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Executive Summary

Kaizen/Tetra Tech Inc. conducted a project design for establishing 20 climate-resilient livestock
farms in sub-urban Punjab, Pakistan, designed with integrated dairy and meat production
objectives. The assessment was undertaken in response to increasing climate stress, rising demand
for high-quality animal-based products, and growing opportunities for Pakistan’s livestock sector to
access regional and international markets, particularly in the Middle East.

Pakistan’s red meat sector is a cornerstone of its agrarian economy, with the livestock sector
contributing approximately 55.9% to agricultural value addition and 11.8% to the national GDP. The
industry is primarily supported by indigenous breeds of animals including buffaloes, cattle, sheep, goats,
and camels.

As of the last comprehensive census data, the livestock population was recorded as follows:
* Buffaloes: 36.6 million.
* Cattle: 42.8 million.
* Goats: 70.3 million.
* Sheep: 29.8 million.

While meat production continues an upward trend, reaching an estimated 3.87 million tons annually,
the export share remains less than one percent of the global market.

The proposed farms are strategically located in the districts of Bahawalpur, Muzaffargarh, Rahim
Yar Khan, Khanewal, Multan, Okara, Sahiwal, Faisalabad, and Sargodha, which collectively
represent Punjab’s most commercially significant livestock clusters. These locations were identified
based on a multi-criteria analysis that considered livestock population density, availability of
feed and fodder resources, access to transport and processing infrastructure, skilled labor
and proximity to domestic and export market corridors. The sub-urban siting of these farms
allows for efficient linkage to processing facilities, cold chains, and logistics networks while maintaining
access to land and water resources necessary for commercial livestock operations.

The technical design adopted a climate-smart and market-driven framework, ensuring that farm
designs and production systems are resilient to climate variability while remaining economically viable
and export-ready. The rapid assessment conducted by the Climate-Smart Agriculture (CSA) Activity
confirms that the proposed farms can function as commercial demonstration models, capable of
showcasing modern, scalable livestock production systems that align with international standards and
investor expectations.

A central focus of the design is the development of climate-resilient farm design and
infrastructure tailored to Punjab’s agro-climatic conditions. The assessment further evaluated risks
related to heat stress, water scarcity, flooding, and extreme weather events, and integrated
mitigation measures into farm layout, building design, and utility systems.

Farm infrastructure designs prioritize:
¢ Climate-responsive animal housing with enhanced natural ventilation and heat-stress
mitigation systems

Water-efficient supply and recycling systems to address increasing water scarcity

Flood-resilient drainage and site elevation measures in vulnerable districts
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e Modular layouts that allow phased expansion and replication
These design principles ensure that productivity gains are sustained under changing climate conditions,

while reducing operational risks and long-term maintenance costs.

The design emphasises productivity enhancement through the adoption of modern livestock
production practices and technologies for both dairy and meat operations. The proposed farms
integrate improved genetics, optimized feeding systems, and precision herd management practices to
increase output per animal while maintaining animal health and welfare.

Key productivity interventions include:
e Use of heat-tolerant and high-yielding dairy and beef breeds suited to local conditions
e Precision feeding and ration formulation based on international nutritional standards
e Improved reproductive management and herd health protocols
e Adoption of digital record-keeping and performance monitoring systems

These interventions are expected to significantly improve milk yields, weight gain, feed
conversion efficiency, and herd survivability, thereby increasing farm profitability and resilience.
Environmental sustainability and efficient resource use are embedded across all aspects of the technical
design. The proposed livestock farms are designed to minimize their environmental footprint while
enhancing natural resource productivity.

The design process evaluated and integrated:
e Manure management systems that enable nutrient recycling and soil fertility improvement
¢ Biogas and renewable energy options to reduce reliance on fossil fuels
e Water-saving technologies, including efficient drinking systems and wastewater reuse

¢ Land management practices that reduce soil degradation and improve carbon retention

By adopting these measures, the proposed farms align with international climate-smart
agriculture principles and contribute to reduced greenhouse gas emissions per unit of production.
Ensuring compliance with international animal welfare, biosecurity, and food safety
standards was a core component of the technical design. This is essential both for safeguarding animal
health and for enabling access to high-value export markets.

The proposed farm systems are designed to comply with:
e OIE (WOAH) animal health and welfare guidelines

¢ FAO and International Dairy Federation standards for livestock housing and management
¢ International biosecurity protocols for disease prevention and control
e Sanitary and phytosanitary (SPS) requirements for dairy and meat exports

Standard operating procedures, infrastructure zoning, and staff training requirements were
incorporated into the feasibility framework to ensure consistent compliance and traceability.
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I Project Objectives

The proposed project aims to transform commercial livestock production in Punjab by establishing
climate-resilient, market-oriented, and scalable livestock farm models that address
productivity constraints, climate risks, and market access limitations. The objectives are designed to
ensure that the proposed livestock farms are technically sound, economically viable,
environmentally sustainable, and compliant with international standards, while contributing
to long-term sectoral development in Pakistan.

I.I Overall Objective

The overall objective of the project is to establish 20 commercially viable, climate-resilient
livestock farms that produce high-quality dairy and meat products aligned with domestic
market demand and Middle Eastern export market requirements. These farms will operate
as integrated dairy and meat production units, applying modern livestock management practices and
climate-smart technologies to enhance productivity, product quality, and profitability under
increasingly variable climate conditions.

By embedding export readiness, environmental sustainability, and resilience into farm design and
operations, the project seeks to demonstrate that Pakistan’s livestock sector can meet international
quality and safety standards while remaining competitive and adaptive to climate risks.

.2 Specific Objectives

1.2.1 Enhance Livestock Productivity and Profitability Using Climate-Smart
Technologies

The project will enhance livestock productivity and profitability through the systematic adoption of
climate-smart livestock technologies and management systems. These include improved
animal housing designs that mitigate heat stress, precision feeding systems that optimize nutrient use,
improved genetics suited to local conditions, and digital herd management tools that support data-
driven decision-making.

By improving feed efficiency, reproductive performance, animal health, and overall herd management,
the project aims to increase milk yields, weight gain, and production consistency, thereby
improving farm-level profitability while reducing input waste and production risks.

1.2.2 Reduce Climate-Related Risks, Including Heat Stress, Water Scarcity, and
Disease Outbreaks

A core objective of the project is to reduce vulnerability to climate-related risks that
increasingly threaten livestock production in Punjab. The project integrates climate risk mitigation
measures across all aspects of farm planning and operation, including:

e Heat stress reduction through climate-responsive housing, ventilation, and cooling systems

e  Water security through efficient water-use technologies, rainwater harvesting, and recycling
systems

e Disease risk reduction through enhanced biosecurity, climate-informed disease surveillance,
and improved animal health management
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These measures are designed to stabilize production, reduce mortality and morbidity, and safeguard
investments under both current and future climate scenarios.

1.2.3 Promote Sustainable Resource Use, Including Water, Energy, and Nutrients

The project promotes sustainable and efficient use of natural resources as a foundational
objective, recognizing that long-term commercial viability depends on environmental stewardship. The
proposed farms will integrate:

e Water-efficient livestock watering systems and wastewater reuse

e Renewable energy solutions, including solar power and biogas generation
e Nutrient recycling through manure management and composting systems

These interventions reduce environmental footprints, lower operating costs, and align farm operations
with climate-smart agriculture and low-emissions development principles.

