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Introduction
This methodology note presents a standardized and replicable approach for calculating asset-basedwealth indices using UNHCR Forced Displacement Survey (FDS) data. Building on the Demographic andHealth Survey (DHS) Wealth Index as a foundation, it adapts the methodology to displacement contextsand provides practical guidance for its application. The note supports three key goals: generating wealthindex results to complement existing FDS reports, establishing a clear and transparent methodology,and promoting a standardized approach across countries and surveys. It also offers survey datacollection implementation recommendations to promote comparability in the future.
Using the 2023 South Sudan FDS as a case study, the note outlines how principal component analysis(PCA) can be applied to largely categorical asset and housing data, including strategies for incorporatingcontinuous variables. An in-depth descriptive analysis of the South Sudan data illustrates how the indexreflects patterns in household living standards and supports meaningful comparisons across displacedand host populations. The overall aim is to provide a robust tool for enhancing socioeconomic analysisin humanitarian settings and aligning FDS outputs with development-oriented data needs.

Why a wealth index for refugee survey
data?
Efforts to support refugees have traditionally focused on addressing immediate humanitarian needs,such as food, shelter and health. As a result, available data on refugee populations is often gearedtowards short-term crisis response. Long-term development indicators and data collected for nationaldevelopment planning rarely include refugees. To design development interventions that account forthe forcibly displaced, it is crucial to bridge the gap between humanitarian and development data. Thisrequires comparable data on both refugees and host communities that is aligned with internationalstatistical standards and includes indicators beyond immediate humanitarian needs such as assetsownership and housing characteristics.
In South Sudan, a country with over 450,000 refugees as of April 2024 and millions of South Sudaneseliving below the poverty line, there are currently no estimates of refugee wealth (UNHCR, 2024). The2024 World Bank Poverty Report indicates that 75.9 per cent of the population lives below the nationalpoverty line and identifies disparities in welfare and food security across the country. Despite betteraccess to services, displaced populations in camps for internally displaced persons (IDPs) face higherpoverty rates and significant human capital deficits compared to urban residents (World Bank, 2024).However, the report does not provide sufficiently disaggregated data to assess the situation of refugeesin South Sudan.
The 2023 Forced Displacement Survey begins to close this gap by providing data on the socioeconomicand living conditions of refugees and host communities in South Sudan, including the variables used toderive the DHS wealth index (UNHCR, 2024). This presents a rare opportunity to generatedevelopment indicators for refugee populations, such as relative well-being, using data collected in ahumanitarian context.
DHS wealth index

The DHS wealth index is a widely used measure of household economic status in low- andmiddle-income countries. It helps identify disparities in living standards by ranking households based ontheir ownership of durable goods, housing quality and access to basic services such as water andsanitation. These rankings are typically divided into five wealth quintiles, grouping households from thepoorest to the wealthiest within each survey.
Rather than relying on income or consumption data, which can be costly to collect and may fluctuate in
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the short term, the DHS wealth index uses assets as proxies for long-term wealth. This approachsimplifies the complex dimensions of wealth into a single, standardized measure of household economicstatus. While this dimensional reduction can obscure some nuances, it offers a practical and intuitivetool for analyzing inequality and targeting interventions, which is why the DHS Wealth Index hasbecome a standard instrument in public health and development research, especially in settings wheremonetary poverty data is unavailable (Rutstein, 2008).
However, this approach has clear limitations for comparability across countries or over time. Becauseeach DHS wealth index is calculated using assets that are relevant to a specific country and survey year,wealth scores are relative within each survey and cannot be directly compared between differentpopulations. Urban-rural differences in asset ownership also bias results unless separate indices orcontext-neutral variables are used (Rutstein, 2008). Several studies have examined these comparabilityissues (McKenzie, 2005; Rutstein, 2015). In response, Smits and Steendijk Smits and Steendijk (2015)developed the International Wealth Index (IWI), a globally comparable index using a fixed set of 12harmonized variables and standardized weights derived from pooled international data. While the DHSWealth Index remains useful for within-country analyses, the IWI is better suited for cross-national orlongitudinal comparisons.
In contexts like South Sudan, where national household surveys do not typically include refugees andwhere comprehensive monetary poverty data is difficult to collect, asset-based wealth indices offer avaluable insight into relative living standards across refugee and host communities. This approach helpsfill a critical data gap by translating humanitarian survey data into development-relevant insights andsupporting the alignment of humanitarian response with long-term development goals. Moreover,asset-based wealth indices are increasingly being used to train machine learning models to predictwelfare in data-scarce environments, further expanding their utility in contexts with limited economicdata (Yeh et al., 2020; Zheng et al., 2025).
Forced Displacement Survey Program

The Forced Displacement Survey by the UNHCR is designed to streamline and standardize datacollection on forcibly displaced populations. It provides high-quality, nationally representative data onthe socioeconomic and living conditions of refugees and asylum seekers hosted in low- andlower-middle-income countries and covers host communities living in proximity to refugees and asylumseekers, aiming to inform humanitarian operations, government policy, and development programming(UNHCR, 2024). The FDS aims to bridge the gap between humanitarian response and developmentplanning, offering data that supports durable solutions for those affected by forced displacement. Forthe first time in a UNHCR-led household survey, the FDS includes detailed multi-topic information onhousehold living conditions and wellbeing aligned with international statistical standards, enabling theconstruction of asset-based wealth indices. The information collected aligns with the variables used inthe DHS methodology, and includes land and house ownership, building materials of dwellings, accessto electricity and bank accounts, access to drinking water, sanitation and clean fuel, and the ownershipof a long list of assets.

