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Abstract 
This study is intended to recognize the importance of cold-wind, which is one 
of the solutions to improve urban amenity, and verify the model that can 
analyze creation and flow of cold-wind. For this reason, KLAM_21 Model, 
which was developed by the German’s Meteorological Service, was selected 
and used for assessment of cold-wind creation and flow. As a result, the 
followings have been drawn through comparison with measured data and 
simulated data in the study area; for a mountain area, the simulation result of 
velocity and direction of wind has been indicated as similar as those in meas-
ured data. For a stream area in the city, only wind direction from simulation 
has been consistent with measured data whereas wind velocity showed a large 
difference between measurement and simulation. Finally, for the downtown 
area, wind velocity has shown a lot of differences between simulation result 
and measured data. Wind direction has also shown a large difference until 
midnight. But after midnight, model data have become similar as measured 
data. According to the verification of this study, the model used in this study 
for using urban-amenity improvement through assessment of creation and 
flow of cold wind is suitable to analyze the direction of cold wind that is gen-
erated in the periphery of the city and the overall flow within the existing ur-
ban area. But the results of wind velocity have shown the uppermost limit of 
the modeling in the simulation. That is, it could not reflect the site characte-
ristics sufficiently. Therefore, if parameters considering the specific regional 
characteristics are sufficiently reflected, the result of simulations for reliability 
can be substantially improved. 
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1. Introduction 

Currently, computer applications or computer simulations are widely utilized to 
minimize damage related to urban development by predicting and evaluating the 
environmental effects due to urban development in advance. In particular, cold 
air or a wind path has been applied to improve urban amenity in Korea and oth-
er nations in reality. Thus, various models [1] [2] [3] [4] [5] utilizing computa-
tion fluid dynamics (CFD) have been developed and used practically and wind 
tunnel experiments have been conducted in parallel to verify the effect [6] [7] [8] 
[9] [10]. However, few studies have been conducted on models that analyzed 
creation and flow of cold air or fresh air around urban areas and evaluations on 
models.  

In this study, a single evaluation model was selected based on spatial hierarchy 
and functional similarity with regard to evaluation models, which have been 
employed in study literatures in Korea and other nations up until today and 
computer simulations were conducted utilizing the evaluation model with re-
gard to specific target regions. The simulation results were compared with 
measured data and a level of reliability was investigated. The aim of this study is 
to conduct pre-evaluation on urban development through reliable model utiliza-
tion in the future.  

2. Theoretical Discussion 
2.1. Urban Amenity and Cold Air 

1) Definition of urban amenity 
Urban amenity means that residents in urban space can live and act safely and 

comfortably in general. This term was first used in the UK in terms of urban 
planning in the mid-19th century to early 20th century to indicate a core mean-
ing “a residential area or city that is livable and comfortable and pleasant to 
live”. The term “amenity” in residential areas is interpreted that it is ensured 
when not only arrangement of living environmental facilities (roads, water 
supply and sewage systems, parks etc.) but also other factors that provide daily 
living with comfort (high dimensional and cultural requirements such as elimi-
nation of noise, daily sunlight, greenery, privacy, or scenery, or cleanliness) [11]. 

2) Evaluation index of urban amenity 
Reference [12] proposed a planning indice of amenity plan index for urban 

amenity in a broad sense, which is listed in “Table 1”. In the table, the evalua-
tion index is largely divided into four divisions: prevention of environment pol-
lution, natural friendly, beautiful and productive city, and history preservation 
and culture creation. Each of them has its own critical indices. The critical in-
dices in the division of prevention of environmental pollution are cleanliness of 
air, cleanliness of water quality, quietness, and clean and purification. For natu-
ral friendly, naturalness of abundant forest, abundant green field, familiarity 
with water front, and familiarity with soil were set as critical detailed indices.  
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Table 1. Planning Indices for Urban Amenity in the wide level. 

