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ABSTRACT 

	Aims: To document how rice yield gains co-move with monetary and nutritional well-being in Africa and whether these associations vary with trade exposure, electricity access, and the institutional environment.
Study design: Descriptive macro-panel analysis with country and year fixed effects, complemented by interaction terms and robustness checks for cross-sectional dependence.
Place and Duration of Study: Forty-two African countries observed annually over 2008 to 2023, with estimation based on the common country-year sample defined by non-missing observations across variables.
Methodology: The main explanatory variable is rice yield in logs. Outcomes are poverty incidence, poverty depth, mean consumption, and undernourishment. Models include fixed effects and macroeconomic, sectoral, infrastructural, and institutional controls. Conditional associations are examined via interactions and marginal effects at plausible moderator values. Inference robustness is assessed using Driscoll–Kraay standard errors.
Results: Higher yields co-move with higher mean consumption but less favorable monetary poverty indicators. A 10 percent increase in yield is associated with about +0.57 percentage point in poverty headcount, +0.28 point in poverty gap, and +1.24% in mean consumption. The yield–undernourishment association is negative in baseline estimates but becomes imprecise with Driscoll–Kraay inference. Agricultural value added per worker shows more consistently favorable co-movements with consumption, undernourishment, and poverty. Electricity access structures the yield–welfare relationship, while rice import penetration does not clearly differentiate marginal effects.
Conclusion: Yield gains are not uniformly aligned with improved monetary poverty outcomes despite higher mean consumption, consistent with heterogeneous transmission. Complementary measures that raise net profitability and broaden the distribution of gains remain important.
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1. INTRODUCTION 

Agricultural productivity is widely regarded as a central lever for poverty reduction in developing countries. The conventional argument is straightforward. In contexts where agriculture accounts for a large share of employment and income, higher yields are expected to raise farm incomes, ease food price pressures, and stimulate rural demand and local services. Through these income and price channels, productivity growth is commonly associated with reductions in extreme poverty and food insecurity (Christiaensen et al., 2011; Timmer, 2005). This perspective has strongly co-moved with agricultural policy agendas in Africa over the past two decades. It underpins the Comprehensive Africa Agriculture Development Programme launched in 2003, which set a target of at least 6 percent annual agricultural growth, motivated by the expectation that productivity gains would improve food security and reduce dependence on global markets (Agbu, 2003). Similar reasoning informs West africa agricultural policy, which emphasizes productivity and competitiveness as pathways to lower food import dependence and greater agri-food system resilience. At the national level, modernization strategies have typically focused on varietal improvement, input access, and value-chain development to enhance performance and resilience to shocks.
Yet, productivity gains do not systematically co-movement proportional improvements in well-being. A growing literature documents the coexistence of rising yields with persistent monetary poverty and undernourishment in parts of Africa, and in some cases with weakly inclusive development trajectories (Barrett & Carter, 2010; Headey et al., 2012). This divergence is often referred to as a social productivity paradox. Increases in aggregate output do not automatically co-movement broad-based welfare gains, particularly when intensification strategies prioritize production outcomes without ensuring that benefits accrue to smallholders, expand decent employment, or raise real incomes under binding structural constraints (Headey et al., 2012).
This paradox is especially salient in rice value chains. Rice is a strategic staple in African food systems and a major source of employment along production, processing, marketing, and service segments (Diao et al., 2019). These features help explain the strong policy emphasis on rice self-sufficiency. Many countries have sought to reduce import dependence by expanding domestic supply, and in several cases yields have increased substantially, sometimes exceeding four tons per hectare. Nevertheless, poverty and undernourishment remain widespread in many rice-producing countries, suggesting that the social returns to productivity growth are uncertain and highly context dependent.
Several mechanisms may explain why higher yields do not necessarily co-movement lower poverty or improved food security. First, trade exposure can weaken farm-gate price incentives. Import competition may compress producer prices and margins, limiting income gains from productivity growth even when physical output expands (Minot, 2014; Glauber et al., 2020). Second, infrastructure constraints can restrict value capture. In the absence of reliable electricity, opportunities for processing, quality upgrading, and downstream employment creation remain limited, dampening multiplier effects along the value chain (Calderón & Servén, 2014). Third, credit constraints may prevent households from investing, adopting complementary technologies, smoothing shocks, and achieving sustained improvements in living standards—constraints that are often exacerbated by price volatility and increasing climate risks.
Against this backdrop, this study addresses two related questions. To what extent are gains in rice productivity associated with improvements in social well-being? Under which conditions do such improvements materialize? The analysis examines whether the association between rice productivity and monetary poverty, consumption, and undernourishment varies with key mediating factors. Specifically, it focuses on trade integration, access to electricity, and political stability and absence of violence. The underlying hypothesis is one of non-automaticity: while productivity growth may be necessary, its social returns depend critically on the surrounding structural, institutional, and commercial environment.
The contribution of the paper is threefold. First, it jointly considers monetary and non-monetary dimensions of well-being (poverty incidence and depth, consumption, and undernourishment) allowing for a more comprehensive assessment of how productivity relates to different welfare outcomes. Second, it explicitly models conditional transmission mechanisms by introducing interaction terms between rice productivity and key constraints, particularly import penetration and electrification. This framework helps identify contexts in which productivity gains are more strongly associated with welfare improvements, as well as contexts in which these associations are attenuated or reversed. Third, the analysis relies on a multi-country panel covering 2008–2023, drawing on established data sources including FAOSTAT, the World Development Indicators, and ReSAKSS. Fixed-effects models are used to control for time-invariant unobserved heterogeneity at the country level, complemented by robustness checks and dynamic extensions to account for persistence in well-being outcomes.
Overall, the study offers an operational interpretation of the social productivity paradox in rice systems. Rather than treating yield growth as a sufficient policy objective, it emphasizes the conditions under which productivity gains turn into inclusive income growth and improved food security. In doing so, it seeks to inform policy design by clarifying when rice productivity functions as an effective lever for poverty reduction and when it primarily reflects improvements in physical performance without commensurate social returns.

