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a b s t r a c t 

Quantifying street-level greenery has been the subject of interest for researchers as it has several implications 

for community residents. Green View Index (GVI) is a widely used parameter to compute the greenery along the 

streets. However, it does not account for the health of the greenery. The new Enhanced Green View Index (EGVI) 

that we propose computes the amount of greenery along the streets along with the health of the greenery. 

• The new indicator computes street-level greenery; 
• Considers the health of vegetation while calculating greenery; and 
• Helps to study the impact of street-level greenery on community residents precisely. 
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Background 

Street-level greenery improves the aesthetics of the urban landscape and consequently has 

a substantial impact on the physical and mental health of the people [1] . It improves the

walkability of the streets [2] , community participation in doing physical exercise [3] , and mental

health of the community residents [4] . Street-level greenery helps in controlling the temperature

of the environment [5] , carbon sequestration [6] , absorbing air pollutants, reducing noise levels,

and controlling runoff due to precipitation [7] . Researchers have started quantifying street-level 

greenery to understand the relationship between greenery and its impacts. Green View Index (GVI), 

representing the fraction of green pixels in imagery captured along the streets, is one such indicator

that is widely used in the literature [7] . In this regard, street-level urban sensing has gained new

traction, with Google Street View (GSV) becoming a popular data repository providing 360 0 views of

the streets. GSV is considered a reliable audit tool that addresses the shortcomings of bias, resource,

and time constraints of semi-structured interviews and questionnaire surveys used to determine the 

greenery on a qualitative scale [8] . Apart from GSV, Baidu Street View (BSV) and Tencent Street View

(TSV) have also emerged as alternatives that primarily cater to the Chinese regions. Street-level data

from GSV, TSV, and BSV have aided in computing the street-level greenery in terms of the Green View

Index (GVI) [ 7 , 9 , 10 ], which represents the quantity of street-level greenery experienced by the users.

As an alternative to the street view services, panoramic images captured using either a digital camera

or a mobile are also be used to compute the GVI at a location. 

To illustrate the idea further, a 360 ° view at a location in Gurgaon district ( Fig. 1 (a)), India, is

captured using a mobile camera ( Fig. 1 (b)). The image may be classified using a simple thresholding

algorithm to classify each pixel into green and non-green pixels, as shown in Fig. 1 (c). The count of

each category is further used in computing the GVI at the location using Eq. 1 , which is well known

from the literature [ 7 , 11 ]. 

GV I = 

Ar ea of Gr eenery 

T otal area 
× 100 (1) 

Although GVI is an efficient indicator to capture the street-level greenery, an advanced model 

considering the effect of greenery health would be more advantageous. Greenery health influences 

the perception of community residents. To better understand this aspect, two different imageries with 

healthy and unhealthy greenery are created, as shown in Fig. 2 a and b, respectively. 
Fig. 1. (a) Geographical location, (b) 360 ° view at a location, and (c) Classified image. 
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Fig. 2. Photos of (a) healthy greenery and (b) unhealthy greenery. 
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In both scenarios, the computed GVI results in the same score. However, when it comes to the

erception of community residents, there will be a considerable difference in both scenarios, which

an be apparent if the perception is collected on any chosen quantitative or qualitative scale. Owing

o this limitation, this study envisages developing a new indicator that captures not only the quantity

f greenery in a scene but also serves as a proxy measure of the impact that it can create on the

erception of community residents. 

ethod 

A new indicator, Enhanced Green View Index (EGVI), is proposed in this study to capture fraction

f greenery in a scene along with the health of the vegetation, which has a strong implication on

uman perception. Thus, quantifying EGVI at a location helps not only to quantify the greenery in a

cene but also assists the planner in understanding the possible impact on human perception. EGVI

an be computed using Eq. 2 . 

EGV I = No. of green pixels ×
( 

1 
n 

∑ n 
i =1 

(
NIR −R 
NIR + R 

)
i 

T otal number of pixels 

) 

× 100 (2)

here, NIR, R refers to the Near Infrared and Red bands of a captured imagery, respectively. The

umerator in the second term of Eq. 2 is well known as the Normalized Difference Vegetation Index

NDVI), which aids in accounting for the health of the vegetation. Thus, EGVI not only reflects the

raction of greenery in a scene but also the health of the vegetation. Since no readily available data

ets provide the imagery of streets captured in the NIR band, an alternative approach to computing

GVI is shown in Eq .3 . 