1.2.4 Develop Export-Ready Value Chains for Dairy and Meat Products

The project seeks to develop export-ready dairy and meat value chains, with a specific focus
on Middle Eastern markets that demand high-quality, halal-certified products. This objective will be
achieved by aligning farm-level production systems with international food safety, animal welfare, and
traceability requirements.

Key elements include:
e Compliance with sanitary and phytosanitary (SPS) standards

¢ Integration with cold chain, processing, and logistics infrastructure
e Establishment of producer—processor—exporter linkages
¢ Adoption of quality-based grading and pricing systems

By strengthening these linkages, the project ensures that productivity gains translate into sustainable
market access and premium pricing.

1.2.5 Demonstrate Replicable Farm Models for Scaling Across Punjab and
Pakistan

The final objective is to demonstrate commercially viable and replicable livestock farm
models that can be scaled across Punjab and replicated nationally. The 20 farms will serve as living
demonstration sites, showcasing integrated climate-smart livestock systems that are adaptable to
different agro-ecological zones and investment scales.

Lessons learned, technical designs, standard operating procedures, and business models will be
documented to support:
e Private-sector replication and investment

¢ Adoption by government livestock development programs
¢ Integration into national climate and agriculture strategies

Through this demonstration and scaling objective, the project contributes to systemic transformation
of Pakistan’s livestock sector beyond the immediate project footprint.
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2. Geographic and Agro-Climatic Context

2.1 Site Selection Rationale

The selection of districts for the establishment of the 20 climate-resilient livestock farms was guided
by a structured, evidence-based site selection process. This process evaluated livestock density,
availability of feed and fodder resources, market access, infrastructure readiness, labor
availability, and proximity to domestic and export market corridors. The selected districts,
Bahawalpur, Muzaffargarh, Rahim Yar Khan, Khanewal, Multan, Okara, Sahiwal,
Gujranwala, Faisalabad, and Sargodha, represent Punjab’s most strategically important livestock
production zones and offer complementary advantages for the development of export-oriented,
climate-smart livestock enterprises.

The selected districts represent Punjab’s most commercially important livestock zones:

District Rationale

Faisalabad A leading district for buffalo population and, consequently, milk production and
skilled labor.

Khanewal Mixed crop-livestock systems and feed availability

Rahim Yar | A top district for high cumulative numbers of cattle and buffaloes

Khan

Muiltan Strategic location for southern Punjab and export corridors

Okara A major hub for buffalo rearing and milk production.

Gujranwala Access to cold chains and processing infrastructure

Sahiwal Indigenous breed base and strong dairy/meat reputation

Sheikhupura was selected due to its immediate proximity to Lahore, Punjab’s largest urban
consumption and processing hub. The district offers exceptional access to modern dairy and meat
processing facilities, cold storage infrastructure, veterinary services, and skilled technical
labor. Its strong road connectivity enables efficient transportation of raw milk and live animals to
processing plants, reducing post-harvest losses and maintaining product quality.

Khanewal was selected for its well-established mixed crop-livestock farming systems, which
ensure reliable availability of feed and fodder resources throughout the year. The district’s strong
agricultural base supports the cultivation of maize, sorghum, and other fodder crops, reducing
dependence on external feed markets and improving cost efficiency.

Multan was selected for its strategic geographic location in southern Punjab and its role as a key
logistics and trade hub. The district provides access to major road networks linking southern Punjab
to central markets and export corridors, making it well-suited for large-scale livestock operations
targeting regional and international markets.

Okara is widely recognized as one of Punjab’s most intensive dairy production belts, with strong
existing linkages to milk collection networks, processors, and traders. The district benefits from a high
concentration of dairy farmers, input suppliers, and service providers, creating a supportive ecosystem
for commercial dairy operations.
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Gujranwala was selected due to its robust agro-industrial base and strong access to cold chain
infrastructure, meat processing facilities, and transport networks. The district’s proximity
to major highways facilitates efficient movement of perishable products, which is critical for maintaining
quality standards required for export markets.

Sahiwal holds a unique position in Pakistan’s livestock sector due to its renowned indigenous
cattle breed, which is valued for both dairy productivity and adaptability to local conditions. The
district has a strong reputation for high-quality milk and meat production, making it a strategic choice
for developing genetically optimized and climate-resilient livestock systems.

Collectively, the selected districts provide a balanced geographic and functional portfolio that supports:
e Access to domestic and export markets

¢ Demonstration of climate resilience across diverse agro-climatic conditions
e Integration of crop—livestock systems and industrial value chains
¢ Replication potential across Punjab and Pakistan

This strategic district selection significantly strengthens the technical and commercial design of the
proposed livestock farms and enhances their potential for scale, sustainability, and impact.

2.2 Climate Risks

Punjab’s livestock sector is increasingly exposed to a range of climate-related risks that directly
affect animal productivity, farm profitability, and long-term sustainability. As part of the technical
design, Kaizen conducted a climate risk screening to identify key hazards relevant to livestock
production in sub-urban Punjab and to assess their implications for farm design, management systems,
and investment decisions. The results of this assessment informed all technical design,
engineering, and operational recommendations for the proposed 20 livestock farms.

Rising Temperatures and Prolonged Heat Waves

One of the most critical climate risks affecting livestock production in Punjab is the steady increase
in average temperatures combined with more frequent and prolonged heat waves. Heat
stress has a direct and measurable impact on animal health and productivity, including reduced feed
intake, lower milk yields, impaired reproduction, and increased mortality, particularly among high-
producing dairy animals.

The design recognized heat stress as a primary design driver and incorporated mitigation measures
across farm infrastructure and management systems. Climate-responsive housing designs enhanced
natural and mechanical ventilation, reflective roofing materials, shaded open yards, and evaporative
cooling systems were prioritized to maintain animal comfort under extreme temperature conditions.
These measures are particularly critical in districts such as Multan and Khanewal, where summer
temperatures regularly exceed thermal comfort thresholds for dairy and meat animals.

Seasonal Water Scarcity

Seasonal water scarcity represents a significant constraint for livestock farms, particularly during
dry periods when competition for water resources increases across agricultural, domestic, and
industrial users. Water availability directly affects animal welfare, feed production, sanitation, and
cooling systems, making it a key determinant of operational resilience.

10
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The climate risk assessment identified water scarcity as a medium- to high-risk factor across all
proposed districts. In response, technical recommendations emphasize water-use efficiency,
diversification of water sources, and recycling. Farm designs integrate rainwater harvesting
systems, efficient animal drinking technologies, wastewater reuse for fodder irrigation, and continuous
monitoring of water consumption. These measures reduce dependency on groundwater extraction
and improve resilience during periods of reduced water availability.

Increased Disease Pressure

Climate variability is contributing to increased disease pressure in livestock systems, driven by
higher temperatures, humidity fluctuations, and changes in vector populations. These conditions
elevate the risk of infectious and parasitic diseases, leading to production losses, higher veterinary
costs, and increased biosecurity risks.

The design identified disease risk as a critical climate-related threat requiring both infrastructural and
management responses. Enhanced biosecurity zoning, quarantine facilities, controlled farm access, and
improved waste management systems were incorporated into farm designs to reduce disease
transmission pathways. In addition, climate-informed animal health protocols—including vaccination
schedules, vector control measures, and disease surveillance—were integrated into farm management
recommendations to proactively manage emerging risks.

