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Introduction

These supplementary materials accompany the main paper. Here, we offer further details of the methods section, along with additional figures and tables.

Section 1: Setting
Description
Mali is a landlocked country in West Africa, covering approximately 1.24 million km². According to the latest census, conducted in 2022, Mali had a population of approximately 22.4 million people, with 76.2% living in rural areas [1]. The overall population density was about 18 inhabitants per km². The population is unevenly distributed across the country, with a concentration in the southern and central regions. In 2022, Sikasso accounted for 19.1% of the total population, followed by Koulikoro (14.6%) and Kayes (14.3%). By contrast, the northern regions were much more sparsely populated, including Tombouctou (4.8%), Gao (4.6%), and Kidal (0.4%). The capital city, Bamako, accounted for 18.9% of the national population.
Mali's population distribution is closely linked to climatic conditions, water availability, and primary economic activities, which include agriculture, livestock, fishing, and mining. The northern part of the country, including Tombouctou, Gao, and Kidal, is predominantly Saharan and covers 57% of the national territory [1]  . It is characterized by high temperatures and very low and highly variable rainfall. The population is therefore sparse and predominantly nomadic and transhumant pastoral. Population increases toward the central and southern parts of the country, where rainfall is higher and more reliable. Figure S1 presents the distribution of public health facilities per region; the distribution of health structures closely aligns with population distribution. 
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Figure S1. Map of Mali’s community health centres, health districts, and regions

Section 2: Merging of armed conflict datasets 
To carry out this work, we relied on publicly available georeferenced data on armed conflict events. The Armed Conflict Location Event Data (ACLED) [2, 3] and the Uppsala Conflict Data Program (UCDP) [4, 5] are global references for conflict data. Both databases record conflict events from a wide range of sources, including traditional and new media, reports from international institutions and non-governmental organizations, as well as research articles and books. Additionally, they rely on their networks of local partners to facilitate the real-time transmission of conflict-related information.

[bookmark: OLE_LINK6]The UCDP adopts a strict definition of armed conflict, requiring 25 deaths annually to be included in the dataset. Recorded events are those that resulted in at least one fatality. In contrast, ACLED has a broader scope, capturing instances of political violence, explosions, riots, and protests. It also includes events that did not lead to fatalities, which is particularly relevant as some armed perpetrators purposefully terrorize populations, without killing them [6]. For this study, we combined both datasets to include conflict events regardless of whether casualties occurred. In line with the UCPD’s definition of an armed conflict, across both data sources, we captured the following categories of events: (1) state-based conflict events (i.e., events between two parties, of which one is the government of the state), (2) non-state conflict events (i.e., events between two organized groups, neither of which is the government of the state), and (3) one-sided violent events (i.e., use of force by the government of the state or a formally organized group against civilians). A formally organized group is defined as a group with an announced name. 

To capture the UCDP’s event categories in ACLED, we limited the ACLED data to battle-related events (which closely align with UCDP’s definition of state and non-state conflict), targeted explosions and remote violence, and violence against civilians (closely matching UCDP’s one-sided violence definition). We removed events labeled as riots, protests, and strategic development (more information on these events, including their definitions, can be found on the ACLED website [7]). We also excluded events involving “unidentified armed groups” as actors, to align as closely as possible with the UCDP's definition of a formally organized group. Based on the event notes provided in the ACLED dataset, it was also determined that these actors belonged to criminal networks or were involved in land or mining disputes, which were not relevant to this study. 

We evaluated the spatial accuracy of conflict events reported by both sources to determine their inclusion. Events lacking at least an administrative level 2 (district) location were excluded. ACLED assigns a geo-precision code from 1 to 3 to each event, with higher numbers indicating lower spatial precision [2]. Most events (53.4%) had a code of 1, followed by 45.6% with a code of 2, and less than 1% with a code of 3. None of the ACLED events were excluded based on spatial precision, as we had at least the second administrative level. 
UCPD records the accuracy of event locations on a scale from 1 to 7 [8] :
· 1: exact location of the event known and coded
· 2: event occurred within a maximum of 25km radius around a known point. The coded point is the known point.
· 3: only the second-order administrative division is coded with a point representing it (centroid)
· 4: only the first-order administrative division where an event happened is known. That administrative division is coded as a point representing it (centroid)
· 5: only spatial reference for the event is neither a known point nor a known formal admin division, but rather a linear feature (long river, a border, a longer road) or a fuzzy polygon without defined borders. A representation point is chosen for the feature and employed
· 6: only the country where the event took place is known
· 7: event in international waters or airspace

In Mali, the precision of UCDP events ranged from 1 to 6, with the majority of events (75.6%) having a precision of 1 or 2, and 8.3% with a precision of 3. Events with higher codes, specifically 4, 5, and 6, which only identified the region or country centroid, were excluded as they were deemed not precise enough for spatial analysis. 

