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Executive Summary

Background

Rapid advancements in the computing domain have rekindled the debate on possibilities and
consequences of automation and the future of work. Initially, automation was limited to
machines replacing humans performing low-skilled, repetitive, rule-based tasks. With
significant advancements in Artificial Intelligence (Al), Robotics, Machine Learning and the
like, the automation of cognitive tasks and decision making is likely to have implications on a

wider range of jobs, and will not be limited to just low-skilled jobs.

The extant research is inadequate on the estimation of automation potential of occupations
in India. We also do not know what are the possible consequences of the automation. The
present report attempts to fill this gap. The report specifically identifies the sections of the
workforce which are most vulnerable to job losses caused by automation, and discusses the

implications for policymakers and relevant stakeholders.
Methodology

The estimation of the automation probability calculated in this report is not the first of its kind;
a number of earlier studies have been conducted to quantify the risk of automation on jobs.
The seminal work of Frey and Osborne (2013) followed an occupation-based approach to find
out the jobs that are most vulnerable to automation in the United States (US) economy. The
study estimated that about 47% of all employment in the US was at a high risk of automation.
The methodology is presented in a detailed manner and provided the replication possibilities

for other countries.

Arntz, Gregory and Zierahn (OECD, 2016) in their study of 21 OECD countries estimated the
automatability of jobs using a task-based approach. They estimated that on average only 9%
of jobs were automatable across the 21 OECD countries. However, the methodology included
perception data in estimations which were not available for Indian data. McKinsey Global

Institute (2017) used work activities to estimate automation impact on the jobs and the



workforce across 46 countries. Though the estimates are in alignment with Frey and Osborne’s

figures, the detailed methodology and related notes are not provided.

As such, the present study uses the approach in Frey & Osborne (2013) for India by carrying
out a mapping of occupations between India, i.e. National Classification of Occupations (NCO)
and the US, i.e. (Standard Occupational Classification). This mapping enables an estimation of
the average automation probability for various occupations in India in order to gauge the
impact of job losses. In line with Frey and Osborne study, occupations with more than 70%
automation probability are defined as high-risk, occupations with 30-70% automation
probabilities are defined as medium risk, and those that have less than 30% of average

automation probability are defined as low-risk occupations.

For assessing the socio-economic impacts of job losses due to automation, we use the dataset
from the employment-unemployment survey conducted by National Sample Survey Office
(NSSO) in 2012 across 101,724 households. This data is representative of the Indian population
and is used by both private organizations and the Indian government for market research and
policy decisions. The dataset has information on the occupational categories of the head of
the household, and information on social group, religion, size of the household, marital status,
education level, employing enterprises and employment contract details. Mapping of these

details enabled us to estimate the possible impact of job losses in India.

The study has some limitations: the data used was collected in 2012, and the analysis is
restricted to the sub divisional level of occupations due to the unavailability of more granular

data.
Findings

Based on our analysis, 48% of the entire Indian workforce are employed in occupations that

are at a high-risk of automation.
The detailed findings are as follows:

e Out of nine occupational divisions of the NCO which are mapped, three divisions are in the
high-risk category - Clerks; Skilled agricultural and fishery workers; and Elementary
occupations. Lowest average automation probability is for the occupational division of

‘Professionals’. Rest are in the medium-risk category.



e Occupational division of ‘Clerks’ have the highest average automation probability at 83%.

e \Women might bear the brunt of automation more, as 61% of the total female workforce
is at the high risk of automation compared to the 44% males.

e In high risk occupation divisions, women constitute more than 25%.

e 48% currently married individuals are in the jobs with high-risk of automation. As the
average household size is five, consequences of job could be severe.

e Workers from different religions are equally vulnerable to the automation consequences.

e SCand ST workers at a higher risk: 50% of the total SC workforce and 49% of the total ST
workforce is at high-risk of automation compared to 41% of OBC and 35% others.

e Rural workers at a higher risk with 52% of them at a high-risk of automation compared to
25% urban workers.

e Workers across all the enterprises are almost equally vulnerable to the high-risk of
automation - 22% of Male proprietary enterprises, 26% of Government/Public sector
enterprises, and 29% of Public/private limited company workers at high-risk of
automation.

e Around 26% of workers who are at a high-risk of automation do not use electricity at the
enterprise for the production of goods and services.

e Less educated individuals, which form the majority of the Indian workforce, are at very
high-risk of automation - 70% of Not Literate / No Formal schooling workers, 46% of
workers with education up to higher secondary are at high-risk of automation, compared
to only 21% for the graduate and above educated.

e Most of the occupational categories at the high-risk of automation with larger percentage

of workers are located in the states with low human development index indicators.
Implications

The findings identify the occupations which are at high-risk of automation in the near future,
as well as the sections of society who will likely be most affected. It is clear that a number of
mitigating actions must be taken to address the challenges posed by such displacement. Multi-
stakeholder, proactive measures aimed at reskilling and educational reform should be

prioritised.



Major stakeholders such as educational/training institutions, private organisations and the

government should:

e Prioritize the areas where potential consequences are high — agriculture and fisheries,
elementary occupations; rural, women, SC, ST and low literate workers for reskilling;

e Update the education/training curriculum across educational institutions to bring it in line
with relevant changes happening in the industry;

e Investment in training/reskilling institutions which provide facilities to upgrade the skill-
sets of the workers;

e Investment in the infrastructure with participation from private and public organizations
for the training /reskilling institutions in rural areas; and

e Financial support / scholarships for up-skilling training of those who cannot undertake

such upgradation on their own.
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1. Introduction

India is world's third laregst economy in purchasing power parity terms and is estimated to
become a high-middle income country in 2030 (World Bank, 2019). In India 2018, India
entered period of demographic dividend where working age population 15-64 years is larger
than others in the total of 1.2 billion (Thakur, 2019), India has enoromous potential to become
the largest economy in the world provided it is able to harness the people resources. This
abundance of labour may become a liability if there are insufficient jobs available in the

economy.

Recent advancements in the fields of sensors, computer vision, robotics etc., aided by ever-
increasing computing power, advances in semiconductor fabrication, artificial intelligence (Al)
and related developments (Arntz et al., OECD, 2016, para 1) have enabled the possibilities of
automation of tasks that require human intelligence. Cognitive tasks which were executed
solely by humans such as sensing, reasoning etc could be replaced by machines driven by high
level computing and analytics. As technologies advance, there is a growing concern among
policymakers, not only regarding possible job losses, but also about other indirect

consequences on society and the economy.

Various researchers and international research and non-governmental organizations have
been examining the possibilities of automation and its consequences on work, collectively
referred to as the ‘future of work’. Existing research deploys various methodologies to predict
the extent of automation and identify the corresponding policy challenges that an economy
is likely to face if left unchecked. However, this kind of work is predominantly focused on

advanced industrial economies, and there are limited efforts to look at the developing world.

The present study estimates automation probabilities for occupations in the Indian economy
based on the approach developed by Frey and Osborne (2013). It utilises nationally-
representative survey data collected on employment and unemployment by the National
Sample Survey Office (NSSO), Ministry of Statistics and Programme Implementation,
Government of India. The dataset uses occupational codes mapped on the international

guidelines and follows a probability sampling technique.
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The report consists of seven sections. The first section briefly introduces the scope of the
present study. The second section reviews existing studies on automation and the potential
impact such automation has on jobs. The third section briefly summarizes the existing
knowledge about automation and its consequences in India. The fourth section presents the
methodology followed in the present study. The sub-sections map the Indian occupation on
Frey & Osborne's framework, present the NSSO's dataset in details and shares the descriptive
statistics of the dataset. The fifth section comprehensively examines the automatability of the
occupations in India. The sixth section describes the potential consequences of job losses due
to automation in India. The final section presents the implications of the research for training

institutes, government and private business organizations.

2. Literature review: Automation and its impact on jobs

A large body of work focusing on the job risk due to automation has focused on all epochal
moments of automation throughout human civilization. The discourse on machines and
impact of jobs in the recent past has moved from industrial machines (Howell, 1985) to
computers (Bessen, 2015; Greenbaum, 1995). The recent focus has been on the enhanced
capacity of information technology — artificial intelligence and robotics (Arntz, Gregory and

Zierahn, 2016; Arntz, Gregory and Zierahn, 2017).

The nature of jobs that were replaced by machines in the earlier era were routine tasks or
unskilled activities (for example, tightening a nut in an assembly line, or cutting a steel sheet
by the given size). Then machines that performed rule-based activities emerged (for example,
an application for bank loan approval issued subject to three or four conditions being met).
Since then, further technological advancements have made it possible such that machines
have almost equal amount of human intelligence. For instance, a buyer can chat with a
software application in an online store and is unlikely to realize that interaction was with a
machine. Advanced machines might adapt to the situation on the basis of past and ongoing

interactional data.
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Frey and Osborne (2013), hereafter F&O, identified the likely percentage of automation
probability of occupations in the United States of America (US). Their research focused on the
advances in technologies such as machine learning (ML) and mobile robotics (MR) and argued
that these are very different from previous developments, where computerisation was mostly
related to rule-based activities. They focused on certain tasks which were harder to automate,
such as elderly care or hair styling that do not follow any consistent rules — those that had
“computerisation bottlenecks” — making automation a challenge. These computerisation
bottlenecks were divided into three broad areas, 1) perception and manipulation; 2) creative

intelligence, and 3) social intelligence.

F&O used the occupations listed in the Standard Occupational Classification (SOC) system of
the Department of Labor, United States of America. The SOC system is used by the federal
agencies for classification of workers into various categories of occupation for the purpose of

data collection, calculation and dissemination (Standard Occupational Classification, 2019).

The study also used the Occupational Information Network (O*NET), which is an online
service developed for the United States Department of Labor to map the occupational
information to the Standard Occupational Classification (SOC). The O*NET 2010 version
provides detailed information on the personal requirements, characteristics, experience
requirements, the labour market for 903 occupations (O*NET Resource Center, 2019). The
close correspondence of O*NET occupations to the SOC allowed mapping of the occupations
from both datasets. This mapping resulted in a dataset of 702 occupations with O*NET details.
Further, the variables in O*NET were attributed to the three computerisation bottlenecks

identified. These attributes are displayed in the Table 1.

Table 1 - O*NET variables and computerisation bottlenecks as per Frey & Osborne

Computerisation Bottleneck O*NET Variable

Finger Dexterity

Perception and Manipulation Manual Dexterity

Cramped Work Space, Awkward Positions

Originality

Creative Intelligence
g Fine Arts

Social Perceptiveness

Negotiation

Social Intelligence -
Persuasion

Assisting and Caring for Others
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Note: Adapted from “The Future of Employment: How susceptible are jobs to computerisation?” by
Frey & Osborne, 2013

A group of ML researchers’ hand-labelled a total of 70 occupations out of the total 702
occupations, assigning them 1 if strictly automatable, and 0 if not automatable. This
assignment of probability was done in light of the job descriptions and the identified O*NET
variables for the computerisation bottlenecks. To reduce the subjective bias in the analysis,
only those 70 occupations were hand-labelled which the researchers were highly confident
about. F&O then used different variants of probabilistic models to find the automation

probabilities of all 702 occupations.

F&O differentiated the automation probabilities into three categories: high-risk occupations
(more than 70%), medium risk occupations (30-70%) and low-risk occupations (less than
30%). Based on this classification, F&O estimated that 47% of all jobs in the US belong to the
high-risk category which means, “that associated occupations are potentially automatable
over some unspecified number of years, perhaps a decade or two”. (Frey & Osborne, 2013, p.

38)

A study by OECD in 2016 criticised the occupation-based approach followed by F&O to
calculate the automation probabilities. It contended that only specific tasks are automated,
not the entire occupation (Arntz M., 2016, p. 20). The OECD study followed an approach which
was task-based, meaning that it viewed each occupation as a combination of multiple tasks
instead of a single one. The authors argued that automatability of an occupation depended
on the tasks performed by workers and the ease with which any of these tasks could be

automated.

This study also followed the F&O study in identifying the bottleneck tasks in for each
occupation studied. Unlike the F&O approach of identifying three categories of bottleneck
tasks and calculating the probabilities using the nine O*NET variables, the OECD study used
survey data to identify the occupation level tasks from the people involved in the occupation.
As a result, the OECD study used a larger number of variables for calculation of the
automation probability. It included task variables such as negotiating, selling, presenting,

consulting, exchanging information etc.
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The OECD analysis used the dataset from the Programme for the International Assessment of
Adult Competencies (PIAAC). This dataset is collected as a part of ‘The Survey of Adult Skills’
under PIAAC. This survey is conducted across 40 countries among adults between the ages of
16 and 65 years. It collects the data for indicators on the skills, information on jobs, socio-
economic characteristics, job tasks and the competencies required for the job. The survey
involves the measurement of key cognitive as well as workplace skills required by any
individual to participate in society and for the economy to prosper. The data is comparable
across OECD countries and is used as a rich evidence-base for various policy decisions by their

governments. (Arntz M., 2016, p. 22). (OECD Skills Survey, 2019)

Using this task-based approach and the PIACC dataset, the OECD study calculated the
automation probabilities for the 21 OECD countries including the US. The results were very
different from the F&O finding — it found that only 9% of individuals in the US face a high
probability of automation compared to the F&O result which was 47% for the same. The
findings for OECD countries show that Germany and Austria have the highest number of
workers (12%) involved in high-risk occupations (with automation probability >70%), whereas
in Korea and Estonia had the lowest. The reason for the contrasting results of F&O and OECD
studies lie in the differences in the methodologies adopted. OECD used a larger number of
bottleneck task variables as compared to the only nine O*NET variables representing
bottleneck tasks in F&O study; OECD also used a task-based approach instead of the F&O

occupation-based approach.

