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Abstract
Urban ventilation corridors introduce fresh air into urban interiors and improve urban livability, while mitigating the urban 
heat island (UHI) effect. However, few studies have assessed the impact of urban ventilation corridors on UHI intensity 
(UHII) from the perspective of the local climates of different cities. Therefore, this study integrated multisource data to 
construct ventilation corridors from the perspective of local climate zone (LCZ) and analyzed its impact on UHII. The results 
showed the following: (1) the average UHII of constructed LCZs was higher than that of natural LCZs, among which the 
building type LCZ10 (heavy industry) had the highest intensity (5.77 °C); (2) in extracted ventilation corridors, the pixel 
number of natural LCZs was substantially larger than that of constructed LCZs, among which LCZE (bare soil/paved) was 
the largest; and (3) for natural LCZs, the average UHII of each LCZ was lower within the ventilated corridors than within the 
non-ventilated corridors (except for LCZG [water]), with the UHII of LCZB (scattered trees) exhibiting the greatest mitiga-
tion effect. Quantitative research on the composition and function of ventilation corridors can not only assess the ability of 
ventilation corridors to mitigate UHIs, but also provide a reference for urban ventilation corridor planning.

Keywords Ventilation corridors · Local climate zones · Frontal area index · Urban heat island · Land surface temperature · 
Dalian City

Introduction

According to the United Nations, the global population is 
expected to reach 9.7 billion by 2050, with 68% of people 
living in urban areas (2019) (DESA 2019). However, urban 
areas only cover approximately 1% of the Earth’s surface 
(Schreurs 2008). Rapid growth of urban populations and 
limited urban spaces have led to compact and high-density 
architectural layouts in most cities (Ngarambe et al. 2021). 
This architectural model has increased the roughness of the 
underlying ground surface and reduced urban wind speed, 
leading to urban problems such as air pollution, urban heat 
island (UHI) formation, and increased energy consumption 
(Giridharan et al. 2004; Shi et al. 2021; Roxon et al. 2020). 
Therefore, understanding and improving urban ventilation is 
crucial not only for enhancing the self-purification ability of 
urban air and improving air quality, but also for mitigating 
the UHI effect and improving the comfort of urban residents 
(Luo et al. 2021; Ren et al. 2022).

With the development of remote sensing technology and 
geographical information systems (GIS), numerous studies 
have analyzed the surface UHI effect using remote sensing 
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data (Min et al. 2018; Zhang and Cheng 2019; Athukorala 
and Murayama 2021; Yang et al. 2021). UHIs can be catego-
rized into subsurface, surface, canopy layer, and boundary 
layer UHIs (Oke et al. 2017). Owing to the limited distri-
bution of weather stations, remote sensing data are more 
typically used for UHI studies than are air temperature data. 
Related studies include those focused on the spatiotemporal 
distribution, driving mechanisms, and mitigation measures 
of the UHI effect (Jun et al. 2021; Athukorala and Muray-
ama 2021). Research on UHI has been conducted at three 
scales: macro, meso, and micro (Berger et al. 2017; Jiang 
et al. 2020; Qiquan et al. 2021; Tian et al. 2021). For exam-
ple, Yang et al. (2020) studied the Pearl River Delta urban 
agglomeration from a regional perspective and found that the 
temperature within the city presented a conspicuous hierar-
chical effect at different city scales. Furthermore, UHI inten-
sity (UHII) can effectively quantify the UHI effect, and the 
spatiotemporal distribution of UHIIs can reasonably reflect 
the developmental trends of cities (George et al. 2021; Li 
et al. 2021b; Wang et al. 2021). Quantitative research on the 
spatial differences of UHII from a local perspective assists 
not only in providing a reference for urban construction but 
also in formulating corresponding strategies.

