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Abstract 

We evaluate the impacts of three government flagship programmes in rural Ethiopia using 

panel data tracking 1,964 households across 40 woredas in 2021, 2023, and 2025. The 

Agricultural Growth Program (AGP), Sustainable Land Management Project (SLMP), and 

Productive Safety Net Programme (PSNP) collectively represent billions of dollars in 

development investments. We exploit variation in programme implementation at woreda, 

kebele, and household levels, combining household fixed effects with differential trends and 

staggered difference-in-differences estimation to identify causal effects on agricultural 

productivity, vegetation, dietary diversity, and household resilience. SLMP generates 

significant improvements in vegetation greenness (0.01–0.02 Normalised Difference 

Vegetation Index (NDVI) units) and household resilience (0.8–1.0 Resilience Index 

Measurement and Analysis (RIMA) points) in the first year of participation. PSNP shows no 

significant impacts on dietary diversity or resilience; these null findings may partly reflect 

complex targeting mechanisms and potential confounding from Ramadan and Orthodox 

fasting periods coinciding with the survey timing in 2025. AGP shows positive effects on 

cereal yields (7.4 tonnes per hectare (ha), p<0.001) relative to non-programme woredas, 

though woreda-level implementation limits our ability to isolate household-specific impacts. 

These findings reveal substantial heterogeneity in programme effectiveness and suggest 

that geographic targeting and programme design critically shape development outcomes. 
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1 Introduction 

Ethiopia continues to face persistent rural development challenges despite periods of rapid 

macroeconomic growth. More than 80% of the population depends on smallholder 

agriculture, yet productivity remains low due to severe land degradation, recurrent climate 

shocks, and limited access to finance and extension services – leading to widespread and 

chronic food insecurity. These structural constraints have motivated the Government of 

Ethiopia and development partners to invest heavily in large-scale rural development 

programmes, with the dual aims of boosting agricultural growth and strengthening 

household resilience to climate and livelihood shocks. 

Ethiopia's three flagship programmes – the Agricultural Growth Program (AGP), the 

Sustainable Land Management Project (SLMP), and the Productive Safety Net Programme 

(PSNP) – have been the cornerstone of these efforts for nearly two decades. Together they 

represent more than US$ 5 billion in public investment and reach millions of rural 

households. AGP aimed to stimulate agricultural productivity and market participation in 

high-potential areas; SLMP focused on restoring degraded landscapes and improving 

watershed-level ecosystem services; and PSNP has aimed to prevent asset depletion, 

stabilise consumption, and strengthen resilience through public works and direct support. 

These programmes have become exemplarsfor rural development interventions across sub-

Saharan Africa, yet rigorous comparative evidence on their effectiveness remains limited. 

Understanding which programme designs generate sustained impacts is critical for both 

Ethiopian policymakers and the broader development community. 

Existing studies tend to focus on individual programmes in isolation, producing a 

fragmented, mixed, and incomplete evidence base. For instance, early evaluations of PSNP 

reported positive effects on food security, consumption, and asset accumulation (Berhane et 

al., 2013; Andersson et al., 2011; Hoddinott, Berhane et al., 2012). However, evidence on 

PSNP’s impact on resilience and dietary diversity is far more limited and mixed. Some 

studies find that PSNP reduces vulnerability to drought, and supports post-shock recovery 

(Hill and Tsehaye, 2018; Knippenberg and Hoddinott, 2017), while others question its ability 

to protect households from adverse shocks or facilitate sustained graduation out of poverty 

(Béné et al., 2012; Sabates-Wheeler et al., 2021). More recent work suggests that resilience 

gains depend critically on the transfer size and the duration of participation (Abay et al., 

2022). Emerging evidence on the impact of PSNP on dietary diversity paints an equally 

mixed, and in some cases negative, picture (Negera, 2022; Gebrehiwot and Castilla, 2018; 

Bahru et al., 2020; Dagne et al., 2025). 

SLMP evaluations document improvements in vegetation cover and soil moisture (Ali et al., 

2020; Barvels and Fensholt, 2021) and reductions in soil erosion (Ebabu et al., 2019), yet 

evidence on household-level productivity impacts is mixed, with some studies finding no 

significant yield effects (Schmidt and Tadesse, 2019) and others suggesting gains only 
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emerge when coupled with complementary interventions and maintained over seven or 

more years (Schmidt et al., 2017). 

AGP impact assessments report substantial productivity gains in targeted areas: an external 

evaluation by the Ethiopian Development Research Institute found AGP-I beneficiaries 

achieved productivity that was 50% higher than non-beneficiaries, while AGP-II's endline 

evaluation documented 29% aggregate yield increases (World Bank, 2015a, 2021). Recent 

studies confirm significantly higher total factor productivity among AGP participants 

(Teklewold, 2021), yet questions remain about attribution versus selection into high-

potential zones, as AGP explicitly targeted areas with strong agricultural potential and 

existing infrastructure. 

Despite these efforts, no previous study examines how these programmes performed when 

implemented simultaneously in overlapping areas, despite substantial geographic overlap in 

practice. Moreover, many existing programme evaluations emphasise process indicators –

households reached, trainings delivered, infrastructure built – rather than rigorously 

estimating causal impacts on welfare outcomes using harmonised data and a unified 

methodological framework. 

Accordingly, this study addresses three critical gaps. First, we provide the first comparative 

multi-programme impact evaluation of all three flagship programmes using consistent 

methods and outcomes, enabling direct assessment of their relative effectiveness. Second, 

we examine spillover effects and programme interactions by leveraging variation at woreda, 

kebele, and household levels; previous studies typically analyse single programmes in 

isolation. Third, we employ causal inference methods (staggered difference-in-differences 

(DiD), household fixed effects with multiple control groups) to address selection bias and 

measurement challenges. Our panel structure spanning 2021–2025 allows us to track 

dynamic treatment effects and distinguish short-run impacts from sustained impacts. 

Our findings reveal substantial heterogeneity in programme effectiveness. SLMP generated 

significant improvements in land conditions and household resilience, with effects 

concentrated in the first year of participation. In contrast, there is no evidence of PSNP 

building resilience or improving diets. AGP produced yield gains relative to non-programme 

areas, though these effects largely disappear when compared to other programme woredas, 

suggesting benefits reflect general government presence rather than AGP-specific 

interventions. These patterns might have implications for resource allocation and 

programme design in Ethiopia and beyond. 

The remainder of this paper proceeds as follows. Section 2 describes the three flagship 

programmes and their implementation. Section 3 presents our data and measurement 

approach. Section 4 outlines our empirical strategy, detailing how we exploit variation at 

different administrative levels. Section 5 presents results for each programme and cross-

programme comparisons. Section 6 concludes and discusses policy implications and 

limitations. 
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2 Ethiopia's flagship government programmes 

This study examines three flagship government programmes implemented across rural 

Ethiopia to address agricultural productivity, land degradation, and food insecurity: AGP, 

SLMP, and PSNP. These programmes represent major policy interventions supported by the 

Government of Ethiopia and international development partners, with combined investments 

exceeding billions of dollars over the past two decades. While each programme has targeted 

distinct development challenges, they collectively have aimed to improve rural livelihoods 

and resilience. The following subsections describe each programme's implementation 

approach, geographic coverage, and target populations. 

2.1 AGP 

Brief overview. AGP is a World Bank-supported initiative, designed to increase agricultural 

productivity and commercialisation of smallholder farmers in high-potential areas of 

Ethiopia through strengthened public services, farmer organisations, and infrastructure 

development (World Bank, 2008a, 2013a). 

Implementation timeline. AGP-I was implemented from 2011 to 2017, followed by AGP-II 

(2015–2024), which expanded tested activities into new areas and consolidated activities in 

existing areas with support from multiple development partners including the World Bank, 

the United States Agency for International Development (USAID), and the Global Agriculture 

and Food Security Program (World Bank, 2015b, 2024). The original AGP-II closing date of 

October 2020 was extended multiple times to July 2024, resulting in a cumulative extension 

of 44 months to allow for full implementation of infrastructure investments. The programme 

has since transitioned to the Food Systems Resilience Program (FSRP). 

Geographic coverage. AGP targeted locations in four regions with high agricultural potential 

– Amhara; Oromia; Southern Nations, Nationalities, and Peoples Region (SNNPR); and Tigray 

– focusing on relatively rain and food-secure areas with considerable potential for 

agricultural growth (FAO, 2010). 

Key objectives and activities. AGP-I supported agricultural production and 

commercialisation by strengthening public advisory services, establishing farmer 

organisations, scaling up proven technologies, developing markets and agribusiness, and 

developing small-scale infrastructure such as irrigation and rural roads (World Bank, 2008a). 

AGP-II additionally emphasised nutrition-sensitive agriculture, gender equity, and climate-

smart agriculture approaches (World Bank, 2024). 

Target beneficiaries. AGP used geographic targeting, selecting woredas based on 

agricultural potential rather than individual farmers. AGP-I reached approximately 700,000 

farmers (19% women) in 96 targeted woredas (World Bank, 2015b). AGP-II expanded 

coverage to 157 woredas, targeting 1.6 million direct beneficiaries (40% women) and 

ultimately benefiting approximately 2.5 million people by project completion (World Bank, 

2024). 
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2.2 SLMP 

Brief overview. SLMP was a collaborative initiative between the Ethiopian Government and 

international donors, including the World Bank, the German Development Bank (KfW), the 

German Agency for International Cooperation (GIZ), and the governments of Norway, 

Finland, and Canada. The programme aimed to reduce land degradation and improve land 

productivity through integrated watershed management, soil and water conservation, and 

institutional capacity development (World Bank, 2008b, 2013b). 

Implementation timeline. SLMP expanded from a small GIZ pilot project initiated in 2005. 

