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Abstract

:

Interventions in rural development projects vary in their likely time to impact. Some offer rapid payoffs after minimal learning and investment, while others offer larger payoffs but entail delays and may require learning or significant investment of labor and capital. Short-term impacts included reductions in stored grain losses due to improved silos and increase in household savings due to increased participation in savings groups. The least poor are most likely to invest labor and capital in slow-to-accrue payoffs like soil erosion abatement from building conservation structures. Our results suggest that targeting project interventions by asset level can enhance impacts.
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1. Introduction


Despite efforts to reduce poverty worldwide, rural areas still lag behind. Of the 1.4 billion people living with less than $1.25 a day, around 70% lived in rural areas, and a total of 80% of the rural population has agriculture as its livelihood [1]. Adoption of improved agricultural technologies has the potential to reduce poverty by increasing production for home consumption, by raising revenues from sales, or by reducing production costs [2,3]. Adoption of high yield varieties (HYV) and complementary modern inputs such as fertilizers have been proven to increase income and reduce poverty [4,5,6,7]. Sustainable agricultural technologies, such as conservation agriculture practices and the construction of soil conservation structures, have the potential to reduce poverty by increasing productivity and improving food security by reducing land degradation [8]. These technologies are likely to increase yields, and improve soil and water quality when successfully adopted [9]. Improved storage technologies such as hermetic metallic silos can reduce stored grain loses and trigger longer-term impacts on nutrition and income [10].



In spite of the potential benefits, adoption of sustainable agricultural technologies is still low among smallholder farmers in the developing world [11,12]. Recently, some conservation technologies have been promoted under the label of climate smart agriculture to promote sustainable agricultural intensification and to contribute to food security [13,14]. Lack of credit, input and output market failure, land and labor constraints, and lags between adoption and perceived benefits [15,16] are among the reasons for low adoption rates. Agricultural development projects promote interventions to overcome these barriers. After a half-century of rural development projects with mixed results, donors have come to insist on rigorous impact assessment. However, evidence on the effectiveness of sustainable agricultural technology interventions is still relatively scarce in the literature.



Recent evaluations have focused on the impacts on productivity and cash income of Green Revolution-type technologies, such as improved seed varieties and fertilizer [17,18,19,20,21,22,23]. Few studies have evaluated early impacts of development strategies in the take up of agricultural technologies at early stages of project implementation [24,25]. Largely ignored has been the discussion of timing of project effects [26], especially early effects on adoption of changed practices that yield rapid benefits or that put framers on a promising trajectory for large, subsequent welfare impacts.



In this article, we explore the impacts of a project that promoted a package of interventions on adoption, intensity of adoption, and early impacts of adoption. We discuss the timing of different interventions to impacts, how different subsets of households benefitted from project interventions, test for robustness of our impact estimates using different impact evaluation methods, and discuss pathways from early adoption for sustainable incomes and resource conservation. The focal project for this study promoted conservation agriculture practices and soil conservation investments, improved storage technologies, together with an informal saving and lending scheme. Savings have been promoted together with agricultural technologies to stabilize consumption over time and alleviate constraints to adoption [27]. We evaluated the project after [28] months of project implementation. The timing of the evaluation survey enables measurement of new practices adopted and of short-term impacts, such as reduction in stored grain losses.



Treatment is defined as the exposure to the package of interventions. Exposure means having knowledge about the interventions, their characteristics, and their benefits. When the elements of the package are divisible, farmers will tend to adopt elements of the package instead of the package as a whole as a strategy to reduce costs and risks of adoption [28,29,30]. Partial adoption of the package can also bring benefits to project participants [31], for this reason we evaluate the adoption of package elements.



Turnkey technologies like improved grain storage silos require little special knowledge to adopt or to use, and they can be expected to reduce storage losses rapidly, contributing to net household income. When projects promote interventions that demand special learning or cumulative effort, such as conservation agriculture technologies, impacts tend to accrue gradually [32,33]. The greatest impacts of soil conservation technologies occur under extreme rainfall conditions [34], which by definition are infrequent. When the effects are manifested, they often entail a loss of income rather than a gain. All of these factors imply that the impact of adoption of soil conservation technologies tend to occur after long delays. The upshot is that some project interventions may be expected to show early impacts (say, within two years), whereas others could take decades.



A concern for impact assessment was that project beneficiaries were not randomly assigned to treatment. First, the project was targeted at the poor. Second, eligible households could self-select to participate in project interventions. To control for these two sources of selection bias we estimate impacts using difference-in-difference propensity score matching (DID-PSM), and check for robustness of our results using difference-in-difference matching in covariates, and inverse propensity score weighting (IPSW), and difference-in-difference (DID) estimation.



Our results suggest that the project increased adoption of improved agricultural practices, promoted soil conservation investments, reduced stored grain losses, and increased household savings. The results also show that relative asset levels shaped which households adopted which technologies and practices. Households with low levels of assets increased savings, while households with high and medium levels of assets invested more in soil conservation structures. Targeting of interventions according to asset level, and phasing interventions for the poorest, arises as a recommendation to improve the design of interventions that promote a package of interventions with different levels of investment and timing to achieve project impacts.



This article continues with a description of the project to be evaluated, the process for targeting beneficiaries, a conceptual framework for the analysis of project impacts, the description of the survey data, the methods for evaluating project impacts, and the presentation of results and conclusions.




2. The A4N Project


2.1. The Project


Catholic Relief Services and its partners in Central America implemented the Agriculture for Basic Needs (A4N) project during 2009–2012. The project promoted conservation agriculture practices and construction of agricultural conservation structures, training in post-harvest management, storage practices, and use of metallic silos for storage of grains. The project provided metallic silos to farmers and training on storage practices, and taught farmers how to build conservation structures with locally available materials and at low cost. The project promoted the formation of producer groups, trained farmers in farmer field schools, and provided farm-level technical assistance. The project addressed financial market failure by the promotion of saving and lending groups, trained farmers in basic financial skills, and provided saving groups with materials such as paper and pencils to keep records.



All participating households were encouraged to form groups to access A4N training on specific practices. Beneficiary households were expected to participate in multiple group activities. For instance, about 70% of beneficiaries in our sample participated in at least three different training topics, with households participating in different combinations of training activities from conservation agriculture, to savings and storage management. There were also different household members affiliated with different groups formed by the project.