Rapid land-use change is due to economic development 
and urbanization factors (Li et al. 2018).Numerous studies 
have revealed that urban water bodies and vegetation can 
effectively mitigate the UHI effect (Qiao et al. 2013; Tan 
et al. 2016; He 2018; Jamei et al. 2020; Ma et al. 2021). 
In addition, good urban ventilation is reportedly effective 
in alleviating UHIs (Xu et al. 2021). Accordingly, urban 
ventilation is considered a core part of the urban climate. 
At present, research methods for urban ventilation environ-
ments primarily include the field test, wind tunnel test, and 
numerical simulation methods (Hou et al. 2018; Qin et al. 
2020; Yunlong et al. 2021). Buccolieri and Hang (2019), 
Franchesca et al. (2019), and Coccia (2021) have evalu-
ated the performance of urban ventilation by calculating 
various indicators (wind speed, age of air, and wind speed 
ratio, respectively). Similarly, Peng et al. (2019) calculated 
air velocity, mean age of air, purification velocity, and six 
other indicators to evaluate local ventilation performance 
and further analyzed the quantitative relationships among 
urban ventilation, floor area ratio, and construction site 
coverage . Fang et al. (2021) and Xu et al. (2017) con-
structed urban ventilation corridors by calculating urban 
building form parameters or surface roughness to intro-
duce suburban fresh air into the city interior and alleviate 
the urban high-temperature phenomenon. Among these 
parameters, the frontal area index (FAI) is considered a 
highly accurate indicator of roughness and has been widely 
used in the study of urban ventilation corridors (Chen 
et al. 2017; Qiao et al. 2017). Based on the calculation 
of FAI, Guo et al. (2018) and Liu et al. (2021) used the 

least cost path (LCP) method to construct urban ventilation 
corridors and analyze the impact of ventilation corridors 
on the urban thermal environment (Guo et al. 2018; Liu 
et al. 2021). LCPs are widely used in the construction of 
urban ventilation corridors owing to their speed and accu-
racy in identifying the least expensive path between the 
source and end point.

Owing to rapid urbanization, the internal architecture of 
cities has become increasingly complex, resulting in con-
siderable differences in urban ventilation. Therefore, apply-
ing the concept of zoning is necessary while conducting 
research on urban ventilation. He et al. (2020) proposed a 
scheme for zoning ventilation areas and applied it to study 
the ventilation performance of open mid-rise street struc-
tures in Sydney, Australia. In addition, the local climate zone 
(LCZ) classification scheme has been proposed for UHIs for 
application in urban wind environments (Zhao et al. 2020). 
The LCZ classification divides the underlying surface of 
the city into different types based on differences in surface 
material and structure. While two-dimensional elements 
are considered, the three-dimensional spatial elements are 
emphasized (Li et al. 2021a). Therefore, LCZ schemes can 
accurately describe the influence of urban morphology on 
the UHI effect. Yang et al. (2019a) investigated the FAI of 
different LCZs in China to evaluate the ventilation perfor-
mance of the different zones of Shanghai and the influence 
of season on the surface temperature. Moreover, Zhao et al. 
(2020)using Shenyang as a research area revealed that LCZ 
classification can be applied to study urban ventilation per-
formance at the local scale. In summary, urban ventilation 
corridors could effectively alleviate the UHI effect. How-
ever, existing studies have focused mostly on exploring the 
effects of urban ventilation corridors and less on the specific 
analysis of their composition.

Therefore, the major aims of this study were to (1) con-
struct urban ventilation corridors through the LCP algorithm 
based on weather and building data and simultaneously cal-
culate building height and building density, to be combined 
with land-use data for LCZ division; (2) calculate UHII to 
quantify UHI characteristics using remote sensing image 
data; and (3) use GIS spatial analysis technology to super-
impose the ventilation corridors and LCZ layers, discuss 
their composition from the perspective of LCZ, and analyze 
the influence of different LCZ types on UHII.

Materials and methods

Study area and research data

Dalian City is located between 38°43′–40°12′N and 
120°58′–123°31′E. Its terrain is primarily mountainous 
and hilly, and the region receives concentrated rainfall and 
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has a distinct monsoon season. The city covers approxi-
mately 12,574  km2, of which the urban area comprises 
2,414.96  km2. The main urban area of Dalian City was 
selected as the study area (Fig. 1).