The World Bank's support took the form of three phases: SLMP-I (2009–2014) covering 45 

watersheds; SLMP-II (2014–2019) expanding to 135 watersheds; and the Resilient Lives and 

Livelihoods Project (RLLP, 2019–2024), which explicitly emphasised resilience building in its 

development objectives (World Bank, 2008b, 2013b, 2019b). Approximately half of the 

treatment watersheds commenced implementation between 2008 and 2013, with the 

remainder joining in 2014–2015. 

Geographic coverage. The programme targeted specific degraded watersheds covering 135 

woredas in six regions – Amhara, Oromia, Tigray, Gambela, SNNPR, and Benishangul Gumuz 

– focusing on degraded highland watersheds requiring restoration (World Bank, 2019, 

2013b). 

Key objectives and activities. SLMP interventions included the construction of physical soil 

and water conservation measures (stone terraces, contour bunds, check-dams), tree 

planting and agroforestry, area closures to prevent free-grazing and allow natural recovery of 

degraded communal lands, water harvesting structures, small-scale irrigation development 

where feasible, and rural land certification to strengthen tenure security (World Bank, 2008b; 

Ministry of Agriculture, 2005). Implementation followed the Community Based Participatory 

Watershed Development Guideline (CBPWDG), a comprehensive 2005 document from the 

Ministry of Agriculture that details procedures for sustainable land management reforms 

(Ministry of Agriculture, 2005). 

Target beneficiaries. The project benefited approximately 645,000 rural households (about 

3 million direct beneficiaries) in selected watersheds, targeting smallholder farmers 

dependent on degraded land resources (World Bank, 2019). The programme operated 

through a decentralised organisational model, with implementation led by development 

agents at the kebele level supported by regional and federal Project Coordination Units 

within the Ministry of Agriculture. 

2.3 PSNP 

Brief overview. PSNP is Ethiopia's flagship social protection programme, established in 

2005 to prevent asset depletion among chronically food-insecure households through 

providing predictable cash or food transfers. The programme combines public works for 
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able bodied households with unconditional support for labour-constrained households 

(Hoddinott, Gilligan et al., 2012; Berhane et al., 2013). 

Implementation timeline. PSNP evolved over multiple phases since its launch in 2005, and 

Phase V (2021–2025) has been supported by the World Bank, USAID, the UK Foreign, 

Commonwealth and Development Office, and other development partners (World Bank, 

2020; Government of Ethiopia, 2021). Earlier phases established the programme's 

foundational mechanisms, while recent phases have increasingly emphasised resilience 

building and livelihood support. 

Geographic coverage. The programme operates in chronically food-insecure woredas 

across six regions: Afar, Amhara, Oromia, Somali, SNNP, and Tigray. By 2020, PSNP covered 

roughly 40% of woredas nationally, making it one of Africa's largest social protection 

systems (Berhane et al., 2013; World Bank, 2020). 

Key objectives and activities. PSNP provides cash or food transfers in exchange for 

participation in community-based public works that build local infrastructure and support 

watershed rehabilitation (e.g. terracing, small-scale roads). Labour-constrained households 

receive unconditional direct support. In recent phases, the programme has incorporated 

livelihood services aimed at strengthening household asset bases and supporting income 

diversification (Government of Ethiopia, 2021; Sabates-Wheeler and Devereux, 2021). 

Target beneficiaries. By 2015, more than 7 million individuals were supported by the 

programme. Under Phase V, PSNP targets approximately 8 million chronically poor rural 

residents, with explicit attention to female-headed households, pregnant women, and 

households with high dependency ratios (World Bank, 2020; Government of Ethiopia, 2021). 
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3 Data 

3.1 Survey design 

This study uses data from the three-round Resilience to Climate Change (RCC) survey, a 

panel survey tracking rural households across Ethiopia from 2021 to 2025. The University of 

Copenhagen Development Economics Research Group and the Policy Studies Institute of 

the Ethiopian Government implemented the survey. Figure 1 shows the spatial distribution of 

the interviews. 

Figure 1: Households by programme woredas 

 

Source: RCC Survey 2021–25. 

The RCC survey covered a balanced panel of 1,964 households across 40 woredas in six 

administrative regions: Amhara, Oromia, SNNPR, Somali, Gambela, and Dire Dawa. The 

sampling frame was stratified by programme participation: 77% of woredas were 

implementation sites for the three flagship government programmes – AGP, PSNP, and 

SLMP – while the remaining 23% were non-programme comparison woredas. Within each 

woreda, 50 households were selected using systematic random sampling. Survey rounds 

were conducted in February 2021, February 2023, and March 2025, with fieldwork timed to 

capture households during post-harvest periods when agricultural production data can be 

recalled most reliably. 
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Standardised questionnaires collected rich data on household demographics, agricultural 

production, income sources, consumption patterns, climate shocks, and coping strategies. 

Round 3 (2025) expanded the questionnaire to include new analytical modules on intra-

household decision-making, gender-disaggregated time use, migration dynamics, and 

access to agricultural services and resources. Real-time data validation and systematic 

supervisor spot-checks ensured a high quality of data across all survey rounds. GPS 

coordinates for each household were collected in all three rounds and cleaned to remove 

outliers and out-of-bounds records, as documented in Annex C. 

3.2 Outcome variables 

3.2.1 Resilience Index Measurement and Analysis (RIMA) 

The RIMA index provides a composite measure of household resilience to climate and 

economic shocks, following the United Nations Food and Agriculture Organization’s (FAO's) 

standardised RIMA methodology (FAO, 2016). The index integrates four key pillars: access 

to basic services (distance to health centres, schools, and markets; access to water and 

electricity); asset ownership (livestock holdings, productive assets, consumer durables); 

social safety nets (participation in community organisations, remittance receipt, informal 

support networks); and adaptive capacity (livelihood diversification, access to climate 

information, adoption of agricultural innovations).1 Component indicators are normalised 

and aggregated using factor analysis weights to construct a composite resilience score 

ranging from 0 to 100, with higher values indicating greater household resilience. We use the 

rescaled RIMA index (R_RCI_RIMA) as our primary resilience measure for cross-programme 

comparisons. 

3.2.2 Household Dietary Diversity Score (HDDS) 

HDDS captures food security by measuring the number of distinct food groups consumed by 

household members over the 24 hours prior to the survey. Following standard FAO 

guidelines, we classify foods into nine categories: cereals; roots and tubers; vegetables; 

fruits; meat and poultry; eggs; fish and seafood; legumes and nuts; and milk and dairy 

products. HDDS ranges from 0 to 9, with higher scores indicating more diversified diets and 

better food security. Dietary diversity is strongly associated with household food security 

status and serves as a proxy for both caloric adequacy and micronutrient intake. 

3.2.3 Normalised Difference Vegetation Index (NDVI) 

NDVI measures vegetation greenness and photosynthetic activity using satellite imagery. 

We extract NDVI from Landsat 8 surface reflectance data for growing seasons (July–

December) corresponding to each survey round. For each household location, we compute 

mean and maximum NDVI values within 1-kilometre buffers, capturing local vegetation 

 

1 Details about the construction of the RIMA index are presented in Annex C. 
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conditions that reflect land management practices, rainfall patterns, and agricultural 

productivity. NDVI ranges from −1 to +1, with higher values indicating denser, healthier 

vegetation. Technical details on satellite data processing and extraction procedures are 

provided in Annex C. 

3.2.4 Agricultural yields 

Crop yields are measured in tonnes per hectare (ha) for major staple crops, including cereals 

(teff, wheat, maize, barley, sorghum), pulses (beans, peas, lentils), and root crops (potatoes, 

sweet potatoes). Data are collected at the plot level through farmer recall, with enumerators 

recording total harvest quantities and cultivated area for each crop. Plot-level yields are 

calculated by dividing total production by cultivated area, then aggregated to the household 

level using area-weighted averages. We focus on cereal yields (yields_crl) as our primary 

agricultural productivity outcome, given that cereals represent the dominant crop category 

across the study regions and account for most of the cultivated land. 

3.3 Programme variables 

AGP. AGP participation is defined at the woreda level. A household is coded as treated 

(AGP_Woreda = 1) if its woreda was selected for AGP implementation. Treatment status is 

time-invariant throughout the panel period (2021–2025), as all AGP woredas began 

programme activities prior to the first survey round. Individual household participation in 

AGP activities (AGP_Part) is also recorded but is used only as a control variable, as the 

programme targets entire communities rather than specific households. 

PSNP. PSNP participation is defined at three levels. At the woreda level, PSNP_Woreda 

indicates whether the woreda is a PSNP implementation area. At the kebele level, 

PSNP_kebele equals 1 if at least 10 households in the kebele participate in PSNP, capturing 

area-based programme exposure. At the household level, PSNP_Part indicates whether the 

household has ever participated in PSNP, while PSNP_Active is a time-varying indicator 

capturing active participation in each survey year based on reported start and stop dates. 

This multilevel structure allows us to separately estimate intention-to-treat effects (kebele 

level) and average treatment effect on the treated (household level). 

