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Abstract

Background

Mortality is the primary signal of crisis severity, yet systematic mortality estimation in conflict-
affected settings remains largely unachieved. Methodological constraints, inadequate data
infrastructure, and political barriers collectively limit the reach and reliability of available
methods. No comprehensive mapping of the full landscape of direct and indirect approaches

has previously been conducted.

Objectives

This scoping review aimed to map direct mortality estimation methods and indirect, composite,
and mortality-adjacent approaches used in conflict-affected settings; to characterise their
methodology, level of application, and geographic scope; and to identify evidence and

methodological gaps, with particular attention to feasibility at subnational level.

Methods

We searched six academic databases and ten grey literature repositories, restricted to 1990-
2026 with no language restriction. Screening and data extraction used a pre-specified eligibility
framework based on Population, Concept, Context criteria. The unit of analysis was the

methodology rather than the individual study.

Results

Searches retrieved 14,869 records; 103 academic papers and 12 grey literature methods were
included following removal of duplicates and screening. Twenty-six distinct methods were
identified: 13 direct estimation methods, which measure mortality through field-based data
collection, community reporting, or physical documentation of deaths, and 13 indirect,
composite, and mortality-adjacent approaches, which infer mortality from secondary data,

composite severity indicators, or mortality-adjacent signals. The evidence gap map reveals
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that no indirect or composite method has documented application at community or locality

level.

Conclusions

The methodological landscape is more diverse than previously documented but structurally
constrained by data infrastructure gaps, geographic concentration in accessible settings, and
political barriers to measurement. Innovations address specific access constraints but remain
disconnected from existing severity assessment frameworks. A practical framework for local
mortality monitoring will require contextually calibrated combinations of approaches, sustained
investment in secondary data systems, and governance solutions to the structural pathway

failures identified.

Key messages

What is already known on this topic

e Mortality is the primary signal of crisis severity, but systematic estimation in conflict-
affected settings has been characterised as failing across methodological, political,
and institutional dimensions, with direct survey-based methods requiring conditions of
access and infrastructure that are routinely unavailable where mortality is highest.

e No comprehensive mapping of the full landscape of direct and indirect mortality
estimation approaches in conflict-affected settings had previously been conducted,
and the conditions under which indirect or composite methods could support

subnational mortality monitoring remained uncharacterised.
What this study adds

o This review identifies 26 distinct methods spanning 13 direct estimation methods and
13 indirect, composite, and mortality-adjacent approaches; the post-2020 literature has
produced a rapid diversification including network survival analysis, satellite imagery-
based cemetery analysis, Bayesian demographic mortality modelling, and forward-
projecting infectious disease models that extend estimation into access-restricted
settings.

e No indirect or composite method has documented application at community or locality
level, and two structural pathway failures compound this gap in that local mortality
signals have no standardised route into national severity classifications, and global

composite methods are not designed for disaggregation to local level.
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How this study might affect research, practice, or policy

Methodological innovations remain structurally disconnected from the institutional
frameworks through which mortality evidence drives humanitarian decisions;
integrating them into existing processes represents a governance priority.

Sustained investment in secondary data systems including health facility reporting, civil
documentation, and displacement tracking is itself investment in mortality monitoring
capacity and should be treated as such by humanitarian and development financing

frameworks.
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Introduction

Mortality is the primary signal of crisis severity, an outcome that other indicators predict, the
threshold that triggers famine declarations, and the metric that underpins accountability for
violations of international humanitarian law (1-4). Yet systematic mortality estimation in conflict
settings remains largely unachieved. Checchi and Roberts (2008) documented this failure
comprehensively, identifying methodological weaknesses in available methods, the political
barriers to their use, and the institutional fragmentation that leaves populations unmonitored
(5). Many years later, these problems remain unresolved in most conflict-affected settings
including inadequate surveillance infrastructure, politically contested data, and insufficient

sustained investment in mortality measurement capacity.

Mortality can be estimated through direct methods, which measure mortality through field-
based data collection, community reporting, or physical documentation of deaths, or through
indirect and composite approaches, which infer mortality from secondary data or composite
methods that either include mortality as one indicator among several or monitor mortality-
adjacent indicators functioning as early warning signals. The Sphere Handbook minimum
standards, a crude mortality rate above 1 per 10,000 per day as the emergency threshold, set
by expert consensus in 1997 and not independently validated since, provides the reference
point against which these methods are implicitly calibrated (6). The methodological limitations
of direct mortality estimation are well established. Many approaches involve fundamental
trade-offs between simplicity and accuracy, cost and rigour, and speed and reliability (7). For
instance, household cluster surveys, the standard approach for all-cause crude mortality
estimation, require representative sampling frames, population access, and trained field teams

that are routinely unavailable in active conflict.

The political barriers compound the methodological ones (8), including overt suppression of
survey reports and retraction demands following findings implicating government-aligned
forces; bureaucratic obstruction through ignored ethics applications and withheld approvals;
data hoarding within the United Nations system; and financial discontinuity in which
measurement capacity built during acute emergencies collapses as crises become protracted
(9). Dynamics which have been documented in Sudan, South Sudan, Ethiopia, Myanmar, and
Gaza, where governments and armed actors have systematically restricted or contested

mortality data to limit accountability (10-13).
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This scoping review maps the landscape of direct mortality estimation methods and indirect,
composite, and mortality-adjacent approaches used in conflict-affected settings, and to
characterise each approach's methodology, level of application, geographic scope, and
feasibility for use at local level. Answering it is directly relevant to local humanitarian actors
across settings, as risk profiling and response coordination at local level requires some
estimate of mortality or mortality risk, and any approach that could provide that estimate
without the full cost and access requirements of a direct survey would materially improve the
basis for local response prioritisation. With this, we hope to identify evidence and
methodological gaps, with particular attention to the feasibility of indirect and composite

approaches at subnational level in conflict-affected settings.

