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Abstract 

Background Those responding to humanitarian crises have an ethical imperative to respond most where the need 
is greatest. Metrics are used to estimate the severity of a given crisis. The INFORM Severity Index, one such metric, 
has become widely used to guide policy makers in humanitarian response decision making. The index, however, has 
not undergone critical statistical review. If imprecise or incorrect, the quality of decision making for humanitarian 
response will be affected. This analysis asks, how precise and how well does this index reflect the severity of condi-
tions for people affected by disaster or war?

Results The INFORM Severity Index is calculated from 35 publicly available indicators, which conceptually reflect the 
severity of each crisis. We used 172 unique global crises from the INFORM Severity Index database that occurred Janu-
ary 1 to November 30, 2019 or were ongoing by this date. We applied exploratory factor analysis (EFA) to determine 
common factors within the dataset. We then applied a second-order confirmatory factor analysis (CFA) to predict cri-
sis severity as a latent construct. Model fit was assessed via chi-square goodness-of-fit statistic, Comparative Fit Index 
(CFI), Tucker-Lewis Index (TLI), and Root Mean Square Error of Approximation (RMSEA). The EFA models suggested a 3- 
or 4- factor solution, with 46 and 53% variance explained in each model, respectively. The final CFA was parsimonious, 
containing three factors comprised of 11 indicators, with reasonable model fit (Chi-squared = 107, with 40 degrees of 
freedom, CFI = 0.94, TLI = 0.92, RMSEA = 0.10). In the second-order CFA, the magnitude of standardized factor-loading 
on the ‘societal governance’ latent construct had the strongest association with the latent construct of ‘crisis severity’ 
(0.73), followed by the ‘humanitarian access/safety’ construct (0.56).

Conclusions A metric of crisis-severity is a critical step towards improving humanitarian response, but only when it 
reflects real life conditions. Our work is a first step in refining an existing framework to better quantify crisis severity.
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Background
Humanitarian crises present a multitude of possible 
harmful health consequences for individuals [1]. When 
populations are displaced, new settlements can have poor 
housing and sanitation conditions, leading to increased 
prevalence of acute infectious diseases, such as respira-
tory and enteric illnesses [2, 3]. Disruption of food sys-
tems can result in acute malnutrition [4, 5] as well as 
further chronic malnutrition [6]. In addition, interrup-
tion of health services limits the management of chronic 
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diseases [7], access to sexual and reproductive health 
care [8], and distribution of immunizations among chil-
dren [9]. Mental health disorders, namely post-traumatic 
stress disorder, depression, and anxiety, are common 
among the displaced [10]. While each of these morbidi-
ties are harmful on their own, they often interact, wors-
ening overall wellbeing [1], and playing a role in the 
larger ecosystem that affects high mortality rates among 
crisis-affected people [11]. Moreover, the impacts of 
humanitarian crises go beyond individual well-being to 
negatively influence communities, society, and the envi-
ronment [12]. Given the potentially devastating and long-
standing impact of a humanitarian crisis, it is critical to 
provide aid where it is needed most.

The need for humanitarian assistance is great; yet there 
is limited funding available for response. For example, 
in 2020, the United Nations Office for the Coordina-
tion of Humanitarian Affairs (UNOCHA) estimated that 
there were 166.5 million people requiring humanitarian 
assistance and a gap of $14 billion (USD) in aid fund-
ing [13]. With limited funding, it is imperative to assess 
which populations are in the greatest need and allocate 
resources accordingly. Currently, the United Nations 
(UN) system uses the crisis metric number of people in 
need (PIN) of humanitarian assistance to guide aid allo-
cation. Because crises are diverse, the definition of PIN 
is non-specific [14] and the estimation is based on non-
standardized data collection [15]. Thus, using PIN as a 
basis of allocating resources may be limited. One step 
towards improving aid allocation is shifting the paradigm 
away from asking “how many people are in need?” and 
towards, “how bad are their needs?”. Accordingly, a sys-
tematic metric of crisis severity, that is “how bad is it?”, 
would reflect needs in ongoing crises and predict sever-
ity if conditions change [16]. Applying a component 
measurement of crisis severity to aid allocation should 
help align resource distribution with core humanitarian 
principles: humanity, impartiality, independence, and 
neutrality.

Developing a metric to quantify the severity of a crisis 
is challenging. First and foremost, humanitarian crises 
are diverse and evolving events. Of the metrics that can 
be applied to a wide array of crises, most are designed for 
intra-country assessment of severity (e.g., the UNOCHA’s 
Humanitarian Needs Comparison Tool [17] or Kandeh 
et al.’s assessment of crisis-related vulnerability in Yemen 
[18]). While it is useful to assess geographic disparities, 
the need for humanitarian assistance is often based on 
estimates of overall crisis severity. For example, Bayram 
et al.’s 2012 Public Health Impact Severity Scale recom-
mends using expert opinion to rank 12 indicators from 
the Sphere Project “Minimum Standards”, with the final 
severity score reflecting a weighted sum of the ranks [19]. 

