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Climate Shock Resilience of Integrated WASH and Livelihood

Interventions: Evidence from a Quasi-Experiment in Zambia

Jingru Jia, Paul E. McNamara, Emmanuel Tumusiime

Abstract

Integrated livelihoods programs are central to rural poverty eradication in low-income coun-

tries, but how to strengthen their resilience to climate shocks remains critical to preventing re-

impoverishment. We draw on data from two survey rounds covering 1,805 ultra-poor households

in Zambia during the historic 2023–2024 El Niño drought to test whether layering water access

infrastructure on top of livelihood training strengthens resilience. Using a field quasi-experiment

with three treatment arms and a control group, we assess resilience by examining food and nutri-

tion security and income for households facing the drought. We compare a livelihood-only package

against a multi-sectoral package that adds improved water access, sanitation, and hygiene (WASH)

interventions.

The results show a clear gap between self-reported food access and diet quality. While all

treatment arms significantly reduced the psychosocial experience of food insecurity (HFIAS), the

livelihood-only packages did not protect material welfare. Only the Multi-Sectoral Package (T1)

sustained dietary diversity (HDDS) and significantly reduced the duration of acute hunger. This

resilience was accompanied by a sizable income gain: T1 households generated approximately

four times more incremental income than the livelihood-focused arms. Mechanism analysis points

most strongly to the relaxation of a binding labor constraint. The water infrastructure reduced

the drought-induced time tax, allowing households to reallocate labor from water collection to-

ward productive non-farm income generation. These findings suggest that in the era of climate

volatility, training- and market-oriented programming is more effective when paired with protective

infrastructure.

1 Introduction

The “Graduation Approach”, a multifaceted intervention designed to address simultaneous constraints

on capital, skills, and agency, has emerged as one of the most effective approaches in the poverty

alleviation literature. A rigorous body of experimental evidence demonstrates that providing a “big

push” transfer of productive assets alongside training and consumption support can generate persistent

increases in income and consumption [4, 3]. These programs succeed by relaxing idiosyncratic con-

straints, allowing households to escape poverty traps and allocate labor to productive, self-employment

income-generating activities [2]. Yet evidence suggests that many such households remain vulnerable
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to falling back into poverty in the face of climate-related shocks and ill health, so how to strengthen

their resilience remains of central policy interest to governments and development practitioners seeking

to prevent re-impoverishment.

We study an integrated sustainable livelihoods approach for economic empowerment that combines

savings groups, producer organization, market facilitation, psychosocial training, and, in one arm,

water, sanitation, and hygiene (WASH) infrastructure. Unlike a classic graduation program, it does not

provide consumption support or transfer productive physical or cash assets to launch self-employment.

This distinction matters substantively because climate risk interacts differently with a program built

around training, organization, and agency than with one built around direct asset transfer.

This raises a critical question for development policy: can integrated livelihood programming,

combined with complementary investments from other sectors—particularly water and health—protect

households when climate shocks undermine the local rural economy? While there is broad agreement

that livelihood programs alone are insufficient under climate shocks, empirical evidence on how such

multi-sectoral programming actually performs remains scarce. Theoretical frameworks suggest that

durable progress under climate volatility depends on combining livelihood support with protective

investments that reinforce rain-fed agriculture [16]. Specifically, we hypothesize that alleviating the

“time tax” imposed by water scarcity during droughts can function as a form of economic insurance,

preserving the labor supply necessary for households to diversify into non-farm income-generating

activities.

We test this hypothesis in the context of the 2023–2024 El Niño drought in Zambia, which resulted

in the driest agricultural season in forty years [9]. This aggregate shock serves as a natural stress test

for the program, allowing us to examine whether the intervention retains its efficacy when the agrarian

economy fails. We draw on data from two survey rounds covering 1,805 ultra-poor households in a field

quasi-experiment with three treatment arms—involving livelihoods, psychosocial support, and WASH

interventions—and a control arm.

To isolate the marginal contribution of specific program components, we leverage the implementer’s

program design, in which the components are layered across arms. The base intervention (T3) was a

livelihood package built around savings groups, business training, and market linkage facilitation. A

second group (T2) received these livelihood components plus a “Mindset” intervention (Empowered

World View) designed to boost psychosocial agency. The final group (T1) received the “Multi-Sectoral

Package,” which layered improved water access, sanitation, and hygiene (WASH) interventions on top of

the livelihood and mindset components. By comparing these arms against a pure control group during

the peak of the drought, we can identify whether livelihood support alone is sufficient for resilience, or

whether physical infrastructure is a binding complement. Across all arms, we assess resilience as the

household’s ability to maintain adequate consumption—food and nutrition security—and to generate

income during the drought.

The results reveal a clear gap between experiential access and nutritional adequacy. We find that

participation in any treatment arm successfully mitigated the severity of reported food insecurity:
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relative to the control group, households in the Livelihood-Only (T3) and Livelihood+Mindset (T2)

arms reported significantly lower scores on the Household Food Insecurity Access Scale (HFIAS).

This indicates that the program reduced the psychological strain associated with food access, such as

uncertainty about supply or the need to compromise on food preferences, even during a crisis.

However, this improvement in access experience did not translate into dietary diversity for the

livelihood-focused arms. Neither T2 nor T3 households showed significant improvements in the House-

hold Dietary Diversity Score (HDDS) or reductions in the duration of acute food shortages. In terms

of economic capacity, they were statistically indistinguishable from the control group, with near-zero

income gains. In sharp contrast, the Multi-Sectoral Package (T1) bridged the gap between access

and adequacy. T1 was the only arm to achieve a statistically significant improvement in diet quality

and a significant reduction in months of food shortage. This nutritional resilience was underpinned

by a large “Income Multiplier”: T1 households generated approximately four times more incremental

income than the livelihood-focused arms.

We investigate the mechanisms driving this resilience by distinguishing between health-related and

economic channels. On the health side, we examine child morbidity outcomes directly tied to the

WASH interventions. The main specification does not show a statistically significant reduction in

diarrhea alone. We therefore also examine a broader child morbidity measure that combines diarrhea-

related symptoms with vomiting, fever, cough, breathing problems, and other reported illness. The

broader measure moves in the expected direction but the estimate is imprecise—likely reflecting the

small number of young children per household and the short two-week recall window—so the health

pathway should be interpreted cautiously. By contrast, the evidence for a labor channel is clear. The

drought imposed a severe “time tax” on control households, forcing women to travel to distant, drying

rivers to secure water. The installation of boreholes in T1 villages reduced the time spent per water

collection trip by approximately 5 minutes. Given the high frequency of collection in this context (≈ 5

trips per day), this aggregated to a daily savings of approximately 25 minutes. We argue that this

“found time” functioned as a form of liquid capital, enabling women to reallocate labor from water

collection and other survival tasks toward the non-farm income-generating activities that sustained

their families.