Sector Index Crucial Detail Index 

Prevention of 
Environment Pollution 

Cleanness of Air/ 
Cleanness of Water Quality/Quietness/Clean and Purification 

Natural Friendly 
Naturalness of Abundant Forest/Abundant Green Field/Familarity with 
Water Front/Familarity with Soil 

Beautiful City 
Harmony with Landscape and Beauty/Spacious Square/Familiar and 
Beautiful Street/Harmonic Urban Color 

Productive City 
Spacious Empty Land/Plentiful Leisure Space Facilities/Safety from 
Disaster and Crime 

History Preservation and 
Culture Creation 

Succession and Preservation of Tangible or Intangible Cultural 
Properties/Plentiful Cultural Infrastructures 

 
As such, “cleanness of air” is included in the indices that improve urban 

amenity. To maintain and improve clean air, cold air or fresh wind created in 
urban green fields and flown into cities is needed.  

3) Cold air for improvement of urban amenity 
One of the most known environmental problems in cities is an urban heat 

island. Due to urban heat island, comfort of life for residents in cities is degraded 
significantly. One of the solutions to the urban heat island can be cold wind 
mentioned in the above.  

Cold wind is characterized that it is created from mountain areas around cities 
and flows into urban areas due to differences in height of terrains (refer to 
“Figure 1”). This is a natural convection phenomenon occurred due to differ-
ences in specific heat between natural and artificial land covers. That is, hot air 
during the daytime in cities meet with highly dense cold air descended from the 
surrounding area after sunset, which moves hot air into the upper layer thereby 
incurring a natural circulation. Through this process, urban air can maintain 
cleanness and furthermore, urban amenity can be improved. 

2.2. KLAM_21 Model for Analysis of Cold Wind Creation and Flow 

1) Overview of KLAM_21 
KLAM_21 (Kaltluftabflussmodell_21) is a model for cold wind creation and 

flow simulation test developed by the German Meteorological Agency, which is 
designed to analyzed and predict creation and flow of cold wind based on ter-
rains and land usage. In addition, KLAM_21 was developed to provide basic data 
for pre-assessment or consultation of microclimate changes due to urban devel-
opment or regional development [13]. 

The characteristics of KLAM_21 require terrain data, land usage, and land 
cover data basically and such data are stored in a grid unit as a specific region is 
divided into a certain size of grid. Based on this, simulation tests about creation 
and flow of cold wind, height of cold wind, wind direction, wind velocity, and 
expansion of pollution source can be conducted. Up to 1500 × 1500 grids can be 
created and a single grid can process up to 25 m theoretically. Based on the  
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Figure 1. Key map related to creation and flow of cold wind. 

 
above information, a city size where simulations can be done is 37.5 × 37.5 km2, 
which can be highly useful model to see changes in microclimate due to urban 
development or regional development in a broad area. In addition to simulations 
of flow and creation of cold wind and expansion of pollution source, KLAM_21 
can analyze a level of changes in wind flow due to barriers of block type. It has 
also nesting function, which is convenient to enlarge a cold wind flow in specific 
regions [14].  

2) Operation method and process of KLAM_21 
In order to perform simulation tests of cold wind creation and flow using 

KLAM_21, making a study area into a certain distance of grids shall be done 
first. Based on the grids, basic data must be inputted to enable efficient simula-
tion tests as mentioned earlier. Next, topography data per grid as well as land 
cover data per grid are inputted simultaneously for data input. In the land cover 
classification, KLAM_21 divides land cover into nine classification standards 
basically. Each of land cover has its own attribute values such as the building 
coverage, length of roughness, wall index, height of trees, and relative radiant 
quantity. Whether cold wind is created or flows is determined based on the 
above attribute values.  

Once the above grid process and data input process are complete, a script is 
created finally to perform simulation tests well. Here, types of simulation test 
results, storage interval of analysis and result are set up. Through the above 
processes, simulation test results of cold wind creation and flow can be derived. 
Based on this, cold air height and flow range in the study area as well as analysis 
results on cold air flow rate and direction can be obtained (refer to “Figure 2”). 

3. Study Method 
3.1. Flow of the Study 

In this study, study results were derived through the process shown in “Figure 
3” for efficient and accurate evaluation. First, a study area was selected for eval-
uation and then AWS devices are installed in the study area to collect measured 
data thereby deriving measured values in the study area. Along with this, the 
study area is modeled with specific conditions to derive model data and 
KLAM_21 is operated to derive a model value. Finally, derived and measured 
values and model values are compared and analyzed thereby performing evalua-
tions on the model. 
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Figure 2. Operations and procedures of KLAM_21. 

 

 
Figure 3. Flow chart of the Study. 