This framework, however, has yet to be implemented as 
the authors state limited availability of timely data. Eriks-
son et  al. proposed a similar approach of ranking and 
summing key variables, but conceptualized severity as 
more holistic predictor of humanitarian need by drawing 
on psychological theory and ranked variable importance 
based on presence of the indicator in the literature [20]. 
Like the Public Health Impact Severity Scale, use of their 
model has not been widespread.

The current model used to quantify crises severity is 
the INFORM Severity Index, a metric based on compa-
rable data drawn from publicly available sources [21]. 
Developed via partnerships and through consensus 
building among experts, the index uses a conceptual 
framework that describes crisis severity as a complex, 
multi-factorial construct after the immediate, emergency 
phase of crisis. The index is used by policymakers to set 
or justify priorities for providing humanitarian support, 
bring attention to unknown crises, and to monitor crisis 
trends. However, the model has not to date undergone 
statistical review.

We seek to critically evaluate the overall index model 
structure and assess the relationships between indica-
tors. The INFORM Severity Index database, which was 
publicly available under the name ‘Global Crisis Sever-
ity Index (GCSI)’, included 172 unique crises in the ver-
sion released in December 2019. These crises were either 
ongoing as of November 30, 2019, or had occurred earlier 
in 2019. The INFORM model inputs 35 unique indica-
tors across three pillars (‘impact of the crisis’, ‘complexity 
of the crisis’, ‘conditions of the people’) to estimate crisis 
severity (see Table  1 for data and definitions and Addi-
tional  file  1: Appendix  1 for details regarding the GCSI 
construction). Because this is the most commonly used 
data source for humanitarian stakeholders to assess crisis 
severity, our objective is to determine if the entire model 
or a subset of its components could be used to estimate 
crisis severity through a score. Importantly, the GCSI 
dataset tracks diverse crises and analysis of it provides 
insight into severity of a wide range of emergency events. 
Here, we applied factor analysis, a method commonly 
used for data reduction of highly correlated and grouped 
data. This review is an attempt to generate a more robust 
estimate of crisis severity.

Methods
Data
We analyzed data from the beta version of the INFORM 
Severity Index database, which was publicly available 
under the name ‘Global Crisis Severity Index (GCSI)’ 
and released in December 2019 [22]. We extracted data 
from 172 unique global crises that were either ongoing as 
of November 30, 2019, or had occurred earlier in 2019. 
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Additional file 1: Appendix 1 describes how the INFORM 
Severity Index is calculated.

Measures
The GCSI uses a total of 35 ordinal indicators to repre-
sent three pillars (impact of the crisis, complexity of the 
crisis, conditions of the people), which we consider latent 
constructs (Table  1). Each ordinal indicator is scored 
based on continuous variables. The first construct, ‘the 
impact of the crisis’, is comprised of 11 indicators, all 
of which are ordinal versions of data collected from the 
specific crisis. The second construct, ‘the complexity of a 
crisis’, is comprised of 22 indicators. Of these indicators, 
12 are publicly available indices; one is an ordinal version 
of data collected from the specific crisis; and the remain-
ing nine indicators reflect qualitative information that is 
given a quantitative score. The final construct, ‘conditions 
of the people’, has two indicators, each of which uses esti-
mates of the number of people in need of humanitarian 
assistance for the given crisis. Spearman’s rank correla-
tion coefficients for all indicators are presented in Addi-
tional file  1: Appendix  1. From the 35 GCSI indicators, 
we removed three indicators that had more than 25% of 
observations missing.

Analytical approaches
Modeling a construct such as ‘severity’ requires leverag-
ing information from multiple indicators. Any approach 
that does not account for correlation between the indi-
cators will likely result in imprecise final estimates. Thus, 
our analytical framework uses structural equation mod-
eling to predict crisis severity. This method explicitly 
includes measurement error for each indicator, assess-
ment of model fit – both overall and at the indicator level 
-, and prediction from optimal combinations of indica-
tors. The overall goal of the analysis is to deduce causal 
relationships by accounting for correlation coefficients. 
To do so, we have a two-step approach. First, we used 
exploratory factor analysis (EFA) to identify patterns 
of grouping among the indicators. This step provided 
insight on whether the data supported the GCSI pillar 
construction. We then applied confirmatory factor analy-
sis (CFA) to test whether the identified relationships from 
the EFA were statistically meaningful and if the multiple 
latent constructs were inter-related (as hypothesized by 
the GCSI pillar construction).

