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Abstract 

The Koppen Climate Classification system is one of the examples dissect-

ing global climate process into uniform zones. Due to the fractal structure 

of geographic phenomenon, the classification of climate zones may be ap-

plied at different scales to promote further understanding of climate system 

at the human-environment interface. This research presents a workflow of 

classifying climate zones by using meteorological sensitive indicators. The 

research recommends the zones should be in hierarchical manner such that 

planning and design at different levels can benefit from the framework. In 

the case study, the research begins by investigating the proper scale of 

study by choosing the appropriate pixel size. Then an illustration of the 

workflow is presented by using 6 meteorological sensitive indicators de-

rived by using remotes sensing and geographic information tools. Instead 

of using empirical standards, the K-mean clustering is applied to leverage 

the intrinsic structure of the data. Both intensive and less built environment 

are classified to different urban and rural climate zones. The classification 

shows that the zones possess distinctive climate properties.  
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1. INTRODUCTION 

One of the significant weaknesses of current research of microclimate is 

the lack of standards. The weakness eliminates the quantitative measure-

ment of meteorology phenomenon at local scale and the development of 

local meteorological research such as urban climate (Stewart and Oke 

2009; Stewart 2011). Most planning and design concepts are restricted by 

lacking quantitative standards to mitigate and adapt climate uncertainties 

(Grimmond et al. 2010; Stone, Vargo, and Habeeb 2012; Farr 2012). The 

weakness is quite intuitive in the study of temperature patterns and varia-

tions at local scale (Arnfield 2003). The Urban Heat Island (UHI) is con-

ventionally measured as the temperature difference between the sample 

points representing urban and rural areas respectively. The definition of 

UHI brings several uncertainties when the dynamics of microclimate and 

the heterogeneity of land use types are considered (Anderson et al. 2008; 

Stewart and Oke 2009). The pattern of temperature is the result of the in-

trinsic complex interactions between background meteorology and land 

surface specifications (De Kauwe et al. 2013; Zhao et al. 2014), where se-

lection of the representative measurements is ultimately restricted (Stewart 

2011). First of all, the location of the study area and the background syn-

optic weather condition makes the UHI from a fixed urban-rural observa-

tional pair a non-static measurement. Similar urban-rural configuration lo-

cated at different region of the globe may bring distinctive UHI behavior 

because of the background climate (De Kauwe et al. 2013). Second, the 

configuration of the land surface is by no means to be static in terms of the 

seasonal or even daily dynamics of water bodies and vegetation, as well as 

the thermal response of the land surface in different seasons (Oke 1988, 

1997; Van De Kerchove et al. 2013). The urban-rural dichotomy is no 

longer enough to characterize the land surface heterogeneity of cities 

around the world today (Stewart 2011). The research of any other micro-

climate is without exception, such as the studies of airflow, humidity, pol-

lution and precipitation. The Local Climate Zone (LCZ) is proposed such 

that the study of microclimate can be set into a standard background. In-

stead of using UHI as the indicator of temperature difference between are-

as with different land surface specification, the framework of LCZ recom-

mend that the land surface should be classified into zones quantitatively 

according to their meteorological responses. The classification indicators 

include the surface material and morphological properties. This can be fur-

ther defined according to the surface configuration of natural and built en-

vironment, such as relief, vegetation, water coverage, Impervious Surface 

Fraction (ISF) and Pervious Surface Fraction (PSF), building density, 
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roughness, Sky View Factor (SVF), as well as surface albedo. In this way, 

take temperature for example; the thermal response of each LCZ is meas-

ured to reflect one of the climate patterns of a certain area. The tempera-

ture and thermal property of a place is thus distinguished from the one of 

another place by the difference of LCZ temperature instead of UHI. Since 

the classification of the LCZs is based upon a set of indicators which re-

flects certain meteorological property of the study area, the LCZs provide 

a configuration of climatic ingredients of the area and depict how the cli-

matic patterns of the area locally. 

