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ABSTRACT: 

 

This paper analyzed both the horizontal and vertical extent of air temperature variations as affected by vegetation leaf area density 

(LAD) and building area per height threshold. The current microclimate (Scenario 1) and two potential future urbanization scenarios 

in Lower Session Road, Baguio City were simulated with ENVI-met.  The future scenarios include the removal of the Balete trees in 

the median strip (Scenario 2), and removal of some pine trees and addition of new buildings in the study site (Scenario 3). Remotely-

sensed data were used in creating the primary model inputs including the initial built-up layer from PlanetScope green-based built-up 

index (VgNIR-BI), and digital elevation models (DEM) and normalized difference vegetation index (NDVI) maps derived from 

unmanned aerial system (UAS) for tree canopy mapping. The horizontal variations in air temperature were observed by selecting three 

subsites with different proximity to the adjusted variables, while vertical analysis was done by comparing the temperature values from 

the near-ground up to the 20m height range. Very minimal temperature change (0°C to -0.01°C) was observed between the current 

and simulated scenarios when average temperature of the whole site is obtained. However, temperature variations were better observed 

with per-subsite analysis as the effects of the adjusted variables are seen to be localized and restricted only to the surrounding thermal 

condition. Air temperature is highest within 12:00 to 13:00 hours for the three scenarios. In the current scenario, the right region of 

the study site is cooler in the morning, which gradually became warmer pre-noon up to late afternoon. Removal of Balete trees with 

Scenario 2 have increased the temperature in the near-ground elevation only, both in Subsites 1 (up to 0.1 °C) and 3 (up to 1.6 °C), 

attributed to the loss of surface shadow and reduction in total LAD. In contrast, the removal of pine trees and addition of buildings 

impacted the air temperature across all subsites and across all atmospheric height ranges. Application of Scenario 3 to Subsite 3 which 

is close to the adjusted variables, gave the highest near-ground air temperature rise across the study site with a mean value of 1.4 °C 

and a maximum value of 1.9 °C. The ENVI-met model of the current scenario generated high accuracy (R2 = 0.59 to 0.99) which 

implies that the simulation outputs are reliable for this study.   

 

1. INTRODUCTION 

Several studies confirmed that the presence of  built-up  area  can  

accelerate  the  effect  of  Urban Heat Island (UHI), whereas  

water  and  green  spaces  can  reduce  the  UHI  intensity. 

Changes in land use and cover can potentially raise the 

temperature of the local air and surface temperature with several 

degrees higher than the temperature values of the surrounding 

areas. To solve the lack of space to accommodate increasing 

urban population, green areas are being replaced by urban 

structures such as asphalt and concrete (Sailor and Lu 2004) 

which further increases the temperature levels. 

It was observed that the rate of urbanization is faster in less 

developed regions compared to the more developed regions. The 

level of urbanization is the Philippines is 45.3 percent, 

suggesting that there is a high proportion of urban population to 

the total population. Urbanization rate also varies within the 

country through the development of UHIs and micro-UHIS in its 

densely populated cities. Baguio City is a tropical mountain city 

known as the summer capital of the Philippines due to its 

relatively colder temperature in the summer which attracts 

tourists locally. It is one of the Philippine cities that experience 

high rate of urbanization mainly due to land cover changes and 

urban sprawl (Baloloy et al., 2019; Estoque and Murayama, 

2017).  The UHI value have increased from 4.0°C in 1987 to 

8.2°C in 2015 (Estoque and Murayama, 2017). In a recent study, 

Baloloy et al. (2019) reported that the increase in the built-up 

extent in Baguio City have significantly intensified the LST 

during the dry season which was observed in Landsat, 

PlanetScope and RapidEye data. From an annual average LST 

of 23.2 °C in 1990, the mean LST of Baguio City increased to 

27.5 °C in 2018, with an increment of 0.11°C per year.  This 

trend in the LST will continue if similar rate of built-up 

expansion will take place particularly within the Central 

Business District (CBD).  