The data sources used in this study for building, mete-
orological, and land-use information are presented in 
Table 1. The building vector data include the number of 
floors and the height, which were used for the classifica-
tion of constructed LCZ types, and the calculation of the 
FAI. Multi-year wind frequency and direction data were 
used to determine the dominant wind direction in the study 
area. Natural LCZ was classified using land-use data, and 
Landsat-8 data were primarily used to verify the impact 
of various LCZ types of ventilation corridors on the UHII.

Methods

We integrated multisource data gathered from meteorologi-
cal stations and Landsat-8 images to analyze the impact 
of urban ventilation. We also performed LCZ segmenta-
tion based on building height and density and analyzed the 
impact of urban ventilation corridors on UHII in different 
LCZ contexts at a scale of 30 × 30 m. The overall frame-
work and the major data processing methods are presented 
in Fig. 2.

LCZ classifications

The impact of different landscape types on urban climate 
varies greatly. Additionally, the architecture and spatial 

Fig. 1  Location of the main urban area of Dalian City

Table 1  Data sources and corresponding descriptions

Data Time Resolution Data sources

Building data 2018 Buildings outlines, height and floor Baidu Map
Meteorological data (wind speed, wind 

directions, air temperature)
2011–2018 Daily data from 2011 to 2018 China Meteorological Data 

Network (http:// data. cma. 
cn/)

Landsat-8 (122/33) 2018.8.9 (02:34:29) OLI 30 m/TIRS 100 m http:// www. gsclo ud. cn/
Land-use data 2017 10 m http:// data. ess. tsing hua. edu. cn/

http://data.cma.cn/
http://data.cma.cn/
http://www.gscloud.cn/
http://data.ess.tsinghua.edu.cn/
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layout of a city’s interiors can cause local climate changes. 
Therefore, this study was conducted based on local urban 
climate categories or zones (Stewart and Oke 2012). Cor-
respondingly, the LCZs of the entire study area were catego-
rized into nine architectural types (LCZ1–LCZ9 according 
to the building height and density). Factories were catego-
rized as LCZ10 according to building function and seven 
natural types (LCZA–LCZG according to the land-use type) 
(Table 2). Finally, the two types of LCZs were merged to 
generate a local climate classification map.

Calculation of urban heat island intensity

The urban thermal environment interacts with the wind 
environment, and the urban heat island intensity (UHII) 
can be used to visualize the condition of the urban thermal 
environment. The traditional UHII calculation is usually 
based on the temperature difference between urban and 
rural areas; however, this method has certain shortcom-
ings, especially in the definition of urban and rural areas. 
Moreover, the limited temperature data from meteorologi-
cal stations do not generally reflect the thermal environ-
ment conditions of the whole city; in addition, it is difficult 
to uniformly evaluate UHIs in different cities. Therefore, 
to provide a comprehensive view of the effect of ventila-
tion on the UHI effect, this study used the Stewart and 
Oke (2012) definition of UHII, which is the temperature 
difference between each LCZ type and that of the specific 
natural LCZ type, LCZD (low plants). The calculation for-
mula is as follows:

where  UHIILCZX is the UHII of LCZX (℃), TLCZX is the tem-
perature of LCZX (℃), and TLCZD is the average temperature 
of LCZD (℃).

To maintain the consistency of the grid scale and 
accuracy of the data, a Landsat-8 remote sensing image 
with < 5% cloud cover was selected, and the mono-window 
algorithm of Qin et al. was used to retrieve the land surface 
temperature (Qin et al. 2001). The calculation formulas are 
as follows:

where T_S is the surface temperature value obtained by 
inversion (K); T_a is the average temperature of the atmos-
phere (K); T_10 is the brightness temperature (K) of the 
sensor; a and b are reference coefficients (when the surface 
temperature is between 0 and − 70 °C, a =  − 67.355351, 
b = 0.458606); τ is the atmospheric transmittance; and ε is 
the surface emissivity.

