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Abstract 
Solid waste management can have significant positive and negative implications to the physical, social and 
economic environment and these implications are the function of management options adopted. The quantity 
and character of the waste generated changes with time and understanding these properties of waste in a 
locality form the basis of solid waste management. Thus, this research aims to understand the rate of solid 
waste generation in Kathmandu Metropolitan City, Ward 31, Shantinagar, and characterize the waste based 
on composition and management options. Waste generated by 100 households in 24 hours was collected, 
segregated, and weighed to quantify and characterize the waste generated at household level. Furthermore, 
an in-person interview was conducted with the household representatives using a semi-structured 
questionnaire to understand the options used for solid waste management at household level and their 
willingness to participate in waste segregation at source. The percentage composition of each waste category 
and per capita waste generated at household level was calculated. The relation of the per capita waste with 
number of family member was modeled by using linear regression. Data analysis was performed by using 
Microsoft Excel and R software. Significant fractions of the waste generated in the households were organic 
waste followed by paper waste which together makes up nearly 51% of total weight of the solid waste 
generated in the area. Per capita waste generation was found to be 402.7 grams per person per day. Per 
capita waste generation was a function of the number of family members with a decrease in per capita waste 
by an average of 111 g with an increase in one member in a family. Households who are involved in rooftop 
farming were segregating waste at the source indicating the local government can encourage rooftop farming 
to promote waste segregation at source.  
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Introduction 
Municipal solid waste (MSW) encompasses all the 
unwanted and discarded materials generated during daily 
activities (Maharjan et al., 2019) in the municipal areas 
originating from a variety of sources including 
households, commercial areas and hospitals. Management 
of the solid waste in an environmentally friendly manner 
has been a global challenge particularly in the cities of the 
developing countries of Asia as these countries are 
undergoing swift urbanization and Solid waste 
management has emerged as an alarming issue (Khajuria 
et al., 2008). Ranges of options are available for the 
management of solid waste with their own strengths and 
limitations. The methods we choose should be acceptable 
as per the legal and social context besides being 
technically feasible, financially sustainable, and 
environmentally friendly (Abdel-Shafy & Mansour, 2018). 
Understanding the amount and types of waste generated 
under their jurisdiction enables the local government to 
choose from the range of available options for solid waste 
management and plan and execute the policies and 
planning accordingly (Kaza et al., 2018).  
 

Solid waste management can have either positive or 
negative implications in physical, social and or economic 
aspects of the environment. As waste is primarily unused 
resources, with proper choice of management options we 
can generate economic and environmental benefits. In the 
meantime, municipal waste management represents the 
single particular item which cost significant fraction of 
municipal budget with the cities of lower middle-income 
countries being forced to spend about 20% of the total 
municipal budget in the sector alone with some spending 
in excess of half of their budget in SWM (Kaza et al., 
2018). Solid waste dumping in the open ground has been 
a cause of emission to the nearby settlement in the areas 
where open dumping (Awasthi et al., 2021) or burning is 
practiced. Pollutants released due to open burning 
includes particulate matters (PM2.5 and PM10), black 
carbon, methane, sulphur dioxides (SO2), oxides of 
nitrogen (NOx), carbon monoxide (CO), ammonia (NH3) 
and non-methane volatile organic compounds (NMVOC) 
increasing the potentiality for different non-
communicable diseases on the residents of the urban 
areas (Das et al., 2018).  
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Despite the substantial growth in social, economic and 
environmental sector, solid waste management systems 
are inefficient particularly in the urban areas threatening 
the sustainability of the environmental systems  
(Maharjan et al., 2019). Since the enactment the 
enactment of the local self-governance act in 1999, solid 
waste management has been the responsibility of local 
government of Nepal (Thapa & KC, 2011). Analysis of 
the composition and quantity of different types of 
municipal waste is the foremost step for management of 
the waste (Karak et al., 2012) which is lacking. As the 
household waste contributes to 50 to 70% of the total 
municipal waste in Nepal (ADB, 2013) understanding 
their characteristics can guide management actions to a 
great extent. Furthermore, characterization of generated 
solid waste helps to determine the compostable and 
recyclable fraction of the waste in the region (Maskey & 
Singh, 2017).  Organic fraction of the waste was found to 
be dominant fraction of the waste at Kathmandu and 
other cities of Nepal (ADB, 2013), however the 
composition and characteristics of the waste changes with 
the change in the economy of the region (Kaza et al., 

2018) highlighting the need for periodic assessment waste 
generation rate and their characteristics. 
  
