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From the Chief Editor’s Desk

Concerns about additional COVID-19 variants, border clashes, rising
infation, supply-chain disruptions, and unsustainable debt in developing
nations make the present global economic recovery fragile. Climate
change, whose effects are already being felt worldwide and are
contributing to hunger, poverty, and instability, will only make these
conditions worse. With fears of recession in 2023, the International
Monetary Fund's (IMF's) latest World Economic Outlook 2022 has revised
down the expected GDP growth of almost all major countries in 2022 and
2023.

As India formally took overthe G20’s presidency, which also marks the start

of "Amritkaal," the 25-year period beginning from the 75th anniversary of its
independence on 15" August 2022 and leading up to the centennial of its independence, there
are opportunities, responsibilities, and challenges for India. In this context, the Orst piece of thisissue
of AF-TAB, G20 Macro-economy scenario, explores the GDP growth outlook, indation, and Oscal
dellcit amongst G20. The article also provides recommendations on how India can manage
indation with growth. Innovations and investments in Research & Development (R&D) are key
drivers to promote competitiveness and economic growth. Many countries reserve portion of their
national budget to R&D. According to the UNESCO S&T Statistics, the total investment on R&D in
the world during 2018 was of the order of 2.2 trillion current PPP$, of which roughly 36 percent
(amongst G20) comes from the US with an overall Research Intensity of 2.84 percent. Itis this large
expenditure on R&D along with a culture of innovation that gives technological prowess to US,
makes it economy competitive and drivesits growth. Today, USis the largest economy with highest
per capitaincome amongst G20, and itis this that has made it the real Vishwaguru since world war
l. India needsto note thisif it aspires to be a Vishwaguru by 2047.

The World Health Organization (WHO) has recognized air pollution as the single biggest
environmental threat to human health and estimated seven million premature deaths due to this.
As per updated WHO guidelines (2021), annual average concentrations of PM,, should not
exceed 5 pg/m’, while 24-hour average exposures should not exceed 15 pg/m?’ for more than 3 -4
days peryear. In this context, the third piece of thisissue evaluates the preparedness of the country
with respect to its air quality. Global greenhouse gas (GHG) emissions are predicted to rise by
about 14 percent over the next ten years, based on current national commitments. The Long-Term
Low Emission Development Strategy (LT-LEDS) submitted by India at COP 27 focuses on rational
utilization of national resources with optimum energy mix. Agriculture, one of the main causes of
climate change, isresponsible for 14 percent of India's GHG emissions. Animal husbandry and rice
production account for 80 percent of the agricultural GHG and more than 95 percent of the
agricultural methane. In the fourth article of this issue, recommendations are made to minimise
carbon footprints without sacrillcing food security based on estimates of state-level GHG emissions
from these two sectors. Researchers are investigating the potential of nanotechnology as a
unigue source of signilcant breakthroughs for the agriculture sector in response to the present
concerns of sustainability, food security, and global climate change. The advantages, possibilities,
and diflculties of nanofertilizers are covered under innovation Kiosk.

Now the podium is set for India to leverage its G20 presidency and work towards sustainable
growth while ensuring food and nutritional security for all on the global canvas. Let that be our
resolve for 2023!

Ashok Gulati
Distinguished Professor
ICRIER
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G20 Macroeconomic Scenario:
Managing Inflation with Growth

A

Manish Kumar Prasad and Ashok Gulati

As India formally took over the G20 presidency,
there is a need to analyse the macroeconomic
outlook for 2023 of G20 partner countries that
account for about 86.2 percent of the global GDP,
75 percent of international trade, and over 60
percent of the global population in 2021. It is
imperative to deliver a growth-inclusive policy
framework, tame inflation especially food inflation,
maintain international economic cooperation and
ensure overall financial stability. The massive
stimulus that was injected in almost all G20 nations
to steer away from the possibility of an economic
downturn during the COVID-19 pandemic has
resulted in excess liquidity causing inflationary
pressures. Moreover, the Russia-Ukraine conflict
disrupting the global supply chain and climate
change in the form of intense heat waves, floods
and droughts, led to a steep increase in food prices
in several countries like Turkey, Argentina, Germany,
UK and US. The Central bankers of the G20 have
been using monetary policy tools to curb
inflationary pressures but their job is not yet over. The
year 2023 is expected to show results of the G20
members' collective wisdom in taming inflation
while protecting growth.

GDP Growth Outlook for 2023

With fears of recession speculated for the year 2023,
the International Monetary Fund's (IMF's) latest
World Economic Outlook (IMF WEO, 2022) has
revised down the expected GDP growth of almost
allmajor countriesin 2022 and 2023. Global growth is
expected to slow down from 6 percentin 2021 to just
3.2 percent in 2022 and 2.7 percent in 2023.
Advanced economies are likely to see even lower
growth at only 2.4 percent and 1.1 percent in 2022

and 2023 respectively. In contrast, India's GDP
growth forecast by IMF stood at 6.8 percent in 2022
and 6.1 percent in 2023, which is the highest
amongst the G20. Whereas, China's growth has
been downgraded to 3.2 percent in 2022 (the
lowest growth in more than four decades, excluding
the initial COVID-19 crisis in 2020). The latest COVID-
19 outbreaks and lockdowns in multiple localities, as
well as the worsening property market crisis, have
held back economic activity in China, though
growth is expected to rise to 4.4 percent in 2023.
Likewise, the growth outlook in US and UK is hovering
at 0.3 and 1.0 percent respectively, which is majorly
driven by global spillovers, high inflation and
aggressive monetary tightening.

