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Abstract 

Approximately 16 per cent of the global population lives with a disability, and an 

important proportion resides in low- and middle-income countries (LMICs), and 

present higher levels of poverty. Guatemala, classified as a middle-income country, 

is among the poorest nations in Latin America. It faces the challenges of climate 

change, including extreme weather events, which may disproportionately affect 

people with disabilities. This article examines the levels of resilience among house-

holds with and without members with disabilities in Guatemala. Using data from the 

2018 National Population and Household Census, we constructed a resilience index 

and incorporated district-level data on precipitation, the number of wet days, and the 

in- tensity of those wet days. We analysed the association between the resilience 

index, household disability status, and environmental variables at the district level. 

To assess whether house- holds with disabilities in districts with high precipitation or 

frequent wet days exhibit different levels of resilience than those without disabilities, 

we estimated a regression model. The results indicate that households with disabili-

ties have significantly lower resilience . Moreover, those in districts with precipitation 

levels above the national average show even greater reductions in resilience. In con-

clusion, households with disabilities demonstrate even lower resilience in areas with 

higher precipitation, making them less likely to recover from environmental shocks. 

It is therefore essential to include and prioritise persons with disabilities in climate 

change adaptation strategies.

1  Introduction

Climate change has become one of the most critical challenges of our time. It is 
expected that 85 per cent of the global population is currently affected by climate 
change, and persons with disabilities are included in this group [1]. Approximately 16 
per cent of the global population lives with a disability [2]; of those, a large percent-
age live in low- and middle-income countries (LMICs), which are primarily affected 
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by extreme weather events such as high temperatures, precipitation, and frequent 
droughts [1]. People with disabilities living in LMICs may face some of the most nega-
tive impacts of climate change.

Unfortunately, to date, limited inclusion of people with disabilities in the interna-
tional frame- work related to climate change has occurred. Thus, this group has 
not been recognised as a priority group in the climate change agenda, alongside 
Indigenous groups, women, and youth [3]. This limited international recognition has 
become an important barrier to the inclusion of this group in national adaptation 
strategies. Although 45 per cent of countries have included persons with disabilities in 
their national adaptation policies. Most adaptation plans have not provided a detailed 
analysis of the potential impact of climate change on people with disability, an aspect 
that increases their vulnerability and fails to recognise their needs [4].

People with disabilities also present a higher risk to the worst consequences of 
climate or environmental disasters [5]. This is mainly given by the high levels of pov-
erty, stigma, discrimination and socioeconomic barriers that this group faces [5]. In 
addition, this group face higher barriers to accessing water and improved sanitation 
services [6], higher levels of food insecurity [7], and higher levels of social exclusion. 
These aspects increase their vulnerability to environmental shocks.

The United Nations Convention on the Rights of Persons with Disabilities (CRPD) 
calls for the inclusion of people with disabilities in climate mitigation and adaptation 
measures [8]. Additionally, the Sustainable Development Goals and the 2030 Agenda 
acknowledge the importance of including people with disabilities and other vulnerable 
groups in policies aimed at achieving SDG 13, 14, and 15 (among other  
environmental-related goals) [9]. However, as mentioned before, people with disabil-
ities have been explicitly excluded from national or international policies to mitigate 
and adapt to climate change, ignoring their voices and their specific needs [4]. This 
has increased their vulnerability, and although data is scarce, this group is expected 
to face the worst consequences of climate shocks.

People with disabilities are disproportionately likely to be poor [6], have lower 
levels of education and lower labour force participation rates and higher costs of 
living associated with disability [10]. All these characteristics reduce their resil-
ience to adapt to climate change. Lack of effective access to information, support, 
and services implemented during environmental emergencies increases the risk 
that people with disabilities will face a reduction in their livelihoods during an 
environmental shock [11]. In Guatemala, 13 per cent of the population lives with 
disabilities, and of these, 57.8 per cent are multidimensionally poor. In this coun-
try, people with disabilities five years or older have lower access to education 
and employment and low levels of access to water, sanitation and electricity [12]. 
Although Guatemala is a country that faces extreme temperatures and precipita-
tion, and it is vulnerable to climate shocks [13], little information exists on how cli-
mate change has affected people with disabilities and their families, or if they face 
different levels of resilience that allow them to overcome the negative effects of 
environmental shocks. The analysis of resilience levels to climate shocks provides 
essential evidence of the capacity that households with disabilities have to prepare 
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for, respond to, and recover from the impacts of climate events. This article thus aims to increase knowledge on how 
people with disability and their families have different (higher or lower) levels of resilience compared to persons with-
out disabilities and their families.

2  Methodology

2.1  Data on disability

To compute the resilience levels of households with and without members with disabilities, we used the National Popula-
tion and Household Census for Guatemala (2018) (2018 Census in short). This is for Guatemala the most recent popula-
tion and housing census, which is representative at the district level. The total population of the Census 2018 was more 
than 13 million individuals. The data was collected between July 23rd and August 16th, 2018.