2.2. From Intervention to Project Impacts


There were three main mechanisms for A4N to achieve project impacts. First, adoption of conservation agriculture practices and soil conservation investments is expected to stabilize and increase yields. Reduced tillage practices can reduce labor needs during planting and land preparation in the short term, reducing labor costs, so long as weed control is not labor intensive and costly. Soil conservation investments are expected to prevent degradation and aid in soil recovery [34], stabilizing soil and yields in the long term. Soil conservation also has the potential to increase resistance to extreme weather events [35].



Second, metallic silos for grain storage are expected to reduce post-harvest losses. These hermetically sealed structures reduce grain exposure to pests and humidity [10,36]. Adoption of silos is likely to reduce the need to buy grain in periods of household food deficit (which often correspond with high prices), improving food security. Improved silos can increase revenues during good years by increasing marketable surplus and by enabling delay of grain sales beyond the immediate post-harvest period when prices are typically at their nadir.



Third, savings allow farmers to smooth consumption over the year and reduce the risk of asset liquidation during periods of food scarcity—or when other shocks occur [37].




2.3. Selection of Project Beneficiaries


Two different processes led to nonrandom participation in specific A4N interventions. First, the project was targeted at the poor, so participants in the A4N project differed from non-participants in observable characteristics. Second, the self-selection of individuals into A4N means that unobservable traits may also have affected project participation.



The A4N project targeted villages considered poor, in terms of limited access to basic services such as water and sanitation, predominance of small land holdings, and reliance on production of staple grains (maize and beans). Within these villages, poor farmers were eligible to participate in the project. The project established a set of criteria as a guide to determine eligibility: cultivated land area less than 1.73 acres; cultivated land on steep slopes; lack of access to any of the following public services: Piped water, sanitation, and electricity; materials for house walls not brick or concrete; roof not zinc or brick; floor not concrete, ceramic, or tile; household experiences hunger during some period of the year; household head is female; household includes children younger than five years old. These eligibility criteria, together with farm and village characteristics, are used later in the paper to estimate the probability of participation in the A4N project (propensity score) for PSM-DID and IPSW estimation, and to conduct matching in covariates.





3. Conceptual Framework


Farmers are assumed to make technology choices that maximize their expected utility over time. Adoption of new technologies implies costs of learning and other costs. These costs could take the form of time to acquire information about the use and benefits of a new technology and/or to obtain labor and purchased inputs [29,38]. Learning and experimentation with new technologies allow adaptation and decisions on whether the technologies are suitable for individual farm conditions [33,39].



For smallholder farmers, lack of information about new technologies and constraints on financial liquidity, labor, or learning time can impede adoption of practices requiring investments [40,41]. The A4N project not only made technologies known to farmers through training and information dissemination, but also promoted local financial institutions, such as lending and saving groups, to improve project participants’ credit capacity. The fact that the project offered a package with several component technologies complementary each other would also make adoption even more likely [42]. Hence, it is expected that the project will have an unambiguously positive effect on a farmer’s likelihood to adopt all the technologies promoted by the project, regardless of whether they have immediate payoff or delayed payoff.



Unlike its effect on farmer’s adoption decision, the short-term welfare impacts of the project (28 months after project implementation) depend on the type of the technology adopted, the site-specific agro-ecological condition, and socio-economic condition of the adopter [43]. Specifically, conservation agriculture technologies require high up-front investments, whereas some of the benefits accrue gradually, whereas others may not be realized until an extremely erosive rain event. Construction of soil conservation structures requires land and labor, as well as working capital to cover the costs of materials and maintenance [44]. Reduced tillage tends to reduce labor requirements for tillage, but it demands increased cash outlays for herbicides and often some added labor time for hand weeding. Because of the high investments and the delays of conservation agriculture technologies to provide returns to investments, larger farmers, with more farm resources and longer time horizons, have been found to adopt these technologies more readily [31]. Equally important, as noted above, even after adoption, is that the time lag to measurable welfare impacts tends to be long.



Conservation agriculture is a complex technology that often involves change in the farming system. It is more knowledge intensive than input intensive, and successful implementation depends on what the farmer does and how the farmer does it, rather than which external inputs he applies. Conservation practices tend to require experimentation and adaptation to farmers’ particular needs and conditions [45]. Benefits in the form of averted yield decline and reduced yield variability from soil conservation investments are realized only gradually and unevenly, with the greatest benefits occurring under rare, extreme rainfall conditions [46]. In technology adoption models with emphasis on learning and experimentation, farmers tend to adopt the new technology, as long as the expected future gains are higher than the old one [32,33,39].



Unlike conservation technologies that take time to adopt and to show benefits, turnkey technologies such as metallic silos are easier to learn and adapt. Adoption of hermetically sealed silos is likely to sharply reduce losses compared to open granaries, sacks, and barrels [36]. Likewise, once the silos have been provided by the project and farmers trained in their use, benefits from adoption are perceived after one cropping season 10. Once the saving and lending groups are formed, members start receiving loans within three months of membership, and in less than eight months group members can claim their savings plus interest.



In order to measure early impacts of the A4N project, three hypotheses are tested empirically. Each is presented in terms of the hypothesis that we expect to be true (rather than in null form):



Hypothesis 1 (H1).

The A4N project increased adoption of the practices that it promoted.





Hypothesis 2 (H2).

Project benefits depend on the time horizon of the intervention, such that:





Hypothesis 2a (H2a).

Interventions that require little investment or learning to show results (e.g., savings groups and storage losses) will show impacts after just 28 months.





Hypothesis 2b (H2b).

Interventions that require (a) substantial investment of labor and/or capital or (b) learning or (c) infrequent extreme conditions to show results (e.g., conservation structures) will result in behavioral changes (in the form of adoption) just after 28 months.





Hypothesis 3 (H3).

Households will benefit differently from the project interventions according to asset levels.






4. Methodology


To control for potential selection bias in exposure to project interventions, we estimate impacts using quasi-experimental econometric methods. In an ideal situation, project beneficiaries would have been randomly assigned. The project design did not allow for this. The project-based access to participation at both the village and household levels on a set of eligibility criteria that emphasized poverty status. In order to control for non-random assignment to the project treatment, we use difference-in-difference propensity score matching (DID-PSM) and compare our estimates with difference-in-difference matching in covariates, difference-in-difference inverse propensity score weighting (IPSW), and difference-in-difference (DID) estimation.