2. material and methods 

2.1.Data 
[bookmark: _Hlk220139449]The analysis uses a multi-country panel covering 2008 to 2023 and forty-two African countries, allowing the study to capture substantial heterogeneity in rice systems, economic structures, and institutional environments. Missing values are handled through listwise deletion at the country-year level. In other words, any country-year observation with a missing value for a variable used in a given equation is excluded from the corresponding estimation. This procedure reduces the potential panel from 42 countries to 33 countries effectively observed in the main table. To ensure comparability across columns, the reported estimates rely on a common subsample defined as the intersection of non-missing observations across all variables used.
The key variable is rice productivity, measured by rice yield and expressed in logarithms. Conditional transmission is examined using interaction terms with trade integration, rice intensity, and climate exposure, proxied respectively by rice import penetration, the weight of rice in the agricultural system, and rainfall anomalies. Well-being is captured through three complementary indicators (see the model section).
Table1: Definition of the variables used
	Variables
	Definition
	Transformation
	Source

	ln_yield
	Rice yield (kg/ha)
	Natural logarithm
	FAOSTAT

	rice_imp_pen_rate
	Rice import penetration rate (imports / domestic supply)
	Level
	FAOSTAT; UN Comtrade

	rice_intensity
	Share of rice in agricultural value added or agricultural production
	Level
	FAOSTAT

	Rain_anomalies
	Rainfall anomalies (deviation from long-term mean)
	Level
	CHIRPS

	ln_yield × rice_imp_pen_rate
	Productivity–trade integration interaction
	Product of variables
	Author’ scalculations

	ln_yield × rice_intensity
	Productivity–rice intensity interaction
	Product of variables
	Author’s calculations

	ln_yield × Rain_anomalies
	Productivity–climate interaction
	Product of variables
	Author’s calculations

	pov_head_3ppp
	Poverty headcount ratio (USD 3/day, 2021 PPP)
	Level
	World Development Indicators (WDI) 

	pov_gap_3usd_2021ppp_pct
	Poverty gap (USD 3/day, 2021 PPP)
	Level
	WDI 

	Ln_cons
	Average real per capita consumption
	Natural logarithm
	WDI

	ln_agva_worker
	Agricultural value added per worker
	Natural logarithm
	WDI

	ln_gdppc
	Real GDP per capita
	Natural logarithm
	WDI

	ln_pppconv
	Purchasing power parity (PPP) conversion factor
	Natural logarithm
	WDI

	infl_cpi_yoy
	Annual inflation (consumer price index)
	Level
	WDI

	rice_gproduction_index
	Aggregate rice production index
	Level
	FAOSTAT

	ln_import
	Total imports (goods and services)
	Natural logarithm
	WDI

	ln_health
	Real health expenditures
	Natural logarithm
	WDI

	elec_access_pct_pop
	Access to electricity (% of population)
	Level
	WDI

	credit_priv_pct_gdp
	Domestic credit to the private sector (% of GDP)
	Level
	WDI

	gov_ag_exp_pct_ag_va
	Public agricultural expenditure (% of agricultural value added)
	Level
	FAOSTAT; WDI

	Political_Stability_No_Viol
	Political stability and absence of violence
	Level
	Worldwide Governance Indicators (WGI)



2.2. METHODS 
The objective is to examine the relationships between rice productivity and multiple dimensions of well-being, while accounting for structural factors that may condition these relationships. The approach is descriptive and conditional, and it does not aim to identify strict causal effects.
2.2.1. Baseline Econometric Specification
The baseline empirical relationship is estimated using a country and year fixed-effects model:
[image: ]
where denotes the well-being indicator observed in country in year . Three dependent variables are considered in turn: “pov_head_3ppp”, “pov_gap_3usd_2021ppp_pct”, and “ln_cons”. The term  corresponds to the logarithm of rice yield. The vector groups the macroeconomic, sectoral, infrastructure, and institutional controls listed in Table 1, including “ln_agva_worker”,“ln_gdppc”,“ln_pppconv”,“infl_cpi_yoy”, “rice_gproduction_index”,“ln_import”,“ln_health”,“elec_access_pct_pop”,“credit_priv_pct_gdp”, “gov_ag_exp_pct_ag_va”, and “Political_Stability_No_Viol”.
The fixed effects and capture, respectively, time-invariant unobserved country heterogeneity and shocks common to all countries. This specification relies exclusively on within-country variation over time.
2.2.2. Interaction Terms and Conditional Effects
To examine transmission mechanisms, the baseline specification is extended to include interaction terms between rice productivity, rice import penetration, access to electricity, and political stability (absence of violence/terrorism). This approach explicitly examines whether the association between productivity and well-being outcomes varies with the degree of trade integration, the level of infrastructure, and the institutional environment. Consistent with best practices in applied economics, interpretation relies on marginal effects computed at representative values of the moderating variables, rather than on coefficients considered in isolation.
Marginal effect of rice productivity on poverty. The estimated specification can be written as follows:
   
where denotes the poverty indicator (for example, the poverty gap), are country fixed effects, are time fixed effects, is rice import penetration, is access to electricity, is political stability, and is the full set of control covariates.
In this framework, the marginal effect of rice productivity on poverty is:
 
The parameters , , , and therefore should not be interpreted separately. The analysis should rely on marginal effects evaluated at relevant values (means, quantiles, or grid points) of , , and , in order to identify the contexts in which a yield gain associates, or does not co-move, into improved poverty outcomes.
2.2.3. Treatment of Standard Errors and Static Robustness Checks
Standard errors are adjusted to account for heteroskedasticity and within-country correlation. In addition, Driscoll-Kraay standard errors are used to address potential temporal and cross-sectional dependence, which is common in macroeconomic panel data. This approach strengthens the robustness of statistical inference without altering the structure of the estimated coefficients.