2.2  Disability definition

The 2018 Census included the Washington Group Short Set of Disability questions [14]. Using this data, a person five 
years or older was identified as a person with a disability if reported to have a lot of difficulty or not being able to do an 
activity in one or more of the six domains (seeing, hearing, walking, remembering, understanding, communication), this 
definition follows the recommendations of the Washington Group. Following Hanass-Hancock et al. (2023)[15], we used 
a more inclusive disability measure as a robustness measure, where we consider persons with any difficulty and persons 
with some difficulty in any domains. Finally, we created a disability functionality index by summing the answers provided to 
the WGSS. The index took the value zero if the person had no disability and 18 if the person could not perform any of the 
activities.

2.3  Resilience index

This article computes a resilience index using the Alkire-Foster Method [16]. We defined resilience as the capacity to 
maintain the levels of development, even when individuals and households face changes or shocks that might affect 
their well-being [17]. To identify critical aspects of resilience associated with climate change, we conduct a literature 
review to determine the most common aspects related to household resilience to climate change and climate vari-
ability. In addition, we reviewed the National Population and Household Census 2018 and selected dimensions and 
indicators that aligned with the resilience literature. Based on this, an index of four dimensions and fourteen indica-
tors was created.
The dimensions and indicators are presented in Table 1. The dimensions aimed to capture access to basic services, 
physical capital, social safety nets, and households’ adaptive capacity to overcome environmental shocks or mitigate the 
potential negative impacts of climate variability and extreme weather. Each dimension has the same weight (1/14), and 
the indicators within each dimension have the same relative weight. The resilience index was defined as the sum of the 
resilience levels of households in Guatemala.

2.4  Environmental indicators

2.4.1  Precipitation data.  This study uses rainfall data from two primary sources: (1) INSUVIMEH (National 
Institute of Meteorology and Hydrology of Guatemala), which provided ground-based precipitation data for 47 out of 
340 municipalities, and (2) satellite data from CHIRPS [18], which supplemented the municipalities without data from 
INSUVIMEH. We used primary data from IN- SUVIMEH, given that it is the official source of meteorological data in 
Guatemala. The satellite data, provided in GeoTIFF format, covered 333 municipalities, leaving seven municipalities with 
insufficient data, which were excluded from the analysis. We used data from 2008 to 2018. Data is available on a daily 
basis, so we computed the annual average to conduct the analysis.
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Data from both sources were imported using R libraries, such as rasterio, for handling GeoTIFF files. Precipitation values from 
the satellite data were extracted and matched with corresponding geographical coordinates. To ensure comparability, the data-
sets from INSUVIMEH and CHIRPS were standardised, ensuring that units, scales, and formats aligned across the two sources.
The data processing and cleaning involved aligning the ground and satellite datasets, interpolating missing values where 
feasible, and verifying consistency across both sources. Priority was given to the ground-based INSUVIMEH measure-
ments for districts with both ground and satellite data. After cleaning, the datasets were merged using district codes as 
geographic identifiers. Then, three key rainfall indicators were constructed:

1.	Wet Days: This indicator represents the average number of wet days per period. A wet day is defined as any day with 
more than 1 millimeters (mm) of precipitation [19].

2.	Total Precipitation: This is the total cumulative rainfall in mm for each municipality over the study period [20].

3.	Wet Day Intensity: This indicator measures the average intensity of wet periods, calculated as the total precipitation 
divided by the number of wet days [21].

Each indicator was calculated to accurately reflect the hydrological conditions of the municipalities, providing robust 
metrics for subsequent analysis of rainfall patterns and their socio- economic implications.

We also produced other indicators using temperature increases over time. However, it was not possible to work with 
these variables, given that there was insufficient variability among districts to allow for a comprehensive analysis.

2.5  Empirical strategy

To analyse the relationship between the resilience index, the presence of a member with disability in the household, and 
environmental variables, we estimated the following regression model:

	 yi = β0 + β1Di + β3Ed + β4Di × Ed + β5Xi + β6σd + ϵi 	 (1)

Table 1.  Dimensions, variables, indicators, cutoffs and weights of the resilience index.

Dimensions Indicators A household has resilience if

Basic Services Access to electricity (1/14) has electricity.

Access to a clean source of water (1/14) has access to a clean source of water according to the sustainable develop-
ment goals (SDG) standards

Sanitation (1/14) has access to an improved sanitation service, which is not shared.

Access to internet (1/14) has access to internet service

Access to education in the same district (1/14) A school-age child studies in the same village where they live.

Access to employment in the same district (1/14) a working-age individual works in the same district.

Cooking Fuel (1/14) uses clean cooking fuel, such as electricity or gas.

Physical Capital Vehicle ownership (1/14) a household owns a car.

Housing (1/14) a household has a house made from good quality materials, which ensures bet-
ter protection and comfort. Quality housing improves living conditions and safety.

Social Safety Net Remittances from Family (1/14) A households receives remittances.

Adaptive Capacity Literacy Level (1/14) Household head has completed secondary school.

Dependency Ratio (1/14) A household has a number of working members higher than 0.49, meaning that 
a significant portion of the household members consists of people working in 
comparison to those who are dependent.

Household Head Employed (1/14) The household head is employed.

Household Head Farmer (1/14) The household head’s main occupation is farming.

https://doi.org/10.1371/journal.pclm.0000712.t001
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where yi represents the resilience index for the household i, a measure designed to capture the household’s capacity to 
adapt and recover from environmental or economic shocks. The key explanatory variable, Di, is a dummy variable equal 
to 1 if the household has a member with disabilities and 0 otherwise. Ed captures information regarding precipitation, 
average wet day or number of wet days in the district, and the interaction term Di × Ed explores whether the house- holds 
with members with disabilities living in districts with different levels of precipitation, wet days or intensity of wet days are 
different to those of households without disabilities.