3.2. Selection of Case Study Areas for Evaluation 

In order to evaluate the analysis model of cold wind creation and flow accurate-
ly, the study area was divided into one district in the mountain around the city 
where cold wind was created, two districts near the stream where cold wind flew 
to the city, and two districts in the existing downtown expected to have the cold 
wind effect. The detailed contents of the selected study area are as follows: 
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The study area was Daegu Metropolitan City according to the administrative 
district system and measured points were five locations: mountain area around 
the city (A point), around the stream in the city (B and C points), and existing 
downtown (D and E points). The study area was surrounded by Mt. Palgong to 
the north and Mt. Biseul to the south and gradual hills and fields in the east and 
west directions, which were relatively open space and places that were suitable to 
create cold and fresh wind due to the topographical conditions (refer to “Figure 
4”). 

2) General status of the study area 
a) Meteorological status of the study area 
The study area is included in Daegu Metropolitan City according to the ad-

ministrative district system as mentioned in the above. The meteorological status 
in Daegu Metropolitan City in the measured period (Aug. 10-Sep. 10 of 2016) 
showed that its average temperature was 27.9˚C and the maximum and mini-
mum temperatures were 36.3˚C and 20.1˚C. The average cloudiness was 7.0 and 
total precipitation was 327.1 mm. The average wind velocity was 2.1 m/s and the 
maximum wind direction was normally east-southeasterly wind [15]. 

b) Land cover status by location in the study area 
In order to investigate the land cover status by location in the study area, a 

range was set within a radius of 200 m in each point and the results were found 
by points according to the land cover classification standards in the Ministry of 
Environment, which are shown in “Table 2”.  

A point, which was a mountain area near the city has the following land cover 
status. A low density residential area was the largest as 67.7% followed by field 
and paddies. B point, which was near the stream in the city, other bare lands ac-
counted for 48.8%. C point showed that traffic area accounted for 42.0%, which 
was the largest, followed by inland water, which accounted for 18.9%. Finally, D 
and E points, which were existing downtowns, had densely populated residential 
areas, which accounted for 84.7% and 76.6% and showed typical land cover sta-
tus of residential area. 

 

 
Figure 4. Measuring points and its surrounding map within the study area. 

Latitude Longitude
A 35.69018 128.42384
B 35.84550 128.57112
C 35.87430 128.58411
D 35.88031 128.56252
E 35.88515 128.61903
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Table 2. Status of land cover in the study area by standard classfication of the Ministry of 
Environment in Korea. 

Classification Mountain Stream Downtown 

 A B C D E 

 
Area 
(km2) 

Rate 
(%) 

Area 
(km2) 

Rate 
(%) 

Area 
(km2) 

Rate 
(%) 

Area 
(km2) 

Rate 
(%) 

Area 
(km2) 

Rate 
(%) 

Residential Areas 271.0 67.7 55.6 13.9 56.6 14.2 338.6 84.7 306.3 76.6 

Industrial Areas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Commercial Areas 0.0 0.0 0.0 0.0 1.1 0.3 0.0 0.0 0.0 0.0 

Recreational Facilities 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Traffic Areas 0.0 0.0 78.2 19.5 168.2 42.0 61.4 15.3 17.4 4.3 

Public Institutions 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 76.3 19.1 

Rice Paddy 37.9 9.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Farm 79.0 19.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Orchard 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Other Cultivating 
Land 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Broad-Leaved Forest 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Coniferous Forest 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Mixed Forest 3.9 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Natural Grassland 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Other Grassland 8.2 2.0 0.0 0.0 2.2 0.5 0.0 0.0 0.0 0.0 

Inland Wetlands 0.0 0.0 0.0 0.0 30.2 7.6 0.0 0.0 0.0 0.0 

Other Bare Lands 0.0 0.0 195.0 48.8 66.1 16.5 0.0 0.0 0.0 0.0 

Inland Water 0.0 0.0 71.2 17.8 75.6 18.9 0.0 0.0 0.0 0.0 

Total 400.0 100.0 400.0 100.0 400.0 100.0 400.0 100.0 400.0 100.0 

4. Evaluation of the Model 
4.1. Analysis on Measured Data of the Study Area 

1) Collection of measured data 
In order to collect measured data of study area, Automatic Weather Station 

(AWS) devices were installed at all areas except for E area and meteorological 
data for one month from August 10 to September 10 in 2016 were collected. The 
detailed installation conditions are listed in “Table 3”, which are applied to all 
areas in the same manner. For E area, collected data at the AWS devices installed 
by the Korea Meteorological Administration (KMA) were extracted only for the 
same period and utilized in the analysis. 