Methods

Search Terms
Search terms and eligibility was defined using the Population, Concept, Context (PCC)

framework recommended for scoping reviews (14). The search strategy used three concepts:
direct mortality estimation, indirect mortality estimation with conflict and humanitarian settings.
All searches were restricted to title and abstract fields. Searches were conducted between
June and August 2026, limited to publications from 1990 onwards with no language restriction.
The search strategy was developed in accordance with Preferred Reporting Items for
Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR)
guidance (15) and search strings for each database can be found in Annex 1. The protocol is
registered at: 10.17605/0SF.IO/KRFYD.

Eligibility Criteria

Sources were included where they described the development, application, validation, or
evaluation of a direct or indirect mortality estimation method or mortality-adjacent approach
used in a conflict-affected or humanitarian crisis setting. Papers applying existing
methodologies without methodological innovation were used as supporting evidence for
existing method entries rather than generating new entries. Sources reporting barriers or
facilitators to the use of mortality estimation or indirect severity monitoring approaches were
included, as were sources documenting the governance, funding, or institutional context of

such methods. Publications from 1990 onwards in any language were eligible.
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Sources were excluded where they described methods applied exclusively in non-crisis or
peacetime contexts with no conflict-affected application; where they discussed mortality
estimation conceptually without describing a specific method or structured approach; where
they were published before 1990; or, where they were conference abstracts without
associated full-text publications. Purely opinion or editorial pieces not describing a specific

method were also excluded.

Sources
Six electronic databases were searched: MEDLINE/PubMed, Embase (Ovid), Global Health

(Ovid), Web of Science (Core Collection), Scopus, and CINAHL (EBSCO). Ten grey literature
repositories and organisational libraries were searched: ACAPS Knowledge Base, ReliefWeb,
WHO Institutional Repository for Information Sharing (IRIS), OCHA Humanitarian Data
Exchange, Medecins Sans Frontieres (MSF) Scientific Library, International Committee of the
Red Cross (ICRC) Library, Sphere Project publications, United Nations High Commissioner
for Refugees (UNHCR) Data and Statistics portal, and Save the Children, Oxfam, and
International Rescue Committee (IRC) publication libraries. Reference lists of all included

sources were screened for additional relevant sources.

Screening
Title and abstract screening was conducted by two reviewers against the inclusion and

exclusion criteria using Rayyan systematic review software (rayyan.ai). Records were
excluded where the title and abstract provided sufficient information to determine ineligibility.

Records where eligibility was uncertain were retained for full-text review.

Data Extraction
The unit of analysis was the method, not the individual study or report. This review assembled

its method list iteratively rather than deductively from prior knowledge, an approach consistent
with scoping review methodology and appropriate given the broader scope of the review
question (14). Each method was classified by developer; year; method type; method;
temporality (retrospective, prospective, and/or real-time); level of application (national to
local); and mortality measure (direct, indirect, or mortality-adjacent). A narrative synthesis of

methods is provided.
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Results

Search Results and Study Selection
Searches across six academic databases retrieved 14,867 records in total (Error! Reference

source not found.). Following removal of 6,456 duplicates, 8,416 unique records were
screened at title and abstract stage; and 8,241 records were excluded. 175 records were
reviewed at full text, seven additional papers were identified through citation searching and
reviewed, leaving 103 academic papers included. Grey literature searching identified 23
candidate methods across ten repositories, we excluded 11 methods, and 12 methods were

retained. Full lists of included and excluded papers are included in Annexes 2 and 3.

Identification of new studies via databases and registers Identification of new studies via other methods
Records identified from:
= Databases (n = 14,867):
% EBSCO (n = 3380) Records removed before screening: fiezdrs dienfiicn fiom:
2 EMBASE/Global Health (n = 5103) —D{ Duplicate records (n = 6,456) 3 Websites (n = 23)
2 Scopus (n= 1929) 2 Citation searching (n = 7)
£ Medline (n= 1312)
Web of Science (n = 1143)
Records screened Records excluded
(n=8,416) (n=8.241)
o Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
= (n=175) (n=NA) (n=30) ” (n=NA)
g
a
Reports excluded: Reports excluded:
Does not measure mortality (n = 38) Does notmeasure mortality (n = 7)
Commentary (n= 12) Mortality rate is a secondary
l Reports assessed for eligibility Review (n = 9) Reports assessed for eligibility outputonly (n= 2)
(n=175) Not conflict setting (n = 5) (n=30) Method otdocumented in crises
Duplicate (n= 5) context (n= 1)
Wrong study design (n = 4) Moriality measurementonly used as
No full text available (n = 2) threshold (n= 1)
- New studies included in review
2 (n=103)
= Reports of new included studies
S
= (n=12)

Figure 1. PRISMA-ScR flow diagram of searches and included sources.

