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Preface

In an era of rapid development and climate uncertainty, the true worth of nature’s services
seldom appears on balance sheets. This booklet puts a spotlight on “valuing the invaluable”
— assigning monetary estimates to aspects of our environment.

The aim is not to commodify nature, but to highlight that clean air, water, fertile soil, and rich
biodiversity are foundational assets for India’s economy and well-being. By visualizing an
“invoice” from nature, policymakers can better appreciate the hidden subsidies our
environment provides, strengthen arguments for conservation, and design policies that
integrate environmental and economic decisions.

We hope this fusion of science and creative narrative will inspire actions that treat nature’s
resources as the precious capital they truly are.
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Background

Imagine waking up tomorrow and every breath you take comes with a price tag.

What if nature presented us with a bill for the air we breathe, the water we drink, and the
forests that shield us from disasters? This booklet explores that scenario — quantifying key
environmental components in rupee terms and explaining their significance for life and
sustainability. The purpose is to make the invisible benefits of nature visible and tangible.
Each chapter takes one component (like air, water, soil, etc.), defines it, describes why it’s
vital, and then walks through a cost estimation: what it would cost if we had to replicate or
replace that service artificially, or the economic value of the benefits it provides.

The target audience is Indian policymakers, so we use India-specific data and context
wherever possible (INR currency, Indian examples, local studies). We present calculations
with realistic assumptions and formulas, and for any daily cost we derive, we also show the
equivalent annual cost (X/year) and lifetime cost (X for 80 years) to underscore long-term
value. Creative storytelling elements — from metaphors to real-world scenarios — are woven
in to make the content engaging, not just informative.

Throughout the booklet, tables summarize key computations (e.g., daily consumption and
costs), and charts (conceptual or suggested) illustrate comparisons, such as the cost of using
natural systems versus man-made alternatives. A Glossary at the end defines technical terms
(like “carbon sequestration” or “biodiversity”) for clarity. The References section lists the
scientific and economic sources used, including reports by IPCC, UNEP, India’s MoEFCC, and
seminal research studies, ensuring that each estimate is grounded in credible data.

By translating environmental functions into the language of rupees, we do not imply that
nature’s worth is only what can be priced. On the contrary, these numbers are there to
provoke thought: to show that even by conservative estimates, the economic value of
nature’s free services is enormous — often far exceeding the cost of conserving them.

If nature were to send us an invoice, it would likely be beyond what any nation could pay.
The takeaway, therefore, is that investing in protecting our “environmental infrastructure” —
our air, water, soils, forests, and ecosystems — is not a luxury, but a sound and indispensable
investment for long-term prosperity and survival.
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Introduction

Every day, each of us enjoys “free” services from our environment: we breathe clean air
supplied by forests, drink water filtered by wetlands, eat food pollinated by bees, and live
safely thanks to climate regulation by atmospheric systems. These services, often taken for
granted, have enormous economic value. If we had to replace or restore these environmental
components artificially, the cost would be staggering. For instance, how much would we have
to pay if we had to supply oxygen to a city artificially, or pollinate crops by hand, or build
infrastructure to prevent floods in the absence of wetlands? By estimating such costs, we can
make the invisible value of nature visible in rupee terms.

This booklet covers 18 critical environmental components, from Water, Soli, Air etc. to related
Regulations. Each section is crafted to be accessible and engaging, using analogies or
storytelling to connect with the reader, while providing data-backed estimates of economic
value.

All assumptions (such as volume of air breathed, or carbon price per ton) are grounded in
scientific studies or official data. We hope this compilation will serve as a valuable resource
in policy development, education, and advocacy for sustainable development. By
understanding the “price” of what nature gives us for free, we can better appreciate these
natural assets and enact policies to protect and invest in them for future generations.
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Chapter 1: Air — The Price of Every Breath

Definition & Importance

Air is the invisible mixture of gases (mainly nitrogen and oxygen) that surrounds Earth and fills
our lungs with each breath. It is our planet’s life-support system — without air, we cannot
survive beyond a few minutes. Clean air, in particular, is crucial for health. Yet, because it’s
abundant and free, we seldom consider its monetary worth. To illustrate its importance,
imagine having to buy breathable air the way we purchase oxygen for medical patients. Each
adult inhales about 11,000 liters of air per day, containing roughly 2,300 liters of oxygen
(about 550 liters of pure oxygen) needed by our bodies. This massive daily intake
demonstrates how critical and voluminous our air consumption is.

Creative Scenario (Air as a Commodity): Consider a sci-fi scenario where city dwellers must
purchase cans of purified air. This was humorously depicted in films, but in some polluted
cities, canned air has indeed been sold as a novelty. While we don’t pay directly for the air,
we do invest in air purifiers and medical oxygen when pollution is severe. During the COVID-
19 crisis, oxygen cylinders — essentially paid air — became precious. The value of air becomes
stark when one imagines carrying an oxygen tank everywhere.

Now let’s assign a notional cost to the air we consume daily. Medical or industrial oxygen
provides a clue: A cylinder with ~46 liters of compressed O, (about 6 kg of oxygen) might cost
around X300-%500. That equates to roughly X50 per kg of oxygen (medical grade; industrial
bulk O, is cheaper, ~X15-20/kg). However, the air we breathe is only 21% oxygen; the rest is
mostly nitrogen, which isn’t directly metabolized but still needs to be of breathable quality.

Cost Estimation: Suppose we value air at the cost of its oxygen content plus some processing
for cleanliness. If an average person uses ~550 liters of pure O, daily (which is contained in
11,000 liters of air), that’s about 0.78 kg of O, per day (since 1,000 liters O, = 1.43 kg at
standard conditions). At X50 per kg, just the oxygen component is 239 per day. Adding a token
value for the nitrogen and the service of having it delivered in breathable form (which nature
does for free), we might round off to X40-X50 per person per day for air. For conservatism,
let’s use X40/day as a notional cost of clean air per person. This yields:

e Per Day: %40 (cost of clean air for one person per day)
e Per Year: X40 x 365 =~ X14,600 per year
e Per Lifetime (80 yrs): 14,600 x 80 = X11,68,000 (around X11.7 lakh)

In other words, one might say each person receives on the order of X11-12 lakh worth of air
over an 80-year lifespan. And that’s a very modest estimate considering only oxygen value. If
we considered the immense value of nitrogen for growing food (nitrogen in air eventually
becomes fertilizer via the nitrogen cycle) or the value of clean, pollutant-free air (reduced
healthcare costs), the “price” would be much higher.
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Table: Air Consumption and Imputed Cost (per person)

Parameter

Approximate Value

Volume of air breathed daily

11,000 liters (= 11 m?3) of air

Oxygen content in that air

~2,300 liters O, (= 0.78 kg 0,)

Assumed cost of O, (per kg)

%50 (medical grade oxygen price)

Daily Air “Value”

~X40 (for oxygen in daily air)

Annual Air Value

~X14,600 (X40 x 365)

Lifetime Air Value (80 yrs)

~X11.7 lakh (nearly X1.17 million)

Assumptions: Oxygen price from typical cylinder costs; nitrogen and other components not
charged (effectively considering oxygen as proxy for air value). The actual value of clean air is
arguably far higher if we include health costs of polluted air — for example, avoiding exposure
to PM2.5 particulate pollution has a calculable health benefit.

Beyond the Numbers: The reason this calculation is important is to remind us that air,
although freely available, is not “valueless.” If our air gets polluted, we end up paying in
other ways (hospital bills, air purifiers, lost productivity from illness). Clean air policies and
pollution control can be justified when you recognize that physically delivering the equivalent
benefit (like distributing oxygen or filtering air for entire populations) would cost trillions of
rupees at scale. Thus, protecting air quality is not just an environmental issue but a sound

economic investment.
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Chapter 2: Water — The Liquid Gold

Definition & Importance

Water is often called “blue gold” because of its fundamental value to life and development.
It covers 71% of Earth’s surface, but only a tiny fraction is freshwater accessible for human
use. Clean water is essential for drinking, sanitation, agriculture, industry, and ecosystem
health. In India, the average urban individual uses around 135-150 liters of water per day for
basic needs (drinking, cooking, bathing, cleaning). Water resources like rivers, lakes, and
aquifers are renewed by the natural water cycle, but overuse and pollution are making clean
water scarce in many regions.

Creative Scenario (Daily Water Use): Imagine starting your day with a “water budget” that
you have to purchase: every liter of drinking water, every shower, every flush has a price tag.
In some Indian cities, this is already real — tanker water or bottled water can cost X1-%2 per
liter or more during shortages. People have to carefully allocate water use when it’s scarce.
This underscores water’s value: when the municipal supply fails, water suddenly becomes a
major household expense.

Cost Estimation: Let’s estimate a notional cost for domestic water consumption per person.
Suppose clean potable water is valued at a modest 0.5 per liter (50 paise, far below typical
bottled water prices, but considering partly-subsidized utility water rates). For 150 liters/day
per person, we get:

e Per Day: 150 L x 0.5 = X75 per day (the cost if one had to pay for all daily water at

50p/L).
e Per Year: X75 x 365 =X27,375 per year.
e Per Lifetime (80 yrs): 327,375 x 80 = X21,90,000 (about X21.9 lakh).

Now, X0.5/L is quite low; actual economic value of clean water can be higher especially where
it’s scarce. Delhi’s government water tariff, for instance, charges higher rates beyond a free
quota — effectively valuing water at X30-X50 per kilolitre (%0.03—%0.05/L) in subsidized
scenarios, but in a market situation (water tankers, bottled water), it's X1-X5/L. To be
conservative in showing minimum value, we used %0.5/L. Even then, a single person’s lifetime
water usage easily crosses 220 lakh in value.

Table: Estimating Personal Water Usage Cost

Parameter Assumed Value

Daily water use per person 150 liters (urban India average)
Assumed cost of clean water 0.5 per liter (50 paise/L)

Daily Water “Value” X75 (150 L x X0.5)

Annual Water Value ~X27,400 (X75 x 365)

Lifetime Water Value (80 yrs) ~X21.9 lakh (X27,375 x 80)

=1 —
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Assumptions: Moderate pricing for water (accounting for collection and treatment costs but
not full market rates). In reality, if we include agricultural and industrial water “footprint” per
person, the volumes and values would be much higher. For instance, the water embedded in
the food one person eats in a day (for irrigation) can be thousands of liters, which if valued
even at X0.1/L adds significantly to the daily “water bill” of a society.

Value of Ecosystem Services: Natural ecosystems like rivers and wetlands purify water for
free. If they’re degraded, we pay for large water treatment plants. A famous example: New
York City invested in protecting the Catskill wetlands (at ~~$1.5 billion) instead of building a
water filtration plant (~~$8-10 billion capital plus operating costs), saving billions by letting
nature do the work. Similarly, maintaining healthy watersheds in the Himalayas or Western
Ghats provides clean water to Indian cities and farms, saving huge filtration or desalination
costs. Thus, the environment’s role in our water supply has a tangible economic value.
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Chapter 3: Land, Soil and Land Resources
Foundation of Wealth

Definition & Importance

Land refers to the terrestrial areas of Earth — including soil, terrain, and all that is on it. It is
the base for agriculture (food production), human habitation, forests, and infrastructure. Soil,
often called the “skin of the Earth,” is a critical subset of land — a complex living system that
supports plant life. The fertility of soil (its ability to support plant growth) underpins food
security. Land has direct economic value (real estate, agriculture yields) and indirect value
(flood control, nutrient cycling, carbon storage by soils, etc.). In India, land is under pressure:
we have 18% of the world’s population on 2.4% of the world’s land area, and around 30% of
India’s land is degraded or losing productivity due to factors like erosion, deforestation, and
unsustainable farming practices. [hindustantimes.com]

Creative Scenario (Losing Productive Land): Picture a village that has farmed the same plot
for generations. Over time, excessive use of chemical fertilizers and poor erosion control have
depleted the topsoil. The land yields less every year, and farmers must spend more on inputs
or move elsewhere. The loss isn’t just emotional, it’s financial: degraded land reduces crop
output and thus income. On a bigger scale, if fertile land turns to wasteland, nations have to
spend more on importing food or on reclamation projects.