The LCZ is a framework proposed recently, it has been validated 

through circling places with radius of hundreds of meters in few cities 

(Stewart, Oke, and Krayenhoff 2014). The application of the concept is 

rarely found. Szeged, Hungary, began to apply the framework to the whole 

city in 2014 (Lelovics et al. 2014). More applications and tests of the 

framework are needed to bring insights of the dynamics of local climate at 

local scale (Middel et al. 2014). Leveraging the concept of the LCZ, this 

research intends to classify the target city into climate zones with homoge-

nous climate response. The research provides a workflow of classification 

of climate zones. The research applies the idea to a whole city and the re-

sults can be used as a standard to distinguish climate behavior of the city at 

local scale. Considering the extent of study, employing geographic infor-

mation and remotes sensing tools is more feasible than field study and 

measurement (Li et al. 2013). As a workflow, several issues are addressed 

through the classification process. At the beginning, the scale of the study 

which determines the size of pixel used is identified. The indicators used 

are then illustrated. The investigation of climatic response of the LCZs is 

also recommended. 

2. DATA and METHODOLOGY 

In this research, Wuhan, China, is selected for case study. Wuhan is the 

fifth most populous city of the nation. Located in central China, the city 

possesses humid subtropical climate, with oppressive humid summer. Wu-

han is characterized by its heterogeneity of land use type, which differenti-

ates itself from the cities in other studies. As shown in Fig.2.1, the extent 

of the study area is defined by a 45×36km rectangle, which covers the en-

tire urban area of Wuhan and reaches into the rural surrounding by few 

kilometers, the coordinates of the upper-left and lower-right corners are 

“30°43′53″N, 114°4′49″E” and “30°24′0″N, 114°32′34″E” respectively. 

The selection of the extent is sufficient to characterize the land composi-
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tion of the city. The L1T product with the resolution of 30 meters captured 

by Landsat-7 ETM+ is employed. The images selected are acquired on 

May 17th, 2012. The two images are used in order to examine whether sea-

sonal or temporal dynamics exists. 

 

Fig. 2.1. Study Area represented by false color image. SWIR2, NIR, and Green 

bands of Landsat ETM+ are combined to highlight the land surface heterogeneity 

of built environment, vegetation and water bodies. 

2.1 Resolution 

In general, research results with geographic specifications are substantially 

impacted by the extent of study, the spacing of sampling, the measurement 

scale of observation, the scale of underlying phenomenon or process, and 

the scale of cartography. Specifically, the observational scale selected by 

researchers and the operational scale of the phenomenon is of great con-

cern. Explore the proper scale before classification is made possible by 

seeking the “break point” (Lam and Quattrochi 1992) in (semi-)variogram 

since any phenomenon with spatial dimension is inherently governed by 

the Tobler’s First Law (TFL) of Geography (Miller 2004). The plot of 

semivariance as a function of lag is referred as (semi-)variogram. It 

measures the difference between the LST as variables observed at various 

locations, and how the differences vary against distances between samples 

in a pair, it is calculated through: 
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where ( )h  is the semivariance between two LST observation samples 

it  and i ht   in a pair with lag h . ( )N h  is the number of sample pairs with 

lag h .  

2.2 Indicators 

Indicators are selected to reflect the meteorological properties of the land 

surface factors. The proposed indicators are shown in Table 2.1. In this re-

search, only part of the indicators is used to illustrate the classification 

process. 

Table 2.1. Indicators used for LCZs Classification 

No. Indicators Definition 
Meteorological  

Implication 

Data 

Source 
Resolution 

1 

Sky View 

Factor 

(SVF) 

The fraction of sky vis-

ible from a certain point 

of land surface. Value 

range is [0,1]. 

Response actively to 

solar radiation and 

heat dissipation. 

Building 

Survey of 

Wuhan, 

2012 

500m 

2 

Building 

Surface 

Fraction 

(BSF) 

The fraction of building 

footprint in a certain 

land unit. Value range 

is [0,1]. 

Relates to surface 

run-off and moisture. 

Building 

Survey of 

Wuhan, 

2012 

500m 

3 

Impervious 

Surface 

Fraction 

(ISF) 

Fraction of impervious 

surface. Value range is 

[0,1]. 

Relates to surface 

run-off and moisture. 

Landsat 

ETM+ 
500m 

4 

Pervious 

Surface 

Fraction 

(PSF) 

Fraction of pervious 

surface such as vegeta-

tion and water. Value 

range is [0,1]. 