3. results and discussion

3.1. Results 
3.1.1. Descriptive Statistics of the Variables
Table 2 highlights substantial heterogeneity in well-being conditions, productivity, and structural context across the country–year sample. The average poverty headcount at the USD 3 per day threshold is 46.2 percent, with a standard deviation of 22.2 percentage points and a range from 0.97 to 96.5 percent. Poverty depth averages 19.3 percent, with values spanning from 0.05 to 57.5 percent, indicating large disparities across countries and periods. Real consumption per capita, measured in logarithms, is centered around 6.69 (standard deviation 0.64), with values consistent with levels below USD 200 and above USD 8,000, confirming sharp contrasts in living standards. From a nutritional perspective, the prevalence of undernourishment averages 18.4 percent (standard deviation 10.1), ranging from 3.5 to 45.6 percent, suggesting highly differentiated nutritional situations within the panel.
Table 2: Descriptive statistics of the variables
	Variable
	N
	Mean
	SD
	Min
	Max

	
	
	
	
	
	

	pov_head_3ppp
	396
	46.18
	22.18
	0.97
	96.54

	pov_gap_3usd_2021ppp_pct 
	396
	19.27
	13.18
	0.05
	57.53

	ln_cons
	396
	6.69
	0.64
	5.59
	8.09

	yield_t_ha
	396
	2.76
	2.08
	0.37
	11.35

	rice_imp_pen_rate 
	396
	71.15
	38.70
	0.28
	389.67

	rice_intensity
	396
	3.13
	4.89
	0.00
	29.61

	Rain_anomalies 
	396
	-0.05
	0.90
	-2.25
	2.91

	ag_va_per_worker
	396
	1657.84
	1349.64
	159.78
	8616.33

	gdp_pc_ppp_2011 
	396
	5818.62
	6950.91
	919.13
	39994.62

	ppp_conv_gdp_lcu_per_intl_dol 
	396
	569.15
	1681.93
	0.00
	10345.85

	infl_cpi_yoy
	396
	8.03
	15.27
	-2.25
	255.31

	rice_gproduction_index 
	396
	101.74
	44.44
	0.82
	448.77

	Import
	396
	447.12
	589.39
	1.00
	3291.00

	health_exp_pc_ppp_cur 
	396
	148.95
	116.47
	31.76
	789.72

	elec_access_pct_pop
	396
	50.24
	29.91
	7.50
	100.00

	credit_priv_pct_gdp 
	396
	17.26
	11.53
	2.38
	66.13

	gov_ag_exp_pct_ag_va 
	396
	6.77
	7.54
	0.37
	55.34

	Political_Stability_No_Viol
	396
	38.59
	19.60
	4.25
	85.31



Average rice productivity is 2.76 tons per hectare (standard deviation 2.08), with yields ranging from 0.37 to 11.35 tons, pointing to pronounced disparities in productive performance. The contextual variables emphasized in the conditional analysis also display substantial dispersion. Rice import penetration averages 71.1 percent (standard deviation 38.7), with values ranging from 0.28 percent to nearly 390 percent, reflecting markedly different degrees of exposure to international markets. Rice intensity varies from 0 to 29.6 (mean 3.13), indicating highly heterogeneous levels of specialization in rice production. Rainfall anomalies are centered around zero (mean −0.05) but range from −2.25 to +2.91, corresponding to differential exposure to climatic shocks. Macroeconomic, infrastructure, and institutional controls further confirm this heterogeneity, for example inflation (mean 8.0 percent, maximum 255.3), access to electricity (7.5 to 100 percent), private credit (2.38 to 66.1 percent of GDP), and political stability (4.25 to 85.3).
Figures 1 through 4 complement these statistics by illustrating bivariate co-movements, at the country–year level, between the logarithm of rice yields and different dimensions of well-being, without implying a causal interpretation. Figures 1 and 2 suggest a negative relationship between ln_yield and the two poverty indicators—headcount and depth—with very high dispersion around the fitted line. In other words, observations associated with higher yields are often located at lower poverty levels, but this pattern is far from uniform. By contrast, Figure 3 shows a positive relationship between ln_yield and real consumption per capita, which appears visually more regular, although dispersion remains substantial. Figure 4 finally suggests that co-movements between yields and undernourishment are less systematic, consistent with the idea that nutritional outcomes respond to constraints and behaviors that cannot be reduced to a single factor.
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Figure 1: relationship between the rice yield and the 3 USD per day poverty headcount rate
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Figure 2: relationship between the rice yield and the 3 USD per day poverty gap[image: ]
Figure 3: relationship between rice yield and real consumption per capita
[image: ]
Figure 4: relationship between rice yield and undernourishment
