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Abstract 

This study is the first step to evaluate the effectiveness of 

ENVI-Met simulation models for further research on 

improvement of outdoor thermal condition of 

neighbourhood typologies in the city of Ha Tinh, Viet 

Nam. In this research, the rural ward of Thach Dai that 

represents a sub-urban neighbourhood typology was the 

case study where ENVI-Met simulations of outdoor 

thermal condition for typical days of summer 2020 and 

on-site measurements for model validation were 

performed. The measurement results indicate different 

thermal condition at various measurement locations, most 

probably caused by deviated morphologies. High leaf area 

density plants and water bodies are key elements to 

provide thermal comfort. The simulation results show the 

usefulness of ENVI-Met in the study of microclimate in 

Ha Tinh, and is a suitable tool for further analysis and 

validation of development of future neighbourhood 

typologies to provide better outdoor thermal comfort. 

Key Innovations 

 Validation of simulation model with 

measurement results 

 Concrete basis for further development of novel 

neighbourhood typologies with improved 

outdoor thermal comfort 

Practical Implications 

To simulate outdoor thermal condition of a 

neighbourhood, 2x2-m grid resolution should be a 

suitable configuration. In the climate condition of Ha Tinh 

as of a humid tropical city, model of vegetation and soil 

should be developed further to avoid underestimating of 

cooling effects. 

 

Introduction 

Due to geographical location, the medium-size 

Vietnamese city of Ha Tinh suffers severe hot weather 

during annual summers (Vietnam Ministry of 

Construction, 2009), causing discomfort to the outdoor 

thermal condition of its neighbourhoods (Ngo et al, 2020). 

Apart from the unlikely summer weather, worsened 

microclimate across the neighbourhoods, in form of 

increasing heat stress, can be foreseen by (Kubota et al., 

2017) as a consequence of urban expansion with rising 

amount of built-up areas. The influence of urban growth 

is warned more firmly in peri-urban parts of the city where 

original landscape, or neighbourhood typology in another 

word (Ngo et al., 2020), will be reshaped with higher built 

density and paved surfaces for urban development. 

Therefore, sub-urban neighbourhood typology of Ha Tinh 

is one of the study focus, requiring analysis, forecast and 

improvement of its local climate. 

Quantitative evaluation of the impact of urbanization on 

outdoor thermal condition is important to the 

improvement of existing neighbourhoods and designs of 

future urban areas. A reliable method is to simulate the 

current and future local climate with computational tools. 

For the scientific expectation and dimension of the 

studied neighbourhoods, ENVI-Met is dependable and 

appropriate for the starting point of in-depth studies on 

urban climate of neighbourhoods. The first step is to 

evaluate the simulation results of existing condition 

before predicting the future and testing effects of 

improving measures. 

The paper analyses the outdoor thermal comfort in a sub-

urban neighbourhood of Ha Tinh and discusses the results 

of the first ENVI-Met simulations in comparison to the 

experimental data for assessing of the current thermal 

condition of the studied neighbourhood. 

Methods and materials 

This section describes the selected neighbourhood, the 

measurement campaign for summer 2020 and the 

principle of ENVI-Met outdoor micro-climate simulation. 

2.1. Description of selected neighbourhood 

Five neighbourhood typologies in Ha Tinh are described 

in (Ngo et al., 2020) and shown in Figure 1 and Table 1. 

Among the detected  neighbourhood typologies, typology 

4 is of more interest for this research due to radical 

transformation of its original landscape caused by planned 

development projects. Figure 2 provides the reduced 

master plans of Thach Dai, a rural ward of Ha Tinh 

classified as typology 4, before (top right detail in 

Figure2) and after (bottom right details in Figure2) the 

urban development. Current morphology of the 

neighbourhood is characterized by sparse clusters of low-

rise residential buildings and rice fields. A major change 

due to urban development is foreseen: more mid- and 

high-rise buildings will be present resulting in a mixed 

rise neighbourhood morphology that may lead to the 

worsening of the outdoor thermal condition in this area. It 

is therefore necessary to analyse the impact of the 

envisaged tentative built form on the neighbourhood 
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micro-climate. The actual view of the present 

neighbourhood landscape is given with bird-eye view by 

flying camera in Figure 3.  The area is in the evolution of 

densification as a consequence of new infrastructure 

construction as approved in the master plan 2015 

(People’s Committee of Ha Tinh, 2015), and the national 

plan of high-way and railway development. 