Inflation Scenario

Specifically, in context of inflation, food prices in
Turkey and Argentina are surging at 103 percent
and 92.4 percent, respectively. Thus, there is a need
to control social unrest in these countries where the
life-long savings of the people are being eroded
with such high rates of inflation. Similarly, food
inflation at 21.1 percent in Germany is an
unprecedented phenomenon in decades. India is
in a much better position with 4.7 percent food
inflation with the worst phase already behind us.
Although India's CPI inflation was higher than the
upper end of RBI's tolerance band of 4+/-2 percent
for three successive quarters and then has
eventually fallen to 5.88 percent, so far better than
US (7.1 percent), Euro area (10.1 percent), UK (10.7
percent), and certainly much better than Turkey
(84.4 percent) and Argentina (92.4 percent), who
are also members of G20.

\ /&
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Figure 1: Inflation, food inflation and GDP growth in G20 countries
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On the domestic inflation front, CPI inflation for
November 2022 was at 5.88 percent, majorly driven
by food, fuel & energy prices (MOSPI, 2022). The
food and beverage plus fuel and light group
contributed about 52 percent to overall CPI
inflation. Amongst food items, cereals had the
highest contribution of 18.9 percent followed by milk
and products with 8.76 percent and spices with 8.44
percent to CPI inflation. In cereals, rice and wheat
registered high inflation of 10.5 percent and 19.7
percent, respectively, and together contributed
16.1 percent to overall CPI inflation. The
depreciating rupee is likely to put further pressure on
Indian inflation and RBI has already spent more than
100 billion dollars of foreign exchange reservessince
October 2021 to save the Indian rupee from a
sudden and precipitousfall.

The current tightening policy stance adopted to
tame burgeoning inflation is also affecting the
economy through currency depreciation brought
in by a surging US dollar, resulting in capital outflows

and leading to reserve losses. This is not only
widening the current account deficit but also
injecting imported inflation into the domestic
economy, worsening the inflationary situation and
macro management of the fiscal deficit. For
instance, between July 2021 and November 2022,
the Indian rupee depreciated by 10.8 percent with
respect to the US dollar (World Bank, 2022). A faster
depreciation of currency inevitably puts higher
pressure on domestic inflation, which in turn may not
work favourably for overall growth.

RBI needs to collaborate with the Ministry of
Finance, and other relevant ministries to manage
inflation and growth (Gulati & Prasad, 2022). It is like
playing an orchestra with various policy tools to
create a symphony. But delivering a respectable
policy framework is the art of knowing which policy
instrument at which time and at what amount to be
used, and it needs to be fleshed out clearly for other
countries to follow.
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Figure 2: Fiscal deficit 2022 and Fiscal stimulus 2020 of major G20 countries
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Fiscal Deficit Outlook

While India's GDP growth prospects are the brightest
and inflation is manageable, its fiscal deficitis at 9.9
percent (Centre and states combined) in 2022
which is the highest amongst all G20 countries, and
is predicted by IMF to remain at 9.02 percent in
2023(Figure 2). This does not indicate sound macro-
economic management which is the objective of
the Fiscal Responsibility and Budget Management

Act of 2003 (FRBMA), that envisage keeping the
fiscal deficit within 3 percent of the GDP, but has
remained out of gear for almost all governments
since 2003. If the Ministry of Finance can bring down
the fiscal deficit of the Centre in a calibrated
manner somewhere between 3 to 4 percent in the
next year or two, without risking growth, that would
be a well-organized macroeconomic
management. This can be achieved if efficiency in
public expenditure iskept at a high priority.
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Figure 3: General govt. debt to GDP ratio of G20 countries in 2022
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In order to attain social welfare objectives, the
Government of India understands the importance
of targeted subsidies to the most vulnerable which
acts as a fiscal stimulus in the economy. The
Pradhan Mantri Garib Kalyan Anna Yojna
(PMGKAY) started in April 2020 and has cost the
government nearly $47 billion and this is going to
endin December 2022. Now, the PMGKAY hasbeen
merged with the National Food Security Act (NFSA).
With Prime Minister’s decision to provide food
security to the poor (at no cost) covering about
81.35 crore people, the Union government will bear
the entire cost of Rs 2 lakh crore for the next 12
months (PIB(A), 2022). Such fiscal stimulus should not
be misused as bribes to win elections, this revadi
(doles) culture should be discouraged. These kinds
of stimulus further increase India's debt-to-GDP ratio
which is projected to be 83.4 percent in 2022 (Figure
3), and needs to be tamed. If adequate measures
are taken in these aspects, public expenditures of
the Centre and the states would become frugal
and efficient, resulting in a more growth-oriented
economy.

Furthermore, a ray of hope can be seen on the
revenue front as the government's gross tax
revenues have remained resilient, with a growth of
37.1 percent during April-August 2022, mainly driven
by direct tax and GST collections. Monthly GST
collections (Centre plus states) remained above Rs
1.4 lakh crore for 10 straight months in a row;
benefiting from improved domestic economic
activity (PIB(B), 2023).