Construction of the urban ventilation corridor

Surface roughness is an important factor affecting urban 
ventilation, and FAI is considered one of the most accurate 

(1)UHIILCZX = TLCZX − TLCZD

(2)
T_s = (a(1 − C − D) + (b(1 − C − D) + C + D)T_10 − DT_a)∕(C − 273.15)

(3)C = ετ

(4)D = (1 − τ)[1 + (1 − ε)τ]

Fig. 2  Research framework and data processing
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indicators of roughness (Liu et al. 2016). FAI is defined as 
the ratio of the sum of the projected area of a horizontal unit 
of building area to the unit’s horizontal area for a given wind 
direction. The calculation formula is as follows:

(5)λf(θ) =
AF(θ)ZmeanT

AT

where θ is the wind direction, λ f(θ) is the FAI correspond-
ing to the θ wind direction, AF(θ) is the projected area on 
the θ wind direction, AT is the horizontal bottom area  (m2), 
and Z meanT is the average height of the unit grid (m). The 
FAI of each wind direction in this study was calculated via 
programming.

Table 2  LCZ types and 
description

LCZ Type Description Examples LCZ Type Description Examples

LCZ1

Compact high-

rise (more than 

9 floors)

LCZA

(Dense 

trees)

Dense 

coniferous 

forest and 

evergreen 

forest.

LCZ2

Compact mid-

rise (4–8 

floors)

LCZB

(Scattered 

trees)

Sparse 

coniferous 

forest and 

evergreen 

forest.

LCZ3

Compact low-

rise (1–3 

floors)

LCZC

(Shrub)

Open 

arrangement of 

bushes, shrubs, 

and short, 

woody trees.

LCZ4

Open high-rise 

(more than 9 

floors)

LCZD

(Low 

plants)

Grassland or 

herbaceous 

plants crops. 

Few or no trees.

LCZ5
Open mid-rise 

(4− 8 floors)

LCZE

(Bare soil or 

paved)

Rock or 

impervious road 

surface virtually 

vegetation free

LCZ6
Open low-rise

(1–3 floors)

LCZF

(Bare soil or 

sand)

Featureless 

landscape of 

soil or sand 

cover. Few or 

no trees or 

plants.

LCZ7

Sparse high-

rise (more than 

9 floors)

LCZG

(Water)

Large, open 

water bodies or 

small bodies.

LCZ8

Sparse mid-

rise (4− 8 

floors)

LCZ1–3: building density greater than 0.4.

LCZ4–6: building density is between 0.2 and 

0.4.

LCZ7–9: building density less than 0.2.

LCZ9

Sparse low-

rise (1− 3 

floors)

LCZ10
Heavy 

industry
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The LCP method was used to determine potential ventila-
tion corridors. This method finds a path with the lowest cost 
between the start point and end point (Wong et al. 2010). 
In this study, the calculated FAI value was used as the cost 
value; the starting point and end point were set according to 
the wind direction and frequency data, and 16 wind direc-
tions were constructed. Finally, the ventilation paths of each 
wind direction were superimposed to obtain the overall ven-
tilation corridor.

Results

LCZ classification results

Referring to the local climate division standard, the 
building height and density in the grid were used to clas-
sify the buildings, merge them with the land-use data, 
and finally implement the results into a 30 × 30 m grid 
to obtain the main urban area of the city’s local climate 
map (Fig. 3) (Yang et al. 2019b). The results showed 
that the entire study area can be divided into 670,716 
pixels (Fig. 4), of which constructed LCZs accounted for 
160,237 (~ 24% of the total), and natural LCZs accounted 
for 510,179 pixels (76%). Among the constructed LCZs, 
LCZ9 (sparse low-rise) had the largest number of pixels 
(32,382), followed by LCZ8 (sparse mid-rise; 30,386 pix-
els) and LCZ5 (open mid-rise; 24,928 pixels). LCZ10 
(heavy industry) had the least pixels (2086). Among the 
natural LCZs, LCZE (bare soil/paved) had the largest 
number of pixels (174,634), followed by LCZA (dense 
trees; 141,015 pixels) and LCZD (130,645 pixels).