2.2. On-site monitoring 

Three weather stations Renkforce WH2600 were installed 

over the rural ward of Thach Dai (neighbourhood 

typology 4) for continuous monitoring of micro-climate 

condition from late July until mid-October 2020. The aim 

of the long-term on-site weather monitoring is to obtain 

more insight into the local thermal environment of a 

Central Vietnamese peri-urban neighbourhood. Previous 

measurement results dating from 2019 (Ngo et al., 2020) 

and all data are used for comparison with simulation 

results during the next step. The performance of the 

weather stations can be found in Table 2. 

Table 1: Neighbourhood typologies of Ha Tinh. 

Group Typology Brief description 

Urban old 

neighbourhood 

1 Mixed rise (~4 – 40m) – High 

density (Compact) (~70 – 80%) 

– Low perviousness (Asphalt, 

concrete and cement pavement) 

– High & medium income  – 

Busy business activities 

Urban new 

developed 

neighbourhood 

2 Mixed rise (~4 – 40m) – High 

and medium density (~40 – 

80%) (Partly compact) – Low 

and medium perviousness – 

High and medium income - 

Moderate business activities 

3 Mixed rise (~4 – 100m) – High 

and medium density (~30 – 

80%) – Average and high 

perviousness - High and 

medium income - Moderate 

business activities 

Rural 

neighbourhood 

4 

(selected) 

Currently low rise (1-4m) and to 

be mixed rise (~3 – 40m) as 

future plan  – Low and medium 

density (~10 – 50%) – Mixed 

rural and new urbanized block –  

Medium and low income – Few 

business activities 

5 Low rise (~3 – 10m)  – Low 

density (~10 – 30%) –  Only 

rural residential block - Medium 

and low income - Few business 

activities 

The weather stations were installed at diverse 

morphologies scattered over the neighbourhood as 

explained in Table 3 and Figure 4. Devices 2 and 3 were 

located and protected at the height of 1.5m at private 

gardens of two single-family houses. At the same time, 

weather station 1 was located at the first-floor balcony 

which is at 5-m height of another house for safety reasons. 

During the installation, a distance of 2-m to the surround 

walls was maintained to reduce the radiative effect of 

these surfaces. 

Table 2: Accuracy and measurement range of weather 

stations 

Parameter Measurement range Accuracy 

Temperature -40oC to 60oC ±1oC 

Relative 

humidity 

1% to 99% ±5% 

Wind speed 0 to 50m/s ±1m/s (v < 5m/s) 

±10% (v > 5m/s) 

Rain volume 0 – 9999 mm ±10% 

 

Figure 1: Five detected neighbourhood typologies of  

Ha Tinh 

 

Figure 2: Descriptive explanation of the study site 

location and how its landscape undergo changes due to 

the urban development plans 

The gathered individual parameters, namely the dry-bulb 

temperature and relative humidity were used for the 

approximation of comfort index Thom’s DI (Thom, 1959) 

that is described by equation (1).  

DI = 0.5Tw + 0.5Ta  (1) 
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where   DI – Discomfort Index (◦C);  

              Tw – wet-bulb air temperature (◦C);  

        Ta – dry-bulb air temperature (◦C). 

The calculated DI values at measurement locations were 

converted to comfort levels based on comfort classes by 

(Epstein & Moran, 2006) that was introduced to studies 

of urban heat stress in different climates (Wati & 

Nasution, 2018). 

Due to the availability of the sensors, the observation 

periods at the three locations are not similar. However, in 

order to correlated the results, only period 31st August to 

30th  September 2020 when data from all three weather 

stations was available has been analysed. 

