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Abstract—Human activities provide food, shelter,
manufactured goods, minerals and mobility, but also place
substantial pressure on climate, ecosystems, freshwater and
human health. This review examines the environmental effects of
agriculture, housing and construction, industry, mining and
transportation through their principal pathways: greenhouse-gas
emissions, land-cover change, soil degradation, water use and
contamination, air pollution, waste and biodiversity loss. A
narrative synthesis of major international assessments and
institutional literature was used, with emphasis on the
Intergovernmental Panel on Climate Change, the Food and
Agriculture Organization of the United Nations, the United
Nations Environment Programme and the World Health
Organization. The evidence indicates that impacts are
interconnected: housing demand stimulates material extraction
and industrial production; transport infrastructure changes land
use and access; agricultural supply chains depend on energy and
logistics; and mining can create persistent landscape and water
risks while supplying materials used by other sectors. The paper
compares sector-specific pressures and discusses responses
including soil and nutrient management, compact urban
planning, low-carbon construction, cleaner industrial production,
responsible mineral governance, public transport, electrification
and circular resource use. It argues that durable environmental
improvement requires life-cycle assessment, cumulative-impact
management, transparent monitoring and  equitable
participation. This is a literature-based review and does not
report new field experiments or a quantitative meta-analysis.

Keywords—human activities; environmental degradation;
agriculture; housing; industry; mining; transportation; climate
change; biodiversity; pollution; sustainability

I. INTRODUCTION

Human societies alter natural systems to secure food,
shelter, energy, materials and mobility. These activities have
supported health, trade and economic development, but their
scale and design can exceed the regenerative capacity of
ecosystems. Environmental consequences include -climate
change, habitat conversion, soil erosion, freshwater stress,
chemical contamination, air pollution, waste accumulation and
unequal exposure to environmental hazards. The
Intergovernmental Panel on Climate Change (IPCC) concludes
that human activities, principally through greenhouse-gas

emissions, have unequivocally caused global warming [1]. Its
assessments also show that mitigation depends on coordinated
action across energy, industry, transport, buildings and land-
use systems [2].

Agriculture, housing and construction, industry, mining and
transportation are linked rather than independent. Housing uses
cement, steel, timber and minerals; industry processes raw
materials and supplies equipment; transport moves goods and
shapes urban form; agriculture relies on energy, fertilizer and
logistics; and mining supplies materials for both conventional
infrastructure and low-emission technologies. A narrow sector-
by-sector analysis may therefore miss indirect impacts and
trade-offs. This review examines each activity, compares their
principal environmental pathways and identifies responses that
protect ecosystems while supporting human well-being.

The contribution of this review is an integrated comparison
of the five activities through shared environmental receptors
and decision points. Rather than ranking sectors with one
unsupported universal score, the paper distinguishes pressures,
local exposure, life-cycle effects and management options.
This is important because the same activity can have very
different consequences depending on ecosystem sensitivity,
technology, governance and the distribution of costs and
benefits.

A. Aim and objectives

The aim is to critically synthesize evidence on the
environmental effects of five major human activities and
identify practical strategies for reducing their impacts.

¢ Identify the main effects of agriculture, housing,
industry, mining and transportation on air, water, land,
climate and biodiversity.

e Summarize findings from authoritative international
assessments and institutional literature.

e Compare shared sector interactions and

potential trade-offs.

impacts,

e Recommend prevention, mitigation, restoration and
governance measures that can be applied across sectors.
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II. REVIEW METHODOLOGY

A narrative literature-review approach was used to
synthesize major scientific assessments and institutional
publications. Priority was given to the IPCC Sixth Assessment
Report, the Food and Agriculture Organization of the United
Nations (FAO) assessment of land and water resources, United
Nations Environment Programme (UNEP) publications on
buildings, pollution and mining-related biodiversity risks, and
World Health Organization (WHO) material on transport-
related air pollution [1]-[7]. These sources were selected for
their broad geographic scope, transparent institutional
authorship and relevance to the five activity domains.