When merging the datasets, we identified 2,593 potential duplicates with identical dates and coordinates. We reviewed fatalities, parties involved, and event descriptions to determine whether the records referred to the same event. The final conflict dataset included 6908 unique events, with ACLED contributing 67% and UCDP 33%. 

Figure S2 depicts the spatio-temporal distribution of conflict events from 2000 to 2024, while Figure S3 shows the trends in the number of fatalities by conflict event types over the same time period. 
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AI-generated content may be incorrect.]Figure S2. Spatial and temporal distribution of conflict-related events in Mali from 2000 to 2024
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Figure S3. Temporal distribution of conflict-related fatalities by conflict event type (battles, explosions/remote violence, and violence against civilians) in Mali from 2000 to 2024. 


Section 3: Kernel density estimation (KDE)

KDE is a non-parametric method that estimates the underlying probability density function (PDF) 𝑓 from a sample of random realizations of the process of interest [9, 10]. To estimate the PDF that reflects the phenomenon of interest, KDE requires a representative finite sample of events. By specifying a kernel function and a bandwidth, KDE computes the contribution of each event and, by summing these contributions across all observations, assigns a nonzero density to locations where no events were directly observed, based on their proximity to observed events (Figure S3). This approach helps reduce the influence of location bias and partially accounts for missed events. 
[image: ]
Figure S4. Representation of kernel density estimation (KDE). Legend: The kernel density function can be obtained by summing the contributions of each conflict event, each defined by a kernel (Gaussian) and a spatial and/or temporal bandwidth.  

KDE was defined using spatio-temporal bandwidths, considering fatalities, population size, and edge correction. Here, we elaborate on each parameter and offer a detailed rationale for some decisions.

Spatio-temporal bandwidth selection
The most important parameter of the KDE model is the bandwidth, which controls the level of smoothness. Large bandwidth values can lead to over-smoothing, producing surfaces that are too smooth to distinguish local density characteristics [11]. On the other hand, small bandwidth values can lead to under-smoothing, resulting in surfaces that are too noisy (i.e., with multiple peaks). The choice of bandwidth is therefore important for obtaining surfaces that adequately depict the process of interest. The bandwidth can either be fixed (implying that the radius over an event is kept the same across space and over time) or adaptive (adjusting the radius based on the number of events). Research has demonstrated that adaptive bandwidth KDE outperforms fixed bandwidth KDE, particularly for densities with substantial magnitude variations and multi-modalities [9].  

With an adaptive bandwidth, the radius, or circle of influence, of an event accounts for its proximity to other events. In areas with a high density of events, the resulting bandwidth will be small, whereas in areas with a low density of points, it will be large. More information can be found in this paper by Davies et al. [12] .

We used the bootstrap method to determine an appropriate spatio-temporal bandwidth [12], which involves constructing a ‘reference’ density estimate from the dataset, repeatedly simulating data from that reference density, and calculating the mean integrated squared error (MISE) for each iteration at different bandwidths. The bandwidth that minimises the bootstrap-estimated MISE was selected as the optimal (pilot) bandwidth [12]. The sparr package [12] on R software version 4.5.2 was used to implement the bootstrap method. 

Accounting for fatalities and population size
Considering the number of fatalities in the KDE is important because it can reflect the intensity of conflict events. Additionally, accounting for population size is relevant, as events in densely populated areas may not spread as widely as those in rural, remote areas. In the Malian context, most conflict events have occurred in rural areas, where access to social and health services, as well as economic opportunities, is more limited. Attacks in populated urban centres, such as the capital city Bamako, have been more targeted and sporadic. As a result, it is assumed that the broader population is less exposed to their effects, is less likely to change its behaviour, and tends to resume daily life more quickly. Consequently, risk perception in cities differs significantly from that in remote areas. This understanding draws on the lived experiences of co-authors from the country, as well as nationwide surveys documenting public perceptions of the conflict. The most recent Afrobarometer survey [13], conducted in 2024, found that 63% of rural respondents felt unsafe in their homes and neighborhoods due to insecurity, compared with 46% of urban respondents. Regional differences were also pronounced: in the more remote central regions of Mopti and Segou, perceived insecurity was 92% and 74%, respectively. It averaged 79% across the northern regions of Tombouctou, Gao, and Kidal, which together account for less than 10% of the country's overall population. By contrast, in the more densely populated southern areas (e.g., Bamako, Sikasso, Koulikoro), the perceived insecurity ranged from 44% to 48% [13, 14].  