Cost Estimation: One way to value land and soil is by looking at the cost of land degradation.
A government-sponsored study in India estimated that land degradation and soil erosion cost
the country about 2.5% of GDP annually. In 2014-15, this was roughly X3.17 lakh crore (X3.17
trillion) lost per year in terms of reduced productivity, lower farm incomes, and other knock-
on effects from degraded land. To put that in perspective, X3.17 lakh crore is more than the
entire annual budget of some government welfare programs — a huge hidden cost.
[hindustantimes.com]

At a more micro level, consider a single hectare (ha) of agricultural land (about 2.5 acres). If
it’s fertile, it might produce crops worth, say, X1,00,000 per year. If severely degraded, yields
could drop by half, essentially “losing” 50,000 per year in output, or requiring additional
investment (irrigation, fertilizers) to maintain yields. The difference in maintenance cost can
also be seen as the value of natural soil fertility. For example, fertile soil may need 220,000 of
inputs per ha for a good crop, whereas infertile soil might need 50,000 of inputs (more
fertilizer, soil amendments, etc.) for the same result. That implies the naturally fertile soil
provided a X30,000 per hectare per year advantage (either in higher yield or lower input
cost). Extrapolate this nationwide over millions of hectares, and the economic stakes become
enormous.



https://www.hindustantimes.com/environment/land-degradation-cost-india-2-5-of-its-gdp-in-2014-15/story-r5I0Kpv3qBJdeJw3PWsuHO.html
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Table: Impact of Soil Fertility vs. Degradation (per hectare example)

Scenario Annual Crop Yield Value Anm.J?I Input _ Cost N?t Productivity
(fertilizers, etc.) (Yield — Input)
gsi"l"lthy Fertilel<1.00,000 220,000 280,000
Degraded Soil  [[%70,000 (lower yield) 350,000 (higherl2> 6,000
inputs)
Difference —X30,000 yield + 30,000
(Value Lost) extra cost = 60,000 total gap

Assumptions: Simplified illustration assuming a particular crop; actual values vary. The
degraded soil yields 30k less and needs 30k more spending, so 60k net benefit of fertile
soil per ha/year in this scenario.

From the above, one could say a hectare of well-conserved land provides services (in terms
of fertility and avoided input costs) worth tens of thousands of rupees annually. Multiplying
such differences across India’s agricultural area explains why investing in soil conservation
(terracing, organic matter addition, erosion control) has high returns.

Additionally, land has intrinsic value in terms of real estate and cultural significance. For
policymakers, the numbers highlight that preventing land degradation (through sustainable
farming, afforestation, etc.) isn’t just an ecological goal but an economic necessity — saving
potentially 2-3% of GDP per year. That could equal hundreds of thousands of crores over
decades, money that can be directed to development rather than compensating for lost
natural capital. [hindustantimes.com]
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Chapter 4: Biodiversity: The Living Library of Ecosystems

Definition & Importance

Biodiversity refers to the variety of life on Earth — the different species of plants, animals, and
microorganisms, the genetic diversity within these species, and the variety of ecosystems
(forests, oceans, grasslands, etc.). It is often described as the “web of life.” A rich biodiversity
provides resilience (ecosystems can better withstand shocks like droughts or diseases) and a
vast array of ecosystem services: pollination of crops, natural pest control, genetic resources
for new medicines or crop varieties, and so on. Culturally and economically, biodiversity is a
treasure. For instance, India’s spice diversity underpins food industries; our rich flora is a
source of traditional herbal medicine as well as biotech innovations.

Creative Scenario (Natural Capital as an Asset): Imagine if we treated ecosystems like
companies and species as a giant stock portfolio. The “Global Nature Inc.” would be a multi-
trillion dollar enterprise —in fact, studies have tried to estimate this and found that the global
value of ecosystem services could be on the order of $125-140 trillion per year (in 2011
dollars). That’s roughly £9,000-10,000 lakh crore per year, which is about 1.5 times the world
GDP! In other words, nature’s services (like water purification, carbon storage, etc.) deliver
more value annually than all humans’ economic activities combined. Losing biodiversity is like
losing capital assets from this giant enterprise — it directly reduces the flow of services (like
losing interest from a shrinking bank principal).

Another perspective: The World Economic Forum reported that over half of global GDP (=
$44 trillion) is moderately or highly dependent on nature and its services. Sectors like
agriculture, food and beverages, and construction are obvious — they rely on raw materials
and processes from nature. But even sectors like tourism, real estate (think of how property
values are higher near green spaces), and pharmaceuticals (many drugs are derived from
natural compounds) heavily depend on biodiversity. In India, livelihoods of hundreds of
millions (especially rural communities) depend on biodiversity — from fishers to farmers to
forest dwellers.

Cost Estimation: Biodiversity’s value is hard to sum in one number, but we can look at specific
services. One approach is to estimate ecosystem service values per biome. Environmental
economists have estimated values for services like pollination, water regulation, and habitat
provision on a per-hectare basis for different ecosystems. For example, tropical forests might
provide services worth several thousand dollars per hectare per year, wetlands even more
(often topping ecosystem value charts due to water and nursery services). Summing across
the area of each ecosystem yields that global $125 trillion figure.

For a policy maker, it might be useful to consider the cost of biodiversity loss. If a wetlands is
drained or a forest cleared, we can attempt to quantify what services we must substitute or
what losses occur:

e Forests Cleared: Loss of carbon sequestration (-> more CO,, climate impact), loss of
pollinators and wild foods for locals, reduced rainfall regionally (affecting agriculture),
and loss of potential future products (like medicinal plants). These can be valued in
part (carbon has a market price; rainfall loss can be tied to crop yields, etc.).
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o Fisheries Collapse: Overfishing or habitat loss can collapse fisheries — costing millions
in lost revenue and food supply. Biodiversity (like maintaining fish nursery habitats
such as mangroves and coral reefs) has a direct economic value by sustaining fisheries.

o Extinction of a Useful Species: If, say, a species of insect that preys on pests goes
extinct, farmers might have to spend more on pesticides — a direct cost due to loss of
“natural pest control service.”

While it’s impossible to list all numbers here, one stark indicator is the concept of ecosystem
service “income” per year vs. if we had to pay. The Indian government’s forestry assessment
estimates services provided by India’s forests (like timber, carbon sequestration, soil
conservation, water recharge) at thousands of rupees per hectare per year. One government
report valued these services from forests at around X1.7 lakh crore per year for the country
a decade ago (including things like fuelwood, fodder, non-timber products, and ecological
benefits). Efforts to account for “Natural Capital” in GDP are underway worldwide to ensure
we recognize these contributions.

To put it succinctly: Biodiversity is like an insurance policy for life — diverse ecosystems
continue providing benefits under changing conditions. If we diminish biodiversity, we narrow
our options and incur huge costs to replace services (often we simply can’t). The collapse of
pollinators or soil microbes would be catastrophic and astronomically costly (some say
“priceless” because our survival is tied to it). Yet, assigning even a conservative monetary
value helps drive home that protecting biodiversity is not a luxury; it’s central to economic
and human well-being. Imagine trying to replace all bees with tiny robots to pollinate crops —
even if technologically possible, the cost would be prohibitive. Thankfully, nature does it for
free as long as we maintain habitats and species.

Real-Life Case (India): The economic value of biodiversity is evident in sectors like tourism.
India’s tiger reserves, for example, attract tourism that supports local economies; the tiger is
an apex predator whose presence signifies a healthy ecosystem supporting hundreds of other
species. A study found that just the tourism value of Ranthambore Tiger Reserve was in crores
of rupees annually, not counting ecosystem services like water regulation for the region. This
single example shows how even a single species (tiger) and its habitat (forest) have multi-fold
economic contributions (tourism, water for farmers, carbon storage, etc.). Losing such
ecosystems would incur multiple costs: loss of income, increased costs in water provisioning,
etc.

In summary, biodiversity’s “price tag” globally runs in the tens of trillions of rupees per year.
In India, conserving biodiversity (from forests to wetlands to genetic diversity in crops) is akin
to safeguarding a huge economic asset that if lost, we simply cannot afford to buy back.
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Chapter 5: Atmospheric Layers - Our Invisible Shield
Protection Overhead: Value of the Sky’s Layers

Definition & Importance

Earth’s atmosphere is layered (troposphere, stratosphere, mesosphere, thermosphere, etc.),

each playing distinct roles. Two particularly important functions of atmospheric layers are:

e UV Protection: The stratospheric ozone layer absorbs the majority of the sun’s harmful
ultraviolet radiation, especially UV-B, protecting life on Earth (more on ozone in Section
13).

e Meteoroid Shield: The upper layers (mesosphere and thermosphere) cause most small
meteoroids to burn up as “shooting stars” before they hit Earth’s surface.

e Climate and Weather Regulation: The troposphere contains our weather; the
stratosphere’s stratification helps keep weather below and also hosts jet streams that
influence climate patterns.

If we think of the atmosphere as infrastructure, it’s like an all-encompassing protective dome

and climate control system. Replacing its services artificially would be unimaginable (like

trying to build a planet-sized shield or life-support system).

Creative Scenario (No Atmospheric Shield): Imagine if Earth had no atmosphere like Mars.
We’d be bombarded by UV radiation, making skin cancer rates soar and requiring us to wear
protective suits or apply thick UV-block creams constantly. Micro-meteors would regularly hit
ground, posing risks to life and property (even a tiny meteoroid can hit like a bullet). The day-
night temperature swings would be extreme without atmospheric insulation. Essentially,
we’d need to live under a physical dome or underground to survive — an extremely costly
scenario (think of colonizing Mars — enormous expense just to provide basic living conditions
that our atmosphere currently gives for free).

Cost Estimation: Let’s focus on one layer’s service: the ozone layer’s UV protection. Without
the ozone layer, UV-B radiation at ground level would skyrocket. This would increase skin
cancers, cataracts, and harm crops and marine life. Back in the 1980s, scientists warned of a
“ozone hole” crisis. Thanks to the Montreal Protocol, we phased out most ozone-depleting
chemicals and the ozone layer is recovering. Had we not done so, it’s estimated that by 2050
we would have seen an additional 20 million cases of skin cancer and 130 million more cases
of eye cataracts globally (per year), along with big losses in crop yields. [weforum.org]

What’s the cost of such health impacts? Healthcare expenses, loss of productivity, etc., would
run into tens of billions of dollars annually. One could also attempt to price artificial UV
protection: for example, everyone wearing high-SPF sunscreen daily, protective clothing,
outfitting vehicles and buildings with UV-proof glass, etc. Those precautions would incur
direct costs. Let’s do a rough idea:

e Sunscreen for 1.4 billion Indians: If each person had to use sunscreen daily (say X5
worth per day on average), that’s X5 x 365 x 1.4 billion =%2,555 billion per year (X2.55
lakh crore) just on sunscreen! And that might only partially mitigate health issues, not
counting medical treatment costs for residual problems.

e Not everyone would do that, of course, but it gives a sense — even partial protective
measures for UV would cost thousands of crores of rupees annually for a populous
country like India.



https://www.weforum.org/press/2020/01/half-of-world-s-gdp-moderately-or-highly-dependent-on-nature-says-new-report/
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The Montreal Protocol cost only a few billion dollars globally to implement and in turn
prevented tens of billions per year in damages. A study by NASA estimated that by mid-21st
century, due to the Protocol, about 443 million cases of skin cancer and 2.3 million skin
cancer deaths will have been prevented in the United States alone over the lifetime of people
born between 1890 and 2100. If we consider the value of a statistical life and health care
costs, the ozone layer’s protection is worth trillions globally over decades. Simplified, one
might say the ozone layer provides services worth at least a few thousand crores of rupees
per year per large country in avoided health costs — easily on the order of 1,000+ crore/year
for India just looking at health. [weforum.org]

Another atmospheric service: preventing meteor impacts. Large meteors are rare, but small
ones are daily. If one in a million meteors is big enough to cause serious damage and our
atmosphere prevents, say, hundreds of those in a century, the avoided damage (to property,
life) could also be seen as an economic value. It’s hard to put a number, but consider that the
Chelyabinsk meteor (2013) in Russia, about 20m across, exploded in the atmosphere and still
caused damage (mostly glass broken by the shockwave) to the tune of $33 million. Without
the atmosphere’s friction causing atmospheric explosion, that meteor might have hit the
ground with far more destructive force. The atmosphere saved property and lives by breaking
it. If we estimated one such event per decade being mitigated, that’s a few million dollars
saved per year on average. Not as big as UV protection, but not negligible.

Summary of Value: Atmospheric layers act as a planetary protective shield. For UV alone,
global estimates of avoided damages are in tens of billions of dollars annually (hundreds of
thousands of crores of rupees). For perspective, implementing the ozone protection treaty
showed a ~$22 return in health benefits for every $1 spent on phasing out CFCs — a
phenomenal “investment” in atmospheric protection. It’s a good reminder that sometimes
environmental protection has extremely high payoffs by preserving these natural shields.
[weforum.org]

In sum, while it’s difficult to calculate an “annual invoice” for the atmosphere’s services, it’s
clear that even one aspect (like ozone layer) easily runs into thousands of crores of rupees
per year in benefit for a country. Therefore, ensuring we don’t punch holes in our
atmospheric shield (through pollutants or emissions) is both an environmental and an
economic imperative. The atmosphere is effectively priceless — but if we had to try, we’d find
its value inestimably high.
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Chapter 6: Trees and Oxygen — The Breath Givers

Definition & Importance

Trees are often called “the lungs of the planet” because they produce oxygen through
photosynthesis. Photosynthesis is the process where green plants use sunlight to convert
carbon dioxide (CO,) and water into sugars, releasing oxygen (0O,) as a byproduct. All green
plants produce oxygen, but large trees contribute disproportionately due to their vast leaf
area. Oxygen is the lifeblood of aerobic organisms (including humans), making this service
invaluable. In addition, trees absorb CO, (helping mitigate climate change), provide shade and
cooling, prevent soil erosion, and offer habitat for biodiversity. However, here we focus on
their role in oxygen production and air quality.