Relates to surface 

run-off and moisture. 

Landsat 

ETM+ 
500m 

5 
Vegetation 

Index (VI) 

Coverage of vegetation. 

Value range is [0,1]. 

Relates to energy and 

water transitions. 

Landsat 

ETM+ 
500m 

6 
Water Index 

(WI) 

Coverage of water bod-

ies. Value range is 

[0,1]. 

Relates to energy and 

water transitions. 

Landsat 

ETM+ 
500m 
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7 

Height of 

Roughness 

Elements 

(HRE) 

Height of constructions 

and natural relief. Value 

range is 

[0,MaximumHeight]. 

Affects the airflow 

and heat dissipation 

within urban area. 

Building 

Survey of 

Wuhan, 

2012 

500m 

8 

Terrain 

Roughness 

Class 

(TRC) 

Classification of rough-

ness height. Value 

range is int[1,8]. 

Same as the above 

Building 

Survey of 

Wuhan, 

DEM, 

2012 

500m 

9 

Digital  

Elevation 

/Surface 

Model 

(DSM) 

Depicts the morpholog-

ical property of relief. 

Value range is [Mini-

mumHeight, Max-

mumHeight]. 

Same as the above 
DEM, 

2012 
500m 

10 

Surface 

Admittance 

(SAD) 

The capability to absorb 

and emit energy. It is 

the ratio between the 

two. Value range is 

[0,1]. 

The efficiency of 

transmitting energy. 

Landsat 

ETM+ 
500m 

11 
Surface Al-

bedo (SA) 

The overall reflectance. 

It is the integration of 

reflectance in all direc-

tions. 

The efficiency of re-

flect short wave radi-

ation. 

Landsat 

ETM+ 
500m 

 

Fig. 2.2 also gives a snapshot of ISF and PSF as an example indicator. 

The ISF and PSF are considered as very important indicators for their rela-

tionship to energy, thermal, moisture transition, and surface run-off 

(Schwarz et al. 2012). They are obtained by applying the Vegetation-

Impervious Surface-Soil (V-I-S) model (Ridd 1995).  

 

Fig. 2.2. The Impervious and Pervious Surface Fractions (ISF, PSF) of Wuhan on 

May 17th, 2012. The (a) ISF and (b) PSF are within the range of [0, 1]. 

The model assumes that the land cover types are essentially com-

prised of high, low albedo surfaces, as well as vegetation and soil. For 
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each pixel, the reflectance or the spectra is a linear combination of the 

spectrum of each land surface type. The partitioning of the compositions of 

land cover types is carried out through analyzing the mixture of spectrum 

at the pixel level, which is referred as Spectral Mixture Analysis (SMA). 

Thus for each band b , the reflectance of a single pixel follows: 

1

N

b i bi b

i

R f R e


  , 
(2.2) 

where 
bR  is the reflectance of band b . biR  is the reflectance of land 

type i  within a pixel, this reflectance is assumed to be the spectra of a pure 

pixel of this certain land type called endmember. if  is the fraction of the 

land type at the pixel level representing high albedo, low albedo, soil, and 

vegetation, and be  is the intrinsic residual of the model. 

The impervious fraction, for example, can be obtained through: 

im low highf f f  , (2.3) 

where lowf  and highf  are fractions of low and high albedo surfaces re-

spectively. 

2.3 Classification 

The indicators are considered as properties of a certain area of the land sur-

face, which means for each pixel, its properties can be taken as a multi-

dimensional vector. In this situation, the K-means clustering is applied for 

the reason that such classification approach utilizes the intrinsic structure 

of the data as opposed to artificially partition the observations by using 

empirical values. In this study, the pixels can be viewed as n  observa-

tions, and for each observation the properties is an d  dimensional vector 

p . All the pixels are in a d  dimensional space 
1 2( , ,..., )np p p . The K-

means clustering separates the pixels into k sets to minimize the within-

cluster sum of squares. Thus it tries to find 

2

1

arg min
k

i

i

 p μ , 
(2.4) 

where iμ  is the mean of cluster i . 
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3. RESULTS 

3.1 The Scale of Study 

The land surface temperature (LST) is selected as one of the meteorologi-

cal phenomenon to investigate the operational scale that can be used in this 

research. The LST not only represents the thermal response of the land sur-

face composition, but also contains the energy balance and airflow patterns 

implicitly within the study area. The 1-dimensional analysis is established 

on two series of LST measurements, which are the west-east (horizontal) 

and south-north (vertical) cross-sections through the center of the study ar-

ea. The empirical semivariance and covariance of the 1-dimensional meas-

urements are generated for May 17th, 2012. 