Another study by McKinsey Global Institute (MGI, 2017) followed a work-activities based
approach to find the automation probabilities of various jobs. This study was conducted for
occupations across 46 countries, which represented around 80% of the global workforce. It
disaggregated the occupations into around 2,000 distinct work activities. Further, these work
activities were rated on 18 performance capabilities, assigned to one of five groups. These
five groups were classified as sensory perception, natural language processing, social and
emotional capabilities, cognitive capabilities, and physical capabilities. The level of
performance for these capabilities required in order to perform the work activity was used to
calculate the automation probability of the occupation. (McKinsey Global Institute, 2017, p.

4)
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The MGI study found that less than 5% of the occupations can be automated completely and
around 60% of the occupations have at least 30% work activities which are automatable. This
report also discusses the factors which affect the extent and pace of adoption of technologies

resulting in automation across the economies.

A study by PwC builds on the previous research done by F&O (Frey & Osborne, 2013) and
OECD (Arntz M., 2016) to estimate the proportion of high-risk jobs which are automatable by
the 2030s. The report argues that future job automation will happen in three different waves.
Each wave affects the jobs which require different skills and education levels. Based on the

education and skill level required for the job, the automation duration may extend from a few

years to a decade or more. (Price Waterhouse Coopers, 2018, p. 2)

A summary of the studies discussed above are presented in Table 2, below.

Table 2 - Summary of recent studies on the automation impact on jobs

Frey & Osborne OECD McKinsey Global PwC
Institute
Date
September, 2013 June, 2016 January, 2017 February, 2018
Unit of Analysis
Jobs/Occupations Tasks Work Activities Tasks

Scope
US Labor Market

Approach Summary
Analysis of total 702
occupations (70
hand-labelled along
with ML
researchers,
followed by a
tailored Gaussian
process classifier to
estimate others and
confirm hand-
labels) to
approximate the
impact of
computerization on
the US Labor
market.

21 OECD countries

Estimates of tasks
automatability were
developed based on the
matching of
automatability
indicators by Frey-
Osborne and the PIAAC
dataset occupational
codes, followed by a
two-step, tailored
regression analysis.

46 countries
representing around
80% of global
workforce

Disaggregation of
occupations into 2,000
constituent work
activities and then rate
each against the
human performance in
total 18 capabilities.
Further analysis of
each activity time and
hourly wage levels.
Scenarios for
development and
adoption of
automation
technologies.
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29 countries (27 OECD
plus Singapore and
Russia)

Automatability of tasks
were found based on
the labels from F&O
study and replicating
the OECD methodology
using PIAAC dataset.
Further enhancement
using additional data
and a refined
automation-rate
prediction algorithm.



Methodology Assessment

¢ Variables
representing
computerisation
bottlenecks are
selected by the
experts and thus
more relevant

¢ Extrapolating the
automation
probabilities from
70 occupations to
702 occupations
might result in initial
errors propagating
to the entire
dataset.

Key Findings

e Around 47% of
entire US
occupations are in
the high-risk of
automation
category perhaps
over the next
decade or two.

e Wages and
Educational
attainment display a
strong negative
relationship with
probability of
computerization

e Self-reported
database of tasks for the
occupations and larger
number of bottleneck
variables, strengthens
the model to calculate
the automation impact
¢ Results are generated
using the regression
model which
incorporates F&O
outputs and hence
prone to implicit bias.

¢ Building on Frey and
Osborne's original work,
data from the World
Bank suggests the risks
are higher in many
other countries; in the
OECD, on average 57%
of jobs are susceptible
to automation. This
number rises to 69% in
India and 77% in China

¢ Algorithmic model of
calculating the
automation impact not
disclosed.

¢ On average, 9% of
jobs across the 21
OECD countries are
automatable.

* There are notable
differences across
OECD countries when
it comes to automation
(e.g., the share of
automatable jobs is 6%
in Korea vs.12% in
Austria)

¢ Replicates the
methodology of OECD
study and is prone to
implicit bias due to the
usage of F&O outputs
e Automation-rate
prediction algorithm
used to refine the
results from OECD
methodology is not
disclosed.

e 20-25% of existing
jobs in some East-Asian
and Nordic economies
and over 40% of
existing jobs in Eastern
European economies
are at high-risk of
automation by early
2030s

* Any job losses from
automation is likely to
be offset by the new
jobs created. No mass
technological
unemployment by the
2030s due to
automation as
portrayed by many

We have seen the various approaches which have been followed for estimating the impact of

automation on jobs and the economy. The F&O study uses the detailed classification of

occupations done in O*NET database of the United States Department of Labor as the base

to find out the automation impact. It then uses the close correspondence to Standard

Occupational Classification (SOC) to get the automation probabilities for the individual

occupations in the economy. Since there is no database present in Indian context, similar to

the O*NET, it is not possible to replicate the F&O study in its original form. A mapping of
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occupational categories for which automation probabilities are made available by F&O on

occupations in India is attempted in this report.

The study by OECD uses the dataset from Programme for the International Assessment of
Adult Competencies (PIAAC), which is from the survey conducted across OECD countries. A
similar dataset of skills for Indian workforce is not available. Furthermore, the study also uses
the self-reported database of the tasks undertaken in various occupations across these
countries. A similar dataset is also not available in the Indian context. The study uses the F&O
outputs in the regression model to estimate the automation impacts, so in a manner it builds

on the top of work done by F&O.

The McKinsey Global Institute study uses the work activities as the unit of analysis. However,
the algorithmic model used to estimate the automation impact is not disclosed, so it is not

possible to replicate the study in any manner.

PwC uses a similar methodology as that of the OECD study to find the automation impact and
further uses a refined automation-rate prediction algorithm on the outputs. This algorithm is

also not disclosed so cannot be replicated.

We do not find any detailed quantitative study on automation and its impact on Indian
economy. Tandem Research (2018) uses the secondary data and qualitative interviews to
offer a broader understanding of automation and emergence new sectors. Vashisht and
Dubey (2018) showed that non-routine cognitive analytical task intensity in jobs have
increased in India during 1983-2011. They did not focus on the automation and the impact on

the jobs. There is a need for quantifying the automation possibilities of occupations in India.

Out of the major four studies discussed above, none can be replicated in their original form
for the occupations in the Indian economy. The most suitable approach is to extend the
occupational mapping! done by F&O for the US economy, to the Indian context. Also, the
availability of data on occupations in India, as explained below, helps to replicate the F&O

study.

! Mapping of occupation details in O*NET database with the occupations in the Standard Occupation
Classification (SOC) used by the United States Department of Labor.
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3. Methodology

3.1. Mapping of Indian Occupations

The National Classification of Occupations (NCO) is used to organise the various sets of
occupations present across the Indian economy, in a standard format. This is an exhaustive
and mutually exclusive set of occupation categories and individual occupations presented as
a hierarchy and represented with specific numeric codes assigned to each of them. This
categorisation of the occupations is done by the skill level required, as well as the kind of tasks

involved in the occupation.

This classification is used in various surveys such as employment-unemployment, labour
market surveys for the collection of statistics at the national level. It is further used by the

government at central and state levels for policy formulation.

NCO-2004 is the revised version of NCO-1968 and supersedes it (Government of India,
Ministry of Labour and Employment). The revision of NCO was carried out on the lines of the
International Labour Organisation (ILO) approach adopted in the International Standard
Classification of Occupations (ISCO) — 1988, usually referred to as ISCO-88. (International
Labour Organisation). The most recent revision of National Classification of Occupations was
done in 2015 (referred to as NCO-2015), which is modelled on the ISCO-08 which is a revised
version of ISCO-88 done in 2008. However, at present, there are no large-scale surveys
conducted in India that use the NCO-2015 classification for data collection purposes. Due to

this limitation, we used NCO-2004 and ISCO-88 for the analysis purposes in this study.

The code structure of NCO-2004 follows a 6-digit structure and consists of 10 Divisions, 30
Sub-Divisions, 116 Groups, 439 Family and 2945 Occupations. The structure of NCO-2004 is

shown in the Figure 1.
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Divisions Sub-Divisions Groups Family Occupation
Sub Division-11 Group-121 Family-1221 (Pdn. & Ops. Deptt. —>|  Occupation-1221.10 (Manager,
(Legislators & »| (Directors & Chief —> Managers in Agriculture, Hunting, | Agricultural Farm)
Senior Officials) Executives) Forestry & Fishing)
Iiso] Sub Division-12 Group-122 (Pdn. & Family-1222 (Pdn. & Ops. Deptt. | | Occupation-1221.20 (Manager,
(Legislators, Senior  —>| (Corporate ) o Ly Managers in Manufacturing) Planation)
Officials & Managers) Managers) Mamagen)
.
. . Group-123 (Other :
Dl\'lslpn-?. GS;:’ Di‘;;;;‘:” Department
(Professionals) (General Managers) Managers) Family-1229 (Pdn. & Ops. Deptt. | —| Ocoupation-1221.90 (Manager,
Managers not elsewhere classified) Others)
: H
" L]
10 Divisions : - :
30 Sub-Divisions 116 Groups 439 Family 2945 Occupations

Figure 1- National Classification of Occupation 2004 in India

Taking the example of the occupation of a News Reporter, Table 3 represents the coding

structure of NCO-2004 with a six-digit code 2451.30 representing this occupation.

Table 3 — A sample occupation in Indian national classification of occupations 2004

Code - 2451.30 (News Reporter)
Code: 2 Division: Professionals
Code: 24 Sub-Division: Other Professionals
Code: 245 Group: Writers and Creative and Performing Artists
Code: 2451 Family: Authors, Journalists & Other Writers
Code: 2451.30 Occupation: News Reporter

F&O calculated the automation probability for the 702 occupations listed in the US Labor
Department’s Standard Occupational Classification (SOC) 2010, referred to as SOC-10. The
SOC-10 classification of occupations is based on the ILO’s classification, ISCO-2008. This model
classification is the revised version of previous ISCO-88, on which the Indian NCO-2004 is
modelled. This allows a mapping of the occupations listed in the SOC-10 classification to the

NCO-2004 classification up to the 4 digits of code, i.e. family of occupations.

Figure 2 represents the flow chart of the procedure by which the occupations in the US SOC-

2010, which was used by F&O, are mapped to the Indian NCO-2004. A concordance table
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resulting by such mapping would allow the transfer? of automation probabilities calculated
by F&O for SOC-10 occupations to the corresponding occupation family in the NCO-2004

classification.

However, in the concordance table it will not be possible to map each of the occupations in
NCO-2004 to the SOC-10, due to the difference in the occupation structures and revisions in
the system over time. A number of jobs have completely vanished while many new jobs have
come in to the economy since last coded in 2004 or 2010. This will result in non-availability of
automation probability for some of the occupation family in NCO-2004. In the present study,

occupation families, for which the automation probability is available are considered.

United States

= Depart t of Lab
3 Occupational Information Network cpartinent o Tabor
° (O*NET)

<

>

g é ;

o

s

=]

oh

£ Standard Occupational / Automation Probability as per F&O
5 Classification-2010 (SOC-10)

,

&

International Labour Organisation

International Standard Classification
of Occupations-2008 (ISCO-08)

&

of Occupations- 1988 (ISCO-88)

&

Government of India
Ministry of Labour & Employment

National Classification of < -
Occupations-2004 (NCO 2004)

[ International Standard Classification

Figure 2- Flow Chart for Occupational Mapping from SOC to NCO

2 There might be some apprehensions regarding the transfer of automation probability for occupations from SOC-
10 in the US context to the occupations in NCO-2004, in the Indian context. But both the classifications are based

on UN’s classification. All international comparison of occupations are enabled by this standard base.
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Once the automation probabilities for occupation families in the NCO-2004 classification are
known, it is used to calculate the average probability of automation® across Divisions, Sub-
Divisions and Groups of NCO-2004. Average automation probabilities are calculated as the
arithmetic average of the individual automation probabilities (found using the concordance

table and F&O study) of all the occupation families present in the division.

Figure 3 displays the process of calculation of the Average automation probabilities for NCO-
2004 Division, Sub-Division and Group by using the automation probabilities of occupation

family found by the SOC-NCO concordance table.

This study assumes that tasks involved in a particular occupation is the same in US and India,
since both the countries use the same UN occupational classification definition and

framework. For instance, a professor in India and US shall perform the similar tasks.

Divisions Sub-Divisions Groups Family
>
Code- 11 Code-121 Code-1221 g
— — > . 5
AAP-S1 AAP-G1 Automation Prob - F1 <|:I 5
g
=
Code- 122 3
Code- 12 ode- 122 =]
Code- 1 . _ Code-1222 I<d
AAP - Al (Avg. of S1, [—> AAP -S2 (Avg. of | —»| AAP- G2(Avg. of Automation Prob-F2 =g
G1.G2.G3) F1,F2..F9) g
S2,3) B
B )
: :
-
Code- 2 Code- 13 Code- 123 %
AAP -/ AAP -S3 AAP-G3
AAP-A2 ’ Code-1229 o
Automation Prob-F9 _g
. . . 3
H H . 5
H H H . &
- - . -
. . . H
10 Divisions . . :
30 Sub-Divisions 116 Groups 439 Family

Note: AAP — Average Automation Probability

Figure 3- Average Automation Probability calculation for occupations in India

After the automation probabilities are known for the Divisions, Sub-divisions, Groups and

Families of NCO-2004, the dataset for analysing the socio-economic impacts on the economy

3 Automation probability for 362 occupation family was successfully found using the mapping of SOCI10 to
NCO02004 in the concordance table. Average Automation Probability for 109 Groups, 27 Sub-Divisions and 9

Divisions was calculated using the available probabilities of the groups.
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and workforce is summarised. The next section of the report provides the details of the

organisation as well as the procedure of the data collection for the survey.

