

coefficient of UGS points out that the presence of UGS in a 90-meter radius has a strong and 

significant cooling effect on LSTs, max in the dry season. The coefficients of urban land cover were also 

positive in this model indicating a heating effect. 
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Table 19. Multiple linear regression model 3, used to test the hypothesis: Trees are the UGS type that cools the surface most 
effective in the dry season. 

Model 3: Trees Cool Most 

Coefficients Dry Season 

R² 
Unstandardized 

coefficients 
Standardized 
coefficients 

T Sig. 
B 

Std. 
Error 

β 

(Constant) -0.014 0.018  -0.768 .442 

.774 

PLAND Trees (90m) -0.015 0.000 -0.225 -44.034 .000 

PLAND Mixed low vegetation (90m) -0.005 0.000 -0.157 -23.063 .000 

PLAND Grass (90m) 0.003 0.000 0.054 9.159 .000 

PLAND Urban (90m) 0.039 0.000 0.616 82.457 .000 

PLAND Water (90m) -0.009 0.000 -0.282 -38.793 .000 
*Dependent variable: dry season LSTs, max 

Table 19, shows the results of model 3 that was used to test the third hypothesis, that trees are the 

UGS type that cool the surface most effectively. The model’s explanatory power was still high with 

an R² of .774. However, it lost some of the explanatory power compared to model two. This was a 

consequence of the exclusion of mangrove in the model, whereas it was included in the combined 

land cover class UGS in model two. The standardized β-coefficient in Table 19 show that from the 

three different types of UGS included in the model, trees had the strongest significantly negative 

relationship with LSTs, max in the dry season. Mixed low vegetation showed to have a smaller but still 

negative effect on the LSTs, max, where land covered with grass showed a slight heating effect in the 

dry season.  

From the results of the three models, all of the stated hypotheses were confirmed for the dry 

season. Three models were ran containing the same variable combinations, only this time from 

within the wet season and predicting LSTs, max in the wet season. The results of these models are 

shown in Appendix 14. The results slightly differ in value, but resulted in the same conclusions.  
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3.2.5. Detailed cooling effects of green features specific for Paramaribo  

3.2.5.1. Green features 

The location of the 32 selected typical green features for the city of Paramaribo, based on remote 

sensing imagery and field work experience, are shown in Figure 15.   

 

Figure 15. Location of selected green features and cold spots, including their group number (explained in Figure 16, Figure 
18 and Appendix 15)  in the city of Paramaribo. 

Figure 16 shows six images taken at green features belonging to six green feature groups. These 

pictures were selected because they give a good representation of the land cover that is common for 

each green feature group. The green features groups differed in vegetation cover. In addition, some 

green feature groups did not differ in vegetation cover but only in size. These green features are 

indicated with either small (0 – 1,300 m²), moderate (3,400 – 4,500 m²) or large (4,100,00 m² - 

8,320,00 m²). Appendix 15 shows similar representative images for all the other groups of green 

features that were studied. 
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Figure 16. Typical land cover for six of the thirteen selected green feature groups.  

The average LSTs, max value in the dry and wet season for all the groups of selected typical green 

features for the city of Paramaribo are shown in Figure 17.  
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Figure 17. Average LSTs, max on the selected green feature groups, including error bars displaying the standard deviation, in 
the city of Paramaribo. 

Figure 17 shows the average LSTs, max values per green feature group of all the pixels that were 

contained in the polygons that were drawn around the green features of the same group. The results 

showed that the size of a green feature was pivotal for the obtained cooling effect as it was seen 

that all the lowest LSTs, max values prevailed on groups existing of the larger green features. In 

addition, Figure 17 shows that trees had a larger cooling effect than mixed vegetation and grass. 

When considering tree type, there is a slightly stronger cooling effect visible on land covered by 

deciduous trees than land covered by palm trees. This is likely because of the larger leaf area index 

of deciduous trees. In terms of cooling effect, it does not matter if a grass field was properly 

managed or abandoned according to the results. Lastly, Figure 17 shows that although the effect 

was small with regard of cooling the surface it was beneficial to plant trees along streets. 

After this descriptive analysis, a random point sample (N = 448) was taken of LSTs, max pixels on the 

selected green features. The Kruskal-Wallis test on the sample showed that there was a statistically 

significant difference in LSTs, max between different green feature groups in the dry season and wet 

season, Hdry(12) = 177.62, p < .001 and Hwet(12) = 214.32, p < .001. After which a post-hoc Bonferroni 

correction was applied on the pair-wise comparisons that were performed using Mann-Whitney 

tests, of which detailed results are shown in Appendix 16. The tests showed that in the dry season 

the LSTs, max was significantly lower on a very big green area with trees than on all the other green 

features except for very big parks with trees and abandoned grass fields, and that LSTs, max was 

significantly lower on a very big park with trees than on bare land and on streets with and without 

trees.  

The Wilcoxon signed-rank test, showed in detail in Appendix 9, showed that the differences between 

LSTs, max in the wet and dry season were only significant for the following green features: Very big 

green area with trees (z = -8.64, p < .001, r = -.44), Big green area moderate tree cover (z = -2.03, p < 
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.05, r = -.54), and Bare land (z = -3.11, p < .01, r = -.61). These results are also visible when looked at 

Figure 17, where temperature differences between the wet and dry season were generally very 

small. 

3.2.5.2. Cold spots 

The land cover was documented on the 37 cold spots that were selected purely based on the lowest 

LSTs, max values that prevailed within the administrative boundary. The locations of these cold spots 

are shown on the World Imagery ArcGIS base map in Figure 15 and on the two seasonal LSTs, max in 

Appendix 17. Figure 19 shows the average LSTs, max on the cold spots after they were grouped based 

on land cover characteristics. Representative images of the characteristic land cover defining each 

group are shown in Figure 18. 

 

Figure 18. Representative land cover for each of the cold spot groups.  

The LSTs, max values in Figure 19 show that the coldest spots in Paramaribo were all covered by 

vegetation. The cold spot results also confirmed the conclusions drawn on the analysis of green 

features, that size of green area is an essential contribution to the cooling effect of an UGS. Besides 

size, Figure 19 also confirms that within the cold spots the coldest areas were found on land covered 

with trees over land covered with other vegetation.  
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Figure 19. Average LSTs, max on the selected cold spot groups, including error bars displaying the standard deviation, in the 
city of Paramaribo. 

A non-parametric Kruskal-Wallis test was performed on a randomly taken sample of 156 points 

within the selected cold spots. The detailed results of this test are shown in Appendix 18, but in 

conclusion this test showed that the distribution of dry and wet season LSTs, max was not the same 

across the six different groups of cold spots, Hdry(5) = 96.09, p < .001 and Hwet(5) = 87.12, p < .001. 

Following this, a post-hoc Bonferroni correction was applied on the pair-wise comparisons that were 

performed using Mann-Whitney tests. The test showed that in the dry season there were statistically 

significant differences between the groups:  

1. Patch of high-density trees in big green area  

a. Patch of high-density palm trees in big green area 

b. Mixed vegetation in big green area 

c. Patch of high-density trees in urban 

d. Mixed vegetation in urban 

e. Patch of trees in urban 

2. Patch of high-density palm trees in big green area 

a. Patch of trees in urban 

3. Mixed vegetation in big green area 

a. Patch of trees in urban 

In the wet season differences in LSTs, max between the same groups were significant except for the 

differences between, patch of high-density trees in big green area and mixed vegetation in urban.  

A Wilcoxon signed-rank test, Appendix 9, showed that the difference between LSTs, max in the wet 

and dry season were only significant for the cold spot categories: Patch of high-density trees in big 

green area (z = -2.75, p < .01, r = -.32) and Patch of trees in big green area (z = -3.22, p < .01, r = -.42). 
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Only two of the cold spot categories were significantly different, even though differences seem large 

between seasons in more categories. This was a consequence of the small sample size which was 

unevenly distributed between groups. 

3.2.5.3. Neighbourhoods   

Fieldwork pointed out that vegetation type did differ in neighbourhoods of different SES. Vegetation 

patterns that were typical for each neighbourhood type are shown in Figure 20. 

 

Figure 20. Characteristic street image, including vegetation pattern, in neighbourhoods of different SES based on residential 
class. 

The associated differences in LSTs, max between neighbourhoods differing in SES based on residential 

class are shown in Figure 21. A Kruskal-Wallis (Hwet(3) = 407.25, p < .001 & Hdry(3) = 342.06, p < .001), 

pointed out that differences in LSTs, max in both the wet and dry season between neighbourhoods of 

different residential class were all significant except for the difference between residential classes 

middle and rich (details in Appendix 19).  
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Figure 21. Mean LSTs, max in neighbourhoods, including error bars displaying the standard deviation, in Paramaribo differing 
in SES once based on residential class. 

The results from both graphs in Figure 21 show that both seasonal average LSTs, max values were 

significantly highest in neighbourhoods with a middle to low SES and significantly lowest within low 

SES neighbourhoods. The differences in LSTs, max between neighbourhoods of middle and top SES on 

the other hand were negligible. 

 

3.3. Analysis of the relationship between the LST and air temperature 

3.3.1. SUHI vs CLHI 
The comparison between the larger SUHI and the CLHI, was based on the urban “core – rural” 

indicator value shown in   
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Table 9 and on air temperature data from the urban core outdoor temperature loggers 1 and 2, and 

rural outdoor temperature logger 13 (Appendix 3 & 20). Outdoor temperature loggers 1 and 2 serve 

as the urban core reference, since these outdoor temperature loggers are the only two that are 

situated at a location with more than 67 percent of urban cover in its 9 km² surroundings. This is the 

same definition as was used for the urban core in the SUHI indicator.  

