I THE CLIMATE STRIKES BACK*

Climate change is manifesting itself at an alarming scale and pace globally. Emerging and developing economies are
the most vulnerable in terms of technological capabilities and access to finance for adaptation and mitigation. There
has been o significant increase in climate action, both multilaterally and in individual countries. Alongside fiscal
policies, recent years have seen a growing experimentation with vequlatory instruments and hence, the vole of central
banks in combating climate change is cominyg to the fore. The Reserve Bank of India is actively involved in fortifying
India’s climate defence through vavious policy and vesearch initiatives.

1. Introduction

.1 Climate change is upon us. According to
the World Meteorological Organisation (WMO),
the period 2015-22 is the warmest on record.
Despite the cooling effects of La Nina into its third
year, 2022 was the eighth consecutive year in
which annual global temperature reached at least
1 degree Celsius above pre-Industrial Revolution
levels, fuelled by ever-rising greenhouse gas
(GHG) concentrations and accumulated heat.

1.2 In the European Alps, glacier melt records
were broken in 2022. Switzerland lost about 6 per
cent of its glacier ice volume between 2021 and
2022. For the first time in history, there was no
accumulation of fresh ice even at the very highest
measurement sites (WMO, 2023). Sea levels
increased by about 5 millimetres during January
2021 — August 2022 due to increasing ice melt.
In 2021, the upper 2000 metres of the ocean
continued to warm to record levels. Furthermore,
58 per cent of the ocean surface experienced at
least one marine heat wave during 2022 (ibid).
There was a drop in the Antarctic sea ice extent
to 1.92 million km?, which was the lowest level on
record and was almost 1 million km?below the long-
term average. In East Africa, rainfall was below-

average in four wet seasons consecutively, the
longest in 40 years (WMO, 2023). The persistent
drought resulted in the worst levels of food crisis
for an estimated 18.4-19.3 million people (WMO,
2022).

1.3 Pakistan witnessed record breaking rains
in July and August 2022 leading to extensive
flooding, taking at least 1,700 lives and affecting
33 million people. The flooding occurred on the
heels of an extreme heat wave in March and April
in both Pakistan and India. China experienced the
most extensive and long-lasting heatwave since
national records began. Large parts of Europe
sweltered in repeated episodes of extreme heat.
More than 15,000 excess deaths associated
with extreme heat were reported across Europe
(WMO, 2023). European rivers, including the
Rhine, Loire and Danube, fell to critically low
levels. In the United Kingdom (UK), temperatures
rose above 40 degrees Celsius in July 2022 for
the first time. Southern Africa was battered by a
series of cyclones over two months at the start
of 2022. Hurricanes swept across Cuba and
Florida, causing extensive damage and loss of
life in 2022. During 1970-2019, weather, climate
and water hazards claimed 45 per cent of total

* This chapter has been prepared by a team comprising Michael Debabrata Patra, Pallavi Chavan, Harendra Behera, Soumasree Tewari,
Kovuri Akash Yadav, Ranjeeta Mishra, Paritosh Jha, Amarendra Acharya and Jessica Maria Anthony.
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reported deaths and 74 per cent of total reported
economic losses (WMO, 2021). These hazards
have undermined livelihoods and infrastructure
as well as health, food, energy and water security.
Human well-being is endangered and so is the
future of the planet.

1.4 India has faced its hottest February in 2023
since record-keeping began in 1901 (IMD, 2023).
In March, large parts of the country experienced
hailstorms and torrents of unseasonal rain,
leading to apprehensions of extensive damage
to standing crops. According to India’s Centre
for Science and Environment (CSE), the country
experienced extreme weather events on 314
of 365 days of 2022, which claimed 3,026 lives,
affected 1.96 million hectares of crop area and
4,23,249 houses, and killed over 69,899 animals’.
Central India witnessed the highest intensity
of extreme weather events. Among the states,
Madhya Pradesh had the highest number of days
with extreme weather, but Himachal Pradesh
from the north-west region reported the highest
number of deaths. In the eastern and north-
eastern regions, Assam suffered from the highest
number of damaged houses and animal deaths.
In the southern peninsula region, Karnataka
experienced extreme weather events on 91 days
during the year and accounted for 53 per cent of
the total crop area affected across the country.

1.5 In 2022, India recorded its seventh wettest
January since 19012 March was the third driest
and warmest ever in 121 years. Eastern and north-

1

eastern India saw their warmest and driest July
in 121 years. These regions also recorded their
second warmest August and the fourth warmest
September in 2022. India seems to be at the
watermark of climate change — rather than single
events, it is the increased frequency of extreme
weather occurrences that is breaking the back of
our capability to cope with natural disasters. There
is a definite rising trend; but more than the events
themselves, India is grappling with severe losses
and damages — the human toll of the impact of
climate change.

1.6 Awareness of the impact of greenhouse
gases on earth’s temperature is not new. Joseph
Fourier, a French physicist, had identified the
“greenhouse effect” in 1824, which was quantified
in 1896 by Svante Arrhenius, a Swedish scientist
(Steiner and Fortuna, 2020). Since the 18"
century, the impact of climate and environment
on the course of human development has drawn
attention (Livingstone, 2011)3. While natural
factors can contribute to climate change, it is now
widely recognised that the current scale and pace
of climate change is primarily attributable to the
anthropogenic factors (NRC, 2001). In fact, the
period from the mid-20" century has been defined
as the “Anthropocene” epoch, marking a significant
impact of human activity on earth’s climate due to
an increased use of oil, coal and other fossil fuels
to support economic growth (Subramanian, 2019).

1.7 It is only from the late 20" century that
there has been an increased interest in the

India’s Atlas on Weather Disasters, https://www.downtoearth.org.in/weather_disasters_india/india.html, Accessed on April 28, 2023.

2 India-2022: An Assessment of Extreme Weather Events, Down To Earth, New Delhi; see https://cdn.downtoearth.org.in/pdf/extreme-
weather-report-20221102.pdf?utm_source=Mailer&utm_medium=Email&utm_campaign=Down%20To%20Earth-extreme-weather-

report-20221102

Baron de Montesquieu argued that “there are countries where the excess of heat enervates the body, and renders men so slothful and

dispirited that nothing but the fear of chastisement can oblige them to perform any laborious duty...” (1748, p. 354). Alfred Marshall
regarded climate as being a determinant of racial characteristics. He argued that in warm countries we find early marriages and high birth
rates, “and in consequence, a low respect for human life: this has probably been the cause of a great part of the high mortality that is
generally attributed to the insalubrity of the climate...Vigour depends partly on race qualities: but these, so far as they can be explained at

all, seem to be chiefly due to climate” (Marshall, 1895, p. 276).
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“economics of climate change”, relating to (a)
assessing the economic impact of climate change
on growth and development; and (b) economic
assessment of climate change policies. Seminal
work attempting to understand the economics of
climate change has been undertaken through the
Integrated Assessment Models (IAMs) such as
the Dynamic Integrated model of Climate and the
Economy (DICE) (Nordhaus, 1992; Stern, 2007).

1.8 Affirmative action in pursuit of the climate
as a global policy good is of even more recent
vintage. The Paris Agreement of 2016 has been
a landmark in achieving the first legally binding
international treaty on climate change for all
signatories, a successor to the Kyoto Protocol
of 2005. This Agreement has introduced long-
term goals regarding the reduction of GHG
emissions, and provision of finance to developing
countries by developed countries to adapt to
and mitigate climate change. Despite the slow
pace of implementation, unfulfiled commitments
towards collectively financing climate action
and vulnerability/discord/knowledge gaps, the
Agreement has offered a glimmer of hope about
the transition towards a greener cleaner world.