Recommendations:

Amongst the policy paths available to the
policymakers, a contractionary monetary policy
could be used to squeeze out the excess liquidity
from the economy and control inflation.
Meanwhile, to maintain consistent economic
growth, the government should aim to meet its
targeted fiscal deficit range, and also prune revadi
culture. To increase growth, the policymakers have
to work on fiscal policy and watch what is
happening to the Rupee valuation. Further, to
tackle troubles coming from food inflation, the
government needs to build an efficient supply
chain andinvestin infrastructure for building storage
capacity and also invest in agriculture Research &
Development (R&D) for climate-resilient farming.
Thus, calibration and navigating through the
complexities of monetary policy, fiscal policy,

/A
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exchange rate management, and trade policies
are needed to cater to the economic problem at
hand. If India can do that in a professional and
pragmatic manner, then India can surely lead G20
to a much more sustainable finance track as well as
the Sherpatrack!
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How to become a
Global Leader’

A

Ashok Gulati and Purvi Thangaraj

Economic growth is driven by innovation. But what
drives innovation? At the heart of it, Research and
Development (R&D) activities enable scientists and
researchers to create new knowledge, techniques,
and technologies. Technological advancements
can enhance productivity, enabling economies to
create more with the same or fewer resources. As
productivity grows, so does the economy.
Innovation is now widely recognised as an
economic growth engine in developing and
developed countries. Reliable indicators are
required to benchmark and evaluate progress
while developing an effective innovation policy.
With India's G20 presidency, the moment is ripe to
showcase ways to improve and grow the economy
in a sustainable mannerin this changing climate.

As part of the Sustainable Development Goals
(SDGs) Agenda 2030, countries have pledged to
"build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation".
In particular, SDG Target 9.5 calls upon nations to
encourage innovation and substantially increase
the numbers of researchers, as well as public and
private spending on R&D. United Nations
Educational, Scientific, and Cultural Organization'’s
Institute for Statistics (UNESCO-UIS), is monitoring
progress globally towards this key SDG target. R&D is
critical to a country's economic progress. It is a
crucial component of technological assimilation
and adaptation. Reliable R&D statistics from many
settings are necessary to assess requirements and
progress at the national and international levels.
Policymakers are better positioned to plan and
manage national R&D operations when they have
access to accurate financial and human resources
information.

To evaluate a country's commitment to R&D, Gross
Domestic Expenditure on R&D (GERD) is the
recommended aggregate for R&D expenditure. It
consists of the total expenditure of the four
performing sectors (i.e., higher education,
government, business enterprise and not-for-profit).
For international comparisons, R&D expenditure as
a proportion of GDP (Research Intensity) isseen as a
reliable indicator. Even though evaluating spending
in PPP terms is a valid way to gauge economic well-
being, when it comes to highly sophisticated R&D
operations, it all comes down to hard currency in US
dollars. For our analysis, we have converted GERD in
current PPP$ as reported by UNESCO-UIS to current
dollar.

The G20 countries accounted for 90.6 percent of
the worldwide GERD (current, PPP$) in 2018,
according to the most recent report from UNESCO-
UIS. Research Intensity (RI), which measures R&D
spending as a proportion of GDP, grew
progressively from 1.4 percentin 1998 to 1.7 percent
in 2018, while global R&D spending has hit a record
high of nearly 2.2 trillion current PPP$ in 2018. The
relative share, however, came from the global
leaders, United States (35.79 percent), the
European Union (19.88 percent) and China (18.3
percent) (Figure 1). The G20 are leaders in every
aspect, representing 86.2 percent of the world's
GDP and more than 60 percent of the world's
population in 2021. By investing US $581.6 billion in
R&D in 2018, the United States led the G20, followed
by the European Union (US $323 billion) and China
(US $297.3 billion). With a small R&D budget of about
US $17.6 billion in 2018 and relative share of just 1.08
percentin the G20, Indiais far behind (Figure 1).

A part of this article is already published as 'An engine for growth' by Ashok Gulati and Purvi Thangaraj in Indian Express on 26th

December2022.
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Figure 1. Percentage share of G20 countries in GERD (current $), 2018
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Source: UNESCO-UIS, 2022.

Note: Other G20 countries include Tirkiye, Saudi Arabia, Mexico, South Africa, Argendna, and Indonesia. They are clubbed together as all their individual shares are below 1 percent.

Though the absolute expenditures provide a sense
of scale, their RI's paint a different picture. The latest
data available to calculate Rl reveals South Korea
has the highest Rl at 4.43 percent, followed by
Japan (3.21 percent), Germany (3.09 percent), USA

(2.83 percent), France (2.19 percent), China (2.14
percent) and EU (2.02 percent). With a Rl of only 0.65
percent, India is placed 17th among the G20
countries (Figure 2).
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Note: UIS does not report values for the EU as a whole, and thus figures represented here are calculated by aggregaling EU-27.
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However, many non-G20 nations have a greater RI
than even their G20 peers despite spending
relatively much lesser on R&D in absolute terms.
Israel is one of these non-G20 nations and has the
highest Rl of almost 5 percent with just $18.6 billion in
R&D spending, a population of 9.3 billion, and a per
capitaincome of about $51,430. It makes sense that
Israel is famed for its breakthroughs in both
agriculture and military. Israel's economy and
competitiveness are primarily driven by its
innovation system. Incubators, strong science-
industry linkages, venture capital, high-quality

—— N\

university education, and other essential framework
conditions forinnovation have all been provided by
the government, which has also played a significant
role in supporting innovation, notably in small &
medium enterprises (SMEs). Israel makes a
compelling argument for how, despite its modest
size, sustainable growth can be accomplished by
prioritizing R&D expenditures. Other notable non-
G20 nations have far higher RI’s, namely Sweden
(3.33 percent) and Switzerland (3.27 percent),
despite having absolute expenditures of only $18.5
billion and $24.1 billion respectively (Figure 3).