4.1. Evaluation of Project Impacts


4.1.1. Propensity Score Methods


Propensity score matching (PSM) consists of choosing the comparison group according to the probability of being selected for a treatment, given a set of observable pre-treatment characteristics and outcome values that do not change with program intervention but which affect program placement. PSM assumes that program outcomes are independent of the status of program participation, conditional on observable characteristics (unconfoundedness), and common support or overlap between the probability distribution of program participants and non-participants [47,48,49]. To estimate the propensity score (PS), we include a rich set of variables that determine both participation in the project and farm and village pretreatment characteristics to reduce bias in estimates [50].



By using the PSM-DID estimator, we control for observable sources of bias by building our comparison group using PSM as well as time invariant characteristics, by taking the difference of outcomes before and after treatment (DID). The PSM-DID estimator, defined by Smith and Todd [51], is as follows:


     τ ^   A T T ,   P S M − D I D   =  1   N 1      ∑   j ϵ  I 1   ∩   S p     {   (   y  1 i t   −  y  1 i t − 1    )  −     ∑   j ϵ  I 0   ∩   S p    φ  (  i , j  )   (   y  0 i t   −  y  0 i t − 1    )   }      



(1)







As an additional robustness check, we conduct inverse propensity score weighted regression (PSW) [52,53,54], in the panel data context we take the difference between outcomes before and after treatment:


     τ ^   A T T ,   P S M   =  1 N    ∑   i = 1  N     (  A 4 N −   Pr  ^   (   x i   )   )   (   y  i t   −  y  i t − 1    )     ρ ^   (  1 −   Pr  ^   (   x i   )   )      



(2)







For Equations (1) and (2), the subscripts 1 and 0 refer to treated and untreated, respectively, Sp refers to the common support, t refers to the time period, N to the total number of observations, ϕ(.) is a weight that depends on the matching method used, Pr(xi) is the propensity score, and ρ refers to the proportion of treated observations in the sample (N1/N). For the weighted regression we also include the difference of time variant covariates in the PSW regression.



We also conduct matching in covariates [55,56]. This estimator consists of matching all units, treated and comparison, using the distance between the values of the covariates for each observation (using the malahanobis distance in our case). We match observations on the covariates included in the propensity score. The matching can be conducted with one or more observations (one in our case). Since matching multiple covariates can lead to substantial bias, it is combined with bias adjustment to remove most of the bias. This approach uses linear regression to remove the bias associated with differences in the matched values of the covariates [56,57].




4.1.2. Regression Methods


The main assumption of DID is that the unobserved differences between participants and non-participants are invariant in time. Examples would be particular individual characteristics, like motivation and cognitive ability. By taking the first difference, we removed time invariant unobservable characteristics. Then, obtaining the difference between periods t and t − 1, the unobservable characteristics, assumed invariant in time are eliminated, controlling for this source of bias in the program impact estimation [54]:


   ∆  y  i t   =  α 0  + τ A 4  N i  + β ∆  x  i t   + ∆  u  i t     



(3)




where ∆yit = yit − yit−1, Δxit = xit − xit−1, and Δuit = uit − uit−1. We obtain the program impact by the regression of the change in the outcome variable y on the project participation variable A4N, and the change in a set of time varying covariates x. The parameter of interest to estimate is τ, the difference in difference estimator. Standard errors are adjusted for clustering effect at the village level.



The difference in difference estimator assumes parallel trends for both treatment and comparison in the absence of the treatment [58]. Therefore, correcting for differences between the two groups requires controlling for covariates related to household characteristics [58]. To take care of possible differences of covariates between treatment and comparison, the time varying covariates likely to influence adoption include household size, average years of education of household members, total area of cultivated land, and proportion of land allocated to annual crops.




4.1.3. Program Impacts by Asset Level


Project impacts can vary among subsets of individuals or households. In particular, differential impacts by asset level have been noted elsewhere [59,60]. We estimate project impact on outcome y for each of group of households in asset level g. The heterogeneity of program effects can also be estimated as follows:


  ∆  y  i t   =  α 0  + β ∆  x  i t   + τ A 4  N i  + δ  D  i g   + ρ  (  A 4  N i  ×  D  i g    )  + ∆  u  i t    



(4)




where Dg a set of dummy variables to identify each of asset level group (excluding the reference group). Empirically, asset levels are proxied by cropland owned. The vector of parameters of interest are τ and ρ.






5. Survey Data Used for Evaluation of Impacts


The dataset comes from a two-stage survey of treatment and non-treatment villages. We randomly sampled villages from the list of beneficiary villages, and paired them with similar non-participant villages using Nicaraguan population and agricultural census data. The sampled treatment villages were selected according to the population weights of each of the municipalities where the project intervened. Comparison villages were identified according to national census data on poverty levels, as measured by the index of unmet basic needs, the importance of staple crops, small-sized landholdings [61], and location in the same agrarian zones [62]. From each village we randomly selected 10 treated households in the participant villages and 10 to 15 households in the non-participant villages, depending on village size. For the A4N villages, CRS provided lists of treated households. Eligible beneficiaries in participant villages had access to the project, benefiting from household and/or village level interventions. In non-participant villages, sample lists were developed in consultation with village leaders, who were requested to identify households that would meet the eligibility criteria of the A4N program. No eligible but untreated households were identified in the A4N participant villages, so no such households could be included in the sample.



A baseline survey was conducted for the agricultural year 2008–2009, preceding project implementation. A follow up survey did the same for the agricultural year 2010–2011, the second year after project implementation and eight months before project end. The survey information covered livelihoods, farm activities, the technologies and practices implemented by farmers, their postharvest storage practices, their participation on saving groups, and the revenues and costs of farm activities. The survey was conducted in the departments of Estelí, Jinotega, and Matagalpa, located in north-central Nicaragua. The final balanced panel included 576 households in each round of data collection. The attrition rate between the two rounds of the survey was 7%, and we found no significant systematic differences in the mean values of key household, household head, farm, and village characteristics between the panel households and attrited households (available but not reported). A parallel village survey documented village-level characteristics. The final household sample includes 282 households in 30 treated (A4N participant) villages and 294 households in 30 comparison (non-participant) villages in the baseline and follow up.




6. Research Results: A4N Project Impacts


We estimated the probability of participation in A4N using a set of pretreatment characteristics that include household and housing characteristics, farm characteristics, asset endowments, and village characteristics. We followed standard procedures from Imbens [56], Imbens and Wooldridge [48], and Wooldridge [54]. Most of the variables included correspond to variables related to the project eligibility criteria. We estimated the PS using logit. We trim a total of 11 observations with PS higher than 0.90 and lower than 0.10 and re-estimated the PS (Appendix A Table A1).



