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Abstract

This study investigates the factors that hinder or accelerate agricultural productivity, which
speaks directly to and resonates with the goals of most national agricultural development
plans in Africa. This is complemented by analysis of the impact of agricultural productivity
on household consumption growth. To do so, we use the nationally representative panel
datasets from Nigeria, merged with detailed climate and biophysical information. The
results show that agricultural productivity has a significant and positive impact on
household consumption growth. The results further indicate that agricultural productivity
has a positive impact on household consumption growth for both poor and non-poor
households, although it has a relatively smaller impact on consumption growth for poor
households. Similarly, it has a positive and significant impact for all households in different
initial land quintiles, but it has a largerimpact on households with larger initial land holdings.
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1. Introduction

Agriculture constitutes only about one-fifth of Africa’s GDP and about half of the total value of
its exports, yet more than two-thirds of the population lives in rural areas and more than 85% of
people in these regions depended on agriculture for their livelihoods (World Bank Development
Indicators, 2014). Improving the productivity, profitability, and sustainability of smallholder
farming is therefore considered the key pathway out of poverty for many rural households in sub-
Saharan Africa (Binswanger and Townsend, 2000; Diao et al., 2010; Collier and Dercon, 2014).
Agricultural research and development interventions focused on agricultural intensification and
modernizing market channels for agricultural products can lead to agricultural productivity growth
and thereby both reduce poverty and meet growing demands for food (Loayza and Raddatz, 2010;
Ravallion and Datt, 1999, Mellor, 2001; Thirtle et al., 2003).

The literature suggests that there are multiple pathways through which increases in
agricultural productivity can reduce poverty, including real income changes, employment
generation, rural non-farm multiplier effects, and food price effects (Ravallion and Datt, 1999,
Gollin et al., 2002; Irz and Tiffin, 2006). Its impact on poverty is both direct, flowing immediately
from growth in agriculture by raising real incomes of poor farm (and non-farm) households, and
indirect by increasing agricultural outputs which induces job creation in upstream and downstream
non-farm sectors as a response to higher domestic demand (Gollin et al., 2014). Increased
production can also reduce food prices, which increases the purchasing power and real incomes of
poor consumers (Olsson and Hibbs, 2005; de Janvry and Sadoulet, 2010). The impact of
agricultural productivity on poverty can be substantial because many poor people in sub-Saharan

Africa directly depend on agriculture for their livelihoods (Foster and Rosenzweig, 2005).



However, agricultural performance in sub-Saharan Africa has fallen behind that of other
developing countries.

However, increased agricultural productivity alone is not a panacea for poverty reduction
(Hasan and Quibria, 2004). Agriculture is often associated with economic and natural risks such
as price fluctuations, drought, pests and diseases. The poor and small-scale farmers are particularly
vulnerable to these risks. A sudden decrease in the prices of agricultural outputs can quickly push
small net sellers into poverty (Winters et al., 2004; Easterly and Kraay, 2000). Moreover, poor
smallholders face a number of constraints that limit their productivity. Lack of information about
production methods and market opportunities, particularly for new crops and varieties prohibit
households from intensifying agriculture and producing high-value commodities whose market
demand is growing rapidly. Poor access to credit and/or insurance can also limit uptake of new
technologies (Singh et al., 1986; de Janvry et al., 1991; Shiferaw et al., 2014). In addition, the
initial inequality and the heterogeneity in the distribution of assets, especially of land, can be a
plausible explanation for why agricultural productivity change could not be effective in lifting
poor families from poverty (de Janvry and Sadoulet, 2010).

Therefore, the extent to which poor people gain from improved agricultural productivity
depends on the specific circumstances of initial land distribution, market, infrastructure,
institutions and demographics. To better understand the role of the conditioning factors, our
analysis is organized around three questions. First, what are the main production factors associated
with household agricultural productivity? Second, how does agricultural productivity impact
household consumption growth? Third, does the relative position of poor people (e.g. the bottom

25%) improve or worsen with productivity change?