Exploratory factor analysis
We evaluated the relationships between 32 indica-
tors in the GCSI conceptual framework through EFA. 
Based on an initial scree plot, we employed four maxi-
mum likelihood EFA models, ranging from 3- to 6 -fac-
tor solutions, each with an oblimin rotation, that is, 

correlation was permitted between factors [23]. Miss-
ing values were imputed with the indicator median 
within all EFAs. We evaluated the models for the fol-
lowing characteristics: sums of squared loadings greater 
than 1.0 for each factor; factors that contribute to at 
least 10% to the overall variance; and collective contri-
bution of at least 60% of the overall variance. Next, we 
reviewed the indicator factor loadings to identify latent 
constructs within the dataset.

Using the information learned from the EFA models, 
we removed indicators from the dataset if they did not 
provide unique information to identified factors as their 
inclusion in a final score could lead to either bias or 
imprecision. Indicators were removed if they had factor 
loadings less than 0.30 or cross-loaded onto more than 
one factor with a loading less than 0.20, or if cross-load-
ings had values in opposite directions (for example, 0.37 
and − 0.33).

Confirmatory factor analysis
With the reduced dataset and using standardized indica-
tors, we applied a full information maximum likelihood 
CFA to model crisis severity. First, we built first-order 
CFAs with relationships identified in the EFA. We 
removed indicators from the CFAs if they had residuals 
greater than 0.10 with indicators on different latent con-
structs. We also added covariances between indicators 
on the same latent construct if their residual correlation 
was greater than 0.10. Finally, we added a second-order 
latent construct to the model, which represented ‘crisis 
severity’. Model fit was assessed via chi-square goodness-
of-fit statistic, Comparative Fit Index (CFI), Tucker-Lewis 
Index (TLI), and Root Mean Square Error of Approxima-
tion (RMSEA). Acceptable model fit was evaluated using 
recommended cut-offs characterized as CFI and TLI 
greater than 0.90 and RMSEA less than 0.08 [24].

We also estimated values for the latent crisis severity 
variable (i.e., factor scores) based on the factor loadings 
in the second-order CFA. Latent severity scores were 
normalized to range from zero to one.

We conducted several subanalyses to determine the 
robustness of the overall results. These analyses focused 
on: incorporating the ‘people in need of humanitarian 
assistance’ indicator within the final models (see Addi-
tional file  1: Appendix  5); data quality implications (see 
Additional file  1: Appendix  6); comparison of the mod-
eled scores to the original scores (see Additional file  1: 
Appendix 7); the role of governance when estimating cri-
sis severity (Additional file  1: Appendix  8); the implica-
tion of missing data (see Additional file 1: Appendix 9); 
and the overall model fit bootstrapped subsamples of the 
dataset (see Additional file 1: Appendix 10).
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Analyses were conducted using the R (version 3.6.2) 
packages psych, GPArotation, and lavvan; see Additional 
file 1: Appendix 4 for primary analyses’ R code.

The Human Research Protection Office within the 
Center for Global Health at the Centers for Disease Con-
trol and Prevention reviewed the study and determined it 
to be non-research.

Results
Original GCSI score
The GCSI includes a large number of indicators (Table 1), 
which reflect both crisis related data and non-crisis 
related data. The original GCSI score is generated from 
combining these indicators into pillars, which are then 
aggregated into a score. For example, the complex emer-
gency in Somalia, coded as SOM001 in the GCSI data-
base, was classified as having “High Severity” with a score 
of 4.0 as of November 2019. Qualitatively, there is con-
currence between the GCSI score given to the Somali 
crisis and the nation’s social structure and events that 
have occurred there; approximately 4 million people 
needed humanitarian assistance in Somalia in 2019, and 
millions had been displaced by recurring conflict, inse-
curity, forced evictions, drought, and floods (see https:// 
www. unocha. org/ somal ia). The GCSI Severity Score for 
Somalia was estimated via a weighted mean of the values 
derived for each pillar: 4.4 (with a 0.2 weight applied) for 
the Impact of the Crisis, 4.4 (with a 0.3 weight applied) 
for the Complexity of the Crisis, and 3.0 (with a 0.5 
weight applied) for the Conditions of the People. The 
data feeding into these estimates, and their values, are 
presented in Fig. 1. Within the figure, each box is a data 
point, each oval represents the aggregation of the boxes 
(or other ovals) preceding it (represented by an arrow), 
and each circle represents the aggregation into the GCSI 
pillars. Importantly, each pillar calculation, and the cal-
culation of the sub-indicators used in the pillar score, 
is unique (see Additional file 1: Appendix 1 for details). 
Briefly, the pillar scores are derived using the following 
approaches:

• The Impact of the Crisis (Fig.  1A) is the weighted 
sum of two composite indicators - The Human 
Impact (weighted at 0.7) and the Geographical 
Impact (weighted at 0.3). The Human Impact Score is 
an aggregate of 4 sub-indicators, however, for Soma-
lia, data are only available for 3 components. The 
Geographical Impact is a mean score generated from 
two sub-indicators.