To simulate and map the current and future temperature 

scenarios, most researchers utilize different methodologies and 

workflows including both micro and macro modelling. The 

study and prediction of microclimates have been an interest for 

decades now (Geiger 1950; Geiger et al, 2003) due to its 

importance in capturing the local variations in wind, humidity, 

solar radiation and temperature as influenced by urban 

morphology parameters (Chatzinikolaou et al., 2018). Several 

researches have proposed that urban greenery is one of the most 

cost-effective mitigation strategies against urban heat islands, 

especially in highly urbanized and rapidly urbanizing cities 

(Spangenberg, et al., 2008). The temperature reduction due to * Corresponding author 
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the presence of trees and other vegetation is highly attributed to 

two factors: shading during daytime and evapotranspiration 

during night time (Aboelata and Sodoudi, 2019). Variation in the 

extent and amount of cooling effect provided by vegetation may 

be due to several factors such as the type and amount of 

vegetation, geographic location, and urban design. Vegetation 

characteristics such as leaf area density (LAD) and leaf area 

index (LAI) are well associated to surface cooling, with high 

positive correlation results (Gillner et al., 2015; Shinzato and 

Duarte, 2012).  

Contrary to satellite image-derived land surface temperature 

layers which depict high-density built-up areas as hotspots, 

microclimate simulation results show that increasing building 

area or building height does not guarantee that the surface and 

air temperatures will also increase (Li and Donn, 2017). Taller 

buildings, for example, aid in lowering urban temperature due to 

its shading effect on the streets level (Perini and Magliocco, 

2014). Dursun and Yavas (2018) concluded that variation in 

different urban configuration such as building heights, building 

separation, and plot sizes, could possibly result in improved 

microclimate conditions. Further, it was observed that ground 

and wall temperature increase with canopy height-to-width ratio 

(Nazarian and Kleissl, 2015). 

The current study aims to stimulate the local current 

microclimate conditions in Lower Session Road Baguio City, 

and to determine the impact of (a) removing the Balete 

vegetation in its median strip, and (b) removing a number of pine 

trees and adding more built-up structures throughout the study 

area. These two scenarios will more likely to happen in the future 

due to the continuous rate of urbanization, and thus modelling 

the impacts will aid in drawing the necessary mitigation actions. 

Further, the study will assess the vertical and horizontal extent 

of the cooling and/or heating effect of vegetation and buildings. 

Three subsites were selected to better observe the localized 

effect of each selected scenario, in addition to the mean air 

temperature variations across the whole study area. 

DATA AND METHODS 

2.1 Study Site 

Baguio City is located within the province of Benguet, northern 

Luzon Island, Philippines, approximately 250 km north of 

Manila. It serves as the regional center of the Cordillera 

Administrative Region (CAR, Figure 1). Baguio is considered as 

the country’s “Summer Capital” with an annual average 

temperature of 19.7°C, generally lower by 8-10°C than those of 

the low land areas. The city has an altitude of 1,417 meters above 

sea level. The Lower Session Road is the modelling site selected 

within Baguio CBD. This is a busy road which extends from 

Magsaysay Avenue until the intersections of Father Carlu Street. 

The area houses hotels, banks, and other business establishments 

that are commonly built with concrete materials.  

2.2 ENVI-met Inputs 

A series of field inventory surveys were conducted in 2019 to 

obtain the vegetation and building information such as wall and 

roof materials, building height, tree height, crown diameter, and 

crown circumference (Table 1). Prior to the survey, initial built-

up maps were generated using the VgNIR-BI (Estoque and 

Murayama, 2015) which was utilized in identifying the number 

and location of buildings to be visited on-site. Each building was 

assigned with individual shapefile layer and identification 

number. Other built-up surfaces such as concrete parking lots 

and small roads were identified using the PlanetScope layer.   

 
Figure 1. Lower Session Road, Baguio City, bounded by the 

simulation boundary. The red dots indicate the locations of the 

10 receptors with in-situ air temperature measurements. 

 

Figure 2. Generated DTM, DSM, and surface heights used in the 

computation of building and vegetation heights in Session Road. 

 

Figure 3. Multispectral bands (green, red, red-edge, and NIR) 

obtained using Sequoia multispectral camera mounted in 

Sensefly eBee drone (A). The red and NIR bands were used in 

generating high resolution NDVI map (B) which aided in 

isolating individual tree canopies (B, left) in addition to DEMs. 
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Drone surveys were conducted to obtain digital elevation models 

needed in calculating the tree and building heights, in addition 

to field inventory data (Figure 2). The digital terrain model 

(DTM) were subtracted from the digital surface model (DSM) to 

compute for the normalized height of each surface cover. 