Flood Risks in Canal Command Areas

Several of the proposed districts are located within canal command areas that are vulnerable to
seasonal flooding, particularly during periods of intense rainfall and monsoon events. Flooding poses
risks to animal safety, infrastructure integrity, feed storage, and waste management systems, and can
result in significant economic losses if not properly addressed.

The climate risk assessment evaluated flood exposure at the site level and informed recommendations
related to site selection, elevation, drainage, and infrastructure placement. Farm layouts
prioritize elevated housing platforms, flood-resilient road networks, separated stormwater and
wastewater drainage systems, and protective embankments where necessary. Critical facilities such as
milking parlors, feed storage, and electrical systems are designed to remain operational during flood
events, ensuring business continuity and animal welfare.

Integration of Climate Risk into Technical Design and Management
The identified climate risks—heat stress, water scarcity, disease pressure, and flooding—were not
treated as standalone considerations but were systematically integrated into all technical
design, engineering, and management decisions. This integrated approach ensures that climate
resilience is embedded across:

e Farm layout and construction design

¢ Animal housing and welfare systems
e Water, energy, and waste management infrastructure
e Animal health and biosecurity protocols

e Operational planning and risk management

11
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By proactively addressing climate risks at the design stage, the proposed livestock farms are positioned
to maintain productivity, reduce losses, and protect investments under increasingly variable climate
conditions. This climate-informed design approach aligns with USAID’s Climate Risk Management

requirements and supports the long-term sustainability and scalability of the proposed livestock farm
models.

12
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3. Farm Scale and Production Model

3.1 Farm Typology

The proposed project envisions 20 medium-scale commercial livestock farms strategically
designed to combine dairy and meat production in an integrated system, while ensuring climate
resilience, market readiness, and operational efficiency. Each farm will operate as a self-contained
production unit, optimized for productivity, animal welfare, and resource use efficiency.

Herd Structure and Composition

Dairy Herd

Each farm will maintain 200-300 milking animals, with herd composition tailored to
maximize milk yield, adaptability to heat stress, and disease resistance.

A crossbreeding strategy (indigenous x exotic breeds) will be applied, combining the heat
tolerance and hardiness of local breeds (e.g., Sahiwal, Red Sindhi) with the higher milk
productivity of exotic breeds (e.g., Holstein Friesian).

Herd management will follow modern intensive and semi-intensive systems, including
free-stall housing, well-ventilated barns, and controlled milking schedules to optimize milk
output and animal welfare.

Meat Herd

Each farm will maintain 150-250 fattening animals, managed for rapid growth, feed
conversion efficiency, and halal-compliant processing.

The meat herd will include both indigenous cattle and buffalo breeds, selected for
adaptability to local climate, growth potential, and carcass quality.

Animals will be managed in group pens with optimized space allowances, mechanized
feeding systems, and controlled health monitoring protocols.

Breed Selection and Climate Adaptation

Crossbreeding programs will prioritize heat-tolerant genotypes with high
productivity, minimizing the impact of rising temperatures on lactation, reproduction, and
growth.

Genetic selection will consider disease resistance, feed conversion efficiency, and
longevity, ensuring sustainable herd performance under projected climate variability.

The herd will be supported by precision livestock management technologies,
including automated feeding, health monitoring sensors, and climate-responsive housing
systems.

Farm Design and Systems Integration

Each farm will integrate dairy and meat production in a synergistic system, enabling
the reuse of crop residues and manure for feed and soil fertility management.

Housing and infrastructure will adhere to international standards for biosecurity,
animal welfare, and productivity, including zoning for clean/dirty areas, quarantine pens,
and restricted access to sensitive areas.

13
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The design will incorporate climate-smart features, such as heat stress mitigation, water-
efficient drinking systems, and energy-efficient lighting and ventilation.

This typology ensures that each farm operates as a commercially viable, scalable, and export-

ready model, demonstrating integrated, climate-smart livestock production suitable for replication

across Punjab and other regions of Pakistan.

3.2 Production Objectives

The production objectives for each farm are designed to align farm-level outputs with domestic
and international market demands, focusing on quality, safety, and economic sustainability.
Dairy Production Objectives

Primary Outputs: Fresh milk and chilled raw milk, meeting national food safety
standards and suitable for local and regional distribution.

Value-Added Opportunities: Cream, yogurt, cheese, and other processed dairy products
targeting higher-margin markets.

Quality Control: Milk will be produced under strict hygiene and quality assurance
protocols, including bulk tank cooling, proper milking procedures, and traceability systems
to satisfy export requirements.

Climate and Efficiency Considerations: Dairy operations will incorporate precision
feeding and herd management, ensuring optimal lactation performance under heat
stress and limited water availability.

Meat Production Objectives

Primary Outputs: Halal-certified beef and buffalo meat, meeting Gulf Cooperation
Council (GCC) import standards, including carcass quality, hygiene, and traceability.

Animal Management: Fattening cycles will be optimized for feed efficiency and target
market specifications, with biosecure housing, health monitoring, and welfare-
compliant handling.

Value Chain Integration: Meat products will be linked to processing and cold chain
infrastructure to maintain quality, enabling access to premium domestic and export markets.

Sustainability Measures: Manure and crop residues will be recycled for feed or
composting, minimizing environmental impact while improving operational efficiency.

Integrated Production Goals

The farms’ integrated dairy and meat production systems aim to:

Maximize resource-use efficiency, leveraging by-products from one production stream to
support the other (e.g., using dairy calves for meat or crop residues for feed).

Demonstrate commercial viability by combining high-quality output with climate-smart
practices and market connectivity.

Serve as replicable models for expansion and scaling across Punjab, promoting sector-
wide adoption of integrated livestock systems.

14
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4. Climate-Resilient Farm Design and Infrastructure

The proposed livestock farms are designed with climate-smart, heat-resilient animal housing that
maximize airflow, natural ventilation, and thermal comfort, while ensuring operational efficiency and
compliance with international animal welfare standards (FAO, OIE, IDF). The designs integrate civil
and structural engineering principles with modern livestock management requirements.

4.1 Site Layout and Zoning

The design of each livestock farm prioritizes operational efficiency, animal welfare, biosecurity,
and climate resilience. Each farm will be laid out according to internationally accepted zoning
principles, ensuring functional separation of activities, minimizing disease risks, and optimizing
resource flows. This zoning strategy follows FAO, OIE, and CDC guidelines for livestock farm
biosecurity.

Function Area

Allocation

Dairy Housing & 200-300 milking 25-30% Includes feed lanes, milking

Milking Parlors animals Parlors, wash areas, and manure
collection systems

Meat Fattening Pens | 150-250 animals 20-25% Group pens, feed bunkers, and
quarantine pens

Feed Storage & Concentrates, 5-7% Covered storage with easy access

Processing silage, hay to barns

Woastewater & Settling ponds, 5-7% Integrated with biogas digesters

Manure Management composting

Water Storage & Tanks, pipelines 3-5% Connected to drinking systems

Rainwater Harvesting and irrigation

Roads & Service | Internal circulation | 10—-15% Gravel or concrete roads

Areas connecting all zones

Open Exercise & Exercise, cooling 10-12% North—south orientation, shading

Shade Yards ponds, shade structures included

Solar & Renewable | PV arrays, biogas 2-3% Roof-mounted  or  ground-

Energy

4.1.1 Zoning Principles

mounted PV, near digesters

The farm is conceptually divided into distinct functional zones, with clear physical and operational

boundaries:

. Animal Housing Zones

o Includes dairy barns, meat fattening pens, milking parlors, and exercise yards.