Taken together, these descriptive elements highlight two stylized facts that are useful for the subsequent analysis. First, rice productivity co-evolves more consistently with average consumption than with poverty indicators, for which associations appear more heterogeneous. Second, the pronounced dispersion observed in both the scatter plots and the contextual statistics suggests that productivity–well-being co-movements are likely to differ across structural configurations. These observations motivate a shift toward inferential analyses exploiting within-country variation, in order to assess the statistical robustness of these associations and to examine whether they vary with trade integration, infrastructure, and other constraints documented in Table 2.
3.1.2. Fixed-Effects Models
Table 3 points to a configuration consistent with a “social paradox”, while also suggesting a modest nutrition-related association. The log of yield (ln_yield) is positive and statistically significant for monetary poverty, both for poverty incidence (pov_head_3ppp: 5.712) and poverty depth (pov_gap_3usd_2021ppp_pct: 2.781). Interpreted as semi-elasticities, a 10 percent increase in yield is associated with an increase of about 0.57 percentage point in the poverty headcount and 0.28 point in the poverty gap. At the same time, ln_yield is positive and precisely estimated for average consumption (ln_cons: 0.124), implying roughly 1.24 percent higher average consumption for a 10 percent increase in yield. In the nutrition equation, ln_yield is negative and weakly significant (undernour_prev_pct: -2.078), corresponding to an average decline of about 0.21 percentage point for a 10 percent increase in yield. Taken together, these estimates indicate that yield gains co-move with higher mean consumption and slightly lower undernourishment prevalence, yet coincide with higher monetary poverty. This pattern is consistent with heterogeneous incidence, where gains in averages can diverge from poverty outcomes when net income effects differ across households and locations, depending on market participation, price transmission, and the distribution of costs and margins along the value chain (Christiaensen and Demery, 2007; Dewbre et al., 2011).
The contrast with agricultural value added per worker (ln_agva_worker) refines the interpretation. ln_agva_worker is strongly associated with higher mean consumption (0.206) and lower undernourishment (-5.622), while its poverty coefficients are negative and only partly precisely estimated. This difference matters because yield can rise without proportional gains in net surplus when input costs increase or farm-gate prices weaken, whereas value added per worker more directly tracks surplus generation and thus the scope for broader welfare transmission (Datt and Ravallion, 1998). Macroeconomic controls are consistent with this reading: the PPP conversion factor (ln_ppp_conv) is positively associated with poverty and undernourishment but not with mean consumption, suggesting that movements in purchasing power and relative prices may be more tightly aligned with threshold-based welfare measures than with the conditional mean (Ravallion, 2001; Fan and Headey, 2010).
Table 3: Fixes-Effect Model results
	 
	(1)
	(2)
	(3)
	(4)

	
	pov_head_3ppp
	pov_gap_3usd
_2021ppp_pct
	undernour_prev_pct
	ln_cons

	ln_yield
	5.712***
	2.781***
	-2.078*
	0.124***

	
	(1.719)
	(1.010)
	(1.142)
	(0.033)

	ln_agva_worker
	-11.317*
	-3.512
	-5.622**
	0.206***

	
	(6.460)
	(2.950)
	(2.124)
	(0.053)

	ln_gdp_pc
	-1.007
	-0.055
	5.678*
	0.156***

	
	(4.562)
	(2.844)
	(2.826)
	(0.049)

	ln_ppp_conv
	8.218**
	5.276***
	2.986*
	-0.010

	
	(3.043)
	(1.668)
	(1.647)
	(0.038)

	infl_cpi_yoy
	0.006
	0.013
	-0.000
	-0.000

	
	(0.065)
	(0.025)
	(0.031)
	(0.001)

	rice_gproduction_index 
	-0.016
	-0.013
	0.006
	-0.001***

	
	(0.017)
	(0.010)
	(0.014)
	(0.000)

	rice_imp_pen_rate
	-0.008
	-0.002
	-0.005
	0.000

	
	(0.006)
	(0.004)
	(0.004)
	(0.000)

	ln_import
	-0.208
	-0.138
	-0.133
	0.001

	
	(0.143)
	(0.096)
	(0.142)
	(0.004)

	ln_health
	0.719
	1.883
	1.093
	0.057

	
	(2.217)
	(1.943)
	(1.733)
	(0.049)

	elec_access_pct_pop
	-0.214
	-0.184*
	-0.100
	-0.002

	
	(0.135)
	(0.096)
	(0.069)
	(0.002)

	credit_priv_pct_gdp
	0.019
	0.068
	-0.018
	0.003

	
	(0.108)
	(0.106)
	(0.114)
	(0.002)

	gov_ag_exp_pct_ag_va
	-0.097
	-0.044
	0.024
	0.002

	
	(0.058)
	(0.038)
	(0.051)
	(0.001)

	lpi_infra_quality
	1.157
	0.734
	0.418
	0.009

	
	(1.265)
	(0.785)
	(1.008)
	(0.024)

	Political_Stability_No_Viol
	0.109**
	0.047
	-0.019
	0.001*

	
	(0.049)
	(0.042)
	(0.027)
	(0.001)

	years=2008
	0.000
	0.000
	0.000
	0.000

	
	(.)
	(.)
	(.)
	(.)