The review was organized around five sectors and seven
environmental pathways: greenhouse-gas emissions, land
transformation, soil condition, water quantity and quality, air
pollution, waste and biodiversity. Cross-sector synthesis was
used to identify interactions, justice concerns and opportunities
for coordinated policy. This paper is not a preregistered
systematic review, a meta-analysis or an original field study. It
does not claim to cover every publication worldwide, and it
reports No new experiments, interviews or measurements.
Statistics from different reports may use different years,
boundaries and accounting conventions; they are therefore
interpreted in context rather than combined as if directly
comparable.

Evidence was prioritized when it came from global
scientific assessments, official technical reports or authoritative
health and environmental agencies. Findings are presented
qualitatively because the selected sources use different
reference years, spatial scales and system boundaries. No
numerical meta-analysis was performed, and no causal estimate
is attributed to this review. The reference list is intentionally
traceable so readers can consult the original assessments and
judge their applicability to local conditions.

III. LITERATURE REVIEW

A. Climate change and land use

The IPCC assesses greenhouse-gas emissions across
energy, industrial processes, transport, buildings and
agriculture, forestry and other land use. The literature
emphasizes that emissions depend on technology,
infrastructure, demand, land management and consumption
patterns, not simply on the number of individual devices or
facilities [1], [2]. Land-based mitigation can include protecting
forests, peatlands and wetlands, improving soil management
and reducing food loss, but poorly designed interventions may
compete with food production or damage biodiversity.

B. Land, soil and freshwater

FAQO’s global assessment highlights the importance of
sustainable soil and water management in food systems. Its
2025 report states that more than 60% of human-induced land
degradation occurs on agricultural land and that agriculture
accounts for more than 70% of global freshwater withdrawals
[3]. These findings support integrated soil conservation,
efficient irrigation, watershed management and locally
appropriate agricultural practices.

C. Buildings, industry and material demand

UNEP and the Global Alliance for Buildings and
Construction report that buildings and construction have a
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substantial energy, emissions and material footprint. The
response agenda includes improved building codes, efficient
design, low-carbon materials, renewable energy and circular
construction [4]. For heavy industry, the IPCC identifies
energy and material efficiency, electrification, low-emissions
fuels, alternative feedstocks and selected carbon-capture
applications as possible routes to lower emissions, while noting
that technical feasibility differs by process [2].

A newer global assessment for 2025-2026 reports that
buildings and construction account for approximately 37% of
global emissions and nearly half of global material extraction
under its stated accounting boundaries [8]. These figures
should not be directly substituted for older estimates without
checking definitions: reports may include different
combinations of building operations, construction materials
and infrastructure. The important conclusion is consistent
across assessments: both operational energy and embodied
materials need attention.

D. Mining, pollution and biodiversity

UNEP’s work on artisanal and small-scale gold mining
documents risks associated with land disturbance, chemical use
and contamination when extraction is poorly managed [5].
More broadly, mining impacts depend on geology, processing
methods, hydrology, tailings design, site location and the
quality of closure planning. UNEP also identifies chemical
pollution as a significant pressure on ecosystems and
biodiversity [6].

E. Transportation and health

The IPCC frames transport mitigation as a system question
as well as a vehicle-technology question. Urban form, trip
distances, public transport availability, freight organization and
demand for mobility influence the scale of energy use before a
vehicle technology is selected [2]. This supports the avoid—
shift-improve framework used later in the paper.

WHO describes transport-related air pollution as including
both exhaust emissions and non-exhaust particles from brakes,
tyres and resuspended road dust. Exposure to these pollutants is
associated with adverse health outcomes, including
cardiovascular disease and asthma [7]. Transport policy
therefore needs to consider climate emissions alongside local
air quality, noise, road safety, access and the distribution of
exposure.

IV. ENVIRONMENTAL EFFECTS OF AGRICULTURE

A. Land conversion and habitat loss

Agricultural expansion can also affect ecosystems
indirectly through feed production, commodity demand, water
infrastructure and new access roads. Land-use decisions should
therefore assess both the farm plot and the wider supply chain.
Protecting intact ecosystems is often more effective than
attempting to recreate their full ecological complexity after
conversion.