The vector Xi includes a comprehensive set of household-level controls such as household size, the number of adults 
aged 60 or older, the number of children under 12, the sex of the household head, the age of the household head, the 
employment status of the household head, and his/her level of education.

Environmental controls (σd) were also incorporated to account for variations in precipitation over time and across prov-
inces. Using data from 2008 to 2018, we constructed two variables capturing: (1) long-term precipitation trends and (2) 
precipitation variability. These variables aim to account for the cumulative risk of flooding in each district. Additionally, we 
included a district-level indicator of high flood risk, as classified by INFORM, to control for baseline vulnerability to envi-
ronmental shocks. Our primary estimation approach relies on linear regression, leveraging the richness of the dataset to 
provide robust insights. Standard errors were clustered at the district level to account for within-district correlation.

Different specifications of the environmental variables were used, including the variable in its original units and analys-
ing the distribution of the variable (minimum, maximum, and median). The selected specification was one that assigned 
a value of 1 if the person lived in a district with a level of precipitation, wet days, or intensity of wet days higher than the 
national average for the variable, or zero otherwise. In addition, we conducted a regression analysis in each of the quar-
tiles of the environmental variable distribution, aiming to analyse whether households with members with disabilities living 
in districts with different levels of precipitation, wet days, or intensity of wet days had different levels of resilience.

3  Results

The prevalence of disability by district is presented in Fig 1. The percentage of households with disabilities (adults with at 
least a lot of difficulty) in Guatemala spans between a minimum of 5.1 per cent in Flores and 16.7 per cent in Asuncion 
Mita (Fig 1A). As expected, using the more inclusive measure of adults with some difficulty (Fig 1B), the prevalence of dis-
ability in- creases, as well as when using the definition of households with adults with any difficulty (Fig 1C). Irrespective of 
the measure, southern districts tend to have a larger prevalence of disability compared to districts in the northern region.

Table 2 presents the detailed descriptive statistics for persons with and without disabilities in Guatemala. People with dis-
abilities in Guatemala present lower levels of education (3.45 vs 5.2 years of education), and are more likely to be older than 
persons without disabilities, with 44 per cent of the population being 65 years or older compared to 7.9 per cent of persons 
without disabilities. In addition, 26.2 per cent of the population is working, compared to 39.5 per cent of those without disabilities. 
A larger proportion of households with members with disabilities have a female head of the household (28.9 per cent) compared 
to households without disabilities (23.7 per cent). In addition, the head of the household is more likely to be older, and house-
holds, on average, are larger than households without disabilities and have more members aged 65 or older. When we anal-
ysed the resilience index, we found that, on average, households with dis- abilities have an index 2.52 percentage points (pp) 
lower than households without members with disabilities (39.8 vs. 42.3). This difference was statistically significant.

Fig 2 presents the resilience index for households with and without members with disabilities. Households with disabilities 
had significantly lower levels of resilience in 288 of the 340 districts compared to households without disabilities. In 52 districts, 
the levels of resilience of households with disabilities were significantly higher than those of households without disabilities.

3.1  Environmental variables

When we analysed the distribution of environmental variables across the different districts in Guatemala, we found that, 
on average, districts in the northern part of the country have higher precipitation, wet-day intensity, and the number of 
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Fig 1.  Prevalence of disability in Guatemala (different defitions).

https://doi.org/10.1371/journal.pclm.0000712.g001
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wet days. The North region of the country has the highest average precipitation, the highest intensity of wet days, and the 
highest average number of wet `days nationwide (Fig 3).

Fig 4 presents the resilience index for households with and without disabilities, grouped by the average precipitation 
quintile in each district. The figure shows that in the five quintiles, households with disabilities present lower resilience 
than households without such members.

Table 2.  Descriptive statistics of people with and without disabilities in Guatemala.

(1) (2) (3)

Variables PwD: Yes PwD: No Difference

A. Individual characteristics

Female (%) 52.21
(49.95)

51.79
(49.97)

0.41**
(0.08)

Urban (%) 58.83
(49.21)

54.25
(49.82)

4.59**
(0.08)

Head of Household (%) 39.12
(48.80)

23.95
(42.68)

15.16**
(0.07)

Years of Schooling 3.45
(4.60)

5.19
(4.62)

-1.74**
(0.00)

Age ∈ [0,15) 10.91
(31.17)

27.15
(44.47)

-16.24**
(0.07)

Age ∈ [15,29) 15.91
(36.58)

33.04
(47.04)

-17.13**
(0.08)

Age ∈ [30,44) 12.82
(33.43)

20.12
(40.09)

-7.29**
(0.07)

Age ∈ [45,64) 16.29
(36.92)

11.75
(32.20)

4.54**
(0.05)

Age ∈ [>65] 44.07
(49.65)

7.95
(27.05)

36.12**
(0.05)

Employed (%) 26.26
(44.00)

39.47
(48.88)

-13.21**
(0.08)

B. Household characteristics

Female household head (%) 29.98
(45.82)