UHII results

In terms of spatial distribution, the UHII exhibited higher 
distribution in four districts of the study area: the eastern 
parts of Ganjingzi district, and the northern part of the 
Zhongshan, Xigang, and Shahekou districts (Fig. 5). The 
spatial autocorrelation analysis of the UHII revealed that 
the global spatial autocorrelation coefficient (Moran’s 
I) had a value of 0.99, indicating that the UHII exhib-
ited a strong positive spatial correlation. From the per-
spective of LCZ (Fig. 3), the northeastern part of the 
study area was primarily composed of constructed LCZs; 
therefore, the UHII in that region was strong. However, 
the western part of the study area primarily comprised 
natural LCZs, with limited constructed LCZs. As shown 
in Table 3, the overall average UHII of the constructed 
LCZs was greater than 0 °C, and the average UHII of 
LCZ10 (Heavy industry) was the highest (5.77 °C). For 
natural LCZs, the UHI strength was generally less than 

0 °C, except for LCZE and LCZF (bare soil/sand). This 
is because LCZA and LCZD, as well as LCZB (scat-
tered trees), LCZC (shrub), and LCZG (water), primarily 
comprised vegetation and water bodies, and hence, their 
temperatures and corresponding UHII values were low. 
In contrast, LCZE and LCZF comprised bare rock, pave-
ment, sand, and soil. These materials have a higher heat 
absorption rate and a low heat capacity (Mohajerani et al. 
2017); therefore, its corresponding LCZ type exhibited 
a high UHII.

LCZ and ventilation corridors

Ventilation corridor construction

We extracted the entire-year temperature data of the Dalian 
Meteorological Station from 2011 to 2018 and observed the 
monthly trends (Fig. 6a). Evidently, the highest temperatures 
occurred in August (30.7 °C), followed by July and June. 
Therefore, we defined June, July, and August as summer and 
simultaneously obtained the wind frequency and direction 
data of the corresponding months, thereby producing a wind 
rose of the study area (Fig. 6b). Four wind directions (south, 
south–southwest, north, and southwest) prevailed during the 
summer in the study area, with a total frequency of 0.66. We 
referred to the wind frequency and direction data, based on 
the FAI cost surface under different wind directions, to con-
struct an urban ventilation corridor map for the study area 
(Fig. 7). Unlike the traditional construction of ventilation 
corridors, this study did not count the frequency of occur-
rence of ventilation corridors on the grid but obtained the 
number and spatial locations of ventilation corridors. Con-
sequently, 41,300 pixels were extracted from the constructed 
ventilation corridor.

Relationship between LCZ and ventilation corridors

The constructed ventilation corridor and LCZ classifica-
tion map were superimposed, and the LCZ types corre-
sponding to each ventilation corridor were extracted. The 
different colors in Fig. 8 represent the LCZ type corre-
sponding to each pixel in the ventilation corridor. Table 4 
shows the types and numbers of LCZs that constitute the 
ventilation corridors. Among them, constructed LCZs 
had a total of 34 pixels, and natural LCZs had a total of 
41,266 pixels. From the largest to smallest pixel number, 
the natural LCZs were ranked as follows: LCZE, LCZA, 
LCZD, LCZF, LCZG, LCZB, and LCZC. This was pos-
sibly because in the highly heterogeneous cities, natural 
LCZs had a lower average height than constructed LCZs, 
thereby having less resistance to wind and a larger ven-
tilation potential. In addition to buildings, most of the 
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interior of the city was covered by impervious surfaces, 
of which roads are an important factor. This explains why 
the largest number of LCZE pixels is in the extracted 
ventilation corridors.

Discussion

Application of the LCZ classification scheme 
in the urban wind environment

Zhao et al. (2020) and Zhang et al. (2021) have dem-
onstrated that the LCZ classification scheme is suitable 
not only for studying urban thermal environments but 
also for studying urban ventilation. With increased and 
rapid urbanization and development, a growing number 
of cities have considered the construction of ventilation 
corridors and have applied them to urban planning (Tri-
hamdani et al. 2015; Ren et al. 2018; Eldesoky et al. 
2020). From our urban ventilation corridor composition 
results (Table 4), it is evident that natural LCZs are a 
critical component of ventilation corridors, particularly 
LCZE. As this LCZ type primarily comprises bare rock 
and roads, this result suggests that urban roads are an 
important component in the construction of ventilation 
corridors. However, related studies have revealed that 
although urban roads provide a broad channel for urban 

ventilation, the composition of the road and orientation 
of the street will also aggravate the UHI effect to a cer-
tain extent, and therefore, it is important to select rela-
tively cool materials for urban road paving (Cao et al. 
2015; Ramponi et al. 2015; Mohajerani et al. 2017; Lai 
et al. 2019).