Agriculture requires land for crops, livestock and
supporting infrastructure. Expansion into forests, wetlands,
grasslands and other natural habitats removes vegetation,
reduces carbon storage and fragments ecosystems. The
magnitude of the impact depends on the original habitat, the
area converted, production practices and the supply-chain
drivers of expansion. Agricultural intensification on existing
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farmland may reduce pressure for conversion in some settings,
but only if productivity gains are not accompanied by greater
total demand or damaging input use.

B. Soil degradation and erosion

Soil health is multidimensional: organic matter, structure,
infiltration, nutrient balance, biological activity and erosion
resistance all influence long-term productivity. A practice that
improves one measure may not improve every measure in
every climate. Soil-cover and tillage decisions should be
evaluated against local rainfall, slope, crop residues, fuel use
and soil type rather than promoted as a universal prescription.

Intensive tillage, overgrazing, removal of crop residues,
cultivation on steep slopes and poorly managed irrigation can
accelerate erosion and reduce soil organic matter. Sediment
may carry nutrients and pesticides into waterways, while
compaction reduces infiltration and root growth. In irrigated
drylands, inadequate drainage can contribute to salinity. Soil
degradation may reduce yields and encourage additional inputs
or land conversion, creating a reinforcing cycle of
environmental pressure.

C. Water use, nutrient runoff and chemicals

Nutrient management is most effective when source, rate,
timing and placement are considered together. Riparian buffers
and constructed wetlands can intercept some runoff, but they
are not substitutes for preventing excessive application at
source. Basin-level governance is needed where irrigation users
share rivers or aquifers, because farm-level efficiency gains do
not always reduce total withdrawals if saved water is used to
expand irrigated area.

Irrigation is essential in many regions, but withdrawals that
exceed recharge or ecological-flow requirements can deplete
rivers and groundwater. Nitrogen and phosphorus from
fertilizers and manure can enter water bodies and promote
eutrophication. Pesticides may harm aquatic organisms and
non-target species, while untreated farm effluent can increase
pathogen loads. Risks can be reduced through soil testing,
nutrient budgeting, precise application, integrated pest
management, riparian buffers and irrigation schedules matched
to crop demand and local water availability.

D. Climate and biodiversity impacts

Climate resilience and biodiversity protection can reinforce
each other when practices maintain soil moisture, landscape
diversity and habitat connectivity. However, land-based
climate interventions should be checked for trade-offs,
including water demand, competition with food production and
the use of non-native species. Emissions reductions should be
measured against a clear baseline and should not be assumed
from the adoption of a practice alone.

Agriculture emits methane from ruminant digestion and
some rice systems, nitrous oxide from soils and nitrogen
inputs, and carbon dioxide from fuel use and land-use change.
Farm landscapes simplified into large monocultures may
provide fewer resources for pollinators, birds, natural pest
predators and soil organisms. Practices such as crop rotation,
agroforestry, habitat strips, improved manure management and
protection of native vegetation can support biodiversity and
reduce some emissions, provided they are adapted to local
conditions.
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E. Sustainable agricultural responses
® Maintain soil cover and use erosion-control practices
appropriate to slope, soil and climate.

e Apply fertilizers according to crop demand and soil
tests, and avoid application when heavy rainfall is
forecast.

e Use integrated pest management and targeted pesticide
application to limit unnecessary chemical exposure.

¢ Improve irrigation scheduling and manage groundwater
withdrawals within sustainable limits.

® Protect remaining high-value ecosystems and reduce
food loss and waste throughout supply chains.

AGRICULTURE: PRESSURE PATHWAYS AND RESPONSE POINTS

LAND USE FARM INPUTS ENVIRONMENTAL ECOSYSTEMS
Habitat conversion Fertilizer « pesticides EFFECTS Biodiversity
Fragmentation Fuel o i ion Soil « water » climate Human health

IMPROVE
Soil cover » nutrient plans
Water efficiency

PREVENT

RESTORE
Protect habitats

Buffers » trees ‘

Avoid excess inputs Degraded soils

Impacts depend on local climate, soil, crop system, chemical use and landscape context

Fig. 1. Agricultural pressure pathways and practical intervention points.

¢ Promote locally suitable crop diversity, agroforestry and
climate-resilient production.