23.73
(42.54)

6.26**
(0.08)

Years of Schooling household head 4.21
(4.74)

5.65
(4.99)

-1.44**
(0.01)

Age household head 56.81
(17.03)

44.95
(15.37)

11.86**
(0.03)

Household size 4.77
(2.64)

4.52
(2.31)

0.26**
(0.00)

Average # of members 12 years or younger 1.07
(1.37)

1.35
(1.37)

-0.28**
(0.00)

Average # of members 65 years or older 0.84
(0.84)

0.32
(0.62)

0.52**
(0.00)

Employed household head (%) 55.69
(49.67)

72.94
(44.43)

-17.25**
(0.09)

Resilience index 39.78
(17.20)

42.30
(17.76)

-2.52**
(0.03)

Notes: PwD: People with Disabilities. * p < 0.10;** p < 0.05; *** p < 0.01.

https://doi.org/10.1371/journal.pclm.0000712.t002
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3.2  Regression analysis

To analyse whether households with members with disabilities have lower levels of resilience, and whether this is associ-
ated with the district where they live, we estimated different regression models using wet days, total precipitation, and wet 
day intensity. Table 3 presents the results of estimating the regression model when considering the association between 
living in a household with at least one member with a disability and the resilience index. In all models, there is a negative 
association between disability and resilience, with a reduction of 0.011 pp in the resilience index of a household if that 
household has a member with a disability compared to households without members with disabilities (column 1 and 3) 
and a reduction of 13.7 per cent when the household has an increase in one percent in the disability functionality index.

When we analysed the association between resilience and living in a district where the average number of wet days, 
the average intensity of wet days, or the average precipitation was larger than the mean of the same indicator at the 
national level, we found that in all models, there is a negative association between the resilience index and the place of 
residence, with a reduction in 0.03 pp in the resilience index, when the households was located in districts where the num-
ber of wet days was higher than the national average; -0.021 if it was located in a district where the average precipitations 
was higher than the national average and -0.023 if it was located in a district where the intensity of wet days was higher 
than the annual average (Table 4). The results of analysing the interaction between disability and the three environmental 
variables revealed that households with disabilities are more likely to have lower resilience in districts where the environ- 
mental variable’s value was higher than the national average, compared to households without members with disabilities.

When we computed similar models using the variable for households with at least one member with any difficulty 
(including people who reported some and at least one functional difficulty), we found that households with at least 
one member with any difficulty present a negative and significant association with the resilience index. The interaction 
between disability and the environ- mental variable was always negative and significant, after controlling for other vari-
ables. Thus, households with members who experience any difficulty living in districts with higher average precipitation, 

Fig 2.  Average resilience index for households with and without members with disabilities at the district level.

https://doi.org/10.1371/journal.pclm.0000712.g002
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Fig 3.  Distribution of environmental variables by district in Guatemala.

https://doi.org/10.1371/journal.pclm.0000712.g003
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a higher number of wet days, or a higher intensity of wet days were more likely to have lower resilience than households 
without members with disabilities in the same districts (S1 Table). In addition, we estimated the regression models using 
different environmental variables, such as the average length of wet spells or the number of wet spells, and similar results 
were identified. Thus, households with disabilities are more likely to have lower resilience, and if they live in districts with 
higher environmental variables than the national average, they are associated with even lower resilience (S2 Table).

Fig 4.  Average precipitation and resilience index for households with disabilities by quintile of precipitation. 

https://doi.org/10.1371/journal.pclm.0000712.g004

Table 3.  Results of the regression of the Resilience Climate Index (RCI), Environmental Variables and Disability in the Household.

(1) RCI (2) Log(RCI) (3) RCI (4) Log(RCI)

Disability at least a lot difficulty in the household -0.011*** (0.000) -0.011*** (0.000)

Log(Disability functionality index) -0.178*** (0.002) -0.137*** (0.001)

Households Controls ✓ ✓
Department Controls ✓ ✓
Observations 14,802,116 14,810,434 14,802,116 14,810,434

https://doi.org/10.1371/journal.pclm.0000712.t003
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We also analysed whether living in a household with disabilities and the resilience index by quartiles of the distribution 
of the environmental variable (intensity of wet days, number of wet days, and precipitation). The results revealed that the 
resilience index was lower in the quartiles with higher precipitation, more wet days, and greater wet-day intensity. It is 
essential to note that the prevalence of disability is similar across the four quartiles of the environmental variable distri-
bution. When we analysed the coefficient for households with disabilities, we found a negative association, with a 0.9 pp 
reduction in the resilience index in the fourth quartile of the environmental variable distribution for households with dis-
abilities compared to households without disabilities. In addition, the coefficient associated with living in a household with 
disabilities changed from -0.012 pp in the lowest quartile to -0.009 pp in the highest quartile, suggesting that the resilience 
index was more likely to be largest in districts with the lowest values of the environmental variable (Table 5).

Finally, we estimated a similar model using a logarithmic transformation of the disability functionality index and 
the resilience index. The results suggest that a 1 per cent increase in the dis- ability functionality index is associ-
ated with a 17.4 per cent reduction in the resilience index in the first quartile and a 12.5 per cent reduction in the 
fourth quartile (Table 6).