Applying the wealth index to the FDS
South Sudan
In displacement contexts, the DHS assumption that assets reflect long-term wealth does not hold in thesame way. Displacement often involves the loss of assets, which may lower measured wealth withoutnecessarily reflecting a household’s underlying capabilities or potential to rebuild wealth, such aseducation or professional skills.
Yet, the majority of households in the South Sudan sample report displacement around 2011-2013,corresponding to the period of conflict surrounding South Sudan’s independence. Only 3 per cent of therefugees in the sample arrived after 2018 and excluding these observations has minimal impact on thewealth distribution. Among refugees in the south, the proportion of households in the poorest quintile
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shifts only slightly from 7.4 per cent to 7.7 per cent, and among refugees in the north, it changes from15.0 to 14.9 per cent. This suggests that due to the largely protracted displacement situation in SouthSudan, the loss of assets during displacement does not substantially skew the relative wealth ranking inthe South Sudan FDS.
Figure 1. Refugee households in South Sudan FDS - year of displacement
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The effects of humanitarian assistance are more difficult to disentangle. Refugees in South Sudanreceive varying forms of assistance, both in camps and outside of camps, which can influence indicatorsused in the index, such as access to services and housing materials. Even host community householdsmay benefit from services provided near refugee settlements. While it is impossible to quantifyprecisely how humanitarian assistance affects the wealth distribution, households benefiting from theseservices are in a relatively better position than households without such access, even when access isfacilitated through humanitarian support. Therefore, the wealth index developed here is bestunderstood as a measure of current well-being and living conditions, rather than long-term sustainablewealth or self-reliance.
To assess the feasibility of constructing an asset-based wealth index for refugee contexts based on theDHS Wealth Index methodology, we first conducted a descriptive analysis of the variables used in theindex calculation for the 2023 Forced Displacement Survey in South Sudan. This analysis examinesvariation in key asset and housing characteristics across three population groups: refugees in the south,refugees in the north, and members of the host community in the north. It serves as both foundation forproducing development-relevant and comparable wealth data for forcibly displaced populations inSouth Sudan, and as a reference point for interpreting the wealth index results. By examining howvariables differ across groups, the descriptive analysis helps to explain the patterns seen in the wealthquintile distributions and sheds light on the main drivers of relative wealth.
The disaggregation into three population groups follows the classification of the FDS report:

⬢ Refugees North: Refugees living in camps and settlements in Pariang county, RuwengAdministrative Area and Maban county, Upper Nile. This area hosts the large majority of SouthSudan’s refugees. Refugees here mostly live in camp settings where humanitarian agenciesprovide services.
⬢ Refugees South: Refugees living in Central Equatoria, Western Equatoria and Jonglei. Theyrepresent around 8 per cent of South Sudan’s refugee population. Unlike in the north, refugees inthe south live in dispersed settlements with lower levels of management and often integrate into

6



FDS Methodological Paper Series | Asset-basedWealth Index PAPER #02

neighbouring communities. The sample does not include urban refugees in Juba, who representless than 2 per cent of the refugee population.
⬢ Host Community North: This group includes non-displaced households in Pariang county, RuwengAdministrative Area and Maban county, Upper Nile. Hosts are defined as the national populationliving in proximity of the refugee population, interacting, and sharing space, resources, andopportunities with the refugee population. Due to logistical and budget constraints, nocomparable host sample was collected in the south.

Overall, refugees in the south appear to be better off than both refugees and host community membersin the north across a wide range of indicators. In terms of housing materials, refugees in the south tendto live in dwellings constructed with higher-quality materials for walls, roofs, and floors. While naturalmaterials remain common, their use is significantly lower among southern refugees compared to bothnorthern groups. Asset ownership paints a similar picture: refugees in the south report higher rates ofownership for many key items such as hoes, pangas, chairs, mattresses, mobile phones andsmartphones than both refugees and host community households in the north. Refugees in the northreport better access to improved drinking water (36 per cent) and improved sanitation (61 per cent)than both southern refugees (25 per cent and 50 per cent, respectively) and northern host communities(23 per cent and 15 per cent). This may be driven by facilities provided in northern refugee campscompared to more dispersed, community-based settings in the south.
Together, these findings suggest that while camp-based services may benefit northern refugees incertain areas, southern refugees enjoy broader advantages across housing quality, asset ownership, andliving conditions, positioning them as the relatively better-off group among the three. Despite theseobserved differences, the fact that households across all groups tend to own similar types of assets andrely on comparable fuels, water sources, sanitation facilities and building materials provides confidencethat comparisons across groups are both possible and valid. Assets not owned by host communityhouseholds typically also show very low ownership rates across refugee groups. This supports thevalidity of calculating a wealth index across the entire sample, from which group-specific distributionscan be derived.
As described in the FDS report, the recent conflict in Sudan may have changed conditions since thetime of data collection. It will be important to revisit these findings with new survey rounds thatincludes asset data in South Sudan (UNHCR, 2024). With the standardized methodology from thispaper, such updates should be straightforward and allow for comparability over time.
The detailed results of the descriptive analysis can be found in Annex 1.1