 The KDE formula presented in (2) in the main paper can be adapted to account for the number of fatalities as well as population size as weights [15]: 
,
, where 𝜑() = 1 + ) is the weight variable.  is obtained by dividing the number of fatalities for event i by the population count at the location of event i. The log scale was used, recognizing that many events, particularly those recorded by ACLED, had zero casualties, while a few had very high casualty numbers. Events with zero fatalities had a weight of 1, while those with more fatalities carried higher weights on the log scale. The weights were then rounded to the nearest integer to reduce the effect of fluctuations in the number of casualties [15]. This calculation was performed for each year between 2000 and 2024.

Edge correction
KDE values for areas near country boundaries can be distorted by edge effects [11, 16]. Each event contributes a kernel to the density function; however, for events near the boundaries (or edges of the study window), part of the kernel extends beyond the study area and is therefore truncated. KDE values near the boundary are thus biased downward. Diggle proposed an edge-correction method that addresses this bias by weighting each event by the inverse of the proportion of its kernel that lies within the study boundaries [16]. Events whose kernels fall entirely within the study area receive a weight of 1, whereas events for which only a fraction of the kernel lies within the boundary receive a weight of 1 by that fraction. We implemented the edge correction using Monte Carlo sampling. For each conflict event location, 1,000 random points were generated to represent the kernel's spatial spread under an adaptive bandwidth, and the proportion of points falling within the country's boundaries was used to compute the corresponding weight for each event. 

Model specifications
Several model specifications for KDE were implemented, considering changes in spatial and temporal bandwidths and windows and adjustments for population size, mortality, and edge correction. Because our objective was to produce yearly surfaces, a reference date within each year was required; we selected December 31st and applied a 364-day temporal window so that only events occurring in the 364 days prior contributed to the annual intensity surfaces. A temporal bandwidth was not always applied in our base models, as it would imply that events closer to the reference date contributed more to the estimated probability density function than those earlier in the year. Since our primary interest was to weight all events within a given year equally, the temporal bandwidth was only considered in separate models. Additionally, as a sensitivity analysis, we also considered a symmetric temporal window of ±182 days centered on the reference date, July 2; events that occurred in the 182 days before and after that day were used to compute conflict intensity. We also further restricted the kernel by applying a 500- km cap to the spatial window in addition to the temporal window.

Computation time by model specifications
Table S1 presents the KDE model computation time for different specifications of the key parameters. The surfaces were generated at a resolution of 10 × 10 km.
Table S1. Computation time in seconds by KDE model specification
	
	KDE parameters
	Time (sec)

	
	Spatio-temporal window
	Spatio-temporal bandwidth
	Population adjustment
	

	Model 1
	No spatial window
Temporal window of 364 days

	Adaptive spatial bandwidth
No temporal bandwidth
	Yes
	~2600

	Model 2
	No spatial window
Temporal window of 364 days

	Adaptive spatial bandwidth
No temporal bandwidth
	No
	~2800

	Model 3
	No spatial window
Temporal window of 364 days

	Adaptive spatio-temporal bandwidth

	Yes
	~2800

	Model 4
	No spatial window
Temporal window of ± 182 days

	Adaptive spatio-temporal bandwidth

	Yes
	~2800

	Model 5
	Spatial window of 500 km
Temporal window of 364 days

	Adaptive spatial bandwidth
No temporal bandwidth
	Yes
	~970



Section 4: Exposure and outcome variables
Table S2. List of exposure and outcome variables 
	Construct
	Variable details

	Exposure to armed conflict 
	1. Continuous KDE-based conflict intensity values
· Number of conflict events per unit area aggregated at community health centre catchment area and health district levels

	
	2. Standard binary conflict exposure
· Health district level: (1) At least 1 conflict-related event per 100,000 population and (2) At least 1 conflict-related fatalities per 100,000 population
· Health facility level: (1) At least 1 conflict-related event within a 50-km radius of a  health centre and (2) At least 1 conflict-related fatalities within a 50-km radius of a health centre

