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Gardens plays an important role in mitigating effects on the wind-heat environment, and their scientific planning and layout are of great significance to the improvement of the urban ecological environment and the local microclimate of the city. However, there are few studies of quantitative analysis of the impact of landscaping and their layouts on the urban wind-heat environment. Therefore, taking Suzhou Humble Administrator's Garden, Beijing Summer Palace, Suzhou Jingsi Garden and Beijing Taoranting Park as study area, we carried out a study of 3D spatial wind and thermal environment simulation of classical gardens and modern gardens based on high-resolution remote sensing and computational fluid dynamics (CFD). The mitigating effects including and the maximum mitigation distance are calculated.

The cooling intensity is defined as the air temperature difference between the brim temperature of garden in the downwind direction and the temperature of surrounding buildings. The maximum mitigation distance is defined as the maximum distance of which the surrounding air temperature of is not influenced by the air temperature of garden are calculated. By analysing the overall of mitigating effects of classical/modern gardens on the surrounding thermal environment, we found that, compared with the shape index, the water area and the area of green planting are the main factors affecting the wind and heat environment, taking Suzhou Jingsi Garden and Beijing Taoranting Park as examples, although the shape of Taoranting Park is more complex than that of Jingsi Garden, the cooling intensity and distance of Taoranting Park are better than Jingsi Garden. Comparing the quantitative simulation results, it was found that the maximum cooling value of the Summer Palace was 2°C higher than that of Taoranting Park by 1°C. The cooling distance in the downwind direction of the Summer Palace is as high as 1 km, which is 800m longer than that of Taoranting Park. Comparing the influence of the spatial layout differences of modern gardens, the results show that the cooling effect of Taoranting Park in Beijing is better than that of Jingsi Garden in the south. The maximum cooling value of the Jingsi Garden is only 0.2°C, and the cooling distance in the downwind direction is 200m.

Introduction

With the rapid urbanization process, the natural underlying surfaces in the city are replaced by a large number of artificial underlying surfaces (like concrete, masonry), resulting in the deterioration of the wind-heat environment in some urban areas [START_REF] Li | Comparative and Combinative Study of Urban Heat island in Wuhan City with Remote Sensing and CFD Simulation[END_REF][START_REF] Huo | Simulation of the Urban Space Thermal Environment Based on Computational Fluid Dynamics: A Comprehensive Review[END_REF]Du et al.,2022). The temperature in the urban landscape garden area is lower than the surrounding temperature, which is called "cold island area" [START_REF] Oliveira | The cooling effect of green spaces as a contribution to the mitigation of urban heat: A case study in Lisbon[END_REF]. Therefore, urban gardens have a good mitigating effect on the wind-heat environment, and the scientific planning and layout of gardens have a positive impact on the improvement of the urban ecological environment and the local microclimate of the city.

Urban park plays an important role in alleviating the deteriorating thermal environment. How to quantitatively evaluate the impact of urban parks on the thermal environment is important for study of improving the urban ecological environment.

Qualitative methods used to analyze the impacts of gardens on local regional thermal environment can be classified into meteorological observation, numerical simulation method, and remote sensing [START_REF] Kwong | Does irrigation cooling effect intensify during heatwaves? A case study in the Melbourne botanic gardens[END_REF][START_REF] Onmura | Study on evaporative cooling effect of roof lawn gardens[END_REF]Fung et al., 2019;[START_REF] Zhang | Relationship between vegetation greenness and urban heat island effect in Beijing City of China[END_REF]. Field measurement methods have the advantage of reliable results and become an integral part of studying the impact of parks on local wind and heat environments (Li et al., 2021;[START_REF] Pioppi | Wearable sensing techniques to understand pedestrian-level outdoor microclimate affecting heat related risk in urban parks[END_REF]. [START_REF] Chang | A preliminary study on the local cool-island intensity of Taipei city parks[END_REF] measured the temperature in and around 61 urban parks in Taipei City, and the results showed that the average temperature of the parks with less green coverage was higher than that of the surrounding environment. Large parks with large green areas have lower average air temperature than the surrounding environment, and it is proved that the average air temperature of parks larger than 3 hectares is lower than the surrounding environment. [START_REF] Fu | Impact of Urban Park Design on Microclimate in Cold Regions using newly developped prediction method[END_REF] took Xingqing Palace Park in Xi'an as the research area, measured typical meteorological parameters in summer on site, and used correlation analysis and regression analysis to predict. The results show that the green coverage rate is an important factor affecting the local wind and heat environment in the city.

It is difficult to achieve time synchronization of large-area macroscopic observations by field measurement methods. At the same time, it needs a higher cost to obtain wind-thermal environmental parameters in a larger range. Remote sensing technology can overcome this shortcoming, and at the same time retrieve a large range of land surface temperature based on thermal infrared remote sensing images [START_REF] Sobrino | Land surface temperature and emissivity retrieval from remote sensing data[END_REF][START_REF] Li | Review of methods for land surface temperature derived from thermal infrared remotely sensed data[END_REF][START_REF] Duan | Validation of Collection 6 MODIS land surface temperature product using in situ measurements[END_REF], Du et al., 2022[START_REF] Gao | Toward park design optimization to mitigate the urban heat Island: Assessment of the cooling effect in five U.S. cities[END_REF][START_REF] Liang | Study on the cooling effect of typical garden green space and water bodies in Guilin[END_REF]. [START_REF] Su | The cooling effect of urban parks in Guangzhou on the surrounding environment[END_REF] used TM remote sensing technology to invert the temperature of parks and their surroundings in Guangzhou, and analyzed that the cooling effect of parks decreases with the increase of the distance from the park boundary. The current research on the thermal environment based on the retrieval of land surface temperature from remote sensing mostly focuses on the research on the urban surface temperature field.