Using this estimation, we check for overlap between the treatment and comparison, we plotted the marginal distributions for the treated and the comparison group (Figure 1). The comparison group distribution contains more observations with propensity scores below 0.6, and a disproportionate number of observations with propensity scores below 0.4. In spite of this, overlap does not seem to be a problem, and we have comparison observations to match treatment ones (Figure 1) [63]. In Table 1 we present the balancing test to show how matching improved overlap between the probability distributions of the treatment and the comparison group. As shown by the t-test for equal means for the pretreatment characteristics of these two groups, we find that treatment and comparison group differ in the proportion of households with inadequate services, female headed households, value of farm infrastructure and livestock, distance to market, and proportion of landholdings smaller than 10 Mz. These differences are corrected after matching. It improved overlap between the marginal distributions of the covariates. As evidence, the p-values for the t-test for equal means indicate no significant differences, and the percentage bias decreases for the covariates below the benchmark of 25% for covariate balance [48].



Matching of treatment and comparison observations was conducted using DID-PSM with one nearest neighbor DID matching in covariates, and DID-IPSW. These estimations were conducted using the teffects procedure in STATA. Robust standard errors were estimated for DID-PSM [55,56,64], bootstrapped standard errors for DID-IPSW estimation to account for the two-step estimation [54]. Robust standard errors are estimated for DID-matching in covariates [56,57] and cluster robust standard errors at the village level are estimated for DID.



We estimate program impacts using the difference in the outcome variables before and after the project as dependent variable, for continuous, count, and binary outcomes. Table 2 presents detailed definitions of the outcomes to be evaluated. Due to the use of DID, binary and count variable measures of project impacts include negative values associated with both adoption and dis-adoption of A4N promoted practices. Table 2 also provides the difference in mean values between treatment and comparison households for outcome variables before treatment. One incidental finding was that the A4N treatment households had higher stored grain losses.



With the goal of determining whether there was a project impact on the adoption of promoted practices, the evaluation focuses on five groups of outcomes: (1) Agricultural conservation structures, (2) agricultural conservation practices, (3) post-harvest grain storage, (4) savings, and (5) income related outcomes.



In reporting project impacts, we report results from the DID-PSM estimates to test Hypothesis 1 that the A4N project had impact by influencing outcomes, and test for robustness of our results using other PSM and DID estimation methods. As reported in Table 3, our results are robust across different estimation methods for most of the outcomes evaluated. Our impact estimates using DID-PSM have the same direction and similar significance levels as our DID-matching in covariates, DID-IPSW, and DID estimates.



6.1. Project Impacts on Adoption of Conservation Practices and Soil Conservation Investments


The reporting of results on whether the project affected the adoption of changed practices is organized according to the demand of each practice for labor and capital investment, going from most demanding (construction of conservation structures) to least demanding (savings groups). Across the board, the null hypothesis of no A4N project effect on adoption of practices is rejected in favor of the conclusion that the project did affect adoption of the practices it promoted.



Evidence of project impacts on conservation agriculture structures is presented in Table 3. These structures require significant investments of capital and labor with a gradual payoff. The A4N project effect was measured by the change in length of terraces and other built structures per unit area of cultivated land (meters/manzana (m/Mz), where manzana = 1.73 acres = 0.70 hectares). The information was obtained with a recall question in 2011 on the length of agricultural conservation structures built over the past two years. We estimated project impacts using the difference on the proportion of households with conservation structures in at least one of their plots. Our results are similar to the ones obtained with this recall question. These results are available upon request. We report the results for the recall question since it allows us to measure the intensity of adoption, which we cannot measure with the difference in the binary outcomes. On average, the increase in agricultural conservation structures due to A4N was 74 m/Mz. This increase was explained mostly by the increase in area under stone barriers and terraces (26 m/Mz), live barriers (17 m/Mz), and ditches (7 m/Mz).



The agricultural conservation practices included reduced tillage, vermiculture, and cover crops, all three of which demand much less capital and labor than the construction of terraces, barriers, or ditches. The adoption of practices was measured by changes in whether the household was implementing one or more of the practices promoted by A4N on at least one of the plots managed by the household. On average, there was no overall impact in the combined use of these practices, but there was significant substitution of zero tillage for minimum tillage. The project promoted both practices, with the recommendation of using zero tillage in rocky plots. The significant substitution between the practices is consistent with the fact half of the beneficiary households have rocky plots. The percentage of treated households using minimum tillage in at least one of their plots decreased by 12%, whereas the percentage using zero tillage increased by 20%. In addition, there was an increase in treated households implementing vermiculture in at least one of their plots.



Beyond conservation agriculture practices, the project had a significant, positive effect on the adoption of metallic silos for grain storage. On average, there was an increase of 12% in the share of treated households using metallic silos for storage.



The project also increased the percentage of treated households with savings by 11%. This outcome is mostly a result of the formation of saving and lending groups promoted by the project. The amount saved increased by C$205 ($9), thanks to the project.




6.2. Effect of Type of Intervention on Crop Yields, Grain Storage Losses, and Savings


We measure changes on crop yields, grain storage losses, and savings for testing Hypothesis 2, that welfare impacts vary by the time horizon associated with each type of intervention.



The A4N project did not result in higher bean and maize yields during its first two years, in spite of the project’s effect on increasing the adoption of conservation agriculture structures and soil conservation practices (Table 4). As discussed above, results from such conservation investments are likely to be delayed beyond a 2–3 year project implementation period. However, the project did decrease the incidence of grain storage losses by 15% (Table 4). This effect follows from the adoption of metallic silos, a turnkey technology capable of showing results in the first grain storage season. Likewise, savings groups also showed rapid results. Not only did the project significantly increase the share of treated households with savings, it also increased the level of savings. The average savings among A4N households was about C$470 ($21) by the end of Year 2 of the project (31 December 2011), worth about 4.5 days income at the prevailing agricultural wage.



In sum, tests of H2 indicate that for conservation technologies requiring significant investment and learning, there was no discernable yield effect after two years. However, metallic silos and savings groups did generate rapid benefits in the form of reduced grain storage losses and increased household savings.



Short-term impacts have the potential to enable the adoption of more resource-demanding practices that can generate long-term gains. For example, increased household savings have the potential to mitigate cash constraints that can hamper adoption of conservation agriculture. These savings could be used to hire labor to build or maintain conservation structures or to help pay for purchased inputs, such as fertilizer or herbicides. Moreover, cash from savings, together with increased grain availability due to reduced storage losses, can boost household food security, improving nutrition and work productivity that, in turn, may facilitate adoption of sustainable agriculture practices and investments in soil conservation structures [37].