Methodology
To construct the wealth index, we apply Principal Component Analysis (PCA), taking into account thehigh proportion of binary variables in the final dataset. The first principal component is extracted andused as the wealth index, assigning each household a score that reflects its relative position within theasset distribution. Households are then ranked by their wealth score and divided into five equal groups,from poorest (Q1) to wealthiest (Q5) quintile. These quintiles are calculated using the full analyticalsample, enabling comparisons across key subgroups such as refugees, host communities, and urban orrural populations.
Several adjustments were made to the standard DHS methodology to better align with the structure ofthe Forced Displacement Survey data and to simplify future applications across country contexts. Adetailed step-by-step description of the methodology can be found in Annex 2 – Calculation of theWealth Index.

1 Code for Replication of the descriptive analysis and well as standardized methodology for calculating wealth index in
refugee/host settings using Forced Displacement Surveys is included with the full wealth index calculation on GitHub.
(https://github.com/jointdatacenter/wealthindex).
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Categorical variables

Instead of generating multiple binary (dummy) variables for each category of key householdcharacteristics, as done by the DHS, we use aggregate binary indicators for access to improved drinkingwater, sanitation and clean cooking fuel. Similarly, we classify building materials for walls, roofs andfloors into three standardized DHS-defined categories: natural, rudimentary, and finished to reduce thenumber of variables while retaining the interpretability of housing materials. Moreover, a binarycrowding indicator is used in place of the continuous variable of number of persons sleeping in oneroom used in DHS wealth index calculations. Households are considered overcrowded if three or moremembers share a sleeping room (Acioly and Horwood, 2011).
These simplifications streamline the analysis and reflect the increasing availability of somepre-calculated indicators in newer FDS datasets. For the South Sudan version these variables wereconstructed manually. Working with the South Sudan FDS data revealed two data qualityconsiderations. First, the lack of detail for “Other, specify” responses in categorical variables limitsinterpretability. The dataset did not include the specified responses for these observations, whichrepresent a substantial number of households in some key variables, such as main source of drinkingwater, type of toilet facility and main roof material. Access to this information could improve thereliability of the analysis.
Second, for respondents living in certain building types – traditional houses and tents – thequestionnaire appears to skip the observation of materials used for walls, roofs and floor. Those beingthe most common housing types across the South Sudan sample, excluding these cases was not anoption. Instead, materials were imputed based on assumptions about what is typically used in thesedwellings (see Annex 2.1.3 Dwelling Materials Imputation specifying e.g. tents with natural wall, floorand roof materials). Given the large number of observations, these assumptions can have a substantialimpact on the results and introduce bias if applied incorrectly. Therefore, including the observations onbuilding materials for all housing types or providing clear guidelines on how to code materials for thesetwo very common housing types in South Sudan could improve accuracy and consistency.
Asset ownership

Asset and livestock variables were included as provided in each country’s FDS dataset, under theassumption that the survey design teams applied informed, context-specific judgment when selectingasset items. All asset variables present and owned by at least one household were retained in theanalysis. Assets that were entirely unused (i.e., not owned by any household) were excludedautomatically.
While it may be tempting to drop assets with low ownership rates, doing so risks removing highlyinformative wealth indicators, such as a car, which may only be owned by a few households but stillsignals clear wealth differentiation. Consistency in our approach means retaining all available andnon-empty assets, regardless of prevalence.
Land ownership

Land ownership is included in the PCA input dataset only in countries where refugees have either a dejure or de facto right to own land. In countries where refugees are legally restricted from landownership, or where no substantial number of refugee households report owning land, the variable isexcluded to avoid introducing bias and ensure comparability between population groups.
Excluding or including this variable was tested for its impact on the wealth index in the South Sudanexample. Excluding land ownership had no significant effect on the resulting quintile distribution,supporting the robustness of the index in either specification.
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Treatment of binary and continuous variables

A key consideration in constructing an asset-based wealth index using PCA is the treatment of differentvariable types, particularly binary indicators, which dominate many forced displacement datasets,alongside occasional continuous variables. It is essential to ensure that no single variable typedisproportionately influences the principal components, particularly in datasets where binary variablesare the norm.
To address this, the PCA in this analysis is implemented using a correlation matrix that appropriatelyreflects the mix of variable types. Using R allows the specification of “mixed” correlation, whichcombines tetrachoric correlations for binary variables and Pearson correlations for continuous ones.This approach ensures that binary variables are treated correctly and prevents continuous variablesfrom disproportionately influencing the wealth index simply because of their scale or distribution.Where the dataset includes only binary variables, it is also possible to specify the use of tetrachoriccorrelation exclusively.
For example, in the South Sudan dataset, with agricultural land area being the only continuous variable,using a mixed correlation matrix, allowed to preserve the balance across all included indicators.Examination of the variable’s loading on the first principal component confirmed that it had a minimalimpact on the index. Further sensitivity checks, such as excluding the variable or recoding it into binarycategories, showed that these changes did not meaningfully affect the resulting wealth quintiledistribution.
This diagnostic approach, especially reviewing variable loadings, is recommended when considering theinclusion of variables with low prevalence, inconsistent measurement, or potentially disproportionateinfluence. It supports transparent, data-driven decisions that strengthen the reliability and comparabilityof the resulting index.
Joint urban/rural principal component analysis