4  Discussion

The evidence analysing the association between climate change and resilience for households with disabilities is lim-
ited. This article aimed to contribute to understanding the levels of resilience of households with disabilities compared 
to households without disabilities, and how they may vary across districts depending on environmental risks. This article 
used data from the National Population Census of Guatemala (2018), as well as INSUVIMEH and CHIRPS. The results 

Table 4.  Regression results for the resilience index on disability in the household.

(1) (2) (3) (4)

Panel A: Wet Days

Disability at least a lot difficulty in the household = 1 -0.021***
(0.000)

-0.022***
(0.000)

-0.023***
(0.000)

-0.013***
(0.000)

I[r(mean)>Wet Days]=1 -0.049***
(0.000)

-0.007***
(0.000)

-0.006***
(0.000)

-0.003***
(0.000)

Disability at least a lot difficulty in the household = 1 × I[r(mean)>Wet Days]=1 0.020***
(0.000)

0.013***
(0.000)

0.013***
(0.000)

0.006***
(0.000)

Panel B: Precipitations

Disability at least a lot difficulty in the household = 1 -0.015***
(0.000)

-0.018***
(0.000)

-0.018***
(0.000)

-0.012***
(0.000)

I[r(mean)>Precipitations]=1 -0.087***
(0.000)

-0.024***
(0.000)

-0.028***
(0.000)

-0.021***
(0.000)

Disability at least a lot difficulty in the household = 1 × I[r(mean)>Precipitations]=1 0.009***
(0.000)

0.009***
(0.000)

0.008***
(0.000)

0.005***
(0.000)

Panel C: Intensity Wet

Disability at least a lot difficulty in the household = 1 -0.015***
(0.000)

-0.019***
(0.000)

-0.019***
(0.000)

-0.012***
(0.000)

I[r(mean)>Intensity Wet]=1 -0.099***
(0.000)

-0.033***
(0.000)

-0.037***
(0.000)

-0.023***
(0.000)

Disability at least a lot difficulty in the household = 1 × I[r(mean)>Intensity Wet]=1 0.012***
(0.000)

0.012***
(0.000)

0.012***
(0.000)

0.007***
(0.000)

Household Controls ✓ ✓ ✓
Province Controls ✓ ✓
Environmental Controls ✓
Observations 14,802,116 14,802,116 14,802,116 14,802,116

https://doi.org/10.1371/journal.pclm.0000712.t004
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of the analysis revealed that households with at least one member with disabilities present lower levels of resilience in 
comparison to households without members with disabilities, and most importantly if those households were living in a 
district with levels of precipitation, wet days or intensity of wet days higher than the average of the country their levels of 
resilience were even lower compared to the ones of households without disabilities in the same district. Thus, households 
with disabilities are at higher risk of having lower levels of resilience, which might reduce their well- being and prevent 
them from overcoming environmental shocks in Guatemala.

The analysis demonstrates that households with disabilities generally exhibit lower levels of resilience, placing them 
at heightened risk of environmental shocks. While the average reductions appear modest (0.011 pp), the log-log models 

Table 5.  Results of resilience index, environmental variables and disability in the household.

(1) (2) (3) (4)

Q1 Q2 Q3 Q4

Panel A: Wet Days

Disability at least a lot difficulty in the household = 1 -0.012***
(0.000)

-0.010***
(0.000)

-0.012***
(0.000)

-0.009***
(0.000)

Panel B: Precipitations

Disability at least a lot difficulty in the household = 1 -0.012***
(0.000)

-0.010***
(0.000)

-0.011***
(0.000)

-0.009***
(0.000)

Panel C: Intensity Wet

Disability at least a lot difficulty in the household = 1 -0.012***
(0.000)

-0.010***
(0.000)

-0.011***
(0.000)

-0.009***
(0.000)

Households Controls ✓ ✓ ✓ ✓
Province Controls ✓ ✓ ✓ ✓
Environmental Controls ✓ ✓ ✓ ✓
Prevalence Disability 2.7% 2.69% 2.88% 2.47%

Percentage of Households with People with Disability 9.710% 9.85% 10.25% 9.6%

Average Resilience Climate Index 43.89% 39.74% 43.17% 35.22%

Observations 4,197,846 3,409,732 4,599,944 2,594,594

https://doi.org/10.1371/journal.pclm.0000712.t005

Table 6.  Results of the Log Log regression.

(1) (2) (3) (4)

Q1 Q2 Q3 Q4

Panel A: Wet Days

Log Disability -0.174***
(0.002)

-0.163***
(0.003)

-0.103***
(0.003)

-0.125***
(0.003)

Panel B: Precipitations

Log Disability -0.146***
(0.002)

-0.126***
(0.003)

-0.124***
(0.003)

-0.164***
(0.003)

Panel C: Intensity Wet

Log Disability -0.147***
(0.002)

-0.116***
(0.003)

-0.146***
(0.003)

-0.146***
(0.003)

Households Controls ✓ ✓ ✓ ✓
Department Controls ✓ ✓ ✓ ✓
Climate Controls ✓ ✓ ✓ ✓
Resilience Climate Index 49.08% 38.75% 36.45% 40.43%

Observations 3,731,560 3,679,260 3,717,753 3,641,772

https://doi.org/10.1371/journal.pclm.0000712.t006
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reveal that resilience can decline by as much as 13.7 per cent. These findings underscore the disproportionate vulnerabil-
ity of households with dis- abilities to climate-related hazards, aspect that has been recognised in the literature of disability 
and climate [22,4,23,24]. This evidence highlights the urgent need to prioritise households with disabilities within environ-
mental and climate adaptation policies. Strengthening their resilience requires targeted strategies that explicitly address 
their needs and ensure equitable access to resources and protective measures as suggested by different international 
organizations [6]. Such inclusion is essential not only for mitigating the adverse impacts of climate change and for advanc-
ing rights-based approaches in climate and environmental policies.