Identified Methods and Approaches
The 12 retained grey literature methods were developed between 1985 and 2024. Three direct

methods appear exclusively in the grey literature with no corresponding academic paper
evidence base in this review: Standardized Monitoring and Assessment of Relief and
Transitions (SMART) (2002), Multi-Sector Needs Assessment (MSNA) mortality module
(2024), and Maternal Death from Informants / Maternal Death Follow-on Review (MADE-

IN/MADE-FOR) (2010). Four indirect or composite frameworks are similarly grey literature
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only: Integrated Food Security Phase Classification (IPC) (2004), Famine Early Warning
Systems Network (FEWS NET) (1985), World Health Organization (WHO) Health Cluster
People in Need (PiN) (2018), and Cadre Harmonise (1999). The remaining grey literature
methods were supported by examples also published in the academic literature. Among direct
methods these included verbal autopsy (1960s), body count and event-based documentation
(1990s), Community Based Surveillance (CBS) direct (2000s), Maternal and Perinatal Death
Surveillance and Response (MPDSR) (2013), key informant method (KIM) (2009), and two-
stage cluster survey (1990s) each have an academic evidence base; among indirect methods,
CBS indirect (2000s) and Index for Risk Management (INFORM) (2018) do likewise.

The 103 academic papers span 1990 and 2026 (median publication year of 2012), with
publication volume increasing over time: 11 papers in the 1990s, 27 in the 2000s, 30 in the
2010s, and 35 from 2020 onwards, with 2025 producing the largest single-year yield of 11
papers. The majority of papers (81 of 103) applied at least one direct mortality estimation
method; 26 applied at least one indirect or modelling approach, and four applied methods from
both categories. Methods with the most academic papers included: the two-stage cluster
retrospective mortality surveys (36 papers and rapid or non-representative retrospective
mortality surveys (26 papers). Modelling and statistical methods emerged exclusively in the
most recent decade, with all small-area estimation (SAE), multiple systems estimation (MSE),
network survival analysis, Bayesian demographic mortality models, satellite imagery cemetery
analysis, and forward-projecting modelling papers published from 2020 onwards, indicating a
rapid recent diversification concentrated in approaches without existing operational
infrastructure. Five methods, including rapid or non-representative retrospective mortality
surveys, sentinel site surveillance, indirect demographic estimation (Brass Method and
Preceding Birth Technique), capture-recapture, and pooled retrospective mortality survey
analysis, were represented exclusively in the academic literature with no corresponding

operational grey literature tool, all emerging from 2020 onwards.

Across the combined landscape of 26 distinct methods, 13 are direct estimation methods

(Table 1) and 13 are indirect, composite, or mortality-adjacent approaches (Table 2).
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ID

10

11

12

13

Method Type

Survey
based

Informant
based

Surveillance
based

Document-
based

Demographic
and
statistical

Table 1. Direct Mortality Estimation Methods

Method

Two-Stage Cluster
Retrospective Mortality Survey
Rapid or Non-Representative
Retrospective Mortality Survey
Standardized Monitoring and
Assessment of Relief and
Transitions (SMART) Survey -
Mortality Module

Multi-Sector Needs Assessment
(MSNA) - Mortality Module

Key Informant Method (KIM)

Maternal Death from Informants
| Maternal Death Follow-on
Review (MADE-IN/MADE-FOR)
Network Survival Analysis

Maternal and Perinatal Death
Surveillance and Response
(MPDSR)

Community-Based Surveillance -
Direct

Sentinel Site Surveillance
Body Count and Event-Based
Death Documentation

Verbal Autopsy (VA)

Indirect Demographic

Estimation (Brass Method and
Preceding Birth Technique)

Year

~1990s
~1990s

2002 (v1); 2017 (v2)

Mortality module
from 2024
2009

2010

2010 (conflict
application)
2013 (WHO

framework); 2021
(operational
guidance)
~2000s

(humanitarian
adaptation)

~2000s

~1990s onwards

1960s origin; WHO
2022 standard
1964 (Brass);
adapted for conflict
settings

Temporality

Retrospective
Retrospective

Retrospective

Retrospective
Retrospective

Retrospective /
Prospective

Retrospective

Prospective

Prospective /
Real-time

Prospective /
Real-time

Retrospective /
Real-time

Retrospective

Retrospective

Mortality measure

Direct - all-cause CMR and USMR
Direct - all-cause CMR, variable precision

Direct - CMR and USMR measured through
household recall; not modelled

Direct - CMR where mortality module
included; not yet standardised

Direct - all-cause CMR without household
access

Hybrid - maternal mortality; community
informant listing with VA cause
ascertainment

Direct - all-cause mortality estimated from
personal network reports

Direct - individual maternal and perinatal
deaths; cause-specific

Direct - community death signal detection
through first-hand reporting; not rate
estimation

Direct - all-cause mortality through
continuous or repeated demographic
monitoring within defined sites

Direct - violent deaths from physical
evidence or reported events; indirect
mortality not captured

Direct - cause-of-death ascertainment

Indirect - USMR estimated from aggregate
birth and survival data; no individual death
recall required

Academic
citation

(16-51)

(50, 53-
77)

(80-82)

(85-87)

(88-90)

(44, 50,
92, 93)

(95-97)

(98-101)

(95, 103)

(105)

Grey
literature
citation

(52)

(78)

(79)

(83)

(84)

(91)

(94)

(102)

