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Abstract:

This study examines the critical role of zonal research in enhancing disaster risk reduction
and management (DRRM) in Pakistan. By assessing vulnerabilities and adaptive
capacities across various ecological zones, the research underscores how region-specific
strategies can mitigate the impact of floods, earthquakes, droughts, and heatwaves. Using
geospatial analysis, community-based assessments, and disaster incidence data, the study
outlines strategic recommendations for integrating zonal research into policy and practice.
Findings highlight that a decentralized and zonal approach enhances predictive modeling,
community preparedness, and infrastructure resilience across hazard-prone regions of the
country.
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INTRODUCTION

Pakistan is highly vulnerable to a range of natural disasters due to its diverse topography, climatic
zones, and socio-economic challenges. The country regularly experiences earthquakes in the
northern highlands, riverine floods in the eastern plains, prolonged droughts in arid southwestern
regions, and heatwaves in dense urban centers. Despite the recurring nature of these hazards,
national disaster management policies often adopt generalized approaches that fail to account for
the zonal heterogeneity in exposure, resource distribution, and community preparedness.

This oversight has resulted in disaster responses that are predominantly reactive rather than
preventive or adaptive, often leading to increased loss of life, infrastructure damage, and economic
disruption (NDMA, 2021; ADB, 2020). In this context, zonal research emerges as a critical tool
for assessing localized vulnerabilities and adaptive capacities. By mapping hazard-specific risks
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and socio-ecological characteristics at the zonal level, such research enables the design of tailored
disaster risk reduction and management (DRRM) strategies.

This study advocates for the integration of zonal analysis into national DRRM frameworks,
highlighting how regional differentiation can lead to more effective, evidence-based, and
community-informed disaster policies (Rehman et al., 2022; Hussain & Shah, 2019).

2. Zonal Hazard Mapping and Vulnerability Profiling
Disaster risk in Pakistan is geographically uneven, necessitating a zonal approach to hazard

identification and vulnerability assessment. Zonal hazard mapping involves the use of remote
sensing data, satellite imagery, and geospatial tools to delineate regions based on their historical
exposure to natural hazards such as earthquakes, floods, droughts, and heatwaves. This approach
provides a granular understanding of risk landscapes, enabling stakeholders to prioritize resources
and interventions accordingly.

The process begins by integrating multi-temporal disaster data with demographic, infrastructural,
and ecological indicators. Regions are then classified into high-, medium-, or low-risk zones using
indices such as disaster recurrence, infrastructure fragility, and socioeconomic vulnerability
(Shahzad et al., 2022). For instance, northern Pakistan is categorized as a high-risk seismic zone
due to its proximity to tectonic plate boundaries, while the western districts of Balochistan are
identified as drought-prone based on annual rainfall deficits and declining groundwater tables.

This zonal profiling allows for the development of tailored mitigation plans. High-risk earthquake
zones can focus on retrofitting infrastructure and enforcing seismic building codes, whereas
drought-prone areas may prioritize water harvesting, crop diversification, and early warning
systems.
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This zonal profiling allows for the development of tailored mitigation plans. High-risk earthquake
zones can focus on retrofitting infrastructure and enforcing seismic building codes, whereas
drought-prone areas may prioritize water harvesting, crop diversification, and early warning

systems.
Figure 1: Zonal Risk Map of Pakistan Based on Disaster Type
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Figure 1. Zonal Risk Map of Pakistan Based on Disaster Type (Illustrative Table)
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3. Flood Risk and Early Warning Systems in the Eastern Zone

The Eastern Zone of Pakistan, encompassing Punjab and parts of eastern Sindh, is highly
susceptible to seasonal monsoon floods, particularly along the Indus, Chenab, and Ravi river
basins. These flood events have caused recurring damage to human settlements, agriculture, and
critical infrastructure. Zonal research has played a pivotal role in enhancing flood resilience by
supporting the development of localized early warning systems and vulnerability mapping. Recent
studies have combined river discharge modeling, rainfall trend analysis, and elevation data to
forecast high-risk flood zones with increasing precision (PMD, 2021; Fatima & Rasool, 2021).
These systems utilize real-time telemetry from river gauge stations and satellite-based precipitation
monitoring to provide early alerts to district authorities and local communities. In districts such as
Jhang, Muzaffargarh, and Rajanpur, community flood preparedness programs have been initiated
based on zonal risk insights. These include the installation of mobile warning sirens, training for
rapid evacuation, and construction of elevated shelters in floodplains.

Figure 2: Average Flood Impact by District in the Eastern Zone (2015-2022)
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Figure 2. Average Flood Impact by District in The Eastern Zone (2015-2022)
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4. Drought Resilience and Water Stress Management in the Western Zone

The Western Zone of Pakistan, comprising much of Balochistan and the Thar region of
Sindh, is characterized by hyper-arid to semi-arid climatic conditions. These areas receive
minimal rainfall and experience prolonged dry spells, making them highly vulnerable to
chronic droughts and acute water scarcity. Zonal research has been instrumental in
identifying high-risk districts, mapping groundwater reserves, and designing adaptive
interventions tailored to the climatic and cultural context of the region.