The DHS wealth index is typically calculated by running separate PCAs for an urban and a rural group,then constructing national scores using regression modelling. This recognizes that asset ownership candiffer significantly by settlement type. A similar concern arises when working with data that includesboth refugees and host communities, (as well as refugees in and outside of camps) where one mightexpect systematic differences in access to assets, housing types, and services due to differing legalstatus, mobility constraints, or humanitarian support.
To assess whether a joint calculation was appropriate, we aimed to compare asset ownership ratesbetween urban and rural and refugee and host households in the South Sudan dataset. However, sincethe South Sudan FDS data does not include an urban sample, tests included refugees and hosts as wellas households living in camps and out of camps (including out-of-camp refugees and hosts). Theobserved differences in asset ownership across both settlement and population groups were relativelyminor. While some variation is expected, the overall similarity in ownership patterns suggested thatseparate PCA calculations might not be necessary. To test this hypothesis, we implemented the PCAboth jointly and separately for refugee and host community households as well as for in-camp andout-of-camp households. The results were highly comparable, reinforcing the conclusion that whenasset distributions are similar across groups, a unified PCA approach is methodologically sound.
For additional validation of this logic, we turned to two additional FDS datasets – Cameroon andPakistan – where both urban and rural households were surveyed. Observed differences in assetownership between urban and rural households and refugee and host community households wererelatively minor and the results of joint and separate PCA calculation for all variations aligned closely.
This reinforces the conclusion that when asset distributions are broadly similar across groups, a unifiedPCA approach is methodologically sound. Importantly, displaced and host households did not showsystematic differences that would warrant separate indices.
This has important practical implications. Despite initial concerns that displaced households mightsystematically lack access to key assets, our findings indicate that a unified index can be constructed
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without compromising methodological robustness, provided that asset distributions are examined inadvance. This simplifies the process and facilitates comparability across population groups.
Nevertheless, the applicability of this approach should always be evaluated on a case-by-case basis.While moderate variation across groups is acceptable, if one group consistently lacks access to assetsthat are widely owned by others, separate indices may still be warranted to avoid distortion. Themethodology presented here, including the disaggregation and parallel PCA testing, offers a replicable,evidence-based approach for determining when a unified wealth index is appropriate in forceddisplacement contexts.

Results
In South Sudan, notable differences exist between population groups, with host community householdsappearing worse off than both refugee groups. Geographic variation also emerges as an importantfactor: refugees in the south appear better off than their northern counterparts. This may be driven bystructural and environmental factors. The south offers more arable land and favourable climaticconditions, allowing for greater reliance on subsistence agriculture, which can enhance householdself-sufficiency. Additionally, many refugees in the south reside in settlements integrated with hostcommunities, potentially granting better access to livelihoods, markets, and public services. In contrast,refugees in the north are more likely to live in camps, where mobility and economic opportunities areoften more restricted.
An interesting observation is that hosts seem to be, on average, worse off than both refugee groups.This reflects in part, the way the wealth index captures current living standards instead of providing ameasure of sustainable long-term wealth. Humanitarian assistance contributes to better livingconditions for refugees, particularly through access to services such as water, sanitation, and sheltermaterials, which directly improves their measured well-being. Hosts without comparable support maytherefore rank lower on the wealth index, even if refugees remain more aid-dependent and lessself-reliant in the longer term. This underscores that humanitarian assistance appears to have a positiveimpact on household well-being but should not be interpreted as evidence that refugees’ economicsituation is secure or that they are not in need of support. Importantly, these results reflect only thesample composition of the South Sudan FDS, as described earlier. The host group consists ofhouseholds from two counties in proximity to refugee camps in the north and is not representative ofthe entire non-displaced population in South Sudan.
These findings are consistent with the descriptive analysis of asset ownership in Appendix, which showsrefugees in the south faring better across multiple indicators (such as asset and livestock ownershiprates and quality of building materials). Together, the results suggest that both geographic location anddisplacement status play central roles in shaping household well-being outcomes.
The first principal component, which is used to construct the index, explains approximately 20 per centof the variation in the underlying dataset. While this may appear low, it falls within the expected rangefor PCA-based wealth indices using binary asset data. It reflects the multidimensional nature ofhousehold well-being, which a single component cannot fully capture, but still provides a meaningfuland interpretable ranking of households along a relative wealth spectrum.
The component loadings of the first principal component, are coherent and interpretable. Assets andhousing characteristics associated with better living standards, such as improved materials, access toservices, or ownership of consumer goods, load positively on the index, while indicators of deprivation,such as natural building materials or overcrowding, load negatively. Similar types of variables behaveconsistently, and no single variable dominates the index. These patterns provide reassurance that theindex meaningfully captures a broad spectrum of household well-being.
At the same time, some of the variables with the highest loadings, such as ownership of a car, tractor, orWi-Fi router, are those with the lowest incidence in the population. These rare but high-value assets arehighly effective in distinguishing the wealthiest households from the rest of the population. While thisimproves the index’s ability to capture variation at the top end of the wealth distribution, it also meansthat some of the most influential variables are not broadly informative across the full population. For
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Figure 2. Wealth distribution in South Sudan
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example, any household owning a tractor or router is almost certainly found in the top quintile, but thisdoes not help differentiate among lower-wealth households where such assets are entirely absent.
To analyse the magnitude of loadings further, the code provided for the South Sudan wealth indexcalculation creates a table with loadings for all variables used in the principal component analysis.
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Application in other contexts