For the wind-heat environment of the urban space atmosphere based on remote sensing, the relationship between the surface temperature and the atmospheric temperature field around 2m above the ground is generally established by means of mathematical statistics, thus indirectly inferring the distribution of air temperature near the surface, and the accuracy of the result is low.

In recent years, with the rapid development of computational fluid dynamics (CFD) and computer performance. It is more efficient and economical to use CFD numerical simulation method to study local wind-heat environment [START_REF] Wong | An integrated multiscale urban microclimate model for the urban thermal environment[END_REF][START_REF] Antoniou | CFD simulation of urban microclimate: Validation using high-resolution field measurements[END_REF][START_REF] Vuckovic | Strategies for Development and Improvement of the Urban Fabric: A Vienna Case Study[END_REF]. [START_REF] Lin | Preliminary study of the influence of the spatial arrangement of urban parks on local temperature reduction[END_REF] used the ENVI-met model to simulate the impact of urban park spatial layout on local area cooling. The results showed that large park area, uniform spatial distribution, and more park diversity leads to more significant cooling effects. [START_REF] Du | Urban bluegreen space planning based on thermal environment simulation: A case study of Shanghai, China[END_REF] combined high-resolution remote sensing and CFD technology to study the mitigation effect of the blue-green spatial layout in Shanghai, China, on the urban thermal environment. The results show that the surface contour of the water body is complex and the wedge-shaped layout of green plants can achieve the maximum cooling effect. The introduction of artificial water bodies in urban parks can better exert the cold island effect of urban parks. [START_REF] Luis | Effects of a Green Space Layout on the Outdoor Thermal Environment at the Neighborhood Level[END_REF] used CFD simulation technology to study the impact of the spatial layout of green space in the community on the outdoor thermal environment. It is concluded that a certain form of green space should be arranged in the center of the research area and the downstream telemetry of the summer monsoon, which can reduce the outdoor temperature more effectively. [START_REF] Bachir | The simulation of the impact of the spatial distribution of vegetation on the urban microclimate: A case study in Mostaganem[END_REF] used the commonly used CFD software ENVI-met to study the mitigation degree of different vegetation layout forms on urban heat islands. The results indicated that the arrayed trees were effective in reducing both surface and air temperatures, with the surface temperature being lowered more than the air temperature. Increasing vegetation can effectively alleviate the urban heat island phenomenon.

The green plants and water bodies of urban gardens and the corresponding spatial layouts are the main factors to alleviate its surrounding wind and heat environment [START_REF] Dimitris | CFD Study of Thermal Comfort in Urban Area[END_REF][START_REF] Huo | A Study of Simulation of the Urban Space 3D Temperature Field at a Community Scale Based on High-Resolution Remote Sensing and CFD[END_REF][START_REF] Robitu | Modeling the influence of vegetation and water pond on urban microclimate[END_REF]. As "cooling sources", green plants and water bodies can continuously cool down local high-temperature areas, and tall trees can alleviate local deteriorating wind conditions [START_REF] Gromke | Dispersion study in a street canyon with tree planting by means of wind tunnel and numerical investigations -Evaluation of CFD data with experimental data[END_REF][START_REF] Zeng | CFD simulation of the drag effect of urban trees: Source term modification method revisited at the tree scale[END_REF][START_REF] Ng | A study on the cooling effects of greening in a high-density city: An experience from Hong Kong[END_REF]. The main cooling mechanism of green plants as a "cold source body" is transpiration cooling and photosynthesis. At the same time, dense trees can play a role in shading in hot summer (Zhuo et al., 2017;[START_REF] Toparlar | CFD simulation and validation of urban microclimate: A case study for Bergpolder Zuid[END_REF][START_REF] Shashua-Bar | Vegetation as a climatic component in the design of an urban street An empirical model for predicting the cooling effect of urban green areas with trees[END_REF]. [START_REF] Gromke | CFD analysis of transpirational cooling by vegetation: Case study for specific meteorological conditions during a heat wave in Arnhem, Netherlands[END_REF] studied the mitigating effect of different forms of vegetation (shade trees, facade greening, roof greening) on the air temperature inside the canyon located in the centre of Arnhem, Netherlands. The results show that the air temperature reduction is more obvious when the three forms are arranged in combination, and the reduction range is only a few meters away from the vegetation. The principle of the water body to alleviate the wind-heat environment in a local area is similar to that of green plants, which reduces the temperature of the surrounding air through evaporative cooling. The temperature difference between the air on the surface of the water body and the upper air forms a local breeze, which can transfer the local cold air to the downstream along the wind direction, so the mitigation range of the water body is greater than that of green plants [START_REF] Li | Review of methods for land surface temperature derived from thermal infrared remotely sensed data[END_REF][START_REF] Montazeri | Simulating the cooling effects of water spray systems in urban landscapes: A computational fluid dynamics study in Rotterdam, The Netherlands[END_REF]. [START_REF] Tominaga | CFD simulations of the effect of evaporative cooling from water bodies in a micro-scale urban environment: Validation and application studies[END_REF] studied the wind-heat environment in a local area of an actual residential area with a water body, and the results showed that the water body can reduce the air temperature by a maximum of 2°C at the pedestrian level. It has a cooling effect within 100m downwind of the water surface without considering the surrounding buildings. Urban parks have a large area of green plants and water bodies, which can effectively cool down the internal area and the surrounding environment.

To more accurately assess the impact of gardens on the thermal environment, some scholars have used various methods to obtain meteorological data within the city, and then used various data analysis models to quantitatively evaluate the impact of gardens on the thermal environment of local areas. [START_REF] Cheng | Influence of Park Size and Its Surrounding Urban Landscape Patterns on the Park Cooling Effect[END_REF] studied the relationship between park area, surface temperature and cooling effect, defined three evaluation indicators, maximum local cold island strength, maximum cooling distance and maximum cooling area, to measure the cooling effect and cooling efficiency of the park.