(104)



228
229

230

Table 2. Indirect, Composite, and Mortality-Adjacent Approaches

ID

14

15

16

17

18

19

20

21

22

23

24

25

26

Method type

Composite-
severity
frameworks

Surveillance
-based
Statistical
modelling

Remote
sensing
Prospective
modelling

Method

Integrated Food Security Phase
Classification (IPC)

Famine Early Warning Systems
Network (FEWS NET)

Index for Risk Management
(INFORM) Severity Index

WHO Health Cluster PiN and
Severity Tool

Cadre Harmonise (CH)

Community-Based Surveillance
- Indirect
Small-Area Estimation (SAE)

Multiple Systems Estimation
(MSE)
Capture-Recapture

Pooled Retrospective Mortality
Survey Analysis

Bayesian Demographic
Mortality Model with Reporting
Completeness Adjustment

Satellite Imagery-Based
Cemetery Analysis
Forward-Projecting Infectious
Disease Mortality Model with
Expert Elicitation

Year

2004 (Somalia);
globally expanded
1985 (FEWS); 2000
(FEWS NET)
2018 (beta); 2020
(operational)
~2018 (current
version)
1999 (Sahel); 2012
(Gulf of Guinea)
~2000s

~2013
(methodology); 2022
(peer-reviewed)
~2000s (conflict
applications)
~1990s (conflict
applications)

~2000s

2025

2023 (preprint)

2025 (preprint)

Temporality

Retrospective
/ Prospective
Retrospective
/ Prospective
Retrospective
Retrospective
Retrospective
/ Prospective
Real-time

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Prospective

Mortality measure

Mortality included - CMR and USMR as key
evidence inputs for phase determination
Mortality-adjacent - mortality risk projected from
food security and nutrition indicators
Mortality-adjacent - USMR included as one of
approximately 80 composite indicators
Mortality included where data permits - not
standardised

Mortality included - CMR and USMR used as
inputs where available

Mortality-adjacent - death signal detection from
secondary and administrative data sources
Indirect - modelled mortality estimates for areas
and time periods without direct survey coverage

Indirect - total deaths estimated from overlapping
independent documentation sources

Indirect - total deaths estimated from two
independent death lists

Indirect - pooled CMR and USMR from multiple
surveys generating synthesised mortality findings
Indirect - age- and sex-specific mortality and life
expectancy losses modelled from reported deaths
with Bayesian correction for reporting
incompleteness

Indirect - excess burial rate as proxy for excess
mortality; does not generate CMR directly

Indirect - forward-projected infection-attributable
mortality under alternative crisis scenarios

Acade
mic
citatio
n

(108)

(112-
115)
(117-
121)

(12,
122)
(82,
123,
124)
(125-
129)
(100,
130)

(131)

(132)

Grey

literatur

e

citation

(106)
(107)
(109)
(110)
(111)

(116)

10
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Direct Mortality Estimation Methods
Thirteen direct mortality estimation methods were identified and are predominantly

retrospective and survey-based, though two prospective approaches were identified.

The two-stage cluster retrospective mortality survey uses probability-proportional-to-size
sampling followed by structured retrospective household recall to generate CMR and USMR
estimates with 95% confidence intervals (16-51). The SMART nutrition survey uses the same
cluster design with an embedded mortality module, making it the most widely operationalised
version of this approach globally (78). The MSNA mortality modules extends this into
operational planning (79). There were also non-representative or rapid survey designs, in
which purposive, convenience, or snowball sampling replaces probability sampling where
access or resource constraints preclude the two-stage cluster approach (50, 53-77). However,
all three approaches require representative sampling frames, stable populations, and

household access.

KIM was developed specifically for settings where household access is impossible, asking
community-embedded informants to report all deaths they are aware of in a defined
geographic area over a recall period, adapted by Roberts et al for humanitarian settings (82).
Informant sub-types include community leaders and elders, Community Health Workers
(CHW), neighbours, mothers and women in group settings, religious figures, and teachers.
The “Neighbourhood Method” asks people in public settings about deaths in their immediate
area (81); the “Motherhood” or “Sisterhood Method” identifies deaths through women's group
meetings or women respondents and is primarily sensitive to female and perinatal mortality;
while CHW informants have professional knowledge of deaths within their facility catchment.
This diversity of sub-types makes the key informant method a flexible family of approaches
rather than a single design, adaptable to different community structures and access
conditions. Across sub-types it was found to require 29-33% fewer resources than a six-month
cluster survey (80). MADE-IN/MADE-FOR extends the KIM by adding a verbal autopsy follow-
up to listing meetings that identify deaths, generating cause-specific as well as rate data (84),
but for specific populations rather than all-population estimates. Network survival analysis
asks respondents to report deaths among people in their personal social network then scaling
up from network-reported deaths using an estimate of average network size (85-87). It can be
conducted entirely remotely using diaspora or remote respondents reached through web

survey or respondent-driven sampling, requiring no field presence in the conflict zone.

11
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MPDSR and CBS direct are the two prospective direct methods, detecting deaths as they
occur rather than through retrospective recall. MPDSR operates through community health
worker notification of maternal deaths followed by facility audit (91); CBS direct through regular
standardised reporting by community health workers or volunteers with first-hand community
knowledge (44, 50, 92). Both provide near real-time mortality signals but neither generates
statistically valid CMR estimates independently, MPDSR because its scope is cause-specific,
CBS direct because it detects signals rather than producing population-level rate estimates.
Both require sustained CHW infrastructure (88, 89, 93). Sentinel site surveillance has been
adapted from continuous demographic surveillance (96) to exhaustive census variants suited

to bounded camp populations (95) to repeated surveys (97).