The methodology developed using the South Sudan FDS data, was also applied to Pakistan andCameroon. These applications are not intended as full analyses, but rather as tests of the joint versusseparate PCA calculation and to demonstrate that the approach can be transferred across displacementcontexts. More comprehensive wealth index analyses for both countries are expected in forthcomingFDS reports.
In Pakistan, the wealth index clearly separates population groups by displacement status. The hostcommunity emerges as the wealthiest, followed by out-of-camp refugees, with in-camp refugees beingthe poorest.
Figure 4. Wealth distribution in Pakistan
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In Cameroon, direct comparison is limited in some regions due to a much larger sample of refugeehouseholds. Nonetheless, the available data suggests that host households are generally better off ifcompared across the full sample. Further analysis within the refugee population may reveal interestingregional variation.
As described above, the PCA was also run separately for urban and rural areas and then combined intoa national index from there (following the standard DHS approach) to test the robustness of theapproach. Across all three datasets, results remained highly consistent. The overall wealth rankings ofgroups did not change regardless of whether the index was constructed jointly or separately. Thisconsistency builds confidence in the method and supports the use of a unified wealth index when initialdescriptive tabulations show broadly similar patterns of asset ownership across subgroups.

Recommendations
This methodology offers a practical, standardized tool for measuring relative socioeconomic statuswithin countries using Forced Displacement Survey data. Building on the DHS Wealth Index framework,
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Figure 5. Wealth distribution in Cameroon
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the approach has been adapted to reflect the realities of displacement contexts, capturing variationacross refugee and host populations while remaining replicable across countries and surveys.
The wealth index is not designed to produce absolute poverty measures or enable direct comparisonsacross countries. Asset ownership patterns are inherently shaped by local contexts and removingcontext-specific variables to enforce comparability would compromise the index’s ability to reflectactual living conditions. Instead, this methodology enables meaningful within-country comparisons,allowing for a clear ranking of households or groups along a relative wealth spectrum. When appliedconsistently, it can also contribute to broader regional insights into how factors like displacementsettings and settlement types relate to household well-being, without implying direct comparisons ofabsolute wealth levels between countries.
The analysis shows that standardized wealth measurement tools can be meaningfully applied inhumanitarian contexts. By translating detailed, often dichotomous asset data intodevelopment-relevant indicators, the wealth index enables more accurate assessments of livingconditions among displaced and host communities. This not only fills a critical data gap in FDS reportingbut also supports the integration of humanitarian data into long-term development efforts, enhancingthe value and impact of socioeconomic analysis in displacement settings.
Several lessons emerge for future rounds of FDS and for teams applying this methodology elsewhere.

⬢ Survey design recommendations for FDS teams:
⚪ Some response categories currently coded as “Other, specify” contain a substantial share ofhouseholds, but do not include the specified responses. Making these specified responsesavailable in the dataset would increase interpretability.
⚪ For common dwelling types such as traditional houses or tents, direct observation of wall,roof, and floor materials would avoid the need for imputation and improve consistencyacross contexts.

⬢ Methodological recommendations for constructing a wealth index in displacement settings:
13
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⚪ Examine asset ownership patterns across subgroups (urban/rural, refugee/host,in-camp/out-of-camp). If distributions are broadly similar, a joint PCA is appropriate; wheresystematic differences exist, separate PCAs are more reliable.
⚪ Pay attention to missing values on key housing variables. Imputation should be guided bycontextual knowledge of typical materials and practices in each country.
⚪ Land ownership requires particular attention in displacement contexts. Reported ownershipmay not reflect actual access and sometimes refer to land outside the current country ofresidence. For example, in South Sudan some refugee households own land across theborder in Sudan, the accessibility of which depends heavily on the political situation.Sensitivity checks in this study confirmed that including or excluding land ownership did notchange results, but such analyses should always be conducted, as the effect may vary bycontext. If land ownership meaningfully alters results, researchers may need to consideralternatives such as access-to-land indicators, even if this departs from the DHS framework.
⚪ To ensure that binary variables are handled appropriately in the calculation, the specificationof tetrachoric correlation in the PCA command in R is vital.