15
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o Housing is located upwind of feed and waste management areas to reduce
contamination and odor exposure.

o Sheds are oriented north-south with open sides, high roofs, and ridge
ventilation for climate-smart airflow.

2. Feed Storage and Processing Areas

o Covered silos, feed mills, and storage sheds are placed adjacent to animal housing
for efficient feed delivery.

o Storage areas are designed to be rodent- and pest-proof, with raised platforms
and concrete floors to reduce moisture and contamination.

o Access is restricted to authorized personnel only, and hygiene protocols are
implemented for all feed handling.

3. Waste Management and Biogas Zones

o Manure collection, composting, and anaerobic digesters are situated downwind
and downstream of housing zones.

o Settling ponds, drainage channels, and slurry storage are engineered to prevent
contamination of clean areas and ensure compliance with environmental regulations.

o These zones also integrate biogas energy generation and nutrient recycling
systems for fodder irrigation.

4. Quarantine and Isolation Units

o Newly arrived or sick animals are housed in dedicated quarantine pens,
physically separated from the main herd.

o These units are equipped with independent water and feed supply, drainage, and
waste management to prevent cross-contamination.

o Access is tightly controlled with footbaths, disinfection points, and restricted
entry.

5. Worker Facilities and Hygiene Zones

o Includes administrative offices, changing rooms, toilets, handwashing stations, and
staff accommodation (if provided).

o Hygiene zones serve as transition points between clean and dirty areas, with
mandatory sanitation protocols.

o Staff circulation is designed to avoid direct contact with animal housing and
waste zones unless necessary.

4.1.2 Biosecurity Buffers and Controlled Access

. Buffer Zones:

o A minimum 10-15 m buffer is maintained around animal housing and feed storage
to minimize external contamination.

16
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o Vegetative barriers or fences are installed where applicable.
Controlled Access Points:
o Entry points are limited to essential personnel and vehicles only.

o Separate entrances are provided for feed deliveries, manure removal, and visitor
access.

o All access points incorporate footbaths, vehicle wheel washes, and
disinfection stations to maintain biosecurity integrity.

Zoning Signage and Physical Barriers:
o Clear signage delineates clean, semi-clean, and dirty zones.

o Physical barriers (fencing, gates, and walls) enforce separation between zones.

4.1.3 Operational and Safety Considerations

Functional Flow: Materials and personnel move from clean to dirty areas in a
unidirectional flow, reducing pathogen transmission risk.

Emergency Access: Roads and service lanes are designed to allow rapid evacuation
of animals and emergency services if required.

Flood and Drainage Planning: Zones are elevated and graded to prevent water
accumulation, particularly in waste management and housing areas, mitigating
flood risk in canal command regions.

Climate-Responsive Design: All zones are planned to maximize natural
ventilation, sun shading, and access to water and cooling systems for animal
welfare and staff comfort.

4.1.4 Site Layout and Zoning Strategy

The site layout and zoning strategy integrates:

¢ Animal welfare and productivity optimization through climate-smart housing

placement

e Operational efficiency with close proximity of feed, water, and housing zones

e Biosecurity and disease prevention via quarantine, buffers, and controlled access

e Sustainability and energy efficiency by situating biogas, renewable energy systems, and

water recycling near operational areas

This zoning approach ensures that each farm functions as a commercially viable, bio-secure, and

climate-resilient model, suitable for replication and scaling across Punjab and Pakistan.

4.2 Climate-Smart Animal Housing Design

Key Design Features:
Dairy Barns (200-300 animals)
¢ Orientation: North—south to maximize airflow

17
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e Dimensions: 20—25 m width x 60-80 m length (spacing 1.5-2 m per cow in feed lanes, 5 m

between rows for movement)
¢ Roof Height: 4.5-5 m (ridge)
¢ Roof Material: Reflective insulated sandwich panels
¢ Ventilation: Ridge vents + 2-3 exhaust fans per 100 m length
¢ Flooring: Sloped concrete (2—3%) with grooved non-slip surfaces for drainage

Meat Fattening Pens (150-250 animals)
¢ Pen Size: 12-15 m? per animal

¢ Pen Layout: Group pens 20-25 m x 30-35 m with central feed lanes
¢ Drainage: Slight slope (2-3%) toward settling channels for easy cleaning
¢ Shade & Open Yards: Roofed shade at 30—40% of yard area

Milking Parlor (for 200-300 cows)
e Type: Parallel or herringbone (as per herd size)

e Dimensions: 25 m x |5 m for 16-20 milking points
¢ Floor: Non-slip concrete, 1-2% slope toward drainage channels
e Water & Milk Lines: Stainless steel piping with gradient for gravity drainage

Thermal Comfort Features
e Fans: 0.5-1 HP per 10 m?

e Misting: 0.5—1 L/min per animal in high-heat zones

¢ Cooling ponds: 100-200 m? per 50 animals (if feasible)
4.3 Water Management Systems — Civil Layout

Rainwater Harvesting Tanks
e Size: 50,000-100,000 L per barn cluster

e Material: Reinforced concrete or HDPE
¢ Placement: Adjacent to roofs with gravity-fed pipelines

Drinking Systems
¢ Nipple Drinkers: Spaced 2-3 animals per nipple

¢ Pipeline: HDPE or PVC with gradient 0.5-1%
e Backflow Prevention: Check valves and overflow tanks

Woastewater & Manure Management
e Barn drainage: 2-3% slope to collection channels

e Settling Ponds: 500-1000 m?, depth 1.5-2 m

e Manure Storage: Covered concrete pits or compost bays, connected to biogas digester
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4.4 Energy and Renewable Power Layout

Solar PV Arrays
¢ Roof-mounted on barns or ground-mounted on south-facing slopes

e  Capacity: Sized to cover 50-70% of farm electricity demand

Biogas Digesters
e Size: 500-1000 m?® per 200-250 animals

¢ Placement: Downstream of manure collection points, near feed storage and
kitchen/energy points

¢ Integration: Slurry used for fodder irrigation

Electrical Cabling & Backup
e Underground conduits to prevent damage and reduce hazards

e Backup generators (diesel or biogas) for critical loads
4.5 Road and Internal Design Circulation

Internal Roads
e  Width: 5-6 m for tractors/animal transport

e Material: Gravel or concrete slab (150 mm thick for heavy machinery)
¢ Drainage: Cambered 2% slope to side drains

Service Areas
¢ Feed delivery points next to barns

e Vehicle turning circles 15-20 m diameter

e Emergency access lanes to all pens
4.6 Drainage and Flood Mitigation

e Barn Elevation: 0.5—1 m above surrounding ground

e Stormwater Channels: 1-2% slope away from pens

e Flood Protection: Raised berms along perimeter if located in canal command areas

e Emergency Overflow Pits: 10—-15% of water storage capacity for extreme rain events

4.7 Engineering Design Assumptions

Parameter Assumption / Standard

Stocking Density (Dairy) |.5-2 m? per cow in lying area

Stocking Density (Meat) 2—-15 m? per animal in pens

Concrete Strength 25-30 MPa for floors and slabs

Roof Load 0.75—1 kN/m? dead load + 0.25 kN/m? live load
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Wind Load
Rainfall Design
Solar Insolation

Slopes

100 km/h (per local meteorological data)
200-300 mm per 24 hr event (monsoon)
5-6 kWh/m?/day for PV sizing

Barn floors 2—-3%, roads 2%, drainage channels 1-2%
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5. Feed and Fodder Systems

Efficient feed and fodder systems are critical to achieving high productivity, animal welfare, and
climate resilience in the proposed livestock farms. The design integrates climate-smart forage
production, feed conservation, and precision feeding technologies to ensure year-round
availability of high-quality feed for dairy and meat herds.