	years=2009
	-0.559
	-0.672
	-0.572*
	0.018

	
	(0.772)
	(0.451)
	(0.300)
	(0.021)

	years=2010
	-0.072
	-0.188
	-1.090*
	0.006

	
	(1.336)
	(0.894)
	(0.644)
	(0.021)

	years=2011
	-2.505*
	-2.202**
	-1.353
	0.000

	
	(1.249)
	(0.883)
	(0.800)
	(0.024)

	years=2012
	-3.925**
	-3.058***
	-1.842*
	0.022

	
	(1.455)
	(1.047)
	(1.019)
	(0.030)

	years=2013
	-3.757**
	-3.105**
	-1.403
	0.048

	
	(1.795)
	(1.200)
	(1.110)
	(0.038)

	years=2014
	-4.528**
	-3.940**
	-1.244
	0.048

	
	(2.187)
	(1.528)
	(1.267)
	(0.045)

	years=2015
	-3.792
	-3.643**
	-0.510
	0.080

	
	(2.395)
	(1.753)
	(1.460)
	(0.048)

	years=2016
	-5.192**
	-4.894***
	0.369
	0.061

	
	(2.363)
	(1.778)
	(1.612)
	(0.049)

	years=2017
	-5.427*
	-5.009**
	0.373
	0.053

	
	(2.683)
	(1.901)
	(1.853)
	(0.050)

	years=2018
	-6.122*
	-5.286**
	0.503
	0.073

	
	(3.195)
	(2.302)
	(2.069)
	(0.056)

	years=2019
	-5.291
	-4.342*
	0.666
	0.077

	
	(3.302)
	(2.285)
	(2.196)
	(0.051)

	years=2020
	-6.675*
	-5.918**
	1.159
	0.061

	
	(3.520)
	(2.449)
	(2.310)
	(0.053)

	years=2021
	-7.330
	-5.094*
	1.349
	0.083*

	
	(4.347)
	(2.863)
	(2.564)
	(0.048)

	years=2022
	-8.696*
	-5.522*
	2.529
	0.088

	
	(4.719)
	(2.990)
	(2.531)
	(0.059)

	years=2023
	-9.300*
	-5.639*
	1.280
	0.155**

	
	(4.894)
	(3.222)
	(3.018)
	(0.073)

	Constant
	104.485*
	20.704
	-0.103
	3.582***

	 
	(51.689)
	(37.278)
	(34.032)
	(0.713)

	Observations
	396
	396
	396
	396

	R2
	0.632
	0.483
	0.236
	0.434


Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
The conditional analysis supports the emphasis on heterogeneity. Joint tests reject the null of no interaction effects for consumption, undernourishment, and poverty incidence, but not for poverty depth. Consistent with this, marginal effects are essentially invariant across import penetration levels, while they vary substantially with electricity access: the ln_yield association with consumption strengthens as electrification rises, and the association with undernourishment becomes more negative at higher access levels. These patterns are consistent with infrastructure acting as a conversion factor for translating agronomic gains into marketed surplus and improved food access, though the simultaneous positive association with monetary poverty at higher electrification levels remains consistent with the social paradox interpretation and points to distributional mechanisms rather than uniform welfare gains (World Bank, 2011; Christiaensen and Demery, 2007).
3.1.3. Heterogeneity and mechanisms
Joint tests of the interaction terms (testparm) reject the null of no joint heterogeneity in the consumption equation (F(2,26) = 3.78, p = 0.04), the undernourishment equation (F(2,25) = 11.01, p < 0.001), and the poverty headcount equation (F(2,26) = 4.40, p = .02), but not for poverty depth (F(2,26) = 0.83, p = .45). These results motivate a conditional interpretation of the yield–welfare associations rather than reliance on average coefficients. This approach is consistent with best practice in models with interactions, which emphasizes inference based on conditional marginal effects evaluated at substantively relevant values of the moderators (Brambor et al., 2006).
The conditional marginal effects reported in Table 4 show little variation across the distribution of rice import penetration. Over the [0,1] grid, the marginal association between ln_yield and poverty incidence remains stable and statistically significant, as do the associations with poverty depth and consumption, while the association with undernourishment remains negative but imprecisely estimated. This pattern suggests that, in these specifications, import penetration does not constitute a salient source of heterogeneity in the yield–welfare relationship. One plausible interpretation is that within-country co-movements between yields and welfare operate through channels only weakly mediated by import competition. Another is that aggregate import penetration is an imperfect proxy for effective competitive pressure, given incomplete and spatially heterogeneous price transmission and the role of trade and border policies (Ravallion, 2001; Porto, 2010).
In contrast, conditioning on access to electricity reveals substantial heterogeneity. At low levels of electrification (10–25%), the marginal associations of ln_yield with poverty and consumption are small and often imprecise, whereas they increase in magnitude and statistical significance as electrification rises. For consumption, the conditional derivative increases monotonically, while for undernourishment it becomes increasingly negative and statistically detectable at higher levels of access. This pattern is consistent with a descriptive interpretation in which energy infrastructure enhances the capacity of agricultural value chains to convert physical productivity gains into economic surplus and average consumption, through storage, processing, loss reduction, and quality upgrading (Reardon et al., 2019; Aggarwal et al., 2018).
At the same time, the marginal association between ln_yield and monetary poverty indicators is positive and tends to strengthen with electrification. The coexistence of stronger associations with mean consumption and weaker, or adverse, associations with poverty is compatible with a “social paradox,” whereby average gains do not co-movement proportional poverty reduction due to distributional dynamics. This reading aligns with the broader literature emphasizing that poverty outcomes depend jointly on growth and inequality, and that changes in mean income alone are not sufficient to predict poverty reduction (Bourguignon, 2004; Ravallion, 2012). 
Conditioning on political stability and the absence of violence yields comparatively limited variation in marginal effects. Associations with consumption and undernourishment remain robust, while those with poverty are weaker and less precisely estimated. Together with the joint tests, this suggests a largely additive rather than strongly moderating role for governance indicators in these specifications, consistent with the relatively limited within-country variation typically observed in WGI-type measures over short horizons (Kaufmann, Kraay, and Mastruzzi, 2011).
Overall, three stylized facts emerge. First, heterogeneity in the ln_yield–welfare association is most pronounced for consumption and undernourishment, and more evident for poverty incidence than for poverty depth. Second, this heterogeneity is driven primarily by infrastructure, specifically access to electricity, rather than by import penetration or political stability. Third, the combination of positive associations with mean consumption and adverse associations with monetary poverty underscores the importance of transmission and distribution mechanisms. From a policy perspective, these findings point toward complementary investments in infrastructure, value-chain integration, and targeted redistributive instruments to ensure that productivity gains co-movement inclusive welfare improvements.
Table 4: Marginal effects
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	(1)
	(2)
	(3)
	(4)