V. ENVIRONMENTAL EFFECTS OF HOUSING AND
CONSTRUCTION

A. Land take and urban expansion

Urban land-use decisions can lock in environmental
outcomes for decades because streets, buildings and utility
networks are long-lived assets. Infill development and transit-
oriented growth may reduce land take and trip distances, but
only if housing remains accessible and urban green space,
drainage and heat mitigation are protected. Planning should
also consider informal settlements and avoid pushing lower-
income residents into distant locations with poor transport
access.

Housing development converts land to buildings, roads,
parking, utilities and other infrastructure. Unplanned expansion
can fragment habitats, replace farmland and wetlands, increase
runoff and place pressure on peri-urban water supplies. Low-
density development can also lengthen travel distances and
increase dependence on private vehicles. Construction on
floodplains, steep slopes or coastlines may expose people and
ecosystems to hazards and raise future adaptation costs.

B. Embodied carbon and material extraction

Embodied impacts include raw-material extraction,
processing, manufacturing, transport, construction,
maintenance and end-of-life treatment. Comparing materials
requires a functional unit and equivalent performance,
durability, fire safety and maintenance assumptions.
Environmental product declarations and life-cycle assessment
can support decisions, but results should be checked for
consistent boundaries and local electricity mixes.
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A building’s footprint begins before occupation. Cement,
steel, bricks, glass, aluminium, timber and insulation require
extraction, manufacture and transport. Cement production
releases carbon dioxide from fuel use and from limestone
calcination, while steelmaking can be highly energy-intensive.
Poorly managed sand, gravel and timber extraction can damage
river systems and forests. Structural efficiency, reuse, recycled
content and verified lower-carbon materials can reduce demand
for virgin resources.

C. Operational energy, water and waste

Operational performance is shaped by climate, occupant
behavior, building controls, maintenance and the carbon
intensity of electricity. A building designed efficiently can still
perform poorly if systems are badly commissioned or
maintained. Water-sensitive design should account for local
rainfall, water quality, public-health requirements and the
reliability of municipal supply; rainwater reuse must be
designed for its intended purpose.

Buildings use energy for cooling, heating, ventilation,
lighting, appliances and water heating. Climate-responsive
design, shading, insulation and efficient equipment can reduce
demand. Water is required for drinking, sanitation and
landscaping; leaks and inefficient fixtures waste treated
supplies. Impervious surfaces can increase flood peaks and
transport contaminants into waterways. Construction and
demolition also generate concrete, timber, metals, glass,
packaging and potentially hazardous materials. Waste
separation, safe handling and material recovery can reduce
disposal and virgin-material demand.

D. Sustainable housing responses

e Encourage compact, mixed-use development near
reliable public transport while protecting floodplains
and ecological corridors.

® Prioritize passive cooling, daylight, ventilation and
climate-appropriate building envelopes.

e Use efficient appliances, low-emissions electricity and
rooftop solar where feasible.

¢ Design buildings for durability, repair, adaptive reuse
and efficient material use.

e Separate construction waste and reuse or recycle
suitable concrete, metal, timber and glass.

HOUSING: WHOLE-LIFE ENVIRONMENTAL FOOTPRINT

1. MATERIALS 2. CONSTRUCTION 3. OPERATION 4. END OF LIFE
Cement » steel Land take + dust Cooling » lighting Demolition » reuse
Timber « glass Waste » transport Water » appliances Recycling * disposal

LOWER DEMAND
Efficient design
Reuse existing buildings

LOWER IMPACT
Passive cooling
Clean energy * recovery

Assess embodied impacts and operational impacts together, usi istent life-cycle boundaries.

Fig. 2. Whole-life stages of housing and the principal opportunities to reduce
environmental burden.

¢ Install water-efficient fixtures and sustainable drainage
measures where locally appropriate.
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VI. ENVIRONMENTAL EFFECTS OF INDUSTRY

A. Greenhouse gases and air pollution

Industrial emissions can be concentrated around facilities
and supply chains, making both regional climate accounting
and local exposure assessment necessary. Continuous
monitoring, stack testing, fugitive-emission surveys and worker
exposure measurements answer different questions and should
not be treated as interchangeable. Emission limits are most
effective when accompanied by maintenance requirements,
inspections, credible penalties and public reporting.