These findings are robust to rigorous sensitivity checks. In a “post-only” stress test that excludes

baseline controls, the material impacts of the Multi-Sectoral Package (Income, Hunger Duration, As-

sets) remain large and statistically significant, confirming that the economic resilience of T1 is not an

artifact of model specification. The results have immediate implications for the design of sustainable

livelihoods programs in the era of climate change. They suggest that training, mindset, and market-

oriented support are more effective when paired with protective infrastructure. In environments prone

to covariate shocks, sequencing water security not merely as a health intervention but as a prerequisite

for economic diversification may be essential for sustaining welfare gains.

The remainder of this paper is organized as follows. Section 2 describes the study setting, data

collection, and balance tests. Section 3 details the empirical strategy and ANCOVA specification.
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Section 4 presents the main results on food security and economic outcomes, followed by an analysis

of mechanisms. Section 5 discusses policy implications and Section 6 concludes.

2 Study Context and Problem Statement

2.1 Socio-Economic Setting: The “Double Burden” in Northwestern Zam-

bia

The study took place in the Manyinga and Mufumbwe districts of Northwestern Province, Zambia, a

region that exemplifies the ”double burden” facing rural Africa: deep structural poverty coupled with

increasing exposure to climate volatility. Historically, the Northwestern Province has been geographi-

cally isolated from Zambia’s central rail line and industrial hubs. While recent mining developments

in neighboring Solwezi have brought capital to the province, the benefits have been spatially con-

centrated, leaving peripheral districts like Manyinga and Mufumbwe heavily reliant on subsistence

agriculture [18].

The baseline data from this study (2022) indicates that 78% of the sample lived below the extreme

poverty line of $1.90/day. Poverty in this region is driven by low productivity and market isolation

rather than landlessness; households possess an average of 2.4 hectares but lack the capital to utilize

it effectively.

2.1.1 Geographic Isolation and Market Access

The spatial distribution of the study population highlights the challenge of market integration. The

study area is displayed in Figure 1.

In the west, Manyinga District (represented by triangles) consists of clusters situated primarily

along the M8 road corridor, including wards such as Kasamba, Kawanda, and Kaula. While these

communities have nominal road access, they remain distant from major grain buyers, forcing farmers

to rely on predatory itinerant traders. In the east, Mufumbwe District (represented by circles) includes

communities like Matushi and Kamabuta that extend deeper into the interior. The map reveals the

stark logistical reality facing livelihoods programming in this context: connecting poor rural house-

holds to markets requires overcoming substantial physical transaction costs. The distinct clustering

of villages—such as the dense Kashima cluster versus the scattered settlements in Munyambala—also

informed the cluster-randomized design to minimize spillover effects between treatment arms.

2.1.2 Motivation: Beyond the Social Cash Transfer

Why test an integrated livelihoods and livelihoods-WASH model here? The dominant policy approach

to extreme and ultra-poverty in Zambia is the government’s Social Cash Transfer (SCT) program.

Since its scale-up in 2014, the SCT has proven effective as a pure safety net, providing unconditional

grants to “incapacitated” households (e.g., elderly, labor-constrained) [11].
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Figure 1: Map of Manyinga and Mufumbwe Districts and Study Area

However, the SCT faces two critical limitations for the productive poor:

1. The “Graduation” Gap: While SCTs smooth consumption, evidence suggests they often

fail to generate the “big push” required to propel households into self-reliant livelihoods [11].

Without complementary assets or training, beneficiaries remain dependent on the transfer.

2. Climate Rigidity: Standard cash transfers are often static. During a covariate shock—like the

2023/24 drought—the purchasing power of a fixed cash transfer may collapse as local food prices

spike. In study area, maize prices rose by 83% during the drought. A cash-only safety net loses

nearly half its value exactly when it is needed most.

This creates an urgent policy need to test integrated livelihoods and multi-sectoral models that

can build resilience endogenously. By combining Savings Groups (liquidity), Value Chain linkages

(income), and WASH infrastructure (health and time-saving capital), the intervention under study

attempts to create a safety net that is more robust to inflationary climate shocks.
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2.2 The 2023–24 El Niño Drought: A Crisis of Production and Affordabil-

ity

2.2.1 Structural Vulnerability and Production Context

To understand the magnitude of the shock observed in the data, one must first understand the struc-

tural fragility of Zambia’s food system. The rural economy is characterized by a ”triple dependency”:

1. Rain-Fed Dependence: Over 90% of smallholder production is entirely rain-fed, with negligible

irrigation infrastructure [18].

2. Maize Monoculture: Maize accounts for over 65% of cropped land and provides more than

50% of the daily caloric intake for rural households. This lack of crop diversification means that

a failure in the maize cycle equates to a failure in total food entitlement.

3. Hydro-Energy Nexus: Zambia relies on hydropower for over 80% of its electricity. A hydro-

logical drought therefore triggers a simultaneous energy crisis (load-shedding), which cripples

maize milling capacity and drives up the cost of processed food.

Typically, the North-Western province acts as a ”breadbasket” buffer when southern regions face

dryness. However, the 2023–24 El Niño event was distinct in its geographic coverage. The dry

spell onset in February 2024—precisely during the critical pollination and grain-filling stages for

maize—extended into the northern latitudes, effectively neutralizing the country’s internal food pro-

duction buffer.

2.2.2 The Shock Magnitude

On February 29, 2024, the Government of Zambia declared a ”State of Disaster and Emergency,”

citing the destruction of 1 million hectares of maize—nearly half of the country’s planted area [12].

The impact was twofold: a collapse in availability (production) and a collapse in access (affordability).

Table 1 summarizes the devastation using national and regional data. The simultaneous contraction

of supply (-54% production) and spike in prices (+83%) meant that even households with cash savings

saw their real purchasing power evaporate. This context is critical for interpreting results: the control

group did not merely ”stagnate”; they faced a profound negative trend, against which the ”resilience”

of the treatment arms must be measured.

2.2.3 The “Double Shock” of Health and Water

Beyond the caloric crisis, droughts of this kind can also precipitate a health crisis. As water tables

receded, shallow wells—the primary source for control households—dried up. This forced households

to rely on unsafe water sources, coinciding with a severe cholera outbreak that afflicted the nation

in early 2024 [1]. In the study area, this manifested as increased time poverty for women (traveling

further for water) and higher disease risk, mechanisms that the WASH intervention was specifically

designed to mitigate.

6



Table 1: The 2023–24 Drought Shock: Key Indicators of Severity

Indicator 5-Year Average /

Baseline

2023/24 Drought

Year

Impact / Change

Production Constraints

National Maize Output 3.2 Million MT 1.5 Million MT ↓ 53.6% [8]

Area Destroyed N/A 982,765 Hectares ∼50% of Planted Area

Rainfall Status (Feb) Normal < 20% of Average Critical Moisture Stress

Market & Welfare

Maize Grain Price 3.5 ZMW/kg ∼6.4 ZMW/kg ↑ 83% [15]

Pop. in Crisis (IPC 3+) 2.0 Million 5.8 Million ↑ 190% [1]

Districts in Disaster 0 84 (of 116) National Emergency

Sources: Food and Agriculture Organization (FAO) Crop Prospects 2024; ACAPS Thematic Report 2025; Government

of Zambia Disaster Declaration 2024.