1.9 India’'s development strategy since
independence has left certain environmental
imprints®. This recognition is belatedly spurring
investments in environment-friendly alternative
sources of energy and in climate science and
technology. Today, India is striving to consolidate
its position in the ongoing global climate policy
discourse with an urgency not seen before as the
world races to head off the debilitating effects of
climate change.

.10  Against this backdrop, the Report on
Currency and Finance for the year 2022-23 adopts
“Towards a Greener Cleaner India” as its theme.
The following section underscores the need for
speed and resolute commitment by analysing
the manifestations of climate change through key
physical indicators at the global level. The third
section reviews the state of play that is leading
up to global climate policies. India’s position in
global negotiations is set out in the fourth section.
Central banks, including the Reserve Bank of
India (RBI), have emerged as stakeholders in the
global climate change discussions and this forms
the subject matter of the fifth section, which is
followed by the lay-out of the rest of the Report to
conclude this chapter.

2. Global Manifestation of Climate Change

.11 The global mean surface temperature
today is about 14.8 degrees Celsius (Chart 1.1)5.

Chart I.1: Estimated Global Temperature Over
Past 500 Million Years

WF__..@W_._ o : 800
80" \\ V @[\ A\@ %7
Wprld \'\
without

polar caps

)

= (=

g0° Worldwith
polar caps U V
50° !

500 450 400 350 300 250 200 150 100
Millions of years ago

50 Today

Notes: a. (1): Marine life diversified in extreme heat; (2): Land-based
plant absorbed CO, and polar ice caps formed; (3): Volcanoes
and erosion increased CO2 levels; (4): Mammals evolved in a
warm period; (5): Humans are rapidly warming the climate.
b. Based on preliminary results from a Smithsonian Institute
project led by Scott Wing and Brian Huber.
Source: Scott and Lindsay (2020).

4 For instance, see Pingali (2012) for an illustration of the environmental impact of green revolution in developing countries, including India.

5 Global temperature is worked out based on data from National Centers for Environmental Information. Accessed on April 28, 2023 from
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202113.
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Chart I.2: Causes of Recent Global Warming
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Source: IPCC Sixth Assessment Report - Summary for Policymakers
(2021).

Although temperature increases have been
recorded during the course of earth’s history,
the current episode of anthropogenic climate
change is qualitatively different from the historical
experience in four major ways. First, changes in
the earth’s climate that are underway are largely
human-induced, as noted earlier, while the earlier
incidences were primarily the result of various
natural factors (Chart 1.2).

.12  Second, the pace of climate change
during the current phase is remarkably rapid
— it is unfolding over decades whereas earlier
occurrences of climate change happened over
centuries and millennia (Krishnan et al., 2020).
Third, costs involved in the policy responses for
adaptation to and mitigation of climate change-

related challenges are unprecedented. Fourth,
the current experience with climate change is
truly global in nature with accentuated regional
implications.

.13 Climate scientists recognise three
anthropogenic drivers of climate change: GHG
emissions; aerosols; and land use and land cover
(LULC) (ibid). While GHGs help to keep the earth
warm and habitable, it is the imbalance in GHGs
in earth’s atmosphere that leads to global and
regional warming. The amount of GHGs in the
atmosphere prior to the Industrial Revolution was
relatively constant, but their concentration has
increased significantly and consistently since then
(IPCC, 1990). Among the GHGs, the concentration
of carbon dioxide (CO,) has shown the highest
increase since pre-industrial times (Chart 1.3a).
Atmospheric CO, gets stored transiently in land or
oceans as mineral deposits before it gets removed
over centuries or even more, making the mitigation
of climate change a daunting task (ibid)®.

.14 Methane (CH,), the second highest GHG
in occurrence, has been growing primarily due
to agricultural activities’. The concentration of
nitrogen oxides and carbon monoxide (CO)
is also on the rise, leading to an increase in
tropospheric ozone (O,), another GHG (ibid).
Chlorofluorocarbons (CFCs), which damage the
O, layer in the stratosphere that is responsible
for filtering the sun’s ultraviolet radiation also
contribute to global warming®. Among various
economic sectors, energy has contributed the

6 As observed by Natural Resources Defence Council (NRDC), “accounting for about 76 per cent of global human-caused emissions,
carbon dioxide (CO,) sticks around for quite a while. Once it is emitted into the atmosphere, 40 per cent still remains after 100 years, 20
per cent after 1,000 years, and 10 per cent as long as 10,000 years later”.

Paddly fields emit significant amounts of CH, as they are flooded with (often warm) water for better yields (Krishnan et al., 2020). This cuts

off the oxygen supply to the soil from the atmosphere, leading to anaerobic fermentation of soil organic matter, and CH, is a result of this
fermentation (Neue, 1993). Similarly, belching of cattle also leads to the release of CH,.

Chlorofluorocarbons (CFCs) such as freon used in refrigerators are halogenated hydrocarbons that contain carbon, hydrogen, chlorine

and fluorine and contribute to ozone depletion in the upper atmosphere.
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Chart I.3: Historical GHG Emissions
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Sources: Gutschow et al. (2016); and Potsdam Institute for Climate Impact Research.

most to GHG emissions, followed by agriculture
and industry (Chart 1.3b).

.15  Aerosols are small, suspended particles
or droplets that either scatter solar energy or
absorb it or do both. By scattering solar energy,
they can offset the warming caused by GHGs but
by absorbing it, they contribute to global warming
(ibid)®. The common sources of anthropogenic
aerosols are urban/industrial emissions and
smoke emanating from biomass burning (ibid).
The changes in LULC caused by deforestation
owing primarily to agricultural and pastoral
activities reduce the ability of the earth’s surface
to sequestrate (absorb) CO,, thus contributing to
climate change (ibid).

.16  Climate scientists use many physical
indicators, including atmospheric, oceanic and
cryospheric, to assess climate change:

e Global mean surface temperature (the
average of land surface temperature (LST)
and sea surface temperature (SST)):

from 2012 onwards, the earth has turned
warmer by more than 1 degree Celsius as
compared with the 1850-1900 average,
with each decade being warmer than the
previous one by around 0.2 degree Celsius
since the 1980s (Chart 1.4).

Chart I.4: Global Mean Surface Temperature Anomaly
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temperature refers to HadCRUT5, sea surface temperature is HadSST4
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Source: Met Office, UK.

9 The IPCC has acknowledged that aerosols so far have had a net cooling effect on earth’s climate, partially counterbalancing the heating

effect of GHGs (ibid).
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Chart I.5: Ocean Heat Content and Sea Level Rise
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latest information. The shaded area indicates 95 per cent confidence intervals.

Sources: Met Office, UK; Cheng et al. (2017); Church and White (2011); and CSIRO.

Long-term warming and acidification of
oceans: more than 90 per cent of the net
energy or heat increase in the climate
system is stored in oceans and over 60 per
cent in the upper ocean (0-700 metres).
The heat absorbed in the upper layer of the
ocean has increased at an annual average
level of 1.9 zeta joules (ZJ)'° during 1940-
1970 to 5.2 ZJ during 1971-2022 (Chart
[.5)"", causing thermal expansion, melting
of glaciers and ice caps, rise in sea level
and ocean acidification (Chart [.6)2.

Changing mass of cryosphere (all regions
on and beneath the surface of the earth
where water is in solid form): this has
resulted in high reflectivity of solar radiation
and depletion of fresh water supply,

including snow and ice (Sejas et al., 2014)
(Chart 1.7).

Acidity (pH)

8.16 1

8.14 A

8.12 A

8.10 A

8.08 -

8.06 -

8.04 A

8.02 A

8.00

Chart I.6: Global Ocean Acidification

1985-2020 trend:
-0.0016 + 0.0006 year !
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Source: Copernicus Marine Environment Monitoring Service (CMEMS).