Influence of the LCZ ventilation corridor on UHII

The construction of ventilation corridors has a consid-
erable mitigating effect on UHIs and urban pollution 
(Abiye, 2016). However, existing research has primar-
ily focused on the construction of urban ventilation cor-
ridors, reflecting only their spatial location, without a 
quantitative analysis of their composition or internal 
differences. For example, Liu et al. (2021) analyzed the 
relationship between the FAI and urban thermal comfort 
under different buffer zones of ventilation corridors and 
found that the greater the distance from the urban ventila-
tion corridor, the lower the impact on thermal comfort. 
However, differences in the urban architectural forms and 
surface coverage exist even within the same buffer zone, 
thereby producing different effects on UHIs.

Owing to the small number of constructed LCZs that 
corresponded with ventilation corridors (Table 4), only 
the cooling effects of natural LCZs have been discussed 
herein. Figure 9a shows the average UHII of each LCZ 

Fig. 3  Urban local climate zone 
(LCZ) map of the study area
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under the non-ventilated corridor, where LCZE has the 
highest UHII (2.46 °C), followed by LCZF > LCZD > 
LCZC > LCZB > LCZA > LCZG. Figure 9b shows the 
UHII of different LCZs under the ventilated corridors, 
which also exhibits an overall trend of LCZE > LCZF 
> LCZD > LCZC > LCZB > LCZA > LCZG. The final 
comparative results of UHII for ventilated versus non-
ventilated urban corridors (Fig. 10) show that the aver-
age UHII of each LCZ type within ventilated corridors 

was generally lower than that of non-ventilated corri-
dors (expect LCZG). Accordingly, natural-type LCZB 
(scattered trees) had the best alleviation effect on UHIs. 
Compared with that of the non-ventilated corridors, 
the average UHII for LCZB was reduced by 0.41 °C, 
followed by that of LCZE (0.22 °C), LCZF (0.18 °C), 
LCZA (0.17 °C), LCZD (0.15 °C), LCZC (0.10 °C), and 
LCZG (− 0.61 °C). Vegetation within the ventilated cor-
ridors had a better mitigation effect on UHII, which is 

Fig. 4  Number of built and natural-type LCZs in the study area, a the number of building type LCZs; b the number of nature type LCZs

Fig. 5  Distribution of urban 
heat island intensity (UHII)
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Table 3  Statistical results of 
LCZ type surface temperature 
(°C)

Built type Min Max Average Nature type Min Max Average

LCZ1  − 3.01 13.91 3.49 LCZA  − 9.42 7.22  − 2.95
LCZ2  − 2.53 16.42 4.50 LCZB  − 11.03 8.30  − 1.88
LCZ3  − 5.34 14.41 4.02 LCZC  − 9.86 6.62  − 1.02
LCZ4  − 3.31 10.91 2.76 LCZD  − 10.97 12.85  − 0.01
LCZ5  − 3.84 13.44 3.95 LCZE  − 8.35 14.58 2.45
LCZ6  − 4.66 13.67 3.72 LCZF  − 9.39 11.19 0.37
LCZ7  − 3.35 11.55 2.51 LCZG  − 9.83 10.15  − 3.10
LCZ8  − 3.98 13.22 3.76
LCZ9  − 4.94 13.54 3.34
LCZ10  − 0.41 12.65 5.77

Fig. 6  Box plot of temperature 
data and wind rose of main 
urban area of Dalian City from 
2011 to 2018. a Annual average 
temperature, and b wind rose 
from June to September

Fig. 7  Results of urban ventila-
tion corridor construction for 
the main urban area of Dalian 
City
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consistent with the results of a previous study (Tan et al. 
2016); however, the LCZG within the ventilated corri-
dors did not exhibit a better reduction effect. Combined 
with the description of each LCZ type in Table 2, Fig. 10 
shows that under both the ventilation and non-ventilation 
corridors, LCZG (water bodies) had the lowest average 