6.3. Project Impacts by Asset Level


Did household asset levels affect the kinds of practices adopted? The prospect is very possible, since the technologies promoted require different levels of resource investment [65]. In order to test hypothesis H3 that asset levels did affect the practices adopted, we estimated approximate terciles using pretreatment area of cultivated land (from 2009), since farmland is the key asset for agricultural production [66]. The terciles were composed of households with (1) less than 1.5 Mz (low assets), (2) 1.5 to 3 Mz (medium assets), and (3) more than 3 Mz of cultivated land (high assets). We included these variables, plus the interaction terms between them and the treatment variable. We included other pretreatment variables, such as gender, education and age of the household head, housing characteristics, distance to market and nearest pave road, monetary value of farm assets, and whether the household had experienced hunger during the year of the baseline, we estimated pairwise correlations of all these variables with cultivated land and found statistically significant positive correlations (p-value < 0.10). For the DID estimation, we used the same explanatory variables as those included in the estimation of overall program effects: Household size, average of years of education of household members, cultivated land, and proportion of annual crops grown.



How project effects differed by asset level is reported in Table 4. Less-poor treated households with more than 3 manzanas (Mz) of land represent the base category, so the test for a project effect by asset level entails the slope coefficients of the other two categories, low assets (less than 1.5 Mz of land) and medium assets (1.5 to 3.0 Mz of land). The results point to notable differences in impact by asset level. Households with high and medium assets built higher densities of agricultural conservation structures. On average, treated households with medium and high assets built 42 m/Mz and 82 m/Mz of agricultural conservation structures, mostly in stone barriers (28 m/Mz and 39 m/Mzm) or live barriers (13 m/Mz and 19 m/Mz for medium and large area owners, respectively). We estimated the heterogeneity of project impacts using the difference on the proportion of households with conservation structures and obtained similar results. These results are available upon request. These results are consistent with results of studies about decisions of carrying out agricultural conservation investments, which tend to be undertaken by larger farmers [67] and depend on access to land and labor, as well as land tenure security [68,69]. With respect to conservation agriculture practices, the better off treated households increased the implementation of zero tillage by 22%, while decreasing their use of minimum tillage by 29%. A plausible explanation is that treated households with relatively more assets were in the process of switching practices following the project recommendation of practicing zero tillage in rocky plots, 47% of high-level assets A4N households have plots with rocky soils.



A4N households with medium assets were most likely to increase adoption of improved grain storage practices and to experience decreased stored grain losses. A total of 27% of medium asset treated households experienced reduced losses of stored grain, and 16% more of these households stored grain in metallic silos. The poorest A4N households benefited the most from participation in saving and lending groups; among the lowest-asset households, those in the A4N project had 23% more savings than those in the comparison group. Participation in savings groups increased savings for this group by C$290. The proportion of high asset level households with savings did not increase, but the amount saved by this group rose by C$441. Mid-asset level, treated households did not show benefits from increased savings. It is possible that these households used available cash to make soil conservation investments, and that they do not show benefits because mid-asset level, treated households have less cash available than high-asset level, treated ones.



These results suggest that household resource constraints may limit adoption of certain practices. Capital is required to undertake the investments in construction of agricultural structures, including the hiring of labor. For low asset households, practices that require minimal investment, such as participation in savings groups, constitute practices that they are more likely to adopt. The poorest households benefited the most from participation in saving and lending groups. In terms of the project strategy, these results suggest phasing interventions for the poorest by starting with savings groups. This strategy has proven successful in achieving long lasting poverty alleviation goals across the developing world. If the goal is to get the poorest group of the targeted population to adopt sustainable production technologies, then alleviating cash constraints and food needs is a key step.





7. Discussion and Conclusions


We find that within its first two years, the A4N project increased adoption of many of the sustainable production technologies that it promoted. It had positive impacts on soil conservation investments, adoption of conservation practices, adoption of improved grain storage silos, and household savings. By changing behavior in these ways, it put project households on a trajectory toward improved outcomes such as better nutrition, higher incomes, and, ultimately, increased wealth.



While two years is too short of a time horizon to expect to observe medium- or long-term outcomes, it is not too early for short-term outcomes. For turnkey technologies and financial interventions, short-term outcomes are feasible, and they were observed for the A4N project. Adoption of hermetically sealed grain storage silos led rapidly to documented reductions in grain storage losses. Likewise, the establishment of savings groups led to documented increases in levels of household savings. These short-term outcomes show progress beyond simple adoption of changed practices along the trajectory toward improved nutrition and income (from reduced grain storage losses) and increased household wealth (from increased savings).



Long-term sustainability calls for resilience in the face of external stressors [70]. In the hilly areas of Central America, stressors include both gradual soil depletion and sudden shocks from hurricanes that can rapidly cause extreme sheet and gully erosion. A4N project interventions promoting the construction of terraces, ditches, and live barriers all represent investments that are expected to have two kinds of effects: (1) Cumulative abatement of gradual, ordinary soil erosion, and (2) prevention of major soil loss in the event of extreme rainfall, such as occurs during a hurricane. Both effects are long-term, the first because it is cumulative, and the second because it can only be observed after both a gradual investment period and the occurrence of an extreme event that by definition is rare. Hence, even after adoption occurs, there is a gradual process of improved management that can be expected to result in a gradual, cumulative reduction in soil erosion and loss of soil organic matter. This effect too requires time to observe. Hence, it is not surprising that within a two-year time lapse, despite investments in constructing soil conservation structures and in zero tillage practices, there had not been enough abatement of soil erosion to detect a beneficial effect on crop yields. Such an effect would be expected to occur gradually, and with it increased resilience to extreme events that would be most evident after one occurred [34].



These short-term impacts are likely to translate into long-term impacts that promote economic and environmental sustainability. Soil conservation investments and adoption of soil conservation practices stabilise soils and stabilise and increase yields, which in turn increase agricultural income. Adoption of improved silos and participation in saving groups stabilise income and promote food security, positively affecting income related outcomes. Improved silos increase revenues during good years by increasing marketable surplus and by enabling delay of grain sales beyond the immediate post-harvest period when prices are low. They also reduce storage losses from stored grain for household home consumption. Savings allow farmers to smooth consumption over the year and reduce the risk of asset liquidation during periods of food scarcity—or when other shocks occur.