Studies utilizing rainfall variability models, aquifer stress mapping, and socio-economic
vulnerability indices have highlighted critical zones such as Nushki, Kharan, Chagai, and
Tharparkar, where declining groundwater levels, poor water infrastructure, and
desertification severely constrain livelihoods (Rasool et al., 2020; UNDP, 2020). In
response, a combination of technological and community-based approaches has been
promoted.

Key initiatives include the installation of solar-powered groundwater pumping systems,
construction of underground water storage tanks, and promotion of drought-resilient crop
varieties such as millet and guar. These solutions are supported by local early warning
systems that notify communities about impending dry periods based on seasonal forecasts.

Figure 3: Rainfall Variability and Drought Frequency in the Western Zone (2000-2023)

Year Avg. Rainfall (mm) Drought Months (Avg.)
2000 106 7
2010 93 9
2020 85 11
2023 78 13

This decline in rainfall and increase in drought duration directly correlates with agricultural
collapse, migration pressures, and public health crises, particularly malnutrition and
waterborne diseases. Zonal analysis has enabled targeted interventions by the Provincial
Disaster Management Authority (PDMA) and the Balochistan Drought Response Unit,
ensuring that scarce resources are allocated where they are most needed (Balochistan DRU,
2022; Ahmed, 2019).

5. Earthquake Preparedness in Northern Seismic Zones

The Northern Zone of Pakistan, encompassing regions such as Gilgit-Baltistan, Chitral,
Abbottabad, and Muzaffarabad, lies along the active convergence zone of the Indian and
Eurasian tectonic plates. This geophysical setting renders the area one of the most
earthquake-prone regions in South Asia, with a history of devastating seismic events,
including the 2005 Kashmir earthquake, which claimed over 80,000 lives. Zonal research
has been critical in improving preparedness, hazard mapping, and structural resilience in
these areas.

Using a combination of seismographic data, fault-line mapping, and structural vulnerability

assessments, researchers have created earthquake hazard zonation maps that guide
construction regulations and emergency planning (IST, 2021; Haider, 2018). These maps
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indicate seismic intensity zones, enabling policymakers and builders to design structures
that conform to earthquake-resilient standards.

Local disaster management authorities, in collaboration with academic institutions, have
initiated zonal earthquake drills, retrofitting of public buildings, and community response
training programs. Public education campaigns are tailored to local languages and socio-
cultural contexts, ensuring higher participation in earthquake evacuation drills and
household-level safety planning.

Despite advancements, challenges remain in the implementation of building codes,
especially in remote and informal settlements. Therefore, ongoing zonal research continues
to assess the effectiveness of preparedness measures and update risk models based on
tectonic activity and ground response behavior.

Integrating zonal insights into national earthquake contingency frameworks can drastically
reduce casualties, infrastructure damage, and economic loss, reinforcing the importance of
localized, data-driven disaster preparedness (NIDM, 2021; Sial et al., 2021).

6. Policy Integration and Institutional Response Frameworks

While zonal research provides essential localized data, its effectiveness hinges on how well
it is integrated into national and sub-national policy frameworks. In Pakistan, there remains
a significant gap between research outputs and institutional action, often due to fragmented
governance, limited technical capacity, and bureaucratic inertia (Planning Commission,
2023).

To bridge this gap, there is a growing call for the institutionalization of zonal disaster risk
units within provincial and district-level disaster management authorities. These units
would function as technical arms responsible for assessing zonal risks, translating research
into action plans, and monitoring localized response measures. Such integration would
ensure that risk reduction strategies reflect ground realities, not just macro-level
assumptions.

Furthermore, inter-agency coordination is essential. Platforms must be created to connect
zonal researchers, meteorological departments, emergency responders, urban planners, and
local governments. Joint simulation exercises, data-sharing protocols, and region-specific
contingency planning are key steps toward an adaptive, resilient institutional framework
(NIDM, 2021; Sial et al., 2021).

Capacity-building programs should also prioritize training of local officials and frontline
responders in understanding zonal risk profiles, managing geospatial tools, and applying
real-time early warning data. Additionally, national development policies must mandate
that large infrastructure projects undergo zonal risk assessments as part of their feasibility
analysis.

To ensure continuity and long-term implementation, there is a need for budget allocations

tied specifically to zonal DRRM plans, community engagement mechanisms, and
performance-based monitoring systems. Embedding zonal research in institutional
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processes ensures that disaster management becomes not only a response mechanism but
a proactive, data-driven culture of resilience (Akhtar, 2020; WWEF-P, 2020).

Naveed Rafagat Ahmad is a researcher in the field of public administration and
governance, with a focus on institutional reform, public service delivery, and governance
performance in developing countries. His research emphasizes the use of governance
indicators and comparative analysis to examine regulatory quality, government
effectiveness, and institutional capacity. Through evidence-based approaches, his work
contributes to policy-oriented discussions aimed at improving public sector performance
and strengthening governance frameworks in low- and middle-income states, particularly
Pakistan.

Summary:

This study emphasizes that disaster risk is inherently zonal, shaped by local geography,
climate, infrastructure, and community readiness. Zonal research strengthens early warning
systems, resilience planning, and community engagement. By integrating regional data into
national disaster management frameworks, Pakistan can shift from reactive recovery to
proactive risk mitigation. The findings advocate for institutionalizing zonal DRRM cells,
strengthening data-driven decision-making, and embedding community participation in
preparedness strategies.
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