Ocean heat content (OHC) is measured in joules with 1 zeta joule = 10?" joules. According to the United States Environmental Protection
Agency estimates for 2018, a one unit (1 x 10% joules) increase in OHC is equal to approximately 17 times the total amount of energy
used by all the people on earth in a year.

Cheng et al., 2019.

The global mean sea level (GMSL) has swelled by over 26 centimetres (cms) from 1880 to 2022 at an average rate of 1.8 mm per year.
The IPCC Special Report on the Ocean and Cryosphere in a Changing Climate concluded that sea level rise has accelerated (extremely
likely) due to the combined loss from Greenland and Antarctic ice sheets (very high confidence).

Decadal means for Arctic sea ice area have decreased significantly, although the relative changes in the Antarctic sea ice area have been
small.
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Chart 1.7: Ice and Glacier Balance
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Sources: Met Office, UK; and World Glacier Monitoring Service (WGMS).

*  Global average precipitation: wet areas are
getting wetter while dry land is becoming
drier as global average precipitation has
increased since the 1950s, marked by
years of extremely heavy rainfall and
severe droughts (Chart 1.8).

Chart I1.8: Global Precipitation Anomaly
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.17  Using select key physical indicators™ of
climate change, a dynamic factor model (DFM)
capable of extracting unobserved underlying
factors has been developed to create a composite
measure of global climate change, namely,
the Global Climate Change Index (GCCI).
Constructed by taking data from 1850 to 2022,
the GCCI shows an upward trend since the late
19" century following the Industrial Revolution
(Chart 1.9).

.18  The correlation between the GCCI and
the total number of extreme weather events is
estimated at 0.9. Evidently, the frequency of
disaster events has gone up with climate change
(Chart 1.10).

.19 The Bai-Perron structural break test
shows five major statistically significant breaks
(1880; 1913; 1938; 1973; and 1998) in the
GCCI (Table I.1). As the year 1880 marked the
beginning of modern record-keeping for global
temperatures, the availability of robust data

4 The selected 11 key indicators of climate change are the global mean surface temperature; land surface temperature; sea surface
temperature; ocean heat content; sea level rise; Arctic sea ice extent; Antarctic sea ice extent; snow cover; glacier mass balance; global

precipitation; and global CO, emissions.
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Chart I1.9: Evolution of Climate Change
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Chart 1.10: Global Climate Change and Disaster Events
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on global temperatures could explain the first
structural break in the GCCI'®. The period from
1880 to 1912 is considered as the period of the

Table 1.1: Bai-Perron Structural Breaks
in GCCI

Variable Coefficient | Std. Error | t-Statistic| Prob.
1850 - 1879 -- 30 obs

c | 357 0.07 5262 | 0.00
1880 - 1912 -- 33 obs

c | 427 0.06 -66.09 | 0.00
1913 - 1937 -- 25 obs

c | 341 0.07 -46.00 | 0.00
1938 - 1972 -- 35 obs

C | 224 0.06 -35.75 | 0.00
1973 - 1997 -- 25 obs

c | 110 0.07 -14.86 | 0.00
1998 - 2022 -- 25 obs

c 0.80 0.07 1075 | 0.00
Adj. R? 0.95

Prob(F-stat) 0.00

Source: Authors’ calculations.

Second Industrial Revolution involving several
technological advances majorly benefitting the
advanced countries outside Europe. The period
from 1913 to 1937 included the outbreaks of the
two World Wars, possibly reflecting increased
emissions. The last break in 1998 was marked by
a well-known EI Nino effect in the tropical Pacific,
which resulted in significant climate disruptions
in the form of floods in Latin America and Africa,
and droughts in south-east Asia.

.20 In sum, climate change is manifesting
itself through multiple indicators. Given that most
environmental and natural processes are “silent”
and “invisible”, they may not be discernible
immediately or experienced as intensely
(Dasgupta, 2021). Silence and invisibility can
no longer be associated with climate change,
however, as increasingly frequent and intense
extreme weather events take a rising toll on human
life and the environment.

15 Three of the world’s comprehensive global temperature records began in 1880; see https://climate.nasa.gov/fag/21/why-does-the-
temperature-record-shown-on-your-vital-signs-page-begin-at-1880/, Accessed on April 28, 2023.



THE CLIMATE STRIKES BACK

3. Climate Policy Action

.21  The global consensus around climate
policies has been spearheaded by the United
Nations (UN), although originally, its focus was
more on the utilisation of the environmental
or natural resources for greater economic
development (Jackson, 2007). Among the
international organisations, it was the WMO
which has been instrumental in generating
international cooperation on climate matters and
strengthening post-second World War advances
in climate research (Zillman, 2009).

.22  Environmental conservation engaged the
attention of the UN for the first time in the first Earth
Summit held in Stockholm in 1972, which led to
the creation of the UN Environment Programme
(UNEP), the first landmark in global cooperation
and consensus on climate change. The second
landmark occurred 16 years later in the form of
creation of the Inter-Governmental Panel on
Climate Change (IPCC) in 1988 by the UNEP and
the WMO for regular scientific assessments on
climate change and their implications for informed
policy making (Annex 1.1). Till now, there have
been six assessment cycles by the IPCC.

.28 The third landmark was the Paris
Agreement in 2016, about three decades
later. This agreement bound all signatories to
undertake targeted efforts to combat climate
change. It was aimed at ensuring that GHG
emissions from human activity are maintained
at the same levels as can be absorbed by the
environment - known as net zero - between 2050
and 2100. This would limit global warming to 1.5
degrees Celsius as compared with pre-Industrial
Revolution levels.

.24 The implementation of the Paris
Agreement is based on Nationally Determined
Contributions (NDCs), which are plans of action
for climate change submitted by each signatory,
followed by a five-year cycle of increasingly
ambitious climate actions'®. Countries also have
to frame long-term low emission development
strategies (LT-LEDS). Unlike NDCs, LT-LEDS are
not mandatory. Developed countries have been
assigned the added responsibility of providing
support to developing countries for adaptation and
transition to clean energy through climate finance.
There have been numerous global dialogues and
interventions leading up to and following the Paris
Agreement (Annex I.1).

.25  The achievements of climate policy action
can be ascertained using several parameters.
First, almost all countries have committed to
timelines for the transition to net zero emissions,
with the majority committing to achieve this
target by 2050 (Chart 1.11). 23 per cent of the

Chart I.11: Target Year of Commitment for Countries
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Chart I.12: Number of Net Zero Pledges and Share of
Global CO, Emissions Covered
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countries have made the target a legal obligation,
18 per cent have proposed to make it into a legal
obligation and remaining 59 per cent have made
their pledges in official policy documents. All these
countries together account for around 73 per cent
of global CO, emissions (Chart 1.12).

.26  Second, the financial commitments made
towards providing climate finance for adaptation
and mitigation have also grown over time. In
COP15" in Copenhagen in 2009, developed
countries committed to US$ 100 billion per year
by 2020 for climate action in developing countries.
In COP27 in Sharm-El-Sheikh in 2022, the
Parties acknowledged that the initial pledge was
not sufficient and adapting to climate crisis would
require US$ 160-340 billion annually by 2030,
accelerating to US$ 565 billion annually by 2050
if climate conditions deteriorated further. Parties
have also reached a consensus to establish

funding arrangements, including a dedicated
fund for loss and damage. The G20 and G7 have
jointly launched the Global Shield against Climate
Risks to provide vulnerable countries more means
to protect themselves from increasingly extreme
weather, with Germany providing €170 million in
grants. Many of the advanced economies have
made financial commitments addressing loss and
damage, with the UK also announcing that it will
suspend vulnerable nations’ debt repayments for
up to two years following a climate disaster. The
UN has unveiled a US$ 3.1 billion plan to ensure
that everyone is covered by early warning systems
in the next five years to bolster countries’ ability to
prepare for hazardous weather.