2.3 The Intervention: An Integrated Livelihoods-WASH Program

To test the marginal contribution of complementary program components, the study unbundles World

Vision’s standard programming into three distinct pillars. This is not a classic graduation design:

households did not receive consumption support or a productive asset transfer. Instead, the program

promotes training, financial inclusion through savings groups, organization for market access, and

agency as pathways to economic empowerment, while the WASH component adds improved water

access infrastructure in the multi-sectoral program. Table 2 details the specific components stratified

across the treatment arms.

2.3.1 Pillar 1: Economic Inclusion (Build Secure Livelihoods)

The foundation of the intervention, present in all treatment arms (T1, T2, T3), is the Build Secure

Livelihoods (BSL) model. This pillar promotes financial inclusion, market access, and access to

knowledge and improved inputs for production.

• Savings for Transformation (S4T): Households form groups of 15–25 members that meet

weekly to pool savings. Unlike microfinance institutions that require collateral, S4T groups

operate on social collateral, allowing members to access small, flexible loans for school fees,

medical emergencies, or agricultural inputs [13].

• Market Systems Development: To counter the “low-level equilibrium” of subsistence farm-

ing, the program organizes producers into Commercial Villages. These groups aggregate produce

(maize, groundnuts, beans) to increase bargaining power and attract formal buyers, effectively

reducing the transaction costs that typically isolate the ultra-poor from markets [18]. These pro-

ducer groups also serve as platforms for accessing agricultural extension services and improved

inputs, strengthening production technology.
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Table 2: Intervention Components and Mechanisms by Treatment Arm

Component T1: Multi- T2: Livelihood T3: Livelihood Control

Sectoral Pkg. + Mindset Only

Economic (BSL)

Savings Groups (S4T) Weekly Savings Mtgs Weekly Savings Mtgs Weekly Savings Mtgs No Intervention

Producer Groups Mkt. Access & Ext. Mkt. Access & Ext. Mkt. Access & Ext. No Intervention

Market Linkages Facilitated Facilitated Facilitated No Intervention

Psychosocial (EWV)

Mindset Curriculum Wkshps & Coaching Wkshps & Coaching No Intervention No Intervention

Faith-Leader Coaching Yes Yes No Intervention No Intervention

Health (WASH)

Water Infrastructure Comm. Boreholes No Intervention No Intervention No Intervention

Sanitation (CLTS) Training No Intervention No Intervention No Intervention

Hygiene Promotion Training & Sens. No Intervention No Intervention No Intervention

Note: “S4T” = Savings for Transformation (Village Savings and Loans). “CLTS” = Community-Led Total

Sanitation. Control villages received no project activities during the study window.

2.3.2 Pillar 2: Psychosocial Agency (Empowered Worldview)

The second pillar, added to T1 and T2, addresses the internal constraint of fatalism. Standard

economic models often assume preferences are fixed; however, the “Empowered Worldview” (EWV)

curriculum operates on the premise that poverty creates a psychological tax that lowers aspirations

and agency and distorts preferences.

• The Curriculum: EWV uses faith-based messages to reframe participants’ identity, their per-

ceptions of locally available resources, and their relationships, helping them envision the future,

aspire, build hope, and exercise agency. Through community workshops facilitated by trained

champions and technical specialists, participants engage in exercises designed to deconstruct fa-

talistic narratives (e.g., “poverty is my destiny”) and replace them with narratives of agency and

stewardship.

• Mechanism: By altering the perceived return on effort and available local resources, EWV

aims to activate agency for economic empowerment and long-term investment in the household’s

wellbeing (e.g., land preparation, saving), encouraging participants to act on the action plans

they develop for their visions [6].

2.3.3 Pillar 3: Health Capital (WASH)

The third pillar, exclusive to the Multi-Sectoral Package (T1), addresses the biological and time

constraints on labor.
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• Infrastructure (Water Access): The study program increased access to and availability of

water by establishing improved, well-designed and managed water points (boreholes equipped

with hand pumps), sited on the basis of sound hydrological analysis. Because these sources draw

on aquifers that remain stable during drought, they continue to supply water when the shallow

wells and rivers used by control communities dry up.

• Sanitation (CLTS): The Community-Led Total Sanitation approach mobilizes communities to

eliminate open defecation.

• Mechanism: This pillar functions as a labor-augmenting technology. By reducing the distance

to water sources and the incidence of waterborne illness, WASH releases female labor time that

can be reallocated to productive activities or childcare, a critical margin of adjustment when

agricultural income collapses [7].

2.4 Conceptual Framework: Resilience and Asset Covariance

To guide the empirical analysis, we model the household’s ability to maintain consumption during a

drought not merely as a function of income, but as a function of distinct capital stocks with varying

sensitivities to climate shocks.

We assume a household maximizes utility over time, where well-being (Wt) depends on consumption

(Ct) and leisure. Households produce this well-being using a technology that aggregates three specific

forms of capital, corresponding to three intervention pillars:

1. Market Capital (Km): Productive assets, savings, and value chain linkages (enhanced by

BSL).

2. Psychosocial Capital (θ): The internal capacity to aspire and exert agency (enhanced by

EWV).

3. Health/Infrastructure Capital (H): The stock of physical health and time-saving infras-

tructure (enhanced by WASH).

2.4.1 The Production of Resilience

Under normal conditions, Market Capital (Km) is a primary driver of livelihood gains. However, in the

presence of a covariate weather shock (St), the return on assets depends on how closely those assets

rise and fall with the rain. We define the household’s consumption entitlement set as:

Cit = rm(St) ·Kmit + w(Hit) · Leff (θit) (1)

Where:

• rm(St) is the return on market capital. Since Km in this context is largely agrarian (rain-fed

crops), rm is highly sensitive to the drought shock St. When St is severe (as in 2024), rm → 0.
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• w is the shadow wage or return to labor.

• Hit represents health/water infrastructure, which determines the time endowment available for

labor.

• Leff is effective labor effort, which is conditioned by the household’s psychosocial agency (θ).

This framework yields two critical predictions about why the ”Multi-Sectoral Package” (T1) should

outperform the ”Livelihood Only” (T3) arm during a drought.

2.4.2 Mechanism 1: Health Capital as a Protective Asset (H)

The fundamental weakness of a ”Livelihood Only” approach (T3) is that it leaves households exposed

to the risks inherent in agriculture, especially weather- and production-related risks. If a household’s

main economic options depend on rain-fed production, a drought sharply reduces both the return to

effort and the range of coping strategies available. In contrast, Health Capital (H)—specifically reliable

water access—retains or even increases its value during the same shock. When shallow wells dry up,

the marginal value of a reliable water point rises. By securing H, the Multi-Sectoral Package (T1)

prevents the ”time tax” of water fetching and caring for sick children from eating into the household’s

labor endowment. Even if agricultural returns (rm) fall, T1 households retain more time to reallocate

toward non-farm labor or childcare, effectively placing a floor under consumption.