In this study, we have attempted to explore the 
composition of solid waste produced and understand the 
factors that affect the waste generation in the region.  
Furthermore, the willingness of the local people to 
segregate the waste and motivating or hindering factors 
for segregation has been studied.  
 

Materials and Methods 
Study area 
The Study was carried out in Kathmandu Metropolitan 
City ward number 31, Shantinagar (Latitude 26.748501, 
and Longitude 88.080307) has a population of 66,121 
individuals (NSO, 2023). The area is located in the 
Midland region of the country with a subtropical climate 
dominated by monsoonal climate. The temperature of the 
area ranges from 0 to 35 degree Celsius and on average 
receives 1455 mm of precipitation each year. The ethnic 
composition of the area is mixed even though 
Kathmandu Valley is dominated by the Newar 
community.  

  
Figure 1 Map of study area showing Kathmandu Metropolitan City 

 
 
Methods 
Prior to the field visit, based on literature review, a 
checklist was prepared to note down the general 
information of the household and weight of organic, 
paper, plastics, glass, metal and other categories of waste. 
Furthermore, a standard questionnaire was prepared to 

collect information on general characteristics of the 
respondents, prevalent waste management practices and 
the willingness of the households to segregate and 
manage those wastes at household level.  
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The sample size for the study was calculated by using the 
commonly used methods in social survey (Arkin & 
Colton, 1963) as follows: 

n =
𝑍2×𝑝×(1−𝑝)

𝑑2
 

Where, 
n = sample size 
Z = confidence level (at 95% level Z = 1.96) 
p = estimated population proportion  
d = error limit of 10% (0.1) 
 
We got the sample size of 96. Though, exact household 
number was not known, the estimated household was 400 
in the study area. Thus, we used systematic methods to 
select the house for the survey. The sampling interval was 
found to be four. Thus, we surveyed in every fourth 
household.  
 
During the field data collection, on the evening of the 
first day, by explaining the purpose of the data collection 
and taking their consent for participation on the research 

work a plastic bag large enough to hold the waste 
generated in 24 hours was handed over to them. They 
were asked to put all the waste generated in 24 hours. On 
the following day, plastic bags with the waste kept by the 
household were collected from the household and labeled 
properly. In-person interviews with the representatives 
were carried out to know the perception of the 
representatives of households using the standard 
questionnaire prepared. Questionnaire was administered 
using Nepali language and was entered in the sheet by 
translation. The collected sample of the waste was taken 
to the open space and was segregated into the 
predetermined category (Table 1) following the approach 
used to characterize waste at Gorkha (Maskey & Singh, 
2017) with some modification. The fraction of the waste 
in each category was measured by using digital balance 
and noted on the respective checklist. Altogether, 100 
households were surveyed in the period between October 
31, 2021, and November 5, 2021.  

 
Table 1 Examples of the different wastes and their respective categories used in the study  

Category Description 

Organic Kitchen waste (vegetable and fruit peelings and remains, eggshells, food leftovers/stale and tainted food, 
tea leaves, bones, oil, etc.), yard waste (leaves, grasses, weeds, plants, flowers, woods, branches, etc. 

Paper Notebooks, books, newspapers, cardboard. 
 

Plastics Polyethylene Terephthalate bottles such as beverage bottles; Low-Density Polyethylene such as trash 
bags and High-density polyethylene plastics such as bags and sacks, sheets, toiletries containers, 
condiment containers, water bottles, drums, toys; and Polystyrene such as food packages 
 

Metals aluminum cans, broken construction steel rods, broken umbrella metal rods, old utensils 
Glass beer bottles, alcohol bottles, jars, medicine bottles 
Others Rubbers, textiles, leathers, shoes, ceramics, medicines, light bulbs (Compact Fluorescent, Incandescent 

Bulbs), batteries, electronics (radios, wires), inert waste 
Source: (Maskey & Singh, 2017) 

 
 