Since, the rural outdoor temperature logger was not operational at the time when the Landsat 

images were obtained, a direct comparison on the same dates was not possible. Thus, was chosen to 

compare mean air temperature results from the short rainy season (early December 2019 – late 

January 2020) to mean LST values from the wet season. The resulting CLHI during this short rainy 

season is shown in Figure 22.  

 

Figure 22. The average daily CLHI during the short rainy season (07-12-2019 – 31-01-2020) between the urban core 
(outdoor temperature logger 1 & 2) and rural (outdoor temperature logger 13). 

Figure 22 shows that during the short rainy season, according to the outdoor temperature logger 

results, the CLHI is present during the night, but almost absent during the day. The CLHI reached its 

maximum of around 2.4 °C at 01:00 a.m., a more or less constant value that prevailed during the 

night. However, the CLHI decreased quickly to 0 or even slightly negative values after sunrise, to 

increase again from the late afternoon onwards.  

For the comparison with the SUHI, the average difference between the urban core outdoor 

temperature loggers and the rural outdoor temperature logger was taken at 14:00 hrs, local time. 

The CLHI during the short rainy season amounted to a negligible negative difference of -0.03 °C. 

Therefore, air temperatures on average were equal in the rural hinterland and the urban core at 

14:00 hrs, local time, during the short rainy season. The SUHI averaged to an amount of 5.14 °C at 

14:00 hrs, local time, during the wet season. 

3.3.2. Relationship between LST and air temperature found within the administrative 

boundary of Paramaribo 
The results of the air temperature measurements and LST values at the location of the measuring 

stations Cultuurtuin and Zorg en Hoop on the time the when all the analysed Landsat images were 

taken are shown in Figure 23. From the results it can be seen that at both locations and in both 

seasons the air temperatures were higher than the LST’s.  
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Figure 23. LST and air temperatures measured on 14:00 hrs, local time, at the locations of the measuring stations, 
Cultuurtuin and Zorg en Hoop, of the meteorological service Suriname. In the figure, air temperatures measured 
at Cultuurtuin are depicted in blue and temperatures measured at Zorg en Hoop are depicted in blue. 
Temperatures measured in the dry season are depicted with squares, while temperatures measured in the wet 
season are depicted in circles. 

The magnitude of the temperature difference between air temperature and LST seems to be related 

to both season and location. Firstly, LST values were higher for all dates on the industrial location 

Zorg en Hoop than on the highly vegetated and green station Cultuurtuin, while the difference in air 

temperature between the two locations was not that obvious in the dry season. Although it seemed 

that air temperatures in the wet season tended to be lower at Zorg en Hoop (avg. 32.6°C) than at the 

Cultuurtuin (avg. 34.6°C). Secondly, the results showed that differences between LST and air 

temperature were larger on the highly vegetated and green location at the Cultuurtuin (avg. 6.3°C) 

than on the industrial site Zorg en Hoop (avg. 1.9°C). Lastly, the temperature differences between 

surface and air temperatures were larger in the wet season (avg. 6.8°C) than in the dry season (avg. 

3.4°C).  
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Figure 24. LST and air temperatures on 14:00 hrs, local time, on August 8th, 2019 at the locations of the outdoor 
temperature loggers. 

The results of air temperature measurements of the outdoor temperature loggers are shown in 

Figure 24. Only the temperature values obtained at 14:00 hrs, local time, on the 8th of September, 

2019 are displayed, because this was the only time and date that one of the analysed Landsat 

images was obtained during the operational period of the outdoor temperature loggers. The results 

showed that at all locations the air temperature was higher than the LST, independent of the 

landcover. The range across all outdoor temperature logger values was in the same order of 

magnitude for the LST as for air temperature. However, when looked at the ranks of the individual 

outdoor temperature loggers when they were ranked from high to low once for LST and once air 

temperature, only the ranks of the outdoor temperature logger placed in the Cultuurtuin matched as 

the coldest outdoor temperature logger of all. While, from the air temperature results obtained on 

all the dates through the air measuring stations of the meteorological service, the Cultuurtuin did 

not show to be extremely low. This could be a consequence of the difference in exact location of the 

air measuring station (open grass field within the urban forest) and the outdoor temperature logger 

(in the middle of highly dense tropical forest). Taking this into account, this temperature difference 

should still not be so great. All results of both the air temperature measuring stations as the outdoor 

temperature loggers are displayed in more detail in Appendix 20. 

 

4. Discussion 
4.1. Reflection on results 
The results showed a mean SUHI at 14:00 hrs, local time, of 5.3 °C in the dry season and of 5.1 °C in 

the wet season between the urban core in the administrative boundary and the rural hinterland in 

the Greater Paramaribo region (see section 3.1.). As a result, it is concluded that the SUHI in 

Paramaribo in the dry season is slightly larger compared to the SUHI in the wet season. Average daily 

SUHI magnitudes found in the few SUHI studies conducted in the tropics that also included the wet 

season, range from 3 to 6 °C (Acero & González-Asensio, 2018; Amorim, 2018; Ayanlade, 2016). 
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However, these studies show different results regarding the difference in SUHI between seasons. 

Similar to the results of this study, the study of Ayanlade (2016) who studied the SUHI in Lagos, 

showed a slightly larger SUHI (3.1 °C vs 3.4 °C) in the dry season. According to them this is due to the 

thermal heating influence of urban surface, which they consider to be larger than the thermal 

cooling influence of vegetation. This might be explained by the fact that in Lagos, like in Paramaribo, 

temperatures and the amount of sun hours are larger in the dry season, which leads to a larger 

increase in the LSTs in urban areas in the dry season compared to the wet season. In the wet season 

there is more vegetation present, mainly within the rural area, leading to lower LSTs in rural areas. 

However, this does not outplay the excessive heating influence of the urban surface in the dry 

season. Together these effects result in a slightly larger SUHI in the dry season in Lagos and in 

Paramaribo as reported by the present study. However, since the heating influence of urban surface 

is larger, the SUHI is also slightly larger in the dry season. On the contrary, Amorim (2018) and Acero 

& González-Asensio (2018) found the SUHI to be larger in the wet season in the city of Presidente 

Prudente in southern Brazil and San Salvador in El Salvador, respectively. The studies point out that 

this is caused by the increase of vegetation in the wet season, that subsequently mainly cools the 

rural surface. This may be explained by differences in distribution of temperature and precipitation 

across seasons in these cities compared to Paramaribo. As opposed to Paramaribo, temperatures in 

these cities were higher during the wet season resulting in larger heating of urban surfaces. In 

addition, the SUHI’s in both these studies were based on satellite images taken in the mid-morning, 

when the influence of vegetation thermal inertia in relation to the loss of head by latent heat flux is 

largest and therefore larger than at the time of measurement in this study (14:00 hrs, local time) 

(Weng, Lu, & Schubring, 2004). Also, the difference in precipitation amount between the dry and the 

wet season was substantially larger in the two studies than in the present study.  

When all the SUHI indicator values found in this study are compared to those reported in Schwarz et 

al. (2011) found at 13:30 on July 2002, across 263 European cities, some are found to differ and 

some are found equal. However, this is expected due to the difference in climate, vegetation cover 

and urban design. 

To mitigate the heating effect of the SUHI, this study points out that implementing UGS is an 

effective cooling measure (see section 3.2.2. & 3.2.4.2.). This finding is consistent with a large 

number of previous studies (Bowler et al., 2010; Demuzere et al., 2014; Huang, Cui, & He, 2018a; 

Marando et al., 2019; Mirrahimi, Lukman Nik Ibrahim, & Surat, 2015). From the four studied UGS 

types, trees and mangrove appear to be the most effective coolers of the surface As a result, the 

mean LSTmax measured on land covered with trees was around 5 °C cooler than the mean LSTmax 

found on urban surfaces These differences in LSTmax were slightly larger than the 4 °C difference 

found in the study by Du et al. (2019) in Shanghai and the 3 °C difference found in the study of 

Marando et al. (2019) in Rome. However, the use of LSTmax in the present study instead of LST makes 

comparisons of absolute results difficult. In general, however, this finding is consistent with previous 

research indicating that UGS with higher tree densities reduce LST more than UGS with fewer trees 

(Brown et al., 2015; Jaganmohan et al., 2016; Kong et al., 2014; Vanos et al., 2012). This results from 

the fact that shading is the most effective cooling mechanism of UGS (Brown et al., 2015; Kong et al., 

2014; Vanos et al., 2012). Therefore, these studies conclude that to cool an urban area focus should 

be on designing shaded UGS (Brown et al., 2015; Vanos et al., 2012). The lower LST values found on 

land with deciduous trees compared to palm trees in the city of Paramaribo underline this 

conclusion.  

In addition to the composition of the UGS, this study did not show a clear relationship between LST 

and most of the configurational characteristics of the UGSs (see section 3.2.3.). Only AI seemed to 

have a negative relationship with LST, meaning that a single aggregated UGS reduce LST more 
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effectively than multiple disaggregated UGSs of the same total area. This conclusion is confirmed by 

the research of Simwanda et al. (2019) and Cao et al. (2010). The study by Kong et al (2014) 

concludes that if an UGS of 3.45 ha or larger is present close to disaggregated smaller UGSs the 

cooling effect of the large UGS can extend to the smaller disaggregated UGSs and so effectively cool 

a larger area. An UGS of 3.45 ha is larger than the area of the used moving window in the present 

study, so this negative effect of disaggregated smaller UGSs on LST was not found in the present 

study. The other class metrics (LSI, PD, ED) did not show a clear relationship with LST in the present 

study, although relationships between these class metrics and LST were reported in other studies 

(Du et al., 2019; Maimaitiyiming et al., 2014). In the present study these other class metrics showed 

an odd V-shaped relationship with LST, which may have been due to the small area (90-meter radius 

circle) used in this study to calculate these class metrics. Due to the properties of these class metrics 

they proved to be not suitable for the chosen analysis method. However, the effect of the 

distribution and shape class metrics on LST in previous studies is also inconclusive. The study by 

Huang et al. (2018) argues that a simply designed UGS is beneficial for cooling, whereas the study by 

Maimaitiyiming et al. (2014) indicates that complexly shaped UGS are desirable. 