Body count and event-based documentation spans a spectrum from forensic physical
collection, as in the Rwanda genocide response where teams physically collected and counted
bodies from streets and morgues (98), through administrative death registry analysis as
applied to Palestinian Ministry of Health mortality data (100), to direct monitoring systems in
which deaths are inputted in real time from field sources (99, 101). These approaches count
directly documented violent or conflict-related deaths and do not capture indirect mortality from
disease, malnutrition, or health system collapse. Coverage is limited to deaths in accessible

and documented contexts.

Verbal autopsy (VA) ascertains cause of death through structured post-death household
interviews, generating cause-specific mortality fractions rather than a CMR (95, 103). It does
not stand alone as a severity monitoring method but functions as a complement to rate-
generating methods. Where embedded in surveillance systems, VA outputs can feed into
MPDSR response cycles and contribute evidence to IPC convergence-of-evidence processes;
where published in academic literature they contribute to the global burden of disease

evidence base.

The Brass Method and Preceding Birth Technique, both demographic estimation approaches,

were applied to survey data from displaced populations, but differs from all other direct

12
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methods in requiring no individual death recall, using instead aggregate data on children ever
born and surviving to estimate USMR (105). This makes it applicable in settings where
reporting individual deaths is impractical, where recall is unreliable, but relies on a functioning
and accurate birth registry. It appeared only once in the conflict literature identified by this

review.

Several methodological adaptations over the review period have extended the reach of direct
estimation into previously infeasible settings. GIS-assisted probability sampling using gridded
population data and satellite imagery replaces conventional sampling frames where
population registers are absent (36). Application during ceasefire windows has been
demonstrated in Gaza, where a representative survey of 2,000 households across 200 primary
sampling units was conducted over six days (51). Mobile phone survey variants using random
digit dialling have been applied in Burkina Faso and Cameroon, reaching conflict-affected
populations excluded from conventional sampling frames (74, 77), addressing access

constraints that have historically prevented direct estimation entirely.

Indirect, Composite, and Mortality-Adjacent Approaches
Thirteen indirect, composite, and mortality-adjacent approaches were identified. They draw on

secondary or administrative data rather than primary field collection and operate primarily at

district to national level.

The five composite severity frameworks use convergence of evidence across multiple
indicators to classify crisis severity, including mortality. IPC is the most methodologically
comprehensive, incorporating CMR and USMR as formal evidence inputs alongside food
security, nutrition, and livelihoods indicators, with explicit mortality thresholds for Phase 5
famine determination (CMR above 2 per 10,000 per day or USMR above 4 per 10,000 per
day)(106). Where mortality survey data are unavailable, phase classification relies on food
security and nutrition proxies. IPC produces district and national classifications and has been
applied across conflict-affected settings globally, with the most extensive application in the
Sahel and Horn of Africa. FEWS NET produces monthly scenario-based food security outlooks
using satellite-derived vegetation and rainfall data, staple food price monitoring, and livelihood
assessments, projecting forward over a three-to-six-month window (107). Mortality risk is

inferred indirectly from food security phase classifications rather than directly measured.

13
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Cadre Harmonise applies an IPC-compatible methodology for West and Central Africa (111).
The WHO Health Cluster PiN tool generates health sector People in Need estimates
incorporating mortality data where available from surveys or surveillance, alongside disease
burden and health access indicators (110). INFORM is a composite index aggregating
approximately 80 secondary indicators across hazard, vulnerability, and coping capacity
dimensions; USMR is included as one mortality indicator and the index operates at national
level only with no subnational disaggregation (133). Independent construct validation found
that INFORM's indicators reduce to three latent factors explaining 46-53% of variance, with

societal governance emerging as the dominant predictor of the crisis severity construct (108).

CBS indirect aggregates mortality signals from secondary sources, facility registers, burial
records, and administrative databases, without direct community contact with bereaved
households. Reporters function as conduits for existing data rather than primary witnesses.
The approach generates real-time mortality signals at community and district level; precision
depends on the quality and completeness of underlying secondary data sources, and
population denominator estimation is a constraint on converting death counts to rates (112-
115).

The statistical modelling approaches use combinations of existing data sources to generate
mortality estimates beyond what any single source provides. Small Area Estimation (SAE)
uses accumulated survey data combined with crisis proxy indicators, conflict event incidence,
food security classifications, displacement estimates, to generate mortality estimates for
subnational areas and time periods without direct survey coverage (117-119). Applied in
Somalia using accumulated SMART survey data, it generated district-month excess mortality
estimates across multiple drought and conflict periods (120, 121). It requires a historical survey
dataset to train the model. Multiple Systems Estimation (MSE) uses two or more independent
death documentation lists to estimate total deaths including those appearing in no single list,
applying mark-recapture statistical logic (12, 122). Capture-recapture applies the same
principle and could be classed as a sub-type of MSE, using exactly two lists (123, 124) or to
validate the KIM (82). Non-standard list sources including graveyard records and civil society
documentation have extended applicability beyond formal institutional sources (122). The
independence assumption between lists is the critical methodological requirement across both
approaches. Pooled retrospective survey analysis aggregates mortality estimates from
multiple independently conducted surveys using databases such as Complex Emergencies

Database (CEDAT) or accumulated rounds of SMART surveys within a single context, to
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generate synthesised findings about mortality patterns, trends, and determinants (125-129).
Delbiso et al. (2017) applied Bayesian Poisson meta-analysis to 88 small-scale surveys from
Ethiopia and linked estimates spatially and temporally with FEWS NET food security and
drought monitor data, demonstrating a method for integrating direct survey estimates with

indirect severity indicators at district level (128).