2.4.3 Mechanism 2: Psychosocial Agency (θ) as an Adaptation Parameter

We model Psychosocial Capital (θ) not as an asset itself, but as a parameter that governs the labor

response (Leff ) to the shock. Standard economic theory predicts that when returns to labor fall

(due to drought), households should substitute toward leisure (substitution effect) or work harder

to survive (income effect). However, behavioral economics suggests that severe shocks can trigger

”aspirations failure,” where households may perceive the shock as insurmountable and can reduce

effort (Leff ↓), whether through fatalism or, more commonly, discouragement and loss of hope [6].

The EWV intervention seeks to raise θ such that households maintain high effort and positive coping

strategies (e.g., seeking arbitrage opportunities, diversifying crops) rather than succumbing to passive

rationing.

2.4.4 Testable Hypotheses

Based on this framework, we derive the following hypotheses for the empirical analysis:

• H1 (The Limits of Market Capital): During a severe drought, the ”Livelihood Only” arm

(T3) may fail to sustain food security (HDDS) relative to the control, as the shock could neutralize

the returns to agricultural market access and participation (rm ≈ 0).
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• H2 (The Complementarity of Agency): The addition of Mindset (T2) will improve sub-

jective well-being (HFIAS) by maintaining hope (θ), but without material buffers, it may not

suffice to protect measured dietary diversity.

• H3 (The Resilience of the Multi-Sectoral Package): The Multi-Sectoral Package (T1)

will generate the largest protective effect on HDDS and Income. This is driven by the fact that

WASH (H) provides a protective asset that releases labor time precisely when the agricultural

economy collapses.

3 Data and Empirical Strategy

3.1 Data Collection

3.1.1 Survey Execution and Timeline

The data for this study are drawn from a comprehensive two-round panel survey conducted in the

Manyinga and Mufumbwe districts of Northwestern Province, Zambia. The survey timeline was de-

signed to capture the medium-term impacts of the program.

• Baseline (Round 1): Data collection took place in April–May 2022. In the Zambian agricul-

tural calendar, this period corresponds to the main harvest season. At this stage, households

had not yet received any interventions.

• Midline (Round 2): The follow-up survey was conducted exactly two years later, in April–May

2024.

Crucially, the midline timing coincided with the immediate aftermath of the 2023–24 El Niño

drought. While April is typically a period of peak food availability (post-harvest), the 2024 data

collection occurred amidst a ”failed harvest” context. This timing is methodologically advantageous:

rather than measuring the program’s impact under optimal conditions, we are effectively conducting a

”stress test,” measuring the resilience of household entitlements when the primary livelihood (rain-fed

agriculture) has collapsed.

Surveys were administered via computer-assisted personal interviewing (CAPI) tablets by a team

of enumerators fluent in the local languages (Kaonde and Luvale). The instrument included modules

on household demographics, asset ownership, agricultural production, food security (HDDS/HFIAS),

and specific modules on women’s empowerment (pro-WEAI) and WASH behaviors.

3.1.2 Sampling Strategy and Identification of the Ultra-Poor

The study leveraged the targeting approach of the World Vision program, whose livelihoods component

was intended to directly reach extreme-poor households. Selection of these households was based on

a Participatory Wealth Ranking (PWR) exercise conducted by the program prior to the baseline, in
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which households were categorized into wealth tiers based on local markers of poverty (e.g., housing

material, livestock ownership, labor capacity).

Eligibility for the study (and the intervention) was restricted to households in the lowest two wealth

tiers. These households were characterized by:

1. Living below the extreme poverty line of $1.90/day.

2. Possessing minimum productive assets (e.g., access to land) but lacking the capital to utilize

them.

3. Being resident in the village for at least 12 months.

From this eligible pool, 1,732 households were randomly selected for the baseline survey.

3.1.3 Panel Attrition and Replacement Protocol

A critical challenge in longitudinal studies of the ultra-poor is attrition, particularly during widespread

economic shocks when migration becomes a primary coping strategy. Table 3 details the sample

composition across the two survey waves.

Of the 1,715 households surveyed at baseline (T0), 1,092 were successfully tracked and re-interviewed

at midline (T1), resulting in a retention rate of 63.7%. The corresponding attrition rate of 36.3%

(N = 623) reflects the severity of the 2023–2024 El Niño drought. Qualitative tracking indicated that

this loss was primarily driven by drought-induced migration, as entire households relocated to distant

cattle posts in search of water or to peri-urban centers for casual labor following widespread crop

failure.

To maintain the cross-sectional representativeness of the study and preserve statistical power, a

rigorous replacement protocol was employed. At midline, 710 replacement households were added to the

sample. In treatment villages, these were randomly drawn from the original lists of eligible beneficiaries

to ensure comparability; in control villages, a random walk protocol was used to identify households

meeting identical poverty criteria. This resulted in a final midline sample of 1,802 households.

Table 3: Panel Retention and Sample Dynamics

Status Baseline (T0) Midline (T1) Total Observations

Matched (Panel) 1,092 1,092 2,184

Unmatched (Attrition) 623 – 623

Replacement (New) – 710 710

Total Sample 1,715 1,802 3,517

Notes: The retention rate is calculated as 1, 092/1, 715 ≈ 63.7%. The attrition rate of 36.3% is consistent with high

mobility during aggregate climate shocks.

To validate the internal validity of the panel component, we tested for differential attrition by

comparing the baseline characteristics of households that were retained (N = 1, 092) versus those lost
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to follow-up (N = 623). Table 4 presents the results of t-tests on key economic and demographic

indicators.

We find no statistically significant difference between stayers and attritors on any primary wealth

metric. Baseline total annual income (p = 0.42), household asset ownership (p = 0.23), and livestock

holdings (p = 0.19) are statistically indistinguishable between groups. Similarly, the agricultural

asset index (p = 0.10) and the age of the household head (p = 0.20) show no meaningful difference.

These results suggest that while attrition was high, it was largely orthogonal to household wealth and

productive capacity. Consequently, the panel loss is unlikely to introduce systematic selection bias into

the impact estimates.

Table 4: Attrition Balance Check: Baseline Characteristics (T0)

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

Variable Stayers Attritors Difference p-value

(Mean) (Mean) (1)-(2)

Total Annual Income (ZMW) 493.13 532.88 -39.75 0.42

HH Asset Index (Count) 2.41 2.55 -0.14 0.23

Livestock Asset Index (Count) 6.02 18.83 -12.81 0.19

Ag. Asset Index (Count) 7.21 8.08 -0.87 0.10

Head of Household Age (Years) 43.89 42.90 0.99 0.20

Observations 1,092 623

Notes: Stayers are households successfully re-interviewed at midline. Attritors are households lost to follow-up.