The paper contributes to the literature in several respects. First, whereas earlier research
has examined the relationship between farm technology and agricultural productivity, and farm
technology and household consumption, there is limited evidence on how agricultural productivity
change affects household consumption growth. Second, the paper investigates the factors that
hinder or accelerate agricultural productivity, which speaks directly to the productivity goals of
most national agricultural development plans in Africa. To do so, we use panel data from a
nationally representative household level surveys with rich socio-economic information, merged
with detailed climate and biophysical information, with a focus on the role of different measures
of climate variables and soil nutrient data. Third, the study examines a key issue that has not been
adequately addressed in the literature - relating agricultural productivity to household consumption
in the presence of unobserved heterogeneity which could cause an endogeneity problem. We
investigate the impact of agricultural productivity on household consumption growth, explicitly
addressing the potential endogeneity of agricultural productivity using exogenous climate and
biophysical variables as instrumental variables for agricultural productivity. Fourth, the paper
distributional impact of agricultural productivity on different categories of smallholder farmers,
disaggregated by welfare status and initial land holdings, with important policy implications for
designing policies for specific categories of households.

We find that agricultural productivity is positively associated with labor and farm inputs.
We also find that farm size, climate risk and biophysical variables play a significant role in
explaining agricultural productivity. The results further indicate that agricultural productivity has
a positive impact on consumption growth for both poor and non-poor households, although it has

a relatively smaller impact on consumption growth for poor households. Similarly, it has a positive



and significant impact for all households in different initial land quintiles, but it has a larger impact
on households with larger initial land holdings.

The paper is organized as follows: Section 2 presents the background on agricultural
production and productivity in Nigeria. Section 3 presents the data used in the analysis. Section 4
presents the empirical model and identification strategy. The empirical results are presented in
Section 5 before we conclude in the final section, highlighting the main findings and policy

implications.

2. Background: agricultural production and productivity in Nigeria
Nigeria is the largest country in Africa in terms of population (177 million) and the sixth largest
in terms of land area (910,770 km?). Nigeria has the 27th biggest economy in the world, with a
gross domestic product (GDP) of US$523 billion; its per capita GDP was US$3,010 in 2013
(World Bank 2014). The agricultural sector employs 60% of Nigeria’s working population and
accounts for over 40% of its GDP, although a higher level of poverty is observed among
households whose primary source of income is agriculture (World Bank, 2014). Crop production
captures the largest share of the agricultural economy — estimated at 88% of the total GDP from
agriculture (Mogues et al., 2014). The agricultural sector in Nigeria grew by about 5.9% annually
from 2002 to 2012, but it is argued that the growth in the agricultural sector is mainly attributed to
population growth and increased land in agriculture, most likely by commercial farmers (Oseni et
al., 2014). Nigerian agriculture is primarily rain-fed and is generally characterized by low
productivity, low technology, and high labor intensity.

Low input use and farm technology, such as improved seed and fertilizer, are among the
many reasons for low agricultural productivity in Nigeria. The literature has documented that
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Nigerian farmers across all regions are below their production frontiers, indicating there is room
to increase agricultural productivity above existing levels, even without a change in their current
levels of input use (Liverpool-Tasie et al., 2011; Oseni and Winters, 2009). More than 80% of the
households in Nigeria relate their poverty status to problems in agriculture, of which lack of access
to agricultural inputs and not being able to afford inputs (such as fertilizers and seeds) accounts
for 44% (Takeshima and Nkonya, 2014). Moreover, the Federal Ministry of Agriculture and Rural
Development estimated fertilizer application at 10-15 kg/ha in 2009, far lower than the 200 kg/ha
recommended by the United Nations Food and Agriculture Organization (FAQO). The huge gap in
fertilizer use, compared to recommended fertilizer levels, is often assumed to be one of the main
reasons for low agricultural productivity in Nigeria. It has long been argued that in addition to
climatic factors the limited access by farmers to extension service, an outdated land tenure system,
imperfect credit and capital markets, spatial inequality in distribution of fertilizer, the high prices
of other non-fertilizer inputs and an inadequate fertilizer supply are among other constraints to

improve fertilizer use in Nigeria (Philip et al., 2009; Oseni et al., 2014).

