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Global climate change has threatened sustainable agricultural growth over the years. The
Sahelian region of Sub-Saharan Africa is one of the most vulnerable regions to the adverse
effect of climate change in the world. The Climate-Smart Agricultural Technologies (CSAT)
offers pathways for mitigating the negative effect of climate change on crop farmers. This study
uses cross-country (Mali and Niger) cross-sectional data to examine the welfare impact of
multiple adoptions of CSAT on 3,371 smallholder farmers’ households. We employed the
multivalued multinomial endogenous treatment effect (METE) model for the analysis. The
results revealed that sociodemographic (education, age, location, assets), plot (farm size, soil
topography and quality), institutional (farmer-based organization and extension agent contact)
and climatic factors (crop disease shock) significantly influence different combinations of
CSAT adoption. The impact estimates show that multiple adoption of CSAT has a significant
and positive effect on crop sales revenue and crop income among smallholder farmers. These
findings, therefore, suggest that both government and non-governmental organizations should
promote and disseminate CSAT to enhance farmers’ welfare in the study area. Moreover,
factors such as education, credit access, farmer-based organizations and extension service
system could be strengthened for easy and rapid adoption of CSAT by smallholder farmers.
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Introduction 100 — 250 words

Climate change is perceived as a threat to agricultural and socioeconomic development.
The magnitude and severity of the Sahelian drought and flooding have generated a significant
threat to agricultural development, food security and livelihood of smallholder farmers in the
Sub-Saharan Sahel region (including Mali and Niger). Climate-smart agricultural technologies
(CSAT) are considered a panacea for sustainable development goals (SDGs) one and two
relating to poverty and zero hunger). However, the implementation of these adaptation
strategies by smallholder farmers in Mali and Niger is still low. The role of CSAT in promoting
food security underpins our motivation for this study. Moreover, the literature has focused more
on the impact of CSAT adoption in a single/binary framework (adoption of any CSA or not)
and mostly single crop-specific, but the synergy between different adoption of CSAT categories
has received less attention. This study extends the literature by focusing on multiple adoptions
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of CSAT among smallholder farmers cultivating major staple crops (millet, sorghum, cowpea,
groundnut, and maize) in the Sahel. To the best of our knowledge, this is the first study to
evaluate the multiple impacts of CSAT on the welfare of multiple crop farmers in the Sahel. In
addition, we focused on two welfare outcome variables: “crop sales revenue” and ‘“‘crop
income”. The inclusion of crop income in our outcome variable makes our study unique
because CSAT adoption is known to be financially dependent which increases farmers’
production costs; however, previous studies have drifted away from focusing on this important
outcome variable.

Methodology 100 - 250 words

We utilized cross-sectional data collected in 2019 by the International Institute of Tropical
Agriculture (I1TA), social science and agribusiness department, Bamako, Mali. A sample size
of 3371 smallholder farm households (2004 in Mali and 1367 in Niger) was used for the
analysis. We modelled the impact of farmers’ decision to adopt multiple CSAT (agrochemicals
(AGC), improved seed varieties (ISVs) and sustainable land management technologies (SLM))
on welfare outcome variables using a multinomial endogenous treatment effect (METE)
framework. This econometric technique was used for our empirical analysis to account for
potential endogeneity that might occur due to self-selection of technology adoption.

The METE equation is specified below.
W; = xiB +11C; + 1€, +13C3 + n4Cy +15Cs + 4105, + A0y + A3Uz; + A4uy; +
AsUs; +§; (1)

where W; denotes welfare outcome variables (farm income and profit), y; is a vector of
exogenous variables with associated parameter . C takes a value of O for non-adopters of
CSAT, 1= adopters of AGC only, 2= adopters of SLM only, 3= adopters of AGC and SLM
only, 4= adopters of ISVs only or with a combination of either SLM or AGC, and 5= adopters
of all the AGC, SLM and ISVs. n; refers to the treatment (adopting either of CSAT packages)
effects relative to the control (non-adopters). v;; control for potential unobserved factors that
influence the selection of farmers who adopt CSAT and welfare outcome.

Results 100 — 250 words

The results revealed that sociodemographic (education, age, farm experience, household and
farm assets), plot (farm size, soil topography and quality), institutional (farmer-based
organization (FBO), access to formal credit and contact with extension agent), and climatic
factor (crop disease shock) significantly influence the different combinations of CSAT
adoption. Specifically, age and farming experience negatively influenced combinations of
CSAT adoption. Education, farm size, credit access, extension agent contact, crop disease
shock, soil fertility and flat land slope were found to be positive and significantly influence
different adoption of CSAT combinations.




The impact estimates show that the different categories of CSAT have a positive and significant
impact on crop sales revenue (ranging from 123788.4 to 194424.8 FCFA) and crop income
(ranging from 53609.8 to 113641.5 FCFA).

Discussion and Conclusion 100 — 250 words

The findings on the negative significance of farmers age and farm experience on combinations
of CSAT implies that older farmers and those with more farm experience are less likely to adopt
CSAT in the study area. This is because older and more experienced farmers are accustomed
to their traditional farming practices and might be rigid to new innovations. However, an
increase in years of education increases the likelithood of multiple CSAT adoption. This implies
that educated farmers are more exposed to the importance of CSAT than their counterparts.

Furthermore, results showed that farmers who belong to FBO; those who have access to formal
credit and extension agent are more likely to adopt different CSAT categories. This implies that
institutional factors play a major role in enhancing CSAT adoption due to its financial and
information diffusion features.

The impact estimates indicated that farmers adopting the various combinations of CSAT would
have experienced less crop sales revenue and crop income had they not adopted CSAT. Farmers
adopting the three CSAT combinations had the largest sales revenue, and second largest crop
income.

This study provides evidence that multiple CSAT adoption improves farmers welfare. The
implication of our findings suggests that both government and non-governmental organizations
should promote and encourage multiple CSAT among smallholder farm households in the
Sahelian region to enhance their welfare. Moreover, some sociodemographic and institutional
factors such as education, credit access, farmer-based organizations and extension service
system should be strengthened for easy and rapid adoption of CSAT by smallholder farmers.