Industrial impacts arise from fuel combustion and chemical
processes. Steel, cement, chemicals, glass, pulp and paper and
other manufacturing sectors may require substantial heat and
electricity. Some processes release carbon dioxide even when
energy efficiency improves. Industrial facilities can also emit
particulate matter, sulfur dioxide, nitrogen oxides, volatile
organic compounds and toxic metals. These pollutants can
affect workers and nearby communities, contribute to
secondary air pollution and deposit onto land and water.

B. Water use, wastewater and hazardous waste

Wastewater controls should follow a pollutant-specific risk
assessment rather than a single generic treatment assumption.
Some contaminants require source substitution or specialized
treatment, and conventional treatment may not remove all
persistent chemicals or dissolved metals. Safe waste
management also requires traceability from generation to
transport, treatment and final disposal, with particular attention
to accidental releases and legacy contamination.

Water is used for cooling, cleaning, processing and
manufacturing. Depending on the sector, effluent can contain
organic matter, salts, acids, dyes, oils, solvents, nutrients or
metals. Inadequate treatment can damage aquatic ecosystems
and compromise downstream uses. Industrial waste streams
may include hazardous sludge, solvents, ash, chemical residues
and electronic waste. Pollution prevention, effective treatment,
secure storage and transparent monitoring are essential,
because control systems only work when maintained and
operated properly.

C. Cleaner industrial production

Industrial mitigation requires process-specific solutions.
Measures include energy audits, efficient motors, heat
recovery, electrification of suitable processes, low-emissions
electricity, alternative feedstocks, material efficiency and
product redesign. Industrial symbiosis can allow a safe by-
product from one facility to replace a raw material elsewhere.
Circular approaches can reduce demand for virgin resources,
but recycling must also manage energy use and potential toxic
exposures. Emission and effluent data should be measured
consistently and reported with clear boundaries.
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INDUSTRY: POLLUTION PREVENTION HIERARCHY

1. AVOID 2. REDUCE 3. REUSE / RECOVER 4. TREAT
Eliminate hazardous Energy * materials Heat » water Capture emissions
inputs where feasible | Water » process losses By-products Treat residual waste

Vi \

MEASURE
Meters + audits
Emissions inventory

VERIFY
Maintenance e« testing
Public reporting

Prevention is generally preferable to relying only on end-of-pipe controls.

Fig. 3. A pollution-prevention hierarchy for industrial facilities.

VII. ENVIRONMENTAL EFFECTS OF MINING

A. Landscape and ecosystem disturbance

The mine footprint includes more than the excavation itself:
waste-rock areas, tailings, haul roads, power lines, water
diversions and worker settlements can expand the affected
landscape. Environmental impact assessment should map
sensitive habitats, seasonal species use, groundwater
dependence and cumulative pressures from other projects in the
same region.

Open pits, underground workings, quarries, waste-rock
dumps, tailings facilities and access roads can remove
vegetation, alter landforms and change drainage. Associated
roads, power infrastructure and settlements may extend impacts
beyond the mine boundary. Habitat fragmentation and
disturbance are especially concerning in areas of high
conservation value or where communities depend directly on
local land and water.

B. Water contamination and tailings

Risk management must consider both routine releases and
low-probability, high-consequence failures. Tailings design
should account for site geology, seismic conditions, extreme
precipitation, water balance, inspection access and credible
failure scenarios. Monitoring should establish baseline
conditions before operation and continue after closure where
contaminants or altered hydrology may persist.

Mine-related water risks include sediment runoff, altered
groundwater flow, metal leaching and acid mine drainage.
Where sulfide-bearing minerals react with oxygen and water,
acidic drainage may mobilize metals and harm aquatic
organisms. Tailings facilities require site-specific design,
inspection, emergency planning and long-term maintenance.
Some artisanal gold-mining practices use mercury, creating
risks of environmental contamination and exposure. The level
of risk depends on geology, mineral type, processing, climate
and management quality.