2) Analysis of measured data 
Based on the above results in the measured period, all data of average wind 

direction and velocity by hour on the basis of 24 hour for one month were ana-
lyzed to compare the measured results with the model data. Among the results, 
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data of wind direction and velocity after 21:00 to 06:00 in the next day, in which 
cold wind was created and flown in terms of urban amenity, were found as 
shown in “Table 4”.  

4.2. Analysis on Model Data of the Study Area 

1) Simulation conditions for model data analysis 
a) Modelling conditions for simulation 
In order to analyze model data and collect result data, this study set the 

mountain point in the study area up to 25 km-long and 25 km-wide range and a 
height of model data were set to 5 m, which was the same installation height 
with the measuring equipment. The initial condition was set to store required 
data by dividing the area into 1250 in the horizontal direction and 1250 in the 
vertical direction by having a gap between grids to 20 m for modeling. In addi-
tion, the input for regional wind that can consider accurate wind direction and 
velocity of fresh wind was set to wind direction of 112.5˚ (east-southeasterly 
wind) and wind velocity of 2.1 m/s based on the meteorological status in Daegu 
Metropolitan City. The simulation tests were conducted based on the above data 
(refer to “Table 5”). 

 
Table 3. Installation of automatic weather station and collecting data. 

Index Detail Information 

Device Height 5 m above from Surface 

Survey Period August 10, 2016-September 10, 2016 

Collecting Data Wind Direction/Wind Velocity/Temperature 

 
Table 4. Results of average wind direction and wind velocity during survey period. 

Time Mountain Stream Downtown 

 A B C D E 

 
WV 

(m/s) 
WD 

(Deg) 
WV 

(m/s) 
WD 

(Deg) 
WV 

(m/s) 
WD 

(Deg) 
WV 

(m/s) 
WD 

(Deg) 
WV 

(m/s) 
WD 

(Deg) 

21:00 0.65 157.5 1.51 202.5 0.58 202.5 1.24 90.0 2.85 112.5 

22:00 0.65 157.5 1.73 202.5 0.53 180.0 1.00 90.0 2.77 112.5 

23:00 0.56 157.5 1.79 202.5 0.54 202.5 1.04 67.5 2.67 112.5 

24:00 0.51 157.5 1.77 202.5 0.50 202.5 0.93 90.0 2.47 112.5 

01:00 0.46 270.0 1.73 202.5 0.48 202.5 0.99 67.5 2.34 112.5 

02:00 0.28 157.5 1.64 202.5 0.45 202.5 0.80 67.5 2.52 112.5 

03:00 0.27 157.5 1.63 202.5 0.49 202.5 0.81 67.5 2.25 112.5 

04:00 0.33 157.5 1.41 202.5 0.39 202.5 0.68 67.5 2.38 112.5 

05:00 0.42 157.5 1.50 202.5 0.43 202.5 0.72 67.5 1.92 90.0 

06:00 0.38 157.5 1.45 202.5 0.45 202.5 0.56 67.5 2.42 112.5 

Avg 0.45 157.5 1.62 202.5 0.48 202.5 0.88 67.5 2.46 112.5 

WV: Wind Velocity, WD: Wind Direction. 
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Table 5. Modelling conditions for simulation of the study area. 

Classification Details 

Scope of Analysis 
Area 625 km2 (25 km × 25 km) 

Height 5 m 

Grid 
Number of Grid 1250 × 1250 

Distance between Grid 20 m 

Regional Wind 
Wind Direction 112.5˚ (east-southeasterly wind) 

Wind Velocity 2.1 m/s 

 
b) Land cover classification and related parameters for simulation 
The land cover classification for simulation was based on the land cover 

classification in the Ministry of Environment and then reclassified according 
to the land cover classification standards required by the model as listed in 
“Table 6”. The basic values in the model were used as the parameters corres-
ponding to each of land cover without change. Note that for high density resi-
dence, mid-density residence, low density resident, downtown, and industrial 
district, parameter values that corresponded to a building-to-land ratio and 
building height were modified and used on the basis of the current status data of 
buildings in Daegu Metropolitan City. 