	
	3. Standard continuous conflict exposure
· Health district level: (1) Number of conflict-related events per 100,000 population (2) Number of conflict-related fatalities per 100,000 population 
· Health facility level: Number of conflict-related events within a 50-km radius of facility

	Reproductive, maternal, and child health outcomes
	1. Unmet need for family planning
· Proportion of women of reproductive age with unmet contraceptive needs at health centre catchment area and health district levels

	
	2. Suboptimal antenatal care
· Proportion of pregnant women who attend fewer than four antenatal care visits at community health centre catchment area and health district levels

	
	3. Non-institutional delivery
·  Proportion of women who gave birth outside a health facility at community health centre catchment area and health district levels

	
	4. Missed DTP3 vaccination
· Proportion of children between 12 and 23 months who did not receive their DTP3 dose at community health centre catchment area and health district levels
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Section 4: Additional figures and tables
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Figure S5. Annual conflict intensity surfaces on the log-scale obtained using Model 2 specifications, Mali 2000 to 2024. Legend: Model 2 included a temporal window of 364 days, an adaptive spatial bandwidth, and edge correction. No spatial window, temporal bandwidth, or population size adjustment was accounted for. It should be noted that the number of events per unit area (10 km2) is displayed on a log scale. 
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Figure S6. Annual conflict intensity surfaces on the log-scale obtained using Model 3 specifications, Mali 2000 to 2024. Legend: Model 3 included a temporal window of 364 days, an adaptive spatio-temporal bandwidth, population size adjustment, and edge correction. No spatial window was included. It should be noted that the number of events per unit area (10 km2) per time unit (days) is displayed on a log scale.
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Figure S7. Annual conflict intensity surfaces on the log-scale obtained using Model 4 specifications, Mali 2000 to 2024. Legend: Model 4 included a temporal window of 182 days, an adaptive spatio-temporal bandwidth, population size adjustment, and edge correction. No spatial window was included. It should be noted that the number of events per unit area (10 km2) per time unit (days) is displayed on a log scale.
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Figure S8. Annual conflict intensity surfaces on the log-scale obtained using Model 5 specifications, Mali 2000 to 2024. Legend: Model 5 included a temporal window of 364 days, a spatial window of 500 km, an adaptive spatial bandwidth, population size adjustment, and edge correction. No temporal bandwidth was included. It should be noted that the number of events per unit area (10 km2) is displayed on a log scale.
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Figure S9. Annual distribution of conflict intensity value on the log scale across KDE model specifications. The five model specifications are depicted. Legend: To facilitate comparison between the spatial KDE (models 1, 2, and 5) and the spatio-temporal KDE (models 3 and 4), we converted the spatio-temporal KDE models to spatial models by aggregating the estimated intensity values over the temporal window [17]. 


Table S3. Annual agreement between KDE model specifications based on RMSE and MAE
	
	Model 1 vs 2
	Model 1 vs 3
	Model 1 vs 4
	Model 1 vs 5

	
	RMSE
	MAE
	RMSE
	MAE
	RMSE
	MAE
	RMSE
	MAE

	2000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	2001
	0.000
	0.000
	0.026
	0.005
	0.021
	0.004
	0.000
	0.000

