








0.97. While the difference between the results of 

residential and educational land uses are not clear, the 

difference between the fine-low (b) and coarse-high (d) 

fabrics is considerable. MI for a fine-low fabric is 

achieved minimum among all the results which is 0.84 

but the result for the coarse-high fabric is the maximum 

value among the results which is 0.97. The MI value for 

fine fabric of c  is  higher than the ones including high 

and large buildings (a and b). The results for a more 

compact form (d) in coarse fabric is higher than case (f) 

which is coarse-high but contains less buildings and the 

high buildings are dispersed.  

Table 2. Applied MI to DSM 

Land use Urban fabric MI 

Residential 

a. Fine 0.89 

b. Fine 0.84 

c. Fine 0.92 

Educational 

d. Coarse 0.97 

e. Coarse 0.88 

f. Coarse 0.80 

Approximately similar pattern can be seen when we 

apply MI to NDSM. As can be seen in Table 3, fine-low 

fabric (b) has the minimum value of MI, (e) and (f) have 

lower levels of MI than case (d) which is more compact. 

The difference of the results of applying MI to DSM and 

NDSM is that in case of DSM, maximum value of MI 

was obtained for case (d) which is a fine-low fabric but in 

case of NDSM, maximum value is obtained for case (c) 

which is fine fabric including some large and tall 

buildings.   

Table 3. Applied MI on NDSM 

Land use Urban fabric MI 

Residential 

a. Fine 0.99 

b. Fine -low 0.55 

c. Fine 1.08 

Educational 

d. Coarse 0.98 

e. Coarse 0.78 

f. Coarse 0.65 

All the  -scores and p-values are in significant part of 

a normal distribution curve. The  -scores higher than 

1.65 are in significant area with 90 percent confidence 

level. All our achieved  -scores are higher than 2.58, 

which means that the level of confidence achieved for all 

cases is 99 percent. As described before, the null 

hypothesis here is Complete Spatial Randomness (CSR) 

which is rejected by 99% confidence in all of our results. 

5.2.2. G Statistic Results 

As discussed in section 3,   statistic can be used in 

conjunction with MI for complementary information; MI 

measures compactness of both location and numerical 

value of an attribute distributed overall the data set but 

GOG is a concentration measurement tool for high or low 

values [9]. Table 4 demonstrates the results of applying 

GOG to DSMs of the urban districts. As it indicates, 

maximum   value is obtained for district (b) and 

minimum   value is obtained for districts (a) and (f) 

followed by (c) with a partial difference. 

Table 4. Applied   on DSM 

Land use Urban fabric   

Residential 

a. Fine 43 ×     

b. Fine 98 ×     

c. Fine 47 ×     

Educational 

d. Coarse 52 ×     

e. Coarse 64 ×     

f. Coarse 43 ×     

Table 5 contains the results of applying GOG to 

NDSM. The maximum G value is achieved for district 

(b) and minimum G value is obtained for district (d) 

followed by (a). Maximum   value is obtained for 

same district (b) and district (a) is in lowest level of   

values in both Tables 4 and 5. 

Table 5. Applied   on NDSM 

Land use Urban fabric   

Residential 

a. Fine 828 ×     

b. Fine 1328 ×     

c. Fine 1188 ×     

Educational 

d. Coarse 667 ×      

e. Coarse 1078 ×     

f. Coarse 1088 ×     

In all results for   statistic, the  -scores remain in 

significant part of a normal distribution curve and the 

null hypothesis (CSR) can be rejected by 99% level of 

confidence. 

The districts where their MI value is maximum have 

minimum   value and the districts with lowest MI 

value are obtained maximum   value. This happens 

because MI measures compactness of features and 

values location whereas   measures the compression 

of high or low values. Districts (a) and (c) where we 

obtained maximum value of MI and minimum value 

of   are fine fabric in residential land use and the 

urban objects are compact in layout so their MI are 

higher than other districts. In this residential fine 

fabric, low objects are concentrated compared to cases 

(d) and (e) where higher buildings are clustered.  

6. Discussion

We promoted the bottom-up approach (from 

structure to process) of studying urban patterns using 

3D remote sensing data and by proposing 3D metrics. 

The questions remain on how to improve the top-down 

approach to explain the 3D pattern of urban areas. It is 

expected that the drivers and factors influencing on 3D 

pattern and growth of urban areas be explored by 

urban planners and economists. In detail, these 

questions are: 1) How the top-down approach can 

characterise 3D urban growth? 2) Which factors, 

drivers and processes influence on making different 
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