SLMP. SLMP participation follows a similar multilevel structure. At the woreda level, 

SLMP_Woreda indicates SLMP implementation areas. At the kebele level, SLMP_kebele 

equals 1 if at least five households in the kebele participate, reflecting the programme's 

watershed-based implementation approach where entire communities engage in land 

restoration activities. At the household level, SLM_Part indicates that a household has 

participated in SLMP at some point, while SLMP_Active captures time-varying participation 

status. The kebele-level definition accounts for potential spillover effects, as SLMP activities 

(terracing, reforestation, water harvesting structures) generate community-level benefits 

beyond direct participants. 
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3.4 Summary statistics 

Table 1 presents baseline household characteristics in 2021 across AGP, SLMP, PSNP, and 

non-programme woredas. The data reveal substantial differences in baseline conditions 

across programme areas. AGP woredas show higher cereal yields (19.39 tonnes/ha), higher 

resilience scores (RIMA = 13.85), and closer proximity to markets (10.04 km) compared to 

the sample average, consistent with the programme's explicit targeting of high-potential 

agricultural areas. PSNP woredas exhibit the lowest baseline outcomes across most 

indicators: resilience scores average 10.42, livestock holdings are 0.81 log Tropical 

Livestock Units (TLU), and 39% of households experienced drought in the past five years, 

reflecting the programme's focus on chronically food-insecure areas. Non-programme 

woredas show the highest cereal yields (24.36 tonnes/ha) but are the most remote from 

markets (25.33 km). These baseline imbalances underscore the importance of our fixed 

effects and matching strategies to control for pre-existing differences between programme 

and comparison areas. 

Table 1: Baseline household characteristics by programme woreda (2021) 

  AGP SLMP PSNP Non-programme Total 

Panel A: Outcome variables 

Cereal yields (tonnes/ha) 19.39 13.77 13.59 24.36 17.25 

NDVI (1 km mean) 0.28 0.25 0.23 0.28 0.26 

HDDS 6.43 5.98 5.39 6.15 5.93 

RIMA 13.85 12.44 10.42 13.06 12.25 

Panel B: Household characteristics 

Age of household head 47.53 45.59 46.17 44.06 45.82 

Female head (proportion) 0.12 0.15 0.22 0.23 0.18 

Household size 5.26 5.75 5.63 5.41 5.54 

Married (proportion) 0.89 0.87 0.81 0.79 0.84 

Primary education (proportion) 0.35 0.36 0.29 0.44 0.36 

Secondary education (proportion) 0.08 0.13 0.07 0.09 0.09 

Panel C: Assets 

Log (TLU + 1) 1.15 1.02 0.81 1.24 1.03 

Productive asset index 0.14 0.04 -0.10 -0.03 0.00 

Consumer durables index 0.24 0.03 -0.24 0.10 0.00 

Panel D: Infrastructure access 

Distance to market (km) 10.04 13.54 8.84 25.33 14.01 

Distance to health centre (km) 8.27 7.79 7.96 8.96 8.20 

Distance to school (km) 1.96 2.08 1.40 1.68 1.76 

Panel E: Shocks and livelihoods 

Drought past five years (proportion) 0.14 0.28 0.39 0.09 0.24 

Livelihood diversity 0.32 0.38 0.36 0.42 0.37 

Observations 398 534 598 434 1,964 

Notes: Summary statistics for baseline year (2021). Non-programme: woredas without any of the three flagship 
programmes. HDDS: 0–9 food groups. RIMA: 0–100 scale. Asset indices are standardised. Proportions range 
from 0 to 1. 
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Figure 2 presents temporal trends in outcome variables across the three survey rounds 

(2021, 2023, 2025) by programme woreda. Panel A shows cereal yields remained relatively 

stable in AGP woredas (around 19–20 tonnes/ha) throughout the study period, while yields 

in non-programme woredas declined substantially from 24.4 tonnes/ha in 2021 to 13.9 

tonnes/ha in 2025. PSNP woredas experienced increasing yields from 13.7 to 17.2 

tonnes/ha, while SLMP woredas showed declining yields. Panel B indicates that SLMP 

woredas achieved substantial improvements in vegetation greenness (NDVI), increasing 

from 0.25 in 2021 to 0.28 in 2025, while other programme areas showed more modest 

changes. Panel C reveals that dietary diversity declined in non-programme woredas from 6.2 

to 5.6 food groups but remained relatively stable in PSNP woredas. Panel D shows resilience 

scores (RIMA) peaked in 2023 across all programme types before declining slightly by 2025, 

with PSNP woredas consistently exhibiting the lowest resilience scores throughout the 

study period. These descriptive patterns motivate our fixed effects specifications, which 

control for differential trends and time-varying confounders to identify programme impacts. 

Figure 2: Temporal trends in outcome variables by programme woreda 

 

Notes: Each panel shows mean values by year for households in AGP, SLMP, PSNP, and non-programme 
woredas. Bold lines indicate the programme matched to each outcome: AGP for cereal yields (Panel A), SLMP for 
NDVI (Panel B), PSNP for dietary diversity (Panel C), and all three programmes for resilience (Panel D). Source: 
RCC survey 2021–25. 
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4 Methods 

To evaluate the impact of the three flagship programmes, this study exploits variation in 

programme implementation at different administrative levels to identify treatment effects. 

While our survey collects detailed household-level information for all programmes and all 

regressions are estimated at the household level, the treatment definitions differ across 

programmes mainly due to programme design, intervention modality, and the geographic 

scale at which spillovers are expected to occur. 

AGP interventions targeted woredas through infrastructure, extension, and market-support 

components, with no direct household-level targeting. SLMP interventions were 

implemented at the watershed/kebele level, with strong spatial externalities through soil and 

water conservation measures. In contrast, PSNP has directly targeted households, though it 

also has produced spillovers at the kebele or watershed level. These inherent features 

motivate the use of woreda-level treatment indicators for AGP. For SLMP and PSNP, we 

leverage finer-grained data to examine treatment effects at both kebele and household 

levels, allowing us to distinguish between area-based programme placement and individual 

household participation. 

Table 2 below summarises the structure of our programme evaluation. For each 

programme, we indicate the treatment level (woreda, kebele, or household), the relevant 

control groups, the sample used for the estimation, the main programme-specific outcome 

of interest, and the common outcome used across programmes. Outcome variables and 

programme indicators are defined in Section 3. This framework provides a roadmap for our 

regression and matching analyses, clearly linking each treatment to its corresponding 

outcomes. 

Having this structure, we employ two complementary empirical strategies: 

1. A fixed effects differential trend approach: used for all programmes (AGP at the woreda 

level; SLMP and PSNP at the kebele level). 

2. A staggered DiD estimator: exploiting household-level time-varying treatment for SLMP 

and PSNP, following best practice for panel data with heterogeneous treatment timing. 

Each programme is evaluated using its primary targeted outcome – HDDS for PSNP, yields 

for AGP, and NDVI for SLMP – in addition to the common resilience indicator (RIMA), which 

enables cross-programme comparisons. In the following, we discuss each of the estimation 

strategies. 

 



IMPACTS OF GOVERNMENT FLAGSHIP PROGRAMMES: EVIDENCE FROM ETHIOPIA 

© Data & Evidence to End Extreme Poverty  12 

Table 2: Analytical framework for programme evaluation 

Programme 
Treatment 
level 

Control group Sample 

Outcomes 

Programme-
specific 

Cross-
programme 

AGP Woreda 

Non-programme 
woredas 

AGP- and non-
programme 
woredas Yields RIMA 

Other programme 
woredas 

Programme 
woredas 

SLMP Kebele 

Non-SLMP kebeles in 
SLMP woredas 

SLMP woredas 

NDVI RIMA 

Kebeles in non-SLMP 
woredas 

SLMP kebeles and 
non-SLMP woredas 

 Household 

Non-SLMP households 
in SLMP woredas 

SLMP woredas 

Households in other-
programme woredas 

Programme 
woredas 

Households in non-
programme woredas 

SLMP and non-
programme 
woredas 

PSNP 

  

Kebele 

Non-PSNP kebeles in 
PSNP woredas 

PSNP woredas 

HDDS  RIMA  

Kebeles in non-PSNP 
woredas 

PSNP kebeles and 
non-PSNP woredas 

Household 

  

Non-PSNP households 
in PSNP woredas 

PSNP woredas 

Households in non-
PSNP woredas 

Households in 
programme 
woredas 

Households in non-
programme woredas 

PSNP and non-
programme 
woredas 

Note: In all regressions the unit of analysis is the household. Treatment definitions vary by programme types. For 
household-level analysis, propensity score matching is employed to create a comparable control group. 

4.0.1 AGP: woreda-level differential trend model (ITT) 

As we have already alluded to, AGP is implemented at the woreda level, and households are 

not individually selected into treatment. All households in AGP woredas are indirectly 

exposed to the programme through extension strengthening, infrastructure development, 

and market linkages. Thus, we adopt a woreda-level intent-to-treat (ITT) framework to 

assess the impact of AGP. Since AGP treatment status is fixed over time (treated woredas 

remain treated throughout the panel), identification comes from comparing differential 

trends between AGP and non-AGP woredas over the 2021–2025 period. The household 

fixed effects model is given by: 

Yit = β2023 ⋅ (AGPw × I2023) + β2025 ⋅ (AGPw × I2025) + αi + γt + 𝐗it
′ θ + εit 

where 𝑌𝑖𝑡 is the outcome of interest for household 𝑖 in year 𝑡, which alternatively captures 

the AGP-specific outcome (yield) or the common resilience outcome (RIMA). 𝐴𝐺𝑃𝑤 is an 
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indicator for whether the household's woreda participates in 𝐴𝐺𝑃, 𝐼𝑡 are year indicators, 𝛼𝑖 

are household fixed effects controlling for all time-invariant household-specific 

characteristics, 𝛾𝑡 are year fixed effects capturing common time trends, and 𝑋𝑖𝑡 includes 

time-varying controls such as vegetation greenness (NDVI), climate shocks, and distance to 

market. The parameters 𝛽2023 and 𝛽2025 capture the differential trends in outcomes between 

AGP and control woredas in 2023 and 2025 relative to the 2021 baseline. Since the number 

of woredas is insufficient for woreda-level clustering (< 50), which would produce imprecise 

or unreliable inference, we cluster standard errors at the household level. This is consistent 

with strategies for overcoming serial correlation concerns in short household panels and 

avoids the small-cluster problem. 