3. Data and descriptive statistics

3.1. Data

The longitudinal data for this paper comes from the Nigerian Living Standards Measurement Study
- Integrated Surveys on Agriculture (LSMS-ISA), representing the years 2010 and 2012. The
LSMS-ISA datasets are publicly available and were collected in eight African countries. These
uniqgue and nationally representative datasets include detailed information on household
characteristics such as demographic characteristics, household shocks, assets, agricultural
production, non-farm income, allocation of family labor, hiring of labor, access to services, and
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consumption expenditure. The agriculture module includes information on agricultural and
livestock production, farm technology, use of modern inputs, and productivity of crops and
livestock. The community-level module contains information on local level infrastructure, basic
public goods, precipitation and percent agricultural land within a 1 km buffer that could potentially
affect agricultural production and productivity.

To control for the effects of climate and biophysical variations on farmers’ agricultural
productivity, we merge the Nigeria LSMS-ISA data with detailed climate and biophysical
information at the enumeration area (EA) level. We use the household GPS coordinates to link the
households to data on precipitation, temperature, soil nutrient availability and soil pH.

Rainfall and temperature data come from the daily Africa Rainfall Climatology Version 2
(ARC2) of the National Oceanic and Atmospheric Administration’s Climate Prediction Center
(NOAA-CPC) summed at decadal (10-day) values and corrected for possible missing daily values.
The ARC?2 rainfall database contains raster data at a spatial ground resolution of 1/10 of degree
for African countries for the period 1983-2012. Our temperature data are monthly surface
temperature measurements for the period of 1990-2012. To capture the link between agricultural
productivity and climate variability, we consider different measures. The first measure is
precipitation which is measured as the total precipitation during the monsoon season. Similar to
previous studies (e.g., Arslan et al., 2016; Asfaw et al., 2016), the second and the third measure
are the coefficient of variation' (CoV) for rainfall and a variable capturing current conditions using

average rain shortfall, both computed for the 1983-2012 period. One of the major advantages of

The coefficient of variation (CoV of rainfall) is measured as the standard deviation divided by the mean of the annual
rainfall totals for 30 years (1983-2012) of (average/15Km EA radius).



the CoV in our context is that, for a given level of standard deviation, it changes as the mean
changes, reporting a lower level of variability if the mean increases but the variance remains
constant. The average rainfall shortfall is the average of the annual total departures from the long
run average. To account for spatial variation in temperature, we use the mean monthly temperature
during the monsoon season. We also assess the impact of biophysical variables on agricultural
productivity. We construct a variable of soil nutrient availability and soil pH extracted from the
Harmonized World Soil (HWS) database? and the ISRIC-World Information Service?,

respectively. Soil pH values are at a spatial resolution of 1 km for the period 1950-2005.

3.2. Descriptive statistics

The main interest of this paper is to examine the drivers of agricultural productivity and the impacts
on household consumption growth. Hence, only households that have harvested some crops for
both two years in the dataset are retained for the analysis. This procedure results in a balanced
panel of 2,031 households over two rounds. We measure aggregate household food and non-food
expenditures, income, assets and the total value of crops adjusted using the regional CPI to 2010

purchasing power parity for Nigeria and per adult equivalent (Deaton and Paxson, 1998)%.