UHII (− 2.52 °C and − 3.13 °C, respectively). This indi-
cates that compared to other LCZ types, water bodies 
were more effective in mitigating UHI; however, the 
average UHII of LCZG (water bodies) under ventilation 
corridors was higher than that under non-ventilation cor-
ridors, which is inconsistent with the findings of other 
LCZ types. Therefore, future studies should use different 
methods to construct urban ventilation corridors and fur-
ther analyze the effect of ventilation on UHI (Xie et al. 
2022).

Limitations

Owing to the lack of building outline data, FAI calcu-
lation to construct the urban ventilation corridors was 
only conducted for the existing building area. In subse-
quent studies, higher resolution images should be used to 
extract building outline data to improve the calculation 
accuracy and correspond with the actual ventilation con-
ditions. In addition, this study only calculated the UHII 

Fig. 8  a The different LCZ 
types corresponding with the 
ventilation corridors in the 
entire study area (building 
types: LCZ1, 3, 5, 6, and 8–10; 
natural types: LCZA–G; see 
definitions in Table 2); b, c the 
corresponding partial enlarge-
ments within the rectangle of 
(a)

Table 4  Number of LCZ type under ventilation corridors

Built types Numbers 
(pixels)

Nature types Numbers (pixels)

LCZ1 1 LCZA 11,420
LCZ3 3 LCZB 1176
LCZ5 1 LCZC 605
LCZ6 2 LCZD 11,231
LCZ8 10 LCZE 13,997
LCZ9 15 LCZF 1588
LCZ10 2 LCZG 1249
Sum 34 41,266

Fig. 9  a UHII of the natural 
LCZs within non-ventilated 
urban corridors, b UHII of the 
natural LCZs within ventilated 
urban corridors
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during summer; therefore, subsequent research should 
analyze the influence of ventilation corridors on UHII 
both in terms of annual seasonal trends and between day-
time and nighttime data.

Conclusions

To obtain a better understanding of the measures to miti-
gate UHII through constructing urban ventilation corridors 
and from the perspective of LCZs, this study quantified 
the impact of urban ventilation corridors on UHII in the 
main urban area of Dalian City, China, using multisource 
data. We determined LCZ classification and constructed 
ventilation corridors using the LCP method. From the LCZ 
perspective, the urban ventilation corridors and their rela-
tionship with UHII were analyzed. The main conclusions 
are as follows:

The LCZ classification results for the main urban area of 
Dalian City showed that constructed LCZs (160,237 pix-
els or 24%) were significantly less than natural-type LCZs 
(510,179 pixels or 76%). Among the built types, LCZ9 
(sparse low-rise) was the most common classification.

The corresponding UHIIs were different for each LCZs 
type. Among them, constructed type LCZ10 (heavy indus-
try) had the highest average UHII (5.77 °C). Overall, con-
structed LCZs had higher UHII than natural LCZs.

In total, 41,300 pixels were extracted from the con-
structed urban ventilation corridors, including 34 pix-
els for constructed LCZs and 41,266 pixels for natu-
ral LCZs. Among the natural LCZs, LCZE (bare soil/
paved) had the largest pixel number (13,997 pixels), 
followed by LCZA, LCZD, LCZF, LCZG, LCZB, and 
LCZC. Within the ventilation corridors, the different 
natural LCZ types had varying levels of impact in terms 
of their mitigating effect on UHII, with LCZB (scat-
tered trees) being the most effective (− 0.40  °C), fol-
lowed by LCZE (− 0.22 °C) > LCZF (− 0.18 °C) > LCZA 
(− 0.17 °C) > LCZD (− 0.15 °C) > LCZC (− 0.1 °C). Nota-
bly, in this study, LCZG (water) had an unexpectedly poor 
mitigation effect on UHII. The present findings provide a 
basis for continuing quantitative research on the compo-
sition and effectiveness of urban ventilation corridors for 
mitigating heat intensity from the LCZ perspective.
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