The Bayesian demographic mortality model uses prior distributions for reporting rate and age-
sex distribution of casualties to generate age- and sex-specific mortality estimates and life
expectancy losses with credible intervals from a single administrative documentation source
of uncertain completeness (130). Applied to Gaza 2023-2024, minimum data inputs were a
total death count and population exposures (100). This distinguishes it from MSE and capture-

recapture, which require multiple independent lists.

Satellite imagery-based cemetery analysis uses archive very high-resolution satellite imagery
to track changes in burial incidence across sampled cemeteries, comparing observed burial
rates against a counterfactual no-crisis baseline using conflict event incidence, food prices,
and displacement as predictors (131). It requires no field access or population survey data.
Applied to Yemen over 2011-2021, it produced a crisis-to-no-crisis burial rate ratio rather than
a CMR; conversion to a mortality rate requires additional assumptions about burial coverage
and population size. Cultural variation in burial practices is a further constraint on

generalisability.

The forward-projecting infectious disease mortality model combines structured expert
elicitation to quantify epidemic probability and crisis-adjusted transmission and case-fatality
parameters with stochastic susceptible exposed infectious recovered (SEIR) compartmental
modelling to project infection-attributable mortality under alternative crisis scenarios (132).
Analyses are conducted by disease and age group with parameter uncertainty propagated
stochastically. Applied to Gaza 2023-2024, projections were generated under ceasefire, status
quo, and escalation scenarios. It is the only prospective indirect method in the landscape

identified by this review.

Evidence Gap Map
Figure 2 presents an evidence gap map organising the 26 identified methods by level of

application and category. The map reveals a consistent pattern across both direct and indirect
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methods where method coverage is densest at national level and thinnest at local and locality
level, which is precisely where humanitarian response decisions are most consequential and

where mortality is least likely to be measured.

Two structural interface problems emerge from the map. The pathway from local to global,
e.g., from community mortality signals generated by CBS, MPDSR, or the KIM to national and
international severity determinations, is not standardised in any method identified by this
review. The pathway from global to local, e.g., from national IPC or FEWS NET classifications
to subnational risk profiling, which could inform locality-level resource allocation, is equally
absent; global composite methods are not designed for disaggregation below district level and
carry data input requirements that cannot be met at locality level in most conflict-affected

settings.
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Mortality estimation methods by level of application

LEVEL OF DIRECT INDIRECT, COMPOSITE & ADJACENT
APPLICATION
01 CBS - indirect
Local!
Locality
(Individual, Key Informant Method (KIM)
Indirect demographic estimation (Brass Method)
02 Two-stage cluster survey (stratified) IPC (district phase classifications)
District FEWS NET (district outlooks)
Key Infermant Method (aggregated) Cadre Harmonise  CBS —indirect
Small-Area Estimation (SAE)
Multiple Systems Estimation (MSE)
MPDSR (district aggregation) Capture-Recapture
CBS - direct (district aggregation) Poocled Retrospective Survey Analysis
Bayesian Demographic Mortality Model
Satellite Imagery-Based Cemetery Analysis
(district aggregation)
Body Count / Event-Based Documentation
(district aggregation)
03 IPC FEWSNET INFORM
National WHO Health Cluster PN~ Cadre Harmonise
MSNA — mortality module  SAE  MSE
Capture-Recapture
Pooled Retrospective Survey Analysis
Bayesian Demographic Mortality Model
Global

CBS appears in both columns: direct (first-hand community reporter) and indirect (secondary data aggregation). SMART =
Standardized Monitoring and Assessment of Relief and Transitions. MPDSR = Maternal and Perinatal Death Surveillance
and Response. MSNA = Multi-Sector Needs Assessment. KIM = Key Informant Method. SAE = Small-Area Estimation. MSE
= Multiple Systems Estimation. IPC = Integrated Food Security Phase Classification. FEWS NET = Famine Early Warning
Systems Network. INFORM = Index for Risk Management.

Figure 2. Evidence gap map of 26 identified methods organised by level of application and category.
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Discussion

This review identified 26 distinct methods for mortality estimation or monitoring in conflict-
affected settings, representing the most comprehensive mapping of this landscape to date.
The methodological landscape has diversified substantially since Checchi and Roberts
documented its systematic failures in 2008, particularly in the post-2020 period where
modelling, remote sensing, and network-based approaches have extended the reach of
estimation into contexts where survey-based methods are infeasible (5). Yet the structural
barriers to local-level direct mortality monitoring identified remain largely unresolved and a
critical gap persists in that no indirect or composite method has documented application at
community or locality level in conflict-affected settings. The discussion addresses two practical
questions that follow from this finding. For settings where direct and indirect methods already
operate, how can the existing toolkit be strengthened? For settings where the existing toolkit
cannot function, what methodological innovations are available and how can they connect to

the institutional frameworks through which mortality evidence drives humanitarian decisions?