3.2. National Sample Survey Office (NSSO) Database

The National Sample Survey Office (NSSO) under the Ministry of Statistics and Programme
Implementation, Government of India, is responsible for conducting large-scale sample
surveys in diverse fields on an all-India basis. The data collection is done primarily through the
surveys of households conducted at the national level. The data collected as a result of these
surveys form a basis of policy decisions, implementation programmes etc. by the government
(Government of India, Ministry of Statistics and Programme Implementation). So, for the
purpose of analysing socio-economic impacts of automation this dataset could be used and

sample results would be representative of the impacts on whole population as well.

NSSO Socio-Economic Survey is a comprehensive nationwide, nationally representative
survey related to various socio-economic factors such as land and livestock holdings, social
consumption (education, healthcare etc.), employment-unemployment, household
consumer expenditure, rural-urban residence, etc. for the planning and policy formulation.
The socio-economic surveys are conducted in the form of rounds, with each round normally
being of one-year duration* and sometimes for a duration of six-months. Well-qualified and
trained personnel of NSSO and the state governments conduct the survey using the interview
method and a uniform methodology (Government of India, Ministry of Statistics and

Programme Implementation).

The employment-unemployment survey conducted by NSSO contains the occupational
details of the household head and other members in the household and is captured by means
of NCO-2004 codes, at a group level (3-digit NCO code). It also captures other details such as
social group of households, types of enterprises which employ the workforce, social security,

etc. This survey data is utilised to study the possible socio-economic impacts of the job losses

# The duration of rounds in the socio-economic survey is decided on a basis of 10-year cycle, with different rounds

for collecting data related to different topics.
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caused by the automation in the coming years and identify the most vulnerable sections of

the workforce in Indian economy.

This study uses the dataset collected in the 68" round of NSSO employment-unemployment
survey. This is the latest data available for analysis to the public. The data collection was done
from 101,724 households across the country during 2011-2012, and used the stratified
multistage sampling technique. However, the total workforce represented in the sample is
more than the 101,724 as there are cases, where there are multiple persons involved in an
occupation other than head of the household. The study uses the data from 157,748

individuals® who are involved in various occupations across the 101,724 households surveyed.

3.3. Workforce in India

This section presents the characteristics of the Indian workforce on various parameters as
represented by the NSSO survey. Since the NSSO survey sample is a close representative of

the population, we can treat the characteristics of the sample as population characteristics.

3.3.1. Age

In India, around 42% of the workforce belong to the youth category with 18-35 years of age,
however 49% of the workforce belong to the age group of 35 to 60 years. Around 5% of the
workforce are more than 60 years of age (Figure 4). Earlier research (Clark, 2015) indicates
that the increasing age corresponds with declining motor and cognitive responses. However,

the cognitive responses are impacted less as compared to the motor responses.

® There are 377 individuals for whom the reported occupation division as per NCO 2004 is ‘X> (Workers not
classified by occupations). The study is excluding the data on these 377 individuals as SOC10-NCO 2004 mapping

was not possible for the Division-X.
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Figure 4: Age groups of the Indian workforce

3.3.2. Gender and Marital Status

The representation of females in the entire workforce is limited (Figure 5). Less than one-
fourth (22%) of the workforce comprises of females, while male workers form a major chunk

(78%). Married individuals comprise more than three-fourths of the entire workforce, while

less than 20% of the workforce is never married.
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Figure 5- Gender & Marital Status of the workforce

3.3.3. Social Group

Indian population can be grouped into four social groups: scheduled tribes (STs), scheduled
castes (SCs), other backward classes (OBCs) and other classes (OCs). The SC and STs are
traditionally disadvantaged groups, followed by OBCs and OCs. The social and economic
status of the SC and STs are lower than OBCs and OCs. The OBCs belong to the middle range.
OCs predominantly consist of people with higher social and economic statuses. The
Government of India follows a positive discrimination policy in education and public sector

jobs by reserving seats for SCs, STs and OBCs.

SC and ST individuals comprise a small portion (less than one-third) of the entire workforce.
39% of the workforce is made up of individuals from Other Backward Class (OBC), while a little

more than one-third of the workforce consists of individuals from OC social groups.
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Others
32%

39%

Note: ST- Scheduled Tribes; SC-Scheduled Caste; OBC- Other Backward Class

Figure 6- Work force across different Social Groups

3.3.4. Location (Rural/Urban)

A majority of the workforce is located in rural areas (Figure 7), which is consistent with the

fact that more people stay in the rural parts of India (66%)® compared to urban areas.

Figure 7- Workforce as per their location

5 https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS
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The Figure 8 represents the level of education across the workforce. It is evident from that
around two-thirds of the Indian workforce have an education up to secondary level. Only 13%
of the workforce is educated at the level of graduate and more. This represents that the Indian

workforce comprises mostly of low-skilled workers.

Graduate and Above [ 13%
Upto Higher Secondary/Diploma/Certificate _ 11%
upto secondary Education |GG 3%
Upto Primary Education _ 22%
Not Literate/Literate but no formal schooling _ 21%

0% 5% 10% 15% 20% 25% 30% 35%
Representation in Work force

Note: Primary Education — Up to 5 years of formal/informal skills; Secondary education- Up to 10 years; Higher

Secondary/Diploma/Certificate- Up to 12-14 years; Graduate and above — More than 14 years

Figure 8- Level of Education across the workforce

3.3.5. Religion

Hinduism and Islam are the two major religions practised by the respondents (Figure 9). In the
other category, there are Buddhism, Jainism, Zoroastrianism and others who practice some

other religion or do not practice any religion.
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Figure 9- Work force across different religions

3.3.6. Occupations

The Figure 10 displays the distribution of the total workforce across various occupational
divisions as described in NCO-2004. It is evident that more than a quarter of the workforce is
involved in occupations under Division-6, i.e. Skilled Agricultural and Fishery Workers.
Following Division-6, 19% of them are involved in the occupations under Division-9, i.e.
Elementary Occupations. Other occupational divisions with a significant portion of workforce
are Division -7 (Craft and Related Trade Workers) with 14%, and Division-5 (Service Workers
and Shop & Market Sales Workers) with 12%. This infers the dominant nature of low-skill
occupations as well as low-skilled workforce in the Indian economy. This is not surprising as

the large number of workforce is low or not educated.
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Skilled Agricultural &
Fishery Workers

Elementary
Occupations

Note: D1- Division 1: Legislators, Senior Officials and Managers; D2- Division 2: Professionals; D3-Division 3: Associate
Professionals; D4- Division 4: Clerks; D5- Division 5: Service Workers and Shop & Market Sales Workers; D6- Division
6: Skilled Agricultural and Fishery Workers; D7- Division 7: Craft and Related Trades Workers; D8- Division 8: Plant

and Machine Operators and Assemblers; D9- Division 9: Elementary Occupations

Figure 10- Workforce employed across various divisions of NCO-2004

3.3.7. The Employing Enterprises

The Figure 11 displays the enterprise types in which the workforce is employed in. Around
60% of the respondents are employed in male proprietary enterprises, and 5% are in female
proprietary enterprises. Around 18% of the respondents are employed across the
Government/Public Sector enterprises, and 6% are employed in public/private limited

companies.
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Note: Partnership with HH Members- Partnership with Household members; NP- Non-Profit Institutions; Employer’s

Households (PHEM)- Private households employing maid servant, watchman, cook etc.

Figure 11- Workforce employed across various enterprises.

4. Automatibility in NCO-2004 occupation structure

The calculation of probability for each of the occupational groups, i.e. family, is given in
Section 4.1. Figure 2 is also presents this schematically. The nine occupational divisions of
NCO-2004 and the probability of automation in each division is discussed below. Figure 12
shows the summary of average automation probabilities across the divisions. For the
automation probability data used in the graph and the division title, refer to Error! Reference

source not found. in Appendix.

As calculated using the F&O study, Figure 12 represents the average automation probabilities
for NCO-2004 divisions. The highest probability of automation is around 80% for Division-4
(Clerks). Further, Division-9 (Elementary Occupations) also has a high automation probability

of around 75%.

The lowest probability of automation is around 15% for Division-2 (Professionals) and similarly
Division-1 (Legislators, Senior officials and Managers) also has a low automation probability of

around 30%.
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DS W 77%
D8 NIRRT 68 %

D7 WA 66%

D6 R 72%
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NCO Divisions

D3 W 37 %
D2 NI 15%

D1 NI - 31%
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AAP

Note: AAP- Average Automation Probability; NCO- National Classification of Occupations; D1- Division 1: Legislators,
Senior Officials and Managers; D2- Division 2: Professionals; D3-Division 3: Associate Professionals; D4- Division 4:
Clerks; D5- Division 5: Service Workers and Shop & Market Sales Workers; D6- Division 6: Skilled Agricultural and
Fishery Workers; D7- Division 7: Craft and Related Trades Workers; D8- Division 8: Plant and Machine Operators

and Assemblers; D9- Division 9: Elementary Occupations

Figure 12- AAP for NCO-2004 occupation divisions

The probabilities of automation for the sub-divisions under each division of NCO-2004 is
displayed in the subsequent pages. The average automation probabilities for all the sub-
divisions are calculated in a manner similar to that of the divisional probabilities and is
displayed in the Figure 3. It is the arithmetic average of the probabilities of all the groups under

that sub-division.

For the automation probability data of the sub-divisions and their titles used in the figures

below, refer Error! Reference source not found. in Appendix.

For the automation probability data for the Occupational Groups within each sub-division

used in the figures, refer Error! Reference source not found. in the Appendix.

5.1.NCO-2004 Division-1 (Legislators, Senior Officials and Managers)

The graph in the Figure 13 shows that the highest probability of automation under Division -1

(Legislators, Senior Officials and Managers) is for Sub-Division —13, which represents General
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Managers and the probability is around 40%. The lowest probability of automation is around

10% for Sub-Division-11 which represents Legislators and Senior Officials.

eneral Managers (13) [N <<
corporate managers (12) [N -
Legistators and senior offcials 11) [ 2%

0% 10% 20% 30% 40% S50% 60% 70% 80% 90% 100%
AAP

Note: Numbers in the brackets represent the NCO code for the sub-division; AAP- Average Automation Probability

Figure 13- AAP for the Sub-divisions of Division-1

The scatter plot in Figure 14, displays the automation probabilities of the occupation groups
within each sub-division. The occupation group in Sub-Division-13, General Managers, has a
higher average automation probability of around 40%, as compared to other occupation

groups.
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NCO Groups
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Note: AAP- Average Automation Probability; AEO- Administrative and Executive Officials; TCHV- Traditional Chiefs and
Heads of Villages; SOSIO- Senior Officials of Special-Interest Organisations; DCE- Directors and Chief Executives;
PODM- Production and Operations Department Managers; ODM- Other Department Managers; GM- General

Managers

Figure 14- AAP of Groups in Division-1

5.2.NCO-2004 Division-2 (Professionals)

The Figure 15 shows that the highest probability of automation under Division -2
(Professionals) is for Sub-Division — 24, which represents Other Professionals and the
probability is around 25%. This Sub-Division of Other Professionals comprises the Groups of
Legal, Business, Religious professionals etc. The lowest probability of automation is around 5%
for the Sub-Division-22 which represents Life Science and Health Professionals (e.g. Doctors).
Sub Division-23 represents Teaching Professionals and have a very low probability of

automation around 5%.
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Figure 15-AAP for the Sub-divisions of Division-2

The Figure 16 represents the average automation probabilities for the occupational groups in

Division-2. The groups in Sub-Division-24, have higher probabilities as compared to other

groups. Sub Division-24 comprises of groups such as Business Professionals, Legal

Professionals, etc.

50%
45% ALRIP @
40% BP @
35%
30%
’ P e
Q.
S( 25%
20% PCRP @&
WCPA @
%
15% MSRP @ cP @ AERP
10% CHETP SETP SSRP
5% Lsp @ NP @
HPN & oTP
0% RP @
NCO Groups
@ Sub Division-21 @ Sub Division-22 Sub Division-23 @ Sub Division-24
Note: AAP- Average Automation Probability; PCRP- Physicists, Chemists and Related Professionals; MSRP-

Mathematicians, Statisticians and Related Professionals; CP- Computing Professionals; AERP- Architects, Engineers

and Related Professionals; LSP- Life Science Professionals; HPN- Health Professionals (except nursing); NP- Nursing

Professionals; CHETP- College, University and Higher Education Teaching Professionals; OTP- Other Teaching
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Professionals; SETP- Secondary Education Teaching Professionals; BP- Business Professionals; LP- Legal
Professionals; ALRIP- Archivists, Librarians and Related Information Professionals; SSRP- Social Science and Related

Professionals; WCPA- Writers and Creative or Performing Artists; RP- Religious Professionals

Figure 16- AAP for Groups in Division-2

5.3.NCO-2004 Division-3 (Associate Professionals)

The Figure 17 shows that the highest probability of automation under Division -3 (Associate
Professionals) is for Sub-Division-31, which represents Physical and Engineering Science
Associate Professionals and the probability is around 45%. The lowest probability of
automation is around 7% for Sub-Division-33 which represents Teaching Associate

Professionals.

‘Other Associate Professionals’ also have a higher probability of automation around 41% as
compared to the other Sub-divisions, and it comprises of the occupational groups like Finance

& Sales Associate Professionals, Police Inspectors, Sub-Inspectors, Social Work Associate etc.