After completion of the field work, the data were entered 
using Microsoft Excel 2010 and was analyzed using R and 
R-studio software (R Core Team, 2021; RStudio Team, 
2022). Saphiro wilk test was done to test the normality of 
the data and as the data were not normal, Wilcoxon test 
was performed to assess significance of difference 
between the amount of various types of waste generated 
by small and medium sized households. In the study, the 
household was categorized into small and medium sized 
based on the number of the members in the family. The 
families with four or less were categorized as small sized 
families while the families with five to eight members 
were categorized as medium sized family. Linear 
Regression was performed to analyze the influence of the 
number of members in a family, address, occupation, and 
education of the respondents. Graphs were made using 
the ggplot2 package in R (Wickham, 2016).   
 

Results and Discussion 
General characteristics of respondents 
Among the total respondents (N=100), 61% were female 
respondents and rest were male and the average age of 
the respondents was 34.7 years (Range 14 – 71, Standard 
deviation 11.767) with majority of the respondents 
completing the secondary level education (Table 2). 
 
Table 2 Education level of the respondents (N= 100) 

Education Level Percentage 

Illiterate 7% 
Fundamental Education 6% 
Secondary Level 54% 
Undergraduate  23% 
Graduate 10% 

 
Among the respondents, more than one third of the 
respondents own their business (n= 36), rest were either 



22 

 

 

Nep J Environ Sci (2023), 11(1), 19-26 
https://doi.org/10.3126/njes.v11i1.50949 

housewives (n= 28) or involved in the service sector (n= 
18) or were students (n= 18). The area was found to be 
predominated by families living in small size (n= 94) 
while the medium sized families were very few (n= 6). 
The average family size was 4.36 (range 2 to 8, sd=1.251).  

Waste generation 
A household at Shantinagar produced 1.599 kg of waste 
in 24-hour time with more than 28% of fraction 
contributed by the organic waste (Table 3).  

 
 

Table 3 Summary statistics of the waste generated in 24 hours’ time at household level 

Waste Categories  Mean Std. Deviation Minimum Maximum 

Organic Waste (g) 437 (28.02%) 281 (14.23%) 125 (5.53%) 1571 (77.66%) 

Plastic Waste (g) 315 (18.95%) 261 (15.69%) 0 (0%) 894 (69.8%) 

Paper (g) 358 (22.67%) 288 (18.32%) 0 (0%) 980 (72.98%) 

Metals (g) 179 (10.84%) 234 (13.67%) 0 (0%) 898 (61.06%) 

Other (g) 314 (19.52%) 230 (13.51%) 0 (0%) 981 (57.11%) 

Total Waste (g) 1599 639 421 3644 

 
 
Solid waste generation and composition varies according 
to the country and is primarily determined by geographic 
position and economic status of that country (Das et al., 
2019). In this study, organic waste was found to be the 
predominant waste category with around 28% of waste 
from organic origin. Organic waste has been reported as 
the predominant fraction of the waste in other studies 
conducted in the country. However, in our study only 
28.02% of the waste was found to be organic waste, 
which is less than reported by other studies conducted in 
the country. For example, organic fraction of waste 
represented 51.57% of household waste in Hetauda 
Municipality (Neupane & Neupane, 2013) and 46% in 
Tulsipur of Dang District (Dangi et al., 2013). The 
fraction of the organic waste in the municipal waste 
developed based on the survey of the 271 municipalities 
of Nepal reports that 54.0% which includes paper waste, 
leather, and textiles also as organic waste (CBS, 2020). If 
we include paper waste into organic waste that would be 
near about 51% which makes our finding comparable. 
This indicates that in the urban areas of Nepal, both at 
the mid-hill region and Tarai region, slightly more than 
half of the wastes generated are of organic nature. Most 
of the urban areas of Nepal are in early phase of 
economic transformation from the agro based economics 
to service based. This might provide the plausible 
explanation of the lower fraction of organic waste than 
the national average, while being comparable among 
urban areas.  
 