Although districts with higher precipitation are not the ones with the highest prevalence of disability, living in such 
districts reduces households’ resilience. In addition, households with members with disabilities in those districts are more 
likely to have lower levels of resilience com- pared to households without members with disabilities. Thus, they are poorer 
and more deprived than other households and are at higher risk of experiencing larger reductions in their well-being when 
affected by a climate or environmental shock. This finding is similar to that of Hanass- Hancock et al. (2023) [15], which 
analysed the levels of multidimensional poverty among people with and without disabilities. It was found that, in general, 
people with disabilities in Guatemala face higher levels of poverty and deprivation compared to other households.

In addition, districts that experienced higher precipitation, more wet days, or greater wet-day intensity were more likely 
to exhibit lower resilience. Thus, poorer people are more likely to live in places that are less likely to recover from an 
environmental shock [25]. Therefore, given that people with disabilities are more likely to be poor, their capacity to over- 
come the adverse effects of an environmental shock is lower than for other groups. This finding is related to what other 
authors have identified in Latin America and Guatemala [26,15], and is also associated with the high levels of vulnerability 
that people with disabilities face in becoming impoverished. This finding reveals the need to articulate climate and poverty 
policies to protect people with disabilities and guarantee their rights. It is necessary to establish adaptive social protection 
policies that are inclusive and prioritise this group, aiming to provide support to people with disabilities and their families 
and guarantee that climate or environmental shocks are not a cause of poverty or impoverishment for these families.

Climate policies in Guatemala need to include strategies for people with disabilities and recognise their specific needs. 
According to Jodoin et al. (2025) [4], only 17 of 195 countries mentioned the need to disaggregate data collection regard-
ing the impact of climate change on marginalised groups, including people with disabilities. This is fundamental to under-
standing the real effect of climate shocks on the living standards of this group and their families. In this study, we identified 
a significant association between households with members with disabilities and those living in districts where precipita-
tion, the number of wet days, or the intensity of wet days exceeded the national average. Nevertheless, it was not possi-
ble to analyse whether people with disabilities present a higher risk or are more affected by environmental shocks than 
people without disabilities. Thus, it is essential to have data that enables the study of the impact of climate shocks on the 
living standards of people with disabilities and their families in Guatemala and other countries affected by climate change.

We used precipitation, the number of wet days, and the intensity of wet days as the main environmental variables to 
capture the potential risk of floods in the country [19,21]. Additionally, we included information on the accumulation of flood 
risk, utilising data on average precipitation, the number of wet days, or the intensity of wet days over the past 10 years. 
This information allowed us to control for the potential cumulative adverse effect of precipitation on households. Although 
these variables did not yield relevant results, they provide essential information to understand whether households can 
accumulate shocks or cope with new ones in the future.

Research on climate and vulnerability has expanded in recent years [27,28,29]. However, much of this work remains 
limited, focusing primarily on vulnerable sectors [30], indigenous populations [31], or vulnerability in general [28,32,27]. 
Within this literature, people with disabilities have not been explicitly examined, which restricts the available evidence to 
understand how climate impacts their lives in the region. This study seeks to address that gap by providing evidence on 
the lower levels of resilience among people with disabilities and their families, as well as the heightened risks they face 
when confronted with climate-related shocks.
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The results of this analysis reveal vital information to support the association between climate and resilience for people 
with disabilities and their families; however, it has some limitations. The first one is the source of data used to analyse this 
association. We were unable to identify a source of information that measured the extent to which people with disabili-
ties and their families have been affected by floods in Guatemala. Second, we measured precipitation, wet days, and the 
intensity of wet days as proxies for floods; however, we were unable to identify a source of information that would allow us 
to analyse whether this group has faced environmental shocks in Guatemala. Given the study design, it was not possible 
to examine the causal effects of environmental shocks on the resilience of households with disabilities; therefore, we were 
only able to analyse the association between climate and resilience among people with disabilities in Guatemala. Finally, 
since we do not have information for the same period or unit of analysis, we assume that the living conditions of house-
holds with and without members with disabilities in 2018 were, on average, equal throughout the year to those observed 
at the time of data collection in the Census. Also, the census was conducted over a month, which could affect the compa-
rability and reliability of the data across districts.