P-values derived from two-sample t-tests with equal variances. All differences are statistically insignificant (p > 0.05),

indicating balanced attrition.

3.2 Measurement of Key Outcomes

To evaluate the multidimensional impact of the program, we rely on three primary categories of

outcome variables: food security, economic welfare, and psychosocial agency. We treat food security,

income generation, and assets as resilience indicators because the 2023–24 drought tested whether

households could maintain consumption, generate liquidity, and avoid the erosion of their productive

base under stress. In this setting, resilience is observed in whether households keep eating adequately,

continue to earn, and preserve the resources needed to recover after the shock.

3.2.1 Food Security Indicators

Given the drought context, distinguishing between availability, access, and utilization is critical. We

employ two complementary metrics:

1. Household Dietary Diversity Score (HDDS): To proxy for nutrient adequacy and diet

quality, we utilize the HDDS, a count variable (0–12) representing the number of standard food groups

consumed by the household in the previous 24 hours [19]. The recall period was restricted to 24 hours
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to minimize memory bias. In the context of the study, HDDS serves as primary measure of objective

consumption. A higher score indicates a more diverse, nutrient-rich diet, which is typically the first

dimension of welfare to collapse when households switch to staple-only survival rationing during a

shock.

2. Household Food Insecurity Access Scale (HFIAS): To capture the psychological and

behavioral dimensions of insecurity, we employ the HFIAS [5]. Unlike the HDDS, this metric uses

a four-week recall period and aggregates responses to nine questions regarding anxiety about food

supply, reduction in meal quality, and reduction in meal quantity. The raw score ranges from 0 to

27, where a higher score indicates severe food insecurity. This variable allows us to test whether the

interventions reduced the ”cognitive tax” of poverty (worry and stress), even if material diet patterns

(HDDS) remained constrained by the drought.

3. Months of Food Shortage: To capture the temporal dimension of insecurity, respondents

reported the number of months in the past 12 months where the household ”did not have enough food

to eat.” This variable proxies the length of the ”hunger gap.” In a drought year, we expect the hunger

gap to widen across all groups; resilience is therefore defined as a statistically significant attenuation

of this widening relative to the control group.

3.2.2 Economic Welfare: Income and Asset Preservation

Income and assets matter for resilience for distinct reasons. Income captures a household’s ability to

generate liquidity and adapt in real time during a shock. Assets capture whether the household can

avoid distress decumulation and preserve the productive base needed for future recovery. Measuring

income in agrarian households is fraught with measurement error due to seasonality and consumption

from own-production. Therefore, following [10], we construct a Productive Asset Index to serve as

a stable proxy for longer-run economic resilience.

The index aggregates ownership of 14 distinct productive assets (e.g., plows, solar panels, bicycles,

livestock) and housing characteristics. Rather than using a simple count, the index is weighted. Each

asset type k is assigned a weight wk based on its local market value and typical depreciation rate. The

household asset score Ai is calculated as:

Ai =

K∑
k=1

wk × nik (2)

where nik is the quantity of asset k owned by household i. This continuous measure allows us to detect

asset smoothing behaviors (e.g., avoiding distress sales) that binary poverty measures might miss.

3.2.3 Psychosocial Agency: The Empowered Worldview Index

To operationalize the concept of ”Mindset,” we utilize the Empowered Worldview (EWV) Index.

This composite metric constructs a psychological profile by combining the Generalized Self-Efficacy

Scale [17] with indicators of fatalism.
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Respondents rated their agreement on a Likert scale (1–5) with 12 statements covering three do-

mains: (i) Agency (e.g., ”I have the power to change my life”), (ii) Future Orientation (e.g., ”I plan

for the next harvest”), and (iii) Openness to Change. Negative statements were reverse-coded. The

final index is standardized to a mean of 0 and standard deviation of 1 for the analysis. A higher score

indicates a stronger internal locus of control.

3.2.4 Health and WASH Indicators

To capture the labor-saving and health mechanisms of the WASH intervention, we monitor two specific

variables in the main analysis and one broader health check:

• Time Spent Fetching Water: Measured in minutes per round-trip, including queuing time.

This is a direct proxy for the ”time tax” on female labor.

• Diarrhea Incidence: A binary indicator taking the value of 1 if any child under five years old

in the household experienced diarrhea-related symptoms in the two weeks preceding the survey.

• Broader Child Morbidity: A secondary composite indicator that equals 1 if a child was

reported to have any diarrhea-related symptom, vomiting, fever, cough, breathing problems, or

other illness in the prior two weeks. This broader measure is useful because it captures overall

child illness burden rather than relying on a single condition.

3.3 Internal Validity and Econometric Strategy

3.3.1 Baseline Balance and Selection Bias

Analysis of the 2022 baseline data reveals that household characteristics were not perfectly balanced

across treatment arms. Table 5 summarizes the key imbalances.

Most notably, the Control group began the study with significantly better food security and water

access metrics than the treatment arms. For example, the baseline Household Food Insecurity Access

Scale (HFIAS) for the Control group was 10.52, indicating lower initial anxiety compared to the

Livelihood+Mindset arm (T2: 15.48) and the Livelihood-Only arm (T3: 14.36). Similarly, 86% of

Control households had access to an improved water source at baseline, compared to only 76% in the

Multi-Sectoral Package arm (T1) and 70% in the Livelihood+Mindset arm (T2).

These pre-existing advantages in the Control group pose a threat to internal validity. A simple cross-

sectional comparison at midline would bias the results against the intervention, as the Control group

started from a higher base of well-being. This necessitates an identification strategy that explicitly

adjusts for these initial conditions.

3.3.2 Econometric Specification: ANCOVA

Given the baseline imbalances described above, we employ an Analysis of Covariance (ANCOVA)

specification. We prefer ANCOVA over a Difference-in-Differences (DiD) model because ANCOVA
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Table 5: Baseline Imbalances by Treatment Arm (2022)

Variable T1: Multi- T2: BSL T3: BSL Control

Sectoral Pkg. + EWV Only

Food Security

HFIAS (Score 0-27) 11.07 15.48 14.36 10.52

HDDS (Score 0-12) 5.49 4.46 4.70 5.34

Economic & Water

Productive Asset Index 560 292 348 390

Improved Water Access 76% 70% 86% 86%

Observations 432 435 430 435

Note: Data derived from Midline Report Appendix 2. Lower HFIAS indicates better food security.

T1=BSL+EWV+WASH.

provides greater statistical power when measuring outcomes with low-to-moderate autocorrelation,

such as food security and consumption [14].

We estimate the intent-to-treat (ITT) effect using the following regression:

Yiv,t = α+ β1T1v + β2T2v + β3T3v + θYiv,t−1 + γXiv,t−1 + ϵiv (3)

Where:

• Yiv,t is the outcome for household i in village v at midline (t).