The established toolkit: coverage, validation, and methodological constraints

The dominant methods in the landscape, two-stage cluster surveys, SMART, IPC, FEWS
NET, and CBS, are institutionally embedded and widely operationalised, but several carry
validation gaps relative to their institutional authority. INFORM is the only composite method
for which independent construct validation has been conducted, finding that 46-53% of
variance is explained by the index, and little to no equivalent validation exists for FEWS NET,
IPC or the WHO Health Cluster PiN (108). For instance, the IPC famine determination criteria,
against which many of these methods are ultimately calibrated, have been extensively
discussed in the academic literature, with documented concerns about the evidence base for
phase thresholds and the conditions under which convergence of evidence produces valid
severity classifications (134, 135). Survey-based direct methods are better validated at the
upper end of the landscape, with two-stage cluster surveys and SMART having established
probability-based standards, but validation evidence thins rapidly toward lower-resource
designs, and a substantial proportion of surveys conducted in humanitarian emergencies
between 1993 and 2004 were found to have methodological quality issues (136, 137). Several
methods have become operationally standard without equivalent investment in independent
validation, representing methods of practice whose evidence base has not kept pace with their

institutional reach (138).
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Geographic concentration compounds this problem. Somalia, Iraq, Democratic Republic of
the Congo (DRC), Central African Republic (CAR), Gaza, and South Sudan generate the
majority of academic papers, and the settings most underrepresented in the methodological
evidence base are those with the most severe access constraints (7). An estimated half of
conflict deaths in a multi-source analysis were unaccounted for in major global datasets, with
systematic undercounting concentrated in the least accessible settings (139). Method choice
drives substantial differences in mortality estimates in the same conflict context, for example,
estimates for lraq ranged from approximately 47,000 using media-based body count to
151,000 from the Iraq Family Health Survey (IFHS) cluster survey to 601,000 from Burnham
et al. (25, 37). Methodological innovations within existing designs, such as GIS-assisted
probability sampling; mobile phone survey variants; ceasefire-window surveys; and the MSNA
mortality module (36, 51, 74, 77), improve on rather than replace established methods, but
their application remains limited in validation evidence and geographic scope. Sustained
investment in data infrastructure is the enabling condition for the indirect toolkit. Somalia
demonstrates that accumulated SMART survey data over two decades made district-month
SAE modelling possible, enabling the Somalia Mortality Estimation Database (S-MED) which
illustrates how pooled estimates can be consolidated into a real-time early warning platform
(50, 120, 121). No equivalent investment exists in most other conflict-affected settings, and
the methods that might generate it face the same access and feasibility constraints that

motivate the need for indirect approaches in the first place.

Mortality estimation in inaccessible settings: post-2020 innovations and
structural integration

The post-2020 literature has produced a diversification of approaches each addressing a
specific access or infrastructure constraint. None of these innovations is currently designed to
connect to the institutional frameworks through which mortality evidence translates into
humanitarian decisions. Local mortality signals, from CBS, MPDSR, MADE-IN/MADE-FOR,
SAE, MSE, network survival analysis, Bayesian demographic model outputs, and satellite
imagery burial rate ratios, do not feed into IPC convergence-of-evidence processes, INFORM
severity classifications, or MSNA mortality module or the humanitarian needs overview (HNO)
in any standardised way. Where integration has occurred, as in Somalia where sentinel
surveillance outputs have on occasion influenced IPC phase classifications, it has depended
on active advocacy and sustained institutional relationships rather than any structural protocol

(50). The global-to-local pathway is equally absent, as they are not designed for
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disaggregation below district level and carry data input requirements that cannot be met at
locality level in most settings, leaving no documented protocol for converting a national
severity classification into a local risk profile. These failures are not resolvable through
methodological development alone; they require governance decisions about which actors are
authorised to translate local mortality signals into severity classifications and financing
decisions about whether local actors generating mortality data receive resources as a result
(9). The cluster system and HNO processes, including the Joint Intersectoral Analysis
Framework (JIAF), represent the formal mechanisms through which local data is intended to
aggregate upward, and their documented limitations are consistent with the structural gap
identified by this review (134, 135, 140). The Grand Bargain localisation commitments have
not been accompanied by equivalent commitments to local mortality monitoring capacity
(141).

In the most data-sparse settings, structured expert elicitation (SEE) may be the only feasible
basis for local mortality risk profiling. Expert judgment is already embedded informally
throughout the indirect method landscape, in IPC technical working group consensus
processes, JIAF severity classification, and INFORM indicator weighting, but has not been
formalised as a mortality estimation approach in its own right. Validated frameworks for
structured expert elicitation are well established in other health fields (142-145), but have few
documented applications to humanitarian mortality estimation (132, 146). Developing a
validated expert elicitation protocol drawing community knowledge, practitioner experience,

and specialist epidemiological judgment represents a priority gap for future work.