By adopting stepwise regression analysis method to obtain the water body area percentage and woodland aggregation index as the key characteristics affecting the park's surface temperature change, Xu et al. (2017) studied the impact of the landscape structure inside the park on the thermal environment, define relevant landscape measurement indicators. Peng et al. (2020) proposed cumulative indicators such as park cooling intensity and park cooling gradient. By integrating the maximum viewing angle and cumulative viewing angle index into the measurement of park cooling effect, a dynamic evaluation of the spatial continuity of the park cooling process was carried out.

It was found that park area, perimeter and shape index were significantly correlated with park cooling area and park cooling efficiency, and vegetation index was significantly correlated with park cooling intensity and park cooling gradient. Oukhabla and Alkama (2012) analyzed the cooling effect of urban parks in a typical summer based on ENVI-met, and concluded that urban parks have a significant effect on reducing temperature. [START_REF] Ren | Estimation of the Relationship between Urban Park Characteristics and Park Cool Island Intensity by Remote Sensing Data and Field Measurement[END_REF] evaluated the relationship between urban park characteristics and its cold island intensity based on remote sensing and field measurement data, and found that the scale, size and shape have an impact on the thermal environment of urban heat islands. There are also some qualitative analyzes of the influence of the park shape index on the cooling effect of local areas. The results show that the larger the shape index (the more irregular the shape), the greater the cooling distance and the smaller the cooling intensity. Irregular-shaped parks Compared with regular-shaped and compact parks, irregular and narrow parks have lower cooling effects and higher cooling distances (Gudina et al., 2014).

The current research on vegetation or gardens to alleviate urban wind and heat environment mostly focuses on ideal models or some hypothetical conditions, and rarely takes actual ground object models as research cases. There is no relevant literature on the quantitative impact of gardens on mitigating urban wind-heat environment, especially the comparative study on the mitigation effect of Chinese classical/modern gardens on wind-heat environment has not been reported. For this reason, based on the combination of field measurement and CFD simulation, this paper conducts a comparative study of ancient/modern gardens in northern and southern cities in China, and compares and analyzes the influence of differences in the spatial layout of gardens under different time and space conditions on the local regional wind and heat environment. In this paper, the CFD boundary conditions are calculated and the simulation results are verified using meteorological stations and field measurement data. This paper analyzes the impact of different spatial forms of landscape gardens in the southern city of Suzhou and the northern city of Beijing on the local wind and heat environment. First, compare the impact of the differences in the shape and area of classical and modern gardens in Beijing and Suzhou on the surrounding wind and heat environment. Second, considering that most of the previous studies focused on the cooling effect under ideal conditions (that is, the garden without the influence of surrounding buildings). This study takes the Humble Administrator's Garden in Suzhou as an example, and analyzes the cooling effect and cooling distance of the garden under ideal conditions and under the circumstances of buildings blocking the periphery of the garden. Finally, quantitatively analyze the influence of the interior spatial layout of classical and modern gardens in Suzhou and Beijing on the local urban wind and heat environment.

Study area

Chinese gardens are famous all over the world and also have a long history [START_REF] Guo | Regional Design" of the Ancient Chinese Capitals: A Case Study of Change'an in Tang Dynasty[END_REF]. Since the Tang (618-907) and Song Dynasties (960-1279), China has paid attention to the planning of gardens [START_REF] Zhang | Research on the Distribution and Scale Evolution of Suzhou Gardens under the Urbanization Process from the Tang to the Qing Dynasty[END_REF]. Due to their unique geographical features and cultural environments in different region, cities in the north/south of China have different planning concepts and implementation methods for landscape architecture [START_REF] Zhang | Research on the Distribution and Scale Evolution of Suzhou Gardens under the Urbanization Process from the Tang to the Qing Dynasty[END_REF]. Therefore, the spatial layout and internal structure of urban landscape gardens in the north and south of China are also significantly different, and the impact on the urban ecological environment and windheat environment is also different. Studying the layout of classical/modern gardens in southern/northern China and its impact on the wind-thermal environment is of great significance for a deep understanding of the interaction mechanism between the windheat environment and the underlying surface in the south/north of China.

In the north, the modern Taoranting Park and the classical Summer Palace are the study areas. The Summer Palace belongs to the royal gardens of the Qing Dynasty and was first built in 1750. Taoranting Park, a modern garden, was built in 1952. Taoranting Park and the Summer Palace are located in Xicheng District and Haidian District, Beijing, China, respectively. The geographical locations of the centers are 116°22'43" E, 39°52'39" N and 116°16'26" E, 39°59'57" N, and the occupied areas are 0.565600 km 2 and about 3km 2 respectively. In the south, the modern Jingsi Garden and the classical Humble Administrator's Garden are the research areas. The Humble Administrator's Garden, a classical garden in Suzhou, was built in the early 16th century in the late Ming Dynasty. The Jingsi Garden, a modern garden, was built in 1993. They are respectively located in Wujiang District and Gusu District, Suzhou City, Jiangsu Province, China. The geographical centers are 120°41′35″E, 31°09′47″N and 120°37'45"E, 31°19'27"N respectively, covering an area of about 0.066666km 2 and 0.052000km 2 . In terms of climate, Beijing belongs to a typical temperate semi-humid continental monsoon climate, with an annual average temperature of 19°C and an average annual precipitation of 644mm. Suzhou is located in the north subtropical humid monsoon climate zone, with an average annual temperature of 22°C and an average annual precipitation of 1094mm. The high-resolution satellite remote sensing images of the four major landscape gardens in the north and south are shown in Figures 1 and2. 