5.1 Climate-Resilient Fodder Production

The farms will prioritize drought-tolerant and high-yield forage crops, combined with modern
production systems, to mitigate climate risks and water scarcity.
Key Components:

I. Drought-Tolerant Forage Varieties

o Sorghum, millet, and maize hybrids adapted to high temperatures and low water
conditions.

o Selected for nutritional quality, palatability, and high biomass yield.

o Crop rotation schedules integrated to maintain soil fertility and reduce
pest/disease pressures.

2. Hydroponic Fodder Units

o Vertical hydroponic systems producing fresh fodder (e.g., barley, maize) within
7-10 days.

o Provides supplementary feed during dry seasons when field-grown fodder is
limited.

o Designed for low water consumption (90-95% less than conventional
fodder) and minimal land use.

3. Silage and Hay Production Systems
o Dedicated fields for silage maize, sorghum, and other green fodder.

o Use of ensiling techniques (bunker silos, pit silos) with proper compaction and
airtight sealing to prevent spoilage.

o Hay production from drought-tolerant legumes and grasses, mechanically harvested
and stored under cover to prevent moisture ingress.

Climate-Smart Considerations:
e Crop selection and planting schedules are aligned with seasonal rainfall patterns,
irrigation availability, and local soil conditions.

e Residue recycling from crops used for manure production or bedding supports
integrated nutrient management.
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5.2 Feed Conservation and Storage

Effective conservation and storage systems ensure year-round feed availability and quality,
reducing losses due to spoilage, contamination, or mycotoxins.
Key Components:

I. Silage Bunkers and Wrapped Bale Systems

o

Bunker silos: reinforced concrete walls with drainage channels, capacity sized
for 3—6 months’ feed demand.

Wrapped bale systems: plastic film-wrapped round or square bales, facilitating
anaerobic fermentation and long-term storage.

2. Mycotoxin Control and Quality Monitoring

o

o

Regular monitoring for aflatoxin and other mycotoxins using rapid test kits.

Storage areas designed with ventilation, temperature monitoring, and
moisture control to minimize fungal growth.

Integrated feed safety management protocols aligned with international
livestock production standards.

Operational Efficiency:
e Feed storage is located adjacent to barns and feed lanes to reduce labor and transport

time.

o Segregation of different feed types (dairy vs. fattening) ensures ration accuracy and

prevents cross-contamination.

5.3 Precision Feeding

Precision feeding improves feed efficiency, animal productivity, and cost-effectiveness, while

reducing environmental impacts.
Key Components:
I. Ration Formulation Using NRC Standards

@)

@)

Feed rations formulated based on NRC (National Research Council) nutrient
requirements for dairy and meat animals.

Adjusted for breed, age, lactation stage, and production goals.

2. Stage-of-Production Feeding

o

Heifers, lactating cows, dry cows, and fattening animals receive tailored
rations.

Dynamic adjustments to ration composition are made based on milk yield, growth
rate, and body condition scoring.

3. Feed Efficiency Monitoring Software

o

Digital management systems track feed intake, conversion efficiency, and
production outputs.
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o Enables data-driven decision-making for diet adjustments, cost optimization, and
herd performance tracking.

Integration with Farm Management:
¢ Feed and fodder systems are integrated with waste recycling, water management, and
biogas production, creating a closed-loop, climate-smart system.

¢ Automation and monitoring reduce labor intensity while maximizing animal health,
productivity, and environmental sustainability.

By combining modern agronomy, precision livestock nutrition, and climate-smart
infrastructure, these systems will support high productivity, product quality, and export
readiness of both dairy and meat operations.
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6. Animal Health, Biosecurity, and Welfare

Ensuring animal health, biosecurity, and welfare is critical to the success of climate-resilient livestock
farms. Healthy, stress-free animals are more productive, resilient to climate variability, and compliant
with export standards. This section outlines the integrated framework for disease prevention,
biosecurity, and welfare, aligned with OIE, FAO, and GCC export requirements.

6.1 Biosecurity Framework

A robust biosecurity framework is essential to prevent the introduction and spread of
infectious diseases. The proposed design integrates physical, operational, and procedural
measures across the farm layout:

I. Controlled Farm Access

o Entry restricted to authorized personnel, suppliers, and vehicles.

o Separate access points for feed deliveries, animal transport, and visitors to minimize
cross-contamination.

o Signage and fencing delineate clean, semi-clean, and dirty zones.
2. Mandatory Quarantine Protocols

o Newly purchased or sick animals are housed in isolated quarantine units for
minimum 21-30 days.

o Quarantine areas are physically separated from main housing zones, with
dedicated water, feed, and drainage systems.

o Health monitoring includes vital signs, disease testing, and vaccination
updates prior to herd integration.

3. Disinfection Stations and Vehicle Wash Points

o Footbaths and handwashing stations at all entry points to barns, feed storage, and
quarantine zones.

o Vehicle wash bays with high-pressure water and disinfectant solutions to prevent
pathogen introduction.

o Regular scheduled cleaning protocols for tools, equipment, and machinery.

Design Integration:
e Biosecurity measures are integrated with farm zoning, roads, and operational flow to
maintain unidirectional movement from clean to dirty areas, reducing contamination
risk.

6.2 Disease Prevention

Disease prevention strategies combine proactive vaccination, vector control, and climate-
linked surveillance to protect herd health and ensure export compliance.
I. Vaccination Schedules

24

USAID CSA Activity—Dairy Sector Productivity Improvement Initiative



o Comprehensive vaccination programs for bacterial, viral, and parasitic
diseases.

o Schedule aligned with provincial veterinary guidelines and OIE international
standards.

o Digital record-keeping ensures traceability and compliance for export markets.
2. Vector Control Programs
o Integrated pest management to control mosquitoes, flies, ticks, and rodents.

o Environmental controls include drainage management, waste removal, and
shaded resting areas to minimize vector breeding sites.

o Use of biological control agents and safe insecticides as per international
guidelines.

3. Climate-Linked Disease Surveillance

o Monitoring systems track temperature, humidity, and seasonal patterns to
anticipate outbreaks of heat- and water-stress related diseases.

o Data-driven early warning systems for heat stress, mastitis, foot-and-mouth
disease, and vector-borne illnesses.

o Integration with provincial veterinary networks for rapid response and
containment.

6.3 Animal Welfare

Animal welfare is embedded into housing design, operational procedures, and handling
systems to comply with international standards (FAO, OIE, and IDF):
I. Compliance with International Standards

o Designs and practices meet OIE terrestrial animal health code and welfare
guidelines, ensuring ethical treatment and export compliance.

o Regular audits and staff training on welfare practices.
2. Comfortable Bedding and Resting Areas

o Lying areas designed with soft bedding materials (sand, straw, or rubber
mats).

o Adequate space allocation: 1.5-2 m? per cow in resting zones, 12-15 m? per
meat animal in pens.

o Well-drained floors to prevent moisture accumulation and reduce lameness.
3. Low-Stress Handling Systems

o Milking parlors, chutes, and loading ramps designed with smooth, non-slip
surfaces and gentle curvature to minimize stress.
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o Animal movement guided by light, sound, and floor texture, avoiding force or
coercion.

o Staff trained in calm handling, proper restraint, and humane euthanasia
procedures if required.