Figure 3. R&D Intensity of Top 20 countries, 2018
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Source: Calculated from the latest figures available from UNESCO-UIS, 2022; World Bank.

Note: UIS does not report values for the EU as a whole, and thus figures represented here are calculated by aggregalng EU-27.

Innovation is widely acknowledged as a driver of
competitiveness and growth of the economy. With
the addition to the old slogan, 'Jai jawan, Jai Kisan,
Jai Vigyan, to include Jai Anusandhan (research
and innovation), the current path of the country
seems to be in the right direction. However, the
foundation on which this is all built seems to be
lacking for India, in terms of how much India
actually spends on R&D, both in absolute terms as
well as percentage of its GDP, in relation to other
G20 countries. Therefore, the message is quite clear:
India still has a long way to go before realising its
goal of becoming a Vishwaguru. The only way to do
this, it seems, is to divert the vast sums it currently
spends on different subsidies-the "revadi culture"-for
food, fertiliser, PM Kisan, free electricity, and even
Production Linked Incentive (PLI) for industry, and
instead boost those spending on research and
innovations.

By setting up the Atal Innovation Mission (AIM), in
2016, the government is working towards creating
an ecosystem to promote innovation and
entrepreneurship in the country, through start-ups,
etc., among others. Startups serve as engines for
economic growth and development. They provide
venues and instruments to encourage cross-border
collaboration and innovation and to help
economies achieve SDG targets. Under India's G20
Presidency, the Startup20 Engagement Group has
been proposed for the first time, recognizing the
importance of startups in generating innovation
that adapts to a rapidly evolving global landscape.
Additionally, in the Science20 Engagement Group,
with the theme "Disruptive Science for Innovative
and Sustainable Development", focusing on
Universal Holistic Health: Cure and Prevention of
Disease; Clean Energy for a Greener Future; and
Connecting Science to Society and Culture, India is

13 A\



further emphasising on the importance and need
for innovations in all sectors of the economy. It will
be fascinating to see how India can use this to
promote global development. However, just
creating an ecosystem is not going to be sufficient
as a key factor for private sector involvement will
increase only when their Intellectual Property Rights
are safeguarded. This would be the next step for
attracting more R&D investments.

One thing is certain: India urgently needs inventions
that can protectits fundamental environment-land,
water, and air-in addition to technical progress and

/A
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genius in a variety of fields, from industry to
agriculture to military. India has demonstrated its
leadership in the IT and digital industries on a global
scale; if it can achieve comparable breakthroughs
in other industries, it will realise its vision of
Vishwaguru and confidently usherin the Amrit Kaal.

References:
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Air for Growth

A

Purvi Thangaraj and Ashok Gulati

India formally took over the G20 presidency at a
time when the world faces many global crises. The
Group of Twenty (G20), which represents over 60
percent of the world's population and accounts for
86.2 percent of global GDP and over 75 percent of
global trade in 2021, convenes to discuss global
architecture and governance of major
international economic issues, including the
environment, climate change, sustainable
development, and agriculture. 'Vasudhaiva
Kutumbakam' - 'One Earth, One Family, One Future'
- India's G20 mantra, highlights LiIFE (Lifestyle for
Environment), with its associated ecologically
sustainable and responsible choices, both at the
individual lifestyle and national development levels,
leading to globally transformational activities that
resultin a cleaner and greener future.

The presidency functions through various
workstreams divided into the Finance Track, Sherpa
Track and Engagement Groups. These working
groups promote information sharing and
collaboration on a variety of global concerns,
including food security, nutrition, antimicrobial
resistance, food waste and loss, sustainability, and
resilient and inclusive food value chains. It also
places an emphasis on environmental and climatic
challenges, such as resource efficiency, circular
economy, ocean health, marine litter, coral reefs,
land degradation, biodiversity loss, water resource
management, and solutions to prevent and adapt
to climate change. With this background, India's
G20 priorities are - Green Development, Climate
Finance and LiFE; Accelerated, Inclusive and
Resilient Growth; Accelerating Progress on SDGs
(Sustainable Development Goals); Technological
Transformation & Digital Public Infrastructure;
Multilateral Institutions for the 21" century and
Women-led development. India is set to host over
200 meetings in over 50 cities across 32 different
work streams where the G20 delegates, over the
course of a year, will get a glimpse of India's rich
cultural heritage. India has also invited guest
countries (Bangladesh, Egypt, Mauritius,
Netherlands, Nigeria, Oman, Singapore, Spain and
UAE) and guest International Organisations
(International Solar Alliance, Coalition for Disaster
Resilient Infrastructure and Asian Development
Bank), to deliberate oninternational concerns.