CFD simulation method

CFD is used to study the wind-thermal environment in local areas, and the meteorological station data and field measurement data near the study area are used as boundary conditions and verification methods. Two classical gardens and two modern gardens in Beijing and Suzhou are taken as study areas, and uses the CFD numerical simulation method to study the quantification of the impact of different classical and modern gardens and their layout and form on the wind and heat environment. In this paper, the meteorological data and experimental data on September 18, 2022 were used as the data source to calculate the CFD boundary conditions and simulate the distribution and change of air temperature and wind speed in each park. First, highresolution remote sensing images and 3D modeling software are used to create geometric models. Second, create a computational domain and perform discrete processing on the computational domain, that is, grid division. Finally, the appropriate turbulence model is selected for numerical solution in each unit grid, and the continuous field (temperature field, wind field, etc.) of the relevant physical quantities in the calculation domain is obtained. The specific technical route of this research is shown in Figure 3. 

Computational domain creation

Based on high-resolution satellite remote sensing data, the 3D real model of the study area is reasonably simplified in consideration of CFD calculation accuracy and convergence problems. The interior of the garden mainly creates buildings, roads, water bodies, green spaces and trees, among which the trees are simplified based on site surveys and previous research (Liu Yanhong et al., 2012;Li Liang et al., 2006;[START_REF] Mochida | Examining tree canopy models for CFD prediction of wind environment at pedestrian level[END_REF]. The buildings inside the garden are all low-rise buildings, and the boundary of the study area is relatively large. Considering that the boundary of the computational domain has little impacts on the calculation results around the research area, the boundary length of the research area is used as the standard to create the horizontal boundary of the computational domain. The computational domain height setting is determined by the boundary layer height determined by the surrounding topography [START_REF] Tominaga | AIJ guidelines for practical applications of CFD to pedestrian wind environment around buildings[END_REF]. Figure 4(a-d 

Meshing and its quality assessment

Using CFD to simulate the urban wind and heat environment, a key link is to discretize the calculation domain, that is, grid division. The meshing technology not only affects the calculation accuracy, but also has a great influence on the convergence and stability of the numerical calculation. Therefore, a high-quality grid in the calculation domain can not only ensure the reliability of the calculation results, but also can avoid non-physical characteristics of the calculation results due to poor convergence. The skewness, an important parameter in grid quality assessment, is used for evaluation, and its value ranges from 0 to 1. The closer the skewness is to 0, the better the grid quality. Figure 5 shows the fineness of the mesh. Table 1 lists the parameters related to grid quality. It can be judged that the grids density and grids quality in the calculation area are good, which can be input into the solver as valid data for numerical calculation. 

Basic principles of CFD simulation

For the wind-heat environment simulation of urban interior landscape gardens, it is generally necessary to consider the convective heat transfer between the atmosphere and various underlying surfaces, as well as the solar radiation and the radiation heat transfer between objects. CFD simulation can accurately reflect the internal flow and heat transfer phenomena in the city. It is generally necessary to solve the mass conservation, momentum conservation and energy conservation equations, but it is difficult to directly solve the three nonlinear partial differential equations [START_REF] Blocken | LES over RANS in building simulation for outdoor and indoor applications: A foregone conclusion[END_REF]. Therefore, we generally use the turbulence model with engineering experience to close the relevant governing equations. The two-equation SST k-ω model based on eddy viscosity has the advantages of the k-ω model and the standard k-ε model (Agrawal et al., 2022;Moukalled et al., 2016). It is often used to study the mitigation effect of landscape architecture on the local wind and heat environment in the city. The governing equations associated with this model are as follows:

Continuity equation:

  i 0 tx i u      Momentum Conservation Equation:   i j j i () () x x x x ii i j i u u p u u F t                
Energy Conservation Equation:
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where, ρ is the fluid density, the unit is kg m -3 , t is time, the unit is s, μi and μj are 

Boundary conditions and numerical solution settings

During CFD numerical calculation, the correct setting of boundary conditions and the selection of numerical solution algorithm directly affect the correctness of the calculation results. The entrance of the calculation domain adopts the speed entrance, and the physical parameters such as wind and temperature are set according to the measured data and meteorological data. The outlet of the computational domain is set as a pressure outlet. The top and sides are set as symmetrical borders. The bottom is set as a non-slip isothermal wall [START_REF] Pan | CFD scaling simulation method for atmospheric flow in urban environment[END_REF]. The Couple algorithm of velocitypressure-energy coupling is used to solve the problem. The convection item adopts a high-order upwind style, and the residuals of velocity, mass and momentum are set to 10 -4 , and the residuals of energy are set to 10 -6 .

Results

Validation of CFD simulation results

This paper conducts field measurements on Taoranting Park, and measures the temperature of six fixed points in Taoranting Park throughout the day (Figure 10). The 2.

The RMSE of the four meteorological stations in the Summer Palace is relatively large.

It may be that the Summer Palace has a more obvious effect on mitigating the surrounding temperature, which leads to a higher temperature value at the weather station, resulting in a larger error. Jingsi Garden and Humble Administrator's Garden have smaller RMSE, indicating that the simulated and measured values agree. The CFD simulation of the three-dimensional wind and heat environment in the local area of the city is more accurate. 

Overall analysis of the influence of the shape differences of ancient and modern gardens in the north and south on the local wind and heat environment.

Based on high-resolution remote sensing images, a real three-dimensional geometric model of the four ancient and modern gardens in the north and south of China was established. Then, the distribution of temperature field in three-dimensional space is obtained by using CFD numerical simulation technology. The three-dimensional space surface temperature distribution of Suzhou Humble Administrator's Garden (Figure 8b) and Jingsi Garden (Figure 8a) is analyzed. Based on the simulating results of wind-thermal environment, the cooling intensity and the maximum mitigation distance are calculated to analyse the influence of each garden's layouts and internal structure. The cooling intensity is defined as the the air temperature difference between the brim temperature of garden in the downwind direction and the temperature of surrounding buildings. The maximum mitigation distance is defined as the maximum distance of which the surrounding air temperature of is not influenced by the air temperature of garden, that is when the air temperature plot curves of surrounding not showing an increase/decline trend.