Regardless the shape, this study showed that the size of the UGS is essential for the cooling effect of 

the UGS. The analysis of the green features and the cold spots showed that the larger the UGS, the 

lower the LST (see section 3.2.5.1 & 3.2.5.2.). Previous studies confirm this negative relationship 

between UGS size and LST (Cao et al., 2010; Huang et al., 2018a; Jaganmohan et al., 2016; Kong et 

al., 2014).  

The distances from the selected thermal centres (city centre, Suriname river, Atlantic Ocean) did not 

have a relationship with LST in the administrative boundary of Paramaribo (see section 3.2.4.1.). The 

study by Simwanda et al. (2019) also showed no clear relationships between LST and the distance to 

the city centre in the cities of Addis Ababa and Lusaka. However, these findings are not in line with 

the study by Cai et al. (2018) that reported a positive relationship between the distance to large 

waterbodies and the prevailing LST. In addition, the study of Marando et al. (2019) showed a 

negative relationship between the distance from city centre of Rome and the prevailing LST. The 

specific situation in the administrative boundary of Paramaribo, where the city centre lies directly on 

the border of the large Suriname river, may explain why no relation was found between these 

distances and LST. This makes it is plausible that, the positive influence of the city centre on the LST 

and the negative influence of the water body on LST more or less cancel each other out.  

This study found a negative relationship between SES and LST, except for the lowest SES group. The 

LST distribution across neighbourhoods of different SES showed that LST values were lowest in 

neighbourhoods of the lowest SES (see section 3.2.5.3.). This is in contradiction with previous studies 

that point out that when the SES of citizens in a neighbourhood decreases that LST tends to increase 

(Jenerette et al., 2007; Tang et al., 2017). These studies found that when SES decreased, the amount 

of impervious surface increased and the amount of vegetation decreased, resulting in a higher LST. 

This negative relation also holds for the upper three classes of SES in the city of Paramaribo. 

However, in the developing city of Paramaribo, in contrast to the above-mentioned studies, in the 

hardly urbanized neighbourhoods of the lowest SES the impervious surface is replaced by a sandy 

surface. This considerably reduces the albedo and heat capacity of the surface and therefore 

decreases the LST. In addition, neighbourhoods of low SES were found to have a relatively high 

amount of green, however this green almost entirely consisted of non-public and unmanaged green 

space. As a result, it can be concluded that a negative relationship exists between LST and SES in 

Paramaribo, with the exception of the neighbourhoods with the lowest SES. 
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One of the main aims of the study was to show the differences in cooling effect of UGS in the dry 

and wet season. The results showed that all analysed UGS types, except for grass, significantly 

cooled the surface in both the wet and dry season (see section 3.1.2.2. & 3.2.2.). The results also 

showed that this cooling effect of the UGS types trees and mangrove is slightly stronger during the 

dry season in the administrative boundary of Paramaribo, whereas it is found to be slightly stronger 

during the wet season for the whole Greater Paramaribo Region. This might be a consequence of the 

fact that evaporative cooling is enhanced by larger temperature rise during the dry season. This only 

holds if during the dry season, water is available for plant growth in Paramaribo (GBS, 2016). As a 

result, the rate of evaporation increases as the temperature rises, as warmer air can retain more 

water vapour (North Carolina Climate Office, n.d.). Since temperatures rise more in the 

administrative boundary than in the Greater Paramaribo Region this could explain the higher cooling 

rate of trees and mangrove in the administrative boundary during the dry season. However, another 

factor that increases UGS cooling is the increase in vegetation, since there is more vegetative growth 

during the wet season in the Greater Paramaribo Region than in the administrative boundary, the 

cooling effect also increases more in the Greater Paramaribo Region. However, the excessive 

vegetative growth during the wet season in the Greater Paramaribo Region compared to the 

administrative boundary, might be responsible for an extra cooling effect in the Greater Paramaribo 

Region during that season. The cooling effect of mixed low vegetation is slightly stronger in the wet 

season in both the administrative boundary and the Greater Paramaribo Region. This might be 

explained by the fact that mixed low vegetation may be more dependent on the frequent rain supply 

in the wet season since they have less access to deeper and more stable groundwater supply. 

However, this explanation is not found in other studies and thus needs further investigation. 

Regarding air temperatures, both the magnitude and the pattern of the diurnal CLHI in Paramaribo 

are in line with the general pattern of the CLHI, found in other studies, that is present during the 

night but almost absent during the day (Chang, Li, & Chang, 2007; Mutiibwa et al., 2015; U.S. 

Environmental Protection Agency, 2008; Voogt, 2007). Since the SUHI is present during the day it is 

surprising that air temperatures at 14:00 hrs, local time, were found to be larger than LSTs at both 

the measuring station and at all locations of the outdoor temperature loggers in the administrative 

boundary (U.S. Environmental Protection Agency, 2008; Voogt, 2007). In addition, no relation was 

found between the land cover and the prevailing air temperature, since air temperatures were 

higher on the vegetative surface of the Cultuurtuin as on the industrial surface of Zorg en Hoop. This 

is in contrast with previous research, which investigated the relationship between LSTs and air 

temperatures (Anniballe et al., 2014; Mutiibwa et al., 2015). 

 

4.2. Methodological strengths and limitations 
One of the main strengths of this research is that it is one of the few studies analysing the SUHI in a 

city located in the tropics (Estoque et al., 2017; Simwanda et al., 2019; Wardana, 2015; Yusuf, 

Pradhan, & Idrees, 2014). Unfortunately, the tropics are a very clouded region all year round. This 

high cloud coverage complicates optical remote sensing, making a remote sensing study of the SUHI 

on a large and continuous surface difficult (see section 2.3.1. & 2.3.4.). Consequently, the few 

tropical SUHIs that have been studied are most often done during the dry season, where occasional 

cloudless days occur. (Estoque et al., 2017; Simwanda et al., 2019; Wardana, 2015; Yusuf et al., 

2014). This study is one of the first to study the SUHI in both the dry and wet season in the tropics 

and therefore yields important information. There already exist three studies that provide a link 

between UGS and LST in a city in the tropics in both the wet and dry season (Acero & González-

Asensio, 2018; Amorim, 2018; Ayanlade, 2016). However, these three studies provide this 
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relationship between UGS and LST only through the use of NDVI, while this study in Paramaribo 

complements this link by making a distinction in type or UGS. The cloudiness that was present in the 

wet season did make several methodological adjustments necessary. For instance, a lot of 

information was lost due to cloud correction and the creation of LST information on a large and 

continuous surface required the production of seasonal composites. This made it necessary to 

switch from LST to standardized LST. Moreover, to limit the cloud interference, not the average LST, 

but the maximum standardized LST values were used for the creation of these composites. These 

necessary adjustments resulted in composites of the dry and the wet season where the maximum 

LSTs, max value from four time steps in the dry season and three time steps in the wet season was 

taken. However, many pixels also just display the only pixel value present, as clouds were present at 

that location on the other two selected dates. This can result in different patterns between the wet 

and dry seasons, as in the dry season only nearly cloud-free images were selected and thus almost 

every composite pixel was maximized out of three. In addition, the use of LSTmax in the SUHI 

indicators and the use of LSTs, max in the correlation and regression analysis make it difficult to 

compare findings to other studies.   

In this study LST values were extracted from the satellite imagery using the most widely used 

generalized single-channel method by Jiménez-Muñoz and Sobrino (2003) (e.g. Estoque et al., 2017; 

Maimaitiyiming et al., 2014; Simwanda et al., 2019; Wardana, 2015) (see section 2.3.3.). The main 

advantage of this method is that in-situ radio soundings or effective atmospheric temperature values 

are not needed. Instead, this method uses the land surface emissivity to calculate the LST. However, 

land surface emissivity values are not directly readable from the Landsat satellite information. 

Instead in the study by Jiménez-Muñoz and Sobrino (2003) a method was developed that estimates 

the land surface emissivity values based on NDVI values. Therefore, the resulting LST is a priori 

influenced by NDVI. Since NDVI is highly correlated with UGS, the method of measurement of LST 

might have influenced the association on LST with UGS. However, after validation to in-situ 

measured LST, the generalized single-channel method was found to be the most accurate method 

when compared to the other available methods for LST extraction (Jiménez-Muñoz & Sobrino, 2003). 

This justifies the use of these values, as well as their use in the majority of studies in the literature, 

even though the LST values have a quadratic mean root deviation of 1.3 K of the in-situ LST values. 

(Jiménez-Muñoz & Sobrino, 2003). 

In some studies the negative relationship between UGS and LST is mainly based on the strong and 

negative linear relation found between NDVI and LST (Huang et al., 2018a; Marando et al., 2019; 

Wardana, 2015; Yue, Xu, Tan, & Xu, 2007). This negative relationship was mainly absent in the 

present study due to the vast waterbody, the Suriname river, that resides within the study area. 