The G20's efforts to handle the pandemic, conflicts,
and economic burden caused by these issues will
only worsen as a result of the effects of climate
change working as a multiplier. According to the
Global Carbon Project, global CO, emissions -
including land use and fossil CO,- remain slightly
high in 2022, at 40.5GtCO,, but still lower than their
2019 peak of 40.9GtCO,. However, regionally,
emissions are expected to fall by 0.9 percent in
China (11.4 GtCO,) and 0.8 percentin the European
Union (2.8 GtCO,) in 2022, but increase by 1.5
percent in the United States (5.1 GtCO,), and 1.7
percentin the rest of the world (15.4 GtCO,). Indian
emissions are expected to rise by 6 percent (2.9
GtCO,), in 2022, owing mostly to a considerable (+5
percent) increase in coal emissions and increased
(+10 percent) oil demand as the transportation
sector rebounds from epidemic losses. Apart from
greenhouse gases, other air pollutants are also
released into the atmosphere, like ozone,
particulate matter, etc. and since they are climate-
relevant, they are classified as short-lived climate
pollutants (SLCPs). Though the global focus is on
mitigating and adapting to GHG emissions, our day-
to-day lives are hugely impacted by air pollutants
and its resulting Air Quality Index (AQI), which is the
focus of this article.

Air pollution causes and aggravates a wide range
of ailments, from asthma to cancer, lung disorders,
and heart disease (WHO, 2014). The daily economic
impact of air pollution has been estimated to be
US$8 billion, or 3 to 4 percent of global GDP
(Greenpeace, 2020). The 2021 IQAiIr World Air
Quality Report provides an overview of the state of
global air quallity. It analyses population-weighted,
annual average PM 2.5 concentrations (ug/m?3) and
ranked India 5" with 58.1 pg/ma. India is preceded
by Bangladesh (76.9 pyg/m3), Chad (75.9 ug/m?),
Pakistan (66.8 pg/m3), and Tajikistan (59.4 ug/ms).
However, New Delhi (85 pg/ms), is the most polluted
capital in the world. According to the report, 14 out
of 20 most polluted cities are from India. Bhiwadi,
Ghaziabad, Delhi, Juanpur, Noida, Bagpat, Hisar,
Faridabad, Greater Noida, Rohtak, Lucknow, Jind,
Gurugram and Kanpur are the top most polluted

citiesin India.
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The Air Quality Index (AQI) of Delhi is significantly
much lower than that of other G20 capitals (Figure
1). Though India has the highest rate of growth, at
6.1 percentin 2023 (Figure 1), but the citizens of the
country are at health risk and are in denial of
National Ambient Air Quality Standard (NAAQS)
compliant air quality and World Health
Organization (WHO)'s recommended limits. We
consider PM,,; as the standard metric for our analysis
asitis one of the sixregularly measured criteria for air
pollutants and is widely regarded as the most
dangerous to human health due to its widespread
environmental presence and wide range of
negative health effects.

The World Health Organization (WHO) published a
timely and ambitious update to its global air quality
standards in September 2021, 15 years after the
previous update in 2006. Recognizing the major
impact of air pollution on global health, the WHO
reduced the recommended yearly PM, ,
concentration to 5 yg/ms3, with the ultimate
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objective of averting millions of lives. All of India's 1.3
billion people live in areas where the annual
average particulate pollution level exceeds the
WHO guideline of 5 ug/m3. More than 63 percent of
the population live in areas that exceed the
country's own national air quality standard of 40
pg/ms.

According to the Air Quallity Life Index Report 2022
from the University of Chicago, residents of Delhi
can experience a staggering 10-year reduction in
life expectancy due to sustained exposure to high
levels of air pollution. System of Air Quality
Forecasting and Research (SAFAR), estimated the
highest contribution of stubble burning to Delhi's AQI
this year was 34 percent (lesser than 42 percent the
previous year). However, as winter approaches,
short-term measures to keep the AQI under control
are implemented, overlooking the need for more
robust, long-term solutions to address this problem,
which is primarily caused by paddy cultivation and
consequent burningin the Indo-Gangetic plains.

Figure 1. Real GDP Growth 2023 and November Average PM,, 2022
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From 1998-2016, the Indo-Gangetic Plain region of
India experienced particulate pollution that was
about twice as high as in the rest of the country
(Figure 2). In 2019, Indialaunched its National Clean
Air Programme (NCAP) which aims to reduce
particulate pollution by 20-30 percent nationally,
over the next five years. If successful in meeting its
goals and sustaining the reduced pollution levels,
the NCAP would produce substantial benefits,

—— N\

extending the life expectancy of the average
Indian by about 1.3 years (Air Quality Life Index,
2019). Those in the most polluted cities in India,
namely, in Delhi and Uttar Pradesh would gain
about 3 years onto their lives (Air Quality Life Index,
2019). However, there is barely any difference in
overall PM, trends between cities under the NCAP
and those outside its ambit (Roychowdhury and
Somvanshi, 2022).