	VARIABLES
	pov_head_3ppp
	pov_gap_3usd_
2021ppp_pct
	undernour_
prev_pct
	ln_cons

	margins, dydx(ln_yield) at(rice_imp_pen_rate=(0 0.25 0.50 0.75 1)) post

	
	
	
	
	

	1bn._at
	5.526***
	3.303***
	-1.545
	0.130***

	
	(1.828)
	(0.924)
	(1.530)
	(0.042)

	2._at
	5.525***
	3.303***
	-1.547
	0.130***

	
	(1.827)
	(0.923)
	(1.529)
	(0.042)

	3._at
	5.524***
	3.303***
	-1.549
	0.130***

	
	(1.826)
	(0.923)
	(1.529)
	(0.042)

	4._at
	5.522***
	3.303***
	-1.551
	0.130***

	
	(1.825)
	(0.923)
	(1.528)
	(0.042)

	5._at
	5.521***
	3.302***
	-1.553
	0.130***

	
	(1.825)
	(0.923)
	(1.527)
	(0.042)

	
	
	
	
	

	Observations
	396
	396
	396
	396

	margins, dydx(ln_yield) at(elec_access_pct_pop=(10 25 50 75 90)) post

	
	
	
	
	

	1bn._at
	1.922
	2.586
	-0.513
	0.059

	
	(3.856)
	(2.424)
	(2.503)
	(0.053)

	2._at
	3.049
	2.807*
	-1.089
	0.077*

	
	(2.825)
	(1.697)
	(1.972)
	(0.044)

	3._at
	4.929***
	3.175***
	-2.049
	0.107***

	
	(1.734)
	(0.895)
	(1.420)
	(0.035)

	4._at
	6.808***
	3.543**
	-3.008*
	0.137***

	
	(2.485)
	(1.538)
	(1.656)
	(0.037)

	5._at
	7.936**
	3.764*
	-3.584*
	0.155***

	
	(3.462)
	(2.248)
	(2.104)
	(0.044)

	
	
	
	
	

	Observations
	396
	396
	396
	396

	margins, dydx(ln_yield) at(polit_stability_no_viol=(-2 -1 0 1 2)) post

	
	
	
	
	

	1bn._at
	2.261
	2.685*
	-3.446**
	0.114***

	
	(2.217)
	(1.605)
	(1.698)
	(0.040)

	2._at
	2.332
	2.698*
	-3.415**
	0.114***

	
	(2.190)
	(1.575)
	(1.686)
	(0.040)

	3._at
	2.402
	2.711*
	-3.384**
	0.114***

	
	(2.164)
	(1.545)
	(1.674)
	(0.039)

	4._at
	2.472
	2.724*
	-3.353**
	0.114***

	
	(2.138)
	(1.515)
	(1.662)
	(0.039)

	5._at
	2.543
	2.737*
	-3.322**
	0.114***

	
	(2.112)
	(1.485)
	(1.651)
	(0.039)

	
	
	
	
	

	Observations
	396
	396
	396
	396


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
3.1.3.Robustness and extensions
[bookmark: _Hlk220140424]The Driscoll-Kraay results preserve the main descriptive patterns observed in the baseline specification and therefore strengthen the credibility of the empirical regularities. The association between rice productivity and monetary poverty remains positive and statistically detectable. For poverty incidence (pov_head_3ppp), the coefficient on ln_yield is 5.712 (p< .01), and for poverty depth (pov_gap_3usd_2021ppp_pct) it is 2.781 (p< .05). Interpreted as semi-elasticities, these magnitudes imply that a 10 percent increase in yield is associated with an increase of about 0.57 percentage point in the poverty headcount and about 0.28 point in the poverty gap, holding constant country and year effects and the included controls. The positive and precisely estimated association between ln_yield and average consumption also remains stable: the elasticity is 0.124 (p< .01), corresponding to roughly 1.24 percent higher mean consumption for a 10 percent increase in yield. Together, these results indicate that the “social paradox” configuration, higher mean consumption coexisting with higher monetary poverty, is not driven by fragile inference under cross-sectional independence assumptions.
Table 5: Re-estimation of the equations using Driscoll-Kraay standard errors
	 
	(1)
pov_head_3ppp
	(2)
pov_gap_3usd
_2021ppp_pct
	(3)
undernour_
prev_pct
	(4)
ln_cons

	
	
	
	