Previous research shows that water disturbs the relationship between temperature and NDVI 

because water is generally cool, but has a very low NDVI value (Cai et al., 2018; X. Zhang et al., 

2017). When the Suriname river was excluded from the study area, a negative linear relationship 

was found between NDVI and LST. This exclusion of large water bodies prior to the relationship 

analysis between NDVI and LST was also carried out in the SUHI study by Ayanlade (2014), that 

excluded the Lagos Lagoon prior to the analysis of the SUHI in the city of Lagos. From this it is 

concluded that NDVI is a better indicator for the cooling effect in an urban environment, when there 

is little water present. 

This study based all UGS composition and configurational variables on a moving window analysis 

using a circle with a 90-meter radius (see section 2.4.2.2. & 3.2.2.). Since the analysis of the cooling 

effect of UGS was the main goal of this research, this radius was chosen based on the highest 

Pearson correlation between LSTs, max and PLAND UGS using multiple radii. However, the results of 
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this analysis do not show large differences in correlation coefficients. The correlation coefficient 

difference between the chosen 90-meter radius and a 200-meter radius is just in the order of 0.01 

(around 2%). As a result, the radius of the moving window, which determined the area on which all 

the class metrics were calculated, was determined on small differences. This uncertainty of the best 

radius to investigate the cooling effect of UGS is also reflected in other studies where the optimal 

radius varied from 118 to 152 meters (Estoque et al., 2017; Kong et al., 2014; Wardana, 2015). After 

the optimal radius was determined for UGS, this radius was applied for all other land cover types. 

This was done for comparability reasons between all the land cover types. However, the optimal 

radius of influence can differ between the different types of land cover. This may have affected the 

influence of the different land cover types on LST.   

The choice for the relatively small 90-metre radius also had consequences for the effect of the 

configuration class metric in the study (see section 3.2.3.). The study of Kong et al. (2014) found that 

to test the influence of forest patches on LST, the choice of window size is pivotal. If the window size 

is chosen substantially smaller than the mean patch of UGS, the large UGSs will be divided into 

smaller areas by the analysis window. Therefore, the class metrics AI, LSI, ED and PD in that window 

are based on UGSs that were adjusted and fragmented by the analysis method. However, if the 

window size chosen is too large, the smaller UGSs could not show a significant cooling effect, since 

the cooling effect associated with UGS is weakened by the influence of the surrounding landscape 

(Kong et al., 2014). As a result, the influence of the different configurational class metrics can only be 

measured correctly within areas where sufficient UGS is present and all UGSs in their entirety fall 

within that area. In this study, all measuring points of which at least one percent of their 90-meter 

radius environment consisted of UGS were analysed. Consequentially, several times the class metrics 

and their cooling relationship were based on a window with a low percentage of UGS. Since on these 

windows the LST is determined by other land cover types than UGS, this may have influenced the 

relationship between the class metrics and LST.  

Due to the fact that only one of the seven satellite images was obtained during the operational 

period of the outdoor data loggers, the relationship between air temperature and LST was based on 

limited data (see section 3.3.2.). To compare air temperatures and LST correctly, more data is 

needed that can be obtained through the addition of mobile measurements next to the stationary 

measurements as is done in the UHI study by Schwarz et al. (2012). Therefore, due to the limited 

data, the results found in this study of the relationship between air temperature and LST should be 

interpreted with care. 

 

4.3. Ways forward 
This study makes a valuable contribution to the understanding of the spatial characteristics of the 

SUHI across different land cover types in an urban area located in the tropics. It is one of the first to 

show differences in UHI between the wet and dry season. However, to improve the understanding 

of the effect of UGS on the UHI, further research is recommended in the Greater Paramaribo Region. 

This research should mainly focus on the effect of form complexity of UGS on LST, since, unlike other 

studies, no clear link was found between the two in this study. In order to study this relationship 

correctly, it is recommended to select larger areas than the area size used in this study, which 

contain a sufficient number of UGSs located entirely within the selected areas. Further research into 

the relationship between LST and air temperature across different land cover types is also 

recommended, as no relationship between LST and air temperature was found in this study, 

whereas previous studies did report such a relationship. This will most likely lead to a more complete 



71 
 

understanding of the relationship between the SUHI and the UHI across Paramaribo. This will 

provide valuable information that could be extrapolated to other tropical cities. 

The study provides evidence that both water and UGSs lower the prevailing LST in the city of 

Paramaribo. Moreover, it shows that forested UGSs are the most effective coolers of the surface 

during both the wet and dry season. In addition, the study highlights how increasing size of an UGS 

also increases its cooling effect. Due to the limited amount of UGS, temperatures are highest in 

neighbourhoods of middle to low SES. Based on these results, the city of Paramaribo can formulate 

its first comprehensive green policy to mitigate the temperature increase caused by the UHI effect in 

the city. Other cities in the tropics can also base such a policy on the results of this study in line with 

the translation in a greening policy of similar results found in the UHI study by Mirrahimi et al. (2015) 

in Kuala Lumpur. In addition, they can set out to use the present study as an example on how to 

study the effects of their UHI more specifically.  

 

5. Conclusion 
Due to the high cloud coverage in tropical areas during the wet season, are SUHI studies rare in cities 

in the tropics. The studies that exist only provide information on the influence of UGS based on 

NDVI. As a result, there exists a knowledge gap regarding the influence of different types of UGS on 

LST across cities in the tropics. Therefore, the main objectives of this study were to analyse the UHI 

effect during the wet and dry season in the tropical city of Paramaribo and to analyse the potential 

cooling effect offered by UGSs to mitigate this UHI effect.  

From the results it is concluded that there is an UHI effect present between the rural hinterland and 

the urban core of Paramaribo. This UHI effect is of approximately of the same magnitude during 

both the wet and dry season and of similar magnitude as those found across other cities in the 

tropics. This study showed that the UHI effect was due to the heating relationship between urban 

land use and LST in Paramaribo. This study did not find a cooling effect of UGS when NDVI was used 

as an indicator of UGS, due to the presence of a very large waterbody within the administrative 

boundary of Paramaribo in the form of the Suriname river. However, the results of a land cover-

based analysis between the amount of land covered by UGS and the LST did show a strong cooling 

effect provided by UGS. This cooling effect was strongly dependent on the type of UGS. From this 

study it can be concluded that trees and mangrove are the most effective surface coolers, while 

mixed low vegetation provides a smaller cooling effect. Grass, on the other hand, did not show a 

clear relationship with LST. The cooling effect of UGS was found to be slightly stronger in the dry 

season as opposed to in the wet season, most likely due to the prevailing lower humidity and slightly 

higher temperatures in the dry season. In addition to the type of UGS, this study concluded that 

increasing the size of UGS increases the cooling effect. As a result, a large aggregated UGS is 

favoured over a number of smaller disaggregated UGSs.  

Although earlier studies indicated otherwise, the shape of an UGS did not affect the LST in 

Paramaribo. The amount of UGS was found to differ between neighbourhoods of different SES, 

resulting in an indirect negative relationship between SES and LST. This relationship did not apply to 

the neighbourhoods of the lowest SES, due to the sandy characteristic of the streets in these 

neighbourhoods, their LST is also low. Unexpectedly, the results of the air temperature analysis do 

not show the same relationships between temperature and different land cover types as those 

found in the land cover-based analysis of LST. This unexpected finding was however based on limited 

data. 
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Appendix 1 – Spatial pattern of LST in the Greater Paramaribo Region. 
Note: White spots are areas where clouds were present in all the images used to create the seasonal 

composites, these clouds were removed. Therefore, the white spots in the seasonal images indicate 

no data.
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Appendix 2 – Spatial pattern of LST in the administrative boundary. 
Note: White spots are areas where clouds were present in all the images used to create the seasonal 

composites, these clouds were removed. Therefore, the white spots in the seasonal images indicate 

no data. 
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Appendix 3 – Rural outdoor temperature logger location. 
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Appendix 4 – Example of the outdoor temperature logger air measuring 

devices used in this study. 
 

 

Figure 25: Outdoor temperature logger 2 op het M.C. Ooftplein. 
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Appendix 5 – Summary of a descriptive seasonal analysis of LSTs, max in the 

Greater Paramaribo Region. 
Table 20. Mean LSTs, max values and the standard deviation per land cover class in the Greater Paramaribo Region in the dry 

and wet season. 

Land cover 
LSTs, max dry season (C°) LSTs, max wet season (C°) 

MEAN S.D. MEAN S.D. 

Urban 2.2 1.0 1.9 1.2 

Infrastructure 1.9 1.0 1.6 1.3 

Bare soil 1.2 0.8 0.8 1.0 

Grass 0.7 0.7 0.3 0.7 

Mixed low vegetation 0.2 0.6 -0.2 0.5 

Trees -0.5 0.3 -0.7 0.3 

Mangrove -0.2 0.5 -0.4 0.4 

Water -0.1 0.4 -0.1 0.4 

 

 

Figure 26. Mean LSTs, max values per land cover class in the Greater Paramaribo Region in the dry and wet season. 
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Appendix 6 – Descriptive seasonal analysis of LSTs, max in the Greater 

Paramaribo Region. 
 
Table 21. Full descriptive analysis of LSTs, max within the Greater Paramaribo Region of the different land cover types in the 

dry season. 