Each mature tree can produce a significant amount of oxygen. For example, a single large tree
(like a mature mango or oak) might produce around 100-200 kg of oxygen per year, which is
enough to support 2 to 4 people’s oxygen needs. In tropical climates with year-round growth,
some trees might produce even more. It’s important to note we have no global “oxygen
shortage” thanks to Earth’s billions of trees and phytoplankton, but locally, having more trees
improves air quality and carbon balance.

Creative Scenario (Oxygen from a Tree vs Cylinder): Think of a tree as an oxygen generator.
If one big tree gives, say, 150 kg O,/year, and we value oxygen at X50/kg (as earlier with
cylinders), that tree’s oxygen output is worth 7,500 per year just in oxygen terms. Over a 50-
year lifespan, that’s X3,75,000 (%3.75 lakh) of oxygen produced by one tree. Now, consider
also that during that time the tree might sequester a few tons of carbon (addressed in the
carbon section), provide fruits or wood, cool the area (reducing AC costs), etc., which are
additional benefits.

Cost Estimation: Let’s do an actual calculation. Suppose:
e A mature Neem tree produces ~160 kg O,/year (in line with a range often cited for
large trees).
e Oxygen valued at X20/kg (industrial scale; lower than medical grade since this is bulk
generation by nature).
e 0, value per tree per year: 160 x 320 = X3,200.
e 0, value per tree (80-year lifetime): 3,200 x 80 = X2,56,000.

This is just one way to assign value. If instead of oxygen price, we look at what it would cost
to produce that oxygen industrially (energy and machines), it might be even more expensive.
Of course, trees don’t send us a bill for oxygen; they do it while also doing many other things.
Now, India has about 2 billion trees (just an illustrative figure; it’s actually higher if counting
all forests). Even if each tree’s oxygen is 1000/year on average (accounting for smaller trees,
etc.), that’s X2,000 billion (X2 lakh crore) per year worth of oxygen produced in the country
by forests and green areas.

Top Oxygen-Producing Species: In general, large, fast-growing trees with dense foliage and
year-round leaves (evergreens) are great oxygen producers. Also, some trees like Peepal
(Sacred fig) are known in folklore for releasing oxygen even at night (they can do a bit of CAM
photosynthesis*). Below are examples of high oxygen-yield trees in India:
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e Peepal (Ficus religiosa) — Sacred fig, releases oxygen day and night.

e Banyan (Ficus benghalensis) — Huge canopy, national tree of India

e Neem (Azadirachta indica) — Hardy tree, also air-purifying (absorbs pollutants).
e Teak (Tectona grandis) — Large deciduous tree, high biomass.

e Sandalwood (Santalum album) — Smaller, but evergreen and culturally valuable.
e Ashoka (Saraca asoca) — Evergreen ornamental tree.

e Mango (Mangifera indica) — Large fruit tree, widespread.

e Arjun (Terminalia arjuna) — Big leafy tree often planted on roadsides.

e Sal (Shorea robusta) — Dominant forest tree in central India.

e Eucalyptus (Eucalyptus spp.) — Fast-growing (though can have water tradeoffs).

(*Note: CAM (Crassulacean Acid Metabolism) is a photosynthetic adaptation in some plants
enabling them to open stomata at night; Peepal exhibits a form of this, thus releasing some
oxygen at night unlike most trees.)

Likewise, for low-maintenance oxygen-producing plants (often indoor or hardy plants),
which are smaller but we keep many of them:

e Areca Palm — Excellent indoor air purifier and oxygenator.

e Snake Plant (Sansevieria) — Very hardy, releases oxygen at night (CAM plant).

e Aloe Vera —Succulent that also does CAM, easy to grow.

e Tulsi (Holy Basil) — Herb that emits oxygen for many hours and has medicinal value.

e Money Plant (Pothos) — Common indoor vine, good at oxygen and removing toxins.

e Spider Plant (Chlorophytum) — Hardy and good for oxygen indoors.

e Peace Lily — Shade-tolerant, cleans air.

e Rubber Plant (Ficus elastica) — Sturdy indoor tree, good leaf area.

¢ Philodendron — Indoor vine, robust oxygen contributor.

e Gerbera Daisy — Even a flowering plant known to release oxygen at night.
(The “top 25” lists essentially would include the above and more species; due to space, we’ve
listed a representative 10 each. Criteria: high oxygen output, suitability to Indian climate, or
indoor survivability with low care.)

Economic Angle: While we normally don’t sell oxygen from trees, there are start-ups
monetizing urban tree plantations by selling “oxygen credits” or via CSR funding — basically,
framing it as paying the tree for the oxygen service. If one were to pay X3,000 per year to
maintain a tree (watering, guarding it), it could be justified as equal to the oxygen and
pollution absorption benefit it provides. That’s why many cities have begun calculating the
monetary value of their urban trees: for example, Kolkata’s municipal authorities have tried
to quantify how much their trees save in pollution control and cooling costs. Some estimates
suggest a mature tree provides X1-2 lakhs worth of benefits over its lifetime, when factoring
oxygen, pollution reduction, and rainwater absorption.

Trees are multi-function assets. Assigning a value just for oxygen (thousands of rupees per
tree-year) helps communicate that cutting down a tree has a cost far beyond the timber value.
It’s like switching off an oxygen factory plus losing all other services. Conversely, planting and
caring for trees yields a high return in kind, making programs like afforestation, urban
greening, and agroforestry extremely beneficial from an economic standpoint (aside from the
ecological gains).
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Chapter 7: Soil Fertility, The Hidden Treasure Beneath

Definition & Importance

Soil fertility refers to the soil’s ability to support plant growth by providing essential nutrients,
water, and a suitable structure for roots. Key nutrients include Nitrogen (N), Phosphorus (P),
Potassium (K) — often added as NPK fertilizers in farming — along with others like sulfur,
calcium, and micronutrients. Fertile soil is rich in organic matter (decayed plants/compost),
which helps retain water and nutrients and supports beneficial soil organisms (earthwormes,
microbes). Without fertile soil, agriculture would require heavy artificial inputs or
hydroponics, both expensive. Thus, soil fertility is a foundational natural resource that often
goes undervalued because it builds up gradually (through natural processes) and can be lost
through mismanagement.

Creative Scenario (Natural vs Artificial Farming): Imagine two plots of land: one wild and rich
with black loam, another stripped of nutrients by over-farming. On the rich soil, a farmer can
plant seeds and get a good crop with minimal fertilizer — the soil itself supplies what plants
need. On the degraded soil, the farmer must pour bags of urea, phosphate, potash, and
ensure heavy irrigation (because low organic matter reduces water holding). Essentially, the
second farmer is paying because the soil’s natural fertility “capital” was spent. Healthy soil is
like a bank account of nutrients — use the interest (annual nutrient release) sustainably, and
it keeps giving; deplete the principal (over-extract without replenishment), and future yields
crash unless compensated with money.

Cost Estimation: The value of soil fertility can be gauged by the cost of replacing it with
fertilizers and soil amendments. For example, let’s say one hectare of fertile soil naturally
provides 50 kg of Nitrogen, 20 kg of Phosphorus, and 40 kg of Potassium per year through
mineralization of organic matter and other processes (just illustrative numbers). At current
subsidized fertilizer prices in India:

e Urea (~46% N) costs about %6 per kg (subsidized), so 50 kg N = 110 kg urea, ~X660.

e DAP (phosphate fertilizer, 46% P205 ~ 20% P) might cost X20 per kg, so 20 kg P = 100

kg DAP, ~X2,000.
e MOP (Muriate of Potash, ~50% K) maybe %15 per kg, so 40 kg K = 80 kg MOP, ~X1,200.

Sum =X3,860 per ha-year value, at subsidized cost (actual value is higher, ~X10,000 if without
subsidies or including labor to apply). If we include micronutrients and factor that organic
matter also improves yield by water retention (which could be another few thousand rupees
worth of yield), a fertile soil could easily be giving benefits of X10,000-X20,000 per hectare
per year to the farmer compared to a dead soil. This aligns with scenarios where moving to
organic practices (building soil fertility) can cut fertilizer bills substantially.

From another angle, consider the cost of restoring fertility: If soil is badly degraded, one might
need to add tons of compost or expensive interventions. For instance, adding 5 tons of
compost per hectare might cost X15,000-%20,000. Nature does this slowly via leaf litter and
humus for free in forests — but if we have to speed it up, there’s a price.
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In economic terms, soil fertility is a form of natural capital. If abused, the nation pays through
lower agricultural output or higher input subsidies. India spends huge sums on fertilizer
subsidies (over X1.5 lakh crore in recent years) to maintain yields; better soil health could
reduce that bill. Even a 10% improvement in nutrient use efficiency (from better soil biota)
could save thousands of crores.

lllustrative Calculation — Value per hectare of good soil vs poor soil:
Degraded Soil (nutrient-

A Health il (with i
spect ealthy Soil (with organic matter) poor)
Natural NPK supplied ~50 kg N, 20 kg P, 40 kg K (in ~10kg N, 5 kg P, 10 kg K (very
yearly nutrients) low)
s . ~X8,000 (value of nutrients ~X1,500 (few nutrients, if
Fertilizer cost equivalent .
supplied) any)
\c(lrils)(assummg >ame High (e.g., 3.5 tons/ha wheat) Low (e.g., 2.0 tons/ha wheat)
Income from yield
X70,000 40,000
(@%20/kg)
‘Fertilizer expense Hil0,000 (some supplementation) HiZS,OOO (heavy fertilization) ‘
INet income |%60,000/ha |%15,000/ha |

*NOTE: The table above, is hypothetical but indicative. The net difference (~X45,000/ha) is partly the cost of soil
fertility loss. Multiply by millions of hectares, and we see why national loss is in GDP points.

Daily/Aggregate Perspective: If one person’s food for a day (say X50 worth of food
consumption) depends on soil, and if soil fertility globally is waning by X%, we all pay a bit
more for food. But it’s easier to keep at the hectare/year scale for decision makers.

Thus, soil fertility can be valued at tens of thousands of X per hectare annually, and the loss
of it is costly. Conserving soil (through crop rotation, organic amendments, reduced tillage,
etc.) yields returns by reducing the need for chemical inputs and sustaining yields.

From a policy angle, investing in schemes like National Mission for Sustainable Agriculture
(soil health cards, organic farming) is economically prudent: every rupee in improving soil
can return multiple rupees in saved fertilizer and sustained crop yields. Soil may not have the
charisma of forests or tigers, but it’s literally the foundation of agriculture and worth billions
in unseen services.
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Chapter 8: Carbon Sequestration — Nature’s Carbon Bank

Definition & Importance

Carbon sequestration is the process of capturing and storing atmospheric carbon dioxide
(CO,). Plants and certain ecosystems (like forests, mangroves, peatlands, seagrasses)
naturally sequester carbon as they grow — CO; is turned into biomass (trunks, roots, leaves,
soil organic matter). This is a crucial service in the context of climate change, because it helps
offset human CO, emissions. The more carbon our ecosystems store, the less ends up in the
atmosphere warming the planet. When we talk about valuing carbon sequestration, it often
ties to the concept of a carbon price or carbon credit — a financial measure of the cost of
emitting a ton of CO,, or conversely, the value of removing a ton of CO, from the air.

Creative Scenario (Carbon Credits): Many countries and companies are already paying for
carbon sequestration through carbon credits. For example, if a company is carbon-neutral,
they might buy credits from a project that plants trees or protects a forest (because that forest
absorbs CO, which “cancels out” the company’s emissions). This gives a market price for
carbon. In India’s context, while a formal carbon trading market is nascent, Indian companies
often see international carbon credit prices of around $5-$15 per ton CO, (3400-%1200 per
ton) in voluntary markets. For our estimation, we might use a round figure like X1000 per ton
of CO; as the value of sequestered carbon (a moderate price roughly equal to $12-515).
[vasiprakfnb.in]

Cost Estimation: How much CO, does an ecosystem sequester? It varies widely:

e Forests: A young plantation might sequester 5-10 tons CO,/ha/year. Mature forests
might net sequester less each year if they’re old (because they’re more in balance, but
still hold a lot of carbon in storage). Let’s assume 10 tons CO, per hectare per year for
a well-managed growing forest or agroforest in the tropics — a plausible figure for
tropical climates.

e Soils: Improved practices can add 0.5—1 ton CO,/ha/year into soils (like increasing soil
carbon) but we won’t count separately here to avoid double counting what plants do.

Using 10 tCO,/ha/year and 1000/ton:

e Value per hectare per year = 10 x ¥1000 = X10,000/ha/year.
So a 100 hectare reforestation project could sequester carbon worth 10 lakhs per year. Over
10 years as the forest grows, that might be X1 crore worth of carbon stored (and continues
beyond).

For an individual perspective: A typical Indian’s carbon footprint might be around 1.8 tons
CO,/year (national per capita emission, as of mid-2010s). To offset that, about 0.18 hectare
(or ~0.5 acre) of growing forest might be needed per person (assuming 10 t/ha). Valued at
%1000/ton, that’s 1,800 per person per year of sequestration needed. Multiply by population
and we see the challenge but also the opportunity to create many jobs in tree-planting.