Individual Balete and pine trees were mapped using the UAV-

derived NDVI (Figure 3B) using the bands obtained with the 

Sequoia multispectral camera (Figure 3A). Balete trees and pine 

trees were then modeled in ENVI-met Albero and were imported 

as 3D vegetation in ENVI-met Monde and Spaces. Different 

height-diameter ratio of pine trees were made, including those 

with height up to 20m and width up to 12m (Figure 4A). 

Vegetation characteristics such as canopy height were carefully 

modeled as they can alter total LAD. For Balete, smaller tree 

models were built (Figure 4B). Each of the tree models were 

assigned with ENVI-met code. The LAD of Balete and pine trees 

were set to 0.3 and 0.4 per grid, respectively. For root size data, 

the automatic configuration for each height and width ratio was 

applied. The foliage shortwave albedo was set to 0.18 while 

foliage shortwave transmittance was set to 0.30. The assigned 

leaf weight is 100 g/m2 with isoprene capacity of 12. Grass were 

considered as simple vegetation layer and was imported as 

shapefile.  

Table 1. ENVI-met inputs, information defined and data source. 

Each inputs were modeled in ENVI-met Monde while 3D 

vegetation from Albero were added in ENVI-met Spaces. 

Wall and roof materials were recorded for each building and was 

assigned with the respective ENVI-met code such 0100C3 for 

concrete wall-hollow block and 0100C4 for concrete wall-filled 

block. Other wall materials listed are wood, glass, and steel. 

Majority of the building roofs were made of iron (0100IR). The 

road in lower Session Road is primarily asphalt while most of 

the open spaces near buildings are paved with concrete materials. 

The hourly air temperature and humidity inputs used in the 

simulation were sourced from Dark Sky, a platform for weather 

visualization and forecasting (https://darksky.net). The average 

initial wind direction and speed were also obtained. Meanwhile, 

the validation data for air temperature were recorded onsite. 

2.3 Simulation Scenarios 

Scenario 1 is the current microclimate scenario in lower Session 

Road. In Scenario 2, all Balete trees regardless of dimension 

were removed. Balete tree is one of the unique features in lower 

Session Road, with around 80 trees planted in the median strip. 

In Scenario 3, around ten more buildings were added, taking in 

consideration the current land areas with bare or grass cover that 

can be potentially converted into built-up zones. A total of 30 

pine trees were removed, with an average of three pine trees 

removed for each building constructed. Grass areas with newly 

constructed buildings were also reduced. The total building area 

of Scenario 1 is 188 ha, which expanded to 198 ha after 

application of Scenario 3. The removed trees in Scenario 3 is 

approximately 12% of the existing 243 pines in the current 

Scenario. 

 

Figure 4. Selected tree models for pine (A) and Balete trees (B) 

built in ENVI-met Albero based on the field-acquired data on 

vegetation parameters. The identified Balete and pine trees differ 

in terms of tree height, canopy height, and crown width. The 

study developed specific model for each height and width ratio 

of the trees as this may affect the total LAD per height range. 

 2.4 ENVI-met Model 

After identifying the potential future urbanization scenarios, the 

simulation inputs were imported to the ENVI-met Monde. The 

scenario models are shown in Figure 5. The visualization is 

divided into two: the buildings and vegetation layers and the soil 

and surfaces (Figure 5A). Zooming in the map shows the 

presence of Balete trees in Scenario 1 (Figure 5B) but not in 

Scenario 2 (Figure 5C), while additional buildings and less 

vegetation can be observed in Scenario 3 (Figure 5D).  

2.5 Microclimate Simulation 

The ENVI-met v4.3.4 model is a grid based three-dimensional 

model for simulating solar radiation, heat and vapor exchange in 

urban areas. The simulated date is December 22, 2019, from 3:00 

to 18:00 hours. The first 3 hours of simulation are within the 

initialization phase and therefore not included in the analysis. 

The simulation settings used are shown in Table 2. The study 

used simple forcing with hourly inputs for temperature and 

humidity. The wind speed and wind direction were obtained 

from secondary data, which are set to 70° and 2 m/s, respectively. 