	2002
	0.102
	0.030
	0.076
	0.021
	0.066
	0.018
	0.000
	0.000

	2003
	0.000
	0.000
	0.021
	0.004
	0.019
	0.004
	0.000
	0.000

	2004
	0.064
	0.023
	0.116
	0.040
	0.100
	0.035
	0.020
	0.004

	2005
	0.021
	0.004
	0.048
	0.009
	0.043
	0.008
	0.000
	0.000

	2006
	0.029
	0.014
	0.211
	0.095
	0.185
	0.086
	0.098
	0.038

	2007
	0.008
	0.005
	0.467
	0.284
	0.460
	0.281
	0.328
	0.150

	2008
	0.121
	0.090
	0.612
	0.440
	0.563
	0.403
	0.577
	0.366

	2009
	0.069
	0.036
	0.340
	0.168
	0.296
	0.148
	0.298
	0.109

	2010
	0.183
	0.109
	0.243
	0.140
	0.236
	0.137
	0.195
	0.107

	2011
	0.117
	0.081
	0.392
	0.258
	0.381
	0.251
	0.437
	0.278

	2012
	0.335
	0.307
	1.221
	1.081
	1.140
	0.996
	1.135
	0.784

	2013
	0.226
	0.226
	1.425
	1.411
	1.314
	1.280
	1.370
	1.126

	2014
	0.255
	0.190
	0.733
	0.533
	0.670
	0.488
	0.373
	0.217

	2015
	0.589
	0.567
	1.044
	0.990
	0.941
	0.886
	0.909
	0.789

	2016
	0.496
	0.428
	0.931
	0.781
	0.878
	0.730
	0.691
	0.517

	2017
	0.628
	0.624
	1.208
	1.186
	1.158
	1.128
	1.247
	1.075

	2018
	0.608
	0.607
	1.546
	1.510
	1.499
	1.448
	1.613
	1.334

	2019
	0.558
	0.557
	1.647
	1.614
	1.605
	1.562
	1.930
	1.518

	2020
	0.530
	0.527
	1.627
	1.570
	1.588
	1.519
	2.127
	1.554

	2021
	0.483
	0.480
	1.435
	1.399
	1.392
	1.345
	1.819
	1.379

	2022
	0.562
	0.562
	1.682
	1.628
	1.640
	1.570
	1.968
	1.552

	2023
	0.547
	0.547
	1.557
	1.513
	1.519
	1.461
	1.813
	1.442

	2024
	0.507
	0.507
	1.572
	1.529
	1.516
	1.454
	1.815
	1.451
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Figure S10. Conflict exposure surfaces generated using the standard approaches and kernel density estimation (KDE) for the years 2013, 2018, and 2023
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Figure S11. Quintiles of KDE values for years 2013, 2018, and 2023. Legend: We considered Q4 and Q5 as population groups that were moderately and severely exposed to armed conflict, respectively. 
[image: ]

Figure S12. Comparison of kernel density estimation (KDE) and the fixed-radius approach in the population of women of reproductive age (15 to 49 years) estimated to be exposed to armed conflict. Legend: The standard approaches considered from top to bottom are the conflict event rates, the fatality rates, and the fixed radius. Panels 1, 2, and 3 display the agreement for years 2013, 2018, and 2023, respectively. The years’ respective percent agreement and Cohen’s kappa values are also provided.


[image: ]

Figure S13. Comparison of kernel density estimation (KDE) and the fixed-radius approach in the under-five population estimated to be exposed to armed conflict. Legend: The standard approaches considered from top to bottom are the conflict event rates, the fatality rates, and the fixed radius. Panels 1, 2, and 3 display the agreement for years 2013, 2018, and 2023, respectively. The years’ respective percent agreement and Cohen’s kappa values are also provided.
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Figure S14. Coverage of reproductive, maternal, and child health indicators at the health district level for the years 2012 and 2018
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Figure S15. Coverage of reproductive, maternal, and child health indicators in the community health centre catchment areas for the years 2012 and 2018
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Figure S16. Association between conflict exposure measures and reproductive, maternal, and child health outcomes at the health district level, 2012. Legend: The left column displays RMCH indicator (%) distributions by the binary conflict exposure, defined as occurrence of at least one fatality per 100,000 population. The middle column shows distributions of the RMCH indicator (logit) by fatality rates on the log scale. The right column presents distributions of the RMCH indicator (logit) by continuous conflict intensity on the log scale, estimated using kernel density estimation (KDE). The linear regression lines are shown in light red, and the non-linear lines from generalized additive models are shown in dark red.

[image: ]
Figure S17. Association between conflict exposure measures and reproductive, maternal, and child health outcomes at the health district level in 2012. Legend: The left column displays RMCH indicator (%) distributions by the binary conflict exposure, defined as the occurrence of at least one event per 100,000 population. The right column shows distributions of the RMCH indicator (logit) by event rates on the log scale. The linear regression lines are shown in light red, and the non-linear lines from generalized additive models are shown in dark red.