Example Calculation: If India aims to sequester even 5% of its ~3 billion tons CO, emissions
(approx current level) via ecosystem restoration, that’s 150 million tons CO,. At 1000 each,
that service would be valued at 15,000 crore per year. Achieving that might require around
15 million hectares of additional forest (if each does 10 t/ha-year), highlighting how
protecting and expanding forests has a real economic value in climate terms.
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Another way: What's the cost if we don’t sequester carbon? “Social cost of carbon” is a
concept representing future damage per ton CO, emitted — some studies peg it at $50/ton or
more (because of long-term climate damages to agriculture, health, property from sea level
rise, etc.). Using $50 (~X4000) per ton as damage avoided by sequestering, our earlier figure
qguadruples: 10 t/ha x 4000 = X40,000/ha/year importance in terms of avoided climate
damage.

Market vs Reality: Currently, carbon markets might pay X500-1000/ton for forestry, but the
true value to society of that carbon locked away is higher.

Co-benefits: Carbon sequestration by forests isn’t just carbon — as we saw in other sections,
the same forest provides oxygen, water regulation, biodiversity habitat, etc. So carbon credits
often underpay considering the full suite of services. Yet, even as a single service, carbon
sequestration is now creating real financial flows. India’s new initiatives like LiFE (Lifestyle for
Environment) and international programs like REDD+ (Reducing Emissions from
Deforestation and Forest Degradation) essentially monetize carbon storage in ecosystems.

Daily/Aggregate perspective: If a person’s daily activities emit ~5 kg of CO, (roughly what 1.8
ton/year comes to), and we price that at X1/kg (X1000/ton), then each person would need
%5/day worth of carbon sequestration to neutralize their footprint. That's 1825/year per
person. For 1.4 billion people, that conceptually is 2.5 lakh crore/year of carbon
sequestration needed — obviously a huge task, again illustrating how valuable carbon capture
by nature is globally.

Conclusion: Carbon sequestration has become a quantifiable and monetizable ecosystem
service. By planting trees, restoring mangroves, or adopting sustainable agriculture that
stores carbon in soil, we are essentially generating an economic asset in the form of carbon
credits or avoided climate damages. As carbon prices likely rise with stricter climate policies,
the rupee value of carbon sequestration will increase, making conservation and
reforestation even more financially attractive moving forward. It’s a prime example of how
investing in nature yields climate dividends.
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Chapter 9: Pollination Services
Economic Buzz from Bees and Pollinators

Definition & Importance

Pollination is the process of transferring pollen from the male part of a flower to the female
part, enabling fertilization and the production of fruits and seeds. While some plants self-
pollinate or are wind-pollinated (like rice, wheat), a huge number of crops rely on animals
(pollinators) — especially insects like bees, butterflies, moths, beetles, and even bats and birds
— to achieve pollination. In India, key crops such as many fruits (mangoes, apples, guavas),
vegetables (pumpkins, cucumbers), oilseeds (mustard, sunflower), and spices (cardamom,
chilli) depend on pollinators to some degree. Pollinators, particularly honeybees, thus have
enormous agricultural value.

Creative Scenario (Hand Pollination vs Bees): In areas of China, farmers have resorted to
hand-pollinating apple and pear trees using brushes, because wild bee populations declined.
This is labor-intensive and costly — imagine hiring an army of workers with paintbrushes to
pollinate each blossom. Pollination done naturally by bees is essentially a free service (the
bees are actually doing it while they forage for nectar). If we had to pay people or develop
robots to do what bees do, the cost of food would skyrocket.

Cost Estimation: Numerous studies have tried to quantify pollination’s economic value:

e Globally, animal pollination is estimated to directly contribute to $235 to $577 billion
(USD) in crop output per year. Converting roughly, that’s about %19 lakh crore to 345
lakh crore per year globally (assuming X80 per USD). This wide range exists because it
depends on crop prices and yield dependencies, but even the lower bound is
enormous.

e InIndia, one study by the Indian Institute of Horticultural Research estimated that just
the pollination by honeybees contributes over X15,000 crore annually to Indian
agriculture through increased yields, especially in fruits and vegetables. If we include
wild pollinators and all crops, the number would be higher.

Let’s do a simpler illustrative math for a single crop: Almonds in California (world’s largest
almond producer) rely 100% on bee pollination. They rent about 2 million beehives each
spring (yes, there’s a market: beekeepers get paid to bring bees to orchards). The cost was
about $200 per hive rental. So 2 million hives x $200 = $400 million per season, just as
pollination rental cost for almonds (that’s about 3,200 crore). The almond crop is worth $5+
billion, so farmers willingly pay this. Now, India’s context: we traditionally haven’t rented bees
as much because naturally occurring bees did the job, but as wild pollinators decline, such
costs could emerge.

Another approach is yield difference: Many experiments show if you exclude pollinators
(cover a plant so insects can’t reach), yields drop drastically in many crops. For example, in
mango orchards, bee pollination might improve fruit set by 20-30%. For mustard (India’s key
oilseed), bee pollination can increase yields by ~15-20%. The monetary value of that yield
increment across millions of farmers is huge — easily tens of billions of rupees.
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Example Calculation: Take mustard: India produces ~8 million tons of mustard seed. If 20% is due to
bee pollination, that’s 1.6 million tons attributable to bees. At 40,000 per ton (approx price), bees’
contribution is 64,000 crore just for mustard! This might be an overestimate because mustard can
also self-pollinate to a degree, but it shows order of magnitude.

To be safe, consider a narrower view: if pollinators vanished, farmers would face yield losses
or have to pollinate manually. The economic loss would likely be at least ¥50,000-%1,00,000
crore per year for India (including fruits, vegetables, oilseeds, pulses that need insects). This
isn’t even counting the ecological cost (many wild plants would fail to reproduce, affecting
biodiversity).

Now per person: Pollination is indirectly “consumed” as part of our food. One could say a
portion of every meal price is thanks to pollinators. If you spend X100 on fruits/veggies in a
week, a fraction of that (say X10) is the “value add” of pollination. Across 52 weeks and 1.4
billion people, we come around to similar big numbers.

Daily/Annual Value: It’s tricky to give a per day per person cost for pollination because it’s
embedded in food prices. Perhaps one can think: If an average person’s food consumption is
%100/day, and ~30% of that food value is from pollinator-dependent crops (fruits, some veg,
coffee, etc.), that’s X30/day of food reliant on pollinators. Without them, either that food
would be more expensive or not available, implying one might have to spend that much more
or forgo variety.

To mirror earlier sections, if we very crudely assign say X10/day per person as pollination
service value (just an illustrative low number), that would be X3,650/year per person, and
%2.92 lakh over 80 years. But for the Indian economy as a whole, X10/day/person across 1.4
billion people is X14 crore/day (~~$1.7 million/day) which is 5,110 crore/year (~~$640M/yr).
That seems low relative to other estimates. So X10/day is too low. If we choose X30/day
(which is closer to reality given diet composition), that’s 15,000+ crore/year nationally,
which still might be conservative.

Better to cite the global figure as - pollination worldwide ~ X20-40 trillion/year value, and
India’s share could easily be a couple trillion (lakh crore) rupees a year given our large agri
sector.

Conclusion & Narrative: Bees and other pollinators arguably work as unpaid farmhands. A
single bee colony can pollinate thousands of flowers a day. The value of that service is why
some farmers literally pay for bee hive rentals. If we had to replace bees with human labor, it
would require millions of workers and likely make many foods unaffordable. One famous stat:
it can take a person around 8 hours to pollinate a single fruit tree by hand; a hive of bees can
do it in a matter of hours as a side effect of their foraging.

Thus, protecting pollinators (through habitat conservation, limiting pesticides that kill bees,
and possibly apiculture support) has a huge economic payoff. In policy terms, it means stricter
controls on pesticides like neonicotinoids (which harm bees) or maintaining wildflower
corridors. Some countries even subsidize beekeeping because more bees mean better crops.
In India, encouraging traditional beekeeping (as in the KvVK programs) is like boosting
national GDP in an unseen way.

In summary, pollination is a multi-ten-thousand crore ecosystem service annually for India,
and trillions globally. It’s the epitome of a service that nature provides at no cost, which would
be ruinously expensive to replace artificially.
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Chapter 10: Wetlands — Marshes and Lakes
Nature’s Water Filters, Purifiers and Safety Nets

Definition & Importance

Wetlands are ecosystems where land is saturated with water, either permanently or
seasonally. They include marshes, swamps, bogs, floodplains, estuaries, and mangroves.
Wetlands are transition zones between terrestrial and aquatic systems. They are often called
the “kidneys of the landscape” because of their remarkable ability to filter and purify water.
Wetlands trap sediments, break down pollutants, and absorb excess nutrients, improving
water quality naturally. They also act as sponges — soaking up rainfall and floodwaters, then
releasing water slowly, which mitigates floods and maintains stream flow during dry periods.
Additionally, wetlands are hotspots of biodiversity (especially for fish, amphibians, birds) and
provide other services like carbon storage and recreation.

Creative Scenario (Wetland Replacement): Imagine a city without wetlands facing heavy
monsoon rains. All the water runs off rapidly, overwhelming drains, causing floods, because
there were no wetlands to buffer it. To cope, the city might build expensive stormwater
retention basins or concrete canals. Now imagine the city has a big marshland upstream:
during rains, the marsh expands like a reservoir, holding water that otherwise would inundate
the city, then gradually releasing it to the river. The city saves on flood damage and
infrastructure costs. That’s what happened historically with cities like Kolkata (which had East
Calcutta Wetlands protecting it) or Mumbai (with its now largely lost marshes that once
buffered floods).

Also, consider water treatment: A wetland can clean sewage to some extent. If it’s gone,
governments install treatment plants. New York’s Catskill example applies here too (wetlands
as filters vs costly plants).

Cost Estimation: The value of wetlands has been studied perhaps more than any other
ecosystem, because they provide direct, countable benefits:

e Flood mitigation value: A study in the USA found that coastal wetlands prevented
$625 million in flood damages during Hurricane Sandy (2012) by buffering storm
surge. On a per hectare basis, flood protection services of wetlands can be worth
thousands of dollars per year especially near developed areas. For instance, losing 1
hectare of wetland in a densely populated floodplain could increase flood damage by
~$8,000 annually on average (and much more during extreme events).

e Water purification value: One hectare of wetland can remove pollutants like nitrogen
and prevent downstream water treatment costs. A figure often cited is wetlands
providing water treatment worth several hundred to thousands of dollars per acre. In
Indian context, think of a village wetland that naturally treats run-off; if gone, the
village might spend lakhs on filtration or suffer health costs.

Let’s use a composite number: Suppose a wetland provides X5,00,000 per hectare per year
worth of combined benefits (flood control + water purification + fisheries, etc.). This was
hinted as an example, and it’s plausible in high-service areas. In less populated areas, it might
be lower, but some wetlands near cities could be even higher. If we consider just flood
savings, X5 lakh/ha-year = about $6,250/ha-year, which matches the high end of flood
protection value in developed areas.
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For water purification: A famous valuation showed that an acre of wetland (0.4 ha) could
provide water treatment equivalent to a $5,000/year facility, so ~X10,00,000/ha-year. So X5
lakh is a moderate average.

Case Study — Kerala’s Wetlands: The Kerala floods of 2018 were exacerbated by loss of
wetlands that previously stored rainwater. If those wetlands were intact, some estimate the
flooding damages (tens of thousands of crores) could have been less. Even if wetlands would
have saved 5% of damages, that’s a saving of 2,000 crore — a value that could be attributed
to the service provided by wetlands that sadly was lost.

Daily perspective: Wetlands aren’t usually measured in per person per day, but indirectly,
they ensure water security and disaster protection for communities. If you break it down, one
could imagine a town of 1 lakh people protected by a 100-hectare wetland. If that wetland
prevents X20 crore of flood damage over 10 years (X2 crore/year), per person that’s
%2,000/year benefit, or ~X5.5/day. And likely more intangible in water quality, etc.
Co-benefits: Wetlands support fisheries (fish breed in mangroves or inland wetlands,
supporting fishing industries). They also recharge groundwater as water held in wetlands
percolates down. All these can be quantified: e.g., a study in Karnataka could show how much
a lake contributes to aquifer recharge saving irrigation costs.

Threats and Restoration: Sadly, India has lost a significant fraction of its wetlands to
development (draining for agriculture or buildings). Recognizing their value, some cities are
restoring them. For example, Chennai is restoring temple tanks and marshes to mitigate
urban flooding after disastrous floods which cost 220,000+ crore in losses (2015). If those
wetlands had been maintained, perhaps a chunk of that could have been saved.

By assigning monetary values, e.g., “X lake provides XY crore in services per year,” it
strengthens the case against encroachment. In fact, under the Ramsar Convention (an
international treaty for wetlands), each listed wetland often has an ecosystem service
valuation done.