From these results figures, we found that Jingsi Garden has a higher cooling intensity on the surrounding area than Humble Administrator's Garden, but the cooling range is not as good as that of Humble Administrator's Garden. In terms of the geometric shape of the garden, the shape index of the Jingsi Garden is smaller than that of the Humble Administrator's Garden, that is, the complexity of the park shape of the Jingsi Garden is lower than that of the Humble Administrator's Garden. This may be because the more complex the shape, the worse the cooling effect, but the cooling range is expanded. (Gudina Legese [START_REF] Feyisa | Efficiency of parks in mitigating urban heat island effect: An example from Addis Ababa[END_REF]. Comparing the three-dimensional space surface temperature distribution maps of Suzhou Jingsi Garden (Figure 8a) and Beijing Taoranting Park (Figure 9a), the mitigation effect of the differences in the spatial layout of modern gardens in the north and south on the local regional thermal environment is analyzed. The cooling effect of Beijing Taoranting Park is worse than that of Suzhou Jingsi Garden. Although the shape of Jingsi Garden is not as complex as Taoranting Park, the garden area of Taoranting Park is larger than Jingsi Garden.

Therefore, the size of the land area of the garden can affect the cooling effect of the garden more than the complexity of the shape. Based on the three-dimensional space surface temperature distribution maps of the Humble Administrator's Garden in Suzhou (Figure 8b) and the Summer Palace in Beijing (Figure 9b), the mitigation effects of the differences in classical gardens in the north and south of China on the local regional thermal environment were analyzed. The cooling intensity and cooling distance of the Summer Palace in Beijing were higher than those in the Humble Administrator's Garden in Suzhou. The Summer Palace is larger than the Humble Administrator's

Garden in terms of area and water area. In comparison, the cooling distance of the Humble Administrator's Garden with a complex shape is still not as good as that of the Summer Palace with a nearly circular shape. Therefore, the impact factors of shape index are not as effective as water area and larger vegetation area factors in mitigating thermal environment. Only when the water area and the garden area are similar in size, the garden with complex shape index has low cooling intensity and large cooling range. 

Simulation and analysis of Wind-Heat Environment in Gardens Considering Peripheral Buildings

Taking the Humble Administrator's Garden in Suzhou as an example, the windheat environment of the park without surrounding features and with features within 30m were studied respectively, and the same boundary conditions were set during the simulation. Figures 10 and11 show the air temperature and wind speed distribution at a height of 2m in the Humble Administrator's Garden without considering the surrounding features and considering the surrounding features, respectively. From the perspective of temperature distribution, when considering the surrounding 30m actual buildings, the average temperature and sporadic temperature hotspots inside and around the Humble Administrator's Garden are more than those without considering the surrounding objects. When considering the influence of surrounding buildings, the wind speed in some areas changes, and the wind speed in densely built areas is relatively low, and there are also scattered outlets. Overall, the wind field distribution is closely related to the temperature field distribution. The distribution map of the wind field shows that its influence range and influence height are relatively large when the surrounding buildings are not considered. On the temperature field at a height of 2m, three temperature lines at the wake of the park in the downwind direction were respectively intercepted to quantitatively analyze the influence of the garden on the temperature of the surrounding horizontal range. The data on the three temperature lines were extracted and plotted as data graphs (Fig. 12a andb). From the data graph, it can be concluded that the temperature change curve of the Humble Administrator's Garden considering the surrounding features has both warming and cooling. In areas with dense buildings, the temperature near the garden will be higher than that in the distance, and in areas with relatively sparse buildings, the temperature in the vicinity will be lower than that in the distance. Neglecting the surrounding features of the Humble Administrator's Garden, it can be concluded that the maximum cooling of the Humble Administrator's Garden in the downwind direction is 0.1°C, and the maximum mitigation range reaches about 300m. Considering the influence of buildings around the Humble Administrator's Garden, the simulation results show that the cooling distance is up to 200m. Figure 13a andb respectively intercept the air temperature distribution on the downwind vertical section of the garden. The cooling effect in the vertical direction of the Humble Administrator's Garden without surrounding features is significantly better than that of the Humble Administrator's Garden considering the surrounding features. An increase in the vertical temperature distribution occurs in densely built-up areas (Fig. 13b). Ignoring the ground objects around the Humble Administrator's Garden as a whole, the cooling effect in the vertical direction is better. Therefore, from the distribution of air temperature in the horizontal and vertical directions, it can be concluded that the cooling effect of the garden is not only affected by the spatial layout of the garden itself, but also related to the distribution of different surrounding objects. 

Overall Analysis of the influence of the internal spatial layout structure of ancient and modern gardens in the north and south on the local wind and heat environment

The meteorological data and measured data on September 18, 2022 were selected as the input boundary conditions of the numerical simulation, and the influence of the differences in the spatial layout of ancient and modern gardens in northern China on the garden and the surrounding wind and heat environment was analyzed. Figures 14a and15a show the temperature distribution at 2m above the classical Summer Palace and the modern Taoranting Park, respectively. The overall cooling effect of the Summer Palace is better than that of Taoranting Park. From the analysis of the internal spatial layout of the garden, the water area of the Summer Palace is higher than that of Taoranting Park. At the same time, the architectural layout of the Summer Palace is more scattered and the number of buildings is less than that of Taoranting Park. Figure 14b and Figure 15b are the wind velocity fields at the height of 2m in the Summer Palace and Taoranting Park respectively. The overall wind speed in the Summer Palace is higher than that in Taoranting Park. The internal spatial layout of the garden shows that compared with Taoranting Park, there are fewer trees and buildings inside the Summer Palace, which hinder the incoming wind less, so the overall wind speed inside the Summer Palace is higher than that of Taoranting Park. In areas with sporadic visible buildings and dense trees, the wind speed drops sharply, but overall the ventilation effect of the two is better, which can effectively bring the cold air generated by the garden to the downwind direction. The Summer Palace can reduce the ambient temperature by about 2°C at the highest, and the maximum mitigation range is about 1 km from the border, and even exceeds 1 km in some areas. Taoranting Park can lower the ambient temperature by about 1°C at the highest, and the maximum mitigation range is about 800m away from the boundary.

