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CHAPTER 3 | List of Acronyms and Abbreviations

Acronym Description

CHIRPS Cl'1mate Hazards Center InfraRed Precipitation
with Station data

CO: Carbon dioxide

cop Conference of the Parties (to the UNFCCC)

COP32 Thirty-second Conference of the Parties to the
UNFCCC (Addis Ababa, 2027)

EIA Environmental impact assessment

ERAS Fifth-generation atmospheric reanalysis
produced by ECMWF

FAO Food and Agriculture Organization of the
United Nations

GHG Greenhouse gas

GIS Geographic information system
Impact = Population x Affluence x Technology

IPAT . .
(conceptual identity)

IPC Integrated Food Security Phase Classification

IPCC Intergovernmental Panel on Climate Change

LULC Land use and land cover

MRV Measurement, reporting, and verification

NAP National Adaptation Plan

NDC Nationally Determined Contribution

NDVI Normalized Difference Vegetation Index
Fine particulate matter with aerodynamic

PM..s . }
diameter <2.5 micrometres

SDG Sustainable Development Goal

UNEP United Nations Environment Programme

UNFCCC Uglted Nations Framework Convention on
Climate Change

WASH Water, sanitation, and hygiene

WHO World Health Organization
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PART I. Opening perspective | From Stockholm to Addis Ababa, 1972-2027

The global environmental agenda has expanded since the first global environmental conference in
1972, rather than simply changing subjects. The Stockholm Conference of 1972 made pollution,
human health, and the protection of the natural environment matters of international cooperation. Rio
de Janeiro in 1992 connected these concerns to development, biodiversity, forests, and the emerging
international climate regime. The Paris Agreement of 2015 placed nationally determined mitigation
and adaptation commitments within a shared temperature goal. More recent climate conferences have
increasingly addressed how to finance implementation, respond to unavoidable damage, and make
energy transitions equitable (United Nations, n.d.-a, n.d.-b; UNFCCC, n.d.-a).

Ethiopia’s selection to host COP32 gives this evolution particular geographic and political
significance. A decision adopted at COP30 accepts Ethiopia’s offer to host the conference in Addis
Ababa from 8 to 19 November 2027 and calls for a host-country agreement. The venue and dates are
established in the decision; the substantive negotiating outcomes of COP32, which lies in the future,
cannot yet be reported (UNFCCC, 2025).

Table 3.1. How international environmental priorities have evolved

Milestone Core emphasis Why it matters for Ethiopia

Stockholm, 1972 Pollution, environmental Environmental health and
management, human well-being resource stewardship

Rio Earth Summit, 1992 Sustainable development; climate  Land, forests, water, development
and biodiversity conventions and global obligations

Kyoto, 1997 Binding emissions targets for Differentiated responsibilities and
specified industrialized countries ~ carbon accounting

Paris, 2015 Universal climate framework; Mitigation and adaptation
nationally determined planning within development
contributions priorities

COP27, 2022 Loss-and-damage funding Recognition of impacts beyond
arrangements feasible adaptation

COP28, 2023 First global stocktake; transition Energy, resilience, ecosystem
away from fossil fuels protection and implementation

COP29, 2024 New climate-finance goal of at Access, adequacy, terms and
least $300 billion/year by 2035 delivery of finance

COP30, 2025 Implementation, just transition, Connecting negotiated
adaptation-finance emphasis commitments to delivery

COP32, Addis Ababa, 2027 Scheduled future negotiating Opportunity to foreground
session; agenda/outcomes not yet ~ African and Ethiopian priorities
determined

Sources: United Nations (n.d.-a, n.d.-b); UNFCCC (2025, n.d.-a, n.d.-b). Conference themes are
analytical summaries, not claims that any one topic was exclusive to a given year.

The terms fundamental, prominent, and urgent are useful analytical categories, not formal UN
classifications. Fundamental concerns—safe water, clean air, healthy soils, biodiversity, and
sanitation—remain necessary regardless of diplomatic cycles. Prominence describes the visibility of
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an issue in treaties and negotiations; urgency describes the speed and severity of harm or the
narrowing opportunity to prevent it. A drought can be locally urgent even when global negotiations
focus on finance. Climate change increasingly amplifies older concerns without replacing them.

3.1 Concepts, pathways, and metrics
Population—environment relationships operate through multiple causal pathways. The number of
people matters for aggregate demand, but environmental impacts depend just as strongly on
consumption, production technology, land governance, settlement form, and ecological conditions.
Population growth is therefore neither a sufficient explanation for degradation nor an excuse to
overlook unequal resource use. The original chapter’s IPAT and Kaya identities remain valuable as
accounting frameworks, provided they are not misinterpreted as causal models.

Accounting identities and interpretation
IPAT: =P x A x T, where I denotes an environmental impact, P population, A affluence or output
per person, and T impact per unit of output. The Kaya identity specializes this logic to energy-related
carbon dioxide: COz =P x (GDP/P) x (Energy/GDP) x (CO2/Energy). Each term is measurable in
principle, but observed relationships require consistent definitions, reference years, and sectoral

boundaries.