Together, these recommendations reinforce the strength and adaptability of the approach. With smalladjustments to survey design and careful application of PCA, the wealth index can serve as a reliable,replicable tool for measuring relative socioeconomic status in displacement contexts, helping to alignhumanitarian and development analysis. The standardized methodology facilitates straightforwardanalysis and should be used to revisit these findings with future survey data taking into accountevolving conditions in South Sudan.
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Appendices
Descriptive analysis of wealth index variables in FDS South Sudan

After cleaning the data, the total number of observations is 3,071. This includes 483 observations forrefugees in the south, 1,599 observations for refugees in the north, and 989 observations for the hostcommunity in the north. The values shown in this descriptive analysis incorporate household samplingweights (wgh_samp_resc_str). These weights account for unequal probabilities of selection at variousstages of sampling, including adjustments for proximity to refugee camps and for households owningmultiple buildings. They are rescaled to preserve the sample size within each stratum and are intendedfor comparative analysis among and within strata2.
Importantly, these weights are not applied before the principal component analysis (PCA) but are onlyused after the PCA, during the calculation of wealth indices for each population group (Rutstein, 2015).The application of these weights in the descriptive analysis does not substantially change the observeddifferences between groups in the comparisons presented.
Figure 6. Remaining observations by population group
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Land & house ownership, access to bank accounts & electricity
Land and house ownership are high among host community households but lower for the other groups.Refugees in the north have the lowest land ownership, with 13 per cent of households owning land and32 per cent owing their house. Refugee households in the south are more likely to own land andhouses, with more than half owning their own house, but their ownership rates are still below those ofthe host community in the north.
The number of households with access to a bank account is very low, with less than 2 per cent across allgroups and as low as 1.1 per cent for refugees in the north. Access to electricity is also severely limited,

2 Forced Displacement Survey microdata, South Sudan 2023
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Figure 7. Land & house ownership, access to bank accounts & electricity
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with less than 1 per cent of households in all groups having access to consistent sources of electricity,as also reported in the FDS report.
Main source of drinking water
Refugees in the north predominantly use public taps or standpipes, with over 80 per cent relying on thiswater source. In contrast, the main water sources for the other groups are more diverse. Refugees inthe south primarily use tube wells, boreholes, or hand pumps, and to a lesser extent, unprotected wells,public taps, standpipes and surface water. Host community households in the north are somewhatevenly split between using public taps or standpipes and wells, boreholes or hand-pumps, with a smallportion using surface water.
Type of toilet facility
Host community members are the least likely to have access to a toilet facility, with over 70 per centreporting that they do not typically use any toilet facility. This number is considerably lower, but stillabove 20 per cent, for both refugee groups. Refugees in the south most commonly use pit latrines withslabs, followed by pit latrines without slabs. In contrast, refugees in the north most commonly useflush-to-pit latrines, followed by pit latrines with slabs. About 5 per cent of refugees in the south reportusing other types of toilet facilities, though no further specification is provided in the dataset.
While the first figure includes both shared and non-shared facilities, the dataset also providesinformation on whether households share their toilet facility with others. As shown in the secondfigure, refugee households in the south are more likely to share toilet facilities than the other groups.For example, 20.5 per cent of refugee households in the south use a shared pit latrine with slab,compared to only 3.6 per cent of refugees and 3.5 per cent of host community households in the north.Shared use is also higher among refugees in the south for pit latrines without slabs (11.3 per cent), whileshared flush-to-pit latrines are more common among refugees in the north (7.8 per cent).
Type of cooking fuel
The main type of cooking fuel for all three groups is wood, used by more than 70 per cent of allhouseholds. Smaller portions of all households in all groups use unprocessed charcoal and unprocessed
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Figure 8. Main source of drinking water
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Figure 9. Type of toilet facility
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Figure 10. Sharing of toilet facility
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coal or lignite. Unlike the other two groups, some refugee households in the north are also usingagricultural or crop residue, grass, straw, shrubs or corn cobs, and woodchips as cooking fuel.
For the calculation of the wealth index, some of the detailed dichotomous variables were combined intostandardized definitions for improved drinking water, improved sanitation, clean cooking fuel, andovercrowding, following SDG and DHS guidelines. The exact definitions applied can be found inAppendix on Access to Services.
Refugees in the north appear to have better access to both improved drinking water (37 per cent) andimproved sanitation (61 per cent) compared to lower numbers for the host community in the sameregion and refugees in the south.
Access to clean cooking fuel is minimal across all groups, with less than 0.5 per cent of households usingclean fuels, reflecting the widespread reliance on wood as the primary cooking source.
Overcrowding is more severe in the north, where approximately half of all households report more thanthree people per sleeping room (49 per cent among northern refugees, 51 per cent among northernhosts). In comparison, only 33 per cent of southern refugee households report living in overcrowdedconditions.
Dwelling Characteristics
The most commonly used material for walls across all groups is mud bricks, with 73 per cent of refugeesin the south, 57 per cent of refugees in the north, and 41 per cent of the host community households inthe north using this material for their dwelling. Interestingly, fewer than 3 per cent of refugees in thesouth live in dwellings without walls, compared to larger proportions among refugees and the hostcommunity in the north (30 per cent and 34 per cent). The share of host community households in thenorth using mud bricks is slightly lower than for the refugee groups, relying more than other groups onwalls made from bamboo with mud with 18 per cent.
For roofs, refugees in the north use significantly less thatch or palm leaf compared to other groups, with
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Figure 11. Type of cooking fuel
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only 48 per cent, compared to 74 per cent among refugees in the south and 67 per cent among the hostcommunity in the north. Refugees and host community households in the north are also more likely tolive in dwellings without roof (28 per cent and 25 per cent) compared to fewer than 3 per cent ofrefugee households in the south. Metal roofs are used by 10 per cent of refugee households in thenorth, compared to only 7 per cent of refugees in the south and 4 per cent of host communityhouseholds and 8 per cent of refugees in the south and 4 per cent of refugees in the north use otherroof materials, which are not further specified in the data.
The main floor material for almost all households surveyed is earth or sand. Refugees in the south arethe only group in which more than 1 per cent of households use another material such as cement ordung.
For the construction of the wealth index, we use these detailed housing material variables to createthree categories for each population group in South Sudan: natural, rudimentary and finished. For eachhousing feature (walls, roof and floor), households are assigned to one of these categories depending onthe material used in their dwelling.
We observe that refugees in the south are more likely to have rudimentary or finished walls comparedto both groups in the north, with only 11 per cent of southern refugees using natural floor materials,whereas over 30 per cent of households in both northern groups fall into this category. On the otherhand, refugees in the north are more likely to have finished roofs, with 20 per cent compared to 13 percent among southern refugees and only 5 per cent among northern host households. All three groupsrely predominantly on natural floor materials, with over 90 per cent of households falling into thiscategory, reflecting the widespread use of earth and sand floors, as previously discussed.
The assumptions we make to replace missing materials for traditional houses and tents significantlyinfluence these results (see Appendix on Dwelling Materials Imputation). The dominant materials for allthree dwelling characteristics categories are those we assign to traditional houses, which are the mostcommon housing type by far. The second most common materials are those we assign to tents. Morethan 60 per cent of host community and refugee households in the north live in one of these twohousing types (approximately 40 per cent in traditional houses and 25 per cent in tents). In the south,
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Figure 12. Access and living conditions by population group
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over 70 per cent of refugees live in traditional houses. This highlights the sensitivity of the variables toour assumptions. It may be important to observe materials in the Forced Displacement Survey evenwhen the housing type is a traditional house or tent.
Asset ownership
The table below shows the percentage of households that own various assets, sorted by the degree ofvariability between the population groups (measured by the standard deviation of the threepercentages). For many asset types, refugees in the south report higher ownership rates than both hostcommunity members and refugees in the north. This is the case, for example, for hoes, pangas3, chairs,mattresses as well as mobile phones and smartphones, which are more commonly owned by refugees inthe south than by the other two groups.
While refugee households in the north appear to have the lowest ownership numbers overall, there aresome assets which they are more likely to own than other groups. This includes beds, malodas,