Figure 2: PM,, Concentration over Time in Indo-Gangetic Plain and Other States
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Note: Indo-Gangeilc Plains include the following states and union territories - Bihar, Chandigarh, Delhi, Haryana, Punjab, UOar Pradesh and West Bengal.

Vehicle exhaust, large industries like power
generation, small businesses like brick kilns,
suspended dust on the roads brought on by traffic
and construction projects, open waste burning, the
burning of fuels for cooking, lighting, and heating,
and in-situ power generation using diesel
generators, etc. are the other causes of air pollution
in Delhi. Data compiled and studied by
UrbanEmissions.Info revealed that during peak
winter phase (15 Dec 2021 - 15 Jan 2022), dust (15.84
percent), transport (14.85 percent), open fires (2.97
percent), waste burning (7.92 percent), power
plants and diesel generator sets (8.91 percent),
industries (9.9 percent), household heating and
cooking (31.68 percent), and others (7.92 percent)
contributed to Delhi's worsening AQI (Khan, et. al.,
2021). Efforts to tackle pollution in the National
Capital Territory needs to have an all-round
perspective looking at all the sectors impacting
Delhi's AQI.

Efforts to control stubble burning are unlikely to
succeed. This situation is expected to persist unless
Punjab's paddy acreage is decreased by at least
one milion hectares. The transition from rice to
maize, soya bean, pulses, and fruits and vegetables
necessitates a 'diversification plan' lasting at least 5
years, compensating farmers with carbon credits
and conserving water and energy. Another
important source of poor AQI in Delhi is vehicular
pollution. The solution is a rapid promotion
campaign for electric vehicles (EVs). The way
forward is to incentivize and even subsidise EVs with
charging stations in all parking lots and residential
colonies. Heavy fines must be imposed on builders
who do not utilise water sprinklers on building sites
multiple times each day in order to prevent dust. In
and around Delhi, all thermal power plants must be
replaced with more renewable energy sources.
Solarization should be made mandatory for all
government buildings, schools, and public areas of
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a certain size. This will assist them in self-financing
through net metering. Access to funding for such
renewableswould be critical.

India is a leading voice regarding the "loss and
damage fund" and during COP 27, there is an
agreement for the same to compensate
impoverished nations for climate change related
damages. For the local climate and ambient air
quality, India willhave to take urgent actions. If India
wants to be the voice of the Global South, it must
act faster and harder to improve the air quality
situation before it movesto other pressing concerns.
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India's Long Term Low Carbon
Strategy and Agriculture

Reena Singh and Ashok Gulati

Global warming has accelerated and average
temperatures around the world were 1°C above
pre-industrial levels in 2017 (IPCC 2018). There is
general global consensus to hold the average
global temperature increase to 1.5°C at the end of
the century with rapid, ambitious and well-targeted
mitigation action (IPCC, 2018). However, current
policies will result in warming of at least 3°C above
pre-industrial levels (UN Environment Program 2020)
- and a much more severe climate crisis, the costs of
which will be borne quite heavily by low-income
and vulnerable groups e.g., India. As governments
now look toward recovery, building back better will
be critical to ensure emissions fall rapidly and we

change course to keep global temperatures within
the limit of 1.5°C. Global economies have
embarked on restructuring economic processes
through carbon pricing and voluntary carbon
credits to build green, sustainable, and low-carbon
systems.

India is currently the world's third largest emitter of
Greenhouse Gas (GHG), after China and US.
Amongst G20 countries, India ranks third in total
GHG emissions, third in GHG emissions per GDP, 10"
in GHG emissions per GDP, PPP but ranks last in total
GHG emissions per capita (Figure 1).

Figure 1: Comparison of GHG Emission Intensity (Base Year- 2019): G20 countries
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Unlike the energy and transportation sectors, which
emit primarily carbon dioxide as fossil fuels are
burned, agriculture GHG emissions consist largely of
nitrous oxide and methane. Nitrous oxide is a
particularly potent greenhouse gas-the average
radiative forcing of nitrous oxide is 273 times (IPCC
AR 6) that of carbon dioxide over 100 years. Like
nitrous oxide, methane is a powerful greenhouse
gas: the average radiative forcing of methane is
about 27-30 times (IPCC AR 6 2021) that of carbon
dioxide over 100 years. Agriculture is responsible for
more than 70 percent of India's nitrous oxide
emissions and almost 75 percent of India's methane
emissions and together they accounted for 409
million tonnes of carbon dioxide equivalent
(MoOEFCC 2021). Of this, the largest share of 54.6
percent is from enteric fermentation by the
livestock, 19.07 percent from agricultural soils, 17.49
percent from rice cultivation, 6.88 percent from
manure management, and 2.17 percent from
burning of agricultural residues (MoOEFCC 2021).

The Long-Term Low Emission Development Strategy
(LT-LEDS) submitted by India at COP 27 focuses on
rational utilization of national resources with
optimum energy mix. The strategy highlights low-
emissions development transitions in electricity,
transport, buildings and industrial systems.
Agriculture - one of the biggest contributors to
climate change- has not been included on
strategic low-emissions development transitions as
well as on innovations and the focus is on its
adaptation and resilience. Citing agricultural
emissions as "survival emissions", India refused to sign
the 'Global Methane Pledge’, a proposal of the US
and the EU (during COP 26) to target a 30 percent
reduction in global methane emissions by 2030 over
2020 emission levels.