Common input settings were applied for all three scenarios. The 

Input Parameters Defined Source 

Buildings and 
built-up surfaces 

Building height, 
wall material, roof 

material, location 

Field inventory, 
OpenStreet map, 

drone-derived 

elevation models 

Simple Vegetation 

(Grass) 
Height, plant type, 

location 
Field inventory 

Trees (Balete and 

Pine trees) 
Height, crown 

diameter, tree 

location 

Field inventory, 

drone-derived 

elevation models 

Road Data Surface material, 

location 
Secondary data, 

field inventory 

Receptors Receptor location Field inventory 
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total area of the simulated layer is 21.12 ha, with a model 

dimension of 416 x 530 x 40. In ENVI-met spaces, the base 

height of the lowest grid box was divided into 5 sub cells. No 

grid nesting was applied to the simulations.  

 

Figure 5. A. ENVI-met simulation models of the three scenarios, 

showing the building and vegetation layers (top), and soil and 

surfaces layers. B to D. Zoomed areas showing the difference 

between the vegetation (green) and building structures (gray) 

across the scenarios: Scenario 1 or the current scenario (B), 

Scenario 2 where all Balete trees were removed (C), and 

Scenario 3 with 10 new buildings added and 30 pine trees 

removed (D). E. Three smaller subsites were selected within the 

study site to observe the localized air temperature differences 

among the three scenarios.  

On average, the simulation took 340 hours, including 10 hours 

for the initialization phase. Moreover, analysis of results and 

map layout took two weeks using both ENVI-met and ArcGIS 

software. The simulation output maps and statistics were 

visualized in ENVI-met Leonardo and ArcGIS software. LAD 

and building area were extracted from the netCDF files. The 

mean temperature of the whole study area was obtained by 

clipping the output raster with the study site boundary shapefile, 

and masking out buildings from the data. Hourly temperature 

values were obtained from 6 AM to 6 PM. For subsite 

temperature analysis, local statistics were obtained hourly within 

different height threshold: 0.2m for near-surface height, 2m for 

the thermal comfort elevation range, 5, 10, and 20 meters for 

vegetation analysis, and up to 30m to observe the effect of new 

buildings. Statistics of hourly potential air temperature across 

elevations were compared between the simulation scenarios.  

Parameters Values 

Start of simulation 3:00 

Simulation hours 15 

Wind speed at 10m above ground 
level 

2 m/s 

Wind direction 70° 

Initial temperature range (°C) 17 to 25 

Initial humidity range (g Water/kg air) 0.6 to 0.97 

Simulation level Intermediate 

Boundary condition Simple forcing 

Roughness length 0.02 

Table 2. Input settings applied to the ENVI-met simulation of 

current and potential scenarios. The model used intermediate-

level simulation with simple forcing from 24 hours data. 

2.6 Subsites Analysis 

Three subsites were selected within the Lower Session Road to 

highlight unique observations in each scenario outputs. Subsite 

1 is near receptor 3 in the northern part of the study area. It is 

located near the Balete trees in the median strip, and near an 

added building (20m height) and reduced grass area (Figure 5E). 

In this site, air temperature is expected to be affected both by 

Scenario 2 and Scenario 3 due to its proximity to the added and 

removed inputs. Meanwhile, subsite 2 is near Receptor 9 in the 

southern part of lower Session Road. It is far from Balete, 

removed pine trees, and with the new buildings added. The area 

also has the least building density and has the widest exposed 

road area. This site will be utilized in observing the effect of 

Scenarios 2 and 3 to areas that are far from adjusted input 

variables. Lastly, subsite 3 is located almost near the middle 

portion, in proximity to the added buildings and removed 

vegetation, making it an ideal site to observe the effect of 

Scenario 3.  

2.7 On-site Measurement of Air Temperature 

To evaluate the accuracy of the ENVI-met simulation, the 

relationship between hourly in-situ air temperature and 

simulated air temperature data at the height of 1.8 meters was 

analyzed. On-site air temperature measurement was conducted 

from December 11 to 16, 2019 using ten HOBO® MX100 Data 

Loggers with an accuracy of ±0.5 °C for a temperature range of 

-5° to 50°C. The sensors were deployed evenly along Lower 

Session Road (Figure 1). 

RESULTS AND DISCUSSION 

3.1 LAD Profile 

The total LAD was computed for each height range (Figure 6). 