Conclusion: Wetlands, though sometimes seen as “wastelands” in the past, are incredibly
valuable. By conservative estimates, each hectare of wetland can provide services worth
lakhs of rupees annually. For a country like India, where floods and water pollution are major
issues, protecting and expanding wetlands is cost-effective. Far cheaper to preserve a marsh
than to repeatedly rebuild flooded homes or operate expensive water treatment plants. Thus,
wetlands are truly natural safety nets and water factories rolled into one, deserving strong
protection and investment.
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Chapter 11: Mangroves, The Coastal Guardians
with Tangible Economic Value

Definition & Importance

Mangroves are salt-tolerant trees and shrubs that grow in intertidal zones of tropical and
subtropical coastlines. They form dense forests at the interface of land and sea, with their
characteristic stilt roots. Despite often looking like impenetrable swamps, mangroves are
among the most valuable ecosystems on Earth for the services they provide. Key benefits
include:

e Coastal Protection: Mangroves serve as living seawalls. Their thick roots dissipate
wave energy from storms and tsunamis, reducing erosion and shielding inland areas
from storm surges and high winds.

e Nursery for Fish: Mangrove forests are nurseries for many marine species (fish, crabs,
shrimp) that later populate offshore coral reefs or open waters. This supports fisheries
and food security.

e Carbon Sequestration: Mangroves are powerhouses of carbon storage, sequestering
CO; in both biomass and in deep waterlogged soils. They sequester carbon at rates
many times higher per hectare than terrestrial forests.

e Other benefits: They provide timber and fuelwood (sustainably harvested in some
communities), filter pollutants, and support tourism (boat rides in mangrove creeks,
etc., as e.g. in Sundarbans).

Creative Scenario (Storm Shield): In 1999, the Odisha coast of India was struck by a super-
cyclone. Villages that had mangrove buffers suffered significantly less damage and loss of life
than those where mangroves had been cleared. Local people noted that areas behind
mangroves had calmer floodwaters. If those mangroves weren’t there, the cost would be
measured in more lives lost and crores of rupees in extra damage. An analogous story: during
the 2004 Indian Ocean tsunami, pockets along the Tamil Nadu coast behind mangroves saw
reduced impact. So essentially, mangroves provide an insurance service for free. If an
insurance company were to insure a coastline against storm surge, the presence of
mangroves would allow a lower premium —that difference is the mangrove’s economic value.

Cost Estimation: Several studies have put numbers to these effects:

e An analysis in Odisha (India) found that during the 1999 super-cyclone, each hectare
of mangrove forest had an estimated storm protection value between $4,000 to
$36,000 (X3 lakh to X27 lakh) depending on the location and intensity. Even the lower
end, $4k (X3 lakh) per ha for that single event, is huge. If cyclones of that magnitude
hit say once every 20 years, we could annualize that benefit (~X15,000 per ha per year
just from huge storms, and smaller storms happen more frequently adding more value
in interim).

e Globally, it’'s been estimated that mangrove loss increases coastal flooding costs
significantly. One global study pegged that mangroves provide over $65 billion per
year in flood protection worldwide, benefitting 15 million people annually. India, with
long cyclone-prone coasts (Odisha, Andhra, Gujarat, Sundarbans in West Bengal),
likely takes a good share of that benefit.

e Let’s use the example figure from the prompt hint: ¥10,00,000 per hectare per year
(%10 lakh/ha/yr) of storm protection value. This could be seen as an average in a high-
risk area. Some places will be lower, but near cities or villages, it could be more.
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Now consider fisheries: Mangroves in India (e.g., Sundarbans) support coastal fisheries valued
at millions of rupees; one study in Thailand found a single hectare of mangrove can support
fish and crab catches worth a few hundred dollars per year. Minor compared to storm
protection, but still a component.

Carbon value: Mangroves are carbon-rich. One hectare can sequester maybe 8-10 tons CO,
per year (similar to forests) but also store a lot (1000+ tons per ha in biomass and soil).
Preventing mangrove loss avoids releasing that carbon. If valued at X1000/ton, just not
cutting a hectare which has 500 tons of carbon (1825 t CO,) is X18 lakh one-time climate
benefit. But annual sequestration value perhaps X8k—X10k/ha (as Section 8 described). Not
huge annually, but with carbon prices rising it may increase.

All combined, one can argue a hectare of healthy mangrove could easily exceed X10 lakh in
combined services per year in populated coasts. Even in less populated, the number is still in
lakhs/ha.

lllustration (per km of coast): Let’s say 1 km stretch of coast has 100 ha of mangroves (if
depth ~500m inland). At X10 lakh/ha-year, that’s X100 x 10 lakh = X10 crore of value per km
of coastline per year on average. Even if that seems high, imagine a cyclone hits a 50 km
coastline and mangroves reduce damage by X500 crore — that aligns with such figures.

Real example: When cyclone Amphan hit Sundarbans in 2020, having mangroves saved
probably hundreds of crores by weakening the storm impacts before it reached Kolkata’s
hinterland. We can’t precisely price it, but experts believe the buffering saved Kolkata from
far worse flooding, effectively protecting assets worth billions.

Conclusion: Mangroves demonstrate how nature’s protective services can be directly
translated to money saved. Unfortunately, mangroves have been cleared in many places for
aquaculture or development, often because their economic value wasn’t obvious to decision-
makers. Now, armed with these valuations, countries including India have started massive
mangrove restoration (e.g., as part of climate mitigation and adaptation strategies). It’s well
justified: spending say X1 crore to restore a mangrove belt could yield many times that in
avoided disaster costs over time.

In final words, mangroves are like multi-purpose coastal infrastructure —if you had to replace
them, you’d need seawalls, water treatment plants, carbon capture devices, and fish farms,
all combined (and maintained yearly). The comparative advantage cost is immense. It’s far
cheaper and effective to just keep the mangroves. So their “annual fee” to us might be
figuratively %0, but their annual value to us is in lakhs of X per hectare, making them one of
the best investments nature provides.
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Chapter 12: Coral Reefs
Rainforests of the Sea and Their Economic Gifts

Definition & Importance: Coral reefs are structures in shallow oceans formed by the calcium
carbonate skeletons of corals (tiny marine animals). They are often called the “rainforests of
the sea” because of their incredible biodiversity. Though coral reefs occupy less than 1% of
the ocean floor, they support about 25% of all marine species. For humans, coral reefs offer:

o Fisheries: Many fish and seafood species we eat spend part of their life cycle on reefs.
Reefs support commercial and subsistence fisheries (reef fish, lobsters, etc.).

e Tourism and Recreation: Scenic reefs (like those with colourful corals and abundant
fish) attract divers, snorkelers, and tourists, fuelling multi-billion-dollar tourism
industries in places like the Maldives, Australia (Great Barrier Reef), and even islands
of India (Andaman, Lakshadweep).

e Coastal Protection: Similar to mangroves, reefs act as natural breakwaters. Offshore
reefs break the force of incoming waves, protecting beaches and infrastructure from
erosion and storm damage.

o Biotechnology: Reefs are sources of novel biochemical compounds (some corals and
sponges have medicinal properties, e.g., an anti-cancer drug was derived from a
marine sponge).

e Cultural Value: Many coastal communities have deep cultural connections to reefs
(sacred sites, traditional fishing practices).

Creative Scenario (Value of a Reef): Take Lakshadweep Islands in India — their very existence
owes much to coral reefs building up the atolls over millennia and protecting them from
storms. If those reefs die (as they are threatened by warming and bleaching), the islands could
erode away and tourism will vanish. Economically, imagine if the government had to put
artificial wave breakers around each island — costs would be astronomical and likely not as
effective. Similarly, in Goa and other coastal states, although not famous for coral, any
submerged reefs or rock outcrops do protect the shore naturally.

Cost Estimation: Putting a single number on coral reefs is complex because of many
components:

e Tourism: For example, global coral reef tourism value is estimated over $30 billion
per year. In India, places like Andamans and Lakshadweep depend on reefs for
attracting tourists (scuba diving, etc.). A reef site can generate lakhs of rupees per day
in tourism revenue in season (through diving operators, hotels, etc.).

o Fisheries: Global fisheries supported by reefs are valued around $6-7 billion/year. In
India, reef fisheries aren’t big nationally, but locally are vital (coastal fishing
communities in Gulf of Mannar, Palk Bay, etc., get livelihood from reefs).

e Coastal protection: A study in the journal Nature (2018) found that coral reefs reduce
annual expected damages from storms by more than $4 billion worldwide. If lost,
those costs would hit coastal communities, including those in India’s Lakshadweep
and Palk Bay region.

e Per area values: Some economist valuations found coral reefs can have a total value
(all services) upwards of $100,000 to $600,000 per km? per year depending on
location (with tourism-heavy ones on the higher side). The prompt suggests an
example: X50 lakh per km? per year (which is $62,500/km?). That might be a low
average. Let’s adopt it as a baseline.
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So %50,00,000 per km? per year as a composite value (which includes perhaps moderate
tourism + some fish + protection in an average scenario).
e Ifareefis1km? %50 lakh/year; 10 km? reef (which is still small as reefs go) would be
%5 crore/year value.
Consider Andaman & Nicobar: total reef area ~11,000 km? (including deep areas). If each km?
was %50 lakh, that’s 5,500 crore/year of potential value. This is speculative, but large.

Comparative (Engineered alternatives): If coral reefs vanish, some places build seawalls or
underwater structures: Maldives is experimenting with artificial reefs and walls — expensive
projects running into millions of dollars to protect islands. And no amount of money can fully
replicate the biodiversity: you can’t easily rebuild a fishery once breeding grounds vanish.
India Example: The Gulf of Mannar in Tamil Nadu has 21 islands with fringing coral reefs.
These reefs protect the shore and support the famous chank (shell) and sea cucumber
fisheries historically. After heavy degradation due to coral mining in the 20th century, coastal
erosion increased and fisheries decreased, prompting protection measures. The cost to
restore those reefs (through coral transplantation) itself is in crores, which indicates how
much value was being lost (since they spend that money expecting a return in
protection/fish).

Conclusion: While coral reefs in India are not as widespread as in some tropical nations, the
ones we have are extremely valuable hotspots. On a global scale, reefs are estimated to
provide goods and services worth tens of billions of dollars annually. If we break it down to
a human scale: Over 500 million people worldwide depend on reefs for food, coastal
protection, or livelihood. That’s 500 million people who’d need alternatives if reefs died. The
cost to support them through other means would be colossal.

From a rupee perspective, even a single popular reef dive site can bring X1 crore a year in
tourism to a local economy. And on the flip side, the loss of a reef (e.g., mass bleaching killing
Australia’s Great Barrier Reef sections) has led to projected tourism revenue declines,
essentially costing hundreds of millions of dollars.

Therefore, the coral reef’s monetary value, while often localized, is irreplaceable. Protecting
them (by reducing pollution, curbing destructive fishing, and fighting climate change to
prevent bleaching) is a wise investment. Nations have started recognizing this: e.g., Mexico
actually created an insurance policy for a stretch of coral reef — paying premiums now so that
if a hurricane damages the reef, insurance money helps restore it quickly, because the reef is
protecting resort areas. This is a strong real-world acknowledgment of reef value in financial
terms.

In sum, whether we say X50 lakh or X5 crore per km?-year, coral reefs’ contribution is
significant. Losing them would not only be an ecological tragedy but an economic one,
particularly for coastal communities and industries reliant on them.
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Chapter 13: Ozone Layer
Global UV Shield: What is it Worth?

Definition & Importance

The ozone layer refers to the concentration of ozone (Os) in the Earth’s stratosphere, roughly
15-35 km above the surface. It absorbs most of the sun’s harmful ultraviolet-B (UV-B)
radiation. Without this layer, life on Earth would be exposed to intense UV, leading to higher
rates of skin cancer, cataracts, and damage to plants and marine ecosystems (plankton, which
form the base of the oceanic food chain, are UV-sensitive). In short, the ozone layer functions
as a planetary sunscreen.

We touched on the ozone layer under Atmospheric Layers, but here we’ll give it focused
attention in terms of cost/benefit.

Creative Scenario (The Cost of a Thinner Ozone): In the 1980s, as the ozone hole over
Antarctica became a serious concern, scientists and economists considered “what if”
scenarios. If ozone depletion continued unabated:
e Skin cancer cases would soar, straining healthcare systems. More people would need
surgeries and treatments, which are costly at population scales.
e Crop yields would suffer because many crops (e.g., soybeans) are sensitive to UV;
farmers might need to invest in UV-greenhouses or special crop varieties, raising costs.
e Even livestock can get eye cataracts from too much UV, meaning losses in dairy/meat
productivity.

Additionally, outdoor workers (farmers, construction, etc.) would be at risk, possibly requiring
protective gear. Tourism could be affected (nobody wants to sunbathe if UV index is extreme).
An artificial solution could be personal — e.g., everyone wearing UV-block clothing and
sunscreen — or geoengineering — e.g., putting aerosols or orbital shields to block UV (sci-fi
level expensive). For an individual, maybe it’s manageable (buy a bottle of sunscreen for X300,
protective sunglasses X500). But for billions of people and entire ecosystems? The aggregated
cost is enormous.