The cooling rate of the Summer Palace to the ambient temperature is relatively fast, and the wind-heat mitigation intensity is high and the mitigation area is wide. Figure 17 a and b show the air temperature distribution on a vertical section downwind of the Summer Palace and Taoranting Park, respectively. The Summer Palace can cool down by a maximum of 2.5°C in the vertical direction, which is 1.5°C higher than the maximum drop in Taoranting Park. Therefore, its cooling effect in the vertical direction is better than that of Taoranting Park. Therefore, the cooling effect of the classical Summer Palace is better than that of the modern Taoranting Park in vertical and horizontal sections. Comparing the simulation results of the classical Summer Palace in northern China and the modern Taoranting Park, it can be concluded from the distribution of temperature and wind speed in the vertical and horizontal sections that the mitigation effect of the classical Summer Palace is better than that of the modern Taoranting Park. On the one hand, the water area of the Summer Palace occupies a large area. Under better ventilation conditions, the cold air generated by the water body can be transmitted to the downwind direction of the garden, and the cooling effect of the urban park can be effectively exerted. On the other hand, the classical Summer Palace was built along mountains and rivers. Compared with the modern Taoranting Park, the area of the natural underlying surface inside the garden is higher, which has a more obvious effect on mitigating the urban wind and heat environment. Garden on the whole. From the internal spatial layout of the Jingsi Garden, it can be seen that there are relatively few water bodies and green plants in the Jingsi Garden, and a large number of high and low buildings are built, resulting in poor wind and heat environment at the wake of the building complex. Figure 19 shows that the leeward direction of the Jingsi Garden has a certain mitigation effect, up to 0.2°C, and the mitigation effect will gradually disappear about 200m away from the boundary, and the mitigation intensity is weak. The internal space layout of Taoranting Park shows that Taoranting Park has a large area of water and green plants, and the building occupies a small area, and the temperature in the downwind of the garden is reduced. From Figure 16b, it can be concluded that Taoranting Park can reduce the surrounding air temperature by about 1°C at most, and the mitigation effect reaches 800m from the boundary, with high mitigation intensity. Figure 20 and Figure 17-b respectively show the temperature field distribution in the downwind direction of Jingsi Garden and Taoranting Park. Jingsi Garden has a higher building density, so its cooling effect in the vertical direction is worse than that of Taoranting Park, and the temperature shows an increasing trend in local densely built areas. Figure 18b shows the wind speed distribution at a height of 2m in the Jingsi Garden. Because there are relatively many buildings inside, the wind speed inside the Jingsi Garden is relatively low and the ventilation effect is poor. Compared with Taoranting Park, which has fewer buildings, its internal ventilation effect is better than that of Jingsi Garden (Figure 15b). Firstly, the shape and the spatial layout of Beijing's ancient and modern gardens and Suzhou's ancient and modern gardens to alleviate the wind and heat environment around them are analyzed in this paper. By comparing Jingsi Garden and Humble

Administrator's Garden, two gardens with similar land area, it is concluded that the complex shape of the garden has a larger cooling range and lower cooling intensity for the surrounding area. When the area and the spatial layout of the garden are similar, the larger the garden shape index, the weaker the cooling intensity but the larger the cooling range (Gudina Legese Feyisa et al., 2014). A garden with a larger shape index has more contact with the outside world, which will lead to a wider cooling range. The smaller the shape index, the more compact the garden will produce greater cooling intensity.

Comparing Jingsi Garden and Taoranting Park, Taoranting Park occupies a larger area than Jingsi Garden. Although Taoranting Park has a more complicated shape than Jingsi Garden, the cooling intensity of Jingsi Garden is lower than Taoranting Park. This

shows that compared with the complexity of the shape of the garden, factors such as the size of the green plant area and the water area of the garden have a more significant impact on the temperature mitigation effect. Taking the Humble Administrator's

Garden and the Summer Palace as examples, the cooling intensity and cooling distance of the Summer Palace with large land area and large water area are greater than those of the Humble Administrator's Garden. Therefore, factors such as the size of the park, the proportion of internal waters, and the complexity of its shape all have a certain degree of impact on the mitigation of the wind-heat environment around the park (Cao et al., 2014).