The highest total LAD was recorded at 0.2m height, dominated 

by grass (1194 m2/m3).  Lowest total LAD was recorded at 2m 

with both small pines and small Balete trees. After running 

Scenario 2, the LAD decreased within the 0.2m to 5m height 

only, as the tree heights of the Balete trees only reaches this 
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level. The difference between the LAD in Scenario 2 and the 

current scenario is 28.9 m2/m3, 10 m2/m3, and 4 m2/m3 for 

heights 5m, 2m, and 0.2m, respectively. Majority of the Balete 

are within the 5m height, resulting to the largest decrease in this 

level. Removing pine trees and grass to give way to new 

buildings in Scenario 3 significantly causes larger difference in 

vegetation LAD, and this was observed all throughout the height 

ranges. Most of the pine trees have 10m to 12m tree height, 

resulting to the highest decrease in LAD (minus 154 m2/m3) at 

this level. It was followed by the difference in LAD at 0.2m 

height (minus 104 m2/m3) which is mainly attributed to the 

removed grass. In terms of resulting leaf temperature, the lower 

the vegetation height, the higher maximum leaf temperature 

values were recorded. Vegetation height and leaf temperature 

have strong negative correlation, with r=0.97 at α=0.001. 

 

Figure 6. Variations in the total LAD for each simulation 

scenario in Lower Session Road, Baguio City. Each height range 

is dominated by either grass, Balete trees, Pines, or a 

combination of two vegetation types. 

3.2 Building Profile 

This paper utilized ‘total building area’ per height range rather 

than building density, since the later only account for the number 

of buildings per unit area. The differences in building area and 

form may affect wind flow, wind direction, and the surrounding 

air temperature (Dursun and Yavas, 2018). In the current 

scenario, the highest total building area was computed within the 

0.2m and 2m elevation, with both 8.46 ha. Application of 

Scenario 3 have increased the total building area to 8.73m for 

heights 0.2m, 2m and 5m. The largest area increases were 

recorded for heights 5m to 15, with 0.41 ha to 0.42 ha added. 

3.3 Mean Temperature per Scenario 

In all scenarios, the air temperature is highest within 12:00 to 

13:00 hours. The right region of the study site is cooler in the 

morning, which gradually became warmer pre-noon up to late 

afternoon (Figure 7). The right portion have less building density 

with more scattered vegetation. In the current scenario (Figure 

7), the maximum air temperature was simulated at 14:00 with 

24.2 °C, similar to the result from Scenario 2, and close to the 

result (24.2 °C) from Scenario 3. The air temperature throughout 

the simulated hours is shown in Figure 8 where similar trend 

across all scenarios was observed. 

 

Figure 7. Simulated air temperature at 1.8m for the current 

scenario (Scenario 1) during 6:00, 9:00, 12:00 and 15:00 hours 

in lower Session Road, Baguio City.  

Figure 8. Hourly trend of simulated air temperature at 1.8m for 

the three scenarios in Lower Session Road, Baguio City. Similar 

trend was observed with peak air temperature at 13:00. 

 

Figure 9. Difference in the hourly air temperature between 

scenarios 3 and 1, and between scenarios 2 and 1. Very minimal 

difference were observed in all the scenarios, with Scenario 3 

leading to a decrease in air temperature from 8:00 to 15:00.  
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Since the difference is too small as seen in the previous graph, 

Figure 9 highlighted the differences between scenarios 2 and 1 

(green line) and between scenarios 3 and 1 (gray line). Almost 

no difference was observed between the mean temperature of 

Scenarios 1 and 2. A minimal decrease up to minus 0.003 °C was 

observed between Scenario 1 and 3, although the value is almost 

negligible. This result shows that the effect of changing 

scenarios may not be well observed if the mean value for the 

whole study site will be computed. There are areas far from 

either added buildings or remove vegetation, and these may just 

counterbalance any increase or decrease in selected areas. Thus, 

local mean temperature observation is required to capture the 

microclimate condition changes relative to the current scenario. 

3.4 Subsite Temperature Analysis 

More local and site-specific observations were observed through 

analysis of air temperature differences in three selected subsites 

with different characteristics and proximity to the adjusted 

variables through Scenarios 2 and 3 (see Figure 10). The hourly 

potential temperature was collected in the 0 to 20m height range 

from each subsite with fixed pixel size (2m resolution) and 

location. Minimal subsite extent was adopted to allow 

measurement of air temperature from open space without direct 

contact to the nearby vegetation and building structures.  