EGV I = No. of green pixels ×
( 

1 
n 

∑ n 
i =1 

(
G −R 

G + R −B 

)
i 

T otal number of pixels 

) 

× 100 (3)

here R, G, B refers to red, green, and blue bands of the captured imagery. The numerator in the

econd term of Eq. 3 is well known as the Visible Atmospherically Resistant Index (VARI), which also
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Fig. 3. Synthesized image for demonstration: (a) health greenery; (b) unhealthy greenery; (c) terrestrial photograph of location- 

1; and (d) Terrestrial photograph of location-2. 

 

 

 

 

 

 

 

 

 

refers to the health of the vegetation. NDVI determines the absolute health of green plants, while the

VARI measures how green each pixel is compared to other pixels. 

To better understand the differences between the GVI and EGVI, a sample computation is shown in

Fig. 3 . Fig. 3 (a) and (b) present the greenery at two different locations. Greenery in Fig. 3 (a) is healthy

compared to the greenery in Fig. 3 (b). These images are synthesized to ensure that the dimension of

the tree is similar in both of locations. Fig. 3 (c) and (d) represents the classified image of location-1

and location-2, respectively. For a better understanding of the GVI and EGVI computations, a sample

calculation is shown below. 

The specifications of the captured images are as follows: 

Total number of pixels in the terrestrial photograph captured at location-1 = 165 pixels 

Total number of pixels in the terrestrial photograph captured at location-2 = 165 pixels 

Total number of green pixels in the terrestrial photograph captured at location-1 = 26 pixels 

Total number of green pixels in the terrestrial photograph captured at location-2 = 26 pixels 

Assumed NDVI/VARI of greenery at location-1 = 0.9 (considered a uniform value for the entire tree)

Assumed NDVI/VARI of greenery at location-2 = 0.4(considered a uniform value for the entire tree)

Considering the attributes above, the GVI and EGVI at location-1 and location-2 are computed as

follows 

At location-1 GV I = 

26 
165 × 100 = 15 . 7 

At location-2 GV I = 

26 
165 × 100 = 15 . 7 

At location-1 EGV I = 26 × ( 0 . 9 165 ) × 100 = 14 . 13 

At location-2 EGV I = 26 × ( 0 . 4 165 ) × 100 = 6 . 28 
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Fig. 4. Terrestrial and processed imagery: (a) RGB imagery; (b) NIR Imagery; (c) Classified imagery; and (d) NDVI. 
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Apart from this numerical example demonstrated using synthesized data, a pilot study is

considered to exemplify the difference between GVI and EGVI. 

ilot study 

To demonstrate the proposed method, RGB and NIR images of a location are considered, as shown

n Fig. 4 (a) and (b), respectively . The RGB image is converted into an HSV scale, and considering

he typical HSV range of green color, the image is classified using a simple thresholding algorithm

o identify the green pixels. The classified image is shown in Fig. 4 (c). Semantic segmentation and

dvanced machine learning techniques can also be used for image classification. 

Later, red, green, and blue bands of the RGB image are exported as separate images. The created

magery of the red band and the NIR are used to determine the NDVI. Fig. 4 (d) presents the spatial

ariation of NDVI within the considered scene, from which it is visually apparent that the NDVI of

reen pixels is not uniform. This infers that the health of vegetation throughout the scene is not

he same, indicating that the considered scene contains both healthy and unhealthy vegetation. The

ubplots of Fig. 4 are used to compute GVI and EGVI using Eqs. 1 and 2 , respectively. GVI and EGVI at

he chosen location are 62.89 and 29.6, respectively. To explicitly monitor the difference between GVI

nd EGVI, two sub-regions (A and B), as shown in Fig. 5 , are selected, and variation in respective GVI

nd EGVI is observed. 

RGB A and RGB B in Fig. 5 show the vegetation in the selected sub-regions A and B, respectively.

ince the regions chosen comprise only vegetation, the GVI representing the fraction of greenery is

btained as 100, indicating that the complete scene is green. Though the entire scenery within A

nd B is green, there is a difference in the intensity of green which is apparent from NDVI A and

DVI B in Fig. 5 , implying that the health of greenery is different in both sub-regions. This difference in

ealth could impact human perception towards greenery. EGVI, the proposed indicator, could capture

his difference and distinguish A and B sub-regions. EGVI at A, where relatively healthy vegetation

ompared to B, is 50.3, while the EGVI at B is 32.45. This observation strengthens that EGVI could not

nly monitor the fraction of greenery but also account for the health. 

As an alternative to NDVI used in the aforementioned computation, VARI can also be used to

ompute EGVI using Eq. 3 if there is no access to the NIR camera. However, it is to be noted that

ARI does not reflect the true health of the vegetation. Therefore, the relative comparison of VARI-
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Fig. 5. Variation of GVI and EGVI at two selected regions. 