A country may increase total energy demand as its population and economy expand while reducing
emissions per unit of GDP through cleaner generation or efficiency. Conversely, low emissions per
person do not imply low exposure to environmental harm. Household smoke, unsafe water, degraded
soils, and flood risk can impose heavy health burdens in low-emitting communities. For Ethiopia, the
correct analytical unit changes with the question: a watershed for water stress, a household for
cooking fuels, a woreda for local service exposure, and national totals for emissions accounting.

Table 3.2. Priority indicators and their denominators

Domain

Preferred measure

Interpretive safeguard

Population pressure

Land conversion

Water security

Energy transition

Climate exposure

Environmental health

Residents; households; population
per inhabited km?

Hectares converted/year; share by
original land class

Withdrawals / renewable
resources by basin and season

Clean-cooking access; electricity
access; emissions intensity

People within a validated hazard
footprint

Population-weighted PMa.s;
drinking-water safety

Use harmonized boundaries;
distinguish scenario from census

Forest-cover loss is not
automatically deforestation

National averages conceal basin-
level scarcity

Access, reliability and fuel
stacking are distinct

Exposure is not equivalent to
vulnerability or losses

Use measured/modelled exposure
with uncertainty

An important lesson from Chapter 2 is the need to distinguish geographical reconstruction from
observation. The author’s 2025 regional reconstruction totals 127,935,000 across 14 current regions
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plus ET99, a separately counted analytical geography. That benchmark is not a national census count
and 1s not directly interchangeable with international population series. The World Bank’s World
Development Indicators series, for example, reports 132,059,767 for 2024 and 135,472,051 for 2025.
Differences in demographic definitions, models, timing, and geographic treatment must be reconciled
before calculating rates (World Bank, 2026).

138
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134 -

132.06
132 ~

130712869

Population {millions)

128 1

126 . . .
2023 2024 2025

Figure 3.1. Ethiopia population estimates, 2023-2025 (World Bank World Development Indicators, as
published in 2026). These are modeled international estimates, not census enumerations or the author’s
regional reconstruction. Source: World Bank via FRED (2026).

3.2 Demographic change and environmental pressures

Demographic change influences the scale and geography of resource demand through population
growth, age composition, urbanization, migration, and household formation. The same national
population can produce very different environmental outcomes under different settlement and energy
systems. Concentrated urban growth may reduce travel distances and infrastructure costs per resident,
yet unmanaged expansion can increase flood exposure, air pollution, wastewater discharge, and
pressure on peri-urban farmland. Rural population growth can intensify cultivation where land is
scarce, but outcomes depend on tenure, agricultural productivity, and off-farm opportunities.

For Ethiopia, population growth is best treated as a denominator and planning driver, not a stand-
alone measure of environmental degradation. A growing number of households may increase demand
for dwellings, water connections, cooking devices, and waste services even where household size
falls. At the same time, expanding access to electricity and clean cooking can reduce exposure to
household air pollution. To quantify these pathways, analysts should pair observed household and
population series with energy, land, water, and service indicators from matching years.

The author’s 2025 chapter included an illustrative table of population, urbanization, and mean
household size from 1990 to 2035, alongside a synthetic “environmental pressure index.” Those
values are not reproduced as empirical trends. The replacement figure above uses a traceable World
Bank series and supports only the narrower claim of recent population growth. It does not measure
ecological pressure or establish its causes.
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Ethiopia and the global distribution of responsibility

Environmental responsibility and vulnerability are unevenly distributed. Carbon emissions are driven
by energy systems, consumption, industrial production, and technology, while the costs of climate
variability may fall disproportionately on rain-fed farming and pastoral communities. The distinction
between total emissions, per-capita emissions, historical cumulative emissions, and exposure to
climate hazards is essential to fair comparison. For COP32, these different metrics matter to
discussions of mitigation ambition, adaptation needs, finance, and equity; none should be collapsed
into a single ranking.

3.3 Land-use and land-cover change, forests, and restoration

Land cover describes what is physically present—forest, cropland, grassland, wetland, or built-up
surfaces—while land use describes the human purpose to which land is put. A change in tree cover is
not automatically equivalent to permanent deforestation: fire, harvest cycles, plantations,
agroforestry, and forest degradation complicate interpretation. Satellite-based tree-cover-loss
products are invaluable for identifying possible change, but land-cover transitions should be validated
against classification rules, imagery, and field evidence before being attributed to agricultural
expansion or other drivers.

In Ethiopia’s highlands, cultivated landscapes, steep slopes, and densely settled rural districts create
particular concerns about soil erosion, watershed condition, and land fragmentation. In lowland
regions, rangeland conversion, irrigated agriculture, woody-vegetation change, and settlement
corridors pose different questions. A uniform national forest-loss narrative would obscure these
differences. Restoration may improve infiltration, soil stability, habitat connectivity, and local
livelihoods, but effectiveness depends on species selection, tenure, maintenance, and the ecological
suitability of the intervention.

A credible empirical update would use an explicitly named and dated land-cover product, report
hectares and percentages by region, apply a common classification crosswalk, and quantify
uncertainty. It should distinguish gross loss from net change and tree-cover change from natural-
forest conversion. Until those steps are complete, the original chapter’s illustrative forest-
fragmentation and vegetation-anomaly time series should remain excluded.