 

Fig. 3.1. The Variogram and correlogram of a random cross-section of the LST. 

The (a) Semivariance and (b) correlation are plotted with first 2000m lag distance. 

In the case of the measurements from January, Fig. 3.1(a) shows the 

semivariance grows smoothly within the lag distance range of 0 to 500 me-

ters, meaning that the difference and the distance of a measurement pair 

increase accordingly. The first discernable “break points” appears when 

the semivariance levels off beyond 500m. This critical point indicates that 

similar measurements are clustered at the scale of around 500m, and reso-

lution of 500m is appropriate to represent a homogenous land surface unit. 

In Fig. 3.1(b), the first “break point” also appears around the 500m lag dis-

tance, again indicating the level of operational scale. Fig. 3.1(c) and 3.1(d) 
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plot the corresponding correlogram of Fig. 3.1(a) and Fig. 3.1(b) for vali-

dation. The results imply that resolution around 500m is appropriate in 

studying the climate phenomenon in this research. 

3.2 The Classification of Climate Zones 

While the proper scale is identified as 500m, the classification is based up-

on this resolution. In this research, only 6 indicators are used for illustra-

tion. By applying the K-means clustering for sufficient of repetitions, 5-

category classification is found to be best suited for the study area, which 

means the classification is neither complicate nor simple. Fig. 3.2 is an il-

lustration of the classification. The shape of the climate zones outlines the 

distribution of built environment meaning that artificial manipulation of 

land surface imposes significant impacts on climate. Water bodies are dis-

tinguished from the rest of the land surface. The areas with relatively in-

tensive urban development are classified as Urban A and B, while those 

ones with less artificial intervention are classified as Rural A and B. 

It is interesting to find that climate zone Urban A shows up not only 

around the urban core, but also at the edge of the urban area. Superficially, 

the climate zone Urban A in urban core area and the one at the north-east 

urban peripheral differentiate from each other in terms of their function. 

The downtown area is characterized by high-rise business and office build-

ings, while the one to the north-east is characterized by large clusters of 

low factory building and industrial power plants. However, their climate 

response is quite similar due their combined properties of ISF, SVF, NDVI 

and so on. And it is intuitive to assume that downtown area and factories 

are both sensitive to environment and climate. 
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Fig. 3.2. Classification of climate zones of Wuhan. 

The classification is sufficient to represent the inter-class discrepan-

cies and maintain the coherence within each one of cluster. Table 3.1 

shows how each class of climate zones responses to the environment. Ur-

ban A and B are characterized by high ISF and low PSF which implies that 

these areas are sensitive to solar radiation as well as surface run-off. The 

low NDVI in these areas also indicates that insufficient vegetation cover 

may exacerbate the thermal response of downtown Wuhan. In addition, the 

intensive development in Urban A and B makes the SVF value to reach to 

the lower end of the range, this can be another factor that cities have dis-

tinctive radiation and energy balance in terms of their geometric structure. 

The climatic reaction of the zones weakens as artificial intervention de-

creases. Rural A can be considered as the transition between Urban B and 

Rural B, it combines newly developed high-rise communities and 

cropland. Rural B is more environmental-friendly as it is composed of 

cropland and other vegetations, yet communities are scattered in the area. 