.27  Third, weather-related mortality has
declined over the decades as advances in
technology and early warning systems across
countries have reduced the incidence of death
significantly (Chart 1.13).

Chart I.13: Number of Reported Deaths Due to Weather-
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17 COP or Conference of the Parties is the supreme decision-making body of the UN Framework Convention on Climate Change
(UNFCCC). All countries that are parties to the UNFCCC are represented at the COP which meets every year to review the Conventions’
implementation; see https://unfccc.int/process/bodies/supreme-bodies/conference-of-the-parties-cop



THE CLIMATE STRIKES BACK

.28  Fourth, NDCs have increased the
momentum of emission reduction, resulting
in a glide path towards net zero. While relative
decoupling of economic growth and emissions is
currently underway at the global level, the trends
vary significantly across high-income and middle-
income countries (Chart 1.14; Box 1.1).

.29  Notwithstanding the progress, the pace of
implementation of climate policy remains far from
adequate. There are still considerable gaps in
scientific knowledge on informed climate-resilient
pathways, strategies, choices and actions that can
reduce climate change and its impact (Denton et
al., 2014). Delays in current policy action can limit
the scope for setting future climate-compatible

Chart I.14: Change in Global CO, Emissions and GDP
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Box I.1
Decoupling of Global Growth and GHG Emissions

The carbon-growth nexus is based on the argument that
as economies grow, energy usage requirement increases,
leading to higher emissions (Torun et al., 2022). The
environmental Kuznets curve (EKC) hypothesis argues that
this relation is non-linear, with emissions increasing faster
at lower stages of economic development and falling at
higher stages with the use of energy-efficient resources,
ceteris paribus (Stern, 2004). Under relative decoupling, the
carbon intensity of GDP declines even though it may still be
on a rise in absolute terms.

With the various policy interventions for addressing climate
change in the last few decades, the decoupling elasticity,
defined as the response of emissions to a one per cent
change in GDP, has weakened. The changes in the
decoupling elasticity can be seen from the response curve
of the time varying estimate () in equation (1), controlling

for energy intensity of GDP during 1965-2021:
ACO; =a+p:AGDPpc+ yAET + & ... (1)

CO,: Per capita emissions; GDP,.. Per capita GDP; and
El: Energy intensity of GDP.

The results show a non-linear relationship between per
capita GDP and emissions over time. After 2000, however,
the decoupling elasticity has increased, though moderately
(Chart 1).

Decomposition of the contributing factors, based on the
Logarithmic Mean Divisia Index (LMDI)'® (an extension of
the Kaya identity'®), brings out the role of declining energy
intensity of output which has helped in containing global
emissions growth, despite higher per capita economic

(Contd...)

8 | MDI is defined as the decomposition of the weighted contribution of each factor in the change in emission level (Kar, 2022) in period t

over base period 0 as:

ACO,= A GDPpe + AEI +ACI. ... (1)
where each component Ci viz., GDP per capita (GDP,,,), energy intensity of GDP (El) and carbon intensity of energy use (Cl) is defined as:

Ak = L (Cn)
it = LN Ci()

ACO,

*In(Co2) = Ln(COw)

19 Kaya identity is a simple mathematical framework to assess the main factors governing global CO, emissions (Kaya, 1989). The identity
relates GHG emissions to population growth, economic growth and energy use, and quantifies the emissions generated from human
sources in terms of population, economic activity, energy intensity of output and carbon intensity of energy consumption.
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Chart 1: Global Growth Sensitivity of CO, Emissions
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Chart 2: Contribution to Global CO, Emissions (LMDI)
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growth. This is weakening the carbon-growth nexus
(Chart 2). The pace of emissions, however, has increased
since 2000 and has remained elevated, as the moderation
in energy intensity of output has been outweighed by carbon
intensity of energy use associated with economic growth,
which has shown only a moderate decline.

The carbon-growth nexus path has been quite diverse
among countries at different income levels. While both
relative and absolute decoupling is evident in the high-
income countries, the middle-income countries have not
been successful in reaching carbon-efficient economic

growth in their high growth phase (Charts 3 and 4). Policy
interventions, however, have significantly moderated the
absolute change in emissions since 2015 for the middle-
income countries.

In sum, while the growing recognition of and actions
concerning climate change have weakened the correlation
between carbon emissions and GDP growth globally,
an absolute decoupling is yet to happen. Reduction in
energy intensity of GDP and carbon intensity of energy
consumption are two important channels for ensuring an
absolute decoupling, going forward.

Chart 3: Decoupling in High-Income Countries
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Chart 4: Decoupling in Middle-Income Countries
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trajectories. There are also potential trade-offs
between adaptation and mitigation policies,
resulting in implementation challenges. Cross-
country differentials in historical emissions and
development priorities make the issue of “equity”
central to adaptation and mitigation policies. While
climate change is a global phenomenon, it is the
emerging and less-developed economies that are
most vulnerable in terms of (i) climate science
and technological capabilities; and (ii) finance for
adaptation and mitigation. Climate change can
push them several places down the development
ladder as the potential costs of transitioning to a

greener path for them could be higher relative to
their advanced economy peers. Their contribution
to GHG emissions has been relatively limited and
they demand a larger slice of the future carbon
space as well as compensation for climate change
(Box 1.2).

.30 In the current state of climate policy
action that incorporates all pledges and targets
announced so far, the global rise in temperature
can reach a minimum of 1.9 degrees Celsius
above pre-Industrial Revolution levels under the
most optimistic path of global emission reduction

Box 1.2
International Climate Equity and Justice: Some Analytical Insights

Any sustainable solution to climate change needs to factor in
the unequal contributions to past emissions and the unequal
future ramifications for development across countries. This
has been emphasised in the principle of “Common but
Differentiated Responsibilities and Respective Capabilities”
of the UNFCCC (UN, 1992). 58 per cent of the historical
cumulative net emissions occurred between 1850 and
1989 and about 42 per cent between 1990 and 2019. High-
income countries have cumulatively contributed about 57
per cent of total CO, emissions during the period of 1750-
2020 (Charts 1 and 2).

In  comparison with the earlier Contraction and
Convergence approach, the Climate Equity Reference

Framework (CERF) includes elements of responsibility
and capability to arrive at country-specific mitigation
and adaptation plans (Kanitkar and Jayaraman, 2019).

The major role played by high-income countries in
global CO, emissions is borne out when we consider
the per capita emissions instead of absolute emissions
(Chart 3). Taking consumption-based emissions instead of
production-based emissions also underlines the greater
contribution of high-income countries to global CO,
emissions. This is because even if the domestic production
in these countries may entail lower emissions, they are net
importers of emissions (Chart 4).
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Chart 3: Average Per Capita CO, Emissions and Income of

5 Countries - 1990-2019
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Chart 4: Consumption-based CO, Emissions, 2019 (Per capita)

High-income countries 12.0

Upper-middle-income

. 5.6
countries

Lower-middle-income
countries

0.0 5.0 10.0 15.0
M Annual consumption-based CO, emissions (Tonnes per capita)
Sources: WDI; World Bank; OWID; and Authors’ calculations.

The current central estimate of the carbon budget from 2020
onwards for limiting warming to 1.5 degrees Celsius (with
a probability of 50 per cent) has been assessed at 500 CO,
gigatonnes (GtCO,), and 1150 GtCO, for limiting warming
to 2 degrees Celsius (with a probability of 67 per cent)
(IPCC, 2022). In apportioning this remaining carbon space,
the cumulative carbon space used by countries since their
industrialisation needs to be an important consideration for
ensuring global equity and justice.
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Chart I.16: Global Temperature Rise over
Pre-Industrial Average
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support for mitigation has remained higher than
for adaptation (Chart 1.18).