A COP32 question: what constitutes verifiable restoration?

The Ethiopian contribution to international environmental discussion can be strengthened by moving
from counts of seedlings or hectares reportedly treated toward durable outcomes: survival rates,
changes in soil cover, erosion, water availability, biodiversity, and benefits to communities. Remote
sensing, repeat field sampling, and locally grounded monitoring are complementary rather than
interchangeable. Carbon accounting should not displace the equally important objectives of
livelihoods, ecosystem health, and resilience.
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3.4 Agriculture, pastoral systems, and rangeland dynamics

Agriculture and pastoralism connect demographic change directly to climate, water, soils, and food
systems. Highland mixed farming and lowland livestock systems differ in their use of land and
mobility, and neither can be adequately assessed through a single stocking-density or vegetation
index. In pastoral areas, seasonal movement can be an adaptive strategy that matches livestock to
spatially variable forage and water. Restricting mobility may increase localized pressure even when
aggregate herd numbers are unchanged.

Afar and Somali illustrate why regional averages require careful interpretation. Using the author’s
2025 reconstructed populations and accompanying land areas, their arithmetic densities are
approximately 26 and 28 people per km?, respectively. These figures describe residents per unit of
administrative area; they do not estimate the number of pastoralists, seasonal occupancy, herd size,
forage supply, or the sustainable stocking rate. Nor do they imply that people and livestock are
evenly distributed across the territory.

Rainfall anomalies, normalized difference vegetation index (NDVI), livestock inventories, water-
point functionality, market prices, and participatory mobility information can provide a fuller picture
when observed for matching seasons and geographies. NDVI is a proxy for greenness, not a direct
measure of edible forage. Market offtake may reflect normal commercialization or distress sales;
interpretation requires prices, herd composition, and context. In conflict-affected settings, precise
mapping of routes and watering points may also create protection risks.

From environmental stress to adaptation capacity

Policy options include protecting mobility corridors, strengthening veterinary services, investing in
reliable water access, improving market connectivity, and providing early warning and shock-
responsive support. Their effectiveness depends on local institutions and land rights. The practical
COP32 lesson is that adaptation is not merely a technological intervention: it can involve preserving
the flexibility of existing livelihoods and ensuring that climate finance reaches communities exposed
to recurrent hazards.

Part I synthesis and evidence audit

The central proposition is that environmental outcomes emerge from interactions among people,
consumption, technology, institutions, and ecosystems. Population growth changes the scale of
demand; land governance and livelihood systems shape how demand translates into environmental
pressure; climate hazards affect people unequally. The path from Stockholm to Addis Ababa shows a
widening policy agenda, with implementation and distributional fairness increasingly prominent
alongside enduring conservation and public-health concerns.
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Evidence status Treatment in this revision

Verified institutional history Stockholm, Rio, Paris and major COP
milestones summarized from UN/UNFCCC
sources

Confirmed future event COP32 Addis Ababa, 8—19 November 2027;
outcomes not anticipated

Observed/modelled external series World Bank population estimates for 2023—
2025; explicitly sourced

Author reconstruction 127,935,000 (2025), including ET99; scenario

only, not official count

Excluded placeholders Synthetic pressure, forest, NDVI, mobility, and
rangeland graphs from 2025 PDF

PART II. 3.5 Water resources, irrigation, and watersheds

Ethiopia’s water geography is structured by pronounced contrasts among river basins, seasons, and
livelihoods. The Abbay (Blue Nile), Awash, Omo—Gibe, and Baro—Akobo systems differ in
hydrology, population settlement, irrigation potential, and downstream connections. National totals
for renewable water resources cannot reveal scarcity at a particular intake, aquifer, or dry-season
reach. Water stress must therefore be assessed at basin or sub-basin scale, with withdrawals and
environmentally necessary flows referenced to comparable periods.

The demographic pathway is not simply “more people, less water.” Population growth increases
aggregate demand for drinking water, sanitation, food, and energy, but per-capita demand also
responds to urbanization, irrigation technology, industrialization, and pricing. Irrigation can improve
food-system resilience while increasing competition for water where withdrawals are poorly
measured. Likewise, reservoir capacity does not by itself establish year-round service reliability,
ecological sustainability, or equitable allocation.

In the highlands, watershed degradation and erosion can affect sediment delivery, reservoir
operations, and agricultural productivity. In the lowlands, episodic floods and droughts may dominate
seasonal availability. Groundwater can buffer variability but requires monitoring of recharge,
extraction, salinity, and water quality. Remote sensing, river gauges, household surveys, and
irrigation registries offer complementary—not interchangeable—measurements.

Analytical priorities for Ethiopia

A decision-ready basin assessment should report renewable supply and actual withdrawals by season;
irrigated area and crop-water use; groundwater trends; environmental-flow compliance; and
population with reliable, safely managed water. For cross-border basins, hydrological evidence and
cooperative institutions matter together. Claims about national water abundance should not be
extrapolated to local water security.
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3.6 Climate variability and change: exposure, sensitivity, and
adaptation

Climate risk emerges from the interaction of a hazard with exposed people and assets, their
sensitivity, and their capacity to respond. A flood map is not a map of losses; a rainfall anomaly is not
a direct measure of hunger; and a warming trend does not determine the impact on every community.
In Ethiopia, drought-prone pastoral lowlands, rain-fed farming highlands, rapidly growing cities, and
flood-exposed river corridors face distinct combinations of risk.