Whilst adaptation to climate change is necessary to
ensure food security and protect livelihoods of poor
farmers, mitigation of GHG emissions from this sector
can further lessen the extent of climate change and
future needs for adaptation. 80 percent of the
agricultural GHGs and more than 95 percent of the
agricultural methane come from animal husbandry
and rice production. Therefore, in this study, we
have estimated state-wise GHG emissions from
these two sectors and have proposed few
recommendations to reduce carbon foot-prints
without compromising food security.
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GHG Emissions from Rice Cultivation

Conventionally, rice farmers transplant rice
seedlings after puddling the soil (intensive wet
tilage) and keep the field continuously flooded for
30-40 days after transplanting. Although the
practice is good for initial crop establishment; it
requires large amount of water, energy and labor,
which are gradually becoming scarce and more
expensive. Further, rice cultivation is contributing to
17.49 percent GHG emissions in Indian agriculture
(MOEFCC 2021). India is officially reporting methane
emissions from rice cultivation within the national
inventories submitted to United Nations. The GHGs
released by rice cultivation have four major sources:
first, methane emissions (CH,) from flooding;
second, nitrous oxide (N,O) emissions from the use of
nitrogenous fertilisers; third, CH, and N,O from the
burning of residue and finally, the release of carbon
dioxide (CO,) from energy sources used to pump
groundwater for irrigation and for other mechanical
operations. The fourth componentis often excluded
while calculating agricultural GHG emissions, since
it is already counted as part of energy related
emissions in national inventory. In our study, we
estimated GHG emissions from rice cultivation (as
per IPCC Tier 2 Methodology and Global Warming
Potential (GWP) of 100 years as per Sixth Assessment
Report of IPCC 2021) across states from all these four
sources so as to get the overall emission essence
fromrice cultivation.

Our calculations on GHG emission estimates for the
year 2020-21 showed that Indian paddy rice fields
covering an area of 45.07 million hectares emitted
approximately 136,000 Gg CO,e of GHG emissions.
In carbon equivalence terms, the share of methane
was highest (74 percent) at 100,000 Gg CO.,e,
followed by carbon-dioxide (15 percent) for energy
use at 20,000 Gg CO,e, nitrous oxide emission (8
percent) at 13,000 Gg CO,e. Remaining 3 percent
share was from burning of rice residues in field,
which emitted 2,800 Gg CO,e of methane and 700
Gg CO,e of N,O. Due to higherrice cultivation area,
Uttar-Pradesh and West-Bengal ranked first and
second, respectively, in total GHG emissions. Here,
we would like to point out that our national
inventory (MoEFCC 2021) has reported 71,320 Gg
CO,e methane emissions from rice cultivation for
the reference year 2016 with rice cultivation area of
43.12 million hectares. National inventory used GWP
21 (as per IPCC Second Assessment Report 1996) for
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Table 1: Effects of foliar application of nanofertilizers in different crops

Nanomaterials Crop Dose/Concentration Mode of Responses
(NMs) Used Application
1 Nitrogen (N), Wheat |500, 60, and 400 parts Foliar Signilcant changes in plant
Phosphorus (P) per milion (ppm) application | growth parameters like
and Nitrogen, shoot length, root length
Phosphorus, and others
Potassium (NPK)
nanoparticles
2 Zinc (Zn), Iron Chickpea | 20 L/plot at each Foliar There was a signilcant
(Fe) and NPK stage application |increase in both biological
and seed output
3 Nano urea Multiple |2-4ml/L at tillering Foliar Increase in grain-protein
(Nano N) crops and grain lling stage | application | content as well as in crop
yield
4 Zinc Oxide Coffee |15mg/L Foliar Acceleration of net
(ZnO) application | photosynthesis and
increased biomass
production
5 ZnO Cluster |10 mg/L Foliar Increases in biomass
beans application | accumulation and nutrient
concentration, and
enhancements to growth
physiology

Source: Zulfikar et al. 2019

Benefits

Applications of nanofertilizers in agriculture may
serve as an opportunity to achieve sustainability in
terms of world food production. Through
slow/controlled release mechanism, they regulate
the nutrients that are available to crops. The
encapsulation of nanoparticles using
biodegradable polymers serve as physical barrier
and is responsible for slow delivery of nutrients.
Because nutrients are constantly delivered over a
long period of time to plants by means of this
gradual nutrient delivery, farmers can boost the
growth of their crops. In typical nutrient
management methods, 50 percent of the applied
fertilizer is lost through leaching or becomes
inaccessible to the plant due to an abundance of
availability that prevents root uptake or
occasionally has harmful effects on the plant
(Zulfikar et al. 2019). Nanofertilizers also reduces the
cost of application and transportation. Another
benefit of using small quantities is that the soil does

/

not get loaded with unwanted salts that usually are
prone to over-application using conventional
fertilizers on a short- or long-term basis. In addition to
this, the dosage reduction of conventional fertilizers
will result in less direct and indirect nitrous oxide
(N,O) release (Su et al. 2022). Notably, N utilization
efficiency (NUE) is directly related to nitrate
leaching, ammonia volatilization, and the
generation of gaseous NO and N,O. Since less
fertiliseris released into the environment when NUE is
higher, fertiliser has a reduced environmental
impact (Figure 1).