.32  While the number of deaths associated
with extreme weather events has been on the
wane, reflecting better adaptation, the economic
costs associated with such events have been on a
rapid rise (Chart 1.19).

3.1 Instruments of Climate Policy

.38  Most economies have adopted fiscal policy
as the primary instrument to achieve climate
change commitments and targets (Annex 1.2), as
it is widely regarded as the most effective means
for internalising the externalities of climate change
and curbing emissions (Barker and Ekins, 2001;

Chart I.17: Mobilisation of Climate Finance from
Developed to Developing Countries
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Chart I.19: Reported Economic Losses from Weather,
Climate and Water Hazards
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Nordhaus, 2007; Weitzman, 2014). The commonly
used fiscal policy instruments include (a) price-
based instruments — carbon taxes; feed-in tariffs;
renewable subsidies; and (b) quantity-based
instruments — emissions trading system (ETS)
and renewable quotas.

.34  Carbon taxes are expected to shift power
generation from coal towards renewables while
supporting public revenue mobilisation and
bringing down the distortionary effects of other
taxes®. Emissions trading systems (ETS), being
market-based, are easier to implement; however,
they have limited coverage, as they are used
primarily by large emitters (Parry et al., 2022).
Unlike carbon taxes which can help in the price
discovery of carbon emissions, emission trading
targets the quantum of emissions while keeping
the carbon price uncertain (Weitzman, 2014).
Globally, there has been a rapid increase in the
use of carbon taxes and ETS (Charts 1.20 and

Chart 1.20: Global Carbon Tax Coverage
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Chart I.21: Global ETS Coverage
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[.21), but they still account for a small share of
total global emissions.

.35 Traditionally, monetary and regulatory
policies have been considered neither necessary
nor effective in addressing climate change. In
recent years, however, there has been a growing
role of regulatory policies in the climate policy toolkit
(Annex 1.2). This reflects the recognition of their
role in encouraging green or Environmental, Social
and Governance (ESG) finance and incentivising
investors towards low-carbon instruments. Making
further headway in climate action requires not just
meeting the earlier commitments but also entering
into swifter and stronger policy commitments for
the future.

4. India’s Involvement in Global Climate

Change and Action

[.36  India will surpass China in 2023 to become
the most populous country in the world. Alongside

20 This is known as the “double dividend” hypothesis and has been illustrated taking country-specific cases, see Mckitrick (1997).
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its aspiration to transform into the manufacturing
hub of the world, India’s energy needs will rise and
hence, a large and more intense involvement in
global climate action is crucial. This also assumes
urgency in view of India’s vulnerability to climate
change.

4.1 India’s Vulnerability to Climate Change

.37  The natural impact of climate change on
India is evident in more than one way. First, the
average air surface temperature for India has risen
by around 0.7 degree Celsius during 1901-2018
(Krishnan et al., 2020). When compared globally,
however, the rise in India’s temperature across all
decades seems limited (Chart 1.22).

.38 The average temperature in India by the
end of the 215 century is projected to increase by
about 4.4 degrees Celsius relative to the average
during 1976-2005 (ibid) (Chart 1.23).

.39 Second, the rise in the sea level in the
north-Indian Ocean was at a rate of 1.06-1.75 mm
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Chart 1.23: Change in Surface Air Temperature
over the Indian Region
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per year during 1874-2004, which accelerated
to 3.3 mm per year during 1993-2017 that is
comparable to the current rise in the global mean
sea level (ibid). India remains vulnerable to sea
level increase, which threatens its low-lying small
islands as well as major coastal cities?'. Third,
the precipitation for June to September in India
declined by around 6 per cent during 1951-2015,
particularly over the Indo-Gangetic plains and
the Western Ghats. This is attributed to aerosol
cooling over the northern hemisphere, which has
offset the warming from GHGs (ibid). Fourth, there
has been a distinct increase in the occurrence
of natural disasters in India in recent decades
(Chart 1.24).

4.2 India’s Contribution to Global Climate Change

.40 India’s contribution to cumulative global
emissions of GHGs has been limited, although
its cumulative emissions have increased during
1950-1990 and 1991-2020. Its contribution to
consumption-based emissions is, however,

21 Global Sea-Level Rise and Implications: Key Facts and Figures, WMO, February 2023.
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Chart I.24: Climate Change-Related Disaster Frequency
(Number of Events)
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Chart I.25: Per Capita CO, Emissions
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significantly  lower than  production-based
emissions vis-a-vis major developed countries
(Table 1.2).

Table I.2: Cumulative CO, Emissions:
India vis-a-vis World

.41 In India, per capita CO, emissions have
been on a rise in recent decades, as in China
and Russia (Chart 1.25); however, the energy
intensity of GDP (use of primary energy per unit
of GDP) has been on a steady decline since the
1990s across almost all countries, including India

Country Cumulative Emissions | Difference between (Chart | 26)
of CO, Consumption and R
Production-based
(Billion tonnes) Emissions
1950-1990 | 1991-2020 | (Fereentage points) Chart 1.26: Energy Intensity of GDP

Developed world
us 157.21 167.53 4.3
EU+UK 144.50 118.98 18.6 @
Three others (1) 40.46 68.44 12.2 3

bt

[
Developing world =

=)
China 41.13 192.56 -135 2
India 9.02 43.40 -7.1 g
Three others (2) | 12.70 32.77 6.9 g
Oil and coal exporters
Russia 59.72 48.96 -21.6
Saudi Arabia 3.06 12.75 -3.9
Three others (3) 17.08 37.84 -14.8 §

N

World 577.29 888.92 China France Germany
Note: (1) Japan, Canada and South Korea, (2) Brazil, Mexico and India Saudi Arabia UK
Turkey, (3) Australia, Iran and South Africa. uUs
Source: Desai (2022). Source: OWID.
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.42  Inthe deliberations and actions associated
with climate change, India’s position is defined
less by its contribution to past global emissions
of GHGs and more by (a) its higher vulnerability
to the ongoing and future disruptions caused by
climate change; (b) its developmental priorities

that may increase its contribution of future GHGs;
and (c) its role in designing both supply-side
policies and demand-side innovations to manage
future GHGs. The reduction in emissions can have
differential effects on various sectors of the Indian
economy, including agriculture (Box 1.3).

Box 1.3
Implications of Climate Risk Factors for Indian Agriculture

Climate change encompasses a host of factors, such as
variations in temperature, precipitation, CO, emissions,
humidity, wind, and extreme weather events. These factors
individually or in interaction with other factors can influence
agricultural production/productivity. They could either
intensify the negative impact on production/productivity
or improve it. From the emerging world, India offers an
important case study for understanding the implications
of climate change for agriculture, given (a) the critical role
played by agriculture in providing an anchor to India’s
gross value-added and livelihoods through employment
generation and food security; and (b) the vulnerability of
Indian agriculture to climate risk factors owing to a relatively
weak weatherproofing of the sector. Simulated scenarios
till 2050 suggest high sensitivity of Indian agricultural
production to climatic factors (Dasgupta, 2018).

Taking the recorded warmest decade of 2011-2020 (NOAA,
2021), a non-parametric multivariate adaptive regression
spline model (MARS) has been used to examine the non-
linear impact of climate change (X) on agriculture (}A/):

)A’ = i b;(x)c;

i=1

where b; (x) is a weighted sum of basis functions and ¢; is a
constant function used in a sequential model to uncover the
interactions of climate change and agriculture,

n n
y1= ) by yn = ) bi)e
i=1 i=1

where y,,...... ,Yy are N sequential MARS models.

The results indicate that Indian agriculture is sensitive to
climate change (Jha et al, 2022). Climate risk factors,
both independently and when interacted with other
climate variables can negatively affect various attributes of
agricultural production (Table 1).
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Table 1: Salient Results from Sequential MARS Model

Independent Dependent Degrees |Coefficients| R?