2The database has a spatial resolution of about 1km (30 arc seconds). http://www.fao.org/soils-portal/soil-survey/soil-
maps-and-databases/harmonized-world-soil-database-v12/en/

3The values are for the 0-5cm depth. The soil pH maps can be downloaded from the ISRIC website at:
http://www.isric.org/data/soil-property-maps-africa-1-km

“Deflated consumption aggregates were calculated at the household level and put into adult equivalent terms so as to
reflect different consumption needs of household members depending on their age as well as economies of scale in
consumption, according to the following formula: AE = (4 + aK)®where AE is the number of household adult
equivalents, A is the number of adults, K is the number of children, is the conversion consumption ratio for children

between 0 and 1 depending on age and 6 =0.9 is the scale economies correction factor.



Summary statistics of the variables used in subsequent regression analyses are presented
in Table 1, including mean values for aggregate annual consumption per adult equivalent,
agricultural productivity, demographic characteristics (household size, education, age, and
gender), and wealth indicators including land and livestock, and both total and agricultural assets.
It also reports descriptive results of access to farm technology, infrastructure and financial
institutions, as well as climate and soil-nutrient variables. The average annual aggregate
consumption per Adult Equivalent (AE) is about 103 (in thousands of Naira) and average
agricultural productivity is about 408 (thousand Naira) per hectare (ha). Our key variables of
interest are agricultural productivity® measured through land productivity, annual aggregate
consumption per AE, and climate and soil-nutrient variables.

Table 2 reports agricultural productivity by land area and consumption quintile. The results
indicate that land productivity decreases with farm size. Households in the bottom two quintiles
exhibit systematically higher productivity as compared to households in the two upper quintiles.
The results are consistent with the empirical evidence for the existence of an inverse farm size
productivity relationship (e.g. Bellemare, 2013; Carletto et al., 2013; Barrett et al., 2010). Table
2 also shows that households in the bottom consumption quintile have lower agricultural

productivity®.

5 It is measured using land productivity which is the net-value of agricultural outputs per ha.

5We also break down agricultural productivity by land quintile and consumption quintile simultaneously. The
observations are well distributed, although we do see a concentration of households will relatively high (top quintile)
consumption but low land holdings. We also see that the least endowed households from a land holdings perspective

are the most productive. The results are available on request from the authors.



Table 3 describes agricultural productivity and aggregate consumption by regions. There
is variation in agricultural productivity across the zones. The South-South region has the highest
agricultural productivity, whereas the South-West and North-East zones have the lowest
agricultural productivity. We speculate this may be attributable in part to labor constraints in
South-West, including the availability of non-farm employment in urban areas. This is because
many of the major industries and cities in the country are in the South-West due to the presence of
crude oil and the availability of ports, whereas in northern parts of Nigeria households are more
likely to be engaged in agriculture and have larger farm sizes. The infrastructural, institutional,
and socio-cultural variations across the zones may also contribute to high regional variation in
agricultural productivity. Similarly, there is variation in aggregate consumption per adult
equivalent across the zones (Table 3). The southern zones have the highest aggregate consumption
per adult equivalent as compared to the Northern zones. South-West has the highest aggregate
consumption per adult equivalent (138,000 Nigerian naira per AE per year), whereas North-West
has the lowest (84,000 per AE per year). Poverty levels vary across the country with the highest
proportion of poor people in the Northern part of Nigeria (e.g. in North-Central about 29% of the
population is poor) and the lowest in the southern part of Nigeria (in South-West only 9% of the
population is poor).

Table 4 reports aggregate consumption by consumption quintile and round. We find that
aggregate annual consumption declined significantly in 2012 in all consumption quintiles. The
results reveal the percentage change (drop) in aggregate consumption increases with aggregate
consumption; the highest decline (26%) is for the top consumption quintile households. To confirm

that the climate and biophysical variables are important variables in explaining agricultural



productivity, we regress agricultural productivity on climate variables, soil nutrient indicators and

other explanatory variables’.