• The Complexity of the Crisis (Fig.  1B) is estimated 
by calculating the geometric mean of two composite 
indicators – Society and Safety and Operating Envi-
ronment. The Society and Safety Score reflect a mean 

of three sub-indicators, each with a different number 
of data inputs. Missing inputs, such as ‘Gender Ineq-
uity’ in Somalia, are ignored during aggregation. The 
Operating Environment Score is estimated from the 
average value of a sub-indictor and a data input vari-
able. However, here, the sub-indicator aggregation 
mostly reflects summation, and is scaled if there are 
more than two variables that contribute to the sub-
indicator.

• Conditions of the People as a Result of the Crisis 
(Fig. 1C) is the average of two sub-indicators – Cur-
rent Humanitarian Conditions of the Total Popu-
lation, and Current Humanitarian Conditions of 
the Population Affected. Here, the population is 
ranked into one of five levels: 1. those facing mini-
mal humanitarian need, 2. those in stressed humani-
tarian conditions and needs, 3. those in moder-
ate humanitarian conditions and needs; 4. those in 
severe humanitarian conditions and needs, and 5. 
those in extreme humanitarian conditions and needs. 
The Current Humanitarian Conditions of the Total 
Population sub-indicator reflects the sum of peo-
ple in levels 3-5, which is then ranked. The Current 
Humanitarian Conditions of the Population Affected 
sub-indictor, however, is calculated slightly differ-
ently. Here, the highest level is taken if the percent 
of the population affected at that level is greater than 
5%. For example, the Somalia crisis is given a value of 
3 for this indicator because 11.5% of the population 
affected fall into level 3 of need.

Overall, Fig. 1 paints an intricate, and convoluted, pic-
ture of data relationships used to classify the severity 
of the Somali crisis. Understanding these relationships 
sheds insight into how these data can be used to generate 
severity values.

GCSI analysis
To guide our analysis, we first examined the follow-
ing characteristics of the GCSI data frame: correla-
tion between indicators, distributions of indicators, 
and the proportion of non-missing data. The indicators 
are highly correlated (see Additional file 1: Appendix 1) 
within the conceptual GCSI pillars and between them, 
with approximately 31% of the indicators having corre-
lation coefficients greater than +/− 0.6. The correlation 
values suggest complex underlying relationships, and 
inference thereof required a method that accounts for 
statistical dependencies. Mean and median values of the 
ordinal scores did not differ greatly for most indicators, 
suggesting only slightly skewed distributions (Table  2) 
and the appropriate application of parametric methods. 
Three indicators had a substantial proportion of missing 

https://www.unocha.org/somalia
https://www.unocha.org/somalia
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data (‘Number of people ill’; ‘Number of people injured’; 
‘Number of fatalities’), so we removed them from our 
analysis. Seventy-five to 100% of observations were 
available for the remaining 32 indicators. The indicators 
related to people displaced from a crisis had the two low-
est number of observations (75 and 77% of total obser-
vations), as did the indicator for people in need (80% of 
total observations).

We applied factor analysis to test whether the indi-
cators in the GCSI dataset could be used to gener-
ate an estimate of crisis severity. Our approach had 

two primary steps: exploratory factor analysis (EFA), 
followed by confirmatory factor analysis (CFA). We 
removed all “pillar” aggregated values and only used the 
input data to generate our models. In the EFA model, 
we imputed median values of a given indicator if the 
observation was missing, while in the CFA model, we 
used maximum likelihood to address missing informa-
tion. To assess whether these approaches influenced the 
final model estimates, we also ran the EFA model using 
case deletion for missing observations and the CFA 
model using multiple imputation (Additional file  1: 

Fig. 1 A schematic of the GCSI conceptual framework for the complex crisis in Somalia (coded as SOM001 in the GCSI database). Each box 
represents a data point, each oval represents the aggregation of the boxes (or other ovals) preceding it (represented by an arrow), and each circle 
represents the aggregation into the GCSI pillars. Shapes with dashed values represented aggregated scores of sib-indicators and bold shapes are 
the aggregated final scores. Panel A shows the Impact of the Crisis. Panel B shows the Complexity of the Crisis. Panel C shows the Conditions of the 
People. In panel C, the Condition of the population in Need Score shows values that are scaled to 1,000,0000 people
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Appendix  9). We found negligible differences between 
the results from these different approaches and those 
presented here (Additional file 1: Appendix 9).