• T1, T2, and T3 are binary indicators for the treatment arms.

• Yiv,t−1 is the baseline value of the outcome. Including this term effectively controls for the initial

imbalances shown in Table 5.

• Xiv,t−1 is a vector of baseline household covariates utilized in the study design, including house-

hold size, age of household head, education level of head, and the baseline productive asset

index.

• Standard errors are clustered at the village level (v) to account for the cluster-randomized design.

Handling Missing Baselines: For replacement households added at midline (N = 504), baseline

outcome values Yiv,t−1 are missing by definition. To prevent the exclusion of these households, we

impute the missing baseline covariate using the mean value of the corresponding treatment arm. To

ensure the findings are not driven by this imputation, we conduct robustness checks excluding the

baseline controls, which are presented in Section 4.4.
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4 Results

4.1 Impact on Food Security: Diet Quality vs. Reported Access

The primary objective of this study was to test whether the integrated livelihoods program could sus-

tain food security during a drought, and whether adding psychosocial andWASH components enhanced

this resilience. Table 6 presents the ANCOVA estimates for the three primary food security indicators:

Household Dietary Diversity Score (HDDS), Household Food Insecurity Access Scale (HFIAS), and

the prevalence of food shortages.

The results reveal a clear difference between reported food access and dietary diversity. Column

(2) shows that all treatment arms significantly reduced the HFIAS score relative to the control group.

The coefficients are statistically significant at the 5% level or better (e.g., T2 β = −1.094, p < 0.05;

T3 β = −1.068, p < 0.01). This indicates that participation in the program—regardless of the specific

variation—successfully reduced the frequency of reported food access problems, such as uncertainty

about supply or the necessity of compromising on food preferences.

However, Column (1) highlights that improving access scores did not necessarily translate into

better diet quality. During the drought, the livelihood-focused arms (T2 and T3) did not sustain

dietary diversity relative to the control group; their coefficients are statistically indistinguishable from

zero (0.188 and −0.069). In contrast, the Multi-Sectoral Package (T1: BSL+EWV+WASH) achieved

a positive and statistically significant effect on HDDS (β = 0.309, p < 0.05).

This finding supports the central hypothesis regarding complementary inputs: while livelihood

interventions (T2 and T3) reduced the overall experience of insecurity (HFIAS), only the addition of

the WASH buffer provided the material resilience necessary to sustain dietary diversity (HDDS). The

same pattern is visible in Column (3), where the Multi-Sectoral Package (T1) was the only arm to

show a statistically significant reduction in the duration of food shortages (β = −0.072, p < 0.01).

Table 6: ANCOVA Results: Impacts on Food Security and Resilience

(1) (2) (3)

Treatment Arm Diet Diversity Insecurity Score Food Shortage

(HDDS) (HFIAS) (Months)

T1: Multi-Sectoral Package 0.309* -0.909* -0.072**

(BSL + EWV + WASH) (0.153) (0.393) (0.022)

T2: Livelihood + Mindset 0.188 -1.094* -0.011

(BSL + EWV) (0.113) (0.440) (0.019)

T3: Livelihood Only -0.069 -1.068** -0.034

(BSL) (0.093) (0.404) (0.024)

Observations 3,293 3,078 3,429

Notes: Coefficients estimated using ANCOVA specification controlling for baseline outcomes and household covariates.

Standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001. Data source: Midline Impact Evaluation.
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4.2 Economic Resilience: The Income Multiplier

Beyond food security, the central question of this study is whether the program enabled households

to generate liquidity and accumulate wealth during a covariate shock. Table 7 presents the ANCOVA

estimates for total annual income and asset indices.

4.2.1 The Income Multiplier

Column (1) reports the impact on Total Annual Income. The results provide evidence of a ”multi-

plier effect” driven by the integrated package. The Livelihood-Only arm (T3) generated a modest

coefficient (β = 42.37) that is statistically indistinguishable from zero (p > 0.05). Similarly, the

Livelihood+Mindset arm (T2) showed no significant income gain (β = 35.71).

In contrast, the Multi-Sectoral Package (T1) generated a large and statistically significant impact

(β = 166.20, p < 0.05). Economically, the magnitude of this effect is substantial: T1 households earned

approximately four times more incremental income than those in the livelihood-focused arms. This

suggests that in the face of a drought, market linkages alone (T3) are insufficient; the addition of

health and psychosocial capitals (T1) is required to relax binding constraints on labor productivity.

4.2.2 Asset Accumulation

We next examine whether this income liquidity translated into asset accumulation.

• Household Assets (Column 3): We observe a positive and significant accumulation of non-

agricultural household goods (e.g., solar panels, phones) in the Multi-Sectoral Package arm (β =

0.151, p < 0.05). This aligns with the income result, suggesting T1 households channeled their

liquidity into durable household improvements rather than consuming it entirely.

• Agricultural Assets (Column 2): We find no significant impact on agricultural productive

assets (plows, sprayers) across any treatment arm. This is consistent with the drought context,

where the returns to agricultural intensification were effectively zero, discouraging investment in

farming equipment regardless of liquidity.

4.3 Mechanisms: The Time Poverty Channel

To understand why the Multi-Sectoral Package (T1) generated superior economic outcomes, we ex-

amine the constraints relaxed by the WASH component. We hypothesized that the boreholes acted

as a labor-saving technology, reducing the ”time tax” on household production. Table 8 presents the

ANCOVA estimates for water access behaviors and health.

4.3.1 Relaxing the Time Constraint

The results provide compelling evidence that T1 households experienced a significant positive labor

supply shock, driven by the intensive margin (time per trip) rather than the extensive margin (number
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Table 7: Impact on Economic Outcomes (ANCOVA)

(1) (2) (3)

Treatment Arm Annual Income Ag. Assets HH Assets

(ZMW) (Index) (Index)

T1: Multi-Sectoral Package 166.196* -0.251 0.151*

(BSL + EWV + WASH) (78.079) (0.424) (0.075)

T2: Livelihood + Mindset 35.712 1.207 0.018

(BSL + EWV) (42.373) (0.874) (0.099)

T3: Livelihood Only 42.367 0.518 0.117

(BSL) (50.962) (0.569) (0.093)

Observations 3,429 3,429 3,429

Baseline Control Yes Yes Yes

Notes: Standard errors clustered at the village level in parentheses. * p<0.05, ** p<0.01, *** p<0.001. All

regressions control for baseline outcome, household size, and head of household characteristics.

of trips).

• Duration (Column 1): The Multi-Sectoral Package significantly reduced the time spent per

round-trip by approximately 5 minutes (β = −5.03, p < 0.01). In the control group, the drought

forced households to travel to distant, drying rivers; the T1 boreholes eliminated this ”distance

penalty.”