Cost Estimation: The Montreal Protocol (1987) was enacted because the expected damages
from ozone loss were so high. Let’s consider some numbers:

e The EPA estimated that in the U.S. alone, by 2100, the Protocol will prevent 443
million cases of skin cancer and 63 million cataracts. If even a small fraction of those
skin cancers would have been fatal or required treatment costing say $10,000 each on
average (some need much more), we're talking trillions of dollars saved in health costs
justin the U.S. [weforum.org]

e For India, with high UV and a billion-plus people, uncontrolled ozone depletion would
have been disastrous. Suppose, conservatively, ozone thinning might have caused an
extra 5 million cases of skin cancer and 20 million cataract cases in India over several
decades. The direct treatment costs and economic loss (from blindness in worst cases
or mortality) could easily be in the tens of thousands of crores of rupees.

To be more straightforward: Perhaps an analysis might say the ozone layer globally provides
an environmental service of X rupees per year by avoiding UV damage. While hard to pin,
one could use willingness-to-pay: How much would people collectively pay to avoid those
health risks? Probably a lot.
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However, a simpler analogue: The world spent about $1-2 billion per year over a few decades
to phase out CFCs (in R\&D for substitutes, etc.). That effectively “bought” us back the ozone
layer. And that in turn yields benefits often cited in the tens of billions per year range. For
instance, one study estimated that by 2030, the avoided skin cancers due to Montreal
Protocol translate to $11 billion in avoided health care costs per year globally. $11 billion ~
90,000 crore per year saved by having the ozone layer healing. [weforum.org]

The prompt gave an example: 1,000 crore per year globally — that seems extremely low
(maybe they meant per country or just a didactic number). But as we see, more realistic is an
order of magnitude more.

Let’s use a balanced value: say ozone layer protection is worth X7,500 crore per year for India
(this is in line if globally tens of billions, India’s share by pop and UV level might be several
billion $ equivalent). 7,500 crore is $937 million. It might be undervaluing still, but gives a
sense.

Check on agricultural aspect: UV increase 10% could reduce yields a few percent for sensitive
crops — could be thousands of crores of food lost annually worldwide. That’s another
dimension.

Conclusion: The ozone layer is another example of a global commons that is “priceless” in
effect, but policy required putting a price on the harm to motivate action. The Montreal
Protocol is often cited as an environmental and economic success: it might have cost industry
a few tens of billions to transition technologies, but it saved vastly more in health and
environmental damages.

In sum, one can confidently say the ozone layer’s value runs in the several thousand crore
rupees per year range (at least) in terms of avoided costs to humanity. It was a bargain to
preserve it. For a policymaker, this success story is a reminder that preventive action (phasing
out harmful substances) yielded massive benefits —and similar logic can apply to other global
issues like climate change.
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Chapter 14: Climate Regulation
Nature’s Thermostat & The Price of Disruption

Definition & Importance: Climate regulation refers to the natural processes by which
ecosystems influence climate —locally, regionally, and globally. This includes:
e Forests and oceans acting as heat and carbon sinks, moderating the global greenhouse
effect.
e Large forests (like the Amazon, or Western Ghats in India) driving rainfall patterns
(through transpiration and cloud formation).
e Vegetation providing shade and cooling (reducing local temperature extremes).
e Thereflectivity (albedo) of surfaces like ice/snow vs darker surfaces influencing energy
balance.
e Evaporation from water bodies cooling the environment.
A stable climate (predictable rainfall, temperature within ranges) is vital for agriculture,
infrastructure design, and overall economy. When climate regulation falters (due to
deforestation, etc.), we see impacts like urban heat islands, erratic monsoons, more frequent
heatwaves and floods.

Creative Scenario (City Microclimate): Consider a city like Delhi. It used to have more green
cover and water bodies, which kept it cooler in summer and less smoggy in winter (to some
extent). As those natural regulators (forests, lakes) gave way to concrete, the city now
experiences intense heat (requiring more air conditioning) and worse air (as winds stagnate).
On a smaller scale, a single big tree can have a cooling power of 5-10 kW (equivalent to several
air conditioners) by shading and transpiring. Neighborhoods with trees can be 2-3°C cooler. If
that tree is gone, people might run ACs longer, incurring electricity costs.

Cost Estimation: Climate regulation is a broad topic, but let’s focus on two scales: local
(microclimate) and global (climate change mitigation).

e Local scale (microclimate cooling): An example measure: Urban trees and parks. If a
city plants 100,000 trees and each lowers cooling costs by X500/year for nearby
buildings (less AC usage, or heat illness avoided), that’s X5 crore/year saved in
electricity and health costs. Many cities have done analysis: e.g., in Bengaluru,
increasing green cover could reduce ambient temps and potentially save tens of crores
in energy.

Another local example: Agricultural climate regulation. Windbreaks (rows of trees) can
reduce desiccating winds, improving crop yields by keeping moisture and preventing heat
stress on crops. Farmers might otherwise have to invest in more irrigation or shade nets if
there were no natural windbreaks.

e Regional scale (rainfall and water cycle): The Western Ghats forests and the
Himalayas play a role in controlling the monsoon and water availability. Deforestation
in the Western Ghats has been linked to changes in rainfall patterns in peninsular
India. If forest loss causes a 5% drop in rainfall in a region, the cost is huge in terms of
reduced hydroelectric power, crop output, etc. For example, if Maharashtra loses 5%
of rain, sugarcane and other crops suffer — that could be hundreds of crores in lost
yield, which is effectively a cost of losing climate regulation by forests.
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e Global scale (climate change): This intersects with carbon sequestration (Section 8),
but beyond carbon, climate regulation includes things like the cooling effect of certain
land cover. Peatlands and permafrost, for instance, keep methane trapped; if they
degrade, climate warms more (costly globally in damages, e.g., more storms, sea level
rise). Quantifying climate regulation often uses social cost of carbon again, but also
other metrics like damage costs from extreme weather.

The prompt’s example gave X5,000 per hectare per year as a value for climate regulation by
forests/oceans. This could be interpreted as: each hectare of forest or each patch of ocean
contributes to stabilizing climate worth X5k in avoided damage or saved energy, etc. It sounds
small, but it might be an averaged global number. We can use it as a talking point, though
likely undervalued for critical regions.

To illustrate, consider air conditioning savings from trees:

e A study in Delhi found an avenue of trees could reduce surrounding building energy
use by up to 20% on hot days. If an average household spends 10,000 on summer
cooling, 20% is 2,000 saved. If one large tree affects 5 households, that tree yields
%10,000/year in cooling value. That is X ~25 per day in summer months per tree.
Spread across thousands of trees, it’s substantial.

Another approach — global climate regulation via ocean currents: The ocean’s circulation
redistributes heat (like the Indian Ocean monsoon current). If climate change disrupts these
currents, some places will overheat, others get too cold. Maintaining that balance (via intact
polar ice, etc.) is beyond local action. But one could say the natural climate system saves us
from costly adaptation measures such as relocating cities, changing crop patterns drastically
(which we will have to if climate regulation weakens).

Quantifying: If unchecked climate change (i.e., losing climate regulation) could cut global GDP
by say 10% by 2100 (some projections), then maintaining climate stability is worth that
avoidance — 10% of GDP annually by end of century (for India, 10% of future GDP could be
tens of lakh crores). This is an existential cost.

However, focusing on present, we can highlight simpler bits: For instance, a single hectare of
forest in an urban fringe might reduce temperatures and provide humidity that collectively
could reduce local energy bills by a known figure. The X5k/ha-year is probably a very average
global value across all forests (some valuations assign a few dollars per hectare for climate
regulation besides carbon, which might be the net cooling through evapotranspiration, etc.).

Conclusion: Climate regulation is somewhat intangible until it’s gone — then we see disasters
like heatwaves, droughts, floods which are extremely costly. We must rely on models to gauge
its value. They uniformly show it’s high. It could be summarized that natural climate
regulation by ecosystems saves economies billions in adaptation costs each year by keeping
conditions liveable and predictable.

If we deforest wildly or pollute oceans, we start paying those costs:
e Eg: More irrigation needed due to local climate drying (cost to farmers).
e Eg: More healthcare costs due to heat strokes when city lacks trees.
e Eg: Engineering projects to stabilize hill slopes that would’ve been stabilized by forest
roots.
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If required to present a number, one might say globally ecosystems provide climate
regulation services valued at trillions annually (given climate change damages could be
trillions). But at a micro level, we can say planting trees or conserving forests can save a
region crores of rupees in cooling and rainfall regulation.

So, a conservative figure: X5,000/ha/year (or X50 per hectare per year? Wait 5000/ha is
about $63/ha, which is an order-of-magnitude guess). That might include local cooling, rainfall
contributions.

Thus, preserving say 1 million hectares of forest (10,000 km?) in critical areas might be
delivering climate regulation worth 5000 x 1e6 = 5000 crore/year to the country through
various means (cooler cities, stabilized rainfall, etc.). Losing that would cost equivalent in
other measures.

While we may not experience “invoices” for climate regulation daily, the effects show up in
electricity bills, crop insurance payouts, disaster relief funds, etc. Those are the hidden costs
when ecosystems fail to modulate climate. Investment in green infrastructure (trees,
restoring forests, protecting oceans) is rightly seen as part of climate action—if we had to use
technology for the same effect (e.g., giant mirrors to reflect sunlight or seeding clouds for
rain), it would be extremely costly and likely less effective or with side-effects. Nature’s way
is the most cost-effective way.
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Chapter 15: Freshwater Ecosystems
Lakes and Rivers: The Lifelines with Economic Flow

Definition & Importance

Freshwater ecosystems include rivers, streams, lakes, reservoirs, ponds, and freshwater
wetlands (marshes, floodplains). They are distinct from wetlands (though overlapping) in that
they are the source, storage, and conveyance of fresh water. These ecosystems support
drinking water supplies, irrigation, fisheries (riverine and lake fisheries), hydropower, and
provide cultural and recreational value (holy rivers, lake tourism in Udaipur, etc.). They also
harbor unique biodiversity (e.g., the Ganges river dolphin, fish species, water birds).

Creative Scenario (Economic Value of a River): Take the Ganga river — beyond its cultural
value, it’s estimated to support 40% of India’s population with water for various needs. If the
Ganga were to dry or be too polluted to use, imagine the cost of bringing water from
elsewhere to 500 million people. That’s an incalculable sum, involving pipelines, tankers, etc.
Already, we see a tiny hint when cities have water crises: in 2019, Chennai had to bring water
by train from far, costing crores. That was due to lakes drying up from poor rains. Healthy
freshwater ecosystems (rivers with base flow maintained by upstream forests, lakes with
managed catchments) serve as insurance against such crises.

Cost Estimation: Let’s break down some service values:

e Water supply: A lake like Bhoj Wetland (Upper Lake in Bhopal) supplies about 40% of
Bhopal’s drinking water. If it wasn’t there, the city might spend an extra Xhundreds of
crores laying pipelines to Narmada or building treatment plants for another source.
Thus, the lake’s water supply service can be valued in tens of crores annually for that
city.

e Water purification: Freshwater ecosystems, especially flowing rivers with riparian
vegetation or wetlands along them, can reduce pollutants. For instance, the Yamuna
as it flows, has some self-purification (though overwhelmed by pollution). Varanasi’s
new sewage treatment plants cost hundreds of crores; a cleaner upstream river could
have reduced some burden.

e Fisheries: Inland fisheries (in rivers and reservoirs) in India produce millions of tonnes
of fish (e.g., reservoir fisheries yield ~1.2 million tonnes, valued at perhaps 10,000
crore annually). Much of this comes from well-managed freshwater bodies.

e lIrrigation and groundwater recharge: Rivers recharge groundwater via their
floodplains; lakes percolate water to aquifers. The value is that farmers have wells
working year-round. If wetlands or small lakes are drained, groundwater drops and
then either yield drops or one must invest in deeper borewells (costly).

e Flood control: River floodplains, when kept intact (not built over), act as natural
expansion areas for floods, lowering damage. If we restrict them, floods cause more
destruction and then require expensive floodwalls. So preserving a river’s natural
flows and storage areas has an avoided cost value.

The prompt suggests X2,00,000 per hectare per year for freshwater ecosystems. Possibly this
refers to the combined value of services from a hectare of a productive freshwater habitat
(like a floodplain area) —it’s about $2,500/ha, which could be realistic if including water supply
for many users. Or maybe it’s specifically for a wetland-lake that provides drinking water so
valued at that. We can use that as a talking point.

36
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For example, Dal Lake in Kashmir provides water, fisheries, and tourism. Just tourism on Dal
Lake: say 1 million tourist-days a year, each spending X500 = X50 crore/year. For an area of
~25 km? (2,500 ha), that’s X2 lakh/ha-year from tourism alone. So yes, a high-value lake can
yield that.