The Greater Paramaribo Region 

Land cover 
Coverage LSTs, max dry season (C°) LSTmax (C°) 

Area (km²) Min Max Range Mean S.D. Sum Mean 

Urban 39.77 -0.7 4.8 5.5 2.2 1.0 95900.9 32.4 

Infrastructure 47.02 -0.8 4.8 5.6 1.9 1.0 98635.6 32.0 

Bare soil 66.03 -1.0 4.8 5.8 1.2 0.8 89728.3 30.7 

Grass 180.27 -1.2 5.8 7.0 0.7 0.7 130736.1 29.8 

Mixed low vegetation 244.90 -1.2 4.7 5.9 0.2 0.6 44621.0 28.6 

Trees 220.92 -1.3 2.6 3.9 -0.5 0.3 -130668.7 26.8 

Mangrove 10.86 -1.1 3.0 4.1 -0.2 0.5 -2374.8 27.6 

Water 53.16 -1.0 4.7 5.7 -0.1 0.4 -3504.1 27.9 

 
Table 22. Full descriptive analysis of LSTs, max within the Greater Paramaribo Region of the different land cover types in the 

wet season. 

The Greater Paramaribo Region 

Land cover 
Coverage LSTs, max wet season (C°) LSTmax (C°) 

Area (m²) Min Max Range Mean S.D. Sum Mean 

Urban 37.02 -1.4 5.6 7.0 1.9 1.2 79633.6 29.0 

Infrastructure 43.66 -1.4 5.6 7.1 1.6 1.3 79399.4 28.5 

Bare soil 61.17 -1.4 5.5 6.9 0.8 1.0 53515.8 27.2 

Grass 166.46 -1.4 5.3 6.8 0.3 0.7 50731.5 26.5 

Mixed low vegetation 222.56 -1.4 5.2 6.7 -0.2 0.5 -45104.6 25.7 

Trees 192.46 -1.4 2.7 4.2 -0.7 0.3 -155178.8 24.9 

Mangrove 10.33 -1.4 3.8 5.2 -0.4 0.4 -4681.1 25.5 

Water 48.74 -1.4 5.2 6.6 -0.1 0.4 -6816.7 26.1 
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Appendix 7 – Descriptive seasonal analysis of LSTs, max in the administrative 

boundary. 
 
Table 23. Full descriptive analysis of LSTs, max within the administrative boundary of the different land cover types in the dry 

season. 

Administrative Boundary 

Land cover 
Coverage LSTs, max dry season (C°) LSTmax (C°) 

Area (km²) Min Max Range Mean S.D. Sum Mean 

Urban 22.11 -0.8 3.0 3.9 1.4 0.6 34054.6 33.3 

Infrastructure 24.72 -1.1 3.0 4.1 1.2 0.6 33269.5 33.0 

Bare soil 19.34 -1.2 3.0 4.2 0.8 0.6 16426.0 31.9 

Grass 29.67 -1.4 4.3 5.8 0.3 0.7 10479.1 30.9 

Mixed low vegetation 39.03 -1.5 3.3 4.8 -0.3 0.6 -14287.9 29.4 

Trees 8.57 -1.5 1.3 2.8 -1.0 0.4 -9107.6 27.8 

Mangrove 6.50 -1.6 1.7 3.3 -1.1 0.4 -7753.0 27.5 

Water 23.57 -1.3 2.9 4.3 -0.8 0.3 -21202.3 27.8 

 
Table 24. Full descriptive analysis of LSTs, max within the administrative boundary of the different land cover types in the wet 

season. 

Administrative Boundary 

Land cover 
Coverage LSTs, max wet season (C°) LSTmax (C°) 

Area (km²) Min Max Range Mean S.D. Sum Mean 

Urban 20.85 -1.6 3.6 5.1 1.3 0.8 29295.7 30.1 

Infrastructure 23.09 -1.6 3.5 5.1 1.1 0.8 27890.2 29.7 

Bare soil 18.08 -1.6 3.4 5.0 0.5 0.8 10223.4 28.5 

Grass 27.95 -1.5 3.2 4.8 0.0 0.7 -130.4 27.4 

Mixed low vegetation 36.73 -1.6 3.0 4.6 -0.6 0.5 -23510.0 26.2 

Trees 8.33 -1.6 1.2 2.9 -0.9 0.3 -8293.5 25.6 

Mangrove 6.36 -1.6 2.1 3.7 -0.9 0.3 -6148.5 25.7 

Water 22.00 -1.6 3.3 5.0 -0.7 0.3 -15898.0 26.4 
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Appendix 8 – Kruskal-Wallis test: land cover types. 
Table 25. Kruskal-Wallis test on the distribution of LSTs, max across the different land cover types, including pairwise 

comparisons adjusted by the Bonferroni correction for multiple tests. 

Pairwise Comparisons of Land Cover 

Sample 1 - 
Sample 2 

Dry season Wet season 
Test 

Statistic 
Std. 

Error 
Std. Test 
Statistic 

Sig. 
Adj. 
Sig.a 

Test 
Statistic 

Std. 
Error 

Std. Test 
Statistic 

Sig. 
Adj. 
Sig.a 

Mangrove - Trees 161.98 124.22 1.30 .192 1.000 -0.59 119.29 -0.01 .996 1.000 

Mangrove - Water 390.46 106.75 3.66 .000 .007 609.09 92.20 6.61 .000 .000 

Mangrove - Mixed 
low vegetation 

-1007.69 101.80 -9.90 .000 .000 -653.62 86.39 -7.57 .000 .000 

Mangrove - Grass -1737.87 103.86 -16.73 .000 .000 -1391.65 88.50 -15.73 .000 .000 

Mangrove - Bare 
soil 

-2292.04 108.95 -21.04 .000 .000 -1963.91 94.19 -20.85 .000 .000 

Mangrove - 
Infrastructure 

-2655.35 105.28 -25.22 .000 .000 -2356.10 90.23 -26.11 .000 .000 

Mangrove - Urban 2837.70 107.99 26.28 .000 .000 2492.96 93.02 26.80 .000 .000 

Trees - Water 228.49 94.70 2.41 .016 .443 608.50 102.70 5.93 .000 .000 

Trees - Mixed low 
vegetation 

-845.71 89.08 -9.49 .000 .000 -653.04 97.51 -6.70 .000 .000 

Trees - Grass -1575.89 91.44 -17.24 .000 .000 -1391.07 99.38 -14.00 .000 .000 

Trees - Bare soil -2130.06 97.18 -21.92 .000 .000 -1963.32 104.48 -18.79 .000 .000 

Trees - 
Infrastructure 

-2493.37 93.05 -26.80 .000 .000 -2355.51 100.93 -23.34 .000 .000 

Trees - Urban 2675.72 96.09 27.85 .000 .000 2492.37 103.43 24.10 .000 .000 

Water - Mixed 
low vegetation 

-617.22 62.46 -9.88 .000 .000 -44.53 61.48 -0.72 .469 1.000 

Water - Grass -1347.41 65.77 -20.49 .000 .000 -782.57 64.41 -12.15 .000 .000 

Water-Bare soil -1901.57 73.54 -25.86 .000 .000 -1354.82 72.02 -18.81 .000 .000 

Water - 
Infrastructure 

-2264.88 67.99 -33.31 .000 .000 -1747.01 66.77 -26.17 .000 .000 

Water - Urban -2447.23 72.10 -33.94 .000 .000 -1883.87 70.49 -26.73 .000 .000 

Mixed low 
vegetation - Grass 

-730.18 57.39 -12.72 .000 .000 -738.03 55.77 -13.23 .000 .000 

Mixed low 
vegetation - Bare 
soil 

-1284.35 66.15 -19.42 .000 .000 -1310.29 64.42 -20.34 .000 .000 

Mixed low 
vegetation - 
Infrastructure 

-1647.66 59.92 -27.50 .000 .000 -1702.47 58.48 -29.11 .000 .000 

Mixed low 
vegetation - 
Urban 

1830.01 64.55 28.35 .000 .000 1839.34 62.70 29.34 .000 .000 

Grass - Bare soil -554.16 69.29 -8.00 .000 .000 -572.26 67.22 -8.51 .000 .000 

Grass - 
Infrastructure 

917.48 63.37 14.48 .000 .000 964.44 61.55 15.67 .000 .000 

Grass - Urban 1099.83 67.76 16.23 .000 .000 1101.31 65.57 16.80 .000 .000 

Bare soil - 
Infrastructure 

363.31 71.40 5.09 .000 .000 392.19 69.48 5.64 .000 .000 

Bare soil - Urban 545.66 75.33 7.24 .000 .000 529.05 73.07 7.24 .000 .000 

Infrastructure - 
Urban 

182.35 69.92 2.61 .009 .255 136.86 67.89 2.02 .044 1.000 

Note: each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 

Asymptotic significances (2-sided tests) are displayed. The significance level is .05. 

Adjusted significance a values have been adjusted by the Bonferroni correction for multiple tests and are highlighted when 

significant. 
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Appendix 9 – Wilcoxon signed rank test of LSTs, max on different land cover, 

green features groups, and cold spots groups in the dry and wet season. 
Table 26. Results of a non-parametric Wilcoxon signed-rank test of between LSTs, max values of different seasons per land 

cover group. N = number of pixels in sample. 

Land cover 
Wilcoxon Signed-Rank Test 

Mean dry 
LSTs, max (°C) 

Mean wet 
LSTs, max (°C) 

N Z Asymp. Sig. (2-tailed) 

Urban 1.4 1.3 445 -5.87 .000 

Infrastructure 1.2 1.1 556 -6.06 .000 

Grass 0.3 -0.2 654 -10.02 .000 

Mixed low vegetation -0.4 -0.6 831 -11.75 .000 

Trees -1.0 -0.9 187 -6.64 .000 

Mangrove -1.1 -0.9 140 -8.21 .000 

Water -0.8 -0.6 472 -15.13 .000 

 
Table 27. Results of a non-parametric Wilcoxon signed-rank test of between LSTs, max values of different seasons per green 

feature group. N = number of pixels in sample. 