 

Figure 3: Snapshot of actual landscape of Thach Dai 

rural ward from flying camera perspective 

Table 3: Description of measurement points 

Measurement 

point 

Description 

1 At the 1st floor balcony, very close to an 

open playground 

2 At the private garden where tree density 

is high and closed to a pond 

3 At the private garden where tree density 

is very low, no pond/ water body 

available 

 

Figure 4: Location of weather stations 

2.3. Outdoor micro-climate simulation of selected 

neighbourhood 

To further analyse the thermal condition in the chosen 

sub-urban neighbourhood, simulations with ENVI-Met 

v4.4.5 were also performed. In this study, the first 

simulations were performed to validate the ENVI-Met 

model against the measurement data and to evaluate the 

impact of grid size and dimension of simulation area on 

the goodness of the simulation results. To validate the 

model with good accuracy and still not have too long 

computational time, a 150x150-m part of the rural 

neighbourhood that will be re-landscaped and suits a 

simulation with ENVI-Met was selected for outdoor 

micro-climate simulation. The actual built landscape was 

reproduced with 3D-models for evaluation of micro-

climate condition and comparison with weather 

monitoring data. The selected area had to cover the 

position of at least one weather station, allowing the 

comparison with the gathered weather data. Although a 

variety of building height (from 3 to 40m) introduced in 

table 1 will be present over the neighbourhood due to the 

future urbanization, current prevalent height across the 

area varies from 3.5 to 4m as of 1-storey residential 

buildings. As a consequence, the chosen part of 

neighbourhood should be of a typical existing 

morphology that consists of sparsely built low-rise (1-

storey) residential buildings, agricultural fields and small 

water bodies. Figure 5 provides the actual view of the 

selected area and its location in relation to the rural 

neighbourhood of Thach Dai. 

 

Figure 5: Snapshot of selected simulation area 

As one of the goals of simulations is to understand the 

influence of simulation assumptions on the simulated 

outdoor thermal condition, it is necessary to compare the 

simulation results under various simulation assumptions, 

thus different morphology configurations. 

For the selected area, two grid cell sizes of 2x2-m and 

1x1-m (Figure 6) were respectively applied to evaluate 

the effect of grid size to the performance of simulations. 

These two grid resolutions were used in previous studies 

(Acero & Herranz-Pascual, 2015; Zhao et al., 2018) and 

are common for a simulation of outdoor microclimate. 

Besides, another microclimate simulation was performed 

for an even smaller area of the initially selected part that 

covers a 60-by-60m square, with the grid size of 1x1-m as 

shown in Figure 7. The purpose is to determine whether a 

fine-grid small domain could be a reliable starting point 

for a simulation of a larger area with coarser grid. 

In the 3D-models of the selected area, the buildings were 

placed according to the provided topographical map. 

Since the region for simulation represents typical 

morphology of the studied neighbourhood that houses  

residential buildings of 1 storey, all building heights 

across the area were assigned uniformly of 4 meters. The 

wall and roof structures of the modelled buildings were 

temporarily assigned to brick wall and tile in accordance 

to the real site investigation. Concrete pavement light was 

selected as the material of internal roads within the 

neighbourhood (Figure 8). The main properties of brick, 
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tile and pavement materials provided as simulation inputs 

are listed in Table 4. 

 

Figure 6: 1x1-m grid simulation model 

 

Figure 7: 3D-model of the sub-area for sample 1x1-m-

grid simulation 

Table 4: Properties of assigned materials in the 

simulation 

 Brick 

wall 

Tile roof Concrete 

pavement 

light 

Thickness [m] 0.3 0.05 - 

Absorption 0.6 0.7 - 

Reflectance/ 

Albedo 

0.4 0.3 0.8 

Emissivity 0.9 0.9 0.9 

To identify the locations and types of plants, snapshots 

from Google Map plan views and videos generated by 

designated flying camera were employed. As a result, two 

main types of vegetation including high leaf area density 

(LAD) 15-m and 5-m deciduous trees can be chosen for 

the 3D-model. Since the rice field was not available in the 

ENVI-Met built-in database, a customized agriculture 

vegetation was created with an albedo value of 0.24, as 

calculated in case of maturity plants and solar zenith angle 

reaches 15 degrees (Oguntunde et al., 2007). The soil 

surface was assigned to be of loamy class as found by 

Vietnam Academy for Water Resource (2016). Wetness 

of three top soil layers was specified in the simulation file 

as shown in Table 5. 

The outdoor climate of the chosen regions was simulated 

on the sunny day of August 31st, when cloud level was in 

range of 4 to 5 during the daytime and the cloudy day of 

September 9th 2020 when cloud level stayed at level of 10 

during the day. Official meteorological data including air 

temperature, humidity, wind speed (at 10m height) and 

cloud cover for these two days were collected from a rural 

weather station (in Ky Anh, Ha Tinh) which is roughly 

75km from city centre of Ha Tinh, and the dataset was 

used as input for the forcing of simulation files. However, 

the fact that data of wind speed and clouds were gathered 

in 3-hour step did not allow a perfectly full forcing of 

wind and cloud. 