Integration with Farm Design:

Welfare considerations are closely integrated with climate-smart housing, shade
structures, cooling systems, and water availability, ensuring animals remain
productive under high-temperature and heat stress conditions.

Low-stress operations contribute to higher milk yield, weight gain, reproductive
efficiency, and reduced mortality.
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1. Waste Management and Environmental Sustainability

Effective waste management and environmental sustainability are critical components of the

proposed climate-resilient livestock farms. These systems are designed to minimize environmental
impact, maximize resource efficiency, and support circular nutrient and energy flows,
ensuring compliance with international standards for livestock operations and export-
oriented production.

7.1 Manure Management

Manure management is designed to convert waste into valuable resources while mitigating
greenhouse gas emissions, odor, and water contamination risks. The approach integrates anaerobic
digestion, composting, and nutrient recycling.

I. Anaerobic Digesters

@)

Designed to process manure from 200-300 dairy cows and 150-250 meat
animals per farm.

Digesters produce biogas for energy generation (cooking, electricity, or heating)
and nutrient-rich slurry for irrigation.

Sizing and design are based on daily manure production, moisture content,
and retention time:

» Dairy cow: ~50 kg manure/day
» Meat animal: ~20-25 kg manure/day

Digesters are placed downstream of barns, with dedicated slurry transport
pipelines to prevent contamination of clean zones.

2. Composting Systems

o

Solid manure and bedding materials are processed in windrow or static
composting systems.

Composting reduces pathogen load, stabilizes nutrients, and produces organic
fertilizer for fodder fields.

Moisture, temperature, and aeration are monitored to ensure efficient
decomposition and prevent odor.

3. Nutrient Recycling for Fodder Fields

@)

Slurry from digesters and mature compost is applied to fodder and silage fields as
organic fertilizer, improving soil fertility and reducing reliance on chemical
fertilizers.

Application rates are calculated based on nitrogen, phosphorus, and potassium
content to optimize crop yield and prevent nutrient leaching.

Integration with irrigation systems supports precision nutrient application and
circular farm nutrient flows.
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Design Integration:
e Manure handling systems are fully separated from animal housing, feed, and water
supply zones to maintain biosecurity and hygiene.

o Slopes and drainage ensure that liquid manure flows by gravity to digesters or storage
ponds.

7.2 Environmental Protection

Environmental sustainability measures ensure that the farm’s operations protect surrounding
communities, water resources, and soil health.
|. Zero-Discharge Wastewater Systems

o All wastewater from barns, milking parlors, and processing areas is collected,
treated, and recycled for fodder irrigation.

o Settling ponds, anaerobic digesters, and filtration units prevent untreated effluent
from leaving the farm.

o This reduces water demand and minimizes surface and groundwater
contamination.

2. Buffer Zones to Protect Surrounding Communities

o A minimum 10-15 m vegetative or engineered buffer separates animal
housing and waste management zones from neighboring land.

o Buffers mitigate odor, dust, and runoff, protecting public health and ensuring
regulatory compliance.

o Trees and shrubs may be integrated as windbreaks and carbon sinks, enhancing
environmental resilience.

3. Soil Carbon Enhancement through Manure Application

o Regular application of composted manure and digestate improves soil organic
carbon, enhancing soil structure, water retention, and fertility.

o Supports climate-smart agriculture goals, sequestering carbon while maintaining
high fodder productivity.

o Application protocols follow crop nutrient requirements to avoid overloading
or contamination.

Climate-Smart Considerations:
e Waste-to-energy systems reduce greenhouse gas emissions and fossil fuel dependence.

¢ Integration of manure recycling and fodder production promotes closed-loop, resource-
efficient farm operations.

e Buffer zones and zero-discharge systems ensure long-term environmental
sustainability and community acceptance.
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8. Market Linkages and Export Readiness

The commercial success of the proposed 20 climate-resilient livestock farms depends on strong
market linkages, export compliance, and integrated value chain management. This section
outlines the strategic approach to connect farm outputs with Middle Eastern markets, ensuring
high-quality, halal-compliant, and traceable dairy and meat products.

Regional Competitive Analysis
Pakistan faces significant competition from regional and global players. The following table summarizes
Pakistan's market position compared to its primary competitors in key product categories:

Product Category Leading Global Pakistan's Regional Rival Note
Competitors Position &
Share
Fresh Beef Spain (15%), Netherlands 8th globally (7% Pakistan is a strong
Carcasses (HS (13%), Poland (7%). share). performer in this niche.
020110)
Frozen Boneless Australia (21%), India Negligible (<I%). India is a dominant
Beef (HS 020230) (19%), Brazil (19%). regional force in frozen
beef.
Sheep Carcasses India (35%), UK (20%). 3rd globally India holds more than
(HS 020421) (10% share). triple Pakistan's market
share.
Goat Meat (HS Australia (49%), Ethiopia 3rd globally (5% @ Australia and Ethiopia
020450) (25%). share). control nearly 75% of the
market.

8.1 Middle East Export Market Focus

The farms are designed with export-oriented production systems to meet the quality, safety, and
logistical requirements of GCC countries. The primary target markets include:
¢ Saudi Arabia — large demand for halal meat and high-quality milk products.

¢ United Arab Emirates (UAE) — modern retail and processing sectors requiring traceable
and certified products.

e Qatar — emerging market with increasing preference for chilled, hygienic dairy and meat.
e Oman - stable import market with premium pricing for certified halal products.
¢ Kuwait — demand for consistent quality and cold-chain-managed livestock products.

Market Integration Design Considerations:
e Production volumes are aligned with import requirements and seasonal demand in
each country.

e Export logistics are supported by proximity to major highways, cold-chain facilities,
and processing hubs.
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e Farm outputs are tailored for both fresh/chilled dairy and halal-certified meat,
enhancing market competitiveness.

8.2 Export Compliance

Compliance with international and GCC-specific regulations is critical for market access and brand
reputation. The farms will implement:
I. Halal Certification

o All slaughter, processing, and handling procedures follow recognized halal
standards, ensuring acceptability in GCC markets.

o Regular audits by certified halal authorities are incorporated into farm operations.

2. Traceability Systems

o Digital tracking of animals from birth to slaughter or milk processing using
RFID tags and farm management software.

o Enables batch-level traceability for export compliance and quality assurance.
3. Cold Chain Compliance

o Dairy and meat products are stored and transported under strict temperature
control, ensuring freshness and compliance with GCC standards.

o Refrigerated storage at farm level, aggregation centers, and transport vehicles is
integrated into the farm logistics plan.

4. SPS Standards Alignment

o Farm and processing practices comply with Sanitary and Phytosanitary (SPS)
requirements, minimizing the risk of contamination and disease.

o Veterinary inspections, vaccination records, and food safety audits are maintained
for all livestock and products.

Design Integration:
e Cold storage units, processing interfaces, and transport routes are planned as part of the
site layout, ensuring smooth farm-to-market flow.

e Export compliance systems are linked to digital farm management software, integrating
production, health, and product quality data.