Green Feature 
Wilcoxon Signed-Rank Test 

Mean dry 
LSTs, max (°C) 

Mean wet 
LSTs, max (°C) 

N Z 
Asymp. Sig. 

(2-tailed) 

Street with trees 1.8 1.8 10 -0.76 .445 

Street without trees 2.1 2.2 6 -0.73 .463 

Football field 1.2 1.3 5 -0.41 .686 

Large green area with trees -0.4 -0.6 192 -8.64 .000 

Large park with trees -0.2 -0.2 169 -1.07 .284 

Moderate green area, average tree cover 0.4 0.3 7 -2.03 .043 

Small park with trees 0.8 0.6 7 -1.69 .091 

Small patch of trees 1.3 1.3 4 -0.37 .715 

Abandoned mixed vegetation field 1.4 1.6 5 -0.14 .893 

Managed grass field 1.8 1.6 3 -1.60 .109 

Abandoned grass field 1.8 2.1 3 -1.60 .109 

Bare land 1.8 0.8 13 -3.11 .002 

Moderate park with palm trees 0.5 0.2 9 -1.48 .139 

  
Table 28. Results of a non-parametric Wilcoxon signed-rank test of between LSTs, max values of different seasons per cold 

spot group. N = number of pixels in sample. 

Cold Spot 
Wilcoxon Signed-Rank Test 

Mean dry 
LSTs, max (°C) 

Mean wet 
LSTs, max (°C) 

N Z 
Asymp. Sig. 

(2-tailed) 

Mixed vegetation in large green area -0.6 -0.6 36 -0.96 .338 

Patch of high-density trees in large green 
area 

-1.0 -1.1 38 -2.75 .006 

Patch of high-density palm trees in 
moderate green area 

-0.5 -0.6 30 -0.79 .428 

Patch of high-density trees in urban 0.0 -0.1 5 -1.75 .080 

Mixed vegetation in urban 0.6 -0.6 2 -1.34 .180 

Patch of trees in urban 0.1 -0.1 30 -3.22 .001 
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Appendix 10 – Scatterplots of wet season LSTs, max vs UGS and individual 

landcover classes, after the 0% PLAND values were filtered out. 
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Appendix 11 – Scatterplot LSTs, max vs distances. 
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Appendix 12 – Total multiple linear regression model for the dry season 

containing all studied variables. 
 

Total Model: Dry Season 

Coefficients Dry Season 

R² 
Unstandardize
d coefficients 

Standardized 
coefficients 

t Sig. 
B 

Std. 
Error 

β 

(Constant) 3.291 0.389  10.087 0.000 

.878 

PLAND UGS (90m) -0.019 0.001 -0.727 -13.658 0.000 

PLAND Urban (90m) -0.015 0.004 -0.241 -3.881 0.000 

PLAND Infrastructure (90m) -0.011 0.004 -0.181 -2.931 0.003 

PLAND Bare soil (90m) -0.025 0.004 -0.286 -6.537 0.000 

PLAND Grass (90m) -0.011 0.004 -0.210 -3.045 0.002 

PLAND Mixed low vegetation (90m) -0.018 0.004 -0.515 -4.692 0.000 

PLAND Trees (90m) -0.025 0.004 -0.386 -6.710 0.000 

PLAND Mangrove (90m) -0.025 0.004 -0.404 -6.649 0.000 

PLAND Water (90m) -0.045 0.004 -1.443 -11.504 0.000 

NDVI -0.474 0.027 -0.150 -17.369 0.000 

AI (90m) 0.000 0.000 0.010 1.174 0.240 

LSI (90m) 0.013 0.015 0.012 0.860 0.390 

ED (90m) 0.000 0.000 -0.035 -3.577 0.000 

PD (90m) -0.001 0.000 -0.072 -9.162 0.000 

Distance centre 0.000 0.000 -0.032 -5.843 0.000 

Distance coast 0.000 0.000 -0.106 -20.813 0.000 

Distance river 0.000 0.000 -0.094 -14.981 0.000 
*Dependent variable: dry season LSTs, max 
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Appendix 13 – Total multiple linear regression model for the wet season 

containing all studied variables. 
 

Total Model: Wet Season 

Coefficients Wet Season 

R² 
Unstandardized 

coefficients 
Standardized 
coefficients 

t Sig. 
B 

Std. 
Error 

β 

(Constant) 1.849 0.37  4.996 0.000 

0.882 

PLAND UGS (90m) -0.014 0.001 -0.534 -15.399 0.000 

PLAND Urban (90m) 0.007 0.004 0.111 1.855 0.064 

PLAND Infrastructure (90m) 0.008 0.004 0.132 2.237 0.025 

PLAND Bare soil (90m) -0.017 0.004 -0.195 -4.647 0.000 

PLAND Grass (90m) -0.005 0.004 -0.097 -1.424 0.154 

PLAND Mixed low vegetation (90m) -0.006 0.004 -0.186 -1.724 0.085 

PLAND Trees (90m) -0.009 0.004 -0.144 -2.524 0.012 

PLAND Mangrove (90m) -0.007 0.004 -0.112 -1.816 0.069 

PLAND Water (90m) -0.022 0.004 -0.721 -6.013 0.000 

NDVI -0.207 0.027 -0.066 -7.606 0.000 

AI (90m) 0.000 0.000 -0.006 -0.698 0.485 

LSI (90m) -0.023 0.015 -0.023 -1.548 0.122 

ED (90m) 0.000 0.000 0.027 2.744 0.006 

PD (90m) 0.000 0.000 -0.038 -4.837 0.000 

Distance centre 0.000 0.000 -0.137 -23.875 0.000 

Distance coast 0.000 0.000 -0.042 -9.454 0.000 

Distance river 0.000 0.000 0.037 7.110 0.000 
*Dependent variable: wet season LSTs, max 
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Appendix 14 – Multiple linear regression models selected to test 

hypotheses in the wet season. 
 
Table 29. Multiple linear regression model 1, used to test the hypothesis: Impervious urban surface heats the surface in the 

wet season. 

Model 1: Urban 
Heats 

Coefficients Wet Season 

R² 
Unstandardized 

coefficients 
Standardized 
coefficients t Sig. 

B Std. Error β 

(Constant) 0.278 0.021  13.470 0.000 

.798 
PLAND Urban (90m) 0.039 0.000 .622 88.285 0.000 

PLAND Water (90m) -0.011 0.000 -.371 -41.868 0.000 

NDVI -1.239 0.028 -.397 -44.164 0.000 
*Dependent variable: wet season LSTs, max 

Table 30. Multiple linear regression model 2, used to test the hypothesis: UGS cools the surface in the wet season. 

Model 2: UGS Cools 

Coefficients Wet Season 

R² 
Unstandardized 

coefficients 
Standardized 
coefficients t Sig. 

B Std. Error β 

(Constant) 0.886 0.020  43.703 0.000 

.842 
PLAND UGS (90m) -0.018 0.000 -.665 -75.631 0.000 

PLAND Urban (90m) 0.020 0.001 .322 39.560 0.000 

PLAND Water (90m) -0.016 0.000 -.513 -68.699 0.000 
*Dependent variable: wet season LSTs, max 

Table 31. Multiple linear regression model 3, used to test the hypothesis: Trees are the UGS type that cools the surface most 
effective in the wet season. 

Model 3: Trees Cool Most 

Coefficients Wet Season 

R² 
Unstandardized 

coefficients 
Standardized 
coefficients 

t Sig. 
B 

Std. 
Error 

β 

(Constant) -0.065 0.018  -3.678 0.000 

.795 

PLAND Trees (90m) -0.011 0.000 -.168 -33.473 0.000 

PLAND Mixed low vegetation (90m) -0.007 0.000 -.221 -33.277 0.000 

PLAND Grass (90m) -0.004 0.000 -.078 -13.500 0.000 

PLAND Urban (90m) 0.041 0.000 .658 90.571 0.000 

PLAND Water (90m) -0.006 0.000 -.206 -29.145 0.000 
*Dependent variable: wet season LSTs, max 
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Appendix 15 – Representative images of green features groups. 
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Appendix 16 – Kruskal-Wallis test: green features groups. 
Table 32. Kruskal-Wallis test on the distribution of LSTs, max across the different groups of green features, including pairwise 

comparisons adjusted by the Bonferroni correction for multiple tests. 

Pairwise Comparisons of Green Feature Groups 

Sample 1 - Sample 2 
 

Dry season Wet season 
Test 

Statistic 
Std. 