	

	ln_yield
	5.712***
	2.781**
	-2.078
	0.124***

	
	(1.434)
	(1.020)
	(1.253)
	(0.033)

	ln_agva_worker
	-11.317***
	-3.512***
	-5.622***
	0.206***

	
	(1.685)
	(0.579)
	(1.777)
	(0.014)

	ln_gdp_pc
	-1.007
	-0.055
	5.678**
	0.156***

	
	(2.511)
	(2.026)
	(2.292)
	(0.050)

	ln_ppp_conv
	8.218***
	5.276***
	2.986***
	-0.010

	
	(1.462)
	(0.929)
	(0.638)
	(0.032)

	infl_cpi_yoy
	0.006
	0.013
	-0.000
	-0.000

	
	(0.056)
	(0.033)
	(0.021)
	(0.001)

	rice_gproduction_index 
	-0.016***
	-0.013***
	0.006
	-0.001***

	
	(0.005)
	(0.003)
	(0.008)
	(0.000)

	rice_imp_pen_rate
	-0.008
	-0.002
	-0.005**
	0.000

	
	(0.006)
	(0.004)
	(0.002)
	(0.000)

	ln_import
	-0.208
	-0.138**
	-0.133
	0.001

	
	(0.173)
	(0.063)
	(0.081)
	(0.003)

	ln_health
	0.719
	1.883
	1.093
	0.057*

	
	(0.993)
	(1.192)
	(1.091)
	(0.031)

	elec_access_pct_pop
	-0.214***
	-0.184***
	-0.100***
	-0.002*

	
	(0.026)
	(0.031)
	(0.032)
	(0.001)

	credit_priv_pct_gdp
	0.019
	0.068
	-0.018
	0.003**

	
	(0.068)
	(0.095)
	(0.065)
	(0.001)

	gov_ag_exp_pct_ag_va
	-0.097***
	-0.044**
	0.024
	0.002

	
	(0.021)
	(0.018)
	(0.041)
	(0.001)

	lpi_infra_quality
	1.157
	0.734
	0.418
	0.009

	
	(1.235)
	(0.478)
	(0.790)
	(0.016)

	Political_Stability_No_Viol
	0.109***
	0.047*
	-0.019
	0.001*

	
	(0.027)
	(0.026)
	(0.025)
	(0.001)

	years=  2009
	-0.559
	-0.672**
	-0.572***
	0.018**

	
	(0.418)
	(0.243)
	(0.145)
	(0.007)

	years=  2010
	-0.072
	-0.188
	-1.090***
	0.006

	
	(0.502)
	(0.351)
	(0.337)
	(0.010)

	years=  2011
	-2.505***
	-2.202***
	-1.353***
	0.000

	
	(0.536)
	(0.344)
	(0.384)
	(0.007)

	years=  2012
	-3.925***
	-3.058***
	-1.842**
	0.022*

	
	(0.568)
	(0.476)
	(0.749)
	(0.011)

	years=  2013
	-3.757***
	-3.105***
	-1.403
	0.048**

	
	(0.766)
	(0.671)
	(0.820)
	(0.016)

	years=  2014
	-4.528***
	-3.940***
	-1.244
	0.048**

	
	(0.878)
	(0.819)
	(0.987)
	(0.021)

	years=  2015
	-3.792***
	-3.643***
	-0.510
	0.080***

	
	(0.844)
	(0.949)
	(1.148)
	(0.021)

	years=  2016
	-5.192***
	-4.894***
	0.369
	0.061**

	
	(0.889)
	(0.872)
	(1.393)
	(0.024)

	years=  2017
	-5.427***
	-5.009***
	0.373
	0.053*

	
	(1.021)
	(0.766)
	(1.455)
	(0.026)

	years=  2018
	-6.122***
	-5.286***
	0.503
	0.073**

	
	(0.865)
	(0.765)
	(1.464)
	(0.026)

	years=  2019
	-5.291***
	-4.342***
	0.666
	0.077**

	
	(1.046)
	(0.706)
	(1.519)
	(0.030)

	years=  2020
	-6.675***
	-5.918***
	1.159
	0.061*

	
	(1.269)
	(0.974)
	(1.405)
	(0.031)

	years=  2021
	-7.330***
	-5.094***
	1.349
	0.083**

	
	(1.269)
	(1.075)
	(1.587)
	(0.032)

	years=  2022
	-8.696***
	-5.522***
	2.529
	0.088**

	
	(1.266)
	(1.043)
	(1.518)
	(0.032)

	years=  2023
	-9.300***
	-5.639***
	1.280
	0.155***

	
	(1.332)
	(1.046)
	(1.876)
	(0.036)

	Constant
	104.485***
	20.704
	-0.103
	3.582***

	 
	(17.215)
	(15.334)
	(32.951)
	(0.552)