C. Responsible mining and rehabilitation

Responsible mining begins with baseline studies and
avoidance of areas where damage cannot be adequately
prevented or remedied. Operators should monitor surface
water, groundwater, sediment and air quality; manage tailings
and waste rock; reduce process-water demand; and disclose
results in accessible formats. Closure plans should be
developed and funded from the start, with landform
stabilization, soil replacement, revegetation and long-term
monitoring. Traceable mineral supply chains and recycling can
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reduce avoidable demand for virgin extraction, although
recycling cannot eliminate the need for all primary minerals.

MINING: LIFE-CYCLE RISK MANAGEMENT

PLAN EXTRACT MANAGE CLOSE
Baseline ecology Dust + noise Tailings * drainage Stabilize land
Water + communities Land disturbance Chemicals » water Revegetate * monitor

AVOID / MINIMIZE
ats

Environmental obligations continue beyond production and must be funded for closure and aftercare.

Fig. 4. Mining life-cycle stages and core environmental risk-management
actions.

VIII. ENVIRONMENTAL EFFECTS OF

TRANSPORTATION

A. Climate emissions and energy demand

Transport emissions depend on system design as much as
individual vehicle efficiency. A more efficient vehicle can be
offset by longer trips, increased vehicle size or higher total
travel demand. Freight policies should assess load factors,
empty running, warehousing location and delivery patterns;
passenger transport should assess accessibility and service
quality, not only average speed.

Road vehicles, aviation, shipping and rail use energy to
move people and goods. Fossil-fuel combustion releases
carbon dioxide, while additional impacts arise from fuel
production, vehicle manufacture, infrastructure construction
and maintenance. The footprint varies with mode, distance,
occupancy, freight loading, vehicle efficiency and energy
source. Electrification can reduce tailpipe emissions, but its full
climate benefit depends on electricity generation, battery
supply chains and vehicle life-cycle impacts.

B. Air quality, noise and health

The distribution of exposure matters: people who live,
study or work near busy roads may experience higher pollution
and noise than citywide averages suggest. Transport
assessments should therefore combine emissions inventories
with roadside monitoring, population density, sensitive
receptors and travel access. Electric drivetrains reduce exhaust
at the point of use but do not eliminate tyre, brake and road-
dust particles.

Transport pollution includes exhaust gases and particles as
well as non-exhaust emissions from tyres, brakes and road
dust. Exposure can be elevated near busy roads, freight
corridors, ports and transport hubs. WHO identifies transport-
related air pollution as a public-health concern [7]. Noise and
vibration can disturb sleep and well-being, while road safety
and unequal exposure shape the social consequences of
transport systems.

C. Habitat fragmentation and runoff

Roads, railways, airports and ports occupy land and may
divide habitats into smaller patches. Roads can block wildlife
movement, increase collision mortality and introduce noise and
light. Runoff can carry oil, metals, salts and particles into
waterways. Transport routes can also increase access to
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previously remote areas, potentially accelerating settlement,
logging, mining or other land conversion.
D. Sustainable transport responses
e Build reliable public transport networks and safe
walking and cycling infrastructure.

e Support mixed-use planning that shortens everyday
trips and improves access to essential services.

e Improve vehicle efficiency,
maintenance and loading factors.

freight  logistics,

e Electrify suitable wvehicle fleets alongside cleaner
electricity and responsible battery recycling.

e Shift suitable freight to rail and water and improve
intermodal connections.

e Use wildlife crossings, ecological corridors and
effective drainage where transport routes intersect
sensitive habitats.

SUSTAINABLE TRANSPORT: AVOID, SHIFT, IMPROVE

AVOID SHIFT IMPROVE
Reduce unnecessary trips Public transport Efficient vehicles
Compact mixed-use planning Walking + cycling » rail Electrification * clean power

SAFEGUARDS
Battery supply chains
Road ecology * equity

CO-BENEFITS
Less congestion
Better access

The strongest strategy combines land-use planning, mode shift and cleaner technology.

Fig. 5. Avoid-shift-improve framework for sustainable transport planning.

IX. COMPARATIVE AND CROSS-SECTOR
ANALYSIS

The sectors share environmental pathways but differ in
their dominant pressures. Agriculture is strongly linked to land,
soil, nutrient cycling and water withdrawals. Housing
combines land conversion with embodied material impacts and
long-term energy use. Industry concentrates process emissions,
energy demand and complex waste streams. Mining can create
localized but persistent landscape and water risks while
supplying materials to other sectors. Transportation contributes
to climate forcing and local pollution while shaping land use
and ecological connectivity.