 

 

 

 

 

 

based EGVI requires calibration of all the captured images within a study area. Owing to this resource-

intensive process, using Eq. 2 over Eq. 3 is recommended while computing EGVI. 

From the findings of this study, it is evident that there is a substantial variation between GVI

and EGVI, which can lead to significant differences in the perceptions of the users. Thus, drawing

conclusions by considering the spatial variation of GVI may not be credible as the health of

vegetation is not captured. The proposed index, i.e., EGVI, overcomes this limitation, providing a more

comprehensive approach to understand street-level greenery and study its implications on human 

perception. This index can further be used for forestry health calculations by adding more attributes

to vegetation cover data. 

Data availability 

No data was used for the research described in the article. 

CRediT author statement 

Harish Puppala: Conceptualization, Methodology, Writing- Original draft preparation. 

Jagannadha Pawan Tamvada: Conceptualization, Writing- Original draft preparation. Byungmin 

Kim: Conceptualization, Review and editing. Pranav R T Peddinti: Conceptualization, Writing- 

Review and editing. 

Declaration of Competing Interests 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 



H. Puppala, J.P. Tamvada and B. Kim et al. / MethodsX 9 (2022) 101824 7 

A

 

S

R

 

 

 

 

 

 

 

 

 

[  

[  
cknowldgement 

This work was supported by the 2022 Research Fund ( 1.220031.01 ) of Ulsan National Institute of

cience and Technology (UNIST). 

eferences 

[1] Y. Xia , N. Yabuki , T. Fukuda , Development of a system for assessing the quality of urban street-level greenery using street
view images and deep learning, Urban For. Urban Greening 59 (2021) 126995 . 

[2] L. Bain , B. Gray , D. Rodgers , Living streets: Strategies for crafting public space, John Wiley & Sons, 2012 . 
[3] B. Giles-Corti , S. Macintyre , J.P. Clarkson , T. Pikora , R.J. Donovan , Environmental and lifestyle factors associated with

overweight and obesity in Perth, Australia, Am. J. Health Promotion 18 (1) (2003) 93–102 . 

[4] R. Louv , Last child in the woods: Saving our children from nature-deficit disorder, Algonquin books, 2008 . 
[5] A. Mavrogianni , M. Davies , J. Taylor , Z. Chalabi , P. Biddulph , E. Oikonomou , B. Jones , The impact of occupancy patterns,

occupant-controlled ventilation and shading on indoor overheating risk in domestic environments, Build. Environ. 78
(2014) 183–198 . 

[6] D.J. Nowak , R. Hoehn , D.E. Crane , Oxygen production by urban trees in the United States, Arboriculture Urban For. 33 (3)
(2007) 220–226 , 33(3). . 

[7] X. Li , C. Zhang , W. Li , R. Ricard , Q. Meng , W. Zhang , Assessing street-level urban greenery using Google Street View and a

modified green view index, Urban For. Urban Greening 14 (3) (2015) 675–685 . 
[8] P. Griew , M. Hillsdon , C. Foster , E. Coombes , A. Jones , P. Wilkinson , Developing and testing a street audit tool using Google

Street View to measure environmental supportiveness for physical activity, Int. J. Behav. Nutr. Phys. Act. 10 (1) (2013) 1–7 .
[9] I. Seiferling , N. Naik , C. Ratti , R. Proulx , Green streets − quantifying and mapping urban trees with street-level imagery and

computer vision, Landsc. Urban Plan. 165 (2017) 93–101 . 
10] J. Wu , L. Cheng , S. Chu , N. Xia , M. Li , A green view index for urban transportation: how much greenery do we view while

moving around in cities? Int. J. Sustain. Transp. 14 (12) (2020) 972–989 . 

11] J. Yang , L. Zhao , J. Mcbride , P. Gong , Can you see green? Assessing the visibility of urban forests in cities, Landsc. Urban
Plan. 91 (2) (2009) 97–104 . 

https://doi.org/10.13039/501100002613
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0004
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0004
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0006
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0006
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0006
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0006
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0008
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0008
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0008
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0008
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0008
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0008
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0008
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0009
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0009
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0009
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0009
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0009
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0010
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0010
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0010
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0010
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0010
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0010
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0011
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0011
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0011
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0011
http://refhub.elsevier.com/S2215-0161(22)00204-7/sbref0011

	Enhanced green view index
	Background
	Method
	Pilot study

	Data availability
	CRediT author statement
	Declaration of Competing Interests
	Acknowldgement
	References