EFA
We examined 32 of the 35 GCSI variables to assess their 
grouped correlation patterns. The EFA models suggested 
a 3- or 4-factor solution (Table 3). While the 5- and 6-fac-
tor solutions had greater cumulative variance explained. 
The proportion variance explained for each factor did not 
add substantive information to the model. This was also 

evident in the indicator factor loadings for these mod-
els, which showed more cross-loadings between indica-
tors on factors with less than 10% proportion variance 
explained (see Additional file  1: Appendix  2 for factor 
loadings for 5- and 6-factor solutions).

Additional examination of the factor loadings in 3- 
and 4- factor models highlighted three primary findings 
(Table 4). First, several indicators had factor loadings less 
than 0.30, which implies that they do not contribute to 
any of the factors. Second, indicator cross-loadings onto 
multiple factors were common, and thus, these indicators 

Table 2 Descriptive statistics for Global Crisis Severity Index (GCSI) indicators: Mean, standard deviation, median, range, and total 
number of observations (n) are presented for each indicator. Indicators are highlighted to reflect GCSI latent constructs (GCSI dataset, 
2019, N = 172)

GCSI Latent Constructs Indicator Mean (Standard 
Deviation)

Median (Range) n

Impact of the Crisis Landmass affected - absolute 2.7 (1.3) 3 (1-5) 162

Landmass affected - relative 3.6 (1.3) 4 (1-5) 162

People living in the affected area - absolute 3.0 (1.3) 3 (1-5) 162

People living in the affected area - relative 3.3 (1.5) 3 (1-5) 158

People affected - absolute 2.4 (1.3) 2 (1-5) 153

People affected - relative 2.5 (1.3) 2 (1-5) 149

People displaced - absolute 2.6 (1.4) 3 (0-5) 133

People displaced - relative 2.3 (1.4) 2 (0-5) 130

Complexity of the Crisis Corruption perception 3.6 (0.5) 3.6 (1.7-4.5) 171

Rule of law (WGI) 3.3 (0.6) 3.3 (1.6-4.8) 172

Rule of law (BTI) 3.0 (0.8) 3.0 (0.3-4.5) 161

Freedom in the world 3.0 (1.1) 3.1 (0.3-5.0) 172

Total killed in all crisis 2.3 (1.5) 3 (0-5) 140

Conflict intensity 3.5 (1.4) 3 (0-5) 172

Gender inequality 3.3 (0.9) 3.5 (0.5-5.0) 151

Income gini coefficient 1.9 (0.9) 2.1 (0.0-4.5) 149

Ethnic fractionalisation 3.0 (1.4) 3.1 (0.0-5.0) 172

Size of excluded ethnic groups 1.4 (1.6) 1 (0-5) 172

Empowerment 2.8 (1.2) 2.6 (0.7-5.0) 168

BTI - Democracy status 2.7 (0.8) 2.7 (0.5-4.3) 161

Crisis affected groups 3.1 (1.4) 3 (1-5) 165

Impediments to entry into country (bureaucratic and administrative) 0.7 (0.8) 0 (0-3) 161

Restriction of movement (impediments to freedom of movement and/or 
administrative restrictions)

1.0 (1.1) 1 (0-3) 162

Interference into implementation of humanitarian activities 0.9 (1.0) 1 (0-3) 162

Violence against personnel, facilities and assets 0.5 (1.0) 0 (0-3) 164

Denial of existence of humanitarian needs or entitlements to assistance 0.6 (0.9) 0 (0-3) 159

Restriction and obstruction of access to services and assistance 1.3 (1.1) 1 (0-3) 161

Ongoing insecurity/hostilities affecting humanitarian assistance 1.1 (1.2) 1 (0-3) 161

Presence of mines and improvised explosive devices 1.1 (1.0) 1 (0-3) 156

Physical constraints in the environment (obstacles related to terrain, 
climate, lack of infrastructure, etc.)

1.6 (1.1) 2 (0-3) 160

Conditions of the People Total People in Need 2.4 (1.4) 2 (0-5) 137

Current humanitarian conditions of total population in the affected area 3.0 (0.9) 3 (1-5) 137
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did not provide unique information. Finally, the indica-
tors grouped into a pattern similar to sections of the 
GCSI conceptual framework. In both solutions, factor 1 
was comprised of indicators related to societal constructs 
(and originally conceptualized as part of the ‘complex-
ity of the crisis’), while indicators within the ‘impact of 
the crisis’ construct grouped together in factor 2. Factor 
3 was comprised of indicators related to humanitarian 
access and safety; while the fourth factor was a further 
disaggregation of factor 2. Of note, the EFA results did 

not show that indicators related to ‘conditions of the peo-
ple’ had mathematical importance. Indicators excluded 
from subsequent CFA models are shown in Table 4.