HOUSING & CONSTRUCTION
and take ¢ cement and stee|
lenergy ¢ construction waste

|

ENVIRONMENTAL SYSTEMS
limate *« Water ¢ Soil * Biodiversit
Air quality * Human health

AGRICULTURE
Land conversion ¢ nutrients
methane * water use

INDUSTRY
Pfocess emissions ¢ air pollutign
* materials

MINING TRANSPORTATION
Landscape disturbance « tailings Fuel em| s * particles
metals ¢ water risks ise ¢ habitat fragmentatio

Impacts interact across supply chains and landscapes; effects vary by location and management.

Fig. 6. Conceptual relationships between five human activities and shared
environmental systems.
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A. Interactions and trade-offs

A robust comparison should use life-cycle assessment
where product footprints are compared, geographic information
systems where land and habitat change are assessed, and
health-risk assessment where human exposure is the primary
concern. These tools answer different questions. Their results
become more useful when assumptions, uncertainty and
excluded impacts are reported transparently.

Environmental measures can shift rather than eliminate
impacts. Electric vehicles may reduce local exhaust emissions
but require minerals, manufacturing energy and electricity.
Renewable-energy infrastructure can reduce operational
emissions while increasing demand for selected metals and
land. Dense housing can reduce travel demand but still requires
green space, ventilation and heat-resilient design. Agricultural
intensification may spare land in some contexts, but it can also
increase chemical inputs and harm biodiversity. Life-cycle
assessment, cumulative-impact analysis and site-specific
ecological thresholds are therefore needed to identify real net
benefits.

B. Environmental justice

Environmental burdens are distributed unevenly.
Agricultural workers, mine workers, low-income communities,
informal settlements and residents near industrial facilities or
major roads may experience high exposures while having
limited influence over decisions. A fair transition requires
access to information, meaningful participation, worker
protections, affordable clean energy and mobility, and effective
grievance mechanisms. Policies should track not only total
emissions and resource use but also who receives benefits and
who bears risks.

C. Monitoring indicators

A practical indicator set should include leading indicators
—such as compliance with building codes, nutrient plans,
maintenance completion and tailings inspections—as well as
outcome indicators such as water quality, habitat condition and
measured emissions. Data should be disaggregated by location
and affected population where possible, because a favorable
average can conceal a severe local hotspot.

Monitoring  should combine pressure indicators,
environmental-condition measures and social outcomes.
Examples include greenhouse-gas emissions per unit of output,
land converted or restored, soil organic carbon, freshwater
withdrawals, water-quality parameters, particulate matter,
habitat connectivity, waste recovery, material intensity,
occupational injuries and community exposure. Every indicator
should define its unit, baseline year, boundary, data source,
uncertainty and reporting frequency. Composite scores should
not conceal severe local harms.

X. INTEGRATED RECOMMENDATIONS

A. Cumulative and life-cycle assessment

Environmental decisions should follow a mitigation
hierarchy: avoid impacts first, minimize those that cannot be
avoided, restore affected systems and use offsets only where
appropriate and credible. Life-cycle assessment is useful for
comparing product and technology footprints; strategic
environmental assessment helps evaluate plans and
alternatives; and cumulative-impact assessment addresses the
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combined pressure from multiple projects. These tools should
be complemented by community consultation, baseline data
and transparent uncertainty reporting.

B. Government and regulators
e Coordinate land-use, climate, water,
housing, industry and transport planning.

e Apply environmental and  cumulative-impact
assessment to major projects before approval.

biodiversity,

e Enforce clear standards for air emissions, effluent,
waste, building performance and mine closure.

e Use credible monitoring, transparent reporting and
proportionate enforcement.

e Protect vulnerable ecosystems and enable meaningful
community consultation.
C. Businesses and project developers
® Measure direct and supply-chain impacts and disclose
methods, boundaries and uncertainty.