Variables/ Variables of

Interactions Interaction

Temperature Area under 2 0.35 0.62
foodgrains

CO, emissions Foodgrain 2 0.16 0.81
production

CO, emissions Foodgrain yield 2 0.11 0.75

Precipitation Area under 2 -0.5 0.92
oilseeds

Precipitation Oilseed 2 -0.4 0.94
production

Precipitation, Oilseed yield 3 0.02, -0.05 | 0.89

Irrigation

CO, emissions Foodgrain 2 0.72 0.78
production
(kharif)

CO, emissions Foodgrain yield 2 0.91 0.56
(kharif)

Rainfall Oilseed 2 -0.25 0.77
production
(kharif)

Rainfall, Irrigation | Oilseed yield 3 -0.18,0.04 | 0.84
(kharif)

Note: The sequential MARS model parameters presented here reflect
the impacts of climate variables taken either independently or along with
their interactions with other variables.

Source: Jha et al. (2022).
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4.3 India’s Stake in Global Climate Action

.43 India’s involvement in climate change
negotiations can be broadly divided into three
phases (Youdon and Bajaj, 2022). In the first
phase (1992-1997), India’s priorities were about
preserving the interests of developing and least-
developed countries by advocating the principles
of equityy and common but differentiated
responsibilities in meeting targets for emission
reductions. In the second phase (2000-2009),
India focused on climate finance, technology
sharing and the creation of an adaptation fund
for climate action by developing countries. During
the third phase covering COP15 in Copenhagen
in 2009 to the Paris Agreement in 2016, India
supported green transition through a more
flexible, cooperative, and holistic approach for
formulating its National Action Plans on climate
change.

.44 A strong commitment to climate action is
reflected in various national development policies
and programmes adopted by India in recent
decades (Table 1.3).

.45 Before COP21 in 2015, India submitted
its intended NDCs to the UNFCCC with targets
upto 2030, pledging to: (i) reduce its emissions
intensity of GDP by 33-35 per cent from 2005
levels; (ii) increase the share of non-fossil-fuels-
based electricity to 40 per cent with the help of
transfer of technology and low-cost international
finance mechanisms such as the Green Climate
Fund??; and (iii) create an additional carbon sink2?
of 2.5 to 3 billion tonnes of CO, equivalent through
extra forest and tree cover.

Table 1.3: India’s Action Related to
Climate Change

Area Salient Initiatives
Science & 1. Indian Network for Climate Change
Research Assessment (INCCA)
Himalayan Glaciers Monitoring Programme
Launch of Indian Satellite to Monitor
Greenhouse Gases
4. |India’s Forest and Tree Cover as a Carbon
Sink
5. India GHG Emissions Profile
Policy Expert Group on Low Carbon Economy

Development State Action Plan on Climate Change

6
7
8. National Policy on Biofuels
9

National Missions under National Action
Plan on Climate Change

Policy
Implementation

. National Conference on Green Building
Materials and Technologies

11. In-Principle Approval to 30 Solar Cities
12.
13.
14.

Energy Efficiency Standards for Appliances
Fuel Efficiency Norms

Clean Development Mechanism

Programme

(CDM)

15.
16.
17.

International
Cooperation

UN Climate Technology Conference
SAARC Environment Ministers’ Conference
India’s Submissions to UNFCCC

18.
{1158
20.

Forestry State of Forest Report

Green India Mission

Capacity Building of Forestry, Intensification
of Forestry Management and Inclusion of
Forestry within MGNREGA

Source: Ministry of Environment, Forest and Climate Change,
Government of India.

.46 At COP26?%, India updated its NDCs,
which represent the framework for its transition
to cleaner energy for the period 2021-2030. It
has committed to accommodate the panchamrit,
which includes raising the non-fossil-fuels-based
energy capacity of the country to 500 Gigawatt

22 The Green Climate Fund has been designated as an operating entity of the financial mechanism of the UNFCCC in providing support to
developing countries to limit or reduce their GHG emissions and to adapt to the impact of climate change.

28 Carbon sinks are natural or artificial reservoirs that absorb and store the atmosphere’s CO, through physical and biological mechanisms.
24 The 26" UN Climate Change Conference was held at Glasgow, UK in 2021.
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by 2030; 50 per cent of energy requirements from
renewable sources; and 45 per cent reduction
of carbon intensity by 2030. The updated NDCs
reaffirm India’s commitment to work towards a low-
carbon emission pathway, while simultaneously
endeavouring to achieve sustainable development
goals. Moreover, the Mission LiFE, i.e., Lifestyle for
the Environment, launched by the Prime Minister
in 2022, is now a global movement to connect
the powers of the people for the protection of
the earth. Mission LiFE makes the fight against
climate change democratic, because everyone
can contribute within one’s capacity.

.47  India has set itself a target to achieve net
zero by 2070. Toward achieving this target, India
has released its LT-LEDS at the COP27 summit.
With this, India has joined other so-called large
emitters like China, the US, Russia and Japan
which have already submitted their strategies.
While optimising the trade-offs between growth
and low-carbon emissions, the broad features
of the strategy include: (a) rational utilisation of
national resources with due regard to energy
security; (b) increase the use of biofuels, green
hydrogen fuel and electric vehicle penetration;
(c) development of an integrated, efficient and
low-carbon transport system; (d) promotion of
adaptation measures in urban design; and (e) CO,
removal through innovation, technology transfer,
climate-specific finance and capacity building with
international support.

.48 India has made progress towards meeting
the net zero target. The current set of actions on
climate change is the result of learning from its
own experience and those of other countries, and
the awareness of the risks and costs associated
with the adverse impact of climate change. India
is keen to form knowledge networks by facilitating
data sharing and information exchange at the

21

institutional level to share its experience and
learnings with the rest of the world by participating
in research and development activities.
Mitigating the growing GHG concentration in the
atmosphere will include harnessing the potential
in mangroves to absorb more carbon emissions
than landed tropical forests. Accordingly,
dedicated commitments have been made towards
conservation and management of mangroves.

.49  The Ministry of Science and Technology
launched the National Mission for Sustainable
Himalayan Ecosystem in 2010 to understand the
implications of climate change on the Himalayan
ecosystem in order to conserve and protect its
biodiversity. A separate Mission for Green India
was launched by the Ministry of Environment,
Forests and Climate Change in 2014 to provide
livelihoods to 3 million people through forest-
based activities and carbon sequestration
capacity.

.50  With the coming into force of the Energy
Conservation Act of 2001, the Ministry of Power
launched a similar Mission in 2011 known as
National Mission for Enhanced Energy Efficiency
(NMEEE) to make energy savings. India has co-
founded the International Solar Alliance (ISA)
with France in 2016 and announced a National
Hydrogen Mission to increase the dependency
on green energy. Moreover, the Government of
India has established an adaptation fund and
provided initiatives under its National Action Plan
for climate change. India’s progress in adaptation
and mitigation of climate change is evident from
the rise in its Climate Change Performance Index
(CCPI) in recent years (Chart 1.27).

.51 Currently, about 80 per cent of the
electricity generation in India is from fossil fuels
(Chart 1.28). Future energy transitions for India
can be estimated under two different scenarios
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Chart 1.27: Climate Change Performance Index,
Select Countries
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Chart 1.28: Share of Electricity Production from
Fossil Fuels
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underlining the urgent need for a structured
change in the energy sector (Box 1.4).

.52
climate change to propagate action globally and

In sum, India is using the challenge of

has, in fact, emerged as a leading voice from
the emerging world. It is undertaking numerous
policy actions as part of the global commitments
while pushing outwards the boundaries of its
development priorities.