The result of land cover classification of the study area according to the above 
modeling conditions and land cover classification is shown in “Figure 5”. 

2) Analysis of model data 
a) Result of the simulation 
The results of the simulation tests by main hours derived through the above 

modeling are shown in “Table 7”. The table indicated overall that Mt. Palgong 
in the north and Mt. Biseul in the south formed fresh wind earnestly from 21H 
after the sunset at the surrounding mountain areas and the flow of the fresh 
wind had been stabilized after 24H gradually. The result of wind velocity 
showed that the base of the valley had faster wind velocity than other surround-
ing areas. 

b) Analysis of model data 
“Table 8” shows the analysis result of model data by main hours, which 

were derived via the simulation test on the study area. For A point, which is a 
mountain area around the city, an average wind velocity was 0.48 m/s and a 
wind direction was southerly wind. For B point around the stream in the city, 
an average wind velocity was 1.24 m/s and a wind direction was southerly. For 
C point, its average wind velocity was 0.91 m/s and a wind direction was 
south-southwest wind. Finally, for D point, which is an existing downtown 
area, its average wind velocity was 0.13 m/s and its wind direction was easterly. 
For E point, its average wind velocity was 0.16 m/s and its wind direction was 
east-south-east wind. 
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Table 6. Classification of land cover and relevant parameters for simulation. 

Land cover LR (m) BC HB (m) WI PMR HT (m) VI RRQ 

High Density Residence 0.100 0.50 60.0 3.0 0.0 0.0 0.0 0.00 

Middle Density Residence 0.100 0.60 33.0 0.0 0.0 0.0 0.0 0.00 

Low Density Residence 0.100 0.55 9.0 4.0 0.0 0.0 0.0 0.28 

Half-Pavement Land 0.020 0.00 0.0 0.0 0.0 0.0 0.0 0.64 

Industrial District 0.080 0.70 15.0 0.9 0.0 0.0 0.0 0.00 

Park 0.100 0.00 0.0 0.0 0.2 20.0 6.0 1.00 

Non-Paved Land 0.050 0.00 0.0 0.0 0.0 0.0 0.0 1.00 

Paved Land 0.010 0.00 0.0 0.0 0.0 0.0 0.0 0.28 

Water 0.001 0.00 0.0 0.0 0.0 0.0 0.0 0.00 

Vinery 0.200 0.00 0.0 0.0 0.0 0.0 0.0 1.00 

Orchard 0.050 0.00 0.0 0.3 0.3 3.0 3.0 1.00 

Garden 0.050 0.00 0.0 0.1 0.1 3.0 3.0 0.80 

Quarry 0.010 0.00 0.0 0.0 0.0 0.0 0.0 0.30 

Graveyard 0.100 0.00 0.0 0.2 0.2 20.0 6.0 1.00 

National Highway 0.020 0.00 0.0 0.0 0.0 0.0 0.0 0.64 

Expressway 0.010 0.00 0.0 0.0 0.0 0.0 0.0 0.28 

Railway 0.020 0.00 0.0 0.0 0.0 0.0 0.0 0.75 

Scrubland 0.200 0.00 0.0 0.0 0.0 0.0 0.0 0.75 

Downtown 0.100 0.80 39.0 0.9 0.0 0.0 0.0 -0.30 

Water Surface 0.001 0.00 0.0 0.0 0.0 0.0 0.0 -0.20 

Forest 0.400 0.00 0.0 0.0 0.9 20.0 6.0 0.56 

Marsh 0.001 0.00 0.0 0.0 0.0 0.0 0.0 -0.20 

LR: Length of Roughness, BC: Building Coverage, HB: Height of Building, WI: Wall Index, PMR: Plant 
Materials Rate, HT: Height of Trees, VI: Vertical Index, RRQ: Relative Radiant Quantity. 

 
Table 7. Wind velocity & direction in the study area through simulation. 

Time Results Time Results Legend 

21H 

 

03H 

 

 

24H 

 

06H 
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Table 8. Average wind directions & velocity through the simulation. 