® Set time-bound targets backed by investment plans and
independently verifiable data.

e Adopt cleaner production, preventive maintenance,
water reuse and waste minimization.

e Assess biodiversity, climate risk, worker safety and
community exposure throughout project life cycles.

e Avoid unsupported environmental claims and
distinguish measured reductions from future intentions.
D. Communities and individuals
e Reduce avoidable food waste, conserve water and
support soil- and habitat-friendly practices.

e Choose durable and repairable products and reuse
materials when safe and practical.

e Improve household energy efficiency and use lower-
emissions travel options when accessible.

e Participate in local planning and support transparent,
evidence-based environmental decisions.

EGRATED ENVIRONMENTAL MANAGEME

3. CONTROL
Treat emissions and effluent;

manage chemicals and waste

1. PREVENT 2. REDESIGN
Aoid habitat loss; reduce demanpi; ~Efficient buildings, cleaner industfy,
lan land use and infrastructurs w-impact farming and mobilit;

4. RESTORE

5. GOVERN & MONITOR
ilitate mines, soils, ri , di , participati
and degraded ecosystems indicators and accountability

Apply across all five sectors, with life-cycle assessment and environmental justice.

Fig. 7. Integrated framework for preventing, reducing, controlling and
restoring environmental impacts.

XI. IMPLEMENTATION AND EVALUATION
FRAMEWORK

A practical implementation cycle begins with a baseline
inventory, identifies high-impact activities and exposed
populations, selects prevention and mitigation measures,
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assigns responsibility and financing, and then evaluates
performance against a defined timeline. The cycle should be
repeated as new monitoring data become available. Baselines
should cover environmental conditions before a project begins,
while indicators should be selected according to the decision
being made rather than availability alone.

XII. RESEARCH GAPS AND FUTURE DIRECTIONS

Research needs include comparable datasets for regions and
supply chains, especially where informal activities and
imported goods are poorly represented. More studies should
connect global life-cycle footprints with local ecological
thresholds, including watershed limits and biodiversity
sensitivity. Monitoring should better represent cumulative
exposure among communities affected by multiple pollution
sources. Transition technologies should be assessed across their
full life cycle so that reductions in one impact category do not
hide increases in another. Participatory research is also needed
to understand how environmental costs, employment changes
and benefits are distributed.

Future studies could apply a systematic-review protocol
with documented databases, search strings, inclusion criteria
and screening counts. Quantitative comparisons could use
defined functional units such as one tonne of crop output, one
square metre-year of housing, one tonne of manufactured
material, one tonne of mineral produced or one passenger-
kilometre of travel. These comparisons require consistent
system boundaries and explicit uncertainty analysis. Local case
studies could complement global assessments by measuring
water quality, air pollution, land-cover change and community
experience.

XIII. LIMITATIONS

This paper synthesizes selected authoritative literature and
is not an exhaustive systematic review of all global
publications. Its broad sectoral descriptions cannot represent
every agricultural system, building type, industrial process,
mineral deposit or transport network. Estimates differ by
reporting year, method and system boundary, so figures from
different sources should not be added or compared as though
they were calculated identically. The paper reports no new
experimental data or quantitative effect size. Before
submission, each reference and citation should be verified
against the original publication and the final manuscript should
be checked using the journal’s required similarity-detection
process.

XIV. CONCLUSION

Agriculture, housing, industry, mining and transportation
are essential to modern societies, yet poorly planned or
resource-intensive practices can contribute to climate change,
habitat loss, soil degradation, freshwater stress, air and water
pollution, waste generation and risks to human health. Their
effects are interconnected: housing relies on industrial
materials and mined minerals; transport infrastructure reshapes
land use; agricultural supply chains depend on energy and
logistics; and industry and mining can affect the same
watersheds and communities.

The literature supports a shift from isolated pollution
control toward integrated life-cycle management. Priority
measures  include  protecting ecosystems, improving
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agricultural soil and water practices, building efficient and
resilient housing, cleaning industrial processes, strengthening
mining safeguards and rehabilitation, and providing safe,
accessible low-emissions transport. Effective governance,
transparent monitoring, community participation and fair
distribution of transition costs are essential. Sustainable
development does not require abandoning food production,
housing, manufacturing, mineral supply or mobility; it requires
delivering these services with less resource use, fewer
emissions, reduced ecological harm and stronger
accountability.
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