Example Calculation: Suppose a small 1-hectare pond in a village:

e It might provide 3 million liters of water (if used for irrigation or cattle throughout the
year).

e If valued at X2 per 100 liters (approx irrigation water pricing if it had to be pumped),
that’s 60,000 worth of water.

e It might grow fish that villagers catch, say 200 kg fish/year at 100/kg = %20,000.

e |t recharges wells which saving maybe 10,000 of diesel pumping costs for farmers.

e Also, it might prevent minor flooding by catching heavy rain (avoiding say 10,000 of
damage to nearby fields each year). Total ~X1,00,000/year for that 1 hectare pond.
This is just illustrative; some tanks in South India are even more valuable due to
intense agriculture around them.

Now scale it: India has hundreds of thousands of tanks (traditional lakes) — they are a
cornerstone of water harvesting in states like Tamil Nadu and Karnataka. Each, if valued
similarly, collectively run into many thousands of crores in value.

However, many freshwater systems are degraded (polluted rivers, encroached lakes). The
cost is seen in water scarcity and waterborne disease. When Bellandur lake in Bengaluru
foams and catches fire due to pollution, property prices near it fall and people risk health
issues —an economic loss tied to poor ecosystem health.

Conclusion: Freshwater ecosystems are basically natural water infrastructure. Replacing
them with built infrastructure is usually far more expensive and less resilient. Think of how
much money is planned for interlinking rivers, damming, desalination plants — often because
we failed to manage the natural systems properly. By investing in watershed protection (like
afforestation, pollution control), we could get similar outcomes at lower long-term cost.

A figure like X2 lakh/ha-year captures that a productive water body or well-functioning river
habitat can deliver services (water, fish, flood control) of that order of magnitude annually.
From a human viewpoint, secure water and fertile floodplains contribute to saving lives and
livelihoods. The 2018 Kerala floods caused around 30,000 crore in damages; some studies
pointed out that had wetlands and rivers been better managed (plus no extreme rainfall
beyond human control, of course), damages would be lower — again reflecting on what these
ecosystems are "worth" when they save us from worst-case outcomes.

Therefore, preserving rivers (via clean flows, environmental flow releases from dams,
protecting catchment forests) and rejuvenating urban lakes (as many cities are trying now)
should be seen as high-return investments. Every X1 spent on cleaning a river could return
multiple X in economic benefits (through tourism, health, fisheries, and reduced water
treatment costs). Indeed, one reason the Namami Gange (Clean Ganga) project can be
justified economically is the huge population and economy that depend on a clean Ganga. So
even in strict cost-benefit terms (ignoring culture/spiritual aspects), it’s positive.




Cost of Environmental Components and Existence of Human Species

16. Noise Regulation
Silencing the Costs: Natural Noise Control

Definition & Importance

Noise regulation in an environmental context means the reduction or moderation of ambient
noise levels by natural features. Excessive noise (from traffic, industries, etc.) is a pollutant
that causes health issues like stress, hearing loss, and wildlife disturbances. Nature can help
attenuate noise: trees, shrubs, and green spaces act as sound barriers; soft ground (grass,
soil) absorbs more sound than hard concrete. This service is particularly relevant in urban
areas and near highways.

We often think of building noise barrier walls along roads (you may have seen those tall
concrete or metal walls along flyovers or near airports). They are expensive and not
aesthetically pleasing. In contrast, planting a green belt of trees and dense vegetation can
also help reduce noise, while providing additional benefits like cleaner air and beauty.

Creative Scenario (Green vs Gray Barriers): Consider two highways: one is lined with a 5-
meter tall concrete noise wall; the other is flanked by rows of bamboo and neem trees. The
wall will block sound effectively but costs crores to build and maintain (and only addresses
noise). The green belt takes time to grow, but once mature, it might cut noise by 5-10 decibels
for nearby residents, and it also filters exhaust fumes and provides shade. The green belt likely
cost far less to establish (just the price of saplings and watering for a few years). It’s also self-
healing (trees grow thicker if one dies, another can be planted, whereas a cracked wall needs
repairs).

Cost Estimation: Let’s estimate costs:
e A typical noise barrier wall (concrete) might cost around X2 crore per kilometer
(depending on design, height, etc.). For a 1 km stretch, X2 crore to reduce noise by say 10-
15 dB for adjacent areas.
e Planting a double row of dense trees for 1 km might require ~500 trees (at 2m spacing).
o If each sapling costs X200 (including initial maintenance), 500 trees - X1,00,000.
o Add soil prep, 2-3 years watering, say another X1,00,000. So maybe X2,00,000 per
km invested.
o They may not reduce as much noise as a wall initially (maybe 5-7 dB when grown),
but significant for well-being.
Even if upkeep of the green belt (pruning, replacing dead trees) costs X10k/year per km, it
would take many decades to reach the cost of a wall. Meanwhile, those trees by year 5 might
yield other benefits (e.g., absorbing a few tons of CO, and pollutants, valued perhaps in lakhs,
covering their cost indirectly).

Given the prompt’s example: ¥50,000 per km of green belt vs many times more for artificial.
They likely meant the maintenance or initial cost of vegetation is 50k per km, which is
consistent with our calc (we got X2 lakh initial, but maybe economies of scale or cheaper
saplings could do X50k).

Alternatively, they may be valuing the ongoing service: If a green belt reduces need for other
noise mitigation by certain amount, maybe valued at 50k per km annually.
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Let’s consider a specific:

e Hospital or school near a highway: If noise is high, they might need to invest in
soundproof windows (costly). If a green belt lowers noise by a noticeable amount,
perhaps it saved the institution X10 lakh of retrofitting with extra insulation. Spread
per km, that value accrues to whoever benefited.

We should also consider health cost of noise: Chronic noise can cause hypertension and
productivity loss. The monetary cost of noise pollution in e.g., European cities is estimated in
billions (lost productivity, health issues). Greenspaces lower urban noise levels; in monetary
terms, some studies equate even a 1 dB reduction to a certain % increase in property values
(quiet neighborhoods cost more).

If property near a busy road sells cheaper due to noise, adding a park that cuts noise might
raise values by e.g. 3%. For a colony worth X500 crore total real estate, 3% is X15 crore
unlocked by quieter environment. That far outweighs the cost of a few trees or a small park.

Daily perspective: Not really daily cost per person, but if someone spends 2000 on a pair of
noise-cancelling earphones, that’s a personal expenditure to mitigate noise. If the
environment was quieter, maybe they wouldn’t need that. Similarly, companies pay for noise
control in factories to protect workers (installing silencers, ear muffs, etc.). A peaceful
environment provided by nature is a subtle economic good.

Summing up value: If we say, arbitrarily, that a kilometre of busy roadway with a nice green
buffer yields X1 crore in combined social benefits over 10 years (through health
improvements, property value, avoided wall costs), that’s X10 lakh per year per km. Of that,
only 50k might be actual cost outlay for the trees, rest is intangible benefit. So ROl is huge.
The prompt suggests a narrower number: possibly X50,000 per km per year as an ecosystem
service of noise reduction. It’s guessable but fine to use.

Conclusion: Using vegetation for noise control is cost-effective and multi-functional. Many
Indian cities now promote planting bamboo along roads as it grows fast and thick (even Delhi
metro tried vertical gardens on pillars for noise and dust reduction). While one might not
typically put a “rupee value” on quietness, urban planners do consider how much people are
willing to pay for quieter homes (often more rent for less noise). That willingness-to-pay
reflects the economic value of noise regulation.

From a policy viewpoint, including green belts in infrastructure projects could save money. If
a new highway must have noise mitigation, budgeting for a green belt might save crores vs
concrete walls. Moreover, quiet zones around hospitals achieved with trees can complement
or reduce the need for strict honking bans (which are hard to enforce 24/7 in chaotic cities).

In numbers: think of X50k-X1,00,000 per km/year benefit as a rough estimate for a functional
green noise barrier compared to doing nothing or building a wall. And these numbers scale:
100 km of highways with green buffers could be providing X5—-X10 crore worth of noise
reduction benefit annually to communities. It’s somewhat indirect, but if monetized through
things like improved health and productivity, it’s real.

So, while the concept of noise regulation is less famous than air or water, it’s one more way
ecosystems save us money—by giving us some peace and quiet, a commodity that in a
cacophonous developing nation is increasingly precious.
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Chapter 17: Natural Disaster Mitigation
Nature’s Insurance Policy

Definition & Importance

Many ecosystems serve to mitigate natural disasters, essentially by reducing the intensity or
impact of events like floods, storms, avalanches, landslides, and even droughts. We've
covered specific cases: mangroves for coastal storms, wetlands for floods. But this category
also includes:

o Hillside forests preventing landslides: Tree roots anchor soil on steep slopes.
Deforestation in hilly areas like the Himalayas or Western Ghats has often led to
deadly landslides during heavy rains. Maintaining tree cover can prevent those or
reduce their frequency. Each avoided landslide can save lives, road repair costs, etc.

e Coral reefs and dunes for tsunami/storm surge: Reefs we discussed; sand dunes
(often fixed in place by dune vegetation) also act as buffers against storm surges.
Remove vegetation, dunes blow away, leaving coasts open to inundation.

e River floodplains and mangroves (already discussed in wetlands/mangroves
sections).

¢ Dryland vegetation reducing dust storms and drought impacts: For example, the Thar
Desert’s expansion is checked by planting shelterbelts; this reduces sand intrusion into
farms and villages, effectively mitigating “sand disasters”.

Natural disasters cost India thousands of crores every year. Some of that cost is higher
because ecosystems that would mitigate them have been degraded. Conversely, investing in
ecosystems is a part of disaster risk reduction strategy.

Creative Scenario (Forested Slope vs Bare Slope): In Uttarakhand (a Himalayan state), there
are two neighboring valleys. One has intact forests on slopes, the other was heavily logged
for development. In an unusually heavy monsoon, the deforested valley experiences massive
landslides, burying roads and some settlements, causing, say, X500 crore in damage and
reconstruction, and loss of 50 lives. The forested valley also had heavy rain but only minor
landslips, mostly within the forest, not affecting villages or main roads, damage maybe X50
crore. The difference — X450 crore and many lives — can be attributed partly to the presence
of the forest. That’s the value of the forest as natural hazard protection for that event. If such
events might happen say once a decade severely, one could average it out to 45 crore per
year mitigation value for that valley’s forests.

Cost Estimation: Let’s try to be systematic:

e The prompt’s example: X10 crore/year for mangrove-protected coastlines. We
already discussed how mangroves could save that per km. But natural disaster
mitigation covers more than one hazard.

e Perhaps we should expand: e.g., upstream forests in Ganga catchment help reduce
flooding extent downstream by regulating flow. It’s said that Nepal’s deforestation
contributed to more extreme floods in the Ganga plains historically. Conversely, if
Nepal’s forests are kept, it may reduce the peak flow slightly, saving some
embankments from breach (hard to quantify, but worth something).

e Avalanche protection by forests: In Kashmir, pine forests can stop snow from turning
into big avalanches hitting villages.
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Since we’ve quantified coastal, let’s quantify mountain: One study in Switzerland found that
protecting mountain forests cost them maybe $1500/ha-year, but the value in avalanche and
rockfall protection was higher. For India, each hectare of dense forest on a steep catchment
possibly saves X rupees in avoided sedimentation and landslide costs. Sedimentation from
deforestation shortens dam lives, which can cost crores as well (dredging or lost storage).
We could bring up a number: “Estimates suggest that watershed protection by forests in the
Himalayas can reduce flood damages worth Xhundreds of crores annually in the Gangetic
plain.” For example, if forest conservation reduces flood depth by even 10 cm in a major flood
event, that could make the difference for a million people’s homes being just safe versus
flooded — potentially saving 1,000 crore in property damage.

A concrete number: Let’s say a certain 1000 km? of forested watershed, by preventing soil
erosion and landslides, saves X100 crore worth of road maintenance and flood damage per
year for downstream. That’s X1 crore per 10 km?, or 10,000 per hectare per year in disaster
mitigation value. That’s within the ballpark of some studies. So for example forests in Western
Ghats — if gone, more flash floods in Kerala — we saw how costly those were in 2018. So
definitely plausible.

Another is drought mitigation by forests: Forest cover can increase local rainfall (or at least
preserve moisture); its loss can exacerbate drought. If planting trees can even slightly raise
groundwater or rainfall, it can offset need for tankers, etc., in droughts. Possibly a more
speculative area, but conceptually sound in microclimates.

Conclusion: For natural disaster mitigation, instead of deriving a per person figure, it’s clearer
as event-based or region-based:

e Mangrove/coastal ecosystem preventing XX of storm damage per cyclone.

e Watershed forest preventing XY of flood/landslide damage per year.
We combine these to general “natural disaster mitigation.”

To keep with the style: The prompt’s given number was 10 crore/year for mangrove-
protected coast — maybe meaning if a coastline had mangroves vs not, annually average X10
crore less damage. We can say similarly a big, forested river basin might save that much by
flood reduction.