Table 5: Input of soil wetness 

Soil layer Wetness (%) Temperature 

(oC) 

0 - 20cm 80 27 

20 - 50cm 85 27 

50 – 200 cm 90 27 

 

Figure 8: Materials assigned to simulated soils and 

surfaces 

The observation of solar radiation was unfortunately not 

performed in Ky Anh on these dates, so the data from 

Vinh city that is at a distance of 60km Northward to the 

study site was used to serve as comparison with the 

measured data. Eastern wind was prevailing on August 

31st while wind from the West direction was the input for 

the simulation of September 9th. 

Results and discussion 

This section analyses the thermal outdoor condition from 

the measurement data obtained from the installed weather 

stations and discusses simulation results at the selected 

area. 

3.1. Insights into thermal condition of the monitored 

sub-urban neighbourhood 

To evaluate the thermal comfort level of the selected 

areas, observed data of dry-bulb temperature and relative 

humidity were used for the determination of cycle median 

temperature and the histogram of comfort levels that were 

used in the study of outdoor thermal comfort in 

neighbourhood typologies in Ha Tinh (Ngo et al., 2020). 

The cycle of measured temperature during sunny days of 

Aug-Sept 2020 is shown in Figure 9, and statistic of 

thermal comfort level in Thom’s DI is illustrated in Figure 

10. The most common DI values that were calculated for 

the three measurement points fall in the range of 22 to 28 

degrees, which may not lead to a perfectly comfortable 

thermal comfort perception. The calculation of Thom’s 
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DI allowed an insight into thermal comfort level between 

three measurement points. The impact of tree and water is 

strong explanation for highest amount of comfort level 

when DI reached 22oC in point 2. However, the comfort 

levels at three locations were derivate. The first 

measurement point where open space is available has the 

lowest thermal comfort level. This lower value was 

obtained in this location during early afternoon due to the 

shading effect of building terrace where the sensor was 

installed. 

 

Figure 9: The 5-min median temperatures at the three 

measurement locations 

 

Figure 10: Statistic of DI values in August – September 

2020 at the three measurement points  

Figure 12 provides temperature difference between the 

three locations on 31st August 2020. Due to the fact that 

the weather station 1 was placed in a distance of greater 

than 2 meters to the building’s walls, the observed 

temperature was not affected by surfaces’ radiation, 

allowing the comparability of outdoor thermal comfort 

among three studied locations. At point 2, where 

surrounded landscape is formed with vegetation and small 

water bodies, obtained overall temperature recorded 

lower than other measured locations where trees and 

water bodies are either absent or insufficient. Although 

weather stations at measurement points 2 and 3 were sun-

exposed, the cooling effects of trees and water body was 

still evident at point 2 where observed temperature was 

lower than value recorded at point 3 during the whole day. 

Considerable benefits of the vegetation and water bodies 

was most recognized with UHI intensity, explained by 

temperature difference with point 2, at locations 1 and 3 

reached values of 1 to 5 degrees, as shown by Figure 11. 

 

Figure 11: Temperature differences to point 2 at points 1 

and point 3 

3.2. Analysis of simulation results 

The simulation results for the two selected days, August 

31st and September 9th, of two grid configurations, i.e 1x1-

m and 2x2-m are compared to measurement data at the 

point 2. Additionally, these outputs are referred to 

simulation data of sample area (60-by-60m) so that a 

value of optimized grid size can be drawn for further 

simulations. Parameters to be compared between 

computational calculation and on-site monitoring are the 

ambient (dry-bulb) temperature, the relative humidity and 

the global solar radiation. In this study, the performance 

of ENVI-Met model was examined with the coefficient of 

determination (R2) that was common in previous studies 

(e.g. Qaid et al., 2016). 

Ambient temperature 

An example of simulation result on ambient temperature 

(potential air temperature) at 14.00 on August 31st  2020 

is shown in Figure 12, in case of 2x2-m grid size and 

150x150-m simulation area. 

Figure 13 presents ambient temperature values obtained 

from measurement and simulation on August 31st 2020. 