Challenges

The intentional implementation of this technology
into agricultural operations may have many
unforeseen, irreversible effects. A considerable
concern about their transport, toxicity and
bioavailability as well as unintended environmental
impacts upon exposure to biological systems,
restrict the adoption of this technology both by
growers and consumers world-wide.
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Crop yield

Low yield and high NUE

Figure 1: Schematic representation of the effects of shift to (nanofertilizers) on
crop yield and nutrient use efficiency (NUE)

Increase in yield and improved NUE

|

Shift to nanofertilizers

I_l—l

High yield and lowest NUE

Increasing fertilizer input and decreasing NUE

Source: modified from Gupta et.al 2021

Recommendations

Transitioning to precision farming by using
nanofertilizers and reducing the environmental
cost, however, will require an overhaul of the entire
agriculture practices. India's mitigation and
adaptation measures mustinclude developing and
implementing policies that make Indian agriculture
climate resilient. Given the current level of research,
it may be possible to co-dose conventional and
nanofertilizers to boost yield while reducing the
overall cost of fertiliser application. Furthermore,
high dosage results in a significant cost difference
between conventional and nanofertilizers because
the overall cost of fertilisers has a linear connection
with dosage for both conventional and
nanofertilizers. Therefore, estimating the revenue
shift following the use of nanofertilizersis crucial.
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Activities by APSI Team during October - December Quarter

Book Chapters :

- Gulati, Ashok, and Ritika Juneja
(November, 2022), Building
Competitive Agriculture to Feed
India, Chapter in the book A
New Reform Paradigm,
published by Rupa Publications,
New Delhi

» Gulati, Ashok and Ritika Juneja

(2022), “Poverty and the Politics
of Freebies” in the book Economic
Developments in India, Vol. 259 published by
Academic Foundation, New Delhi.

« Gulati, Ashok and Ayushi Khurana (2022), “From
Missiles to Meals” in the book Economic
Developments in India, Vol. 259 published by
Academic Foundation, New Delhi.

- Gulati, Ashok and Ritika Juneja (2022), “An QOil
Palm Plan for Home” in the book Economic
Developments in India, Vol. 259 published by
Academic Foundation, New Delhi.

Book Reviews:

» "Singh, Reena (October 23, 2022): "Man vs Wild:
How vililcation of the feline family can be
unwarranted especially in view of climate
change, The Financial Express.

- '"Singh, Reena (December 25, 2022): "Animals
and their kingdom: Personal stories of
conservationists reveal the challenges in
safeguarding our wildlife, The Financial Express.

Lecture:

- Gulati, Ashok
(October 19, 2022):
Lecture at Tata-

PR . Cornell Institute on its

10th Anniversary of

Distinguished

Lecture Series on "India: Repurposing Support

for Sustainable Food Systems"

10™ANNIVERSARY
DISTINCUISHED L

5 Tata-Cornll
Institute LECTURE SERIES

S

Media Interview:

- Singh, Reena (December 8, 2022) Will a warm
winter affect Indian farm output? Business
Standard EP 320

Op-eds:

+ Gulati, Ashok (October 3, 2022): "Inlation-
climate change link", The Indian Express also
published in the Financial Express under the title
"Revise PDSissue prices".

« Gulati, Ashok and Manish Kr. Prasad (October
17, 2022): "In0ation means No More Room for
Freebies", The Times ofIndia

« Gulati, Ashok (October 17, 2022): "Feeding
People, saving planet”, The Indian Express also
published in the Financial Express under the title
"Increase AgriR&D Spend".

- Terway, Prerna and Ranjana Roy (October 19,
2022): "Focus on millets and pulses, not rice and
wheat", The Financial Express.

- "Singh, Reena (November 7, 2022):
"Environmental Protection”, Jagran News, also
appeared in Dainik Bhaskar, Nayi Duniya and
AmarUjaala

« Gulati, Ashok and Ritika Juneja (November 14,
2022): "The Gene Revolution”, The Indian Express
also published in the Financial Express under the
title "Learn from Bt Cotton".

« Gulati, Ashok and Purvi Thangaraj (November
28, 2022): "Air of a Leader", The Indian Express
also published in the Financial Express under the
title "AQI a priority too".

e Gulati, Ashok, and Manish Kr. Prasad
(December 12, 2022): "An Example and a
warning”, The Indian Express also published in
the Financial Express under the title "India
Lessonsforthe G-20".

« Gulati, Ashok and Purvi Thangaraj (December
26, 2022): "An Engine for Growth", The Indian
Express also published in the Financial Express
underthetitle "To become avishwaguru".
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https://www.financialexpress.com/opinion/revise-pds-issue-prices/2698367/
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https://indianexpress.com/article/opinion/columns/feeding-people-saving-planet-world-food-day-climate-change-8212712/
https://www.financialexpress.com/opinion/increase-agri-rampd-spend/2713779/
https://www.financialexpress.com/opinion/focus-on-millets-and-pulses-not-rice-and-wheat/2718699/
https://indianexpress.com/article/opinion/columns/why-india-cannot-afford-to-ignore-the-gm-crop-revolution-8266595/
https://www.financialexpress.com/opinion/learn-from-bt-cotton/2810943/
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