In this study, the fraction of plastic waste was nearly 19% 
and paper was nearly 23%. This value is higher than the 
value reported for Dang district, where 10% and 6% 
fraction of total were plastic and paper respectively 
(Dangi et al., 2013). Consumption of pre-manufactured 
or packaged food is expected to increase with an increase 
in per capita gross domestic product (per capita GDP) 

(Chen, 2018) and the transition of economy driven by 
increase in per capita GDP might be responsible for 
increased fraction of plastic and paper waste while 
decreased fraction of organic waste. There are previous 
reports of gradual increase in fraction of the plastic waste 
in Kathmandu valley (Pathak, 2019). The increased share 
of plastic waste in our study is in line with that finding 
and as the plastic waste might be a dominant fraction of 
waste in the region, management authority should focus 
on that aspect.  
 
Biological and thermochemical conversion of plastics 
have been suggested as ecologically and economically 
better alternatives to the more conventional methods 
such as landfilling and burning (Idumah & Nwuzor, 
2019). Plastic waste, which are essentially hydrocarbons 
with calorific values ranged between 30 and 40 MJ/kg, 
they can be used to generate electricity through burning 
or incineration  (Abdel-Shafy & Mansour, 2018) and 
municipal solid waste of Kathmandu valley was reported 
to be sufficient to generate 19 MW of electricity (Sodari 
& Nakarmi, 2018).  
 
Per capita waste generation 
Each individual at Shantinagar area produced 402.67 
grams of waste per day (Range 84.2 g to 1068.5, S.D= 
202.2). Per capita waste generation differed significantly 
according to the family size with medium family size 
producing less waste per person per day than members of 
smaller families (W= 411, p < 0.05; Fig. 2).  
 
Furthermore, per capita waste generation was significantly 
predicted by the family number. In a family, per capita 
waste generation is reduced on average by 101 grams 
upon the one unit increase in the family number (Table 4, 
Fig. 3). 
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Figure 2 Variation in per capita waste generation according to family size 
 

 
Table 4 Summary Statistics of Linear Regression of per capita waste generated with family number 

Coefficients Estimate Standard Error t value Pr(>|t|) 

Intercept 0.843 0.058 14.606 < 2e-16 

Family number -0.101 0.013 -7.937 3.46E-12 

 

 
 

Figure 3 Relation of per capita waste generation with number of family member 
 
The amount of the waste in the study area was found to 
be 402.67 gram per person per day which is higher than 
330.4 g/capita/day at Tulsipur (Dangi et al., 2013) and 
155.4 g/person/day at Hetauda (Neupane & Neupane, 

2013). Growth in prosperity and movement to urban 
areas lead to an increase in per capita waste generation 
(Kaza et al., 2018). As the study was conducted at the 
core urban area, higher per capita waste generation was as 
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expected. However, there are differences in scope of 
sampling and methodological issues that make 
comparison not fully compatible (Kaza et al., 2018). 
Furthermore, per capita waste generation was found to be 
significantly affected by the family number with decrease 
in waste generation with increase in family number. The 
amount of plastics and other packaging requirements 
does not change significantly with family size, thereby 
reducing the share of the waste when divided to each 
member. Our model explained just 39.13% of variation 
waste generation highlighting the need to consider other 
factors affecting per capita waste generation in the valley.   

Waste management 
All the respondents claimed to practice segregation by 
using separate containers for degradable and non-
degradable containers. They were found to manage 
organic fraction of waste by composting. According to 
the respondents, solid waste in the region is managed by 
metropolitan authority and they collect waste once a 
week. For the collection, no separate time or vehicle is 
used for degradable and non-degradable waste indicating 
the lack of segregation by management authorities. This 
lack of segregation reduces the possibility of sustainable 
solid waste management. 

   

 
 

Figure 4 Management options used by local residents of Shantinagar for managing non-degradable waste 
 
However, all the respondents reported to practice 
segregation and composting for organic fraction of waste 
which are encouraging signs. Composting has been the 
most economical method to manage organic solid waste 
in developing countries (Maskey & Singh, 2017). 
Furthermore, the non-degradable but recyclable wastes 
are sold to the informal waste pickers (Figure 4). The role 
of the informal waste workers in solid waste management 
in the cities of Nepal are highly acknowledged in the past 
as well (Dangi et al., 2017). 
 