5  Conclusion

This study provides the first empirical analysis of the association between climate and resilience among households 
with members with disabilities in Latin America, thereby addressing a critical gap in the literature on climate vulnerabil-
ity in low- and middle-income countries. The findings reveal that households with disabilities in Guatemala demonstrate 
systematically lower levels of resilience compared to households without disabilities, particularly in districts experiencing 
above-average precipitation or a greater number of wet days. These results underscore the dis- proportionate exposure 
and limited adaptive capacity of households with disabilities in the face of climate-related hazards. By situating disability 
within the broader discourse on climate resilience, this study advances understanding of the intersection between social 
vulnerability and environ- mental stressors. The evidence highlights the necessity of integrating disability considerations 
into climate adaptation frameworks, not only to strengthen household-level resilience but also to ensure equity in policy 
design and implementation. Future research should extend this analysis to other contexts in Latin America and beyond, 
exploring the mechanisms through which disability interacts with climate risk and resilience, and evaluating the effective-
ness of inclusive adaptation strategies. Such work is essential to inform evidence-based policies that uphold the rights of 
people with disabilities and promote resilience in the face of escalating climate challenges.

Supporting information

S1 Table. Results of resilience index, environmental variables and disability in the household. 
(DOCX)

S2 Table. Results of resilience index and disability in the household. 
(DOCX)

Author contributions

Conceptualization: Monica Pinilla-Roncancio.

Data curation: Monica Pinilla-Roncancio, Gustavo Cedeño-Ocampo.

Formal analysis: Monica Pinilla-Roncancio, Gustavo Cedeño-Ocampo.

Funding acquisition: Monica Pinilla-Roncancio, Sophie Mitra.

Methodology: Monica Pinilla-Roncancio, Gustavo Cedeño-Ocampo, Sophie Mitra.

Supervision: Monica Pinilla-Roncancio, Sophie Mitra.

Validation: Monica Pinilla-Roncancio.

http://journals.plos.org/climate/article/asset?unique&id=info:doi/10.1371/journal.pclm.0000712.s001
http://journals.plos.org/climate/article/asset?unique&id=info:doi/10.1371/journal.pclm.0000712.s002


PLOS Climate | https://doi.org/10.1371/journal.pclm.0000712  March 27, 2026 15 / 16

Writing – original draft: Monica Pinilla-Roncancio, Gustavo Cedeño-Ocampo, Sophie Mitra.

Writing – review & editing: Monica Pinilla-Roncancio.

References
	 1.	 Callaghan M, Schleussner C-F, Nath S, Lejeune Q, Knutson TR, Reichstein M, et al. Machine-learning-based evidence and attribution mapping of 

100,000 climate impact studies. Nat Clim Chang. 2021;11(11):966–72. https://doi.org/10.1038/s41558-021-01168-6

	 2.	 World Health Organization WHO. Global report on health equity for persons with disabilities. Geneva: WHO; 2022.

	 3.	 Bell SL, Tabe T, Bell S. Seeking a disability lens within climate change migration discourses, policies and practices. Disabil Soc. 2019;35(4):682–7. 
https://doi.org/10.1080/09687599.2019.1655856

	 4.	 Jodoin S, Bowie-Edwards A, Lofts K, Mangat S, Adjei B, Lesnikowski A. A systematic analysis of disability inclusion in domestic climate policies. 
NPJ Clim Action. 2025;4(1):24.

	 5.	 Stein PJS, Stein MA, Groce N, Kett M, Akyeampong EK, Alford WP, et al. Advancing disability-inclusive climate research and action, climate 
justice, and climate-resilient development. Lancet Planet Health. 2024;8(4):e242–55. https://doi.org/10.1016/S2542-5196(24)00024-X PMID: 
38580426

	 6.	 United Nations. Disability and development report. New York: United Nations; 2024.

	 7.	 Hadfield-Spoor M, Avendano M, Loopstra R. Food insecurity among disabled adults. Eur J Public Health. 2022;32(4):593–9. https://doi.
org/10.1093/eurpub/ckac034 PMID: 35560213

	 8.	 United Nations. United Nations convention on the rights of persons with disabilities - national disability authority. 2007.

	 9.	 United Nations. Transforming our world: the 2030 Agenda for Sustainable Development. 2015.

	10.	 Mont D, Banks LM, Carraro L, Cote A, Hanass-Hancock J, Mitra S, et al. Methods for Estimating the Impact of Disability Costs for Designing Inclu-
sive Policies. Disabilities. 2023;3(4):539–49. https://doi.org/10.3390/disabilities3040034

	11.	 Høgsbro K, Friis-Hansen E. Bridging the gap: disability and climate resilience. Lessons for disability-inclusive climate programming and advocacy 
in fragile contexts. Coénhagen: Mission East (MEED) and Disabled People’s Organisations Denmark (DPOD); 2024.

	12.	 Disability Data Initiative collective. DDI. Disability statistics – estimates database (DS-E Database). 2024.

	13.	 World Bank. Guatemala - summary. Climate change knowledge portal. World Bank; 2025. https://climateknowledgeportal.worldbank.org/country/
guatemala

	14.	 Washington Group. WG Short Set on Functioning (WG-SS). 2022.

	15.	 Hanass-Hancock J, Kamalakannan S, Murthy GVS, Palmer M, Pinilla-Roncancio M, Rivas Velarde M, et al. What cut-off(s) to use with the Wash-
ington Group short set of questions?. Disabil Health J. 2023;16(4):101499. https://doi.org/10.1016/j.dhjo.2023.101499 PMID: 37481353

	16.	 Alkire S, Foster J, Seth S, Santos ME, Roche JM, Ballon P. Multidimensional poverty measurement and analysis. Oxford: Oxford University Press; 
2015.