CFA
We initially built four different CFA models to reflect the 
relationships identified with the factor loadings in the 
EFAs; each of the four models had an increasing num-
ber of latent constructs (from three constructs to six 
constructs).

Table 4 Global Crisis Severity Index (GCSI) Indicators factor loadings for each Exploratory Factor Analysis (EFA) factor solution. Factor 
loadings are only presented if greater than the absolute value of 0.3 (GCSI dataset, 2019, N = 172)

a Indicator excluded from subsequent CFA models
b Indicator excluded from CFA model with 4 latent constructs, but included in CFA with 3 latent constructs

Indicators Three-Factor Solution Four-Factor Solution

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3 Factor 4

aLandmass affected - absolute 0.43 0.32 0.45 0.32

Landmass affected - relative 0.86 0.86
aPeople living in the affected area - absolute 0.49 0.37 0.49 0.33

People living in the affected area - relative 0.93 0.93
aPeople affected - absolute 0.51 0.38 0.53 0.35

People affected - relative 0.74 0.75
bPeople displaced - absolute 0.49 0.44 −0.41
bPeople displaced - relative 0.36 0.37 −0.33

Corruption perception 0.64 0.51
aRule of law (WGI) 0.56 0.35 0.42 0.42 0.47

Rule of law (BTI) 0.96 0.96 0.49

Freedom in the world 0.89 0.87

Total killed in all crisis 0.72 0.73

Conflict intensity 0.70 0.71

Gender inequality 0.38 0.51

Income gini coefficient −0.35 −0.31 0.41
aEthnic fractionalisation
aSize of excluded ethnic groups 0.34 −0.31

Empowerment 0.47 0.51

BTI - Democracy status 0.93 0.95

Crisis affected groups 0.54 0.54
aImpediments to entry into country (bureaucratic and administrative) 0.36 0.35 0.46 0.31 −0.34

Restriction of movement (impediments to freedom of movement and/or 
administrative restrictions)

0.87 0.88

Interference into implementation of humanitarian activities 0.67 0.65

Violence against personnel, facilities and assets 0.57 0.58

Denial of existence of humanitarian needs or entitlements to assistance 0.31 0.35 −0.39

Restriction and obstruction of access to services and assistance 0.80 0.79

Ongoing insecurity/hostilities affecting humanitarian assistance 0.76 0.79

Presence of mines and improvised explosive devices 0.62 0.64

Physical constraints in the environment (obstacles related to terrain, 
climate, lack of infrastructure, etc.)

0.38 0.34

aTotal People in Need 0.51 0.40 0.53 0.36
aCurrent humanitarian conditions of total population in the affected area
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The CFA with three latent constructs (base model) was 
appropriately specified but showed poor fit (Table  5). 
Indicators were removed and covariances added to 
reflect the residual correlations of indicators across the 
dataset (see Additional file  1: Appendix  3 for correla-
tion matrix) until the best model fit was generated (final 
model in Table  5). The final CFA contained 11 indica-
tors: rule of law, democracy, freedom, gender inequality, 
empowerment, number of people killed, restricted move-
ment, obstructed access to assistance, percent of land-
mass affected, people living in the affected area, people 
affected. We used this model to create a second-order 

CFA (Fig. 2). The model fit statistics of the second-order 
CFA were the same as the fit statistics of the final first-
order CFA model (Table 5). In the second-order CFA, the 
magnitude of standardized factor-loading on the ‘soci-
etal governance’ latent construct had the strongest asso-
ciation with the latent construct of ‘crisis severity’ (0.73), 
followed by the ‘humanitarian access/safety’ construct 
(0.56).

The CFA with four latent constructs had a non-positive 
covariance matrix when a second order latent variable 
was added. No solutions were found for the 5 or 6 latent 
variable models.

Severity score
We used the final CFA model to generate normalized 
severity scores for each crisis (which range between 0 
and 1 to represent low to high severity). The mean and 
median latent severity score for all crises were similar, at 
0.53 and 0.54, respectively. Severity scores were highest 
in complex crises and fell within the upper two-thirds of 
all scores (Fig. 3). Regional crises, conversely, had a lower 
mean severity score. These types of crises fell into the 
bottom two-thirds of the range. Crises in countries that 
had a mean severity score of greater than 0.90 included 
Syria, Somalia, Yemen, and The Democratic People’s 

Table 5 Fit statistics for first-order Confirmatory Factor 
Analysis (CFA) models: Chi-squared goodness of fit test statistic, 
Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and Root 
Mean Square Error of Approximation (RMSEA) Index (GCSI 
dataset, 2019, N = 172)

Model fit statistics Base model Final Model

Chi-squared goodness of fit 
(degrees of freedom)

735 (206) 107 (40)

CFI 0.77 0.94

TLI 0.75 0.92

RMSEA 0.12 0.10

Fig. 2 Second-order Confirmatory Factor Analysis (CFA), with factor loadings. The ovals reflect latent variables and the boxes reflect indicators. The 
dashed box contains the final first-order CFA
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Republic of Korea, whereas countries with mean severity 
scores less than 0.10 included Costa Rica and Brazil.