Error 
Std. Test 
Statistic 

Sig. 
Adj. 
Sig.a 

Test 
Statistic 

Std. 
Error 

Std. Test 
Statistic 

Sig. 
Adj. 
Sig.a 

Large green area with trees - Large park 
with trees 

-43.07 13.42 -3.21 .001 .104 -103.68 13.20 -7.85 .000 .000 

Large green area with trees - Moderate 
green area, average tree cover 

-180.24 49.76 -3.62 .000 .023 -182.13 42.68 -4.27 .000 .002 

Large green area with trees - Moderate 
park with palm trees 

-185.98 44.09 -4.22 .000 .002 -208.27 48.15 -4.33 .000 .001 

Large green area with trees - Small park 
with trees 

-211.66 49.76 -4.25 .000 .002 -218.70 48.15 -4.54 .000 .000 

Large green area with trees - Football 
field 

232.69 58.60 3.97 .000 .006 -237.82 35.86 -6.63 .000 .000 

Large green area with trees - Small 
patch of trees 

-239.59 65.36 -3.67 .000 .019 263.53 56.69 4.65 .000 .000 

Large green area with trees - 
Abandoned mixed vegetation field 

-241.09 58.60 -4.11 .000 .003 -269.63 63.22 -4.27 .000 .002 

Large green area with trees - Street 
with trees 

252.29 41.92 6.02 .000 .000 -273.93 56.69 -4.83 .000 .000 

Large green area with trees - 
Abandoned grass field 

-253.43 75.29 -3.37 .001 .059 275.73 40.59 6.79 .000 .000 

Large green area with trees - Managed 
grass field 

-257.43 75.29 -3.42 .001 .049 -278.46 72.81 -3.82 .000 .010 

Large green area with trees - Bare land -257.86 37.02 -6.97 .000 .000 279.30 51.88 5.38 .000 .000 

Large green area with trees - Street 
without trees 

262.93 53.62 4.90 .000 .000 -284.80 72.81 -3.91 .000 .007 

Large park with trees - Moderate green 
area, average tree cover 

-137.16 49.94 -2.75 .006 .470 -78.46 42.81 -1.83 .067 1.000 

Large park with trees - Moderate park 
with palm trees 

-142.91 44.29 -3.23 .001 .098 -104.60 48.27 -2.17 .030 1.000 

Large park with trees - Small park with 
trees 

-168.59 49.94 -3.38 .001 .057 -115.03 48.27 -2.38 .017 1.000 

Large park with trees - Football field 189.62 58.75 3.23 .001 .097 -134.15 36.02 -3.72 .000 .015 

Large park with trees - Small patch of 
trees 

-196.52 65.50 -3.00 .003 .210 159.86 56.79 2.82 .005 .380 

Large park with trees - Abandoned 
mixed vegetation field 

-198.02 58.75 -3.37 .001 .059 -165.96 63.31 -2.62 .009 .683 

Large park with trees - Street with trees 209.22 42.14 4.97 .000 .000 -170.26 56.79 -3.00 .003 .212 

Large park with trees - Abandoned 
grass field 

-210.35 75.41 -2.79 .005 .412 172.06 40.73 4.23 .000 .002 

Large park with trees - Managed grass 
field 

-214.35 75.41 -2.84 .004 .349 -174.79 72.89 -2.40 .016 1.000 

Large park with trees - Bare land -214.79 37.26 -5.76 .000 .000 175.62 51.99 3.38 .001 .057 

Large park with trees - Street without 
trees 

219.85 53.79 4.09 .000 .003 -181.12 72.89 -2.49 .013 1.000 

Moderate green area moderate tree 
cover - Moderate park with palm trees 

-5.75 65.25 -0.09 .930 1.000 26.14 63.07 0.42 .678 1.000 

Moderate green area moderate tree 
cover - Small park with trees 

-31.43 69.21 -0.45 .650 1.000 36.57 63.07 0.58 .562 1.000 

Moderate green area moderate tree 
cover - Football field 

52.46 75.81 0.69 .489 1.000 55.69 54.27 1.03 .305 1.000 

Moderate green area moderate tree 
cover - Small patch of trees 

-59.36 81.15 -0.73 .465 1.000 81.40 69.80 1.17 .244 1.000 

Moderate green area moderate tree 
cover - Abandoned mixed vegetation 
field 

-60.86 75.81 -0.80 .422 1.000 87.50 75.20 1.16 .245 1.000 

Moderate green area moderate tree 
cover - Street with trees 

72.06 63.80 1.13 .259 1.000 91.80 69.80 1.32 .188 1.000 

Moderate green area moderate tree 
cover - Abandoned grass field 

-73.19 89.34 -0.82 .413 1.000 93.60 57.50 1.63 .104 1.000 
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Moderate green area moderate tree 
cover - Managed grass field 

-77.19 89.34 -0.86 .388 1.000 96.33 83.43 1.16 .248 1.000 

Moderate green area moderate tree 
cover - Bare land 

-77.63 60.70 -1.28 .201 1.000 97.17 65.96 1.47 .141 1.000 

Moderate green area moderate tree 
cover - Street without trees 

82.69 72.03 1.15 .251 1.000 102.67 83.43 1.23 .218 1.000 

Moderate park with palm trees - Small 
park with trees 

25.68 65.25 0.39 .694 1.000 -10.43 66.89 -0.16 .876 1.000 

Moderate park with palm trees - 
Football field 

46.71 72.22 0.65 .518 1.000 -29.55 58.67 -0.50 .614 1.000 

Moderate park with palm trees - Small 
patch of trees 

53.61 77.80 0.69 .491 1.000 55.26 73.28 0.75 .451 1.000 

Moderate park with palm trees - 
Abandoned mixed vegetation field 

55.11 72.22 0.76 .445 1.000 -61.36 78.44 -0.78 .434 1.000 

Moderate park with palm trees - Street 
with trees 

66.31 59.49 1.12 .265 1.000 -65.66 73.28 -0.90 .370 1.000 

Moderate park with palm trees - 
Abandoned grass field 

67.44 86.31 0.78 .435 1.000 67.46 61.67 1.09 .274 1.000 

Moderate park with palm trees - 
Managed grass field 

71.44 86.31 0.83 .408 1.000 -70.19 86.36 -0.81 .416 1.000 

Moderate park with palm trees - Bare 
land 

71.88 56.14 1.28 .200 1.000 71.02 69.62 1.02 .308 1.000 

Moderate park with palm trees - Street 
without trees 

76.94 68.24 1.13 .259 1.000 -76.52 86.36 -0.89 .376 1.000 

Small park with trees - Football field 21.03 75.81 0.28 .781 1.000 -19.12 58.67 -0.33 .744 1.000 

Small park with trees - Small patch of 
trees 

-27.93 81.15 -0.34 .731 1.000 44.83 73.28 0.61 .541 1.000 

Small park with trees - Abandoned 
mixed vegetation field 

-29.43 75.81 -0.39 .698 1.000 -50.93 78.44 -0.65 .516 1.000 

Small park with trees - Street with trees 40.63 63.80 0.64 .524 1.000 -55.23 73.28 -0.75 .451 1.000 

Small park with trees - Abandoned 
grass field 

-41.76 89.34 -0.47 .640 1.000 57.03 61.67 0.93 .355 1.000 

Small park with trees - Managed grass 
field 

-45.76 89.34 -0.51 .609 1.000 -59.76 86.36 -0.69 .489 1.000 

Small park with trees - Bare land -46.20 60.70 -0.76 .447 1.000 60.60 69.62 0.87 .384 1.000 

Small park with trees - Street without 
trees 

51.26 72.03 0.71 .477 1.000 -66.10 86.36 -0.77 .444 1.000 

Football field - Small patch of trees -6.90 86.85 -0.08 .937 1.000 25.71 65.85 0.39 .696 1.000 

Football field - Abandoned mixed 
vegetation field 

-8.40 81.88 -0.10 .918 1.000 31.81 71.55 0.45 .657 1.000 

Football field - Street with trees 19.60 70.91 0.28 .782 1.000 36.11 65.85 0.55 .583 1.000 

Football field - Abandoned grass field -20.73 94.55 -0.22 .826 1.000 37.91 52.64 0.72 .471 1.000 

Football field - Managed grass field -24.73 94.55 -0.26 .794 1.000 40.64 80.15 0.51 .612 1.000 

Football field - Bare land -25.17 68.13 -0.37 .712 1.000 41.47 61.76 0.67 .502 1.000 

Football field - Street without trees 30.23 78.40 0.39 .700 1.000 46.97 80.15 0.59 .558 1.000 

Small patch of trees - Abandoned 
mixed vegetation field 

-1.50 86.85 -0.02 .986 1.000 -6.10 83.95 -0.07 .942 1.000 

Small patch of trees - Street with trees 12.70 76.60 0.17 .868 1.000 -10.40 79.15 -0.13 .895 1.000 

Small patch of trees - Abandoned grass 
field 

-13.83 98.89 -0.14 .889 1.000 12.20 68.54 0.18 .859 1.000 

Small patch of trees - Managed grass 
field 

-17.83 98.89 -0.18 .857 1.000 -14.93 91.39 -0.16 .870 1.000 

Small patch of trees - Bare land -18.27 74.03 -0.25 .805 1.000 15.77 75.78 0.21 .835 1.000 

Small patch of trees - Street without 
trees 

23.33 83.57 0.28 .780 1.000 -21.27 91.39 -0.23 .816 1.000 

Abandoned mixed vegetation field - 
Street with trees 

11.20 70.91 0.16 .875 1.000 -4.30 83.95 -0.05 .959 1.000 

Abandoned mixed vegetation field - 
Abandoned grass field 

-12.33 94.55 -0.13 .896 1.000 6.10 74.03 0.08 .934 1.000 

Abandoned mixed vegetation field - 
Managed grass field 

-16.33 94.55 -0.17 .863 1.000 -8.83 95.58 -0.09 .926 1.000 

Abandoned mixed vegetation field - 
Bare land 

-16.77 68.13 -0.25 .806 1.000 9.67 80.78 0.12 .905 1.000 

Abandoned mixed vegetation field - 
Street without trees 

21.83 78.40 0.28 .781 1.000 -15.17 95.58 -0.16 .874 1.000 

Street with trees - Abandoned grass 
field 

-1.13 85.23 -0.01 .989 1.000 1.80 68.54 0.03 .979 1.000 
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Street with trees - Managed grass field -5.13 85.23 -0.06 .952 1.000 -4.53 91.39 -0.05 .960 1.000 

Street with trees - Bare land -5.57 54.46 -0.10 .919 1.000 5.37 75.78 0.07 .944 1.000 

Street with trees - Street without trees -10.63 66.86 -0.16 .874 1.000 -10.87 91.39 -0.12 .905 1.000 

Abandoned grass field - Managed grass 
field 

4.00 105.71 0.04 .970 1.000 -2.73 82.38 -0.03 .974 1.000 

Abandoned grass field - Bare land -4.44 82.93 -0.05 .957 1.000 -3.57 64.62 -0.06 .956 1.000 

Abandoned grass field - Street without 
trees 

9.50 91.55 0.10 .917 1.000 -9.07 82.38 -0.11 .912 1.000 

Managed grass field - Bare land -0.44 82.93 -0.01 .996 1.000 0.83 88.49 0.01 .992 1.000 

Managed grass field - Street without 
trees 

5.50 91.55 0.06 .952 1.000 -6.33 102.18 -0.06 .951 1.000 

Bare land - Street without trees 5.06 63.90 0.08 .937 1.000 -5.50 88.49 -0.06 .950 1.000 

Note: each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 

Asymptotic significances (2-sided tests) are displayed. The significance level is .05. 