This specification is identified under the key assumption that, conditional on household 

fixed effects and time-varying controls, there are no omitted time-varying confounders at the 

woreda level that are correlated with AGP placement. A key concern is that AGP woredas 

may have different underlying growth trajectories even absent the programme, given that 

AGP explicitly targets high-potential areas. We address this concern by examining two 

distinct control groups: (1) non-programme woredas that receive no flagship programmes, 

and (2) woredas that receive PSNP and/or SLMP but not AGP. 

4.0.2 SLMP and PSNP: kebele-level differential trend model (ITT) 

SLMP interventions (soil and water conservation, watershed rehabilitation) and PSNP public 

works activities generate strong local geographic spillovers. Households may benefit even if 

they do not directly participate in the programmes: for example, land downstream in the 

same watershed improves, or communal assets constructed through PSNP public works 

enhance resilience. For these programmes we therefore estimate kebele-/watershed-level 

ITT effects, capturing both direct and spillover impacts. 

Treatment is defined as a household residing in a kebele where the programme in question 

operates. This ITT approach addresses two key concerns. First, it accounts for potential 

spillover effects: non-participating households in programme kebeles may benefit indirectly 

through knowledge transfers, shared infrastructure, or local market effects. Second, it 

mitigates endogeneity arising from household self-selection into programmes, as kebele-

level programme placement is more plausibly exogenous than individual household 

participation decisions. 

The kebele-level model is: 

Yikt = σ2023(Programkt × I2023) + σ2025(Programkt × I2025) + αi + γt + Xit
′ θ + εikt 

where: Yikt denotes NDVI (SLMP), HDDS (PSNP), or RIMA for household 𝑖 in kebele 𝑘 at time 

𝑡; Programkt equals 1 if kebele k is a programme kebele in year 𝑡; 𝜎2023, 𝜎2025 capture 

differential changes between programme and non-programme kebeles; and 𝛼𝑖 and 𝛾𝑡 are 

household and year fixed effects. Standard errors are clustered at the kebele level. 
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This specification measures area-level causal effects and explicitly captures spillovers to 

non-participating households within the same kebele, or within the same watershed (which 

is especially important for SLMP). 

4.1 Household-level effects: staggered DiD with treatment timing variation 

While AGP does not vary across households, both SLMP and PSNP exhibit household-level 

participation that varies over time. To estimate causal effects of actual household 

participation, we exploit staggered participation across households using a modern 

staggered DiD estimator (de Chaisemartin et al., 2024) that compares treated households to 

valid not-yet-treated or never-treated units in each period. This approach properly manages 

heterogeneous treatment timing and avoids the biases present in two-way fixed effects 

(TWFE) estimators. 

In our data, we have three different treatment groups, depending on the time they enter into 

the programme: 1) Treatment Group 1 (TG1): participated in the programme both in 2023 

and 2025; 2) Treatment Group 2 (TG2): participated in the programme in 2025 only; and 3) 

Treatment Group 3 (TG3): participated only in 2023. This enables a staggered DiD 

estimation, exploiting the variation in treatment timing across households. To systematically 

assess programme impacts under different counterfactual scenarios and to support cross-

programme comparisons, we estimate household-level effects using three distinct samples, 

differing in how control groups are defined: 

• Sample 1: Within programme woredas. The controls are non-participant households 

within the same woreda, and we aim to identify programme effects relative to 

households exposed to the same woreda-level environment. 

• Sample 2: Programme woredas only. The controls are households in other programme 

woredas (e.g. SLMP-treated households compared to households in PSNP or AGP 

woredas). This cross-programme comparison is useful for understanding relative 

programme performance. 

• Sample 3: Non-programme woredas only. The controls are households in woredas not 

targeted by any programme. This helps to identify effects relative to completely 

unexposed areas. 

In view of this, the core staggered DiD model is specified as follows. Let 𝐷𝑖𝑡 denote the 

household-level time-varying indicator equal to 1 if household i participates in either PSNP or 

SLMP in year t. For cohort g (first year of participation), the group-time average treatment 

effect is: 

𝐴𝑇𝑇(𝑔, 𝑡) = 𝐄[ 𝑌𝑖𝑡(1) − 𝑌𝑖𝑡(0) ∣∣ 𝐺𝑖=𝑔, 𝑡 ≥ 𝑔 ] 

and we estimate event-study (dynamic) effects 𝐄[ 𝑌𝑖𝑡(1) − 𝑌𝑖𝑡(0) ∣∣ 𝐺𝑖=𝑔 ] and cohort-averaged 

effects using the estimator that accounts for heterogeneous timing. Identification relies on 

the following: 
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1. Group-time parallel trends: For each treatment cohort g, trends for not-yet-treated or 

never-treated households represent the counterfactual trend. 

2. No anticipation: Outcomes do not change before treatment in expectation of treatment. 

3. Correct time-varying treatment indicator: Once 𝐷𝑖𝑡 is correctly coded, the estimator 

automatically constructs the appropriate comparison groups and pseudo-treatment 

dates for control units. 

Each staggered DiD estimation is performed separately for all three samples indicated 

above, and the results are compared to assess robustness to control group choice. Standard 

errors are clustered at kebele level when the number of clusters is sufficient for this, and at 

the household level when there are too few clusters. 

4.1.1 Propensity score matching 

Prior to implementing the staggered DiD, we construct matched control groups using kernel 

propensity score matching (PSM). Matching is used to improve comparability between 

treated and comparison households at baseline. Propensity scores are estimated using 

logistic regression using pre-programme covariates, including household size, assets, 

livestock, demographic structure, and vulnerability indicators. For TG2, which refers to those 

who participated only in 2025, we use the latest baseline (2023) even if both 2021 and 2023 

are baselines for this group. This ensures controls and treated units are matched on 

characteristics that are most predictive of selection. Moreover, this choice is likely to reduce 

time gap bias, better captures conditions just before selection and minimises unobserved 

shocks that happen between baselines. 

To ensure validity, we conduct diagnostics checks after the matching, including: 1) common 

support restrictions; 2) standardised mean differences before/after matching – 

standardised differences less than 10% after matching; and 3) inspection of propensity 

score distributions. The results from these diagnostic checks are included in Annex A. 

We also run the staggered DiD on the unmatched sample as a robustness check. 
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5 Results 

5.1 AGP 

Table 3 presents estimates of AGP’s impact on cereal yields using household fixed effects 

with differential time trends. The AGP × 2025 coefficient indicates that AGP woredas 

experienced 7.4 tonnes/ha higher yields in 2025 relative to non-programme woredas 

compared to 2021 (p<0.001). When comparing AGP woredas to other programme woredas 

(PSNP and/or SLMP), the coefficient becomes −0.53 and is not statistically significant 

(p=0.776). The year fixed effects show yields in non-programme woredas declined by 6.7 

tonnes/ha in 2025 relative to 2021 (p<0.001), while yields in other programme woredas 

increased by 2.5–3.0 tonnes/ha over the same period. 

Table 3: Woreda-level AGP impacts on cereal yields: household fixed effects with differential 

trends 

  
Control group 

Other programme woredas (1) Non-programme woredas (2) 

AGP woreda × 2023 −0.701 2.800 
 (1.709) (1.828) 

AGP woreda × 2025 −0.527 7.398*** 
 (1.850) (1.543) 

Observations 3,515 2,066 

Households 1,449 793 

R-squared (within) 0.003 0.027 

Household fixed effects Yes Yes 

Year fixed effects Yes Yes 

Notes: This table reports woreda-level impacts of AGP on cereal yields (tonnes/ha) using household fixed effects 
with woreda × year interactions. Since woreda treatment status is time-invariant, identification comes from 
differential trends between AGP and non-AGP woredas over time. Control variables include NDVI, drought 
exposure (past five years), and distance to market. Column 1 additionally controls for household-level PSNP and 
SLMP participation. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10. 

5.2 SLMP 

5.2.1 Kebele-level effects 

Table 4 presents kebele-level NDVI results for SLMP across three control group 

specifications. SLMP kebeles show significant positive effects on NDVI in 2023, with 

increases of 0.022 in the within-woreda comparison (column 1) and 0.018 in the non-

programme comparison (column 3). The other-programme comparison (column 2) yields a 

smaller and statistically non-significant effect. By 2025, effects remain positive and 

statistically significant across all specifications, ranging from 0.015 to 0.019. The within-

SLMP comparison shows a slight decline from 2023 to 2025 (0.022 to 0.017), while the 

other two specifications show stable or increasing effects. 
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Table 4: Kebele-Level SLMP impacts on NDVI: household fixed effects with differential 

trends 

  

Control group 

Within-SLMP woredas 
(1) 

Other programme 
woredas (2) 

Non-programme 
woredas (3) 

SLMP kebele × 2023 0.0217*** 0.0080 0.0176*** 
 (0.0051) (0.0051) (0.0043) 

SLMP kebele × 2025 0.0167** 0.0151*** 0.0190*** 
 (0.0070) (0.0053) (0.0058) 

Observations 10,848 27,996 11,316 

R-squared (within) 0.018 0.010 0.016 

Household fixed 
effects 

Yes Yes Yes 

Year fixed effects Yes Yes Yes 

Notes: This table reports kebele-level impacts of SLMP on NDVI using household fixed effects with kebele × year 
interactions. Since kebele treatment status is time-invariant, identification comes from differential trends 
between SLMP and non-SLMP kebeles over time. Control variables include drought exposure (past five years) 
and distance to market. Column 2 additionally controls for household-level PSNP and AGP participation. Robust 
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10. 