Conclusions 
Solid waste, which has been the top prioritized issue for 
cities of developing countries, can be managed using the 
varieties of methods and techniques and the choice of 
appropriate management options are functions of 
characteristics and composition of the waste. Reduce, 
reuse and recycle (3R) is hailed as the basic principle for 
proper solid waste management and segregation of the 
waste is the basic step for implementing 3R principles. In 
lack of the state of art data on the composition and 

characteristics of the solid waste generated, Kathmandu 
valley is facing issues related to solid waste management 
inspiring us to undertake this study. Our study revealed 
that the amount of solid waste generated at Shantinagar 
area of Kathmandu valley is 402.67 g/person/day which 
is slightly higher than those reported from the studies 
done at  Tulisipur and Hetauda. Whilst most of the 
organic waste in the area is managed through composting 
which has reduced waste volume that needs to be 
transported to the dumpsite. Among other factors, the 
study found that with an increase in family size the waste 
generation is less. This could be due to the fact that waste 
generated by many people at a time is less than that 
produced by a few people in a family, as the resource 
used by each family member is the same. Different social 
and economic factors govern the amount of waste 
generated at household level. Thus, we recommend the 
future studies to incorporate those factors in the design 
of the study. Furthermore, as roof top gardening inspired 
people to segregate waste, programs related to promotion 
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of roof top gardening can benefit solid waste 
management in the city area.  
 

Acknowledgements 
We are thankful to Mr. Achyut Ram Pradhananga and 
Ms. Bindra Devi Shakya, Padma Kanya Multiple Campus 
(PKMC), Tribhuvan University for their administrative 
support, Ms. Pragya Yadav for her field support. First 
author received financial support from Empowering Girls 
Nepal to carry out this research. We would like to thank 
Dr. Ramesh Prasad Sapkota, Central Department of 
Environmental Science and Associate Professor Mr. 
Uttam Sagar Shrestha, Department of Geography, 
PKMC, TU, and Prakash Chandra Aryal, Environment 
Protection and Study Center (ENPROSC) for their 
valuable suggestions. Finally, we would like to express our 
heartfelt thanks to two anonymous reviewers for their 
valuable comments and suggestions.  
 
Author Contributions: MK: Conceptualization and 
overall study design (supporting), field work (lead), data 
management (lead), data analysis (supporting), draft 
preparation (lead) and finalization (supporting); BA: 
Conceptualization and overall study design (supporting), 
draft preparation (supporting), finalization (supporting), 
supervision (supporting); CMA: Conceptualization and 
overall study design (lead), data analysis (lead), draft 
preparation (supporting), finalization (lead), supervision 
(lead). 
 
Conflicts of Interest: The author declares no conflicts of 
interest.  
 
Data Availability Statement: The data that support the 
finding of this study are available from the corresponding 
author, upon reasonable request. 
  
 

References 
Abdel-Shafy, H.I., & Mansour, M.S.M. (2018). Solid waste 

issue: Sources, composition, disposal, recycling, and 
valorization. Egyptian Journal of Petroleum, 27(4), 1275–
1290. doi 10.1016/j.ejpe.2018.07.003. 

ADB. (2013). Solid waste management in Nepal: Current status 
and policy recommendations. Asian Development Bank, 
Mandaluyong City, Philippines. 

Arkin, H., & Colton, R.R. (1963). Tables for Statisticians. 2d 
ed. New York: Barnes and Noble. Inc. 

Awasthi, A.K., Cheela, V.R.S., D’Adamo, I., Iacovidou, 
E., Islam, M.R., Johnson, M., Miller, T.R., Parajuly, K., 
Parchomenko, A., Radhakrishan, L., Zhao, M., Zhang, 
C., & Li, J. (2021). Zero waste approach towards a 
sustainable waste management. Resources, Environment 
and Sustainability, 3, 100014. doi 10.1016/j.resenv.2021 
.100014. 

CBS. (2020). Waste management baseline survey of Nepal 2020. 
Central Bureau of Statistics, Government of Nepal. 

Chen, Y.C. (2018). Effects of urbanization on municipal 
solid waste composition. Waste Management, 79, 828–
836. doi 10.1016/j.wasman.2018.04.017. 

Dangi, M.B., Schoenberger, E., & Boland, J.J. (2017). 
Assessment of environmental policy implementation 
in solid waste management in Kathmandu, Nepal. 
Waste Management and Research, 35(6), 618–626. doi 
10.1177/0734242X17699683. 