Adjusted significance a values have been adjusted by the Bonferroni correction for multiple tests and are highlighted when 

significant.  
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Appendix 17 – The selected Cold spots depicted on the seasonal LSTs, max 

maps. 

 

Figure 27. The pixels that were selected as cold spots in the dry season based on their low LSTs, max values and small distance 
to the city centre.   

 

Figure 28. The pixels that were selected as cold spots in the wet season based on their low LSTs, max values and small 
distance to the city centre.   
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Appendix 18 – Kruskal-Wallis test: cold spots groups. 
Table 33. Kruskal-Wallis test on the distribution of LSTs, max across the different cold spot groups, including pairwise 

comparisons adjusted by the Bonferroni correction for multiple tests. 

Pairwise Comparisons of Cold Spot groups 

Sample 1 - Sample 2 
 

Dry season Wet season 
Test 

Statistic 
Std. 

Error 
Std. Test 
Statistic 

Sig. 
Adj. 
Sig.a 

Test 
Statistic 

Std. 
Error 

Std. Test 
Statistic 

Sig. 
Adj. 
Sig.a 

Patch of high-density of 
trees in large green area - 
Patch of high-density palm 
trees in moderate green area 

-42.51 10.11 -4.21 .000 .000 -42.75 9.98 -4.29 .000 .000 

Patch of high-density of 
trees in large green area - 
Mixed vegetation in large 
green area 

47.64 10.44 4.56 .000 .000 43.91 9.50 4.62 .000 .000 

Patch of high-density of 
trees in large green area - 
Mixed vegetation in urban 

-95.24 21.46 -4.44 .000 .000 -47.65 29.63 -1.61 .108 1.000 

Patch of high-density of 
trees in large green area - 
Patch of high-density trees in 
urban 

-98.08 10.69 -9.18 .000 .000 -86.95 19.43 -4.47 .000 .000 

Patch of high-density of 
trees in large green area - 
Patch of trees in urban 

-122.54 32.75 -3.74 .000 .003 -89.68 9.98 -8.99 .000 .000 

Patch of high-density palm 
trees in moderate green area 
- Mixed vegetation in large 
green area 

5.12 10.32 0.50 .620 1.000 1.16 10.10 0.12 .908 1.000 

Patch of high-density palm 
trees in moderate green area 
- Mixed vegetation in urban 

-52.72 21.40 -2.46 .014 .206 -4.90 29.83 -0.16 .870 1.000 

Patch of high-density palm 
trees in moderate green area 
- Patch of high-density trees 
in urban 

-55.57 10.57 -5.26 .000 .000 -44.20 19.73 -2.24 .025 .376 

Patch of high-density palm 
trees in moderate green area 
- Patch of trees in urban 

-80.02 32.72 -2.45 .014 .217 -46.93 10.55 -4.45 .000 .000 

Mixed vegetation in large 
green area - Mixed 
vegetation in urban 

-47.60 21.56 -2.21 .027 .409 -3.74 29.68 -0.13 .900 1.000 

Mixed vegetation in large 
green area - Patch of high-
density trees in urban 

-50.45 10.89 -4.63 .000 .000 -43.04 19.50 -2.21 .027 .409 

Mixed vegetation in large 
green area - Patch of trees in 
urban 

-74.90 32.82 -2.28 .022 .337 -45.77 10.10 -4.53 .000 .000 

Mixed vegetation in urban - 
Patch of high-density trees in 
urban 

-2.85 21.68 -0.13 .896 1.000 39.30 34.18 1.15 .250 1.000 

Mixed vegetation in urban - 
Patch of trees in urban 

-27.30 37.80 -0.72 .470 1.000 -42.03 29.83 -1.41 .159 1.000 

Patch of high-density trees in 
urban - Patch of trees in 
urban 

24.46 32.90 0.74 .457 1.000 -2.73 19.73 -0.14 .890 1.000 

Note: each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 

Asymptotic significances (2-sided tests) are displayed. The significance level is .05. 

Adjusted significance a values have been adjusted by the Bonferroni correction for multiple tests and are highlighted when 

significant. 
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Appendix 19 – Kruskal-Wallis test: socioeconomic status. 
Table 34. Kruskal-Wallis test on the distribution of LSTs, max across the different neighbourhoods varying in socioeconomic 

status based on residential class, including pairwise comparisons adjusted by the Bonferroni correction for 
multiple tests. 

Pairwise Comparisons of Neighbourhoods Differing in Socioeconomic Status Based on 
Residential Class 

Sample 1 - 
Sample 2 

Dry season Wet season 
Test 

Statistic 
Std. 

Error 
Std. Test 
Statistic 

Sig. 
Adj. 
Sig.a 

Test 
Statistic 

Std. 
Error 

Std. Test 
Statistic 

Sig. 
Adj. 
Sig.a 

Poor - Middle 2096.28 222.25 9.43 .000 .000 2341.67 212.36 11.03 .000 .000 

Poor - Rich 2213.81 238.56 9.28 .000 .000 2596.96 228.10 11.39 .000 .000 

Poor - Middle to 
low 

3057.04 221.62 13.79 .000 .000 3330.75 211.74 15.73 .000 .000 

Middle - Rich 117.53 112.34 1.05 .295 1.000 255.29 108.25 2.36 .018 .110 

Middle - Middle 
to low 

-960.76 69.44 -13.84 .000 .000 -989.08 67.25 -14.71 .000 .000 

Rich - Middle to 
low 

-843.23 111.08 -7.59 .000 .000 -733.80 107.03 -6.86 .000 .000 

Note: each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. 

Asymptotic significances (2-sided tests) are displayed. The significance level is .05. 

Adjusted significance a values have been adjusted by the Bonferroni correction for multiple tests and are highlighted when 

significant. 
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Appendix 20 – Comparison between LST and air temperature at the air 

temperature measuring stations and outdoor temperature logger locations. 
 
Table 35. LST and air temperatures measured on 14:00 hrs, local time, at the locations of the measuring stations, 

Cultuurtuin and Zorg en Hoop, of the meteorological service Suriname. 

Comparison LST and Air Temperature 

Station Cultuurtuin Zorg en Hoop 

Land cover 
Middle of urban forest on grass 

field 
On industrial site next to small 

river 

Season Date LST (°C) - 14:00 Air (°C) - 14:00 LST (°C) - 14:00 Air (°C) - 14:00 

Dry 

15/10/2015 29.3 33.6 32.7 32.7 

01/10/2016 28.0 34.2 30.5 34.2 

21/09/2018 28.8 34.6 32.9 34.9 

08/09/2018 27.1 30.7 31.1 32.7 

Average 28.3 33.3 31.8 33.6 

Wet 

29/07/2016 27.1 34.9 30.6 32.9 

14/06/2016 23.7 33.5 No data 32.4 

04/08/2018 27.9 35.3 No data 32.4 

Average 26.2 34.6 30.6 32.6 

Total Average 27.4 33.8 31.6 33.2 

 
Table 36. Location description, LST and air temperatures on 14:00 hrs, local time, on August 8th, 2019 at the locations of 

outdoor temperature loggers. 

LST and Air Temperature at Outdoor Temperature Logger Locations 

Outdoor temperature logger characteristics LST (C°) Air temperature (C°) 

Location Landcover 
Dry season 
08/09/2019 

Rank 
Dry season 
08/09/2019 

Rank 

D1 - Coppenamestraat 51 
On the roadside of a house 
garden in urban area 

31.0 2 33.9 3 

D2 - M.C. Ooftplein 
Sandy play garden half covered by 
large trees 

29.3 3 31.0 7 

D3 - Atlasstraat House garden in urban area 32.1 1 33.9 3 

D4 - Cultuurtuin 
High density tropical forest in big 
green area 

25.1 8 28.7 8 

D6 - Fort Zeelandia  
On balcony next to small grass 
park half covered by large trees 

27.4 6 35.1 2 

D8 - CELOS terrein Patch of trees in green area 25.8 7 31.8 5 

D9 - Boedhiastraat 5 
Small house in green 
neighbourhood 

28.8 5 31.6 6 

D10 - Franklynweg (Latour) 
Grass covered school play garden 
with some small trees 

29.3 4 35.8 1 

D11 - Jodenbreestraat 
On balcony facing the street in 
urban centre 

33.4 - No data - 

D12 - Palmentuin Public park with palm trees 27.7 - No data - 

D13 - Samidalaan 14 
(Commewijne) 

On lawn in rural area No data - No data - 

Total 
Average  29.0 - 32.7 - 

Range 8.3 - 7.1 - 

 