Time Mountain Stream Downtown 

 A B C D E 

 
WV 

(m/s) 
WD 

(Deg) 
WV 

(m/s) 
WD 

(Deg) 
WV 

(m/s) 
WD 

(Deg) 
WV 

(m/s) 
WD 

(Deg) 
WV 

(m/s) 
WD 

(Deg) 

21:00 0.48 181.2 1.74 188.9 0.95 197.1 0.39 150.8 0.33 90.0 

22:00 0.48 181.2 1.70 186.4 1.96 199.4 0.43 152.2 0.36 102.9 

23:00 0.48 181.2 1.49 183.5 1.75 199.4 0.03 90.0 0.46 113.2 

24:00 0.48 181.2 1.39 182.5 1.38 198.6 0.11 5.2 0.16 119.7 

01:00 0.48 181.2 1.30 182.2 0.96 198.2 0.07 98.1 0.09 122.0 

02:00 0.48 181.2 1.20 181.9 0.69 197.7 0.06 99.5 0.06 121.0 

03:00 0.48 181.2 1.08 181.6 0.50 197.4 0.06 99.5 0.04 116.6 

04:00 0.48 181.2 0.95 181.2 0.38 197.0 0.05 90.0 0.04 116.6 

05:00 0.48 181.2 0.82 180.7 0.28 196.5 0.05 90.0 0.03 108.4 

06:00 0.47 181.2 0.69 180.0 0.22 195.9 0.05 90.0 0.03 108.4 

Avg 0.48 181.2 1.24 182.9 0.91 197.7 0.13 90.0 0.16 114.3 

WV: Wind Velocity, WD: Wind Direction. 

 

 
Figure 5. Land cover classification for simulation of the study area. 

4.3. Evaluation on the Analysis Model 

Measured data collected from the study area and model data derived through 
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simulation tests were compared thereby deriving the result of evaluation on the 
cold wind creation and flow model, which is the ultimate object of this study. 

The overall results of wind velocity and direction showed that wind directions 
had highly similar results between measured and modeled data whereas wind 
velocities showed somewhat different results except for A point, which was a 
mountain area near the city.  

The regional data results divided by mountain area around the city, stream 
area in the city, and existing downtown showed that a mountain area had similar 
results of wind direction and velocity between them and a stream area in the city 
had a slight difference in wind velocity but similar wind direction between two 
data. Finally, points of existing downtown showed that a wind velocity was 
much different from each other but wind direction indicated similar results ex-
cept for some hour slots such as 24:00 and 1:00. These results are considered as 
good results considering the interference among various elements in the down-
town (refer to “Table 9”).  

 
Table 9. Comparison of wind velocity and directions for each time of surveyed data and 
model data in study area. 

Result of Comparison 

(Mountain) 

 
(Stresm) 
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Continued 

(Stream) 

 
(Downtown) 

 
(Downtown) 

 
 
The above results were compared quantitatively, which are shown in Table 

10. More specifically, the results are described as below: 
For A point, which is a mountain area around the city, measured value (0.45 

m/s) and model value (0.48 m/s) were nearly the same while wind directions of 
them showed similar results between measured value (south-southeasterly wind 
(157.5˚)) and model value (southerly wind (181.2˚)). For B point, which a stream 
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area in the city, measured value of wind velocity was 1.62 m/s and that of model 
value was 1.24 m/s, resulting in a difference of 0.38 m/s whereas wind directions 
revealed similar results between measured value (south-southeasterly wind 
(202.5˚)) and model value (southerly wind (182.9˚)). For C point, a measured 
value of wind velocity was 0.48 m/s and model value was 0.91 m/s, indicating 
that a model value was 0.43 m/s higher than measured value whereas wind di-
rection revealed nearly the same results between measured value (202.5˚) and 
model value (197.7˚). 

For D point, which is existing downtown, a difference in wind velocity be-
tween measured (0.88 m/s) and model (0.13 m/s) values was 0.75 m/s while wind 
direction showed a difference after sunset until the midnight but after 1:00 am 
the next day both of measured value (east northeasterly wind (67.5˚)) and model 
value (easterly wind (90.0˚)) had similar wind directions despite some difference 
to some extent. For E point, measured value (2.46 m/s) and model value (0.16 
m/s) had a large difference as 2.3 m/s whereas wind directions of both data were 
east-southeasterly wind, revealing the same results between measured value 
(112.5˚) and model value (114.3˚).  