4. Empirical approach and identification strategies

Using panel data from Nigeria, we discuss the empirical approach in this section to investigate the
two main objectives of this study. First, we examine the drivers of household agricultural
productivity. Second, we address the impact of agricultural productivity on household
consumption growth. In particular, we discuss how we address a key problem, endogeneity of
agricultural productivity, in estimating the impact of agricultural productivity on household
consumption growth.

4.1. Drivers of household agricultural productivity

Given that factor markets are absent or imperfect in rural areas of developing countries, the paper
employs a non-separable (between production and consumption decisions) farm household model
(Singh et al., 1986; de Janvry et al., 1991) as the key conceptual framework. We assume that the

household’s (denoted by i) objective is to maximize farm profit (rr), defined as:

T :Zpin_ZWxXi (1)

where p is the vector of output prices and w is is a vector of variable input prices. The production

function is given:

"The results are consistent with our predication that climate and bio-physical variables play significant role in
explaining agricultural productivity. The results are available on request from the authors.
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Py = f(X;, ki ) 2

where P is the net-value of output per ha, X is a vector of quantities of variable inputs, k is a vector
of quantities of quasi-fixed inputs, and w is a vector of biophysical and environmental variables
(climate variables, soil type, location, constraints, policy indicators etc.). Since labor and capital
market imperfections are common in developing countries, the shadow cost of labor and shadow
cost of capital are often endogenous (Sadoulet & de Janvry, 1995). In other words, the shadow
cost of labor and capital are affected by household labor and asset endowments, as well as by
village capital and accessibility to infrastructure.

We measure agricultural productivity through analysis of the productivity of land.
Increasing agricultural productivity is expected to play a significant role in improving household
consumption growth where population pressure on the land is high and the intensity of cultivation
has increased due to reduced fallow periods. Application of new technology (e.g. using improved
seeds and fertilizer) is important for increasing productivity of land as land scarcity increases. We
measure agricultural productivity (P;;) as the net-value of harvested produce per ha®. We use a

Cobb-Douglas production function as follows:

In(P;) = yir + In(X;e) By + Hirap + Cipyi +vi + ;¢ (3)

where X is a vector of quantities of inputs including labor inputs, seeds, fertilizer, herbicide and
pesticides. We expect all the farm technology variables to contribute positively to productivity. H

is a vector of household and community characteristics including education, size, age, gender of

8We also measure agricultural productivity using crop specific non-price productivity as output per hectare (kg/ha) of

major crops such as cassava, maize, millet and yam.
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the household head and household assets. We expect that households with more labor and educated
household heads are more likely to have higher agricultural productivity, because they are better
able to employ the new technologies, either because education helps them adapt or learn about
how to use the technology. Similarly, C is a vector of climate variables and soil type; v is a
household specific fixed effect; and € is a mean zero, identically and independently distributed
random error and is assumed to be uncorrelated to all the explanatory variables.

The problem in estimating the drivers of agricultural productivity is that unobserved
characteristics (e.g., information about inputs, managerial skill, ability, and additional dimensions
of soil quality) are likely to be correlated with productivity and the variables of interest. This
correlation could bias ordinary least squares (OLS) estimators (Wooldridge, 2010). While the fixed
effects model addresses the bias caused by time invariant factors that are endogenous (dimensions
of soil quality, innate ability, geographically defined variables), it does not actually identify the
impact of those variables, which we are interested in. As an alternative, we employ the Correlated
Random Effects (CRE) model which enables us to mitigate the impact of time invariant unobserved
household characteristics and still recover the coefficients on time invariant variables (Mundlak
1978; Chamberlain, 1982). The CRE estimation procedure involves adding the mean of time-
varying variables as an extra set of explanatory variables in the random effects model with the
hope that they can mostly capture the effects of unobserved time-invariant characteristics
(Wooldridge, 2010).