	17.	 Folke C. Resilience (Republished). Ecol Soc. 2016;21(4).

	18.	 Funk CC, Peterson PJ, Landsfeld MF, Pedreros DH, Verdin JP, Rowland JD, et al. A quasi-global precipitation time series for drought monitoring. 
2014.

	19.	 Chaudhary S, Dhanya CT, Vinnarasi R. Dry and wet spell variability during monsoon in gauge-based gridded daily precipitation datasets over India. 
J Hydrol. 2017;546:204–18. https://doi.org/10.1016/j.jhydrol.2017.01.023

	20.	 dos Santos JCN, de Andrade EM, Guerreiro MJS, Medeiros PHA, de Queiroz Palácio HA, de Araújo Neto JR. Effect of dry spells and soil cracking 
on runoff generation in a semiarid micro watershed under land use change. Journal of Hydrology. 2016;541:1057–66. https://doi.org/10.1016/j.
jhydrol.2016.08.016

	21.	 Singh D, Tsiang M, Rajaratnam B, Diffenbaugh NS. Observed changes in extreme wet and dry spells during the South Asian summer monsoon 
season. Nature Clim Change. 2014;4(6):456–61. https://doi.org/10.1038/nclimate2208

	22.	 Stein PJ, Stein MA. Disability, human rights, and climate justice. Human Rights Quart. 2022;44(1):81–110.

	23.	 Uddin T, Tasnim A, Islam MR, Islam MT, Salek AKM, Khan MM, et al. Health impacts of climate-change related natural disasters on persons with 
disabilities in developing countries: a literature review. J Clim Chang Health. 2024;19:100332. https://doi.org/10.1016/j.joclim.2024.100332 PMID: 
41647316

	24.	 Ngcamu BS. Climate change effects on vulnerable populations in the Global South: a systematic review. Nat Hazards. 2023;118(2):977–91. https://
doi.org/10.1007/s11069-023-06070-2

	25.	 Leichenko R, Silva JA. Climate change and poverty: vulnerability, impacts, and alleviation strategies. WIREs Climate Change. 2014;5(4):539–56. 
https://doi.org/10.1002/wcc.287

	26.	 Pinilla-Roncancio M, Alkire S. How poor are people with disabilities? Evidence based on the global multidimensional poverty index. J Disabil Pol 
Stud. 2020;31(4):206–16. https://doi.org/10.1177/1044207320919942

https://doi.org/10.1038/s41558-021-01168-6
https://doi.org/10.1080/09687599.2019.1655856
https://doi.org/10.1016/S2542-5196(24)00024-X
http://www.ncbi.nlm.nih.gov/pubmed/38580426
https://doi.org/10.1093/eurpub/ckac034
https://doi.org/10.1093/eurpub/ckac034
http://www.ncbi.nlm.nih.gov/pubmed/35560213
https://doi.org/10.3390/disabilities3040034
https://climateknowledgeportal.worldbank.org/country/guatemala
https://climateknowledgeportal.worldbank.org/country/guatemala
https://doi.org/10.1016/j.dhjo.2023.101499
http://www.ncbi.nlm.nih.gov/pubmed/37481353
https://doi.org/10.1016/j.jhydrol.2017.01.023
https://doi.org/10.1016/j.jhydrol.2016.08.016
https://doi.org/10.1016/j.jhydrol.2016.08.016
https://doi.org/10.1038/nclimate2208
https://doi.org/10.1016/j.joclim.2024.100332
http://www.ncbi.nlm.nih.gov/pubmed/41647316
https://doi.org/10.1007/s11069-023-06070-2
https://doi.org/10.1007/s11069-023-06070-2
https://doi.org/10.1002/wcc.287
https://doi.org/10.1177/1044207320919942


PLOS Climate | https://doi.org/10.1371/journal.pclm.0000712  March 27, 2026 16 / 16

	27.	 Canavire Bacarreza GJ, Conconi A, Olivieri S, Serio M, Gustavo J. Understanding vulnerability to poverty and natural disasters in Latin America 
and the Caribbean. World Bank; 2024.

	28.	 ECLAC, UNICEF. The impact of climate change on child and youth poverty in Latin America. 2025.

	29.	 Vargas C, Gomez-Valencia M, Gonzalez-Perez MA, Cordova M, Calixto Casnici CV, Monje- Cueto F, et al. Climate-resilient and regenerative 
futures for Latin America and the Caribbean. Futures. 2022;142:103014.

	30.	 Almeida J, Rios AR, Prager S, Schiek B, Gonzalez CE. Vulnerability to Climate Change and Economic Impacts in the Agriculture Sector in Latin 
America and the Caribbean. 2020.

	31.	 Perera CD, Galappaththi EK, Zavaleta-Cortijo C, Baird TD, Kolivras KN. A conceptual framework to improve climate-resilient health among Indige-
nous communities. Environ Sci Pol. 2025;168:104069. https://doi.org/10.1016/j.envsci.2025.104069

	32.	 Canavire-Bacarreza G, Puerta-Cuartas A, Ramos A. On the effects of wildfires on poverty in Bolivia. J Develop Econ. 2025;175.

https://doi.org/10.1016/j.envsci.2025.104069