Other Associate Professionals (34) MMM 4256
Teaching Associate Professionals (33) Hl[”[[m 8%
Life Science and Health Associate Professionals (32) l[”[”[[]”””””][[][[”””””[I 26%
Phsica and Engineering Seence Assodate . | NI <>
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
AAP

Note: Numbers in the brackets represent the NCO code for the sub-division; AAP- Average Automation Probability

Figure 17- AAP for the Sub-Divisions of Division-3

The scatter plot in Figure 18 shows that the groups in Sub-Div-31 and 34 have higher

automation probabilities as compared to other groups. Sub Division-31 contains groups like
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optical equipment operators, computer associate professionals etc. while Sub-Division-34
contains groups like finance associate professionals, custom and tax associate professionals,

police inspectors, detectives, sports associate professionals etc.
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Note: AAP- Average Automation Probability; PEST- Physical and Engineering Science Technicians; CAP- Computer
Associate Professionals; OEEO- Optical and Electronic Equipment Operators; SACT- Ship and Aircraft Controllers
and Technicians; SQI- Safety and Quality Inspectors; STRHAP- Life Science Technicians and Related Health Associate
Professionals; MHAP- Modern Health Associate Professionals (Except Nursing); NMAP- Nursing and Midwifery
Associate Professionals; TMPF- Traditional Medicine Practitioners and Faith Healers; MPTA- Middle& Primary
Education Teaching Associate Professionals; PETAP- Pre-Primary Education Teaching Associate Professionals;
SETAP- Special Education Teaching Associate Professionals; OTAP- Other Teaching Associate Professionals; FSAP-
Finance and Sales Associate Professionals; BSAT- Business Services Agents and Trade Brokers; AAP- Administrative
Associate Professionals; PID- Police Inspectors and Detectives; CTGAP- Customs, Tax and Related Govt. Associate
Professionals; SWAP-Social Work Associate Professionals; AESAP- Artistic, Entertainment and Sports Associate

Professionals

Figure 18- AAP for Groups in Division-3

5.4.NC0O-2004 Division -4 (Clerks)

Division-4 (Clerks) has the highest probability of automation among all the divisions of NCO
2004. Figure 19 illustrates that the highest probability of automation under Division-4 is for

Sub-Division-41, which represents the Office Clerks and probability is around 80%. The lowest
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probability of automation is around 75% for Sub-Division-42 which represents Customer

Service Clerks.
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Note: Numbers in the brackets represent the NCO code for the sub-division; AAP- Average Automation Probability

Figure 19- AAP for the Sub-divisions of Division-4

The scatter plot in Figure 20 displays the probabilities for groups in Sub-Division-4. It is evident
that all the occupational groups in this sub-division have very high automation probabilities,
particularly Sub-Division-41. Some of the groups in the Sub-Division-41 are secretaries, key-

board operating clerks, numerical clerks, library clerks, material recording clerks etc.
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Note: AAP- Average Automation Probability; SKOC- Secretaries and Key Board- Operating Clerks; NC- Numerical Clerks;
MRTC- Material Recording and Transport Clerks; LMRC- Library, Mail and Related Clerks; OOC- Other Office Clerks;
CTRC- Cashiers, Tellers and Related Clerks; CIC- Client Information Clerks

Figure 20-AAP for Groups in Division-4

5.5.NCO-2004 Division-5 (Service Workers and Shop & Market Sales Workers)

Figure 21 displays that the highest probability of automation under Division -5 (Service
Workers and Shop & Market Sales Workers) is for Sub-Division — 52, which represents
Models, Salespersons and Demonstrators and the probability is around 80%. The lowest
probability of automation is around 50% for Sub-Division-51 which represents Personal and

Protective Service Workers.
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Personal and Protective Service Workers (51)

R

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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H 495%

Note: Numbers in the brackets represent the NCO code for the sub-division; AAP- Average Automation Probability

Figure 21-AAP for Sub-divisions of Division-5

The scatter plot in Figure 22 displays the automation probabilities for the groups in Division-
5, and the groups belonging to Sub-Division-52 have considerably high probability of
automation as compared to the groups in Sub-Division-51. The groups in Sub-Division-52 are

fashion models, shop salespersons and demonstrators and stall and market-salespersons.
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Note: AAP- Average Automation Probability; TAGR- Travel Attendants, Guides and Related Workers; HKRS- House
Keeping and Restaurant Services Workers; PCRW- Personal Care and Related Workers; OPSW- Other Personal
Services Workers; PSW- Protective Services Workers; FOM- Fashion and Other Models; SSD- Shop Salespersons

and Demonstrators; SMS- Stall and Market Salespersons

Figure 22-AAP for Groups in Division-5

5.6. NCO-2004 Division-6 (Skilled Agricultural and Fishery Workers)

As per Figure 23, the highest probability of automation under Division-6 (Skilled Agricultural
and Fishery Workers) is for Sub-Division — 62, which represents the Subsistence Agricultural
and Fishery Workers and the probability is 80%. The lowest probability of automation is
around 70% for Sub-Division-61 which represents Market-Oriented Skilled Agricultural and

Fishery Workers.
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Figure 23- AAP for Sub-divisions of Division-6

The scatter plot in Figure 24 shows that all the occupational groups within the Agricultural and
Fishery workers are having an automation probability higher than the 60%. The Group-620,
‘Subsistence Agricultural and Forestry Workers’ in Sub Division-62 has the highest probability
of automation, equal to 80%. This shows that a majority of the agricultural occupations

currently present in the economy are under threat of automation.
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Note: AAP- Average Automation Probability; MGCG- Market Gardeners & Crop Growers; MAPR- Market —Oriented
Animal Producers and Related Workers; FRW- Forestry and Related Workers; MCAP- Market- Oriented Crop and
Animal Producers; FWHT- Fishery Workers, Hunters and Trappers; SAFW- Subsistence Agricultural and Fishery

Workers
Figure 24- AAP for Groups in Division-6
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5.7.NC0-2004 Division-7 (Craft and Related Trades Workers)

The graph in Figure 25 shows that the highest probability of automation under Division -7
(Craft and Related Trades Workers)is for Sub-Division — 74, which represents the Other Crafts
and Related Trade workers and the probability is around 70%. Extraction and Building Trade
Workers of Sub Division-71 also have a very high probability of automation which is also
around 70%. The lowest probability of automation is around 60% for Sub-Division-72 which

represents Metal, Machinery and Related Trade Workers.

Other Craft and Related Trades orkers (74) - NNNNNNNNNNUIUANNNAAINNININI 725
F ot et 11111111 TN R
Metal, Machinery and Related Trades orkers (72) - ININNUNANUNUNNINUINNNIIII 2%

Extraction and Building Trades Workers (7-1) [0 71

0% 10% 20% 30% 40% 50% 60% 70% 80% S0% 100%
AAP

Note: Numbers in the brackets represent the NCO code for the sub-division; AAP- Average Automation Probability

Figure 25- AAP for the Sub-Divisions of Division-7

The scatter plot in Figure 26 shows the average automation probabilities for the groups in
Division-7. Some of the groups with a high probability of automation are Building structure

cleaners, Blacksmiths, Potters, Wood treaters, Cabinet makers and related trade workers, etc.
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Note: AAP- Average Automation Probability; MSSC- Miners, Shotfirers, Stone Cutters and Carvers; BFRT- Building Frame
and Related Trades Workers; BFRTW- Building Finishers and Related Trades Workers; PBSCR- Painters, Building
Structure Cleaners and Related Trades Workers; MWSS- Metal Moulders, Welders, Sheet Metal Workers,
Structural Metal Prepares and Related Trades Workers; BTRT- Blacksmiths, Tool Makers and Related Trades
Workers; MMF- Machinery Mechanics and Fitters; EEEM- Electrical and Electronic Equipment Mechanics and
Fitters; PWMR- Precision Workers in Metal and Related Materials; PGRT- Potters, Glass Makers and Related Trades
Workers; HWTL- Handicraft Workers in Wood, Textile, Leather and Related Materials; PRTW- Printing and Related
Trades Workers; FPRTW- Food Processing and Related Trades Workers; WCRT- Wood Treaters, Cabinet Makers
and Related Trades Workers; TGRT- Textile, Garment and Related Trades Workers; PLSM - Pelt, Leather and Shoe

Making Trades Workers

Figure 26- AAP for Groups in Division-7

5.8.NC0-2004 Division-8 (Plant and Machine Operators and Assemblers)

As displayed in the Figure 27, the highest probability of automation under Division -8 (Plant
and Machine Operators and Assemblers) is for Sub-Division — 81, which represents Stationary
Plant and Related Operators and probability is around 80%. The lowest probability of
automation is around 60% for Sub-Division-82 which represents Machine Operators and

Assemblers.
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Figure 27- AAP for the Sub-Divisions of Division-8

The scatter plot in Figure 28 shows that most of the groups within Sub-Division-81 have a
higher probability of automation as compared to other groups within Division-8. Some of the
groups with high automation probability are Metal processing plant operators, Chemical
processing plant operators, Power production plant operators, etc. It is evident that a majority

of occupations in the manufacturing facilities have a high probability of automation.
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Note: AAP- Average Automation Probability; MMPP- Mining and Mineral Processing Plant Operators; MPPO- Metal
Processing Plant Operators; GCRP- Glass, Ceramics and Related Plant Operators; WPMP- Wood Processing and
Paper Making Plant Operators; CPPO- Chemical- Processing- Plant Operators; PPRP- Power Production and Related
Plant Operators; AS- Assemblers; ALIR- Automated Assembly Line and Industrial Robot Operators; SDCR- Ships’

43



Deck Crews and Related Workers; MMPM- Metal and Mineral Products Machine Operators; CPMO- Chemical
Products Machine Operators; RPMO- Rubber and Plastic Products Machine Operators; WPMO- Wood Product
Machine Operators; PBPM- Printing, Binding and Paper Products Machine Operators; TFLP- Textiles, Fur and
Leather Products Machine Operators; OMOA- Other Machine Operators and Assemblers; FRPM- Food and Related
Products Machine Operators; LEDR- Locomotive Engine Drivers and Related Workers; MVD- Motor Vehicle Drivers;

AOMP- Agricultural and Other Mobile Plant Operators;

Figure 28- AAP for Groups in Division-8

5.9.NCO0-2004 Division-9 (Elementary Occupations)

The graph in Figure 29 shows that the highest probability of automation under Division -9
(Elementary Occupations) is for Sub-Division-92, which represents the Agricultural, Fishery
and Related labourers and the probability is around 85%. The lowest probability of automation
is around 75% for Sub Division-93 which represents Labourers in Mining and Construction,

Manufacturing and Transport.
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Note: Numbers in the brackets represent the NCO code for the sub-division; AAP- Average Automation Probability

Figure 29- AAP for the Sub-Divisions of Division-9

The scatter plot in Figure 30 shows the automation probabilities of the occupation groups
within Division-9. Some of the occupational groups with very high automation probability

are Street Vendors, Doorkeepers, Porters etc.
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Note: AAP- Average Automation Probability; SVRW- Street Vendors and Related Workers; DRCL- Domestic and Related
Helpers, Cleaners and Launderers; ML- Manufacturing Labourers; BCWR- Building Caretakers, Window and Related
Cleaners; GCRL- Garbage Collectors and Related Labourers; MDRW- Messengers Porters, Door Keepers and Related
Workers; MCL- Mining and Construction Labourers; AFRL- Agricultural, Fishery and Related Labourers; TLFH-

Transport Labourers and Freight Handlers

Figure 30- AAP for Groups in Division-9

5.10. Risk of Automation to the Occupations

Based upon the probability of automation for the Division, Sub-Division and Groups of NCO-
2004, we classify the high, medium and low-risk occupations. The thresholds for the
classification are taken as 30% and 70%, similar to the F&O study (Frey & Osborne, 2013, p.

38) as displayed in Figure 31.

0% 30% 70% 100%
Low Risk Medium Risk High Risk

Figure 31-Automation threshold for low, medium and high-risk category

As per the thresholds we classified the Divisions, Sub-Divisions and Groups into low-risk,
medium-risk and high-risk categories. For the details of the Division, Sub-Division and Groups

of NCO-2004 in the high, medium and low-risk category, see
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Table 8 in Appendix.

5.10.1. Division

Among various divisions D4 - Clerks, D 6- Agricultural and fishery workers, and D 9 -
Elementary occupations are at the high risk (Figure 32). Out of total workforce, the
percentage of workers employed are 3%, 26% and 19% respectively. D2 - Professionals are

at the low risk category, but employs about 6%.
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Note: AAP- Average Automation Probability; D1- Division 1: Legislators, Senior Officials and Managers; D2- Division 2:
Professionals; D3- Division 3: Associate Professionals; D4- Division 4: Clerks; D5- Division 5: Service Workers and
Shop & Market Sales Workers; D6- Division 6: Skilled Agricultural and Fishery Workers; D7- Division 7: Craft and
Related Trades Workers; D8- Division 8: Plant and Machine Operators and Assemblers; D9- Division 9: Elementary

Occupations
Figure 32- AAP and workforce employed in NCO Divisions as per the Risk category
48% of the workforce is employed in the high-risk occupational divisions of NCO-2004 (Figure
33). Though, this only gives a high-level view on the basis of NCO Divisions, a very striking

aspect represented by the Figure 33 is that only 6% of the survey respondents are involved in

the low-risk occupation divisions.
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Note: High Risk category- Division 4 (Clerks), Division 6 (Skilled Agricultural and Fishery Workers), Division 9 (Elementary

Occupations);

Medium Risk Category- Division 1 (Legislators, Senior Officials and Managers), Division 3 (Associate Professionals),
Division 5 (Service Workers and Shop & Market Sales Workers), Division 7 (Craft and Related Trades Workers),

Division 8 (Plant and Machine Operators and Assemblers);
Low Risk Category- Division 2 (Professionals)

Figure 33- Work force exposed to automation risk

5.10.2. Sub-Division

Figure 34 presents the average automation probabilities for the NCO-2004 Sub-divisions and
the percentage of workforce who are employed in that Sub-division. The graph also
represents the classification of sub-divisions as per the risk category as per the shaded
regions. There are 11 sub-divisions in the high-risk category (automation probability >70%),

and 8 sub-divisions in the medium-risk category (automation probability between 30-70%).
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General Managers; S21 - Physical, Mathematical and Engineering Science Professionals; S22 - Life Science and
Health Professionals; S 23 - Teaching Professionals; S 24- Other Professionals; S31 - Physical and Engineering
Science Associate Professionals; S 32 - Life Science and Health Associate Professionals; S33 - Teaching Associate
Professionals; S 34 - Other Associate Professionals; S 41 - Office Clerks; S42 - Customer Services Clerks; S51 -
Personal and Protective Service Workers; S52 - Models, Sales Persons and Demonstrators; S61 - Market Oriented
Skilled Agricultural and Fishery Workers; S62 - Subsistence Agricultural and Fishery Workers; S71 - Extraction and
Building Trades Workers; S72 - Metal, Machinery and Related Trades Workers; S73 - Precision, Handicraft, Printing
and Related Trades Workers; S74 - Other Craft and Related Trades Workers; S81 - Stationary Plant and Related
Operators; S82 - Machine Operators and Assemblers; S83 - Drivers and Mobile Plant Operators; S91 - Sales and
Service Elementary Occupations; S92 - Agricultural, Fishery and Related Labourers; S93 - Labourers in Mining,
Construction, Manufacturing and Transport

Figure 34- AAP and workforce employed in NCO Sub-Divisions as per Risk category

5.10.3. Groups

Figure 35 presents the average automation probabilities for the NCO-2004 occupation groups

and the corresponding risk category displayed by the shades. There are 35 occupation groups

in the category of high-risk (probability of automation >70%). For details regarding the data

used in the above scatter plot, please see the Error! Reference source not found. in the

appendix.
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Figure 35- AAP for the NCO Groups as per the Risk category

Based upon the risk classification, we can see that from Figure 36, 32% of Occupation Groups’
of NCO-2004 lie in the category of high-risk (automation probability >70%). Around 60% of

the occupational groups have an automation probability of more than 50%.