• Frequency (Column 2): We find no statistically significant change in the number of trips per

day (β = −0.004, p > 0.10). However, the constant term (α ≈ 4.77) reveals that households in

this context engage in high-frequency collection, averaging nearly 5 trips daily.

The Aggregate Labor Effect: By combining these coefficients, we can estimate the total daily

labor savings. Since households maintain a frequency of ≈ 5 trips per day, a savings of 5 minutes per

trip translates to an aggregate savings of approximately 25 minutes per day (or roughly 3 hours

per week). This ”found time” represents a substantial relaxation of the time constraint for women,

allowing for reallocation of effort toward the non-farm income-generating activities—such as small-scale

trading—that drove the income multiplier observed in Section 4.2.

4.3.2 Child Health Outcomes

Column (3) examines the ”biological channel.” Contrary to the hypothesis, we do not find a statistically

significant reduction in diarrhea incidence across any treatment arm (βT1 = −0.024, p > 0.05). Because

diarrhea alone may be too narrow to capture the health burden relevant for child wellbeing, we also

constructed a broader child morbidity measure combining diarrhea-related symptoms, vomiting, fever,

cough, breathing problems, and other reported illness. In repeated-cross-section checks using the survey
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data, the coefficients for the Multi-Sectoral Package are negative but not statistically significant—

reflecting limited precision given the small number of young children per household—so the broader

health evidence remains suggestive rather than definitive. Taken together, these results suggest that

the primary driver of economic resilience in this context was time use, even if modest health gains

may also have been present. The boreholes functioned primarily as economic infrastructure (freeing

labor) rather than only as health infrastructure.

Table 8: Mechanisms: Water Access and Labor Burden

(1) (2) (3)

Treatment Arm Time per Trip Daily Trips Diarrhea

(Minutes) (Count) (Binary 0/1)

T1: Multi-Sectoral Package -5.030** -0.004 -0.024

(BSL + EWV + WASH) (1.562) (0.066) (0.016)

T2: Livelihood + Mindset -1.362 -0.037 -0.030

(BSL + EWV) (1.303) (0.056) (0.030)

T3: Livelihood Only -1.878 0.075 -0.037

(BSL) (1.168) (0.075) (0.028)

Constant -2.609 4.771 0.974*

(15.790) (3.136) (0.426)

Observations 3,415 3,388 2,775

Baseline Control Yes Yes Yes

Notes: Standard errors clustered at the village level in parentheses. * p<0.05, ** p<0.01. All regressions control for

baseline outcome and household covariates. The constant for ’Daily Trips’ (≈ 4.8) indicates the high frequency of

water collection in the study area.

4.4 Robustness Checks: Specification Sensitivity and Methodological Val-

idation

The primary results presented in Sections 4.1–4.3 employed an ANCOVA specification with mean-

imputed baselines. This method is specifically designed to correct for the baseline imbalances identified

in Table 5. To rigorously test the stability of the findings, we subjected the data to a “Post-Only”

stress test. By re-estimating the impacts using a simple OLS specification (excluding the baseline

control Yt−1), we effectively ask whether the treatment effects are large enough to be visible even

when we ignore the Control group’s initial advantage. Table 9 presents the results of this post-only

specification.

The results confirm that the economic impact of the Multi-Sectoral Package is structurally ro-

bust. Even without statistical correction for baseline disparities, the T1 arm generated a large and

statistically significant increase in Total Annual Income (β = 205.0, p < 0.01) and Household Assets

(β = 0.428, p < 0.001). Crucially, this material resilience extends to the duration of food shortages. T1
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households reported significantly fewer months of acute food shortage (β = −0.125, p < 0.05), confirm-

ing that the intervention successfully reduced the period of hunger regardless of the specification used.

The persistence of these economic and survival outcomes under a less precise model provides strong

evidence that the “Income Multiplier” was a genuine treatment effect, not an artifact of imputation

or model selection.

In contrast, the multidimensional food security indices exhibited higher sensitivity to the spec-

ification change, which serves to validate the methodological choice of the primary analysis. In

this unadjusted specification, the impact on Dietary Diversity (HDDS) loses statistical significance

(β = 0.338, p = 0.08), despite retaining a positive magnitude. Furthermore, the coefficient for the

Household Food Insecurity Access Scale (HFIAS) in the T2 arm flips signs, appearing significantly

worse than the Control group (β = 1.242, p < 0.05). This contrast is instructive. We know from base-

line data that the Control group entered the study with significantly better access scores (HFIAS 10.5

vs. 15.5). The reversal in Column 2 demonstrates that a model ignoring this head start yields biased

estimates that incorrectly penalize the treatment arms. Consequently, the sensitivity of these compos-

ite indices confirms that the ANCOVA specification was a necessity for isolating the true treatment

effect from pre-existing demographic inequalities.

Table 9: Robustness Check: Post-Only Estimates (No Baseline Controls)

(1) (2) (3) (4) (5) (6) (7)

Treatment HDDS HFIAS Hunger Income Assets Water Diarrhea

Arm (0-12) (0-27) (Months) (ZMW) (Index) (Mins) (Binary)

T1: Multi- 0.338 -0.540 -0.125* 205.0** 0.428*** -4.323* -0.032

Sectoral Pkg. (0.195) (0.515) (0.059) (72.01) (0.095) (2.124) (0.017)

T2: BSL -0.226 1.242* 0.150 -0.057 -0.235 -2.956 0.036

+ EWV (0.227) (0.525) (0.077) (48.68) (0.185) (1.506) (0.033)

T3: BSL -0.355 0.882 0.084 -46.70 0.119 -1.619 0.059*

Only (0.174) (0.539) (0.074) (63.91) (0.134) (2.272) (0.025)

Baseline? No No No No No No No

Obs. 3,293 3,078 3,429 3,429 3,429 3,415 2,775

R2 0.257 0.212 0.566 0.196 0.354 0.049 0.092

Notes: OLS estimates excluding baseline outcome Yt−1. Standard errors clustered at village level. * p<0.05, **

p<0.01, *** p<0.001. A ”flip” in HFIAS sign (positive coefficient) indicates worse outcomes, reflecting the

uncorrected baseline disadvantage of treatment groups.
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5 Discussion

5.1 The Efficacy of Capital Stacking Under Covariate Risk

The central theoretical premise of this study was that climate-resilient economic inclusion requires

the simultaneous relaxation of financial, psychosocial, and physical constraints. The empirical results

provide robust support for this framework, particularly in the context of a covariate climate shock.

5.1.1 The Failure of Mono-Dimensional Interventions

The limited impact of the “Livelihood Only” arm (T3) serves as a cautionary tale for standard develop-

ment programming. While T3 households received the same market linkage training and savings group

facilitation as the T1 group, their outcomes during the drought were statistically indistinguishable from

the control group in terms of diet quality and income.