A warming climate can intensify heat exposure and alter water demand, while changing rainfall
variability complicates planting decisions, pasture availability, and reservoir management. The
strength, direction, and timing of precipitation changes vary by region and season; therefore, an
Ethiopia-wide single rainfall trajectory is insufficient. Extreme-event attribution, long-term trend
estimation, and near-term forecasting answer different questions and should not be conflated.

For public health, climate-sensitive pathways include heat illness, waterborne disease after flooding,
disrupted maternal and child health services, changes in vector ecology, and food insecurity. The
relevant denominator is often the number of people living or working within a hazard footprint,
disaggregated by age, disability, livelihood, and service access—not merely the land area affected.

From adaptation commitments to implementation

As COP32 approaches, adaptation should be evaluated through operational outcomes: timely early-
warning dissemination, maintained all-weather access to health facilities, flood-resilient water
systems, drought preparedness, and social protection that can scale before households exhaust assets.
Financing announcements are inputs; functioning systems and reduced vulnerability are outcomes. A
rigorous Ethiopian COP32 narrative should distinguish these levels.

3.7 Food security, nutrition, and environmental shocks

Food insecurity is a multidimensional outcome of production, prices, income, access, and stability.
Rainfall deficits can reduce yields or forage, but conflict, transport interruptions, market prices, and
household purchasing power can magnify or offset their effects. Ethiopia’s mixed farming and
pastoral systems consequently require different surveillance and response designs. A vegetation index
may flag forage stress without directly measuring livestock condition, household consumption, or
child malnutrition.

The Integrated Food Security Phase Classification (IPC) describes acute food insecurity using
convergent evidence. Its categories are not interchangeable with childhood stunting or wasting, which
are measured on different populations, timescales, and biological criteria. Likewise, “people in need,”
“people targeted,” and “people reached” are distinct humanitarian quantities. Reports should preserve
these distinctions and their observation dates.

Nutrition outcomes arise through both direct and indirect pathways: reduced dietary diversity,
infectious disease, compromised water and sanitation, lost household income, and disrupted care.
Young children, pregnant and lactating women, displaced households, and people with limited
market access may face disproportionate risk. A geographically precise account would connect
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nutrition survey outcomes to livelihood zones, food prices, access constraints, and documented
shocks while avoiding ecological inference from region-level averages.

COP32 implication: resilience as a measurable food-system outcome

An actionable agenda would link forecast-based financing, irrigation and water harvesting, livestock
mobility safeguards, market access, nutrition services, and social protection. The policy question is
not merely whether climate adaptation is funded, but whether investments reduce the probability that
an environmental shock becomes a nutritional crisis.

3.8 Urbanization, air quality, and environmental health

Urban environmental health combines outdoor pollution from transport, industry, dust, and waste
burning with household exposure from cooking and heating fuels. PM..s denotes fine particulate
matter; NO: is nitrogen dioxide. Their concentrations are not interchangeable, and modeled city
averages should not be interpreted as individual exposure. Household air pollution can be severe even
in communities with relatively little motor traffic.

WHO reports that about 2.1 billion people worldwide still relied on polluting fuels and technologies
for cooking, and estimates 2.9 million premature deaths attributable to household air pollution in
2021. These are global estimates, not Ethiopia-specific counts (WHO, 2025). For Ethiopia, the WHO
country profile reports 7% of the population primarily relying on clean cooking fuels and
technologies in 2022 (uncertainty interval 3%—13%). The year and uncertainty interval are essential
parts of that estimate.

These indicators are relevant to equity: rural households may face limited clean-fuel availability,
while low-income urban and peri-urban residents can face combined household and ambient
exposures. A 2016 Ethiopia DHS secondary analysis published in the Ethiopian Journal of Health
Development estimated cooking-smoke exposure among 61.4% of its weighted analytical household
sample; this is a study-specific exposure definition and must not be substituted for WHO’s clean-
fuel-use indicator.

A verified empirical snapshot

Indicator Observed/modelled estimate Scope and reference year
Primary reliance on clean 7% (uncertainty interval 3%—  Ethiopia; WHO country
cooking fuels 13%) profile, 2022

Urban annual mean PM:.s 20.87 pg/m? (14.19-31.75) Ethiopia; WHO country
profile, 2019

Cooking-smoke exposure 61.4% (95% CI 59.6-63.2) Ethiopia; weighted 2016 DHS
study sample

Household air pollution 2.9 million deaths Global WHO estimate, 2021
mortality

Note. Indicators have different populations, definitions, observation years, and estimation methods;
they must not be plotted as a single trend or treated as directly comparable rates.
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The WHO country profile also reports an age-standardized mortality rate attributable to ambient and
household air pollution of 120.6 per 100,000 in Ethiopia in 2019 (104.3—137.3). This modeled
combined-exposure burden is not a count of deaths attributable to household cooking smoke alone.
Cleaner cooking, emissions standards, urban transport planning, waste management, and reliable
monitoring all have potential health and climate co-benefits, but benefits must be evaluated rather
than assumed.