8.3 Value Chain Integration

To maximize profitability and operational efficiency, the farms will implement aggregated value
chain strategies across all 20 units:
I. Contracts with Processors and Exporters

o Pre-negotiated agreements with processing plants and export companies
guarantee market access and price stability.

o Contracts include quality specifications, delivery schedules, and volume
commitments.
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2. Aggregation Models Across Farms

o Farm outputs are consolidated at regional hubs for efficient processing,
packaging, and cold chain management.

o Aggregation allows economies of scale, better quality control, and stronger
bargaining power in international markets.

3. Quality-Based Pricing Systems

o Pricing is linked to product quality, feed efficiency, and compliance with
export standards.

o Incentivizes farmers to adopt best practices in animal health, welfare, and
climate-smart production.

o Supports transparent, data-driven farm management and performance
evaluation.

Operational Benefits:
e Reduces market access risk by ensuring all farms are connected to vetted buyers.

e Enhances profitability and sustainability by linking production incentives to market
quality requirements.

e Creates a replicable model for climate-smart, export-ready livestock farming across
Punjab and Pakistan.
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9. Institutional and Individuals’ Capacity Development

The success and sustainability of the 20 climate-resilient livestock farms depend on strong
institutional structures, skilled human resources, and effective operational systems.
Capacity development ensures that farm staff, managers, and support institutions are equipped to
implement best practices in climate-smart livestock production, biosecurity, and export-
ready operations.

9.1 Training Farm Managers and Workers

Objective: Build technical and operational capacity for efficient farm management, animal
health, productivity optimization, and climate resilience.
Key Components:
¢ Technical Training Programs: Covering livestock nutrition, breeding, milking hygiene,
disease prevention, heat stress management, and welfare standards.

¢ Operational Training: Focused on manure management, feed handling, water
management, energy systems, and safety protocols.

¢ Continuous Professional Development: Periodic refresher courses, workshops, and
exposure visits to modern commercial farms locally and internationally.

¢ Performance Monitoring: Skill development is linked to KPlIs such as milk yield,
growth rates, mortality, and feed efficiency.

Design Integration:
e Training facilities, demonstration plots, and practical learning areas are incorporated into the
farm layout for hands-on learning.

e Farm managers trained to interpret digital farm management data for decision-making
and optimization.

9.2 Standard Operating Procedures (SOPs) Development

Objective: Ensure uniformity, efficiency, and compliance in all farm operations.
Key Components:
e SOPs developed for feeding, milking, animal handling, manure management,
biosecurity, quarantine, and waste disposal.

e SOPs aligned with international standards (OIE, FAO, IDF, and GCC export
requirements).

e Procedures are documented in digital and physical manuals, accessible to all farm staff.

e SOPs include emergency protocols for disease outbreaks, power failures, or
extreme weather events.

Benefits:
e Reduces human error, enhances operational consistency, and supports audit readiness for
exports.

e Facilitates training, supervision, and performance evaluation.
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9.3 Digital Farm Management Systems

Objective: Utilize technology for efficient, data-driven management of all farm operations.
Key Components:
¢ Herd Management Software: Tracks individual animals’ health, productivity, breeding,
and vaccination schedules.

¢ Feed and Fodder Management: Monitors feed consumption, ration efficiency, and
inventory.

¢ Climate Monitoring: Integrates temperature, humidity, and heat stress data to inform
housing, ventilation, and cooling strategies.

¢ Waste and Resource Tracking: Monitors manure production, water usage, and energy
consumption for sustainability reporting.

Benefits:
e Supports real-time decision-making, early disease detection, and production
optimization.

e Enhances traceability and compliance for domestic and export markets.

e Provides analytics for cost optimization, labor allocation, and yield maximization.
9.4 Extension and Advisory Backstopping

Objective: Provide ongoing technical support, innovation dissemination, and knowledge transfer to
ensure long-term sustainability and scalability.
Key Components:
¢ Extension Services: Regular visits by technical experts to assist farm managers with
problem-solving, innovation adoption, and compliance monitoring.

e Advisory Support: Guidance on market trends, feed procurement, disease
management, and climate adaptation strategies.

¢ Knowledge Sharing Platforms: Digital portals, SMS alerts, and mobile apps to provide
real-time advisory services to farm staff and affiliated smallholder farmers.

¢ Replication and Scaling: Support extension networks to disseminate climate-smart
livestock practices across Punjab and Pakistan.

Integration with Farm Operations:
e Extension and advisory systems are linked with digital farm management software,
SOP compliance, and production metrics for evidence-based support.

e Promotes continuous improvement, innovation adoption, and workforce
retention.

10. Financial and Economic Viability

Ensuring the financial sustainability and economic attractiveness of the proposed 20 climate-
resilient livestock farms is critical for successful implementation, scaling, and long-term operation. The
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economic design integrates modular investment planning, resource efficiency, productivity
optimization, and market-oriented returns.

10.1 Capital Investment and Modular Design

Objective: Optimize initial capital expenditure while maintaining scalable, high-performance
farm infrastructure.
Key Components:

Modular Farm Design: Farms are divided into replicable modules for animal housing,
feed storage, waste management, and energy systems, allowing phased investment.

Infrastructure Optimization: Standardized sheds, feed bunkers, silos, and biogas units
reduce construction costs and facilitate future expansion.

Energy and Water Efficiency: Integration of solar PV systems, biogas digesters,
and water recycling reduces operational costs over time.

Technology Investment: Initial expenditure includes digital farm management
systems, biosecurity infrastructure, and precision feeding equipment, enabling
long-term productivity gains.

Benefits:

Reduces upfront capital risk by allowing staggered construction and equipment
installation.

Facilitates replication and scale-up across multiple farms.

10.2 Payback Period and Financial Returns

Objective: Ensure timely return on investment and attractive profitability.

Estimated Payback Period: 4-6 years, based on a combination of:

o Increased productivity through climate-smart housing, feed efficiency, and
health management.

o Reduced operational losses from lower mortality, disease, and heat stress-
related production declines.

o Revenue from both dairy and meat production, including export markets.
Revenue Streams:

o Dairy Products: Fresh milk, chilled milk, and potential value-added products
(yogurt, cheese).

o Meat Products: Halal-certified beef and buffalo meat targeting Middle East
export markets.

o Byproducts and Renewable Energy: Biogas for electricity and cooking, compost
for fodder fields, reducing external costs.

Financial Assumptions:

Herd productivity and feed conversion efficiency are projected to improve by 10-15%
through climate-smart systems.
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e Mortality rates are reduced to <5% annually for dairy and meat herds.

e Operational costs are optimized via modular design, resource recycling, and labor
efficiency.

10.3 Export Premiums and Market-Driven Profitability

Objective: Leverage high-value export markets to enhance farm income.
e GCC Export Premiums: Export-oriented meat and dairy products can achieve 15-25%
higher prices compared to domestic markets due to:

o Halal certification
o Traceability systems
o High-quality chilled and processed products

¢ Value Chain Integration: Aggregation of products from the 20 farms enhances
negotiating power with processors and exporters, ensuring price stability and
premium realization.

¢ Quality-Linked Pricing: Implementation of digital monitoring and precision feeding
allows pricing linked to product quality, yield, and compliance, incentivizing best
practices adoption.

10.4 Economic Sustainability Measures

Key Measures:
¢ Resource Efficiency: Water, energy, and feed optimization reduces operating costs by
20-30% compared to conventional farms.

¢ Risk Mitigation: Climate-smart housing, biosecurity, and disease management minimize
losses from extreme weather and epidemics.

e Scalability: Modular farm design allows incremental expansion, reducing capital strain and
facilitating reinvestment.