In general, the ENVI-Met provided temperature curves 

match with the measured values. However, the simulation 

underestimated the diurnal temperature, while nocturnal 

simulated values are closer to monitoring data. The 

estimated value of temperature with ENVI-Met 

simulation in this study saw a similar phenomenon with 

previous studies in various climate contexts (Acero & 

Herranz-Pascual, 2015; Ghaffarianhoseini et al., 2015) 

where ENVI-Met underestimated air temperature at mid-

day in comparison to the experimental data while 

resulting in an overestimation of air temperature at night. 

The deviation between observed and modelled results can 

be explained by using meteorological input data collected 

from a rural weather station roughly 70 kilometers in 

reference to the study site instead of local measurement 

data. The phenomena is similar to findings from (Salvati 

& Kolokotroni, 2020) that showed forcing with 

experimental data generated more realistic estimation 

than ones with observed data from air-port or rural 

weather station. Moreover, the insufficient input of wind 

speed for full forcing is another cause of inhomogeneous 

results of observation and calculation. For the future 

work, local measurement data would be used as 

simulation input in order to achieve a more reliable 
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results. Another reason for the deviation between 

measurement and simulation results during the night time 

is due that the actual cooling effect of vegetation, i.e trees 

and plants was under-estimated in the simulation. 

Therefore, improvement of the vegetation models should 

be made in order to reflect better their impact on the 

environment. 

 

Figure 12: Simulation of air temperature distribution at 

k = 3 (z = 1.40 m) for 150x150-m area at 14.00 on the 

31st August 2020 

The three configurations of grid cell presented good 

correlation to the measured data. The 1x1-m and 2x2-m 

grid simulations show generally similar results, and 

similar generated correlations (r2 = 0.9261, for 2x2-m and 

r2 = 0.9218, for 1x1-m) (Figure 14). 

Although the fine-grid calculation did not produce very 

highly correlated results with measurements, it required 

an extremely large amount of simulation time, 

approximately 4.5 days, in comparison with a simulation 

of 2x2-m grid for the same dimension that normally lasts 

18 hours. 

Relative humidity 

For the individual parameter of relative humidity, the 

three simulation models provided  results close to the 

measurements from the beginning of the day until 8.00 

am, when the reduced model generated greatly similar 

data to observed values, while there was a significant 

deviation between the observed and modelled results for 

the rest hours (Figure 15). The calculated humidity values 

were higher than the measured ones during the day, and 

started to become lower than the real observed values 

from the sunset. The difference in relative humidity 

between measured and simulated results is a consequence 

of temperature difference which can be blamed for the 

underestimation and uncertainties of evaporation of 

virtual plant models and water bodies. Improvement on 

the vegetation and water modelling should be made in 

order to obtain a closer results to the measurement. 

Comparing to the matching of simulated temperature data 

to the on-site measurement, the calculated relative 

humidity resulted in slightly lower values of correlation. 

However, the  fine-grid simulation gave better correlation 

than the coarse grid design. Figure 16 illustrated the 

difference in the correlation of simulated results by two 

configurations to the measurement values. 

 

Figure 13: Measured and simulated  temperature values 

on the 31st August 2020 

 

Figure 14: Correlation between the  measured and 

simulated 1x1-and 2x2-grid dry-bulb  temperatures 

 
Figure 15: Measured and simulated relative humidity on 

the 31st of August 2020 

Solar radiation 

The simulation of global radiation (in W/m2) that summed 

up direct, diffuse and reflectance radiation in ENVI-Met 

gave well-correlated results with weather station data. 

Figure 17 indicates that the simulations give lower values 

of solar radiation than measured data. This can be a result 

of shading provided by surrounding trees and buildings 

that were absent in the province weather station data. 

Another concern is associated with the forcing of cloud 

cover. In fact, cloud was observed in three-hour interval 

in the provincial weather station of Ky Anh, so a forcing 

with full measured cloud data was not allowed, affecting 

the estimation of solar radiation. Moreover, global 

radiation values were collected in Vinh, and therefore 
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resulted in deviation of observed and modelled data. In 

addition, the data on cloud cover and global radiation 

were collected from different weather stations, resulting 

in deviation of observed and modelled data. Smaller-grid 

simulation provided slightly lower-correlated data to 

measured values than 2x2-m grid configuration, as shown 

in Figure 18. 