Table 3.1. The meteorological sensitivity of climate zones 

Category Albedo ISF PSF NDVI NDWI SVF 

Per-

centage of  

Study Area 

(%) 

Urban 

Urban A [0.1539~0.3434] [0.12963~0.7314] [0.0000~0.8713] [-0.1472~0.3235] [-0.2629~0.0920] [0.1964~0.9708] 5.78  

Urban B [0.1718~0.3491] [0.0537~0.5672] [0.0008~0.9969] [-0.0702~0.3863] [-0.2571~0.1826] [0.3224~0.9896] 21.00  

Rural 

Rural A [0.0973~0.3552] [0.0000~0.2298] [0.3958~0.9997] [-0.2585~0.6725] [-0.3002~0.7496] [0.5872~1.0000] 15.84  

Rural B [0.1845~0.2945] [0.0000~0.3489] [0.4346~0.9973] [-0.0762~0.6067] [-0.2927~0.1174] [0.8673~1.0000] 33.58  

Others 
Water 

Body 
[0.0872~0.2977] [0.0000~0.1969] [0.7466~0.9969] [-0.2717~0.0013] [-0.0271~0.8533] [0.8730~1.0000] 23.80  

Finally, an illustration photo set is shown in Fig. 3.3 to provide intui-

tive understanding of each of the climate zone profiles. Fig. 3.3(a) show 

the climate zone Urban A is occupied by intensive development of urban 

constructions, it combines high-rise office buildings, residential area, 

downtown square with large fraction of impervious surface. Such configu-

ration corresponds to the information indicated in Table 2. Fig. 3.3(b) indi-

cates that climate zone Urban B is mainly composed of residential com-

munities and schools with lower development intensity, which is 

discernable from the lower density of the building clusters. The increase of 

SVF shown in Table 3.1 is evidence. Rural A and Rural B show increase 

of both vegetation cover and SVF which goes along with decrease of ISF.  
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Fig. 3.3. Sample photos of climate zone profiles. (a) Urban A, (b) Urban B, (c) 

Rural A, and (d) Rural B. 

4. DISCUSSION and CONLUSION 

While synoptic and meso-scale climate zones quantify the operational con-

cept of measuring, mitigating and adapting natural influences and process-

es upon human society, this research recommend to build local scale cli-

mate zones to form a hierarchical climate sensitive zoning system. Builds 

upon the concept of Urban Climate Zone and Local Climate Zone initiated 

by Oke’s (2011) research team, the research apply the idea to an entire city 

as opposed to sample land units in previous studies. Several meteorologi-

cal indicators are employed to reflect the climate property of land surface 

factors, such as the SVF, ISF and NDVI. The climate properties are con-

tained in the indicators implicitly, for instance, the SVF may reflect the 

geometric pattern of building clusters in an area which in turn determines 

the thermal response to the solar radiation and airflow, whereas the ISF is 

an indicator sensitive to both energy balance and surface run-off. Using 
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these indicators means to accept the empirical understanding of the rela-

tionship among the indicators and certain climatic phenomenon. 

Two issues are addressed in this study. First, any type of climate 

study possesses geographic dimension, which means that the scale of study 

imposes significant effects on the results (Sobrino et al. 2012). In this re-

search, the idea of “break points” in variogram is employed to identify the 

proper resolution for this study, in other words, the operational scale. Dif-

ferent operational scale may be found when the study extent or sampling 

techniques differ. Second, by leveraging the framework initiated by Oke 

and Stewart, one should be careful when classification is conducted. The 

original LCZ framework provide empirical standard for classification of 

land surface composition, the completeness of the indicators in the original 

study is yet to be sufficient to character cities around the world. In this 

study, the K-means clustering is applied to follow the structure and pattern 

of the data, in this way; the classes are assigned according the data itself as 

opposed to standards found in other cities. 

Further research is highly recommended in two domains. On one 

hand, the completeness of indicators means to characterize the climatic or 

meteorological property of surface factor with enough details. Besides 

thermal and airflow pattern, others such as humidity, moisture and pollu-

tion are also expected to be captured by the indicators. On the other hand, 

the study of climate zones is by no means to by static. While the zones 

may stay as it is for a certain period of time, the energy and flows keep 

changing and transitioning at any time and location (Lowry 1977). While 

the Koppen Climate Zones at the global scale provide the standard to study 

the dynamics of climate at synoptic scale, the dynamics of the zones at lo-

cal scale remains uncertain. One may benefit from the framework of global 

climate study routines and extend the framework through space and time 

hierarchically.  
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