PART II synthesis: an Ethiopian environmental-health agenda
for COP32

The four domains converge around a common planning principle: environmental stress becomes a
demographic and health crisis through unequal exposure, livelihood dependence, inadequate
infrastructure, and limited adaptive capacity. Water security, resilient food systems, climate-ready
health services, and cleaner household energy are therefore not peripheral “co-benefits” of climate
policy. They are central measures of whether climate action improves human wellbeing.

The historical shift from environmental protection toward adaptation, equity, and implementation is
particularly consequential for Ethiopia. Hosting COP32 creates an opportunity to present measurable
national priorities, request appropriately targeted finance, and contribute African evidence on climate
vulnerability and locally effective responses. No outcome of the 2027 conference is presumed in this
October 2026 revision.

PART III - Energy, Biodiversity, Disaster Risk, and Infrastructure
3.9 Energy Transitions and Household Fuels

Energy transitions have two distinct dimensions in Ethiopia: the composition of electricity generation
and the fuels actually used by households and firms. A predominantly renewable power-generation
fleet does not mean that households enjoy reliable electricity or clean cooking. This distinction is
central to both environmental accounting and health policy. Household reliance on wood, charcoal,
dung, and crop residues links energy poverty to indoor particulate exposure, time spent collecting
fuel, pressure on woody biomass, and gendered labor. The size of each pathway must be established
empirically rather than inferred from a national electricity-generation statistic.

Ethiopia’s National Energy Compact reports that in 2025 installed generation capacity was 9,761
MW, more than 95% from renewable sources, mainly hydropower. The same compact distinguishes a
broad measure of electricity access (65% in 2025, including some off-grid solutions) from basic Tier
1-or-higher service (44%). These measures have different definitions and should not be plotted as a
single comparable series. The compact also reports continued extensive use of firewood for cooking
in 2024. The energy-access problem is therefore not solved by adding generation capacity alone:
affordability, distribution, service quality, and appliance availability matter (World Bank, 2026).

Hydropower creates an opportunity for low-carbon electrification, but it also exposes electricity
supply to hydrological variability and entails basin-scale trade-offs. Solar, wind, geothermal, storage,
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and resilient transmission can diversify the supply portfolio. Decentralized systems may be
appropriate for dispersed settlements, but must be evaluated for lifecycle cost, maintenance, and
actual delivered service. A just transition should track whether low-income and rural households gain
reliable power and cleaner cooking—not merely the number of megawatts installed.

A COP32 question: whose transition, and measured how?

At COP32, Ethiopia can make the case that mitigation and development are not competing objectives
when financing supports dependable clean electricity, modern cooking, and resilient grids. Credible
reporting should separate installed capacity (MW), electricity generated (GWh), household
connection, minimum service tier, clean-cooking use, and affordability. It should also report
distributional differences across rural and urban populations, rather than treating national averages as
universal access.

3.10 Biodiversity, Protected Areas, and Human Pressure

Ethiopia’s ecological diversity extends from Afroalpine environments and highland forests to
drylands, wetlands, and Rift Valley ecosystems. Biodiversity loss arises from multiple interacting
pressures: land conversion, habitat fragmentation, unsustainable resource extraction, invasive species,
pollution, and climate change. Population growth can amplify land and resource demand, but it is not
a sufficient causal explanation. Tenure arrangements, livelihood alternatives, infrastructure
placement, enforcement, and consumption patterns determine how demographic change translates
into ecological pressure.

The global biodiversity assessment published by IPBES (2019) estimated that approximately one
million animal and plant species face extinction risk worldwide. That figure is global, not an estimate
for Ethiopia. It nevertheless clarifies why biodiversity has moved from a conservation concern to a
foundational issue for food systems, water regulation, disease ecology, and economic resilience. In
Ethiopia, the relevant empirical questions concern land-cover transitions, habitat connectivity, species
status, and the distribution of benefits and costs from conservation.

Protected-area boundaries are not a substitute for ecological effectiveness. A meaningful evaluation
would overlay verified protected-area polygons with consistent land-cover classifications, vegetation
condition, infrastructure corridors, and locally validated ecological surveys. For communities living
adjacent to protected landscapes, conservation design should account for grazing, water access,
compensation, and conflict prevention. The appropriate policy objective is durable ecosystem
protection alongside legitimate livelihood needs.

From separate conventions to integrated stewardship

The 1992 Rio Earth Summit institutionalized a wider agenda linking climate, biological diversity, and
sustainable development. In contemporary policy, these agendas increasingly intersect: forests store
carbon and sustain habitat; wetlands attenuate flooding; intact rangelands support livelihoods and
ecological connectivity. Yet a carbon-focused restoration program is not automatically biodiversity-
positive. Species composition, water demand, ecological suitability, and community participation
must be assessed before claiming co-benefits.
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3.11 Disasters, Hazards, and Ecosystem Services

Environmental hazards become disasters through the interaction of physical events with exposed
people, vulnerable assets, and limited capacity to anticipate and respond. Floods, droughts,
landslides, wildfire, and pest outbreaks have different causal mechanisms, yet can produce cascading
effects across transport, agriculture, food prices, drinking water, and health services. Risk therefore
cannot be summarized by the frequency of a hazard alone. A high-intensity flood in an uninhabited
catchment has different consequences from a smaller flood affecting a densely settled, poorly drained
neighborhood.