4.2. The impact of agricultural productivity on consumption growth
We estimate the impact of agricultural productivity on household consumption growth using a

function of the following form:
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AC; = v1Pit—1 + VoHiroq + vsWie1 + Valie—1 + YsVip—1 + i+ 4, + 15 (4)

The dependent variable used in the regression analysis is the adjusted per capita consumption
growth (AC;; = C;; — Cit_1). The effect of interest is captured by the coefficients on P;;_;, which
is agricultural productivity (total net-value of harvest per ha) in the previous period. H;, represents
a vector of levels of household demographic characteristics and W;, captures household wealth
indicators. To explore the effect of farm inputs and plot characteristics (L;;) on consumption
growth, we include information on the farm technology inputs, access to extension agents, the plot
slope and potential wetness index.

We also include community characteristic (V;;) such as agricultural potential and access to
market and road. Community variables are included in the equation because they represent the
availability of productive economic infrastructure due to infrastructure investments by service
providers which is closely associated with non-farm and other income-generating activities in the
local environment. Because similar intrinsic demographic characteristics can lead to different asset
distribution patterns, a household fixed effect ¢ is included to control for time-invariant unobserved
demographic characteristics. Furthermore, a state fixed effect (4,) is included to control for further
geographic diversity in land quality, weather conditions, and distance to markets, local leadership,
and for covariate shocks affecting all provinces uniformly in each year. n; is the error term for
which strict a exogeneity condition is assumed to hold; errors are independently and normally

distributed with zero mean and constant variance.
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The correlation between the unobserved individual effect in the error term n; and
agricultural productivity would cause an upward or downward bias® in ordinary least squares
(OLS) estimators (Hausman and Taylor, 1981; Bellemare, 2013). It is also likely that there is
measurement error bias in agricultural productivity measures. More specifically, if a farmer’s
agricultural productivity is measured with error and the true value of the impact of agricultural
productivity is positive, the OLS estimate will be biased toward zero, even if that error has a mean
of zero. Thus, the OLS estimate will be too small because of attenuation bias. The two sources of
bias could apply simultaneously to the OLS estimation: the upward bias caused by omitted ability
variables and the downward bias caused by measurement error in agricultural productivity
(Wooldridge, 2010).

To address for these types of biases, we use a set of instrumental variables that influence
consumption growth only through their effect on the household’s agricultural productivity. We
construct the instruments by matching our panel household data with the historical rainfall data
and soil type. We use the coefficient of variation and the average shortfall of rainfall computed
over the period 1983-2012 at EA level, which are intended to capture the uncertainty about

expected climatic conditions, and soil type of the EA.

AC; = Ylﬁit—l + Vo Hito1 + VvaWieq +Vali—q +vsVip—1 + 6 + Ap +1; (5)

° If all the unobservable have a positive effect on both productivity and adoption of tech or something else that we
observe. But, we can also have unobservables that have a negative impact. For example, if most of the people that
adopt improved seeds live in slopes that reduce the yield of the seed. If we do not observe the slope, we will

underestimate the yield improvements to improved seed adoption.
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where P;,_;" is the predicted value of obtained from the first-stage instrumenting regression as
specified in equation 3.

A potential concern about the validity of the instruments is that the coefficient of variation
of rainfall, the average shortfall of rainfall and soil type of the EA may be correlated with the
village’s economic activities such as non-farm and self-employment, local prices and access to
services®. Thus, these variables may directly affect households’ consumption growth outcomes.
To circumvent this problem, we include the non-farm and self-employment condition of the
household and a wide range of EA-level characteristics as control variables in the identification
strategies. Thus, the validity of these instruments hinges on the assumption that the coefficient of
variation of and average shortfall of rainfall and soil-nutrients influence consumption indirectly
via agricultural productivity, and that household and community level observables can control for
any other indirect relationships between the instruments and consumption growth (e.g., access to
services).