5.2.2 Household-level effects 

Table 5 presents the household-level NDVI results for SLMP participation across three 

control group specifications. Across all specifications, SLMP generates significant positive 

effects on NDVI one period after treatment entry, ranging from 0.015 to 0.019 (6–8% of the 

mean). These effects represent meaningful improvements in vegetation cover, with the 

largest gains appearing when comparing to non-programme woredas (column 3). The first-

period effects include all households entering treatment (TG1 in 2023, TG2 in 2025, and TG3 

in 2023 before they exit). By the second period, measuring only households in continuous 

treatment (TG1), effects largely dissipate for within-woreda and other programme controls 

in columns 1 and 2, though a significant positive effect persists in the non-programme 

comparison (0.0095). This is partly because of reduced statistical power as the second-

period estimates are based on substantially smaller samples reflecting only TG1 households 

that entered in 2023 and remained treated through 2025. Another explanation for reduced 

vegetation gains in the second year can be that SLMP's impact may be strongest right after 

interventions are implemented. Structures like terraces, check-dams, or closures may boost 

NDVI quickly, but the incremental gains in the second year are smaller; unless compared to 

woredas with no environmental programmes at all, where the relative difference persists. 

Average cumulative effects (Panel C) remain positive and statistically significant across all 

specifications, indicating net benefits from programme participation. The largest cumulative 

benefit is observed when comparing to non-programme woredas. 
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The placebo tests in Panel B show no significant pre-treatment differences in NDVI trends in 

treated and control households across all specifications, supporting the parallel trends 

assumption.2 

As a robustness check, Table 10 in Annex B presents results using staggered DiD with time-

varying controls but without PSM. The results are broadly consistent with the main 

specification, showing similar effect magnitudes and patterns, though the significant 

placebo coefficient in column 1 suggests potential pre-treatment differences when 

matching is not employed, providing support for our preferred two-stage matching 

approach. 

Table 5: Household-level SLMP impacts on NDVI: two-stage PSM + staggered DiD 

  

Control group 

Within-SLMP woredas 
(1) 

Other programme 
woredas (2) 

Non-programme 
woredas (3) 

Panel A: Event-study effects 

1 period after 
treatment 

0.0148*** 0.0105** 0.0193*** 

 (0.0040) (0.0043) (0.0038) 

2 periods after 
treatment 

0.0011 −0.0010 0.0095*** 

 (0.0041) (0.0043) (0.0035) 

Panel B: Pre-trend test 

Placebo (1 period 
before) 

0.0119 0.0048 −0.0048 

 (0.0107) (0.0084) (0.0100) 

Panel C: Summary 

Avg. cumulative effect 0.0143*** 0.0093* 0.0242*** 
 (0.0052) (0.0056) (0.0049) 

Observations 511 2,532 1,605 

Switchers (Effect 1) 52 73 51 

Switchers (Effect 2) 24 37 33 

Notes: This table reports household-level impacts of SLMP participation on NDVI using two-stage PSM followed 

by staggered DiD estimation (de Chaisemartin and D'Haultfoeuille, 2024). TG1 and TG3 are matched to controls 

on 2021 baseline characteristics; TG2 is matched on 2023 baseline characteristics. Effect 1 includes households 

in their first year of participation (TG1 in 2023, TG2 in 2025, TG3 in 2023). Effect 2 includes only TG1 households 

in their second consecutive year of participation. Control variables include age, gender, household size, marital 

status, distance to market, education, asset indices, livestock, drought exposure, livelihood diversity, consumer 

durables, and distance to school. Standard errors clustered at kebele level (columns 1–2) and household level 

(column 3) in parentheses. Placebo tests assess pre-treatment parallel trends. *** p<0.01, ** p<0.05, * p<0.10. 

 

2 Figure 8 (a) and Figure 8 (b) in Annex A also show that the parallel trend assumption holds. 
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5.3 PSNP 

5.3.1 Kebele-level effects 

Table 6 presents kebele-level HDDS results for PSNP across three control group 

specifications. PSNP kebeles show modest positive effects on dietary diversity in 2023, with 

increases of 0.22 food groups in the within-woreda comparison (column 1) and 0.16 in the 

non-programme comparison (column 3), both marginally significant at the 10% level. The 

other-programme comparison (column 2) yields a smaller and non-significant effect. By 

2025, all effects decline substantially and lose statistical significance. The pattern suggests 

that PSNP kebele-level effects, if present, operate primarily in the short term. 

Table 6: Kebele-level PSNP impacts on dietary diversity: household fixed effects with 

differential trends 

  

Control group 

Within-PSNP woredas 
(1) 

Other programme 
woredas (2) 

Non-programme 
woredas (3) 

PSNP kebele × 2023 0.2210* 0.0846 0.1569* 
 (0.1251) (0.0946) (0.0924) 

PSNP kebele × 2025 0.1139 0.0163 0.0896 
 (0.1718) (0.1223) (0.1252) 

Observations 13,290 35,100 15,534 

R-squared (within) 0.007 0.008 0.004 

Household fixed 
effects 

Yes Yes Yes 

Year fixed effects Yes Yes Yes 

Notes: This table reports kebele-level impacts of PSNP on HDDS (0–9 food groups) using household fixed 
effects with kebele × year interactions. Since kebele treatment status is time-invariant, identification comes from 
differential trends between PSNP and non-PSNP kebeles over time. Control variables include drought exposure 
(past five years) and distance to market. Column 2 additionally controls for household-level SLMP and AGP 
participation. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10. 

5.3.2 Household-level effects 

Table 7 presents the household-level HDDS results for PSNP participation across three 

control group specifications. One period after treatment entry, effects are positive but 

statistically insignificant across all specifications, ranging from 0.09 to 0.14 food groups. 

The first-period effects include all households entering treatment (TG1 in 2023, TG2 in 2025, 

and TG3 in 2023 before they exit). However, by the second period, measuring only 

households in continuous treatment (TG1), effects turn significantly negative in two of three 

specifications, with PSNP participants experiencing lower dietary diversity than their 

matched counterparts, by their second year of continuous participation. The second-period 

estimates are based on substantially smaller samples, though, reflecting only TG1 

households that entered in 2023 and remained treated through 2025. 

Average cumulative effects (Panel C) are not statistically significant, reflecting the offsetting 

positive and negative period-specific effects and hence no sustained gains in dietary 

diversity from PSNP participation. 
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The placebo tests in Panel B show no significant pre-treatment differences across all 

specifications, supporting the parallel trends assumption.3 

As a robustness check, Table 11 in Annex B presents results using staggered DiD with time-

varying controls but without PSM. The results are consistent with the main specification, 

showing similar patterns of initial non-significant gains followed by declines in the second 

period. 

Table 7: Household-level PSNP impacts on dietary diversity: two-stage PSM + staggered DiD 

  

Control group 

Within-PSNP woredas 
(1) 

Other programme 
woredas (2) 

Non-programme 
woredas (3) 

Panel A: Event-study effects 

1 period after treatment 0.1360 0.0918 0.0954 
 (0.1324) (0.0856) (0.0803) 

2 periods after treatment −0.2902** −0.1673* −0.1234 
 (0.1461) (0.0935) (0.1073) 

Panel B: Pre-trend test 

Placebo (1 period before) −0.0746 −0.0555 0.0074 
 (0.1914) (0.1257) (0.1279) 

Panel C: Summary 

Avg. cumulative effect −0.0552 −0.0318 −0.0112 
 (0.1820) (0.1107) (0.1132) 

Observations 1,086 2,850 1,788 

Switchers (Effect 1) 108 162 115 

Switchers (Effect 2) 78 116 85 

Notes: This table reports household-level impacts of PSNP participation on HDDS (0–9 food groups) using two-
stage PSM followed by staggered DiD estimation (de Chaisemartin and D'Haultfoeuille, 2024). TG1 and TG3 are 
matched to controls on 2021 baseline characteristics; TG2 is matched on 2023 baseline characteristics. Effect 1 
includes households in their first year of participation (TG1 in 2023, TG2 in 2025, TG3 in 2023). Effect 2 includes 
only TG1 households in their second consecutive year of participation. Control variables include age, gender, 
household size, marital status, distance to market, education, asset indices, livestock, drought exposure, 
livelihood diversity, consumer durables, NDVI, and distance to school. Standard errors clustered at kebele level 
(columns 1–2) and household level (column 3) in parentheses. Placebo tests assess pre-treatment parallel 
trends. *** p<0.01, ** p<0.05, * p<0.10. 

5.4 Cross-programme effects on resilience 

While each programme targeted distinct development outcomes through different 

interventions – AGP focused on agricultural productivity, SLMP on land management, and 

PSNP on food security – they have all shared the overarching goal of strengthening 

household resilience to climate and adverse economic shocks. RIMA provides a common 

metric for comparing programme effectiveness across these diverse approaches. This 

subsection examines whether the three flagship programmes generated similar or 

differential impacts on household resilience, and whether programme effects persisted 

when making comparisons with other programmes. Understanding cross-programme 

 

3 Figure 7 (a) and Figure 7 (b) in Annex A also show that the parallel trend assumption holds. 
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patterns helps identify whether specific programme mechanisms (e.g. land restoration vs. 

safety nets) have been particularly effective for building resilience, or whether the presence 

of any government programme support generates similar benefits. 

5.4.1 Woreda- and kebele-level effects 
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Table 8 presents area-level RIMA results for all three flagship programmes, enabling direct 

comparison of their impacts on household resilience. Panel A shows AGP's woreda-level 

effects: no significant impact in 2023 across either control group, but by 2025 a significant 

positive effect of 1.15 RIMA points emerges when compared to non-programme woredas. 

While comparison with other programmes shows a small negative effect, the coefficient is 

not precisely estimated. These results imply that AGP did not generate clear resilience gains 

when compared to areas where other major programmes (PSNP or SLMP) were present and 

appears to significantly strengthen resilience only when compared to woredas without any 

major government flagship programme. 