3.4.1 Air Temperature Variations in Subsite 1 

In subsite 1, Scenario 2 resulted to a slightly higher temperature 

rise up to 0.1°C which was mainly observed within the 0.2m 

height only (Figure 10). This is attributed to the absence of 

surface shadow from the removed Balete trees especially at the 

near-surface elevation. Meanwhile, in the Balete-canopy height 

level (5m) with the largest LAD change, the temperature is 

minimally cooler. In contrast, Scenario 3 led to an increase in air 

temperature not only in the near-surface height but up to the 10m 

elevation. Higher near-surface air temperatures were recorded, 

with a mean increase of 0.4 °C and a maximum increase up to 

0.6 °C. Warmer near-surface air temperatures were observed 

from 10:00 to 14:00 in Scenario 2 while it further extends until 

17:00 for Scenario 3. The pine trees and grass near Subsite 1 

recorded greater loss in LAD than the Balete trees near the road. 

3.4.2 Air Temperature Variations in Subsite 2 

Due to its location, removing Balete trees with Scenario 2 have 

not cause significant change in the air temperature in Subsite 2 

due to its distance from the said vegetation (Figure 10). It 

however caused a very minimal mean increase of 0.01 °C in the 

near-ground air temperature from 13:00 to 17:00 (Figure 10). 

Application of Scenario 3 to Subsite 2 have lessen the air 

temperature within 0.2m to 20m height range from 9:00 to 13:00. 

Meanwhile, the said scenario resulted to warmer temperature in 

the early morning (6:00 to 7:00) and in the afternoon (14:00 to 

17:00) with a mean increase of 0.3 °C and a maximum increase 

up to 0.5 °C. Warmer temperature in the late afternoon could be 

a result of lower evapotranspiration efficiency due to less trees 

nearby. Regardless of positive or negative temperature change, 

the observation always extends up to the 20m height. 

3.4.3 Air Temperature Variations in Subsite 3 

Interestingly, removing the Balete trees with Scenario 2 have 

increased the surface air temperature on the right side of the 

study area (Figure 10). This rise in temperature level was only 

observed at the near-ground elevation, with a mean increase of 

1.1 °C and a maximum increase of 1.6 °C. Similar with Subsites 

2 and 3, removing pine trees and adding building (Scenario 3) in 

Subsite 3 have affected the temperature level up to the 10m and 

20m heights. Scenario 3 resulted to a consistent temperature rise 

from 8:00 to 15:00 across all height levels (Figure 10), with 

higher level of increase observed in 2m and 0.2 elevation. 

Among all scenarios and subsites, Subsite 3 and Scenario 3 gave 

the highest air temperature rise within the near-ground elevation, 

with a mean value of 1.4 °C and a maximum value of 1.9 °C. 

The temperature started to cool down after 15:00. 

3.5 Temperature as affected by Vegetation and Buildings 

The removal of Balete trees have impacted Subsites 1 and 3, with 

higher air temperature up to 0.1 °C and 1.6 °C, respectively. In 

Subsite 1, the main driver of the change is the absence of tree 

shadow on the ground. The minimal level of temperature rise can 

be attributed to the low total LAD of Balete trees in the current 

scenario. At 0.2m height for example, only 104 m2/m3 were lost. 

Further, Balete trees at the northern region are mostly shorter, 

younger, and with larger planting gaps. 

The 1.6 °C maximum increase in Subsite 3 after removing the 

Balete trees is close to temperature reduction when trees are 

added instead, as reported by previous studies. The cooling 

effect of trees varies from 1°C to 0.5 °C (Kong et al., 2016; 

Maiyoma et al., 2009). Subsite 3 is just approximately 80m away 

from the Balete trees. Although Subsite 1 is closer to the median 

strip, the Balete trees located in the opposite region near Subsite 

3 are denser, taller, and with wider canopy width. In addition, 

two of the larger Balete tree models are located in a street 

perpendicular to Subsite 3. The effect of removing the Balete 

trees to the near-ground air temperature of nearby sites may be 

caused by localized air convection and change in wind 

turbulence (Kong et al., 2016), although the actual mechanism 

was not completely observed in the simulation.   