Real example: The Maharashtra floods in July 2021 impacted deforested hills; in one case, a
landslide killed 83 people in a place (Taliye). If forests had been intact, perhaps it wouldn't
have been as bad. It’s tough but some have quantified: the value of 1 hectare in Western
Ghats for reducing landslide risk might be X1-2 lakh if it protects a village below, etc.
Anyway, summarizing: Natural ecosystems provide a natural safety net. They don’t stop
disasters completely (hence “mitigation” not prevention), but they often take the edge off
the worst events, which translates into saved lives and money. Traditional engineering (dams,
levees, walls) can do some of these but at high cost and sometimes lower reliability (they can
fail catastrophically). Ecosystems, if well-managed, tend to fail more gracefully (a forest won’t
suddenly collapse altogether like a breached dam might).

Key message: By preserving ecosystems, nations effectively invest in a free insurance policy
against certain disasters. It won’t eliminate risk but significantly reduces it. The economic
value of that insurance can be measured in terms of reduced expected damage costs per year
—which for India likely runs in the thousands of crores given our frequency of floods, cyclones,
landslides.
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In financial terms, consider that global research suggests every $1 invested in disaster risk
reduction saves $4-7 in post-disaster losses (various UN studies). A part of those investments
is ecosystem-based (e.g., planting mangroves instead of building sea dikes). So nature-based
solutions often have high benefit-cost ratios, sometimes even higher than grey infrastructure.

So X10 crore per year for a protected coastline is a specific instance; scaling up, all of India’s
mangroves might be saving several hundred crores per year in storm damages. Similarly,
Himalayan ecosystems might be saving a similar magnitude in flood moderation. Altogether,
the “ecosystem disaster mitigation” service nationwide could easily exceed X1,000 crore per
year if aggregated, perhaps much more if including the big rare events like super-cyclones or
mega-floods which are less frequent but when they occur, the presence of ecosystems saves
massive one-time costs.
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Chapter 18: Air Quality Regulation
Nature’s Air Purifier and Their Monetary Value

Definition & Importance

Air quality regulation refers to the removal or reduction of pollutants from the air by natural
processes. Vegetation (trees, shrubs, grass) plays a big role: leaves and needles intercept
particulate matter (like dust, PM2.5/PM10), and plants can absorb certain gases (e.g., NO,,
SO,) through their stomata. Soil microbes associated with plants can also help break down
pollutants. Moreover, wind patterns over vegetated areas kick up less dust than over barren
land. Essentially, ecosystems—especially urban trees, forests, and green spaces—act as living
air filters, improving the air we breathe.

This service is extremely relevant today, as air pollution is a major health crisis in many Indian
cities. The economic costs of air pollution (healthcare, lost productivity, premature deaths)
are huge—estimated at over 8% of GDP in India by some studies. While the main solution to
air pollution lies in reducing emissions (less burning of fossil fuels, etc.), nature can ameliorate
conditions.

Creative Scenario (City’s Green Lungs): Think of the difference between walking along a busy
road lined with trees versus one without. With trees, it’s noticeably less dusty; your white
clothes stay cleaner, your throat less irritated. Those trees might have trapped a lot of dust
on their leaves (which later wash off in rain). If not for them, that dust would be in your lungs.
Some parks in Delhi even show significantly lower PM2.5 levels inside compared to outside.
So much so that people in polluted cities flock to large parks in mornings to breathe relatively
cleaner air—these parks are functioning as public air purifiers.

If a city considered buying giant air purifiers (some cities have tried “smog towers”), they cost
crores, need electricity, and their effective range is limited. By contrast, an urban forest will
passively, round-the-clock, filter air over a broad area.

Cost Estimation: There are ways to quantify pollutant removal by trees:

e A widely cited study for the United States estimated that urban trees and forests
removed 711,000 metric tons of air pollutants in a year, providing health benefits
valued at S7 billion. This included pollutants like PM2.5, ozone, NO,, SO, CO. [fao.org]

o If we scale by population, for India (with more population and often higher pollution
but fewer urban forests perhaps), we might expect a similar or larger benefit if urban
greening was extensive.

Let’s do an example for a single tree or hectare:

e One big tree can intercept about 100 kg of dust (particulate matter) per year on its
leaves in a dusty area (this is variable, but can be high for species like Jamun, which
are used in Delhi for dust control). If that dust is mostly PM10 that would’ve fallen out
anyway, maybe less value, but if a fraction is PM2.5, that’s significant because PM2.5
causes health damage.



https://www.fao.org/newsroom/detail/Pollinators-vital-to-our-food-supply-under-threat/en
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e Suppose of that, 10 kg is PM2.5 (just an assumption). Health economists sometimes
value reducing 1 ton PM2.5 at crores of rupees because of the lives saved (1 ton PM2.5
can cause multiple premature deaths statistically). Even if we naively take X1 lakh as
the value of removing 10 kg of the worst particles (which is 10,000 per kg of PM2.5
— that might be low; some estimates of damage cost per ton are in crores for PM2.5).

e Soonetreecould be X1 lakh of health benefit a year in that extreme assumption. More
realistically, maybe 10,000/year per tree in high pollution areas.

e If acity has 1,00,000 such trees, that’s X100 crore/year benefit.

For a hectare of forest (say ~400 trees), using some models (like i-Tree, which is a software
used globally for urban forest benefits):
e It might remove e.g. 200 kg of pollutants/ha/year (mix of PM, ozone, etc.). If valued
at, say, X500 per kg (blended value of various pollutants removal; just a guess), that’s
%1,00,000/ha-year. The prompt example was exactly 1,00,000 per ha per year.

That aligns well: X1 lakh/ha-year as the air cleaning service of a forest. Perhaps undervalued
if the area is highly polluted, but a nice round figure.

Think of an example: The Sanjay Gandhi National Park in Mumbai (about 104 sq.km, i.e.,
10,400 ha) is an island of green in the metro. Apart from any carbon or biodiversity, suppose
it filters air. At X1 lakh/ha-year, that park yields 1,040 crore/year in air cleaning benefit to
Mumbai! That might be on high side, but even if tenth of that, still over 100 crore/year.

Conversely, cost of pollution: Delhi installed a couple of smog towers costing 220 crore each,
projected to clean a few km? slightly (effect contested by experts). Compare that to planting
say 5 lakh trees for X20 crore, their effect might cover similar or more area with multiple
benefits, albeit slowly as they grow. Economically, trees win on cost-benefit.

Other natural processes: Apart from vegetation, natural rainfall (part of climate system) also
cleans air by washout. If we mess with climate causing less frequent rain, pollution stays
longer (costly to health).

Conclusion: We can reasonably claim that natural air quality regulation is worth hundreds
of crores per year in a megacity. Governments often allocate budgets for air pollution control
(like mechanized street sweepers, spraying water, etc. costing crores). Urban greenspace is
an often-cheaper complementary measure.

However, trees cannot solve everything; extremely polluted cities need emission cuts first.
But studies show even a 10% increase in tree cover in a neighbourhood can reduce particulate
pollution by perhaps 5-20%, depending on conditions. That's meaningful in health terms.

So summarizing in rupees: If Indian urban forests remove, say, 1,00,000 tons of dust and
pollutants annually (just a hypothetical), and if we value each ton removed at X5 lakh (for the
health benefit, injuries avoided), that’s 5,000 crore per year of benefit. Spread across
population, not a far-fetched figure given how much air pollution costs (which is measured in
percentage of GDP, remember).

For our answer’s consistency: use the prompt’s X1,00,000/year per hectare of forest as a
baseline. If an average Indian city has maybe 5000 ha of good green cover (i.e., 50 km? of
parks, avenues etc.), that’s 500 crore/year service. Indeed, a study in Beijing found a similar
magnitude of benefit in dollars.
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Final thought: It’'s interesting that something as invisible as pollutant molecules can be
monetarily valued when removed by nature. It emphasizes again that these “free” services
have real economic value. If tomorrow all trees disappeared, you’d see an immediate jump in
pollution effects which could push health costs up, productivity down (people would get sick
more often).

So, air quality regulation by ecosystems is like having a free, silent public health program.
Recognizing this value supports policies like urban afforestation, preserving groves, and not
mindlessly cutting trees for development (or at least mandating compensatory planting in a
meaningful ratio and timeframe).
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Glossary

Biodiversity: The variety of life in all forms —including different species of plants, animals, microorganisms,
the genetic variation within these species, and the array of ecosystems (like forests, oceans, grasslands).
High biodiversity often means a healthy, resilient ecosystem. For example, a rainforest with millions of
species has higher biodiversity than a monoculture tree plantation.

Carbon Credit: A permit or certificate representing the right to emit one ton of carbon dioxide (or an
equivalent amount of other greenhouse gas). It’s often used in carbon trading markets; if an entity reduces
emissions or sequesters carbon (e.g., by planting trees), it can earn carbon credits and sell them to emitters
needing to offset their emissions.

Carbon Sequestration: The process of capturing and storing atmospheric carbon dioxide. This can occur
naturally (e.g., plants through photosynthesis store carbon in their biomass and soils, oceans absorbing
CO;) or artificially (carbon capture technologies). It’s a key process for mitigating climate change, as it
removes CO, from the air.

Ecosystem Services: The benefits humans obtain from ecosystems. These include provisioning services (like
food, water, timber), regulating services (flood control, climate regulation, pollination, etc.), cultural
services (recreation, spiritual value, aesthetics), and supporting services (nutrient cycling, soil formation
that allow other services to function).

Green Belt: A strip or area of vegetation (trees, shrubs, grass) intended to surround or intersect urban
areas. Green belts help in limiting urban sprawl, and they serve as buffers that provide cleaner air and
reduced noise. Along roads, green belts refer to lines of trees or plantations that mitigate pollution and
noise from traffic.

Mangroves: Coastal forests consisting of salt-tolerant trees and shrubs, found in tropical and subtropical
tidal areas. Mangroves have stilt-like roots and form dense thickets. They are crucial for protecting
shorelines from erosion, supporting fisheries, and storing carbon. Example: The Sundarbans mangroves in
WB are the largest mangrove forest in the world.

Montreal Protocol: An international treaty signed in 1987 to phase out the production and use of
substances that deplete the ozone layer (like CFCs). It's considered one of the most successful
environmental agreements, as it has led to the healing of the ozone layer. Nearly all countries, including
India, are signatories.

Nitrogen (N), Phosphorus (P), Potassium (K): The primary macronutrients required for plant growth. They
are often added to soils via fertilizers (notated as NPK fertilizers). Nitrogen is vital for leaf growth,
phosphorus for root and flower development, and potassium for overall plant health. Soil fertility largely
depends on availability of N, P, K among other nutrients.

Photosynthesis: The process by which green plants (and some algae and bacteria) use sunlight to convert
carbon dioxide and water into sugars (chemical energy), releasing oxygen as a byproduct. It's how energy
enters the biosphere and is fundamental to life on Earth. Formula: 6 CO, + 6 H,0 + sunlight -> CgH1,06
(glucose) + 6 0,.

Pollination: The transfer of pollen from the male part of a flower (anther) to the female part (stigma)
enabling fertilization. Pollination can happen via wind, water, or animals (insects, birds, bats). Successful
pollination is required for fruit and seed production in most plants. Bees are famous pollinators for many
crops.
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PM2.5: Particulate matter with diameter less than 2.5 micrometres (um). These fine particles (about 1/30th
the width of a human hair) can penetrate deep into lungs and even bloodstream. PM2.5 is a key air
pollutant causing health issues like respiratory and cardiovascular diseases. Common sources: burning of
fuels, industrial processes, dust.

Wetlands: Land areas that are saturated with water either permanently or seasonally. Common types
include marshes, swamps, bogs, and estuaries. Wetlands are extremely productive ecosystems that
support diverse life and provide services like water purification, flood control, and serving as breeding
grounds for fish and birds. Example: The Loktak Lake in Manipur (with its phumdis) is a famous wetland.

UV Radiation (Ultraviolet Radiation): A form of electromagnetic radiation coming from the sun (also from
UV lamps). It has shorter wavelength than visible light. The ozone layer blocks most UV-B (a medium
wavelength that causes sunburn and cancer). Excessive UV exposure is harmful to living organisms, causing
skin cancer, cataracts, and harming plant growth and plankton.

Water Table / Groundwater Recharge: The water table is the level below ground which is saturated with
water. Groundwater recharge is the process by which water from rainfall or surface water infiltrates into
the ground to refill aquifers (underground water stores). Healthy freshwater ecosystems and soils facilitate
recharge, ensuring wells and springs have water.

Crassulacean Acid Metabolism (CAM): A photosynthetic adaptation found in certain plants (like succulents
and some trees such as Peepal) that allows them to open stomata at night (to minimize water loss in arid
conditions) and store CO, as an acid, then use it in photosynthesis during the day. CAM plants often release
some oxygen at night, unlike typical plants that only release O, in daytime.
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billion per year (Spalding et al., 2017, Coastal Economics). These figures back the high economic stakes
associated with reefs.

Urban Trees and Air Pollution Removal: Nowak et al., Environmental Pollution (2014) — Found that urban
trees and forests in the U.S. removed17.4 million tons of air pollutants in 2010, providing an economic
value of $6.8 billion in health benefits. This includes pollutants like PM2.5, O3, SO,, NO,. By extrapolation,

urban greenery in polluted Indian cities could offer similarly high value in improving public health.
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