 
Table 10. Comparison of wind velocity and directions for each time of surveyed data and 
model data in study area. 

Area Point 
Result of Comparison 

21 h 22 h 23 h 24 h 01 h 02 h 03 h 04 h 05 h 06 h Ave. 

MT A 

WV 
M 0.65 0.65 0.56 0.51 0.46 0.28 0.27 0.33 0.42 0.38 0.45 

S 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.47 0.48 

WD 
M 157 157 157 157 270 157 157 157 157 157 157 

S 181 181 181 181 181 181 181 181 181 181 181 

ST 

B 

WV 
M 1.51 1.73 1.79 1.77 1.73 1.64 1.63 1.41 1.50 1.45 1.62 

S 1.74 1.70 1.49 1.39 1.30 1.20 1.08 0.95 0.82 0.69 1.24 

WD 
M 202 202 202 202 202 202 202 202 202 202 202 

S 188 186 183 182 182 181 181 181 180 180 182 

C 

WV 
M 0.58 0.53 0.54 0.50 0.48 0.45 0.49 0.39 0.43 0.45 0.48 

S 0.95 1.96 1.75 1.38 0.96 0.69 0.50 0.38 0.28 0.22 0.91 

WD 
M 202 180 202 202 202 202 202 202 202 202 202 

S 197 199 199 198 198 197 197 197 196 195 197 

DT 

D 

WV 
M 1.24 1.00 1.04 0.93 0.99 0.80 0.81 0.68 0.72 0.56 0.88 

S 0.39 0.43 0.03 0.11 0.07 0.06 0.06 0.05 0.05 0.05 0.13 

WD 
M 90.0 90.0 67.5 90.0 67.5 67.5 67.5 67.5 67.5 67.5 67.5 

S 150 152 90.0 5.2 98.1 99.5 99.5 90.0 90.0 90.0 90.0 

E 

WV 
M 2.85 2.77 2.67 2.47 2.34 2.52 2.25 2.38 1.92 2.42 2.46 

S 0.33 0.36 0.46 0.16 0.09 0.06 0.04 0.04 0.03 0.03 0.16 

WD 
M 112 112 112 112 112 112 112 112 90.0 112 112 

S 90.0 102 113 119 122 121 116 116 108 108 114 

MT: Mountain, ST: Stream, DT: Downtown, WV: Wind Velocity(m/s), WD: Wind Direction(Degree), M: 
Measured Data, S: Simulated Data. 
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The summary of the verification results on the cold wind creation and flow 
model through comparisons and evaluations on measured and modeled values 
indicated that the model used in this study was found as appropriate model to 
analyze cold wind created at the surrounding areas of the city and overall flows 
of the wind into the downtown. However, a slight difference was shown in wind 
velocities in detail, which indicated the limitation of the cold wind creation and 
flow model used in this study. If more specific modeling and unit load per pa-
rameter about the study area are identified, the error range will be reduced. 
Thus, the model will be utilized fully in the future if the above recommendations 
are taken into consideration. 

5. Conclusions 

This study recognized the importance of cold wind, which can be one of the so-
lutions that improve urban amenity, and set the main objective as verification of 
the model that can analyze creation, prediction, and flow of cold wind. To 
achieve this objective, one of the models utilized currently was selected and 
measured data were collected from the study area such as one mountain area 
around the city, two stream areas in the city, and two downtown areas using 
AWS devices. Then, the measured data were compared with the simulation test 
results to verify the model. The result can be summarized as follows: 

For the mountain area, wind directions and velocities revealed accurate results 
and for the stream areas in the city, wind velocities had some difference whereas 
wind directions revealed similar results. Finally, for the downtown areas, wind 
velocities showed a large difference while wind directions also revealed a differ-
ence from the sunset to the midnight but showed similar results from the early 
morning in the next day.  

These results indicated that the cold wind creation and flow model used in 
this study were appropriate to analyze cold wind created at surrounding areas of 
the city and overall flow of cold wind into the downtown. However, a slight dif-
ference was shown in wind velocities in detail, which indicated the limitation of 
the cold wind creation and flow model used in this study. If more specific mod-
eling of the study area and unit load per parameter that can reflect the regional 
characteristics of the study area are identified, the error range will be reduced. 
Thus, these recommendations shall be taken into consideration fully when the 
model is applied in the future. 
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