Meanwhile, the effect of removing pine trees extended up to 20m 

height range due to taller tree and canopy heights. A previous 

research reported that vegetation can provide vertical cooling 

effect up to the mean building height (Kong et al., 2016). In the 

current study, the temperature rise induced by removing 

vegetation also extended up to the mean building height which 

is 17m. Vegetation that occur within green parks, like the pine 

trees in this study, are reported to have more cooling effects than 

roadside vegetation (Petralli et al., 2006). It is important to note 

that Scenario 3 considered both vegetation and buildings, thus 

simulation result must be attributed to the joint effect of these 

variables. The addition of new tall buildings in Lower Session 

Road have led to vertical air temperature increase, similar to the 

studies reviewed by of Li and Donn (2017) which they have 

attributed mainly to the change in airflow rate. As seen in Figure 

11, the increase in building area resulted to air temperature rise 

across all height range, up to 30m. The overall correlation 

between air temperature and building area increase is weak 

(R2=0.17) which is mainly affected by the trend variations per 

height threshold. Below the mean building height (0.2m to10m), 

the level of temperature rise decreases as the change in building 

area increases (R2=0.96), but this is also well correlated with 

increasing elevation (R2=0.99) (Figure 11). The temperature 

increase within 0.2m to 10m heights is high (+0.5 °C to 1.2°C) 

as this range is both affected by buildings and pine trees. Adding 

buildings potentially contributed to near ground temperature due 

to the thermal behavior of the wall and roof materials. The heavy 

use of block type materials such as concrete in the study area is 

considered the main cause of direct heat release. Within the 
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Figure 10. Air temperature differences between Scenarios 3 and 1, and Scenarios 2 and 1 in each of the subsites selected within lower 

Session Road, Baguio City. Temperatures highlighted in gray have not changed, blue have decreased, while orange, dark orange, and 

brown have increased. Scenario 3 consistently increased surface temperature across all atmospheric elevations especially for 1 and 3. 

mean building height (15m), very minimal temperature rise was 

observed (+0.08°C), extending up to 30m. In elevations beyond 

this level (15m to 30m), very small pine tree LAD was removed 

and thus, the increase in temperature can be attributed mainly to 

the added buildings. Its sole effect has been very minimal from 

0.02°C to 0.2°C. Lower temperature increase within these 

elevations could be driven by other factors such as airflow and 

wind direction. In most subsites and scenarios, the removal of 

vegetation and addition of new buildings in the study site have 

not increased the potential air temperature during early morning. 

3.4 Accuracy Assessment 

Results of the validation show strong agreement between the 

field-acquired air temperature measurements and the simulated 

air temperature values, as evidenced by its overall high 

coefficient of determination values (R2 = 0.59 - 0.99) and low 

mean absolute percentage error (MAPE = 3.83% - 15.48%). 

Deviations between the two datasets could be possibly due to 

either the external effects that could have influenced the 

measured air temperature on-site, or the inherent limitations of 
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the created model and the ENVI-met software. Sensor 6, for 

example, which obtained the lowest correlation (R2=0.59, was 

installed on an unshaded area. The highest correlation was 

observed in receptor 10 (R2=0.99) and receptor 2 (R2=0.97). 

                      
Figure 11.  Increase in total building area and the corresponding 

increase in air temperature per atmospheric height in Subsite 3. 

Temperature rise within 0.2m to 10m were affected by both 

vegetation and buildings, while the temperature rise within 15m 

and above was attributed to the effect of newly added buildings. 

4.       CONCLUSION 

 

Three scenarios were simulated including the current scenario 

and two potential future urbanization scenarios: removal of 

Balete trees (Scenario 2) and removal of pine trees to add more 

buildings (Scenario3). Results show that the effects of the future 

scenarios are localized and are induced by the changes in the 

surrounding urban features. The effect of removing Balete has 

affected those areas close to the median strip, while the addition 

of buildings and removal of Pines exhibited more significant 

effect to areas near the altered variables. Both vegetation LAD 

and building area have explained changes in air temperature. 

Removal of vegetation with low LAD in lower heights increased 

the air temperature in the near-ground elevation only, while 

LAD of taller trees can alter temperature up to the mean building 

height. The new buildings have induced air temperature in the 

lower elevations due to released heat, in addition to the shadow 

coverage lost by removing pine trees. Moreover, the temperature 

effect of increasing building area beyond the mean building 

height is minimal. The results of the study suggest that although 

the effects are localized, vegetation loss and intensive building 

construction can directly worsen the impacts of UHI in lower 

Session Road, Baguio City. 
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