Secondly, most of the previous studies focused on the evaluation of the cooling effect of gardens without buildings, and seldom considered the cooling effect of gardens under the influence of buildings. This paper quantitatively analyzes the distribution and change of the wind and heat environment in the garden without the influence of buildings and with the actual building shelter. The cooling effect of the garden in the horizontal and vertical directions is poor and the cooling effect is comparatively analyzed under the two conditions. Taking the Humble Administrator's Garden in Suzhou as an example, when ignoring the various surrounding features, it can be obtained that the Humble Administrator's Garden can reduce the maximum temperature by 0.1°C in the downwind direction, and the maximum effective cooling distance is about 300m. Taking into account the surrounding land objects, the simulation results

show that there will be warming at local locations. Compared with the situation without surrounding objects, the overall cooling intensity and effective cooling distance are weakened. On the one hand, it is because the surrounding area is dominated by buildings and artificial underlying surfaces, which will cause the surrounding temperature to rise and affect the cooling effect of the garden. On the other hand, the dense buildings in the downwind direction of the garden will lead to poor ventilation, unable to transport cold air to the interior of the garden, resulting in poor cooling effect of the garden. shows that the water body and green plants occupy a large area, with few buildings, and the temperature drops significantly in the downwind of the park. There are many buildings in Suzhou Jingsi Garden. The obstruction of the buildings leads to low wind speed, poor ventilation effect, and poor cooling effect of the garden. The maximum cooling value of Taoranting Park is 0.8°C higher than that of Southern Jingsi Garden, and the farthest cooling distance is 600m higher. Analysis of the reasons for this difference may be as follows: 1) Most of the gardens in southern China, especially those in Suzhou, pursue exquisiteness, and most of them are private gardens, which occupy a small area, and the water area accounts for about one-fifth of the park area. 2) Since the straight-line distance between Suzhou and Beijing is nearly 1169km, there are significant climate differences. Compared with Suzhou in the south, Beijing's summer climate is drier and the wind speed is higher. The cooling effect of gardens on hot and dry climates is more obvious than that on humid climates.

3) The geographical location of the park is different from the city center. The Beijing Summer Palace is located in the western suburbs of Beijing, surrounded by low-density residential areas and natural environments such as green plants. Suzhou Jingsi Garden is located in a commercial area. Due to the influence of surrounding commercial areas, the cooling effect of Jingsi Garden is relatively weak.

Conclusion

Based By analyzing the influence of ancient/modern gardens in Beijing and Suzhou, China, on the local wind-heat environment, it is concluded that the cooling effect of Beijing gardens is better than that of Suzhou gardens, and the cooling effect of classical gardens is better than modern gardens. To better play the mitigation role of urban inner gardens, the transforming modern gardens can learn from the construction theory of the ancients. The new concept of combining ancient/modern garden design may optimize the degree of improvement of urban landscape gardens to the local wind and heat environment.
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 1 Figure 1. High-resolution satellite remote sensing images of the Summer Palace and Taoranting Park in Beijing

Figure 2 .

 2 Figure 2. High-resolution satellite remote sensing images of Jingsi Garden and Humble Administrator's Garden in Suzhou
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 3 Figure 3. Research technology line

  ) represent the computational domains of the four gardens, respectively. Calculation domains of the four major gardens in the north and south: (a) Jingsi Garden, (b) Humble Administrator's Garden, (c) Taoranting Park, (d) Summer Palace

  Figure 5. The grid model of the four major gardens in the north and south: (a) Jingsi Garden, (b) Humble Administrator's Garden, (c) Summer Palace, (d) Taoranting Park.

  velocity components in m/s, xi and xj are coordinate components, the unit is m, p is the pressure on the fluid micro-element, the unit is Pa, Body force on the Fi micro-element, unit is N, µ is the dynamic viscosity, the unit is (N.s) m -2 , T is the temperature in °C, κ is the heat transfer coefficient of the fluid in W (m.K) -1 , K and ω are the turbulent kinetic energy and specific dissipation rate, respectively, Cp is the specific heat capacity, the unit is (kJ.Kg) ℃ -1 , ST is the energy source term, Gk and Gω are the turbulent kinetic energy and ω equations, respectively. гk and гω denote the effective diffusion terms of k and ω, respectively, Yk and Yω denote the divergent terms of k and ω respectively, Dω represents the orthogonal divergence term, Sk and Sω represent user-defined.

  measured air temperature was used to validate the results of the CFD simulation. The verification results of Taoranting Park show that the errors of measuring points 1 and 6 are relatively large, and the maximum error exceeds 1°C. It may be that the positions of the selected measuring points on the graph and the actual measuring points are different, resulting in large errors of individual measuring points. The root mean square error (RMSE) of the six measurement points and the corresponding CFD simulation results is 0.994. In general, the CFD simulation results are in good agreement with the actual measurement results (Fig. 11). The results show that it is feasible to use CFD simulation method to study the influence of gardens on local wind-heat environment. It can visually display the temperature and wind speed field of the whole area.

Figure 6 .Figure 7 .

 67 Figure 6. Marking of measuring points in Taoranting Park

  CFD simulates the surface temperature in three-dimensional space and the atmospheric temperature distribution on the vertical section: (a) Jingsi Garden; CFD simulation of surface temperature in three-dimensional space and atmospheric temperature distribution in vertical section: (a) Taoranting Park; (b) Summer Palace

  The Humble Administrator's Garden at a height of 2m without considering the surrounding features: (a) air temperature distribution, (b) wind speed distribution (a) (b) Figure 11. The Humble Administrator's Garden at a height of 2m considering the surrounding 30m actual buildings: (a) air temperature distribution, (b) wind speed distribution

  Figure 12. Temperature distribution within 400m from the garden boundary: (a) Humble Administrator's Garden without surrounding features, (b) Humble Administrator's Garden with surrounding features (a) (b) Figure 13. Air temperature distribution in the vertical section of the wake: (a) Humble Administrator's Garden without surrounding features, (b) Humble Administrator's Garden with surrounding features

  Figure 16 a and b show the temperature distribution on the three lines downwind of the Summer Palace and Taoranting Park, respectively.