From the concordance table, we were able to map 109 NCO occupational groups out of total
116 groups, to the F&O classification and get the automation probability. Hence total groups

are mentioned as 109.

7 From the concordance table, we were able to map 109 NCO occupational groups out of total 116 groups, to
the F&O classification and get the automation probability. Hence total groups are mentioned as 109.
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Figure 36- NCO Groups as per Automation Risk

Similar to the groups, we were able to map 362 NCO occupation families out of total 439
families using the concordance table and get their automation probability. For the summary

of occupation families as per the risk category see Figure 46 in appendix.

50



5. Potential consequences of future automation

Using the probabilities of automation, the study is able to find the occupations that are likely

to be automated in future.

6.1 Age

Figure 37 displays the age composition of the workforce employed in each of the divisions. If
the high-risk divisions are considered - D4 (Division-4), D6 (Division-6) and D9 (Division-9) we
find that, except in Division-9 there is very less youth population (19-35 Years) involved in the
workforce across Division-4 and Division-6. Division-4 and Division-6 workforce comprises a

majority of workers more than 35 years age.

In Division-9 we observe that a significant proportion of workforce less than 35 years and 36-
60 years are involved. Hence, any future job losses will lead to very high costs of retraining the
workforce. The investments done on reskilling the workforce between the age of 19-35 years
will have the potential returns for a larger duration as compared to the reskilling investments

done on the workforce between age group of 36-60 years.

In Division-4 and Division-6 workforce a majority of workers are above the age of 35 years.
Furthermore, in the Division-6 there are around 11% workers who belong to the age-group of
more than 60 years. Reskilling this older workforce with relevant new age skills will require
larger investments and will not always be feasible due to reduced motor skills responses,
(Clark et al., 2015) which are required specifically for the Division-6 (Skilled Agricultural and

Fishery workers).

Further, if we observe the medium-risk category there are divisions D1 (Division 1), D3
(Division-3), D5 (Division-5), D7 (Division-7, and D8 (Division-8). The workforce in these
divisions comprises mainly of workers more than 35 years of age. In the near to long term
future, these workers will require reskilling in order to stay updated with the relevant skills
required. The reskilling needs of older workforce will require higher investments in terms of

capital as well as time.
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Work force composition

D1

D2

D3 D4 D5 D6 D7
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1 <=18Yrs W19-35Yrs m36-60Yrs mW>60Yrs

6%
D9

Note: D1- Division 1: Legislators, Senior Officials and Managers; D2- Division 2: Professionals; D3-Division 3: Associate
Professionals; D4- Division 4: Clerks; D5- Division 5: Service Workers and Shop & Market Sales Workers; D6- Division

6: Skilled Agricultural and Fishery Workers; D7- Division 7: Craft and Related Trades Workers; D8- Division 8: Plant

and Machine Operators and Assemblers; D9- Division 9: Elementary Occupations

Red box — high risk occupations. Green box — low risk occupations.

6.2 Gender and Marital Status

Figure 38 presents the gender composition of the workforce across all divisions. It is evident
that the sex ratio across all the divisions is skewed and very few females are in the workforce.
If we observe the high-risk divisions, we find that Division-6 and Division-9 comprises around
a quarter of women of the whole workforce. There is already very less participation of females

in the workforce and a significant portion of the females already in the workforce are exposed

to high-risk of job loss due to automation.
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Figure 37- Work force composition as per Age-group across Division
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6: Skilled Agricultural and Fishery Workers; D7- Division 7: Craft and Related Trades Workers; D8- Division 8: Plant

and Machine Operators and Assemblers; D9- Division 9: Elementary Occupations

Red box — high risk occupations. Green box — low risk occupations.

Figure 38- Work force composition as per Gender across Division

As per Figure 39, married individuals form the major portion of workforce across all divisions.
So, in the scenario of job loss of the earning member of the family, it will result in impact on
the whole household. In effect, the job loss of one individual will result in the impact on 5x

individuals®. For the average size of the household across divisions see Table 9 in Appendix.

For the distribution of the household size across all the NSSO sample households, see Figure

47 in Appendix.

8 The average size of household across the NSSO sample is around 5 individuals.
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6: Skilled Agricultural and Fishery Workers; D7- Division 7: Craft and Related Trades Workers; D8- Division 8: Plant

and Machine Operators and Assemblers; D9- Division 9: Elementary Occupations

Red box — high risk occupations. Green box — low risk occupations.

Figure 39- Work force composition as per the Marital Status across Division

6.3 Social Group

Figure 40 shows the composition of workforce as per various social groups across the divisions.
If we observe the divisions in high-risk category, i.e. Division-4, Division-6 and Division-9, we
find that workers from Scheduled Caste (SC) form a major portion of the workers in Division-
9 (Elementary Occupations). Also, the workers from Scheduled Tribe (ST) form a significant
portion of the workers in Division-6 (Skilled Agricultural and Fishery Workers). These are
comparatively low-skill requirement occupations and SC and ST form a significant portion of

these occupations. Other Backward Classes and Others are exposed to automation risks in a

similar manner.
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Red box — high risk occupations. Green box — low risk occupations.

Figure 40 - Workforce composition as per the Social Group across division

6.4 Location (Rural/Urban)

Figure 41 shows the distribution of workforce across rural and urban areas by Division. It is
evident that within the high-risk category, Division-6 (Skilled Agricultural and Forestry
Workers) and Division-9 (Elementary Occupations) workers are mostly located in rural areas.
So, it could be inferred that in the scenario of job-losses there will be more impact in the rural

areas as compared to the urban areas.

Division-4 (Clerks) workforce comprises a majority of urban workers, so there will be impact
of job-losses in urban areas as well, though not as severe as in rural areas. This is because
Division-4 employs only around 3% of the total workforce as compared to the 26% in the

Division-6 and 19% in the Division-9 (Figure 10).

For the distribution of workforce belonging to various social groups across rural and urban
areas see Figure 48 in the appendix. It is evident that SC, ST and OBC workers predominantly
belong to the rural areas. So, in the scenario of job-losses due to automation, the re-skilling

efforts will be required to focus on rural areas more than the urban areas.
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Professionals; D4- Division 4: Clerks; D5- Division 5: Service Workers and Shop & Market Sales Workers; D6- Division
6: Skilled Agricultural and Fishery Workers; D7- Division 7: Craft and Related Trades Workers; D8- Division 8: Plant

and Machine Operators and Assemblers; D9- Division 9: Elementary Occupations

Red box — high risk occupations. Green box — low risk occupations.

Figure 41- Work force from Rural/Urban areas across division

6.5 Level of Education

Figure 42 shows the education level of the workers across divisions. If we observe the
education level of workers in the high-risk category of Division-6 and Division-9, we can see
that more than three-quarters of the workforce have only secondary levels of education.
Furthermore, within this there is a significant portion of the workers who are not literate. Any
job losses due to automation in these divisions will mean a large portion of the population
will be unemployed, as retraining them to perform advanced skilled tasks will be a major

challenge.
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Note: D1- Division 1: Legislators, Senior Officials and Managers; D2- Division 2: Professionals; D3-Division 3: Associate
Professionals; D4- Division 4: Clerks; D5- Division 5: Service Workers and Shop & Market Sales Workers; D6- Division
6: Skilled Agricultural and Fishery Workers; D7- Division 7: Craft and Related Trades Workers; D8- Division 8: Plant

and Machine Operators and Assemblers; D9- Division 9: Elementary Occupations;

NL/LBNS — Not Literate/ Literate but no formal schooling; UPE- Up to Primary Education; USE- Up to Secondary
Education; UHSD- Up to Higher Secondary Education; GA- Graduate and Above

Red box — high risk occupations. Green box — low risk occupations.

Figure 42- Education Level of workforce across division

6.6 Religion

Figure 43 displays the religion practised by the workforce across various divisions. As per the
figure, a majority of the workforce is Hindu across all divisions. The individuals from both the
major religions (Hinduism and Islam) in the workforce are equally exposed to the automation

risks.
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Note: D1- Division 1: Legislators, Senior Officials and Managers; D2- Division 2: Professionals; D3-Division 3: Associate
Professionals; D4- Division 4: Clerks; D5- Division 5: Service Workers and Shop & Market Sales Workers; D6- Division
6: Skilled Agricultural and Fishery Workers; D7- Division 7: Craft and Related Trades Workers; D8- Division 8: Plant

and Machine Operators and Assemblers; D9- Division 9: Elementary Occupations;

Others — Christianity, Sikhism, Jainism, Buddhism, Zoroastrianism and all other religions

Figure 43- Work force as per the religion across division

6.7 Enterprises employing the workforce

Figure 44 summarizes the distribution of four major enterprise types across the NCO-2004
divisions. Male proprietary enterprises are the major employing enterprise for the workforce
in the high-risk category of Division-6 and Division-9. In the scenario of job-loss due to
automation, these proprietary enterprises will not be able to provide the retraining facilities
to their workers, as these are very small enterprises and do not have much available capital.
So, it will result in shut down of a majority of these enterprises and this unemployed workforce

will depend on the government to provide retraining facilities.

Another important aspect is the abundance of female proprietary enterprises in the Division-
6 (Skilled Agricultural and Forestry Workers). The female participation in the workforce is
already very low and those who are employed are in the high-risk category. So, any scenario
of job-loss due to automation will result in a higher impact on females and further bring down

their participation in the workforce.
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For Division-4 (Clerks), the government/public sector enterprises and public/private limited
companies are the major employers. So, these employers usually have the financial capacity
and the knowledge to conduct retraining programs for the workforce employed with them as

compared to other proprietorship enterprises.
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Note: D1- Division 1: Legislators, Senior Officials and Managers; D2- Division 2: Professionals; D3-Division 3: Associate

Professionals; D4- Division 4: Clerks; D5- Division 5: Service Workers and Shop & Market Sales Workers; D6- Division
6: Skilled Agricultural and Fishery Workers; D7- Division 7: Craft and Related Trades Workers; D8- Division 8: Plant

and Machine Operators and Assemblers; D9- Division 9: Elementary Occupations;

MP- Male Proprietary Enterprises; FP- Female Proprietary Enterprises; G/PS- Government/ Public Sector
Enterprises; P/PVL- Public/Private Limited Company; Others- Includes Partnership with Household Members,
Partnerships with Others, Co-Operatives/ Trusts/Non-Profits, Employers’ Households (Private Households

employing maid servants etc.) and all other enterprises

Figure 44- Work force employed in various enterprises across division

6.8 Electricity usage in the enterprises

Figure 45 displays the percentage of male and female proprietary enterprises, which use
electricity for the production of their goods and services. We considered only four enterprise
types (Male proprietary enterprises, Female proprietary enterprises, Government/Public
sector enterprises and Public/private limited companies) as more than three-fourths of the

workforce is employed in these four enterprises.
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More than three-quarter of the workforce in male and female proprietary enterprises do not
use electricity for the production of goods and services. So, in turn it makes it impossible to
automate the jobs in these enterprises in the near future. However, it could be possible that

workers in these enterprises do not use modern techniques due to limiting cost factors.

Around three-quarter of workers in the Government/Public sector enterprises also do not use
electricity for goods and services they produce. This could be the scenario due to the reason
that a major portion of the work is still done manually. However, this scenario could change
in due course, if electronics equipment such as computers, printers, etc. are introduced in the
office. Adoption of technology in Government/Public sector enterprises is likely to happen
faster than at private organisations, especially compared to those Small and Medium
Enterprises (SMEs) with limited spending capabilities. Government/Public sector enterprises
will also be able to retrain their staff in a more systematic manner in order to ensure that they

adopt to these technologies quickly.

A contrasting scenario is present in the Public/Private limited companies, where around 70%
of the workforce use electricity for the production of goods and services. This makes
automation of jobs in these enterprises possible in very short duration as compared to
male/female proprietary enterprises. However, as the workforce is familiar to working with
technology, it might be easier to retrain them on a new upgraded technology as compared to

the non-electricity enterprise-based workers.
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Figure 45- Electricity usage in the enterprises
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6.9 Workforce across High, Medium and Low-level of automation

Table 4 provides a summary of the entire workforce distributed across the occupations as per
the risk level of automation. It is evident from the table that, of the few women who are in

the workforce, majority are employed in high-risk occupations.