Box 1.4
Energy Transition Scenarios for India

To reduce CO, emissions, renewable energy needs
to sufficiently replace the carbon-emitting sources of
energy. The transition process could be induced by direct
or indirect taxes on carbon and subsidies to promote

renewable energy. Under different globally coordinated
policy scenarios, the amount of renewable energy capacity
and generation would differ, calling for public investments
of differential magnitudes.
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Chart 3: Share of Renewables under the Stated Policies
Scenario (STEPS)
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Chart 4: Share of Renewables under the Announced Pledges
Scenario (APS)
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Even though fossil fuels dominate India’s energy production
at present, there has also been a steady rise in the
production of renewable energy over the years (Charts 1
and 2). The transition to renewables needs to pick up at a
faster pace.

The share of renewables is going to rise significantly under
the Announced Pledges Scenario (APS) as compared to
the Stated Policies Scenario (STEPS) for India (Charts 3
and 4)%.

The rise in energy demand under STEPS for India is
estimated at 3 per cent between 2021 and 2030, as fossil
fuel use is likely to increase steeply, mainly led by coal
during this period. Oil will remain a major source of energy
for the transport sector. Under APS, coal demand in India
is expected to reduce by around one-third of its predicted
value by 2050 due to NDCs. Under this scenario, India will

5. Climate Change and the Reserve Bank of
India

.58 Climate change has been appropriately
assigned to the domain of fiscal policy. Central
banks, given their relatively narrow mandates of
price and financial stability, and fewer instruments
attheir disposal, have hitherto adhered to their core
competence. As a result, the newer assignment

have to generate around 61 per cent of its energy supply
from renewable sources. Thus, under APS, India may
observe a faster emergence of low-emission alternatives in
power, industry and transport sectors, and a sharper fall
in coal use and rise in renewables in line with its 2070 net
zero goal.
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of climate change to them has provoked an
animated debate. It is argued that central banks
lack the necessary tools and domain knowledge
to address climate change (Hansen, 2022; and
Rajan, 2023).

.54 It is also argued that climate change
may take central banks away from the pursuit of
price stability, which can affect their credibility in

25 As per the IEA, APS includes the latest NDCs and the long-term net zero goals of the countries, whereas STEPS follows only the current
policy setting of countries. Thus, APS signifies a stricter, globally coordinated transition. Renewables include bioenergy, geothermal,
hydropower, solar photovoltaics (PV), concentrating solar power (CSP), and wind and marine (tide and wave) energy for electricity and

heat generation.

23



REPORT ON CURRENCY AND FINANCE

meeting their primary mandate. In fact, undue
expectations from central banks about addressing
climate change, if unfulfilled, can tarnish their
reputation (Issing, 2021). Furthermore, central
banks’ actions may not always complement
governmental actions on climate matters. Hence,
they may face (a) “calibration risk” with regard to
their ability to adjust their instruments towards
managing climate risks without an explicit need for
additional mandates and tools; and (b) “capture
risk” with respect to their independence from
the government’s climate policy (Masciandaro
and Russo, 2022). Moreover, introducing climate
change as an explicit mandate may require
complex and cumbersome amendments in the
existing institutional structures governing central
banks (ibid). In sum, climate change in the context
of central banks has come to be regarded as
“mission creep” - a gradual broadening of their
objectives beyond the original scope or focus.

.55 On the other hand, there is a growing
recognition that even if governments are the
most influential agency for climate change, all
institutions, including central banks and financial
sector regulators/supervisors, are stakeholders
and especially so in view of the existential threat
to their central mandates. Climate change can
affect price stability through supply shocks such
as food and energy shortages and through a
decline in productive capacity. Climate-related
risk can also lead to inflation volatility, which
can effectively de-anchor inflation expectations.
Furthermore, even if mitigation policies such as
carbon pricing are forceful, they can affect price
stability, potentially precipitating large and long-
lasting movements in relative prices (NGFS,

Chart I.29: Impact of Climate Risk on Monetary
Transmission
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2020). Demand shocks can arise due to the loss
of wealth of firms and households on account of
frequent natural disasters. Physical and transition
risks can affect the balance sheets of financial
institutions and banks, limiting the flow of credit
to the real economy (Schnabel, 2021). Climate-
induced uncertainty can make households save
more for precautionary purposes, bringing down
the real equilibrium interest rate (ibid)?. There are
several channels through which climate change
can affect monetary transmission (Chart 1.29).

.56 Central banks also face challenges to
their financial stability mandate from climate risk
which can affect the valuation of financial assets
by influencing investors’ risk perceptions (FSB,
2020). This can create volatility in traded assets.
Uncertainty in asset prices can, in turn, reduce
the effectiveness of hedging, further increasing
the vulnerability of banks and financial institutions.

26 However, it is also argued that green investments can result in a low inflation, and hence, a low interest rate environment in the long run

(ibid).
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Chart 1.30: Average Carbon Footprint of Bank Loans in
Select Countries
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Depreciation pressures on currencies of countries
frequently affected by climate disasters can
cause financial instability, higher import costs
and negative terms of trade. Transition risks can
operate through multiple channels, exacerbating
traditional risks in all categories, including credit,
market, liquidity, operational and reputational risks
for banks and financial institutions. The carbon
footprint or financial exposure of banks to climate
change has, in fact, gone up significantly in recent
years (Chart 1.30).

.57  The consensus is hence coalescing to the
position that central banks are uniquely placed to
address climate change. They have a critical role in
the promotion of green/sustainable finance through
a mix of developmental and prudential regulatory
policies?”. With this growing recognition, there have

been several global interventions to involve central
banks and other financial authorities into climate
action (Annex 1.2). The Network for Greening the
Financial System (NGFS), comprising central
banks and supervisors, was established in 2017
to (a) strengthen the global response for meeting
the Paris Agreement goals; and (b) enhance the
role of the financial system in managing risks from
climate change and mobilising green finance for
environmentally sustainable development?. As of
March 2023, NGFS consists of 125 members and
19 observers (NGFS, 2023)°.

.58 Climate change is a rapidly emerging
area of policy interest in the RBI. Back in 2007,
the RBI advised banks to put in place Board-
approved plans of action towards helping the
cause of sustainable development. In 2015, the
RBI included loans for generation of renewable
energy and public utilities run on non-conventional
energy as part of its priority sector lending (PSL)
policy to incentivise the development of green
energy sources. More recently, the RBI has taken
initiatives aimed at understanding the implications
of climate change for India’s financial sector for an
informed climate-related policy, and the financing
of green projects. In April 2021, the RBI joined the
NGFS to benefit from and contribute to the best
practices in climate risk management and green
finance. In its statement, the RBI highlighted three
commitments while noting national commitments,
priorities and complexity of the Indian financial
system: (a) exploring how climate scenario
exercises can be used to identify vulnerabilities in

27 The G20 Green Finance Study Group (GFSG) defines green finance as “financing of investments that deliver environmental benefits in the
broader context of environmentally sustainable development”, where environmental benefits include GHG reductions or improved energy

efficiency, among others (GFSG, 2016).

28 See https://www.ngfs.net/en/about-us/governance/origin-and-purpose

29 NGFS Observers are international or regional public financial institutions/regulators/central banks/multilateral development banks who
contribute to its work but are not consulted on items for decision; see https://www.ngfs.net/en/about-us/membership.
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RBI-supervised entities’ balance sheets, business
models and gaps in their capabilities for measuring
and managing climate-related financial risks;
(b) integrating climate-related risks into financial
stability monitoring; and (c) building awareness
about climate-related risks among regulated
financial institutions and spreading knowledge
about issues relating to climate change and
methods to deal with them accordingly.