Panel B shows SLMP's kebele-level effects: according to the results, in 2023 SLMP 

consistently shows positive and relatively large resilience gains across all control groups, 

especially when comparing to non-programme areas, where the coefficients are precisely 

estimated. Positive impacts range from 1.02 to 1.13 RIMA points in 2023 when compared to 

other-programme and non-programme woredas, respectively, with the positive and 

statistically significant effects persisting through 2025 in the non-programme comparison 

woredas (1.30 points). The within-woreda comparison shows smaller effects but the 

coefficients are not precisely estimated in all cases. 

Panel C shows PSNP's kebele-level effects. PSNP produces no statistically significant 

improvements in resilience at the kebele level, indicating limited spillovers on adaptive 

capacity beyond direct beneficiary households. The coefficient estimates are consistently 

negative across all specifications in 2023 (ranging from −0.48 to −0.86) and by 2025, 

coefficients become less negative or slightly positive, but remain statistically 

indistinguishable from zero. The cross-programme comparison reveals that AGP and SLMP 

generated positive resilience impacts when compared to non-programme areas, while PSNP 

shows no evidence of resilience building using this measure. 
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Table 8: Area-level impacts on resilience (RIMA): comparison across programmes 

  

Control group 

Within-programme 
woredas (1) 

Other programme 
woredas (2) 

Non-programme 
woredas (3) 

Panel A: AGP (woreda-level) 

AGP woreda × 
2023 

— 0.0983 0.0212 

  (0.2480) (0.3221) 

AGP woreda × 
2025 

— −0.3445 1.1473*** 

  (0.2433) (0.2635) 

Observations — 4,202 2,492 

R-squared (within)  0.075 0.066 

Panel B: SLMP (kebele-level) 

SLMP kebele × 
2023 

0.4166 1.1302* 1.0155** 

 (0.5899) (0.6287) (0.4811) 

SLMP kebele × 
2025 

0.4969 1.1679 1.3020** 

 (0.7938) (0.7194) (0.6437) 

Observations 10,848 27,996 11,316 

R-squared (within) 0.010 0.014 0.014 

Panel C: PSNP (kebele-level) 

PSNP kebele × 
2023 

−0.8606 −0.6012 −0.4832 

 (0.5262) (0.3755) (0.3899) 

PSNP kebele × 
2025 

−0.7502 0.1370 0.0950 

 (0.7299) (0.4933) (0.5174) 

Observations 13,290 35,100 15,534 

R-squared (within) 0.015 0.014 0.013     
Household fixed 
effects 

Yes Yes Yes 

Year fixed effects Yes Yes Yes 

Notes: This table reports area-level impacts on household resilience (RIMA, 0–100 scale) using household fixed 
effects with area × year interactions. Panel A shows woreda-level AGP effects; Panels B and C show kebele-level 
SLMP and PSNP effects. Since treatment status is time-invariant at the area level, identification comes from 
differential trends between treated and control areas over time. All specifications control for drought exposure 
(past five years) and distance to market. Column 2 additionally controls for household-level participation in other 
programmes. AGP does not have a within-woreda comparison (indicated by —) because treatment is assigned at 
the woreda level. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.10. 

5.4.2 Household-level effects 

Table 9 presents household-level RIMA results for both SLMP and PSNP participation across 

three control group specifications. The contrasting patterns between programmes reveal 

their distinct impacts on household resilience. 
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SLMP generates substantial positive effects on resilience one period after treatment entry in 

two of three specifications, with increases of 0.79 to 1.01 RIMA points. These effects are 

largest when comparing within-SLMP households (column 1) withnon-programme 

households (column 3). Effects are weakest when SLMP is compared to other active 

programmes, implying that other programmes may also confer partial resilience benefits 

and thus narrow the SLMP–control difference. The first-period effects include all 

households entering treatment (TG1 in 2023, TG2 in 2025, and TG3 in 2023 before they exit). 

By the second period, measuring only households in continuous treatment (TG1), effects 

become statistically insignificant across all specifications. This may partly reflect lower 

statistical power due to the smaller sample size, or it may also indicate that SLMP's 

resilience gains are front-loaded: immediate improvements in soil conservation, watershed 

structures, and erosion control reduce households' sensitivity to climate shocks in the first 

year, but these gains may taper off in the second year. In contrast, PSNP shows 

predominantly negative effects on resilience in the first period after entry, though none are 

statistically significant. The second period reveals an unexpected large positive effect (1.87) 

in the non-programme comparison, though this should be interpreted cautiously given the 

small sample. 

Average cumulative effects (Panel C) are positive and statistically significant for SLMP in 

two specifications, while small and statistically insignificant for PSNP, reflecting the 

programmes' fundamentally different impacts on long-term household resilience. 

The placebo tests in Panel B show no significant pre-treatment differences for either 

programme across all specifications, supporting the parallel trends assumption. A 

robustness check on the above results is reported in Annex B. 

Some cautionary points qualify the above findings. The results are context-dependent and 

may not generalise to settings with different ecological conditions, institutional capacity, or 

implementation quality. Statistical power constraints – particularly in the second period – 

further limit the identification of dynamic impacts. 

Table 9: Household-level impacts on resilience (RIMA): two-stage PSM + staggered DiD 

  

SLMP PSNP 

Within  

(1) 

Other prog. 
(2) 

Non-prog. 
(3) 

Within 

(4) 

Other prog. 
(5) 

Non-prog. 
(6) 

Panel A: Event-study effects 

1 period after 
treatment 

1.0092** 0.2017 0.7875** −0.6876 0.0149 −0.4165 

 (0.3870) (0.6811) (0.3511) (0.4277) (0.4002) (0.3418) 

2 periods after 
treatment 

−0.1473 −0.6410 0.2034 −0.3498 0.1639 1.8671** 

 (0.6320) (0.3428) (0.6069) (0.7650) (0.7931) (0.7314) 

Observations 311/135 1,638/787 1,034/496 317/146 2,002/961 1,162/559 

Switchers 47/8 71/10 51/8 60/25 116/40 79/25 

Panel B: Pre-trend test 
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SLMP PSNP 

Within  

(1) 

Other prog. 
(2) 

Non-prog. 
(3) 

Within 

(4) 

Other prog. 
(5) 

Non-prog. 
(6) 

Placebo (1 period 
before) 

−0.5381 −0.4537 −0.0514 −0.3663 0.0303 −0.5053 

 (1.0786) (0.9120) (1.2776) (0.5621) (0.5083) (0.5587) 

Observations 137 792 496 136 956 548 

Switchers 10 17 9 15 38 14 

Panel C: Summary 

Avg. cumulative 
effect 

0.8410** 0.0976 0.7083** −0.5882 0.0531 0.1325 

 (0.3598) (0.6025) (0.3308) (0.4308) (0.4416) (0.3480) 

Observations 319 1,650 1,043 342 2,045 1,187 

Switchers 55 81 59 85 156 104 

Notes: This table reports household-level impacts of SLMP and PSNP participation on household resilience 
(RIMA, 0–100 scale) using two-stage PSM followed by staggered DiD estimation (de Chaisemartin and 
D'Haultfoeuille, 2024). TG1 and TG3 are matched to controls on 2021 baseline characteristics; TG2 is matched 
on 2023 baseline characteristics. Effect 1 includes households in their first year of participation (TG1 in 2023, 
TG2 in 2025, TG3 in 2023). Effect 2 includes only TG1 households in their second consecutive year of 
participation. Matching controls include age, gender, household size, marital status, distance to market, 
education, asset indices, livestock, drought exposure, livelihood diversity, consumer durables, and distance to 
school. DiD controls include age, gender, household size, marital status, drought exposure, and consumer 
durables; PSNP additionally controls for NDVI. Standard errors clustered at kebele level (columns 1–2, 4–5) and 
household level (columns 3, 6) in parentheses. Placebo tests assess pre-treatment parallel trends. For Panel A, 
observations and switchers are reported as Effect 1/Effect 2. *** p<0.01, ** p<0.05, * p<0.10. 
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6 Discussion and policy implications 

This paper has evaluated Ethiopia's three major flagship rural development programmes – 

AGP, SLMP, and PSNP – using three waves of panel data and staggered DiD estimation. The 

results reveal marked heterogeneity, reflecting distinct programme mechanisms. SLMP 

produced rapid environmental and resilience gains; AGP generated productivity 

improvements that materialise gradually; while PSNP exhibits weak effects on dietary 

diversity and resilience within the study window. Below, we discuss these findings 

programme by programme, before turning to cross-cutting patterns and policy implications. 

6.1 Programme-specific findings and mechanisms 

6.1.1 SLMP: rapid environmental recovery translates into resilience gains 

SLMP produced the most consistent and immediate gains. At the kebele level, SLMP 

increased NDVI by 0.01–0.02 units (4–8% of the 0.25 baseline mean among SLMP-

participating kebeles), with strongest effects versus non-programme areas. At the 

household level, SLMP raised RIMA scores by 0.8–1.0 points (7–8% of the 12.17 baseline 

mean among SLMP-participating households) in the first year. These magnitudes reflect 

measurable gains in vegetation density and ground cover that reduce erosion, enhance 

water retention, and improve local microclimates – mechanisms that reduce households' 

exposure to rainfall variability. 

Our findings reconcile SLMP's documented ecological benefits (Ali et al., 2020; Barvels and 

Fensholt, 2021; Ebabu et al., 2019) with mixed household productivity results (Schmidt and 

Tadesse, 2019). Our resilience measure captures intermediate outcomes – absorptive and 

adaptive capacity – that respond more quickly than marketed yields. Structural changes 

(terraces, check-dams, water harvesting) directly reduce climate risk exposure, enabling 

households to withstand shocks before productivity gains materialise. This aligns with 

Schmidt et al. (2017), who find SLMP productivity gains require complementary 

interventions and sustained maintenance over seven years. 