Around half of the total married workers are employed in high-risk occupations and any job-

loss due to automation would result in larger impact as the whole household is affected.

Schedule Caste and Schedule Tribe workers generally have access to less education options,
are based in rural areas, are from low-income families, and are the ones involved in high-risk

occupations. These groups will therefore be most impacted by job automation.

Another aspect is that, enterprises in which the workers are using electricity for the
production of goods and services are mostly in medium-risk of automation. However, the
enterprises which are in high-risk of automation, don’t use electricity for the production of

goods and services.

Table 4- Workforce across the risk category

Workforce Characteristics Level of Automation
High Medium Low
(>70%) @ (30-70%) @ (<30%)

Mean Age (in Years) 39 38 40
% of workforce at risk of
automation

Gender Male 44% 50% 6%
Female 61% 34% 5%

Never Married 44% 50% 6%

Marital Status Currently Married 48% 46% 6%
Divorced/Separated 58% 38% 3%

Hinduism 43% 50% 7%

Religion Islam 35% 59% 6%
Others 41% 52% 7%

SC 50% 46% 4%

Social Group ST 49% 46% 5%
OBC 41% 54% 5%
Others 35% 55% 10%

Location Rural 52% 43% 5%
Urban 25% 65% 10%
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Male Proprietary 22% 72% 6%

Female Proprietary 22% 72% 6%

Nature of Enterprise Govt/Public Sector 26% 58% 16%
Public/Pvt Ltd. Company 29% 57% 13%

Others 35% 57% 8%

Do workers use electricity Yes 19% 71% 10%
in the enterprise? No 26% 66% 8%

Not Literate/No Formal Schooling 70% 29% 1%

Level of Education Up to Higher Secondary 46% 51% 3%
Graduate and above 21% 53% 26%

Note: Social Group-Others include All other social groups than SC, ST and OBC; Nature of Enterprise- Others include
partnership with Household members, Partnership with others, Co-operatives/Trusts/Non-Profits, Employers’
Households (Private Households employing maids etc.) and other enterprises; Level of Education — Higher
Secondary Education is up to 11-13 years of formal education

A summary of the workforce characteristics employed within a particular risk category is also

discussed (see Table 10 in Appendix).

6.10 Workforce distribution across Indian States and Union Territories (UT)

The workforce which is exposed to the automation risk across different states/UT is displayed
in the figure. For this purpose, Human Development Index (HDI) of the states/UT is
considered. HDI is used by United Nations Development Program (UNDP) to rank countries as
per the human development. The index is calculated with the help of various indicators such
as health, education, gender, inequality, poverty etc. The HDI of India is calculated as 0.640 in

the year 2017 as per UNDP, and it ranks 130th in the world.

The states and UTs are categorised in high/medium/low human development categories as
per their HDI. The categorisation for high HDI states/UTs is similar to the UNDP classification
i.e. HDI equal to and higher than 0.70. In this study, for the classification of low HDI states/UTs,
it is considered that all the states/UTs having HDI less than the HDI of India are low HDI

states/UTs.
The list of states/UTs categorised in three categories as per the HDI is listed below.

High HDI states/UTs are Kerala, Chandigarh, Goa, Lakshadweep, Delhi, Andaman and Nicobar

Islands, Puducherry, Punjab, Himachal Pradesh, Sikkim, Tamil Nadu, Daman and Diu, Haryana
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Medium HDI states/UTs are Mizoram, Maharashtra, Manipur, Jammu and Kashmir, Karnataka,
Uttarakhand, Nagaland, Gujarat, Telangana, Dadra and Nagar Haveli, Arunachal Pradesh,

Tripura, Meghalaya, Andhra Pradesh

Low HDI states/UTs are West Bengal, Rajasthan, Assam, Chhattisgarh, Odisha, Madhya
Pradesh, Jharkhand, Uttar Pradesh, Bihar

Divisional workforce distribution across states/UTs
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Figure 46- Divisional workforce distribution across states/UTs
Note: Red box — high risk occupations. Green box — low risk occupations

Figure 46 displays that a majority of workforce employed in the high-risk occupations,
especially agriculture (Division-6) and elementary occupations (Division-9) are distributed

across the low HDI states/UTs.

Table-5 provides a summary of the workforce employed across various states/UTs as per

the automation risk of the occupations.

Table 5 — Workforce across states/UTs in high/medium/low automation risk categories

Workforce distribution as per automation risk
State & UT High Risk Div. Medium Risk Div. (30- Low Risk Div.
(>70%) 70%) (<30%)

Jammu & Kashmir 45% 48% 7%
Himachal Pradesh 63% 33% 4%
Punjab 42% 53% 5%
Chandigarh 22% 70% 8%
Uttarakhand 53% 43% 4%
Haryana 49% 43% 8%
Delhi 27% 64% 9%
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Rajasthan 58% 37% 5%
Uttar Pradesh 55% 40% 5%
Bihar 48% 48% 4%
Sikkim 56% 40% 4%
Arunachal Pradesh 68% 27% 5%
Nagaland 46% 48% 6%
Manipur 40% 51% 9%
Mizoram 52% 44% 4%
Tripura 58% 22% 20%
Meghalaya 45% 51% 4%
Assam 50% 38% 12%
West Bengal 37% 56% 7%
Jharkhand 58% 32% 10%
Orissa 42% 54% 4%
Chhattisgarh 60% 37% 3%
Madhya Pradesh 54% 43% 3%
Gujarat 46% 50% 4%
Daman & Diu 39% 54% 7%
D & N Haveli 41% 55% 4%
Maharashtra 47% 46% 7%
Andhra Pradesh 49% 46% 5%
Karnataka 46% 49% 5%
Goa 32% 58% 10%
Lakshadweep 37% 53% 10%
Kerala 35% 59% 6%
Tamil Nadu 39% 56% 5%
Pondicherry 33% 59% 8%
A & N Islands 31% 62% 7%

6.11 Workforce distribution across gender

Gender based classification of the total workers across the major divisions (Figure 47) showed
that prevalence of women is high, 29% in a high risk division, D 6 - Skilled agricultural and
fishery workers. In the other high risk occupation, D 9 - Elementary occupations women

comprise of 26%. In the low risk occupation, D2 - Professionals, women constitute 21%.
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and Machine Operators and Assemblers; D9- Division 9: Elementary Occupations

Red box — high risk occupations. Green box — low risk occupations.

Figure 47- Divisional workforce distribution across gender

6. Implications

The estimates of the extent of automation across various jobs and the resulting job-losses are

based on the premise that the advancements in computer algorithms will be used to

substitute the human capital. These estimates are done from a technological feasibility point

of view and may happen over an unspecified number of years, due to various other factors

(Frey & Osborne, 2013, p. 42).

There are implications for stakeholders in light of consequences due to possible job-losses in

the future. We discuss the possible short-term and long-term implications for policymakers,

private organisations and educational/training institutions in the subsequent paragraphs.

The highlights of the findings are:

e Out of 9 occupational divisions of NCO which are mapped, 3 divisions are in the high-risk

category. These divisions represent Clerks; Skilled agricultural and fishery workers; and
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Elementary occupations. Out of total workforce, the percentage of workers employed are
3, 26 and 19 respectively.

Occupational division of ‘Clerks’ have the highest average automation probability, 83%.
Out of 9 occupational divisions, 5 divisions are in the medium-risk category - Division 1
(Legislators, Senior Officials and Managers), Division 3 (Associate Professionals), Division
5 (Service Workers and Shop & Market Sales Workers), Division 7 (Craft and Related Trades
Workers), Division 8 (Plant and Machine Operators and Assemblers).

Lowest average automation probability is for the occupational division of ‘Professionals’,
15%.

48% of the entire workforce in the Indian economy at the high-risk of automation.

About 60% of the occupational groups have automation probability of more than 50%.
Women might bear the brunt of automation more, as 61% of the total female workforce
is at the high risk of automation compared to the 44% males.

48% currently married individuals are in the jobs with high-risk of automation. As the
average household size is five, consequences of job could be severe.

Workers from different religions are equally vulnerable to the automation consequences.
SC and ST workers at a higher risk: 50% of the total SC workforce and 49% of the total ST
workforce is at high-risk of automation compared to 41% of OBC and 35% others.

Rural workers at a higher risk with 52% of them at a high-risk of automation compared to
25% urban workers.

Workers across all the enterprises are almost equally vulnerable to the high-risk of
automation - 22% of Male proprietary enterprises, 26% of Government/Public sector
enterprises, and 29% of Public/private limited company workers at high-risk of
automation.

Around 26% of workers who are at a high-risk of automation do not use electricity at the
enterprise for the production of goods and services.

Less educated individuals, which form the majority of the Indian workforce is at very high-
risk of automation - 70% of Not Literate / No Formal schooling workers, 46% of workers
with education up to higher secondary are at high-risk of automation, compared to only

21% for the graduate and above educated.
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e A majority of workforce employed in the high-risk occupations, especially agriculture
(Division-6) and elementary occupations (Division-9) are distributed across the low HDI

states/UTs.

The priority areas for skill upgrading are those employed in the skilled agricultural and fishery
division and Elementary occupational division. Women, SC, ST and rural workers are at the
high risk of job losses when compared to others. The states with low HDI might end up having

larger numbers of workers replaced by the machines.

The study has some limitations. The data from NSSO were collected in 2012. There can be
modifications in the data due to changes in technology and economic conditions. This might
affect the estimates about the quantum of occupations under automation risk. The data is
unavailable up to the job title level. The analysis is stopped at the sub-divisional occupational
level. The findings can be too broader to effect job level initiatives. Nevertheless, this is only
study that offers a comprehensive quantitative analysis of various occupational categories in

India and offers insights on possible consequences of automation on various social groups.

7.1 Educational & Training Institutions

The estimates of future job-losses demand a change in the role of educational and training
institutions. The educational curriculum should focus on skill enhancements which follow

recent technological changes happening across sectors.

The transition from being a low-skilled workforce to a high- and medium-skilled workforce
cannot be expected in a short period of time. It will require a plethora of changes across
education and training systems that currently exist. At present, a number of educational
institutions are involved in imparting training for occupations which are low-skilled in nature.
It results in more low-skilled workers in the economy and thus overall unemployment risk
increases due to automation. These institutions will need to redesign their overall training
programs to impart skills which are more specialised as well as cognitive in nature rather than

just being manual.
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Modifications in the curriculum structure with an emphasis on the skills which are most
difficult to automate could transform the low-value occupations to high-value occupations. If
we take an example of agriculture, at present the majority of workforce in the agricultural
domain is low-skilled. However, we can find that the skill development programs focused on
agricultural techniques such as drip irrigation, organic farming, etc. have the capability to

transform this low-skilled occupation into a specialised occupation.

McKinsey also talks about utilising the automation and technological advancements to
transform the entire economic scenario and create new opportunities for higher-value
manufacturing and services. (McKinsey Global Institute, 2017, p. 106). This transformational
ability will require a talent pool in the economy which is proficient in working along with
technology to generate additional advantage. A systemic change in educational and training

institutions will be required to build up such a talent pool in the Indian economy.

7.2 Private Organisations

Private Organisations will play an important role in adapting technological advancements as
mainstream applications and solutions at reasonable costs become available. Some of these
organisations will be the early adopters of the new technologies in order to increase overall
productivity. However, the productivity advantage is not always equivalent to the cost
incurred in the implementation of the technology or the cost of the labour. In this scenario,

the reskilling of the workforce becomes a necessary investment for the organisation.

Embracing automation will enable these organisations to capture significant value. However,
it will also result in newer business models and increased competition. The organisations
which are early adopters have the ability to recognize both new opportunities and threats to
the competitiveness presented by automation. These companies will be the key to identify
new business processes and skills required to climb the learning curves faster for the individual

workers as well as entire organisations. (McKinsey Global Institute, 2017, p. 111)

Further, these organisations will need to partner with educational/training institutions for
developing the educational and training curriculum which is coherent with developments in
the industry. This will provide the private organisations with the workforce which is equipped

with the necessary skill sets required in the industry.
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7.3 Government and Policymakers

Of all the stakeholders, the most critical role is of the government and policymakers. We have
found in the study that there are certain sections of society which are more vulnerable to the
risk of job-losses due to automation as compared to others. It is the responsibility of the
government to provide proper training and retraining opportunities to all such sections of

society.

For example, the workforce in high-risk occupations such as agriculture and asocial group like
Schedule Tribe (ST) mostly belong to the rural areas. However, the training facilities for
advanced skills are not available in rural areas. So, the government will be required to step in
and make financial investments in the training and infrastructure requirements, to bridge such

gaps. It will help in minimising the impacts of automation on the economy and the workforce.

Investments in reskilling of labour as well as in the early development of automation
technologies will enable policymakers to anticipate the newer jobs created and the skills which
would be required in the future. It particularly requires coordination between government,
private organisations and the educational institutions to anticipate such changes; and the
government is best positioned to facilitate all such dialogues and the challenges which society

faces.

Technological changes in itself present an opportunity for newer business models which are
asset light in nature and government could promote such ventures. It will help in creating a
new category of jobs which are knowledge and technology-enabled and which could be
accessed by the low-skill workers with small training. For example, the Internet Saathi (Friends
of the Internet) program rolled out by Google in India, provides training to the rural women
to use the internet and provide various services to the local population. The services include
the distribution of telecom products, field agents for research agencies etc. This program aims
to provide similar training to 50,000 women who will then provide services to more than 50

million households in rural India. (McKinsey Global Institute, 2017, p. 113)

The government will also be required to redesign the social support system for workers who
will be facing job-losses due to automation, as they make a transition from one skill-set to

another. This social support system could be in the form of reskilling support or financial
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support. Some of the ideas which are widely discussed to finance these safety nets include

negative income taxes, universal basic income, etc.