.59 In July 2022, the RBI released its
seminal “Discussion Paper on Climate Risk and
Sustainable Finance”, providing broad guidance
for RBIl-regulated entities to develop good
practices on (a) appropriate governance; (b)
climate risk strategy; and (c) risk management
structure. It also laid out guidance for voluntary
initiatives by regulated entities on green finance,
setting up of green branches and green data
centres, encouraging greater use of electronic
means of communication instead of paper,
and renewable energy sources. In January
2023, the RBI issued sovereign green bonds to
mobilise resources for the Government for green
infrastructural investments. This move was in
keeping with panchamrit, the five-point strategy
for climate action announced by the Government
during COP26. More recently, in April 2023,
the framework for mobilising green deposits by
regulated entities has been released by the RBI
with a view to fostering and developing green
finance ecosystem in the country.

.60  There has also been a distinct focus on
climate-related issues in the RBI’'s research
in recent times: this Report is a case in point.
Applying global learnings on climate change to
Indian data, each chapter of the Report uncovers
the possible implications of climate change for
the Indian economy and in preparing for the
future.
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6. Concluding Observations

.61  Affirmative action for greening the earth as
a global policy good is gaining traction. Despite its
slow pace of implementation, the Paris Agreement
of 2016 has offered hope for the transition towards
a greener cleaner world. India has set itself a
target to achieve net zero by 2070 and is making
significant progress in expanding its non-fossil-
fuels-based energy capacity. The updated NDCs
reaffirm this commitment to work towards a low-
carbon emission pathway, while simultaneously
endeavouring to achieve sustainable development
goals. India’s Mission LiFE seeks to empower
people to fight against climate change. With the
growing recognition that climate change can affect
price stability and financial stability, central banks,
including the RBI, are assuming an important role
in addressing climate change. This Report reflects
that new mission.

.62  Chapter Il analyses the effects of climate
change on the Indian economy with an assessment
of the growth-inflation-emission trade-offs under
different scenarios linked to India’s NDCs. A
highlight of the chapter is the documentation
of the specific topographical and economic
characteristics of the country that determine its
high vulnerability to climate risks while dealing
with the challenge of balancing its growth and
environmental aspirations.

.63  Chapter Ill discusses the risks to India’s
financial sector from climate change, channels of
risk transmission, the national potential to mitigate
those risks and provide adequate financing for
green transition. This chapter employs a dynamic
stochastic general equilibrium (DSGE) model to
assess the impact of climate shocks on capital
stock, consumption, income, inflation and interest
rates, as these variables can influence the financial



THE CLIMATE STRIKES BACK

soundness of banks. It presents the findings of a
pilot survey of stakeholders in assessing the level
of awareness about the transition risk and the
adoption of adequate risk mitigation strategies.
The chapter also conducts climate stress tests to
assess the banking sector’s vulnerability to climate
risks.

.64  Chapter IV explores a range of feasible
policy options encompassing various domains
such as fiscal policy, technology, international
trade, regulatory and monetary policy, markets-
based and citizen-centric measures to achieve
India’s net zero target.
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REPORT ON CURRENCY AND FINANCE

Annex |.1: Major Global Interventions for Climate Change

Year | Global Intervention Issues Addressed/Initiatives

1972 | Stockholm International | Led to the creation of UNEP
Summit

1979 | World Climate Conference | Endorsed plans to establish a World Climate Programme (WCP)

under WMO, UNEP, and the International Council of Scientific
Unions (ICSU), focusing on climate data, climate applications,
climate research and climate impact study programmes

1987 | Montreal Protocol Focused on global reduction of production of substances

damaging the ozone layer, such as CFCs

1988 | Creation of IPCC Established for inter-governmental assessment of

the science, impacts and response options for climate
change

1992 | UN Conference on | Adoption of
Enwr:)nmentt h “Earlﬂ (a) A plan of action at the global, national and local levels to
Sﬁ\r;en?iﬁ’men or the “kar address human impact on the environment (UN, 1992)

(b) Rio Declaration on Environment and Development
aimed at working towards international agreements to
“protect the integrity of the global environmental and
developmental system”

1992 | UN Framework Convention | Establishment of Conference of the Parties (COP)
on Climate Change | for international discussions on stabilisation of GHG
(UNFCCC) concentration in the atmosphere at a level that would

prevent dangerous anthropogenic interference with the
climate system

1995 | First Meeting of UNFCCC | Aimed at an annual review of the Convention and to take
COP (COP1) decisions to promote its implementation

2005 | Kyoto Protocol The first legally binding climate treaty that required

developed countries to reduce emissions by an average of
5 per cent below the 1990-levels over 2008-2012
2009 | Copenhagen Accord Agreement to reduce global emissions to hold the increase in

global temperature below 2 degrees Celsius (UN, 1992)

30




THE CLIMATE STRIKES BACK

Year | Global Intervention Issues Addressed/Initiatives
2016 | Paris Agreement The Agreement focussed on:

a) Reduction of GHG emissions to limit the global
temperature increase to 2 degrees Celsius and further
to 1.5degrees Celsius;

b) Provision of financing to developing countries for
climate change mitigation and adaptation

2021 | COP26 a) Phase down of coal power and phaseout of inefficient fossil
fuel subsidies;

b) Delivering on climate finance pledge of US$ 100 billion by
developed countries;

¢) Launching “Glasgow dialogue” to address loss and damage
associated with climate change

2022 | COP27 Reaffirming the commitments of global average temperature

reduction, it

a) Marked a breakthrough agreement on “Loss and Damage”
fund including damage to crops, homes or infrastructure,
human health, efc,;

b) Urged countries to integrate water into their adaptation
efforts

Source: Authors’ compilation.
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REPORT ON CURRENCY AND FINANCE

Annex 1.2: Climate Policies Being Implemented in Select Countries

Type of lllustration of the Policy Instrument Country Examples
Policy
National carbon taxes; Cap-and-Trade | * 70 direct carbon pricing instruments
(CaT) or Emissions trading systems (ETS); operating in 47 jurisdictions with 34
Emission or energy efficiency standards® ETS and 36 carbon tax regimes (World
Bank, 2022)
* EU and Japan have the most stringent
energy efficiency standards
Feed-in tariffs (FIT); Renewable quotas® e 69 countries have implemented some

Fiscal form of FIT (OECD, 2019)

Policy e China has implemented a quota system
Public investment in infrastructure and | EU (Infrastructure Investment Plan);
social development; Partnership between | China (Urban Development Investment
private sector, government, development | Corporation)
bank, and long-term institutional investors
Public guarantees as loan commitments; | World Bank  Multilateral  Investment
Credit or cash flow guarantees; Multi- | Guarantee Agency (MIGA), European
sovereign guarantees Investment Fund Guarantee Scheme
Redressing underpricing by greater | UK, France, Brazil, China
transparency of climate risks; Climate-
related financial data; Climate-related risk
disclosures; Taxonomy of green assets;

Climate-related stress tests; Macro-
prudential tools
Green supporting and brown penalising | Lebanon, Brazil, China
factors in capital requirements; International
requirements of minimum amount of green
Regulatory | assets on balance sheets; Notional carbon
Policy prices; Corporate governance reforms

Green credit; Green insurance; Green
securities; Credit allocation policies or
Directed lending policies for renewables

China (Green Bond Endorsed Project
Catalogue), India, Bangladesh

Integrating climate risk analytics into
collateral frameworks; Central bank portfolio
management; Green QE; Developing own
risk assessments; Ensuring climate risks
are appropriately reflected in central bank
asset portfolios

UK, Japan, Bangladesh, Netherlands,
Norway, ECB (Purchase of EIB bonds)

Source: Krogstrup et al. (2019).

30 Procedures/regulations prescribing energy performance of manufactured products, such as maximum energy consumption for an activity.
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FIT is designed to support the development of renewable energy sources by providing a guaranteed, above-market price for renewable

energy producers. In case of quota, the government sets the percentage or amount of energy that comes from renewable sources.
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