Differences across households of different asset levels in which practices were adopted offer lessons on tailoring project interventions by poverty level. The poorest households chose the interventions that offered the quickest payoffs. The very poor, who owned less than 1.5 manzanas (about one hectare) of land, were most attracted to savings groups, which showed a rapid effect on accumulated savings (albeit most notable among the least poor savers). The medium poor, who owned 1.5–3 manzanas (1–2 ha) of land, were quickest to adopt improved grain storage silos, presumably because they produced enough grain to store but could not afford high-quality storage. They too benefited rapidly from reduced storage losses in the second year of the project. The least poor group, which owned more land (though still poor enough to be eligible for this pro-poor project), favored investments in soil conservation, despite the long-term payoff. Although this group was less attracted to savings groups than the poorest group, for those of the least poor group who did join savings groups, it is no surprise that they saved the largest amount.



These results highlight the benefits of the A4N project’s self-targeting strategy, which allowed project beneficiaries to adopt the practices they were not only most willing to, but also most able to adopt. This offers a lesson for projects that would promote a package of technologies with different levels of learning and resource investments, because it provides evidence that they could improve design by targeting different project components according to participant asset level. In particular, targeting the poorest with interventions that have rapid payoff and low resource requirements can garner early benefits that will contribute to overcoming constraints of adoption of technologies, such as conservation agriculture, that have slower payoffs or higher investment costs. This project strategy is expected to increase agricultural income in the long term for beneficiaries of different asset levels.



An important general recommendation from this study is that the expectation of impact from each project intervention be tailored to the likely time lapse before participants can experience benefits. The realization of gains for some components of the project (e.g., crop yield gains from construction of stone barriers and terraces) takes longer than others (e.g., reduced grain storage losses due to improved storage facilities). Therefore, development projects promoting a package of divisible technologies may want to set poverty relief objectives that explicitly incorporate the timing of expected benefits from adoption of specific practices. In an environment of donor impatience to see rapid impacts, such an approach would calibrate donor expectations to a realistic sequence of intermediate impacts that culminate in long-term desired outcomes.
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Table A1. Probability of program participation using logit.
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Dependent Variable: A4N = 1




	
Explanatory Variables

	
Coef.

	
Std. Err.






	
Cultivated land Mz

	
0.03

	
(0.03)




	
Steep slope = 1

	
0.20

	
(0.20)




	
Inadequate services = 1

	
−0.54 **

	
(0.22)




	
Inadequate housing = 1

	
0.09

	
(0.29)




	
Electricity = 1

	
0.01

	
(0.21)




	
Hunger = 1

	
0.37 *

	
(0.20)




	
head female = 1

	
1.19 ***

	
(0.30)




	
#children <5

	
0.06

	
(0.14)




	
head age

	
0.00

	
(0.01)




	
head education

	
−0.01

	
(0.04)




	
household size

	
−0.05

	
(0.06)




	
people per room

	
−0.03

	
(0.06)




	
Infraestructure C$/1000

	
−0.09

	
(0.06)




	
Livestock C$/1000

	
−0.02 **

	
(0.01)




	
Equipment C$/1000

	
0.00

	
(0.02)




	
Population 2009

	
0.00

	
(0.00)




	
Dist. Market Km/10

	
−0.05 ***

	
(0.01)




	
Dist. Paved road Km/10

	
0.02

	
(0.01)




	
Health facility = 1

	
−0.82 ***

	
(0.26)




	
% basic grains 2003

	
−0.19

	
(0.63)




	
% lanholdings <10 Mz 2003

	
2.40 ***

	
(0.49)




	
Constant

	
−0.19

	
(0.84)




	
n

	
564

	




	
Log likelihood

	
−350.68

	








Levels of significance *** 1%, ** 5%, * 10%.
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Figure 1. Propensity score distribution and common support for treated (A4N) and comparison (non-A4N) households. 
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Table 1. Balancing tests of pretreatment covariates used for estimation of the propensity score. Nicaragua, 2009.
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Variable

	
Before Matching

	
After Matching




	
Mean

	

	

	
Mean

	

	