3 tool used by farmers, like a shovel
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Figure 13. Main wall material
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Figure 14. Main roof material
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traditional stoves, axes, spades and harrows. They also own more hoes, pangas and seeds for plantingthan host community households in the north, suggesting that refugee households are more likely toown tools for agriculture than the host community.
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Figure 15. Main floor material
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Livestock ownership
Refugees in the south seem to own the least livestock, particularly lacking cows and bulls, horses,donkeys and mules, and sheep. Both refugees and host communities in the north own more animalsoverall. For some categories like goats and barnyard animals, refugee households in the north are morelikely to own 1-4 animals, while host community households tend to own larger number of animals.Refugees in the north own more sheep overall, whereas host community households own more cowsand bulls.
The variation in selected variables reveals meaningful differences in asset ownership and housingcharacteristics across the three population groups studied. Despite these differences, the generaltendency for households across all groups to own similar types of assets and rely on comparable fuel,water, sanitation, and building materials provides confidence that cross-group comparisons are bothpossible and valid.
Assets rarely owned by host community households also tend to be rare among refugee groups, mostlybelow 1 per cent. This analysis supports the validity of calculating a unified wealth index across the fullsample, from which group-specific indices can be derived. This method offers a replicable way togenerate comparable relative wealth measures for refugees and host communities in South Sudan andsimilar contexts.
Calculation of the Wealth Index

This section outlines the steps followed to construct a wealth index from FDS data, following the coreprinciples of the DHS methodology, while adapting to the FDS context. The methodology is designed tobe replicable and adaptable across countries where FDS or similar survey data are available.
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Figure 16. Housing material
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Variable Selection and Preprocessing
The initial pool of variables is selected from the Forced Displacement Survey dataset, aiming to reflectcore dimensions of household wealth as used in DHS surveys. This includes access to utilities, housingcharacteristics, ownership of durable goods, livestock, and financial access.
Where relevant, FDS variables are transformed or adapted to improve comparability and analyticalvalidity.
Access to Services If not already included in the dataset (check for FDS datasets after 2024), thefollowing binary indicators are constructed:

⬢ improved_dw: Access to an improved drinking water source, which includes piped water (intodwelling, yard/plot, piped to neighbour, or to a public tap/standpipe), tube wells/boreholes,hand-pumps, protected wells and springs, rainwater, tanker-trucks with water from protectedsource, carts with small tank, water kiosks, bottled water, and sachet water.
⬢ Improved_dw_final: Access to an improved drinking water source located on premises orreachable in less than 30 min.
⬢ Improved_san: Access to improved sanitation facilities, which includes flush toilets, ventilatedimproved pit latrines, pit latrines with slab and composting toilet
⬢ Clean_cookingfuel: Use of clean cooking fuel, which includes cooking with solar cookers,electric stoves, piped natural gas stoves, biogas stoves, LPG/cooking gas stoves or using ethanol.(note: commonly found as variable RBM20802 in FDS).
⬢ crowding_cat: Binary indicator for overcrowding, defined as more than three householdmembers sleeping in the same room.
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Figure 17. Asset ownership
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These variables are constructed manually where not already present. In newer FDS datasets, they mayalready be included and require no additional calculation.
⬢ Toilet Sharing (shared_san):The aggregate Improved_san indicator does not consider whether a toilet is shared. Therefore, aseparate variable shared_san is created. In cases where respondents indicate they do not use atoilet, they are not asked whether the facility is shared. For these cases, missing values in thesharing question (SAN05) are replaced with 0 (not shared), under the assumption that thesehouseholds are not using shared facilities.
⬢ Electricity:The electricity variable follows the SDG 7.1.1 definition of access to reliable electricity. A
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Figure 18. Livestock ownership
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household is considered to have electricity access (Tier 1 or above) if it either (a) receives powerfrom the grid or mini-grid for at least one hour in the evening, or (b) uses an off-grid source (e.g.,solar system, generator, battery) capable of powering at least one basic appliance. This indicatorwill be pre-calculated in future FDS datasets.
Housing and Land Ownership Land ownership can be a key indicator of wealth, but its inclusion in thewealth index must be carefully considered in contexts involving displaced populations. In countrieswhere refugees are not legally permitted to own land, including this variable can introduce bias andshould be avoided. Therefore, land ownership is only included in the calculation of the wealth index incountries where refugees have a de jure or de facto right to own land. To operationalize this, we apply athreshold requiring that land ownership must be reported by at least 5 per cent of refugee householdsin the survey data. This helps ensure that land ownership reflects meaningful variation in wealth, ratherthan simply mirroring structural access barriers. This approach supports consistency across contextswhile avoiding skewed results due to legal or institutional constraints.
When land ownership is retained, further adjustments may be required due to the structure of thequestionnaire:
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⬢ In earlier FDS versions, households that reported owning the land they live on (Land02 = 1) wereoften not asked about house ownership (Land01), resulting in missing values for the latter.In such cases, we impute house ownership by assuming that households that own the land alsoown the house and recode missing Land01 values as 1 (Yes) if Land02 = 1.
⬢ If land area is included as a continuous variable, it is constructed by summing the size of all landplots reported by the household. These are then converted into a consistent unit, such ashectares, resulting in the variable agricultural_land_area.Unit conversions must be country-specific, based on how land size is reported in the survey.

Dwelling Materials Imputation Information about wall, roof, and floor materials is used to assesshousing quality. However, in South Sudan and potentially other countries, respondents living in certainhousing types were not asked to specify these materials. In South Sudan, missing values in wall (HH02),roof (HH03), and floor (HH06) materials are imputed based on housing type (HH01), using typical materialassumptions:
⬢ If HH01 = 3 (traditional house such as tukul), we assume:

⚪ Walls = mud bricks
⚪ Roof = thatch
⚪ Floor = earth/sand

⬢ If HH01 = 4 (tent), we assume:
⚪ Walls = no walls
⚪ Roof = no roof
⚪ Floor = earth/sand

These assumptions reflect likely material usage and the importance of these variables for the wealthindex.
Livestock Ownership Given the non-linear relationship between livestock ownership and wealth,continuous livestock counts (variables starting with Assets04) are transformed into categorical bins of1-4, 5-9 and more than 10 animals. Following DHS practice, this reflects increasing marginal value withlarger herd sizes. Categories with ownership rates below 1 per cent are dropped to reduce noise.
Other Asset Variables All available asset variables (that are owned by at least one household) will beused in the PCA. These variables have to be recoded from 1/2 (Yes/No) to 1/0 and missing values arereplaced with 0, assuming absence of the item. This also applies to bank account access (HH_30a).
Final Data Assembly Once all transformations are complete, the final dataset is compiled to include aunique household identifier, regional and population group identifiers (e.g., refugee/host, north/south,urban/rural), and all selected asset and housing variables, both binary and continuous.
Before running the PCA, all variables with zero variation, (i.e. variables not owned by any household)must be excluded, as they do not contribute any information to the analysis and cause errors in thecomputation. This cleaned and fully assembled dataset is then used as the input for the principalcomponent analysis in the next stage of the wealth index calculation.
PCA and Quintile Calculation
To construct the wealth index, Principal Component Analysis (PCA) is applied using the principal()function from the psych package in R. Given the mix of binary and continuous variables, the analysis isrun with cor = "mixed" to ensure appropriate handling of variable types. If the final dataset includesonly binary variables, cor = "tet" (tetrachoric correlation) can be used instead. Using the default
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Pearson correlation (cor = "pearson") can distort results in datasets dominated by binary indicatorsand should be avoided.
The first principal component is extracted and used as the wealth index. Each household receives ascore representing its relative position in the asset distribution.
Households are then ranked by their wealth score and divided into five equal groups, from poorest (Q1)to wealthiest (Q5) quintile. These quintiles are calculated using the full analytical sample to allow forcomparisons across subgroups.
Once assigned, the distribution of population groups (e.g. refugees, hosts, urban/rural) across quintilescan be analysed and visualized to highlight differences in living standards.
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