This failure illustrates the vulnerability of agrarian-focused livelihood programming. In a normal

year, improved market access (Km) would theoretically raise returns to labor. However, in the pres-

ence of a severe drought, the returns to agricultural capital (rm) collapse toward zero regardless of the

household’s market connectivity. By focusing exclusively on identifying value chains and improving

financial literacy, the T3 intervention left households exposed to the very sector—rain-fed agricul-

ture—most devastated by the shock. This confirms the hypothesis that without a protective asset to

act as a buffer, livelihood interventions alone offer little resilience against aggregate climate risks.

5.1.2 The Multiplier Effect of Integration

In contrast, the “Multi-Sectoral Package” (T1) demonstrated a powerful resilience premium. T1

households did not merely survive the shock; they maintained dietary diversity and generated nearly

four times the incremental income of the livelihood-focused arms (βIncome ≈ 166 ZMW vs. 42 ZMW).

This pattern drives the core argument of this paper: resilience depends in part on whether key

supports fail at the same time as the shock. The addition of the WASH infrastructure provided T1

households with a protective asset whose value did not collapse with rainfall. When the agricultural

economy failed, the boreholes continued to produce value—not in the form of crops, but in the form

of released time (as evidenced in Section 4.3). This allowed T1 households to pivot their labor supply

from low-return agriculture to higher-return non-farm micro-enterprises.

Furthermore, the data suggests a multiplicative rather than additive relationship between the

interventions. If the effects were merely additive, the impact of T1 would equal the sum of the

livelihood-focused arms. Instead, we observe a super-additive effect, where the simultaneous presence

of health capital (via WASH), agency (via EWV), and financial capital (via Savings Groups) unlocked

a productivity potential that none of the components could achieve in isolation. The ”Mindset”

component (EWV) likely provided the psychological agency to persist, while the WASH component

provided the physical time to act, creating a self-reinforcing cycle of resilience.
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5.2 Water as Economic Infrastructure: The Labor Channel

A critical contribution of this study is the reframing of Water, Sanitation, and Hygiene (WASH)

interventions within an economic inclusion context. Traditionally, WASH is viewed primarily as a

public health input, justified by its potential to reduce morbidity and mortality. However, the results

suggest that for the ultra-poor, reliable water access functions primarily as economic infrastructure—a

labor-saving technology that releases the household’s most constrained asset: time.

5.2.1 The “Time Tax” of Climate Shocks

For rural households in Zambia, a drought operates as a dual shock: it destroys agricultural output (an

income shock) and simultaneously dries up proximate water sources, forcing women to travel further

to shallow wells or rivers (a labor shock). This “time tax” effectively shrinks the household’s labor

endowment precisely when they need to work harder to survive.

The analysis of the control group confirms this dynamic. However, the Multi-Sectoral Package

(T1) effectively shielded households from this tax. By reducing the time per trip by approximately

5 minutes and maintaining a high collection frequency (≈ 5 trips/day), the installation of boreholes

saved T1 households an aggregate of 25 minutes per day (nearly 3 hours per week) relative to the

control group.

5.2.2 Converting Time into Income

In an environment of extreme capital scarcity, time is the primary factor of production available to the

ultra-poor. The found time generated by the boreholes represents a direct expansion of the household’s

productive capacity.

The link between this time savings and the Income Multiplier observed in Section 4.2 is theoreti-

cally consistent. The 3 hours of weekly labor released by the WASH intervention could be immediately

reallocated toward high-frequency, low-barrier economic activities—such as petty trade, charcoal pro-

duction, or foraging—that are otherwise crowded out by the burden of domestic chores. This explains

why T1 households were able to generate significantly higher non-farm income than T2 or T3 house-

holds, despite receiving identical business training. The health results are more muted: the broader

child morbidity measure moves in the expected direction, but the estimates are not precise enough to

support a strong causal claim about child illness reduction. For that reason, the labor channel remains

the clearest mechanism in this paper.

This finding has profound policy implications. It suggests that ”soft” interventions (training,

savings groups) may be bindingly constrained by ”hard” constraints (time poverty). Without the

physical infrastructure to free up labor hours, the marginal return to business skills training remains

low. Thus, the borehole was not merely a source of clean water; it was the engine of labor supply that

powered the wider livelihoods process.
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5.3 Policy Implications: Integrating Infrastructure into Economic Inclu-

sion

The findings of this study challenge the prevailing paradigm of ”transfer-plus-training” that dominates

current economic inclusion programming. The failure of the Livelihood-Only arm (T3) to protect

households during the 2024 drought suggests that standard models focused exclusively on market

linkages and financial literacy are insufficient for the era of climate volatility.

5.3.1 Balancing Productive and Protective Assets

Traditional graduation programs prioritize the transfer of productive assets, such as livestock or seeds,

intended to generate an immediate income stream. However, the results demonstrate why programs

operating in drought-prone settings also need protective assets whose value is maintained when agri-

cultural conditions deteriorate. Future programming must therefore balance productive support with

investments such as deep-access water points that remain useful during the primary shock.

While individual households cannot finance such infrastructure, the results validate a hybrid model

where household-level training is layered on top of community-level investments. By establishing this

infrastructure floor, programs create a buffer that prevents the collapse of the productive asset base

during crises.

5.3.2 Cost-Effectiveness and Efficiency

Policymakers often favor lighter interventions due to their lower cost per beneficiary. This study

exposes the hidden risk of such efficiency measures. While the Multi-Sectoral Package (T1) required

higher upfront capital investment for drilling, the Livelihood-Only arm proved to be a false economy:

it consumed resources without generating a statistically significant protective effect during the shock.

Given the magnitude of the income multiplier observed in T1—where income gains were nearly four

times larger than in the livelihood-focused arms—the higher upfront investment in water infrastructure

appears justified on economic efficiency grounds. A program that fails to sustain households during a

drought is ultimately less cost-effective than a comprehensive program that succeeds.

6 Conclusion

This study provides evidence from a field quasi-experiment on how an integrated livelihoods-WASH

program performs during a severe climate shock. By examining the layering of financial, psychosocial,

and physical interventions across arms during a severe drought in Zambia, we isolate the specific

contribution of each component to household resilience.

The results reveal a striking gap between reported food access and material welfare. While stan-

dard market linkage and mindset interventions succeeded in reducing psychological anxiety, they failed

to protect objective diet quality or generate significant income when the agricultural economy col-
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lapsed. Only the fully integrated package—combining livelihoods, mindset, and water infrastruc-

ture—succeeded in sustaining food security and generating an income multiplier effect.

The mechanism driving this resilience appears to be primarily a substantial release of labor time

rather than a clearly estimated improvement in child health. By saving households approximately

25 minutes per day in water collection, the infrastructure component effectively expanded the labor

endowment of the ultra-poor, allowing them to pivot into non-farm economic activities. These findings

suggest that for the ultra-poor, time is the binding constraint that limits the returns to other forms of

capital. Consequently, future economic inclusion programs in climate-vulnerable regions should treat

water infrastructure not merely as a health input, but as a fundamental economic asset necessary to

unlock the potential of market-based interventions.
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