The United Nations Office for Disaster Risk Reduction (UNDRR, 2025) estimates that global annual
disaster costs exceed US$2.3 trillion when indirect and ecosystem impacts are included. This is a
modeled global burden, not an Ethiopian loss estimate, and is not directly comparable with routinely
reported direct damages. The key policy lesson is that investments in prevention, risk-sensitive land
use, early warning, and resilient services can avert losses that are missed by narrow post-disaster
accounting.

Ecosystems can moderate—but cannot eliminate—hazard impacts. Restored upper catchments may
reduce erosion and sediment delivery; wetlands and floodplains can store water; urban trees and
permeable surfaces may moderate heat and runoff. Their effects are place-specific, conditional on
rainfall, soil, slope, land management, and maintenance. Nature-based measures should be tested
against engineering alternatives and combined with drainage, emergency response, health-system
preparedness, and social protection where appropriate.

Population exposure is not the same as disaster loss

An empirical Ethiopian disaster-risk atlas would distinguish (1) a validated hazard footprint, (2) the
population and assets located within it, (3) social and infrastructural vulnerability, and (4) observed
losses. Population grids must be dated and harmonized to the hazard period; displacement and
seasonal pastoral movement require separate treatment. Climate-attribution statements need
additional analysis and cannot be inferred from a single extreme event.

3.12 Infrastructure, Mining, and Environmental Footprints

Roads, dams, industrial parks, transmission lines, urban expansion, and mineral extraction can
generate substantial economic benefits while changing landscapes, hydrology, and settlement
patterns. Infrastructure may open markets and expand services, but also fragment habitats, alter
sediment transport, increase construction emissions, and expose neighboring communities to air,
water, or noise pollution. Environmental assessment should therefore address the full project life
cycle: siting, construction, operation, decommissioning, and cumulative effects across connected
projects.

Environmental impact assessment (EIA) is most valuable before a project location and design
become irreversible. Alternatives analysis should compare not only engineering cost but also
resettlement, ecological sensitivity, downstream effects, and social distribution of risks. Strategic
environmental assessment is especially important when a series of roads, energy installations, or
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extraction sites transforms a corridor or basin. A project-by-project review may miss the cumulative
footprint of the entire development program.

For hydropower, the relevant questions extend beyond low operational carbon intensity:
environmental flows, sediment, fisheries, upstream and downstream livelihoods, reservoir impacts,
and transboundary cooperation all matter. For mining, priority safeguards include tailings stability,
water quality, waste handling, rehabilitation bonds, occupational health, and transparent community
consultation. For urban and industrial infrastructure, air emissions, wastewater treatment, and climate
resilience should be assessed jointly.

COP32: from project approval to measurable safeguards

Hosting COP32 provides an opportunity to link climate-finance claims with project-level
accountability. Financing should specify measurable outcomes, safeguards, baseline conditions,
independent monitoring, grievance mechanisms, and benefits for affected populations. Infrastructure
that is low-carbon but environmentally or socially damaging should not be described as
unconditionally sustainable.

PART III Synthesis: Four Connected Transitions

The four sections describe linked transitions in energy, ecosystems, risk governance, and physical
infrastructure. Their common challenge is measurement. Installed renewable capacity is not clean-
cooking access; protected-area designation is not ecological integrity; hazard occurrence is not
disaster loss; and project approval is not environmental performance. For Ethiopia’s COP32 agenda,
the strongest contribution will be to translate these distinctions into transparent investment criteria
and outcome indicators, connecting global climate commitments to locally demonstrable public
benefits.

Table 3.3. Evidence and measurement priorities for PART III

Domain Defensible indicator Key interpretive caution

Energy Electricity service tier; clean Generation share # household
cooking; generation by source  energy access

Biodiversity Habitat change; connectivity;  Global IPBES estimate #
verified species status Ethiopia count

Disaster risk Population exposed; losses; Hazard frequency # realized
resilience investment loss

Infrastructure EIA compliance; water/air Project approval # sustained
monitoring; restoration performance

Note. This table is an analytical measurement framework, not a dataset of observed Ethiopian
outcomes. No synthetic charts from the 2025 manuscript are reproduced.
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PART IV — Environmental governance and the road to COP32

3.13 Waste, Sanitation, and Circularity

Population growth, urban expansion, and changing consumption patterns increase the complexity of
municipal waste management. The principal environmental concern is not merely the volume of
waste generated, but whether waste is prevented, collected, separated, treated, recycled, or disposed
of safely. Uncollected solid waste can obstruct drainage and aggravate flood exposure; open burning
can contribute to air pollution; unmanaged organic waste can produce methane; and inadequate fecal-
sludge management can contaminate water sources. These pathways link environmental management
directly to public health and urban resilience.

A circular-economy approach moves beyond end-of-pipe disposal toward waste avoidance, material
reuse, repair, recycling, and recovery, with safeguards for workers and communities. Globally, UNEP
(2024) estimated municipal solid waste generation at 2.1 billion tonnes in 2023 and projected 3.8
billion tonnes by 2050 under its modeled trajectory. The latter is a projection, not an observed
quantity. Neither figure should be treated as an Ethiopian estimate.