[image: ]
Figure S18. Association between conflict exposure measures and reproductive, maternal, and child health outcomes at the health district level in 2018. Legend: The left column displays RMCH indicator (%) distributions by the binary conflict exposure, defined as the occurrence of at least one event per 100,000 population. The right column shows distributions of the RMCH indicator (logit) by event rates on the log scale. The linear regression lines are shown in light red, and the non-linear lines from generalized additive models are shown in dark red.
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Figure S19. Association between conflict exposure measures and reproductive, maternal, and child health outcomes at the community health centre level, 2012. Legend: The left column displays RMCH indicator (%) distributions by the binary conflict exposure, defined as the occurrence of at least one fatality within a 50-km buffer. The middle column shows distributions of the RMCH indicator (logit) by number of fatalities within a 50-km radius on the log scale. The right column presents distributions of the RMCH indicator (logit) by continuous conflict intensity on the log scale, estimated using kernel density estimation (KDE). The linear regression lines are shown in light red, and the non-linear lines from generalized additive models are shown in dark red.
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Figure S20. Association between conflict exposure measures and reproductive, maternal, and child health outcomes at the health district level in 2012. Legend: The left column displays RMCH indicator (%) distributions by the binary conflict exposure, defined as the occurrence of at least one event within 50 km of a health facility. The right column shows distributions of the RMCH indicator (logit) by the number of events within a 50-km radius on the log scale. The linear regression lines are shown in light red, and the non-linear lines from generalized additive models are shown in dark red.

[image: ]
Figure S21. Association between conflict exposure measures and reproductive, maternal, and child health outcomes at the health district level in 2018. Legend: The left column displays RMCH indicator (%) distributions by the binary conflict exposure, defined as the occurrence of at least one event within 50 km of a health facility. The right column shows distributions of the RMCH indicator (logit) by the number of events within a 50-km radius on the log scale. The linear regression lines are shown in light red, and the non-linear lines from generalized additive models are shown in dark red.

Table S4. Spearman correlation coefficients and model fit metrics for the association between conflict exposure measures and reproductive, maternal, and child health outcomes at district and facility levels in 2013

	
	
	Health district level
	
	Health facility level

	[bookmark: _Hlk243236948]
	
	ρ
	Pseudo-R2
	AIC
	
	ρ
	Pseudo-R2
	AIC

	Unmet contraception need
	At least one event per 100,000
	0.165
	0.065
	11502.8
	At least one event within 50-km buffer
	-0.208
	0.104
	19271.9

	
	Log(number of events per 100,000)
	0.162
	0.061
	9827.6
	Log(number of events within 50-km buffer)
	-0.173
	0.094
	18304.1

	
	At least one fatality per 100,000
	0.057
	0.072
	17063.2
	At least one fatality within 50-km buffer
	-0.284
	0.108
	20606.7

	
	Log(number of fatalities per 100,000)
	0.089
	0.089
	20308.2
	Log(number of fatalities within 50-km buffer)
	-0.239
	0.093
	17313.1

	
	Log(conflict intensity value)
	0.312
	0.051
	0.0
	Log(conflict intensity value)
	0.241
	0.486
	0.0

	Suboptimal antenatal care
	At least one event per 100,000
	0.430
	0.024
	3554.1
	At least one event within 50-km buffer
	-0.080
	0.022
	-32850.3

	
	Log(number of events per 100,000)
	0.379
	0.037
	5720.2
	Log(number of events within 50-km buffer)
	-0.033
	0.024
	-32241.8

	
	At least one fatality per 100,000
	0.328
	0.033
	6519.6
	At least one fatality within 50-km buffer
	-0.151
	0.026
	-10274.5

	
	Log(number of fatalities per 100,000)
	0.349
	0.043
	7975.1
	Log(number of fatalities within 50-km buffer)
	-0.102
	0.026
	-10132.5

	
	Log(conflict intensity value)
	0.737
	0.034
	0.0
	Log(conflict intensity value)
	0.649
	0.459
	0.0

	Non-institutional delivery
	At least one event per 100,000
	0.395
	0.027
	4061.8
	At least one event within 50-km buffer
	0.001
	0.018
	-50988.7

	
	Log(number of events per 100,000)
	0.360
	0.042
	5907.5
	Log(number of events within 50-km buffer)
	0.053
	0.019
	-50649.8

	
	At least one fatality per 100,000
	0.284
	0.042
	7794.6
	At least one fatality within 50-km buffer
	-0.072
	0.025
	-12302.8

	
	Log(number of fatalities per 100,000)
	0.293
	0.054
	9687.6
	Log(number of fatalities within 50-km buffer)
	-0.020
	0.025
	-11807.3

	
	Log(conflict intensity value)
	0.755
	0.069
	0.0
	Log(conflict intensity value)
	0.677
	0.578
	0.0