¢ Training and Capacity Building: Skilled managers and staff ensure high productivity,
efficient operations, and reduced operational waste.
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| 1. Risk Analysis and Mitigation

The establishment and operation of 20 climate-resilient livestock farms in sub-urban Punjab require a
proactive approach to identifying, assessing, and mitigating operational, environmental,
and market risks. Effective risk management ensures productivity, profitability, and
sustainability, aligning with international standards for commercial livestock production.

Risk Mitigation

Heat stress Climate-smart housing and cooling
Water scarcity Water recycling and harvesting
Disease outbreaks Biosecurity and surveillance
Market volatility Export diversification

Climate extremes Insurance and diversification

1.1 Heat Stress

Risk: Rising temperatures and prolonged heat waves in Punjab increase animal heat stress, leading
to reduced feed intake, lower milk yield, poor growth rates, and increased susceptibility to disease.
Mitigation Measures:

Climate-Smart Housing: Open-sided north—south oriented sheds with high roofs (14-16
ft) for natural airflow.

Ventilation and Cooling: Ridge ventilation, exhaust fans, evaporative cooling (fans +
misting), and thermal comfort zoning for high-producing animals.

Shade Structures: Strategically placed in open yards to protect animals during peak heat
hours.

Cooling Ponds: Integrated where feasible to reduce ambient temperature and heat load.

Impact: Reduces heat-related mortality and productivity losses, maintaining milk and meat quality
under climate stress.

I 1.2 Water Scarcity

Risk: Seasonal water shortages and competition for resources may constrain livestock hydration and
fodder irrigation.
Mitigation Measures:

Rainwater Harvesting: Storage tanks and ponds to capture seasonal rainfall for livestock
and fodder irrigation.

Woastewater Recycling: Treated wastewater from milking parlors and barns reused for
fodder irrigation.

High-Efficiency Drinking Systems: Nipple drinkers and controlled water delivery to
reduce wastage.
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e  Water Audits: Periodic monitoring of farm water use to detect inefficiencies and optimize
supply.

Impact: Ensures continuous water availability, reduces operational costs, and enhances climate
resilience.

I 1.3 Disease Outbreaks

Risk: Livestock are vulnerable to endemic and climate-linked diseases, which can reduce productivity
and disrupt supply chains.
Mitigation Measures:
e Biosecurity Framework: Controlled farm access, disinfection stations, quarantine units,
and vehicle wash points.

¢ Vaccination Schedules: Aligned with provincial guidelines and OIE standards.
¢ Vector Control Programs: Integrated pest management to reduce disease vectors.

¢ Climate-Linked Disease Surveillance: Real-time monitoring using farm management
software to detect early signs of outbreaks.

Impact: Minimizes mortality, ensures compliance with export regulations, and stabilizes farm income.
I 1.4 Market Volatility

Risk: Fluctuating prices for milk, meat, and export commodities can affect farm profitability.
Mitigation Measures:
e Export Diversification: Target multiple GCC markets (Saudi Arabia, UAE, Qatar, Oman,
Kuwait) to reduce dependency on a single buyer.

¢ Value Chain Integration: Aggregation, quality-based pricing, and contractual agreements
with processors and exporters.

¢ Product Diversification: Production of both dairy and meat products, including value-
added dairy items.

Impact: Stabilizes revenue, improves profit margins, and ensures market access even during local or
international fluctuations.

1.5 Climate Extremes

Risk: Floods, heavy rains, or other extreme weather events can damage infrastructure, disrupt
operations, and reduce productivity.
Mitigation Measures:
¢ Infrastructure Resilience: Elevated housing, proper drainage systems, and flood-resistant
feed storage.

¢ Insurance Mechanisms: Crop, livestock, and infrastructure insurance to offset losses
from extreme events.

¢ Diversification: Multiple farm locations across six districts (Sheikhupura, Khanewal, Multan,
Patoki, Gujranwala, Sahiwal) reduce exposure to localized climate events.
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Impact: Enhances operational continuity, reduces financial losses, and strengthens long-term farm
resilience.
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2. Scalability and Replicability

A core objective of the proposed 20 climate-resilient livestock farms is to create commercially
viable demonstration models that can be replicated and scaled across Punjab and potentially
nationwide. Scalability ensures that the benefits of climate-smart livestock production—enhanced
productivity, export readiness, and environmental sustainability—are widely adopted by
private investors and integrated into public development strategies.

12.1 Farm Model Replicability
Objective: Design farms that are modular, adaptable, and easily replicable for diverse agro-ecological
conditions.
Key Features:
¢ Modular Infrastructure: Housing, feed storage, water management, and waste systems
are standardized and scalable.

¢ Design Templates: Detailed architectural and civil layouts, including animal housing,
feed and fodder systems, biogas units, and renewable energy integration, are
documented for replication.

e Operational SOPs: Comprehensive Standard Operating Procedures (SOPs) for feeding,
health management, biosecurity, and waste handling allow consistent implementation
across new farms.

o Digital Management Systems: Herd management, feed monitoring, and climate
surveillance software facilitate easy scaling without compromising operational
efficiency.

Impact: Enables private investors and public agencies to adopt identical or customized farm
models, maintaining productivity and compliance standards.

12.2 Scaling Across Punjab
Objective: Expand climate-smart livestock production to multiple districts beyond the initial 20 farms.
Strategies:
¢ District Selection Criteria: Focus on livestock density, market access, feed
availability, and climate suitability for successful farm replication.

¢ Regional Clusters: Establish clusters of farms in high-potential regions to optimize
supply chains, logistics, and aggregation for export markets.

e Capacity Building: Train local managers and farm staff using demonstration farms as
learning hubs, creating a skilled workforce for scaled operations.

e Extension Services: Leverage advisory networks and digital platforms to support new
farm adoption and monitor performance.

Outcome: Enables rapid expansion of climate-smart, commercial livestock farms across Punjab,
contributing to rural livelihoods and regional economic development.

12.3 Adoption by Private Investors
Objective: Attract private capital to scale the climate-smart farm model.
Key Incentives for Investors:
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Financial Viability: Payback periods of 4-6 years, export premiums of 15-25%, and
reduced operational losses through climate-smart practices.

Export-Ready Model: Pre-validated systems meeting GCC halal, traceability, and SPS
standards reduce investment risk.

Operational Efficiency: Modular design, SOPs, and digital farm management minimize
labor and management challenges.

Brand and Market Access: Proven farm models provide market credibility and ready
integration into high-value export chains.

Impact: Encourages private sector participation, supporting national livestock sector growth

while ensuring adoption of climate-resilient practices.

12.4 Integration into National Livestock Development Strategies
Objective: Align farm models with government and development programs to enhance policy

support, funding, and replication.

Integration Strategies:

Policy Alignment: Ensure farm design complies with national climate-smart
agriculture strategies and livestock development frameworks.

Public—Private Partnerships: Promote collaboration between government agencies,
private investors, and development partners to scale production.

Knowledge Transfer: Use demonstration farms to provide training, extension
services, and technical guidelines for nationwide adoption.

Monitoring and Evaluation: Incorporate standardized indicators to track productivity,
sustainability, and climate resilience, informing policy and future scaling.

Impact: Strengthens national livestock capacity, promotes sustainable commercialization,

and ensures that climate-smart practices are institutionalized across Pakistan.
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