Discussion
Our analyses show that crisis severity can be measured 
best through use of only 11 of the 35 GCSI indicators. 
Put another way, 24 of the 35 indicators used in the GCSI 
model do not contribute useful numerical information. 
In our final model, the strongest predictors of sever-
ity were a suite of indicators related to social structure/
governance of a given nation state (rule of law, freedom, 
gender inequality, and empowerment), followed by indi-
cators that were proxy measurements of humanitar-
ian access/safety (number of people killed, restricted 

movement, and obstructed access to assistance). Weaker, 
although still relevant, predictors were related to the cri-
sis impact on people and the environment. Overall, this 
analysis suggests that most of the key variables to esti-
mate the severity of humanitarian need can be assessed 
globally, can be collected in a comparable way from 
one country to another, and do not depend on sudden 
changes to local conditions that would be unavailable to 
those making the calculations. In short, despite changing 
conditions and limited or imperfect information, we can 
use existing data sources to make reasonable estimates 
of severity around the world. Refinements to the existing 
GCSI model will make it easier and more reliable to make 
these estimates.

Fig. 3 The distribution of latent crisis severity scores. Figure 2A shows all crises (n = 172) and Fig. 2B is stratified by crisis type
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Holistically, the 11 selected indicators suggest that 
fragile states with limited accessibility for humanitar-
ian actors have worse humanitarian conditions. This 
final model aligns with humanitarian actors’ experi-
ences. Indeed, good governance is intrinsically related 
to avoiding or mitigating a humanitarian crisis [12]. We 
tested the role of governance in our models (see Addi-
tional file 1: Appendix 8) and found it to be a key latent 
constructure of severity, but only when crisis related 
variables were also included in the model. Broadly, eco-
nomic and political stability are key components to this 
success, with inequality between social groups cited as a 
driver of crises and conflicts [25]. It is unsurprising that 
humanitarian practitioners call for more robust inclusion 
of conflict early warning into preparedness systems for 
humanitarian crises [26]. Indeed, considerable funding 
has been provided to post-conflict states for democracy 
development and peacebuilding, albeit with mixed suc-
cess [27, 28]. Ample evidence supports these patterns, 
as data from the last 15 years show most humanitarian 
crises are re-occurring in the same countries, many of 
which are fragile states [13]. Chad, the Central African 
Republic, the Democratic Republic of Congo, Somalia, 
and Sudan have all had 15 crises between 2005 and 2015.

Beyond governance, access to reach those in need is 
also important to reducing crisis severity. Humanitar-
ian access, the ability to reach the most vulnerable, can 
be limited through various mechanisms. Restricted 
movements, which are common in conflicts and com-
plex humanitarian crises, inhibit connections between 
aid workers and communities [29]. Access can also 
be reduced through violence and obstruction. Within 
armed conflicts, bureaucratic and security constraints, 
and violence against aid workers and facilities distribut-
ing aid, have been cited as rationale for greatly reduced 
humanitarian access [29, 30]. For example, in the Syrian 
crisis, which is considered one of the worst in the world 
by humanitarian experts, UNOCHA reported that 1.1 
million people were in need of humanitarian assistance 
in hard-to-reach-places in 2018; during this same year, 
access was inhibited by 142 attacks on health facilities, 
with 102 people dead and 189 injured [31]. Thus, it is not 
surprising that our model results give weight to indica-
tors reflecting the quality of humanitarian access (e.g., 
restricted movements, obstructed access, and number of 
people killed) for a given crisis.

Importantly, our final model differs from the origi-
nal GCSI in two fundamental ways. First, we presented 
a parsimonious model, which removed 24 GCSI indica-
tors. Using the reduced set of 11 indicators, the model 
showed acceptable fit, but had slightly higher error than 
the standard cut points; however, some debate exists 
on the usefulness of applying a single heuristic to assess 

model fit within factor analysis [32]. The original GCSI 
was calculated using inconsistent approaches, and nota-
bly, does not account for basic statistical properties of 
correlated data. The high correlation in the dataset inhib-
its meaningful interpretation of combined values from 
the indicators. Second, we removed an entire GCSI pil-
lar (‘conditions of the people’) as a result of insights from 
the EFA models, which has programmatic significance. 
Indeed, the data underlying the excluded indicators are 
routinely collected to estimate the number of people in 
need of humanitarian assistance. Given the strong value 
of these indicators to practitioners, we re-ran the final 
model and included these two indicators as standalone 
independent variables (Additional file  1: Appendix  5). 
Of note, we did not include the two indicators as latent 
constructs, as our EFA analyses showed that they were 
not correlated. This sensitivity analysis suggested that a 
model including the number of people affected indica-
tor has comparable model fit and yields similar severity 
scores to the second-order CFA model.