	Missed DTP3 vaccination
	At least one event per 100,000
	0.274
	0.009
	145.7
	At least one event within 50-km buffer
	-0.008
	0.014
	-37117.1

	
	Log(number of events per 100,000)
	0.226
	0.036
	1004.6
	Log(number of events within 50-km buffer)
	0.033
	0.013
	-37129.1

	
	At least one fatality per 100,000
	0.159
	0.028
	935.2
	At least one fatality within 50-km buffer
	-0.034
	0.007
	-2514.9

	
	Log(number of fatalities per 100,000)
	0.188
	0.039
	1264.2
	Log(number of fatalities within 50-km buffer)
	0.009
	0.007
	-2503.3

	
	Log(conflict intensity value)
	0.473
	0.032
	0.0
	Log(conflict intensity value)
	0.368
	0.536
	0.0





References
1. Institut National de la Statistique. Recensement Général de la Population et de l’Habitat. 2026. https://www.instat-mali.org/fr/publications/recensement-general-de-la-population-et-de-lhabitat-rgph. Accessed 22 Oct 2026.
2. ACLED. Armed Conflict Location & Event Data (ACLED) Codebook. 2024.
3. Raleigh C, Kishi R, Linke A. Political instability patterns are obscured by conflict dataset scope conditions, sources, and coding choices. Humanities and Social Sciences Communications 2023 10:1. 2023;10:74-. https://doi.org/10.1057/s41599-023-01559-4.
4. Davies S, Pettersson T, Sollenberg M, Öberg M. Organized violence 1989–2024, and the challenges of identifying civilian victims. Journal of Peace Research. 2025;62.
5. Sundberg R, Melander E. Introducing the UCDP Georeferenced Event Dataset. J Peace Res. 2013;50.
6. Raleigh C, Kishi R. Comparing Conflict Data: Similarities and Differences Across Conflict Datasets. 2019.
7. ACLED | Bringing Clarity to Crisis. https://acleddata.com/#/dashboard. Accessed 6 Oct 2020.
8. UCDP Georeferenced Event Dataset Codebook Version 20.1. 2020.
9. Silverman BW. Density Estimation for Statistics and Data Analysis. First edition. CRC Press; 1998.
10. Chen YC. A tutorial on kernel density estimation and recent advances. Biostat Epidemiol. 2017;1:161–87. https://doi.org/10.1080/24709360.2017.1396742.
11. Moraga Paula. Spatial statistics for data science : theory and practice with R. CRC Press; 2024.
12. Davies TM, Marshall JC, Hazelton ML. Tutorial on kernel estimation of continuous spatial and spatiotemporal relative risk. Stat Med. 2018;37:1191–221. https://doi.org/10.1002/SIM.7577.
13. Groupe de Recherche en Economie Appliquée et Théorique (GREAT). Résumé des résultats: Enquête d’Afrobarometer Round 10 au Mali, 2024. 2025.
14. AfroBarometer. La majorité des Maliens se sentent en insécurité, tout en reconnaissant les efforts du gouvernement en matière de sécurité – Afrobarometer. 2025.
15. Tapsoba A. The cost of fear: Impact of violence risk on child health during conflict. J Dev Econ. 2023;160:102975. https://doi.org/10.1016/j.jdeveco.2022.102975.
16. Diggle PJ. Statistical Analysis of Spatial and Spatio-Temporal Point Patterns. 3rd edition. Chapman and Hall/CRC; 2013. https://doi.org/10.1201/b15326.
17. Hu Y, Wang F, Guin C, Zhu H. A spatio-temporal kernel density estimation framework for predictive crime hotspot mapping and evaluation. Applied Geography. 2018;99:89–97. https://doi.org/10.1016/j.apgeog.2018.08.001.
 
image3.tiff
Number of conflict-related fatalities by event type

10t
o)
]
2 Event type
o 102~ of
g - Toul
= == Battles
s
= o~ Explosions/Remole violence
5 o Vikoncs againt s
H
5
H
o'
1o

2000 2005 2010 2015 2020




image4.png




image5.tiff
Adaptive KDE rasters (log scale) - Temporal window of 365 days and no pop adjustment
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Adaptive KDE rasters (log scale) - Temporal window of 365 days and temporal bandwidth
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Adaptive KDE rasters (log scale) - Temporal window of 182 days and temporal bandwidth
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Adaptive KDE rasters (log scale) - Temporal window of 365 days and spatial window of 500 km
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log(conflict intensity value)
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Event rate approach
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