 
Figure 16: Correlation between the measured and 

smulated  1x1-and 2x2-grid relative humidity 

As previously mentioned, another simulation output was 

retrieved from the cloudy day of September 9th. ENVI-

Met generated relatively reasonable data of temperature 

when compared to the observation, as shown in Figure 19, 

but lower correlation than the results generated by 

simulation on the sunny day August 31st. The difference 

between the simulated and measured relative humidity 

values was strongly evident during the nighttime, causing 

significantly lower correlation to the measured data 

(0.7441 with 1x1-m and 0.7595 with 2x2-m grid size). 

This can be due to the influcene of precipitations on days 

prior to September 9th, since precitpiations were not 

considered in the ENVI-Met simulation input. 

Since the hourly data of wind (speed, direction) from the 

province weather station were not available and the 

accuracy of the built-in anemometer included in the mini-

weather stations was not validated, it is not realiable to 

compare and analyse the simulation results on wind speed 

and direction. Further validation of wind simulation 

results is needed and will be done in near future. 

Although a variety of cell sizes were selected in other 

simulations of urban micro-climate, the 2x2-m grid size 

was again proved its accuracy and computation time 

through this study. The simulations started at mid-night of 

August 30th and September 9th, which is enable the 

software to follow the atmospheric phenomena as 

suggested in (Salata et al., 2016). 

In the study, soil and vegetation were roughly modelled 

due to the shortage of stratigraphy details and data of soil 

layers, causing less realistic estimation in comparison to 

experimental data. The matter was once found in (Salata 

et al., 2016) and should be an aspect of concern in the next 

simulation. In addition, the actual water bodies in form of 

pond were not in a completely original state due to the 

spontaneous presence of floating duckweed and probably 

resulted in uncertainties of calculation. Further 

improvement of soils and vegetation models (i.e. more 

precise LAD and roots model) will be made to better 

model the actual landscape and achieve higher accuracy 

of computation. Moreover, an extended simulation period 

that lasts 48 hours will be considered to avoid problem 

arising during the initialization. 

 
Figure 17: Global solar radiation: measured, simulated 

and collected data at province weather station on 

the 31st August 2020 

 
Figure 18: Correlation between the measured and 

simulated values for global solar radiation 

 
Figure 19: Co-relation between  measured and 

estimated temperatures on September 9th 2020 

Conclusion and further research 

The study provides results from on-site measurement in 

Thach Dai, Ha Tinh during the summer of 2020, and 

discusses the usage of ENVI-Met simulations to 

realistically predict the outdoor thermal condition of the 

neighbourhood.  

The comfort level of the studied sub-urban 

neighbourhood is clearly dependent on the local 

morphology, including vegetation and water bodies. 

Places where high LAD plants and water bodies are 
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available result in better thermal comfort than locations 

where such cooling factors are absent.  

The effectiveness of ENVI-Met simulations in the study 

of neighbourhood microclimate in tropical city of Ha Tinh 

has been shown through various simulations accounting 

for various factors that may influence the simulation 

results. The simulation tool provides a full set of results 

for the analysis of outdoor thermal comfort at the scale of 

a neighbourhood, and therefore is a suitable solution for 

the validation of proposed cooling measures at the next 

steps of the research. The studied simulation 

configurations shows the advantages of a 2x2-m grid 

design. The necessity of additional simulation at a smaller 

dimension with smaller grid of 1x1-m is not strongly 

proved, and a 1x1-m grid simulation may cause exorbitant 

efforts and timing. 

The results presented in the study are in fact the first 

simulations regarding the outdoor climate of the selected 

region, so they are a primeur. It has been shown that the 

properties of vegetation and used materials are aspects 

that requires further research so that the simulation 

models can be refined and further validated. Besides, 

reliable wind measurement should be performed in order 

to facilitate accurate comparison between simulation and 

monitoring results. In the future work, the estimation will 

be performed on a longer period than a day, i.e. 48 or 72 

hours, for both sunny and cloudy weather. Obtaining a 

reliable simulation model will allow concrete analysis of 

outdoor thermal condition across the current and 

improved typologies of the studied neighbourhood. 

Therefore, the evaluation of outdoor comfort of the newly 

developed neighbourhoods can be done, allowing to test 

various options so as to reach the expected outdoor 

thermal comfort. 
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