	
Treated

	
Comparison

	
t-test

	
%bias

	
Treated

	
Comparison

	
t-test

	
%bias






	
Cultivated land Mz

	
3.29

	
3.5

	
0.56

	
−2.68

	
3.31

	
3.38

	
0.83

	
−1.6




	
Steep slope = 1

	
0.32

	
0.32

	
0.81

	
−25.87

	
0.32

	
0.36

	
0.32

	
−9.7




	
Inadequate services = 1

	
0.66

	
0.79

	
0.00

	
21.39

	
0.68

	
0.65

	
0.53

	
3.6




	
Inadequate housing = 1

	
0.88

	
0.85

	
0.36

	
60.1

	
0.88

	
0.88

	
1.00

	
4.4




	
Electricity = 1

	
0.61

	
0.63

	
0.55

	
15.32

	
0.60

	
0.57

	
0.44

	
4.9




	
Hunger = 1

	
0.39

	
0.32

	
0.13

	
−17.89

	
0.38

	
0.45

	
0.08

	
−4.2




	
Head female = 1

	
0.2

	
0.07

	
0.00

	
−73.06

	
0.18

	
0.18

	
0.82

	
−12.8




	
Children <5 years old

	
0.51

	
0.51

	
0.94

	
−24.23

	
0.51

	
0.50

	
0.82

	
14.1




	
Head age

	
49

	
48

	
0.25

	
68

	
49.17

	
49.77

	
0.63

	
−1.2




	
Head education

	
2.83

	
3.04

	
0.37

	
3.13

	
2.84

	
2.51

	
0.12

	
1.7




	
Household size

	
5.2

	
5.36

	
0.45

	
49.55

	
5.21

	
5.23

	
0.94

	
9.3




	
People per room

	
3.82

	
3.86

	
0.76

	
40.94

	
3.86

	
3.85

	
0.96

	
−0.6




	
Infrastructure C$/1000

	
0.53

	
0.80

	
0.10

	
−21.5

	
0.53

	
0.60

	
0.63

	
3.3




	
Livestock C$/1000

	
6.71

	
9.07

	
0.05

	
−17.33

	
6.80

	
5.68

	
0.18

	
5.7




	
Equipment C$/1000

	
1.76

	
2.08

	
0.55

	
−49.91

	
1.79

	
1.59

	
0.55

	
−6.2




	
Population 2009

	
637

	
640

	
0.88

	
16.68

	
642.77

	
645.33

	
0.96

	
−5.9




	
Dist. Market Km/10

	
14.09

	
16.29

	
0.00

	
38.19

	
14.24

	
14.34

	
0.89

	
−1.5




	
Dist. Paved road Km/10

	
9.53

	
8.95

	
0.41

	
−0.99

	
9.61

	
10.01

	
0.63

	
10




	
Health facility = 1

	
0.21

	
0.28

	
0.07

	
−37.29

	
0.21

	
0.22

	
0.92

	
0.7




	
% Basic grains 2003

	
0.86

	
0.88

	
0.26

	
71.93

	
0.86

	
0.88

	
0.14

	
−4.9




	
% Landholdings <10 Mz 2003

	
0.59

	
0.52

	
0.00

	
64.34

	
0.58

	
0.55

	
0.07

	
18








1 Mz = 1.73 Acres U$1 = C$22.42 p-values correspond to a t-test for equal means.   %   b i a s =      x  1 j    ¯  −    x  2 j    ¯       s  1 j  2  −  s  2 j  2      × 100  . Source: A4N Baseline Household Survey 2010, Baseline Village Survey 2010, Nicaragua Agricultural Census 2003.
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Table 2. Pretreatment characteristics between treatment and comparison households, A4N project, Nicaragua, 2009.
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Variables

	
Unit

	
Definition

	
Treat

	
Comparison

	
Treat-Comparison




	
Outcomes






	
All structures

	
m/Mz

	
Difference length built in agricultural conservation structures 2011–2009

	
NA

	
NA

	
NA




	
Stone barriers/terraces

	
m/Mz

	
Difference length built in stone barriers and terraces 2011–2009

	
NA

	
NA

	
NA




	
Live barriers

	
m/Mz

	
Difference length built in live barriers 2011–2009

	
NA

	
NA

	
NA




	
Ditches

	
m/Mz

	
Difference length built in ditches 2011–2009

	
NA

	
NA

	
NA




	
Number of practices

	
Number

	
Number of practices implemented at least one plot

	
1.14

	
1.03

	
0.12




	
Minimum tillage

	
1 = yes, 0 = no

	
The household has implemented minimum tillage at least in one plot

	
0.18

	
0.13

	
0.05




	
Zero tillage

	
1 = yes, 0 = no

	
The household has implemented zero tillage at least in one plot

	
0.15

	
0.16

	
0




	
Vermiculture

	
1 = yes, 0 = no

	
The household has implemented vermiculture at least in one plot

	
0.01

	
0.01

	
0




	
Cover crops

	
1 = yes, 0 = no

	
The household has implemented cover crops at least in one plot

	
0

	
0.01

	
−0.01 **




	
Household experienced stored grain losses

	
1 = yes, 0 = no

	
The household has experienced stored grain losses. Only for households that stored grain.

	
0.41

	
0.26

	
0.15 ***




	
Household stored grain in metallic silos

	
1 = yes, 0 = no

	
The household uses metallic silos for grain storage. Only for households that stored grain

	
0.16

	
0.19

	
−0.04




	
Household has savings

	
1 = yes, 0 = no

	
Household had savings on 1st January

	
0.14

	
0.11

	
0.04




	
Amount of savings

	
C$2011

	
Amount of savings

	
112

	
139

	
−26.9




	
Bean yields

	
QQ/Mz

	
Total bean yield in quintals per Mz

	
6.9

	
7.23

	
−0.33




	
Maize yields

	
QQ/Mz

	
Total maize yield in quintals per Mz

	
16.09

	
14.16

	
1.93








Source: A4N Baseline Survey, 2009. Levels of significance *** 1%, ** 5% NA: Not available. 1 Mz (manzana) = 1.73 acres = 0.70 hectares 1 quintal = 46 kg. The exchange rate for 2011 was US$1 = C$22.42.













[image: Table] 





Table 3. Project impacts on construction of agricultural conservation structures, agricultural conservation practices, storage practices, savings, and yields.
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Difference Outcome Variables

	
PSM-DID

	
Matching in Covariates-DID NN(1)

	
IPSW-DID

	
DID




	
NN(1)






	
Soil Conservation Structures (length built in conservation structures)




	
All structures m/Mz

	
73.49 ***

	
65.05 *

	
69.46 ***

	
78.35 **




	
(23.52)

	
(34.45)

	
(26.76)

	
(33.21)




	
Stone barriers m/Mz

	
26.24 ***

	
31.80 **

	
22.61 **

	
25.12 *




	
(8.57)

	
(14.50)

	
(9.88)

	
(14.09)




	
Live barriers m/Mz

	
17.40 ***

	
17.96 *

	
16.59 ***

	
15.87 ***




	
(5.07)

	
(9.49)

	
(4.69)

	
(6.10)




	
Ditches m/Mz

	
6.61 **

	
0.85

	
7.59 ***

	
7.56 *




	
(2.76)

	
(3.17)

	
(2.61)

	
(3.95)




	
Conservation Agriculture Practices (proportion of households)




	
All practices

	
0.02

	
−0.07

	
0

	
0.05




	
(0.08)

	
(0.08)

	
(0.05)

	
(0.05)




	
Minimum tillage

	
−0.12 *

	
−0.17 **

	
−0.16 **

	
−0.14 *




	
(0.07)

	
(0.08)

	
(0.06)

	
(0.08)




	
Zero tillage

	
0.20 ***

	
0.09 *

	
0.18 ***

	
0.20 **




	
(0.07)

	
(0.06)

	
(0.06)

	
(0.09)




	
Vermiculture

	
0.07 **

	
0.05 ***

	
0.04 **

	
0.05 ***




	
(0.03)

	
(0.02)

	
(0.02)

	
(0.02)




	
Cover crops

	
0.02

	
0.01

	
0.04 **

	
0.03 ***




	
(0.02)

	
(0.01)

	
(0.02)

	
(0.01)




	
Storage Practices (proportion of households)




	
Household stored grain in metallic silos

	
0.12 ***

	
0.10 **

	
0.09 *

	
0.11 **




	
(0.05)

	
(0.05)

	
(0.05)

	
(0.04)




	
Experienced stored grain losses

	
−0.12 *

	
−0.19 **

	
−0.1

	
−0.15 *




	
(0.07)

	
(0.08)

	
(0.08)

	
(0.09)




	
Savings (proportion of households and amount of savings in local currency)




	
Household has savings

	
0.11 **

	
0.17 ***

	
0.14 ***

	
0.13 ***




	
(0.04)