Ethiopia’s NDC 3.0 identifies urban waste services and climate-resilient infrastructure as
implementation priorities. For Ethiopian cities, a credible monitoring system should separately report
collection coverage, safe treatment or disposal, recycling, waste composition, landfill methane
management, safely managed sanitation, and the spatial distribution of underserved neighborhoods.
Administrative coverage claims require clear definitions and independent quality checks.

Environmental-health pathways and measurement

Pathway Priority indicator Interpretive safeguard

Uncollected waste and Collection coverage; drainage  Collection is not equivalent to

flooding blockage reports safe disposal

Organic waste and methane  Waste composition; controlled Do not infer emissions
treatment; methane capture reductions from collection

alone

Unsafe sanitation and water  Safely managed sanitation; Distinguish improved facilities

contamination fecal-sludge treatment from safely managed services

Informal waste labor Occupational injury, protective Account for informal workers
equipment, income and gendered risks

3.14 Gender, Equity, and Environmental Justice
Environmental hazards are not experienced uniformly. Exposure differs by place, occupation, age,
disability, housing quality, wealth, and access to infrastructure. Women and girls may bear
disproportionate time burdens for collecting water and cooking fuels, while children, older adults,
outdoor workers, and people with chronic illnesses may be especially vulnerable to heat and air
pollution. Such patterns require empirical verification rather than universal assumptions about every
Ethiopian community.
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Environmental justice adds a distributional and procedural dimension to environmental policy.
Distributional justice asks who bears pollution and climate risks and who receives investments.
Procedural justice asks who participates in decisions about land, water, energy, resettlement, and
climate adaptation. Recognition justice asks whether pastoralist, displaced, low-income, and other
marginalized populations are visible in the data and decision-making processes. Climate interventions
can improve aggregate outcomes yet deepen inequities if land tenure, livelihoods, or access to
services are overlooked.

For Ethiopia, equity-sensitive analysis should combine disaggregated household surveys with
geographically explicit hazard and service-access measures. It should report exposure and
vulnerability separately: living in a drought-prone area is not the same as experiencing a drought-
related loss. National averages should not obscure regional or within-city disparities, and analyses
should avoid publishing identifiable locations of vulnerable households.

Practical equity tests for proposed interventions

Every major project should ask: Who is exposed before intervention? Who receives benefits? Who
pays costs or loses access? Who participates in decisions? How will unintended harms be monitored?
This framework is particularly relevant to watershed restoration, urban waste infrastructure,
renewable-energy projects, and pastoral rangeland management.

3.15 Governance, Policy, and Financing for Sustainability

Ethiopia’s environmental governance has evolved from sector-specific natural-resource management
toward integrated climate planning. Key frameworks include the Climate-Resilient Green Economy
strategy, the National Adaptation Plan, successive nationally determined contributions (NDCs), and
the Long-Term Low-Emissions Development Strategy. These instruments have different functions:
strategies articulate direction, NDCs communicate commitments under the Paris Agreement,
adaptation plans prioritize resilience measures, and monitoring systems assess implementation.

Ethiopia submitted NDC 3.0 to the UNFCCC on 26 September 2025. It specifies a 70.3%
greenhouse-gas reduction by 2035 against a revised business-as-usual reference scenario. This is a
scenario-relative target—not a 70.3% decline from a measured historical emissions level—and
cannot be interpreted as an achieved reduction. The NDC distinguishes actions funded through

domestic effort from conditional actions dependent on external support (Federal Democratic Republic
of Ethiopia, 2025).

The NDC estimates financing needs of approximately US$106.35 billion for 2025-2035, including
US$66.35 billion for mitigation and US$40 billion for adaptation. These are planned investment
requirements, not funding already received. A useful COP32-facing assessment would distinguish
pledged finance, committed finance, disbursed finance, and independently verified expenditure,
alongside the terms of financing and local distribution of benefits.

Governance question Evidence needed Why it matters
Are targets being Annual, sector-specific Targets and outcomes are not
implemented? indicators and baselines interchangeable

Chapter 3 - POPULATION AND ENVIRONMENT | 17



ETHIODEMOGRAPHYANDHEALTH.ORG | CHAPTER 3 | OCTOBER 2026

Is finance reaching projects? Commitments, disbursements, = Announcements do not

grants/loans, execution establish delivery

Who benefits? Regional and socioeconomic National totals can hide
disaggregation exclusion

Are reductions additional Transparent inventories, Avoid double counting and

and durable? verification, permanence tests ~ overclaiming

Can institutions coordinate? Clear mandates and Fragmentation impedes
interoperable reporting delivery

COP32: Ethiopia as host and negotiating participant

The UNFCCC confirms that parties accepted Ethiopia’s offer to host COP32 in 2027. The conference
is scheduled in Addis Ababa for 8—19 November 2027. Hosting provides visibility and convening
opportunities, but does not by itself guarantee financing, favorable negotiating outcomes, or domestic
implementation. The analytically important question is whether preparations produce durable systems
for adaptation planning, climate finance tracking, transparent emissions inventories, and locally
accountable delivery.