	Observations
	396
	393
	393
	396


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Interpreting cross-country and within-country associations
The negative relationship observed in cross-country comparisons mainly reflects structural differences in levels across countries. Higher-yield countries typically combine better infrastructure, greater human capital, and more effective institutions, which are themselves strongly associated with lower poverty. Consequently, the cross-sectional correlation largely captures deep, persistent determinants of development rather than the welfare associations of productivity changes over time. More generally, associations measured across groups can differ from or even reverse relative to those identified within groups, a classic issue of ecological inference (Robinson, 1950; Gelman and Hill, 2007).
Country and year fixed effects identify a different estimand. By absorbing time-invariant country characteristics and common time shocks, the models rely exclusively on within-country variation. The coefficient on ln_yield therefore captures the conditional association between changes in rice productivity and changes in welfare outcomes within the same country (Wooldridge, 2010; Baltagi, 2008). In this framework, a positive association may emerge if time-varying shocks jointly affect productivity and poverty, or if productivity gains increase mean consumption without proportionate reductions in poverty due to distributional mechanisms (Mundlak, 1978; Angrist and Pischke, 2009).
3.2. Discussion 
The descriptive evidence shows systematic but highly dispersed co-movements between rice productivity, welfare outcomes, and structural conditions across country-years. In the raw data, higher yields tend to coincide with lower poverty and higher mean consumption, while the relationship with undernourishment is weaker and less regular. Once country and year fixed effects are introduced, the within-country associations reveal a configuration consistent with a social paradox: yield gains align with higher mean consumption but coincide with worse monetary poverty outcomes.
Baseline fixed-effects estimates indicate that ln_yield is positively associated with poverty incidence and depth, while remaining strongly and positively associated with mean consumption. The association with undernourishment is negative but modest and weakly estimated. This divergence between changes in conditional means and poverty outcomes is consistent with heterogeneous incidence, whereby productivity gains raise average consumption without proportionate poverty reduction when benefits are unevenly distributed across households, locations, or value-chain segments (Christiaensen and Demery, 2007; Dewbre et al., 2011).
The contrast with agricultural value added per worker reinforces this interpretation. Value added per worker displays a more uniformly welfare-improving profile, with higher consumption, lower undernourishment, and more consistently negative poverty coefficients. This difference is informative: yields can increase without commensurate expansion of net surplus when input intensification raises costs, farm-gate prices weaken, or margins shift downstream. By construction, value added per worker is closer to an income-based measure of surplus generation than physical output alone (Datt and Ravallion, 1998).
Macroeconomic price conditions further explain why consumption and poverty do not move in tandem. The PPP conversion factor is positively associated with poverty and undernourishment but not with mean consumption, consistent with relative price shifts affecting threshold-based indicators more strongly than conditional means. This aligns with evidence that vulnerable households adjust through substitution, dissaving, or compression of nonfood expenditures, muting associations on average consumption while amplifying impacts on poverty and food insecurity (Ravallion, 2001 Fan and Headey, 2010).
The conditional analysis sharpens these patterns. Joint tests indicate statistically significant heterogeneity for consumption, undernourishment, and poverty incidence, but not for poverty depth. Conditioning on rice import penetration yields little variation in marginal association, suggesting that this aggregate proxy does not capture effective competitive pressure or price transmission, which depend on market integration and policy frictions (Rapsomanikis, 2011). In contrast, conditioning on electricity access reveals clear gradients: the association between ln_yield and mean consumption strengthens with electrification, and the association with undernourishment becomes more negative at higher access levels. This is consistent with infrastructure acting as a conversion factor that facilitates processing, storage, and commercialization, thereby strengthening the link between agronomic performance and welfare aggregates (World Bank, 2011). At the same time, the persistence of positive yield–poverty associations underscores the role of distributional incidence and net profitability.
Robustness checks using Driscoll–Kraay standard errors confirm the main poverty and consumption results, while the yield–undernourishment association becomes imprecise under conservative inference (Driscoll and Kraay, 1998; Hoechle, 2007). Electricity access remains negatively associated with poverty and undernourishment, and rice import penetration is negatively associated with undernourishment, reinforcing the relevance of infrastructure and market availability for welfare outcomes.
Overall, the evidence supports a clear conclusion with direct policy relevance: rice yield gains are consistently aligned with higher mean consumption but do not co-move mechanically into lower monetary poverty, and their association with nutrition is more fragile. This points to the need for productivity strategies to be complemented by policies that raise net farm profitability and broaden the distribution of gains, including improved price transmission, lower transaction costs, infrastructure investment, and targeted protection for vulnerable households (Christiaensen and Demery, 2007; Dewbre et al., 2011; World Bank, 2011).

4. Conclusion

This study uses a multi-country panel (2008–2023) and country and year fixed-effects models to document the relationships between rice productivity and monetary and nutritional well-being, while accounting for structural factors that may condition these relationships. The results highlight a descriptive configuration consistent with a social paradox. Yield gains are associated with higher average consumption, yet they coincide with less favorable monetary poverty indicators. In the main specifications, a 10 percent increase in yield is associated with an increase of about 0.57 percentage point in the poverty headcount and 0.28 point in the poverty gap, while average consumption is about 1.24 percent higher. The yield–undernourishment association is negative in the baseline model but becomes less precisely estimated once inference is made robust to cross-sectional dependence, suggesting that this nutrition channel should be interpreted with caution.
The contrast between yield and agricultural value added per worker provides a key lens for interpretation. Value added per worker displays a more consistently welfare-improving profile, with positive associations with consumption and negative associations with undernourishment, and associations more clearly aligned with improvements in poverty indicators. This gap suggests that physical productivity is not a sufficient proxy for net surplus and its diffusion, and that the conversion of technical gains into well-being depends on price conditions, costs, value capture along the chain, and the structure of economic opportunities.
Conditional analyses confirm that the associations are not uniform. Interactions indicate that access to electricity is an important structuring factor in the yield–welfare relationship, whereas rice import penetration does not clearly differentiate marginal effects in the reported specifications. Robustness using Driscoll–Kraay standard errors confirms the stability of the poverty and consumption results, while reducing the precision of the yield–undernourishment association. Taken together, these findings reinforce the idea that yield-centered policies are not sufficient to ensure social progress, and that rice strategies should explicitly incorporate net profitability, price transmission, costs, market access, and protection mechanisms for vulnerable households.
These results also open several avenues for further research. A natural extension is to link the macro regularities documented here to micro or meso evidence on producer and consumer prices, input costs, employment, and processing and marketing margins, in order to better characterize the distributional channels through which gains are shared. Further improvements in proxies for trade exposure and market integration, together with the analysis of finer dynamics, would also help clarify the contexts in which rice productivity is more consistently accompanied by inclusive improvements in monetary and nutritional well-being.
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Definitions, Acronyms, Abbreviations
ECOWAS : Economic Community of West African States (Communauté économique des États de l’Afrique de l’Ouest)
FAO : Food and Agriculture Organization of the United Nations (Organisation des Nations Unies pour l’alimentation et l’agriculture)
NEPAD : New Partnership for Africa’s Development (Nouveau Partenariat pour le Développement de l’Afrique)
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