Apart from all these, the required changes for educational and training institutions will not be
possible without regulatory and policy changes. Thus, the government will need to play a role

of enabler for other stakeholders as well.

7.4 Need for sectoral study of high-risk occupations

The analysis showed that three divisions are at the high risk of automation: D4-Clerks, D6-
Skilled agricultural and fishery workers and D9-Elementary occupations. D6 and D9 should be
priority for further analysis and remedial action, due to their high risk of automation and

presence of larger number of workers.
Following are the high-risk occupational sub-divisions (Table 8):

Office Clerks (41); Customer Services Clerks (42); Models, Sales Persons and Demonstrators
(52); Market Oriented Skilled Agricultural and Fishery Workers (61); Subsistence Agricultural
and Fishery Workers (62); Extraction and Building Trades Workers (71); Other Craft and
Related Trades Workers (74); Stationary Plant and Related Operators (81); Sales and Service
Elementary Occupations (91); Agricultural, Fishery and Related Labourers (92); Labourers in

Mining, Construction, Manufacturing and Transport (93).

A sectoral study of select industries should be undertaken. Data also showed that more than
half of workers are employed in the male proprietary enterprises. An analysis of informal
workers’ data by NSSO (2014) shared that two third are employed in the manufacturing,

construction, whole sale and retail trade, transportation and storage industries.

Though workers are scattered across different sectors, two are of interest for in-depth
analysis: agriculture and manufacturing. A sectoral study of these two, either independently
or together, shall provide the additional inputs for policy making. McKinsey (2017) highlights
five sets of factors that determine the automation in any sector: technical feasibility, cost of
developing and deploying solutions, labour market dynamics, economic benefits and

regulatory and social acceptance.

The sectoral study can focus on the following questions:
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e Who are the lead and auxiliary firms — domestic, multinational or public? What are the
determinants of investments?

e Whether the nature of functioning of auxiliary firms is dependent on the lead firms —
supply to competitors, need for quality certification, responsible for training and other
related components?

e What is the nature of technology used by them — use of Al driven machines, use of
electricity in the auxiliary firms and factors of technology upgradation?

e Whatis the nature of workforce employed by them —size, gender, skill level and location?

e What is the nature of products and services offered by these firms? Whether customer

demand is driving new technology-based products and services?

Findings from the sectoral study shall provide adequate insights on the automation potential,

extent of it, effect duration and required training or reskilling of workforce.

7. Conclusion

The advancements in technology have made automation of non-routine tasks feasible.
Increasing access to large datasets is making machine learning algorithms better than ever. All
of these have implications on the automation of jobs in the wider economy. In this study, we
discussed the likelihood of automation of jobs present in the Indian economy as well as the

possible socio-economic impacts caused due to any job losses caused.

The mapping of occupations in the Indian context, NCO-2004 with that of the United States,
SOC-10 occupations provided the automation probabilities for the occupations in the Indian
context. The classification of the jobs was done in high-risk, medium-risk and low-risk category
based on the probability of automation. The NSSO survey data was used to analyse the socio-
economic impacts, as the sample represents the population closely and it is also used for the

policy actions by the government.

As per the findings of the study, around 48% of the workforce in Indian economy is employed
in high-risk occupational divisions. These occupations are considered in the high-risk category

as it is expected that these will be automated sooner than other occupations in the economy.
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The study finds that a majority of the workers involved in clerical jobs, elementary occupations
like door to door salespersons, domestic help, doorkeepers etc. and, agricultural activities are
at high-risk of automation. However, another aspect is that a majority of the enterprises
employing workforce do not use electricity to produce goods or services. This makes
automation infeasible for such tasks in the current scenario, however future possibilities

cannot be ruled out.

The impact of job losses due to automation will not be only limited to the workers involved in
the occupations instead it will be multi-folds, due to the dependents in the household. The
study also finds that scheduled tribes and females are more vulnerable to the automation risks

as compared to the other sections of society.

Further it discusses the implications for the various stakeholders. Private organisations will
need to partner with educational and training institutions to impart the updated skills to the
workforce. Also, that government has the most important regulatory as well as financial role
to play in the retraining of the workforce. The study implies that low-skill workers will face
unemployment as technology advances. Since a large portion of the Indian workforce is low-
skilled, in order to avoid threats of large levels of unemployment, all stakeholders need to

work together to reduce the negative impacts of job automation.
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Appendix

Table 5- Average probability of automation across NCO Divisions and % of workforce employed.

. .. . % Avg. Prob. of % of Work Std.
Div. Division Title Automation force employed | Deviation Std. Err.

1 Legislators, Senior Officials 30.64 9.40 0.336 0.033

and Managers
2 Professionals 15.49 5.70 0.225 0.017
3 Associate Professionals 37.38 5.90 0.352 0.020
4 Clerks 82.20 2.80 0.279 0.035

Service Workers and Shop &

5 Market Sales Workers 54.59 11.60 0.342 0.037
6 Skilled Agricultural and 71.97 25.70 0.204 0.030

Fishery Workers
2 Craft and Related Trades 66.09 13.70 0.293 0.020

Workers
Plant and Machine
. . .34 .022

8 Operators and Assemblers 67.64 >-00 0.345 0.0
9 Elementary Occupations 77.28 19.50 0.218 0.028
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Table 6 - Average probability of automation across NCO-2004 Sub Divisions and % of workforce
employed

76



% of

0,
Sl_Jb Sub-Division Title % Avg. Pro_b. of workforce std. Std.
Div. Automation Dev. Err.
employed
11 Legislators and Senior Officials 11.29 0.26 0.102 0.028
12 Corporate Managers 24.45 9.01 0.316 0.049
13 General Managers 40.67 0.13 0.359 0.050
21 Physical, Mathematical and 14.08 0.72 0.186 | 0.025
Engineering Science Professionals
22 Life Science and Health 5.20 0.55 0.075 | 0.011
Professionals
23 Teaching Professionals 5.90 2.14 0.098 0.026
24 Other Professionals 25.09 2.31 0.288 0.035
31 Physical aer Englneerlpg Science 47.17 0.52 0334 0.034
Associate Professionals
32 Life Science and I-!ealth Associate 25.79 0.68 0323 0.042
Professionals
33 Teaching Associate Professionals 7.82 2.91 0.122 0.025
34 Other Associate Professionals 41.09 1.84 0.365 0.033
41 Office Clerks 82.24 2.42 0.286 0.045
42 Customer Services Clerks 75.68 0.39 0.268 0.054
51 Personal and Protective Service 4920 3.90 0.329 0.039
Workers
52 Models, Sales Persons and 80.12 771 0.291 0.075
Demonstrators
Market Oriented Skilled
. . . .032
61 Agricultural and Fishery Workers 71.60 24.74 0.208 0.03
62 Sub5|st(.ence Agricultural and 80.00 101 0.042 0.030
Fishery Workers
1 Extraction and Building Trades 7127 6.39 0.214 0.033
Workers
72 Metal, Machinery and Related 62.02 228 0.301 0.029
Trades Workers
Precision, Handicraft, Printing and
73 Related Trades Workers 67.09 0.92 0.385 0.072
24 Other Craft and Related Trades 71.85 415 0.250 0.044
Workers
81 Stationary Plant and Related 78.30 0.57 0.200 0.022
Operators
82 Machine Operators and 61.33 1.49 0400 | 0.037
Assemblers
83 Drivers and Mobile Plant 64.19 3.48 0.360 0.059
Operators
91 Sales and Serwce. Elementary 7777 3.42 0.222 0.039
Occupations
92 Agricultural, Fishery and Related 88.60 814 0.036 0.016
Labourers
Labourers in Mining,
93 Construction, Manufacturing and 74.27 7.92 0.230 0.047

Transport
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Table 7- Average probability of automation across NCO-2004 Groups and % of workforce employed

Grou Groun Title % Avg. Prob. of % of Work Stand. Stand.
P P Automation force employed | Deviation | Error
112 Admmlstratwg \‘amd Executive 5.93 0.20 0.087 0.050
Officials
113 Traditional Chlefs and Heads 1.50 001 i )
of Villages
114 | Senior Officials of Special- 14.16 0.02 0.102 | 0.034
Interest Organisations
121 Directors and Chief 8.75 8.29 0.103 | 0.073
Executives
122 Production and Operations 25,36 055 0.307 0.059
Department Managers
123 Other Department Managers 24.97 0.17 0.361 0.100
130 General Managers 40.67 0.13 0.359 0.050
211 Physicists, Chemists and 19.85 0.04 0.281 | 0.099
Related Professionals
212 Mathematicians, Statlistluans 14.84 0.01 0.092 0.029
and Related Professionals
213 Computing Professionals 14.66 0.20 0.144 0.043
214 | Architects, Engineers and 11.68 0.48 0.199 | 0.040
Related Professionals
221 Life Science Professionals 6.25 0.05 0.088 0.017
222 Health Profess!onals (except 296 043 0.045 0.012
nursing)
223 Nursing Professionals 5.78 0.07 0.062 0.027
College, University and
231 Higher Education Teaching 10.02 0.32 0.138 0.080
Professionals
232 Secondary Education 9.22 1.39 0.145 | 0.083
Teaching Professionals
233 Other Teaching Professionals 3.11 0.43 0.064 0.022
241 Business Professionals 39.77 1.56 0.326 0.068
242 Legal Professionals 28.37 0.23 0.290 0.145
Archivists, Librarians and
243 Related Information 45.17 0.02 0.334 0.167
Professionals
244 Social SC|ence‘and Related 10.59 0.04 0157 0.036
Professionals
245 Writers and Creative or 18.30 0.12 0250 | 0.063
Performing Artists
246 Religious Professionals 1.65 0.34 0.012 0.008
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Physical and Engineering

311 . - 52.54 0.26 0.322 0.055
Science Technicians
312 Computer Associate 45.50 0.08 0333 | 0.167
Professionals
313 Optical and Electronic 49.44 0.14 0314 | 0.078
Equipment Operators
cyyy || SDEICHAEEIECIRIEE 21.07 0.02 0.276 | 0.087
and Technicians
315 Safety and Quality Inspectors 48.73 0.02 0.356 0.064
Life Science Technicians and
321 Related Health Associate 42.96 0.09 0.383 0.128
Professionals
Modern Health Associate
322 Professionals (Except 24.24 0.29 0.313 0.047
Nursing)
323 sl eIl IRy 5.65 0.29 0002 | 0.002
Associate Professionals
Traditional Medicine
324 Practitioners and Faith 3.75 0.01 0.025 0.018
Healers
Middle& Primary Education
331 Teaching Associate 8.72 2.46 0.096 0.048
Professionals
Pre-Primary Education
332 Teaching Associate 7.87 0.33 0.082 0.041
Professionals
333 | >pecial Education Teaching 1.18 0.03 0.005 | 0.002
Associate Professionals
334 | OtherTeaching Associate 9.73 0.10 0.157 | 0.045
Professionals
341 Finance and Sa‘les Associate 41.46 067 0353 0.053
Professionals
342 Business Services Agents and 42.62 014 0376 0109
Trade Brokers
343 Administrative Associate 62.26 0.60 0354 | 0.074
Professionals
344 Customs, Tax and Related 24.74 0.08 0336 | 0.127
Govt. Associate Professionals
345 Police Inspectors and 53.80 0.21 0370 | 0.131
Detectives
346 Social Work‘Assouate 13.00 0.02 i )
Professionals
Artistic, Entertainment and
347 Sports Associate 23.29 0.08 0.309 0.059
Professionals
a11 | Secretariesand Key Board- 60.80 0.32 0.444 | 0.128
Operating Clerks
412 Numerical Clerks 97.00 0.56 0.021 0.007
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Material Recording and

413 Transport Clerks 85.75 0.14 0.149 0.075
oy || IR LN ERE HERIER 86.80 0.12 0100 | 0.032
Clerks
419 Other Office Clerks 95.20 1.29 0.033 0.015
a1 Cashiers, Tellers and Related 7511 0.28 0.275 0.067
Clerks
422 Client Information Clerks 76.87 0.11 0.272 0.096
Travel Attendants, Guides
511 and Related Workers 36.59 0.23 0.354 0.112
House Keeping and
>12 Restaurant Services Workers 74.23 1.05 0.268 0.074
513 Personal Care and Related 5186 0.98 0.251 0.056
Workers
514 Other Personal Services 40.07 0.72 0365 | 0.101
Workers
516 Protective Services Workers 40.27 0.87 0.336 0.087
521 Fashion and Other Models 98.00 0.01 - -
522 Shop Salespersons and 73.09 6.94 0338 | 0.107
Demonstrators
523 | Stall and Market Salespersons 93.25 0.76 0.022 0.011
11 | MarketGardeners & Crop 66.66 22.85 0.160 | 0.065
Growers
Market —Oriented Animal
612 Producers and Related 73.05 1.13 0.242 0.059
Workers
g13 | Market-Oriented Crop and 76.00 0.26 0269 | 0.190
Animal Producers
614 | Forestry and Related Workers 77.25 0.19 0.152 0.054
615 Fishery Workers, Hunters and 66.70 031 0.222 0.070
Trappers
620 SubS|stfence Agricultural and 80.00 1.01 0.042 0.030
Fishery Workers
711 Nillels, SIneisilicl, S 65.81 0.22 0252 | 0.076
Cutters and Carvers
712 Building Frame and Related 74.90 275 0.467 0141
Trades Workers
Building Finishers and
713 Related Trades Workers 69.64 0.79 0.214 0.057
Painters, Building Structure
714 Cleaners and Related Trades 77.42 3.13 0.146 0.055
Workers
Metal Moulders, Welders,
721 SR ICEL Wl Sl 72.66 0.52 0234 | 0.068
Structural Metal Prepares
and Related Trades Workers
222 Blacksmiths, Tool Makers and 8353 0.27 0.154 0.040