Attenuated effects in within-programme comparisons likely reflect spatial spillovers and 

concurrent investments. SLMP operated at the watershed level, generating benefits beyond 

participating households. Households in other-programme woredas may have benefitted 

from complementary infrastructure, narrowing differences. The fact that the largest effects 

are found versus non-programme woredas underscores SLMP's place-based ecological 

contributions. 

6.1.2 AGP: positive yet context-dependent productivity effects 

The woreda-level analysis shows AGP woredas exhibiting higher cereal yields than non-

programme woredas – by approximately 7.4 tonnes/ha (38% of baseline mean) in 2025. 

However, there is no statistically significant effect when compared to other-programme 



IMPACTS OF GOVERNMENT FLAGSHIP PROGRAMMES: EVIDENCE FROM ETHIOPIA 

© Data & Evidence to End Extreme Poverty  27 

woredas. These patterns suggest that AGP's inputs were associated with real productivity 

gains, but those gains are difficult to detect where other flagship investments were present. 

Our findings align broadly with external evaluations documenting substantial productivity 

improvements: AGP-I beneficiaries achieved 50% higher productivity than non-beneficiaries, 

and AGP-II documented 29% aggregate yield increases (World Bank, 2015a, 2021; 

Teklewold, 2021). However, our area-level identification strategy has important limitations. 

AGP was already operating in these woredas before our 2021 baseline, meaning we cannot 

track the timing of programme introduction or distinguish short-run from long-run effects. 

Our differential trends specification compares productivity trajectories across woreda types 

but cannot isolate household-specific treatment effects or rule out selection into high-

potential zones; a concern given that AGP explicitly targeted areas with strong agricultural 

infrastructure. 

The sensitivity to comparison groups is particularly notable. The null result when comparing 

AGP to other-programme woredas likely reflects that SLMP and PSNP areas also received 

substantial agricultural investments, narrowing observable differences. The positive effect 

versus non-programme woredas confirms that AGP areas exhibit higher productivity, 

consistent with the broader literature, but our design does not permit strong causal claims 

about the magnitude or attribution of these gains to AGP specifically versus correlated 

investments. 

6.1.3 PSNP: consumption smoothing without structural transformation 

PSNP exhibits the weakest impacts. At the kebele level, PSNP produced small, temporary 

HDDS improvements in 2023 that dissipate by 2025. At the household level, PSNP has 

generated neither HDDS improvements nor sustained RIMA gains. 

These patterns align with literature showing that PSNP stabilises consumption and prevents 

asset depletion (Berhane et al., 2013; Andersson et al., 2011; Hoddinott, Berhane et al., 2012) 

but does not automatically transform diets or build resilience. Studies document reduced 

drought vulnerability (Hill and Tsehaye, 2018; Knippenberg and Hoddinott, 2017) yet 

question sustained poverty graduation (Béné et al., 2012; Sabates-Wheeler et al., 2021). 

Evidence on dietary diversity is mixed, with several studies finding null or negative effects 

(Negera, 2022; Gebrehiwot and Castilla, 2018; Bahru et al., 2020; Dagne et al., 2025). Our 

findings align with Abay et al. (2022), who show that resilience gains depend critically on 

transfer size and duration – neither is adequate in our two-year window. 

The mechanism is straightforward: cash transfers stabilise consumption but do not change 

asset bases or production environments. Where transfers are small, irregular, or eroded by 

inflation, impacts on dietary diversity or resilience are unlikely within two years. Additional 

confounders complicate interpretation: our 2025 survey coincided with Ramadan and 

Orthodox fasting, both of which potentially suppressed dietary diversity independent of 

programme effects. PSNP households are also structurally poorer and more shock-exposed, 

contributing to muted impacts even after matching. Overall, PSNP has provided protective 
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benefits that helped households survive shocks but appears insufficient to generate 

structural capacity changes within the study horizon. 

6.2 Policy implications and future research 

Four policy priorities emerge from our results. First, land-based structural investments like 

SLMP should be prioritised for resilience objectives. SLMP generated rapid ecological 

improvements and measurable resilience gains at relatively low marginal cost, making it 

efficient for climate adaptation. 

Second, productivity interventions like AGP can be associated with substantial yield gains, 

but isolating their specific contributions is challenging where multiple programmes operate 

concurrently. The null effects when comparing AGP to other-programme woredas, despite 

positive effects versus non-programme areas, underscores the importance of coordinating 

agricultural investments to avoid duplication and to better understand which programme 

components drive observed productivity improvements. More targeted evaluation designs 

are needed to disentangle AGP-specific effects from correlated investments in extension, 

infrastructure, and market access. 

Third, improving PSNP’s effectiveness requires increasing the transfer reliability and 

adequacy while linking to complementary services. In inflationary environments, transfers 

must be large and regular enough to stabilise consumption while supporting asset 

accumulation. Integrating PSNP with nutrition education, livelihood services, or asset-

building supports could accelerate pathways from consumption smoothing to structural 

transformation. 

Fourth, coordinating programme geography and sequencing can maximise 

complementarities. Strategic sequencing – pairing SLMP type land restoration with 

subsequent AGP type extension – could accelerate pathways from environmental recovery 

to higher yields. Conversely, uncoordinated concurrent roll-outs may obscure which 

instrument drives observed changes. 

Overall, three patterns emerge across programmes. First, estimated impacts are highly 

sensitive to the choice of control group. For SLMP and AGP, effects appear strongest when 

compared to non-programme areas and are attenuated when benchmarked against other-

programme woredas, reflecting substantial public investment in comparison sites and the 

presence of spatial spillovers. These patterns underscore that programme effectiveness 

depends critically on counterfactual investment levels. 

Second, timing matters. SLMP generated front-loaded gains, AGP effects materialised 

gradually, and PSNP shows limited structural change within the two-year window. These 

dynamics are consistent with the programmes’ mechanisms: infrastructure investments 

reduce exposure immediately, productivity gains require adoption lags, and consumption 

transfers alone do not rapidly transform household asset bases.  
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Third, smaller sample sizes in the second period reduce statistical power, making later-year 

estimates less precise. Apparent declines in initial impacts may represent genuine 

stabilisation or simply insufficient power to detect modest effects. 

Future research should examine longer-term trajectories, investigate mechanisms linking 

environmental change to household welfare, and assess whether integrated programme 

packages generate synergies that exceed the sum of individual interventions. 
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Annex A Supplementary Figures 

Figure 3: Covariate balance before and after matching: PSNP 
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Figure 4: Covariate balance before and after matching: SLMP 
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Figure 5: Common support before and after matching: SLMP 
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Figure 6: Common support before and after matching: PSNP 
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Figure 7: Parallel trend assumption: PSNP on HDDS and RIMA 
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Figure 8: Parallel trend assumption: SLMP on NDVI and RIMA 
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Annex B Robustness checks 

Table 10: Household-level SLMP impacts on NDVI: staggered DiD with controls (robustness 

check) 

  

Control group 

Within-SLMP woredas 
(1) 

Other programme 
woredas (2) 

Non-programme 
woredas (3) 

Panel A: Event-study effects 

1 period after treatment 0.0144*** 0.0114** 0.0180*** 
 (0.0041) (0.0050) (0.0039) 

2 periods after treatment 0.0006 0.0007 0.0039 
 (0.0043) (0.0045) (0.0042) 

Panel B: Pre-trend test 

Placebo (1 period before) 0.0157** 0.0094 0.0061 
 (0.0071) (0.0099) (0.0086) 

Panel C: Summary 

Avg. cumulative effect 0.0138*** 0.0112* 0.0192*** 
 (0.0053) (0.0061) (0.0053)     
Observations 326 1,634 1,036 

Switchers (Effect 1) 52 73 55 

Switchers (Effect 2) 24 37 33 

Notes: This table reports household-level impacts of SLMP participation on NDVI using staggered DiD estimation 
with time-varying controls (de Chaisemartin and D'Haultfoeuille, 2024), without PSM. Effect 1 includes 
households in their first year of participation; Effect 2 includes only households in their second consecutive year 
of participation. Control variables include age, gender, household size, marital status, distance to market, 
education, asset indices, livestock, drought exposure, livelihood diversity, consumer durables, and distance to 
school. Standard errors clustered at kebele level (columns 1–2) and household level (column 3) in parentheses. 
Results are like the main specification (Table 5), though the significant placebo in column 1 suggests potential 
pre-treatment differences in this specification. *** p<0.01, ** p<0.05, * p<0.10. 

Table 11: Household-level PSNP impacts on dietary diversity: staggered DiD with controls 

(robustness check) 

  

Control group 

Within-PSNP woredas 
(1) 

Other programme 
woredas (2) 

Non-programme 
woredas (3) 

Panel A: Event-study effects 

1 period after treatment 0.1299 0.0925 0.0960 
 (0.1260) (0.0829) (0.0767) 

2 periods after treatment −0.2873** −0.1614* −0.1194 
 (0.1389) (0.0900) (0.1028) 

Panel B: Pre-trend test 

Placebo (1 period before) −0.0831 −0.0563 0.0068 
 (0.1852) (0.1215) (0.1235) 

Panel C: Summary 

Avg. cumulative effect −0.0584 −0.0277 −0.0094 
 (0.1730) (0.1061) (0.1081) 

Observations 558 1,443 924 
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Control group 

Within-PSNP woredas 
(1) 

Other programme 
woredas (2) 

Non-programme 
woredas (3) 

Switchers (Effect 1) 115 169 122 

Switchers (Effect 2) 83 121 90 

Notes: This table reports household-level impacts of PSNP participation on HDDS (0–9 food groups) using 
staggered DiD estimation with time-varying controls (de Chaisemartin and D'Haultfoeuille, 2024), without PSM. 
Effect 1 includes households in their first year of participation; Effect 2 includes only households in their second 
consecutive year of participation. Control variables include age, gender, household size, marital status, distance 
to market, education, asset indices, livestock, drought exposure, livelihood diversity, consumer durables, NDVI, 
and distance to school. Standard errors clustered at kebele level (columns 1–2) and household level (column 3) 
in parentheses. Results are consistent with the main specification (Table 7), showing similar patterns of negative 
second-period effects. *** p<0.01, ** p<0.05, * p<0.10. 