COP32 also offers a useful historical lens: international environmental diplomacy has progressed
from pollution control and conservation to sustainable development, emissions mitigation, adaptation,
loss and damage, and the practical challenge of implementation. These are cumulative priorities
rather than successive replacements. Ethiopia’s experience with drought, land restoration,
urbanization, and energy access illustrates why they must be addressed together.

3.16 Data, Methods, and Indicators

A population—environment monitoring system should integrate demographic denominators, earth
observation, environmental monitoring, administrative records, and household surveys. Population
counts must be aligned by reference year and geographic boundaries. Climate observations must be
distinguished from modeled reanalyses and future scenarios; satellite proxies from ground-validated
measurements; and administrative service records from population coverage estimates.

Recommended inputs include Ethiopian statistical and sectoral data; EDHS and other household
surveys; CHIRPS precipitation; ERAS climate reanalysis; satellite land-cover and vegetation
products; water-basin measurements; WHO environmental-health indicators; and UNFCCC
greenhouse-gas reporting. Each indicator should carry source, geographic scale, time period,
definition, denominator, uncertainty, and revision history.

Proposed Ethiopia population—environment indicator registry

Domain Ilustrative indicator Essential metadata
Climate exposure Population exposed to heat, Hazard threshold, grid year,
drought, or flood hazard population vintage

Chapter 3 - POPULATION AND ENVIRONMENT | 18



ETHIODEMOGRAPHYANDHEALTH.ORG | CHAPTER 3 | OCTOBER 2026

Land and forests Land-cover transitions; Classification, sensor,
restoration survival validation accuracy

Water and sanitation Safe water access; safely Survey definition, season,
managed sanitation residence

Air quality Population-weighted PM:.s Monitor/model source,
exposure calibration, uncertainty

Energy Clean-cooking access; Fuel-use definition, service
electricity reliability continuity

Finance Adaptation funding disbursed  Funding stage, currency year,
per vulnerable resident denominator

Methodological rule: no fabricated trend lines, synthetic observations, or unverified regional
rankings. Where evidence is incomplete, use a conceptual diagram, an indicator specification, or an
explicit data gap rather than a numerical graphic. Geographic analysis should document
harmonization across Ethiopia’s changing administrative boundaries and avoid treating modeled
small-area estimates as census enumerations.

3.17 Case Studies and Ethiopian Successes

Ethiopia offers important examples of environmental initiatives, but a defensible case study
distinguishes implementation scale from measured ecological or health outcomes. The Green Legacy
Initiative, highland watershed restoration, community-based natural-resource management, clean-
energy expansion, and pastoral water-management programs are candidates for evaluation—not
automatic evidence of success on every outcome.

Case study A — Landscape restoration and the Green Legacy Initiative
Tree-planting campaigns and restoration initiatives may contribute to erosion control, habitat
recovery, local cooling, and carbon sequestration. However, the number of seedlings distributed or
planted is an activity measure, not a verified estimate of surviving forest, carbon storage, or
biodiversity improvement. Evaluation requires survival rates, species suitability, land-tenure
safeguards, baseline land cover, and multi-year satellite and field measurements. Claims about forest-
cover change should be checked for differences in forest definitions and observation methods.

Case study B — Climate-resilient watersheds and rural livelihoods

Highland watershed interventions can combine soil conservation, terracing, vegetation recovery, and
water management. Plausible benefits include reduced erosion, improved infiltration, and more
reliable agricultural production, but their magnitude is location-specific. Rigorous evaluation
compares treated and comparable untreated catchments over sufficient periods while accounting for
rainfall variation, land use, and upstream—downstream effects.

Case study C — Urban clean energy and environmental health

Renewable electricity generation is an important national asset, yet electricity supply alone does not
establish household adoption of clean cooking or reductions in indoor smoke exposure. Case studies
should measure household fuel stacking, affordability, reliability, ventilation, and health-relevant
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exposure. Distributional analysis is essential to determine whether benefits reach poorer households
and secondary cities.

Case study D — Pastoral adaptation and mobility

In lowland pastoral systems, seasonal movement can be a rational adaptation to variable forage and
water. Interventions should assess access to mobility corridors, conflict risks, animal health, and
market functioning rather than equating sedentarization with environmental improvement.
Participatory evaluation and protection of sensitive location data are essential.

PART IV synthesis — From hosting to implementation

Ethiopia’s COP32 moment is most consequential when viewed not as a single diplomatic event but as
a test of institutional capacity: can environmental priorities be translated into financed,
geographically targeted, socially equitable, and independently measured outcomes? The central
lesson of Chapter 3 is that population and environment are linked through land, water, energy,
livelihoods, health, and governance. Sustainable progress requires attention to each linkage, with
special protection for those least able to absorb environmental shocks.

The global environmental agenda has broadened over five decades without abandoning its original
foundations. Clean air, safe water, healthy ecosystems, and human well-being remain fundamental;
climate mitigation, adaptation, and finance have become prominent; and implementation, equity, and
loss-and-damage responses have become urgent. Addis Ababa in 2027 provides a compelling setting
in which these strands can converge.
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