Related Trades Workers
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Machinery Mechanics and

723 . 57.22 0.89 0.325 0.066
Fitters
Electrical and Electronic
724 Equipment Mechanics and 56.03 0.61 0.305 0.041
Fitters
Precision Workers in Metal
731 and Related Materials 55.19 0.30 0.450 0.142
Potters, Glass Makers and
732 Related Trades Workers 80.33 0.28 0.326 0.115
Handicraft Workers in Wood,
733 Textile, Leather and Related 52.00 0.24 - -
Materials
734 Printing and Related Trades 69.90 0.10 0376 0.119
Workers
241 Food Processing and Related 74.63 1.10 0.209 0.063
Trades Workers
Wood Treaters, Cabinet
742 Makers and Related Trades 85.00 0.43 0.214 0.081
Workers
743 Textile, Garment and Related 65.87 548 0.288 0.083
Trades Workers
Pelt, Leather and Shoe
744 Making Trades Workers 46.50 0.14 0.078 0.055
811 Mining and Mineral 69.86 0.10 0223 | 0.058
Processing Plant Operators
812 Metal Processing Plant 88.00 0.11 0.028 | 0.006
Operators
813 Glass, Ceramics and Related 85.50 0.08 0.029 0.014
Plant Operators
Wood Processing and Paper
814 Making Plant Operators 52.66 0.08 0.289 0.167
815 Chemical- Processing- Plant 8438 0.08 0.063 0.012
Operators
Power Production and
. . 134 .
816 Related Plant Operators 81.42 0.13 0.13 0.050
Automated Assembly Line
817 and Industrial Robot 18.80 - 0.199 0.099
Operators
821 Metal and. Mineral Products 78.63 019 0.263 0.076
Machine Operators
822 Chemical Products Machine 60.06 0.09 0412 0.103
Operators
823 Rubber aqd Plastic Products 76.63 012 0338 0.094
Machine Operators
824 Wood Product Machine 57.65 0.02 0466 | 0.233
Operators
g25 | Printing, Binding and Paper 49.25 0.08 0.456 | 0.172

Products Machine Operators
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Textiles, Fur and Leather

. . 451 12
826 Products Machine Operators 41.09 0.38 0.45 0.125
gg7 | Foodand Related Products 51.86 0.37 038 | 0.074
Machine Operators
828 Assemblers 65.88 0.06 0.424 0.093
g2g | OtherMachine Operators 80.80 0.19 0351 | 0.133
and Assemblers
Locomotive Engine Drivers
831 and Related Workers 63.86 0.08 0.387 0.129
832 Motor Vehicle Drivers 54.43 3.13 0.401 0.111
833 Agricultural and Other Mobile 72.90 021 0325 0.090
Plant Operators
Ships’ Deck Crews and
834 Related Workers 72.50 0.06 0.148 0.105
911 Street Vendors and Related 95.25 0.84 0.025 0.013
Workers
Domestic and Related
913 Helpers, Cleaners and 70.00 1.26 0.176 0.072
Launderers
914 Building Caretakers, Window 62.00 0.05 0233 0.134
and Related Cleaners
Messengers Porters, Door
2 7 147 .042
915 Keepers and Related Workers 86.25 0.70 0 0.0
916 SEILELLCRIEEIBENE 66.70 0.54 0322 | 0.122
Related Labourers
920 Agricultural, Fishery and 88.60 8.14 0.036 | 0.016
Related Labourers
931 Mining and Construction 77.30 5.67 0.181 | 0.057
Labourers
932 Manufacturing Labourers 78.88 1.06 0.188 0.063
933 VTS EL NN Chle 59.92 1.20 0357 | 0.160

Freight Handlers
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Table 8 - Classification of NCO-2004 Division, Sub Division and Groups in low, medium and high-risk
category

Risk Category Title (Code)
Division Professionals (2)
Sub- Legislators and Senior Officials (11); Corporate Managers (12);

Division Physical, Mathematical and Engineering Science Professionals (21);
Life Science and Health Professionals (22); Teaching Professionals
(23); Other Professionals (24); Life Science and Health Associate
Professionals (32); Teaching Associate Professionals (33)

Group Administrative and Executive Officials (112); Directors and Chief
Executives (121); Traditional Chiefs and Heads of Villages (113);

Senior Officials of Special- Interest Organisations (114); Production

and Operations Department Managers (122); Other Department

Managers (123); Physicists, Chemists and Related Professionals (211);
Mathematicians, Statisticians and Related Professionals (212);
Computing Professionals (213); Architects, Engineers and Related
Professionals (214); Life Science Professionals (221); Health

Low Risk Professionals (except nursing) (222); Nursing Professionals (223);
(Automation College, University and Higher Education Teaching Professionals
Prob: 0-30%) (231); Secondary Education Teaching Professionals (232); Other

Teaching Professionals (233); Legal Professionals (242); Social Science
and Related Professionals (244); Writers and Creative or Performing
Artists (245); Religious Professionals (246); Ship and Aircraft
Controllers and Technicians (314); Modern Health Associate
Professionals (Except Nursing) (322); Nursing and Midwifery
Associate Professionals (323); Traditional Medicine Practitioners and
Faith Healers (324); Middle& Primary Education Teaching Associate
Professionals (331); Pre-Primary Education Teaching Associate
Professionals (332); Special Education Teaching Associate
Professionals (333); Other Teaching Associate Professionals (334);
Customs, Tax and Related Govt. Associate Professionals (344); Social
Work Associate Professionals (346); Artistic, Entertainment and
Sports Associate Professionals (347); Automated Assembly Line and
Industrial Robot Operators (817)
Division | Legislators, Senior Officials and Managers (1); Associate Professionals
(3); Service Workers and Shop & Market Sales Workers (5); Craft and
Related Trades Workers (7); Plant and Machine Operators and
Assemblers (8)
Sub- General Managers (13); Physical and Engineering Science Associate
Division Professionals (31); Other Associate Professionals (34); Personal and
Protective Service Workers (51); Metal, Machinery and Related

Medium Risk Trades Workers (72); Precision, Handicraft, Printing and Related
(Automation Trades Workers (73); Machine Operators and Assemblers (82);
Prob: 30-70%) Drivers and Mobile Plant Operators (83)
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Group

Division

Sub-
Division
High-Risk
(Automation
Prob: 70-100%)

General Managers (130); Business Professionals (241); Archivists,
Librarians and Related Information Professionals (243); Physical and
Engineering Science Technicians (311); Computer Associate
Professionals (312); Optical and Electronic Equipment Operators
(313); Safety and Quality Inspectors (315); Life Science Technicians
and Related Health Associate Professionals (321); Finance and Sales
Associate Professionals (341); Business Services Agents and Trade
Brokers (342); Administrative Associate Professionals (343); Police
Inspectors and Detectives (345); Secretaries and Key Board-
Operating Clerks (411); Travel Attendants, Guides and Related
Workers (511); Personal Care and Related Workers (513); Other
Personal Services Workers (514); Protective Services Workers (516);
Market Gardeners & Crop Growers (611); Fishery Workers, Hunters
and Trappers (615); Miners, Shotfirers, Stone Cutters and Carvers
(711); Building Finishers and Related Trades Workers (713);
Machinery Mechanics and Fitters (723); Electrical and Electronic
Equipment Mechanics and Fitters (724); Precision Workers in Metal
and Related Materials (731); Handicraft Workers in Wood, Textile,
Leather and Related Materials (733); Printing and Related Trades
Workers (734); Textile, Garment and Related Trades Workers (743);
Pelt, Leather and Shoe Making Trades Workers (744); Mining and
Mineral Processing Plant Operators (811); Wood Processing and
Paper Making Plant Operators (814); Chemical Products Machine
Operators (822); Wood Product Machine Operators (824); Printing,
Binding and Paper Products Machine Operators (825); Textiles, Fur
and Leather Products Machine Operators (826); Food and Related
Products Machine Operators (827); Assemblers (828); Locomotive
Engine Drivers and Related Workers (831); Motor Vehicle Drivers
(832); Domestic and Related Helpers, Cleaners and Launderers (913);
Building Caretakers, Window and Related Cleaners (914); Garbage
Collectors and Related Labourers (916); Transport Labourers and
Freight Handlers (933)

Clerks (4); Skilled Agricultural and Fishery Workers (6); Elementary
Occupations (9)

Office Clerks (41); Customer Services Clerks (42); Models, Sales
Persons and Demonstrators (52); Market Oriented Skilled Agricultural
and Fishery Workers (61); Subsistence Agricultural and Fishery
Workers (62); Extraction and Building Trades Workers (71); Other
Craft and Related Trades Workers (74); Stationary Plant and Related
Operators (81); Sales and Service Elementary Occupations (91);
Agricultural, Fishery and Related Labourers (92); Labourers in Mining,
Construction, Manufacturing and Transport (93)
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Subsistence Agricultural and Fishery Workers (620); Numerical Clerks
(412); Material Recording and Transport Clerks (413); Library, Mail
and Related Clerks (414); Other Office Clerks (419); Cashiers, Tellers
and Related Clerks (421); Client Information Clerks (422); House
Keeping and Restaurant Services Workers (512); Fashion and Other
Models (521); Shop Salespersons and Demonstrators (522); Stall and
Market Salespersons (523); Market —Oriented Animal Producers and
Related Workers (612); Market- Oriented Crop and Animal Producers
(613); Forestry and Related Workers (614); Building Frame and
Related Trades Workers (712); Painters, Building Structure Cleaners
and Related Trades Workers (714); Metal Moulders, Welders, Sheet
Metal Workers, Structural Metal Prepares and Related Trades
Workers (721); Blacksmiths, Tool Makers and Related Trades Workers
(722); Potters, Glass Makers and Related Trades Workers (732); Food
Processing and Related Trades Workers (741); Wood Treaters,
Cabinet Makers and Related Trades Workers (742); Metal Processing
Plant Operators (812); Glass, Ceramics and Related Plant Operators
(813); Chemical- Processing- Plant Operators (815); Power Production
and Related Plant Operators (816); Metal and Mineral Products
Machine Operators (821); Rubber and Plastic Products Machine
Operators (823); Other Machine Operators and Assemblers (829);
Agricultural and Other Mobile Plant Operators (833); Ships’ Deck
Crews and Related Workers (834); Street Vendors and Related
Workers (911); Messengers Porters, Door Keepers and Related
Workers (915); Agricultural, Fishery and Related Labourers (920);
Mining and Construction Labourers (931); Manufacturing Labourers
(932)

Group

Note: Numbers in the brackets represent the code for the occupations

Figure 46- NCO 2004 Family as per the automation probability and risk

100% = 362 Family
100% About 60% of NCO
Occupation Families have
automation probability >50%
83%
78%
73%
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22%
8%
| ~
>0 >10 >20 >30 >40 >50 >60 >70 >80 >90 100
Automation Probability of NCO Family, %
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Table 9- Average Household Size across divisions

Division Average Household Size (No. of Members)
Division 1 5
Division 2
Division 3
Division 4
Division 5
Division 6
Division 7
Division 8
Division 9

B O R RO, RO, IO, [ S I S S

Figure 47- Size of the Household (Number of members) across NSSO survey

1 Member
2 Members
» 3 Members
» 4 Members
= 5 Members
= 6 Members

= More than 6 Members

Figure 48- Social Group of the Rural and Urban Workers

Others 51%

OBC 4%

Social Group

w
(g}

35%

ST 27%
Work force Composition

M Rural = Urban

Note: ST- Scheduled Tribe; SC- Scheduled Caste; OBC- Other Backward Class; Others - All the other social groups
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Table 10- Summary of workforce characteristics across High, Medium and Low-level of automation

Level of Automation

27% Female

16% Female

Workforce High Medium Low
Mean Age 39 Years 38 Years 40 Years
Gender 73% Male 84% Male 79% Male

21% Female

Marital Status

78% Married
16% Unmarried
6% Divorced/Separated

78% Married
18% Unmarried
4% Divorced/Separated

80% Married
17% Unmarried
3% Divorced/Separated

6% Graduate & Above

78% Hindu 74% Hindu 77% Hindu
Religion 11% Muslims 15% Muslims 11% Muslims
11% Others 11% Others 12% Others
16% ST 12% ST 11% ST
Social Group 19% SC 14% SC 9% SC
39% OBC 41% OBC 31% OBC
27% Others 34% Others 49% Others
Location 76% Rural 49% Rural 42% Rural
(Rural/Urban) 24% Urban 51% Urban 58% Urban
53% Male Proprietary 64% Male Proprietary 42% Male Proprietary
5% Female Proprietary 6% Female Proprietary 3% Female Proprietary
Nature of 20% Govt/Public Sector 16% Govt/Public Sector 34% Govt/Public Sector
Enterprise 7% Public/Private Ltd Co. 5% Public/Private Ltd Co. 9% Public/Private Ltd Co.
15% Others 9% Others 11% Others
31% Not Literate/No Formal 13% Not Literate/No Formal 6% Not Literate/No Formal
Level of Education Education Education
Education 63% Up to Higher Secondary 72% Up to Higher Secondary 15% Up to Higher
15% Graduate & Above Secondary

62% Graduate & Above

Note: Social Group — Others include All other social groups than SC, ST and OBC;

Nature of Enterprise- Others include partnership with Household members, Partnership with others, Co-

operatives/Trusts/Non-Profits, Employers’ Households (Private Households employing maids etc.) and other enterprises;

Level of Education — Higher Secondary Education is up to 11-13 years of formal education
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