Our analysis, however, is limited by the data available 
for inclusion. First, the index includes a combination 
of static and dynamic variables. It is possible that static 
variables, such as those used to estimate social structure/
governance are distal determinants of a crisis, rather than 
proximal measures. Additionally, we used population 
average data, which masks any disparities experienced 
within a population. Several population groups, namely, 
children, women, and the disabled, have worse crisis-
related health outcomes than the rest of the population. 
Moreover, data from humanitarian crises are difficult to 
obtain, highly inaccurate, and highly correlated. While 
our sensitivity analyses assessing data quality suggest that 
our final model contained data that was no more or less 
reliable than the indicators excluded (Additional file  1: 
Appendix 6), we cannot account for the lack of precision 
within the dataset. We included two indicators based on 
expert assessment of qualitative information (restricted 
movement, and obstructed access to assistance), which 
may be subject to imprecision or bias. Likewise, mortal-
ity estimates, which we also included in the final model, 
have been contested for accuracy in past crises [33, 34]. 
Additionally, the indicator for ‘relative people living in 
the affected area’ is highly correlated with many of the 
other variables in the final model. In an ideal scenario, 
this indicator would be removed from the model, how-
ever, when it was, the models did not converge. Thus, 
one limitation of retaining the variable is a slightly higher 
error than desired. Finally, we are limited in our ability 
to test the generalizability of the model given the small 
sample size and lack of additional data for testing. Nev-
ertheless, our comparison of the model fit statistics and 
factor loadings to suggest that the model performance 
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is consistent and unlikely overfit to the data (Additional 
file 1: Appendix 10).

Importantly, a gold standard for crisis severity is una-
vailable to validate our model results and out-of-sample 
data were not available to assess predictions. In lieu of 
traditional validation, we compared the latent sever-
ity scores to the original GCSI scores (Additional file  1: 
Appendix  7).  This robustness check suggested that the 
latent severity score may be a closer measure to true cri-
sis severity than the original GCSI. Despite the limita-
tions with data availability and independent data source 
for validation, we emphasize that this work is a first step 
towards improving crisis severity measurement. Because 
the calculations are derived from a model that weights 
indicators based on their correlations, estimating severity 
for a new crisis would require re-running the final CFA. 
Further research is needed to assess the feasibility of link-
ing this framework with a field friendly application for 
humanitarian actors after additional analyses have been 
conducted.

Conclusion
UN-coordinated humanitarian responses are lasting 
longer [35], with the average 2005 response ongoing for 
about 4 years compared to the 2017 response of 7 years. 
Meanwhile, human and financial resources for humani-
tarian response are limited. More complicated responses, 
coupled with calls for increased resources, emphasize 
the need for objective tools to guide resource alloca-
tion. Indeed, a metric of crisis severity can add powerful 
contributions to determine priorities for humanitarian 
response, highlighting whether severity and subsequent 
aid/response align. However, a metric of crisis is only 
useful if the metric is scientifically robust. Our work is 
a first step in refining an existing framework to quan-
tify crisis severity. We suggest three additional areas of 
needed exploration. As presented here, we recommend 
all future iterations of modeling crisis  severity consider 
severity as a multi-faceted construct. In doing so, prac-
titioners should strive to create a parsimonious model. 
Inherently, humanitarian data are subject to high lev-
els of uncertainty, and nonparsimonious models may 
further limit clear interpretation of severity within this 
context. Additionally, we recommend that future work 
consider longitudinal metrics of severity, as crises change 
within a given location over time. After further testing 
this model with additional crises, opportunities for con-
verting model output to a dashboard or application for 
humanitarian actors should be explored. At the time of 
writing this manuscript, the current GCSI estimates were 
available in a large spreadsheet available at https:// data. 
humda ta. org/. They are now also available on the ACAPs 
website (https:// www. acaps. org/ metho dology/ sever ity) 

in an interactive dashboard and available to be accessed 
through an Application Programming Interface (API; 
https:// api. acaps. org/). This interface provides a blue-
print for merging robust statistical output with informa-
tion needed by data users. With these recommendations 
in place, humanitarian actors can apply the humanitarian 
principle of impartiality when determining where need is 
the greatest and to best respond to crises.
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