Political economy of mortality measurement

Organisational risk calculations shape whether surveys are commissioned, where they are
conducted, and whether findings are published, with documented variation in the willingness
of different organisations to release high mortality findings by institutional type, mandate, and
funding relationship (9, 147). The highest institutional authority composite methods have the
most concentrated governance and the most documented political constraints. For instance,
IPC phase classifications are subject to negotiated consensus across multiple documented
contexts; FEWS NET is shaped by funder strategic interests; and Health Cluster PiN estimates
are subject to inflation incentives because the same actors who estimate needs compete for

resources on that basis (9, 138).
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Local mortality data can carry greater political sensitivity than national data, whereby district-
level estimates imply specific responsibility of local authorities, armed groups, or humanitarian
actors in ways that national figures do not (148, 149). Methods with lower institutional visibility
are more resilient to political obstruction, and approaches requiring no host government
cooperation or formal ethics committee approval have a structural operational advantage in
settings where government is a party to the crisis (89, 90). Across six conflict-affected Eastern
Mediterranean countries, 94% of survey respondents considered mortality surveys important,
but significant proportions reported distrust of collecting institutions and concerns about
retaliation and political manipulation (149). Any framework for local mortality monitoring that

does not account for these dynamics from the outset is unlikely to achieve its stated objectives.

Towards a framework for local mortality monitoring
No single method is sufficient for local mortality monitoring in conflict-affected settings. A

practical framework will need to combine approaches calibrated to the data infrastructure and
access conditions of each specific context, drawing on prospective CBS to detect mortality
signals, periodic representative or rapid non-representative surveys to generate point
estimates with associated uncertainty, indirect modelling where historical data permits, and
expert elicitation where all other approaches are infeasible. The appropriate combination will
differ by setting. In Somalia, SAE modelling using accumulated survey data represents the
most powerful currently available approach (120, 121); in Gaza, capture-recapture and
Bayesian demographic modelling have demonstrated feasibility where civil society
documentation sources exist (100, 130). In most other conflict-affected settings, the starting
point will be approaches with the lowest data infrastructure requirements. Investment in
secondary data systems including health facility reporting, civil documentation, conflict event
monitoring, and displacement tracking is itself investment in mortality monitoring capacity, as
it creates the inputs that indirect methods require (50, 117). The wider literature on health
management information systems (HMIS) strengthening in fragile and conflict-affected states
documents the minimum health information infrastructure required to sustain mortality
monitoring over time (150, 151), and the humanitarian-development nexus literature is directly
relevant to the financing argument. Noting that short-term humanitarian funding cycles cannot
sustain the data infrastructure that mortality monitoring at local level requires, and the
transition from humanitarian to development financing is precisely the moment at which
monitoring capacity built during acute emergencies collapses (152, 153). This review provides
the method inventory from which context-specific framework development can begin; the

subsequent steps of testing method combinations in specific settings and developing the
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expert elicitation protocol for mortality estimation are the subject of future work this review is

intended to inform.

Limitations
The grey literature search, while systematic in its approach across repositories, cannot claim

exhaustive coverage of all operational methods and guidance documents in use across the
humanitarian system. Methods developed at national or regional level, or embedded within
country-specific coordination mechanisms, may not have been captured through the
repositories searched. The academic database search was restricted to six databases and
used English search terms, although papers in any language were included, which may have
resulted in the exclusion of relevant papers indexed in other languages or indexed in
databases not searched. Title and abstract screening and full-text review were conducted by
a small review team, and while piloting and calibration exercises were conducted to ensure

consistency, inter-rater reliability was not formally assessed.

The review included papers describing or applying mortality estimation methods in conflict-
affected settings, but the definition of conflict-affected was applied pragmatically rather than
using a formal conflict classification system, which introduces some subjectivity in inclusion
decisions at the margins. Several methods identified in this review, particularly those emerging
from the post-2020 literature, are represented by a small number of papers from a small
number of settings, limiting the conclusions that can be drawn about their performance,
generalisability, and validation status. The evidence gap map represents the landscape of
documented method application as captured by the included literature; it does not capture
informal, unpublished, or organisationally proprietary applications of these methods that may
exist in practice. The review also did not formally assess the quality of included papers or

methods using a standardised quality appraisal tool.

Finally, the rapid pace of methodological development in this field, particularly in statistical
modelling and remote sensing approaches, means that the landscape described here may

evolve substantially over the period between manuscript completion and publication.

Conclusions
This scoping review maps a methodological landscape that is more diverse than has
previously been documented, spanning 26 distinct methods for mortality estimation or

monitoring in conflict-affected settings. The landscape has diversified substantially in the post-
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2020 period, with modelling, remote sensing, and network-based approaches extending the
reach of estimation into contexts where survey-based methods are infeasible. Despite this
diversification, a structural gap remains where there is no indirect or composite method with
documented application at community or locality level in conflict-affected settings, and the data
infrastructure and political will required to support indirect estimation at local level is absent in

most crisis-affected contexts.

The review identifies two structural pathway failures that compound this gap. Local mortality
signals have no standardised route into national or international severity classifications, and
global composite methods are not designed for disaggregation to local level. These failures
are governance and financing problems as much as methodological ones and will not be

resolved through method development alone.

The feasibility of mortality estimation is inversely related to methodological rigour across the
landscape, and method choice drives substantial differences in mortality estimates for the
same conflict context. Any practical framework for local mortality monitoring will need to
combine approaches calibrated to the data infrastructure and access conditions of each
specific setting, incorporating prospective surveillance, periodic survey-based estimation,
indirect modelling where data permits, and structured expert elicitation where all other
approaches are infeasible. Investment in secondary data systems is itself investment in

mortality monitoring capacity.
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