	
(0.06)

	
(0.04)

	
(0.05)




	
Amount of savings in cordobas

	
205.14 **

	
418.11 ***

	
235.07 ***

	
216.09 **




	
(100.70)

	
(108.27)

	
(95.01)

	
(109.92)




	
Crop Yields (quintals per manzana)




	
Maize yield

	
−1.12

	
−5.14

	
−1.27

	
−1.24




	
(3.37)

	
(2.86)

	
(3.11)

	
(2.08)




	
Bean yield

	
−0.16

	
−2.7

	
−0.81

	
−0.79




	
(1.12)

	
(1.40)

	
(1.23)

	
(0.99)








Levels of significance *** 1%, ** 5%, * 10%. 1 Mz (manzana) = 1.73 acres = 0.70 hectares 1 quintal = 46 kg. The exchange rate for 2011 was US$1 = C$22.42. Total observations 564. Total of pairs form with propensity score matching (PSM) = 268. Robust standard errors for PSM-difference-in-difference (DID) nn (1), robust standard errors for matching in covariates DID, bootstrap cluster standard errors with 500 repetitions for inverse propensity score weighting (IPSW)-DID and cluster robust standard errors for DID in parenthesis.
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Table 4. Treatment effects on adoption of A4N-promoted practices by asset ownership, DID estimates, Nicaragua, 2009–2011.
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Covariates

	
All Structures

	
Stone Barriers/Terraces

	
Live Barriers

	
Ditches

	
Number of Practices

	
Minimum Tillage

	
Zero Tillage

	
Vermiculture

	
Cover Crops

	
Household Experienced Stored Grain Losses

	
Household Stored Grain in Metallic Silos

	
hh Has Savings

	
Amount of Savings






	
A4N (base category Land > 3 Mz)

	
81.60 **

	
39.20 ***

	
19.20 **

	
8.51

	
−0.13

	
−0.29 ***

	
0.22 **

	
0.08 **

	
0.03 *

	
−0.09

	
0.11

	
0.08

	
441.02 **




	
(34.20)

	
(12.82)

	
(7.70)

	
(8.76)

	
(0.20)

	
(0.11)

	
(0.10)

	
(0.04)

	
(0.02)

	
(0.10)

	
(0.09)

	
(0.08)

	
(213.89)




	
A4N * Land ≤ 1.5 Mz

	
32.62

	
−31.77

	
−3.09

	
2.8

	
0.75 **

	
0.21 *

	
−0.01

	
−0.03

	
0

	
0.04

	
−0.05

	
0.15

	
−151.52




	
(82.86)

	
(37.58)

	
(16.03)

	
(9.81)

	
(0.29)

	
(0.13)

	
(0.11)

	
(0.05)

	
(0.03)

	
(0.17)

	
(0.09)

	
(0.10)

	
(225.34)




	
A4N * 1.5 Mz < Land ≤ 3 Mz

	
−39.21

	
−11.37

	
−5.99

	
−4.32

	
0.25

	
0.24 **

	
−0.07

	
−0.06

	
−0.01

	
−0.18

	
0.05

	
0

	
−493.41 **




	
(34.72)

	
(16.73)

	
(8.80)

	
(8.35)

	
(0.24)

	
(0.11)

	
(0.11)

	
(0.04)

	
(0.02)

	
(0.11)

	
(0.10)

	
(0.10)

	
(239.45)




	
Land ≤ 1.5 Mz

	
64.58

	
51.74

	
11.02

	
−5.34

	
0.23

	
0.01

	
0.02

	
0.02

	
0.04 **

	
−0.08

	
−0.08 *

	
−0.02

	
−44.65




	
(44.06)

	
(32.58)

	
(7.94)

	
(5.79)

	
(0.24)

	
(0.09)

	
(0.09)

	
(0.02)

	
(0.02)

	
(0.13)

	
(0.05)

	
(0.05)

	
(83.64)




	
1.5 Mz < Land ≤ 3 Mz

	
14.51

	
12.95 **

	
−1.39

	
−4.98

	
0.12

	
−0.06

	
0.09

	
0

	
0.02

	
−0.01

	
−0.10 *

	
0.09

	
190.65




	
(9.60)

	
(5.91)

	
(3.01)

	
(5.64)

	
(0.15)

	
(0.08)

	
(0.09)

	
(0.02)

	
(0.02)

	
(0.08)

	
(0.06)

	
(0.06)

	
(136.20)




	
Covariates

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Constant

	
8.27

	
−7.64

	
2.95

	
5.49

	
0.36 **

	
0.23 ***

	
0.05

	
0

	
−0.03 **

	
0

	
0.11 **

	
0.02

	
160.28 **




	
(12.25)

	
(5.95)

	
(3.12)

	
(6.12)

	
(0.14)

	
(0.07)

	
(0.07)

	
(0.02)

	
(0.02)

	
(0.07)

	
(0.06)

	
(0.04)

	
(78.83)




	
R-squared

	
0.03

	
0.03

	
0.01

	
0.01

	
0.06

	
0.01

	
0.03

	
0.01

	
0.02

	
0.01

	
0.01

	
0.04

	
0.03




	
N

	
567

	
567

	
567

	
567

	
576

	
576

	
576

	
576

	
576

	
477

	
477

	
576

	
576




	
Slope A4N * Land ≤ 1.5 Mz

	
114.22

	
7.43

	
16.11

	
11.31 **

	
0.62 **

	
−0.08

	
0.21 **

	
0.05 *

	
0.03

	
−0.05

	
0.06

	
0.23 ***

	
289.5 **




	
Slope A4N * 1.5 Mz < Land ≤ 3 Mz

	
42.39 ***

	
27.83 **

	
13.21 ***

	
4.19 **

	
0.12

	
−0.05

	
0.15

	
0.02

	
0.02

	
−0.27 ***

	
0.16 ***

	
0.08

	
−52.39








Levels of significance *** 1%, ** 5%, * 10%. 1 Mz = 1.73 acres = 0.70 hectares. The exchange rate for 2011 was US$1 = C$22.42. Robust standard errors clustered at the village level appear in parenthesis.














© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  sustainability-10-02644


  
    		
      sustainability-10-02644
    


  




  





media/file3.png
0.8

0.2

I I
0.4 0.6
Propensity score, A4N=1

Non-A4N

A4AN






media/file0.png





media/file2.jpg
densiy

02

04 Y

Propensity score, A4N=1

Non-A4N

AN

08