Dangi, M.B., Urynowicz, M.A., & Belbase, S. (2013). 
Characterization, generation, and management of 
household solid waste in Tulsipur, Nepal. Habitat 
International, 40, 65–72. doi 10.1016/j.habitatint.2013.0 
2.005. 

Das, B., Bhave, P.V., Sapkota, A., & Byanju, R.M. (2018). 
Estimating emissions from open burning of municipal 
solid waste in municipalities of Nepal. Waste 
Management, 79, 481–490. doi 10.1016/j.wasman.2018. 
08.013. 

Das, S., Lee, S.H., Kumar, P., Kim, K.H., Lee, S.S., & 
Bhattacharya, S.S. (2019). Solid waste management: 
Scope and the challenge of sustainability. Journal of 
Cleaner Production, 228, 658–678. doi 10.1016/j.jclepro. 
2019.04.323. 

Idumah, C.I., & Nwuzor, I.C. (2019). Novel trends in 
plastic waste management. SN Applied Sciences, 1(11), 
1402. doi 10.1007/s42452-019-1468-2. 

Karak, T., Bhagat, R.M., & Bhattacharyya, P. (2012). 
Municipal solid waste generation, composition, and 
management: The world scenario. Critical Reviews in 
Environmental Science and Technology, 42(15), 1509–1630. 
doi 10.1080/10643389.2011.569871. 

Kaza, S., Yao, L.C., Bhada-Tata, P., & Van Woerden, F. 
(2018). What a Waste 2.0: A Global Snapshot of Solid 
Waste Management to 2050. Washington, DC: World 
Bank. doi 10.1596/978-1-4648-1329-0. 

Khajuria, A., Yamamoto, Y., & Morioka, T. (2008). Solid 
waste management in Asian countries: Problems and 
issues. WIT Transactions on Ecology and the Environment, 
109, 643–653. doi 10.2495/WM080661. 

Maharjan, A., Khatri, S.B., Thapa, L., Pant, R.R., Pathak, 
P., Bhatta, Y.R., Rijal, K., & Bishwakarma, K. (2019). 
Solid waste management: Challenges and practices in 
the Nepalese context. Himalayan Biodiversity, 7(1), 6–18. 
doi 10.3126/hebids.v7i1.40185. 

Maskey, B., & Singh, M. (2017). Household waste 
generating factors and composition study for effective 
management in Gorkha Municipality of Nepal. Journal 
of Sustainable Development, 10(6), 169. doi 10.5539/jsd.v 
10n6p169. 

Neupane, B., & Neupane, S. (2013). Scenario of solid 
waste management in Hetauda Municipality, Nepal. 
International Journal of Environment, 2(1), 105–114. doi 
10.3126/ije.v2i1.9214. 

NSO. (2023). National population and housing census 2021 
(National Report), National Statistics Office, Thapathali, 
Kathmandu, Nepal 

Pathak, D.R. (2019). Status and potential of resource 



26 

 

 

Nep J Environ Sci (2023), 11(1), 19-26 
https://doi.org/10.3126/njes.v11i1.50949 

recovery from municipal solid waste in Kathmandu 
valley, Nepal. Journal of Engineering Technology and 
Planning, 1(1), 11–24. doi 10.3126/joetp.v1i0.38239. 

R Core Team. (2021). R: A Language and Environment for 
Statistical Computing. https://www.r-project.org/ 

RStudio Team. (2022). RStudio: Integrated Development 
Environment for R. http://www.rstudio.com/ 

Sodari, K.B., & Nakarmi, A.M. (2018). Electricity 
generation potential of municipal solid waste of Nepal 

and GHG mitigations. Journal of the Institute of 
Engineering, 14(1), 151–161. doi 10.3126/jie.v14i1.200 
79. 

Thapa, B., & KC, A.K. (2011). Solid waste management 
at landfill sites of Nepal. Indian Journal of Science and 
Technology, 4(3), 164–166. doi 10.17485/ijst/2011/v4i3 
/29956. 

Wickham, H. (2016). ggplot2: Elegant Graphics for Data 
Analysis. Springer-Verlag New York. 

 
 