Table 12: Household-level impacts on resilience (RIMA): staggered DiD with controls 

(robustness check) 

  

SLMP PSNP 

Within  

(1) 

Other 
prog.  

(2) 

Non-prog. 

(3) 

Within  

(4) 

Other 
prog.  

(5) 

Non-prog.  

(6) 

Panel A: Event-study effects 

1 period after treatment 1.3173*** 0.2850 1.0916*** −0.7419* 0.0149 −0.3621 
 (0.3733) (0.6784) (0.3423) (0.4273) (0.4002) (0.3383) 

2 periods after treatment −0.1776 −0.6413 0.2028 −0.3498 0.1639 1.8660** 
 (0.6234) (0.3428) (0.6030) (0.7650) (0.7931) (0.7311) 

Panel B: Pre-trend test 

Placebo (1 period before) −0.2770 −0.2382 0.3703 −0.3663 0.0303 −0.5370 
 (0.8682) (0.9159) (0.9161) (0.5621) (0.5083) (0.5235) 

Panel C: Summary 

Avg. cumulative effect 1.1180*** 0.1734 0.9788*** −0.6279 0.0531 0.1684 

  (0.3477) (0.6018) (0.3234) (0.4295) (0.4416) (0.3451) 

Notes: This table reports household-level impacts of SLMP and PSNP participation on household resilience 
(RIMA, 0–100 scale) using staggered DiD estimation with time-varying controls (de Chaisemartin and 
D'Haultfoeuille, 2024), without PSM. Effect 1 includes households in their first year of participation; Effect 2 
includes only households in their second consecutive year of participation. DiD controls include age, gender, 
household size, marital status, drought exposure, and consumer durables; PSNP additionally controls for NDVI. 
Standard errors clustered at kebele level (columns 1–2, 4–5) and household level (columns 3, 6) in parentheses. 
Results are broadly consistent with the main specification (Table 9), with SLMP showing significant positive 
effects and PSNP showing negative or null effects. *** p<0.01, ** p<0.05, * p<0.10. 
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Annex C Data collection and processing 

C.1 Construction of the resilience measure 

Table 13: Variables used in the construction of RIMA 

Variables 

Construction of RIMA II  

Pillar 
Variables 

used 

Distance to school ABS X 

Distance to health facilities ABS X 

Distance to market ABS X 

Access to piped water ABS X 

Access to electricity ABS X 

Own functional mobile ABS X 

Asset ownership: consumer durables, productive asset and 
livestock in TLU 

AST X 

PSNP participation, cash-payment, in-kind payment, and duration SSN X 

Access to financial resources (access to formal credit, savings – 
microfinance institution or bank) 

AC X 

Saving in the last 12 months AC  

Saved enough to cope with future drought AC  

Human capital (literate and household head with education level 
of primary and above) 

AC X 

Livelihood diversification (income from remittances, 
wages/salaries, pension, shop/store/house/rental car, truck, 
other, income from land rental, income from renting horse-cart) 

AC X 

Number of innovative actions (agricultural practices, tools and 
machinery, modern input use, water and soil conservation, 
information technology, livestock-based practices, combination 
of practices, group-based adaptation) 

AC X 

Dependency ratio AC X 

Note: ABS = access to basic services; SSN = social safety net; AST = asset; AC = adaptive capacity. Source: Own 
computation based on the three rounds of RCC surveys. 

C.2 GPS coordinate cleaning 

GPS coordinates were collected for each household in all three survey rounds (2021, 2023, 

2025). To ensure data were of a high quality, we implemented a systematic cleaning 

procedure to identify and correct implausible coordinate measurements. 

GPS coordinates were flagged as outliers if they deviated more than 50 km from the mean 

of the household's coordinates in the other two survey rounds. This 50 km threshold was 

chosen based on the assumption that households remain in fixed locations across the 

relatively short four-year study period, and that deviations exceeding this distance likely 

reflect GPS device malfunction or data processing errors rather than actual household 

mobility. 
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This procedure identified 24 observations (0.41% of the sample) across 12 households 

requiring correction. For each flagged observation, coordinates were replaced with values 

from the most proximate survey round following the following rule: observations from 2025 

used 2023 coordinates, observations from 2023 used 2021 coordinates, and observations 

from 2021 used 2023 coordinates. This approach assumes that GPS measurements from 

temporally adjacent rounds provide the best approximation of true household location. 

A binary indicator variable gps_cleaned was created to flag all replaced observations for 

transparency in subsequent analyses. Most flagged coordinates involved large implausible 

deviations, with distances ranging from 51 km to 3,215 km in the most extreme cases. Such 

magnitudes strongly suggest measurement error rather than migration, as they would place 

households in entirely different regions or countries. After cleaning, the dataset contained 

no observations with GPS coordinate deviations exceeding 50 km within households across 

survey rounds. 

C.3 Distance to services 

For each household GPS record, we calculated Euclidean distances to the nearest health 

centre, market, and school using geospatial point shapefiles in the WGS84 coordinate 

system. Distance calculations employed vectorised spatial operations in Python using the 

GeoPandas library (version 0.12.0), which provides efficient tools for spatial data 

manipulation and geometric operations. 

The calculation procedure involved the following steps. First, we loaded point shapefiles 

containing the geographic coordinates of all health facilities, markets, and schools in the 

study regions. Health centre locations were sourced from the Ethiopian Public Health 

Institute's Health Facility Master List, market locations from woreda-level administrative 

records, and school locations from the Ministry of Education's School Improvement Portal. 

Second, for each household GPS location, we computed the minimum distance to all 

facilities of each type using the Haversine formula to account for the Earth's curvature over 

the distances involved. Third, distances were expressed in kilometres rounded to two 

decimal places. 

Since GPS coordinates vary across the three survey rounds for the same household due to 

measurement variability (even after cleaning), distances were recalculated for each 

household-year observation to ensure consistency between location measurements and 

derived distance variables. Seven observations (0.12% of the sample) with missing GPS 

coordinates after the cleaning procedure were excluded from distance calculations and 

assigned missing values for all distance variables. 

C.4 Vegetation data extraction 

We obtained vegetation greenness data using the NDVI derived from Landsat 8 satellite 

imagery. NDVI is a widely used remote sensing indicator calculated as the normalised 

difference between near-infrared and red spectral bands: NDVI = (Near-Infrared − 



IMPACTS OF GOVERNMENT FLAGSHIP PROGRAMMES: EVIDENCE FROM ETHIOPIA 

© Data & Evidence to End Extreme Poverty  43 

Red)/(Near-Infrared + Red). NDVI values range from −1 to +1, with higher values indicating 

greater vegetation density and photosynthetic activity. 

C.4.1 Temporal alignment 

NDVI was calculated for the growing seasons (July through to December) corresponding to 

each survey round. Specifically, we extracted NDVI for July–December 2020 (corresponding 

to the February 2021 survey), July–December 2022 (corresponding to the February 2023 

survey), and July–December 2024 (corresponding to the February 2025 survey). This 

temporal alignment ensures that vegetation measures reflect agricultural conditions during 

the growing season immediately preceding each survey round, when crop development and 

land management practices would be most relevant to the agricultural outcomes measured 

in the survey. 

C.4.2 Data sources and processing 

We retrieved Landsat 8 surface reflectance imagery (Collection 2, Level-2) from the U.S. 

Geological Survey Earth Resources Observation and Science (EROS) Center using the 

Google Earth Engine (GEE) API. Landsat 8's 30-metre spatial resolution provides sufficient 

detail to capture field-level vegetation patterns while maintaining manageable 

computational requirements for regional-scale analysis. 

Image processing involved several quality control steps. First, we filtered the image 

collection to include only scenes with less than 20% cloud cover within our study area 

bounding box. Second, we applied pixel-level quality assessment bands to mask clouds and 

cloud shadows using the CFMask algorithm implemented in Landsat Collection 2 products. 

Third, for each pixel, we calculated NDVI from the near-infrared (Band 5) and red (Band 4) 

surface reflectance values. Fourth, for each growing season, we computed seasonal mean 

and maximum NDVI values across all available cloud-free observations. The mean NDVI 

represents average vegetation conditions throughout the growing season, while the 

maximum NDVI captures peak vegetation greenness, which may be more strongly related to 

agricultural productivity. 

C.4.3 Spatial aggregation 

For each household GPS location, we extracted NDVI values within two circular buffer zones: 

a 100-metre and a 1 km radius. The 100-metre buffer approximates the immediate vicinity of 

the household and may capture backyard gardens or nearby plots. The 1 km buffer 

represents the broader landscape context and captures community-level vegetation patterns 

that may reflect shared grazing lands, irrigation systems, or general agricultural conditions 

in the area. 

Within each buffer zone, we computed both mean and maximum NDVI values. This yields 

four NDVI measures per household-year observation: (1) mean NDVI within 100 metres; (2) 

maximum NDVI within 100 metres; (3) mean NDVI within 1 km; and (4) maximum NDVI 
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within 1 km. All spatial operations were performed using the GEE JavaScript API and 

exported as CSV files for merging with survey data. 

Since household GPS coordinates vary slightly across survey rounds due to measurement 

variability, NDVI values were calculated independently for each household-year observation 

using that year's GPS coordinates. This ensures precise spatial alignment between 

vegetation conditions and household location during each survey period, though it 

introduces minor inconsistencies in the exact geographic areas being measured across 

rounds for the same household. 