  The Summer Palace at a height of 2m: (a) air temperature distribution, (b) wind speed distribution (a) (b) Figure 15. Taoranting Park at a height of 2m: (a) air temperature distribution, (b) wind speed distribution (a) (b) Figure 16. Temperature distribution within 1 km from the garden boundary: (a) Summer Palace, (b) Taoranting Park (a) (b) Figure 17. Temperature distribution in vertical section: (a) Summer Palace, (b) Taoranting Park To analyse the influence of the spatial layout of different gardens in Suzhou (Southern China) and Beijing (Northern China) on the urban local wind and heat environment, we take the Jingsi Garden in Suzhou and Taoranting Park in Beijing as examples and simulate their wind-thermal environment based on CFD. Due to the large climate difference between Suzhou and Beijing, as well as different meteorological parameters such as wind direction and temperature, there are differences in the numerical values of the simulation results. Therefore, we mainly analyze the impact of the differences in the spatial layout of northern and southern gardens on the mitigation effect of the local urban wind and heat environment under two different climatic conditions. Figures 18a and 15a respectively show the temperature distribution at 2m height of Jingsi Garden in the south and Taoranting Park in the north. It can be seen that Taoranting Park, which occupies a large area, has a better cooling effect than Jingsi

Figure 18 .

 18 Figure 18. Jingsi Garden at a height of 2m: (a) air temperature distribution, (b) wind speed distribution

Finally, by comparing

  the internal structure and spatial layout of classical and modern gardens in Beijing and Suzhou, we quantitatively analyzed the impact of different gardens on the surrounding wind and heat environment. First, analyze the impact of the spatial layout of Taoranting Park and the Summer Palace on the surrounding wind and heat environment. The maximum cooling intensity of the Summer Palace in the horizontal direction is 1°C higher than that of Taoranting Park, and the farthest cooling distance is about 200m higher. In the vertical direction, the cooling degree and cooling distance of the Summer Palace are higher than those of Taoranting Park. This is mainly due to the differences in the spatial layout and internal structure of the gardens. Most classical gardens are built near mountains and rivers, and the Summer Palace is a typical example. The Summer Palace is a Qing Dynasty royal garden built on the basis of Kunming Lake and Longevity Hill during the Qing Dynasty, which covers a large area, and its water area is about three quarters of the entire park.Taoranting Park is transformed from a modern garden. Compared with the Summer Palace, it has more artificial underlying surfaces, and the proportion of impermeable surfaces is also larger, which leads to the deterioration of the wind and heat environment in the local area. Second, comparing the Jingsi Garden in Suzhou and Taoranting Park in Beijing, we quantitatively analyzed the impact of the differences in the internal spatial structure and layout of modern parks in northern and southern cities on the local wind and heat environment. The internal spatial layout of Beijing Taoranting Park

  on CFD simulation technology, the influence of the spatial layout of ancient and modern gardens in the north and south of China on the wind and heat environment in the local area is studied. Field measurements and meteorological data are used as boundary conditions and verification methods for CFD simulations. The simulated results prove that CFD is one of the most effective techniques for studying the simulation of 3D urban local wind-heat environment, and can be used to quantitatively analyze the impact of gardens on local wind-heat environment. Taking Taoranting Park and the Summer Palace in Beijing, China as examples, the mitigation effects of modern gardens and classical gardens on the surrounding air temperature are analyzed. The simulation results show that the Summer Palace, a royal garden built on the basis of mountains and rivers, has a large area of natural water bodies and vegetation. The garden area is large, and the temperature can be reduced by up to 2°C, and the temperature reduction range is as high as 1 km from the boundary. Compared with the modern Taoranting Park, the temperature can be lowered by up to 1°C, and the cooling range is up to 800m away from the boundary. When the distance reaches more than 1 km, the relief effect basically disappears. Therefore, the classical Summer Palace has a better cooling effect than the modern Taoranting Park, and its surroundings are more suitable for residents to carry out outdoor activities. Taking Jingsi Garden in Suzhou and Taoranting Park in Beijing as examples, the influence of modern gardens in the north and south on the wind and heat environment around local areas is studied. The simulation results show that the cooling effect of Taoranting Park is better than that of Jingsi Garden. There are two reasons: 1) The spatial layout of the garden is different. It can be seen that Taoranting Park in the Beijing has a large area of water, and there are relatively few buildings and roads. 2) Suzhou and Beijing have different climates. The climate in the Beijing is relatively dry and hot, resulting in a significant cooling effect in Taoranting Park. Taking the Humble Administrator's Garden in Suzhou and the Summer Palace in Beijing as examples, the cooling effects of classical gardens in the Beijing (Northern China) and Suzhou (Southern China) are studied. The Summer Palace, a royal garden built along mountains and rivers, has a large area and a wide water area. The royal gardens in the Qing Dynasty were used to escape the summer heat. The Humble Administrator's Garden in the Suzhou was built by the people, pursuing refinement and niche, with a small footprint and limited water area in the garden. Therefore, the cooling effect of the Beijing classical Summer Palace is far greater than that of the Souzhou classical Humble Administrator's Garden.

  

Table 1

 1 Parameters related to grid quality

	Grid Garden	Mesh Type	Number of Mesh	Average Distortion	Mesh Grade
	Jingsi Garden	Tetrahedron	5885679	0.27302	fine mesh
	Humble				
	Administrator's	Tetrahedron	6162965	0.28184	fine mesh
	Garden				
	Taoranting Park	Tetrahedron	33181962	0.28351	fine mesh
	Summer Palace	Tetrahedron	43048275	0.29469	fine mesh

Table 2 .

 2 Validation of simulation results based on four sets of meteorological data sets near the study area

	Station	Ts	Summer Palace Tm △T	Humble Administrator's Garden Ts Tm △T	Ts	Jingsi Garden Tm △T
				RMSE			RMSE			RMSE
		(℃)	(℃)	(℃)	(℃)	(℃)	(℃)	(℃)	(℃)	(℃)
	1	29.10	30.40	1.30	28.22	28	0.22	28.26	28.40	0.14
				1.179			0.241			0.600
	2	29.37	30.80	1.43	28.16	28	0.16	28.36	28.40	0.04