We separately estimate the consumption growth model (equation 4) by initial welfare status
and land holdings to control for heterogeneity in the impact of agricultural productivity. We
examine whether agricultural productivity affects poor households differently than non-poor
households and whether households with smaller landholdings are less likely to benefit from
agricultural productivity than households with larger landholdings. To check the robustness of our

results to various specifications, we estimate the parameters of model (4) by Ordinary Least

10 various statistical tests — Sargan—Hansen test of over identifying restrictions, a Hausman test of exogeneity of the
land title variable, and a test of joint significance of the instruments — are ultimately conducted in order to determine
which set of results should be preferred.
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Squares (OLS), and Instrumental Variables (1) with standard 2SLS for the consumption equation
where expected (predicted) values of agricultural productivity serve as an instrument for observed

values.

5. Empirical results

In this section, first we discuss the econometric results on the drivers of agricultural productivity.
Second, we examine the impact of agricultural productivity on household consumption growth
measured by changes in annual aggregate consumption expenditure per AEU.

5.1. Determinants of agricultural productivity

Table 5 reports the estimates of the Cobb-Douglas production function in Equation 3 where the
outcome variable is the natural log of the value of output per ha'l. The first column is from pooled
OLS, the second and third columns from random-effects (RE) and correlated random-effects
(CRE). Because the Correlated Random Effects (CRE) model enables us to mitigate time invariant
unobserved household characteristics and still recover the coefficients on time invariant variables,

we will focus on this estimation.

“Because our productivity metric is a measure of yield, crop choice, and prices, there is a danger that the productivity
responses to the time-varying weather variables are driven by weather related crop switching or price changes, rather
than changes to yield. Such responses could work against our 1V strategy because they provide alternative paths for
weather to effect welfare. Breaking out productivity by crop, we present the Cobb-Douglas production model
estimation of factors associated with crop productivity (measured in kg/hectare for major crops, such as cassava,
maize, millet and yams) in Table Al. In general, the results are consistent with our model estimates for agricultural

productivity measured by the value of all crops per hectare.

16



The results indicate that among the household characteristics, family size significantly
affects agricultural productivity. The estimates also show the presence of an inverse relationship
between farm size and land productivity which is consistent with many other findings in the
literature (Carletto et al., 2013; Barrett et al., 2010). The coefficient on farm size is robust to all
estimation specifications. The inverse land size-productivity relation has been mostly explained
by market failures (Barrett, 1996). Results for non-land wealth indicators such agricultural and
non-agricultural assets are also in line with expectations and with the existing literature.
Households with higher agricultural and non-agricultural assets have higher agricultural
productivity, which may indicate that wealthier households are more able to finance the purchase
of their farm technology inputs which is consistent with the other findings (e.g., Asfaw et al., 2016;
Peterman et al., 2011).

As for inputs use, we find that labor allocated to agricultural production measured in terms
of person days has a positive and significant relationship with agricultural productivity. The
elasticity of agricultural productivity to person days devoted to agricultural production is about
11%. Similarly, fertilizer use and application of herbicide have a significantly positive association
with agricultural productivity, although we find no evidence of an effect for access to extension
(although this is likely due to limited variability in access within each year-state). Our results are
consistent with several studies that have demonstrated that the input use has a substantial effect on
the agricultural performance of farmers (e.g., Ravallion and Datt, 1999; Janvry and Sadoulet, 2010;
Mendola, 2007; Amare et al., 2012). Distance to roads increases transaction costs and access to
information which, in turn, affect agricultural productivity. This result suggests that better
infrastructure may help to cut transaction costs, increasing the likelihood of adoption of market-

provided inputs and thus increase agricultural productivity. The distance of the plot to the dwelling
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is positive and significant, contrary to expectation. One would have thought the plots closer to the
home would be better managed and thus more productive.

As expected, climate and soil-nutrient variables strongly affect agricultural productivity.
We find that farmers located in EAs where the rainfall variability (CoV) is higher have 32% lower
agricultural productivity, while higher season rainfall levels increase agricultural productivity.
This is because abundant rainfall increases harvests and thus agriclture productivity, consistent
with the findings of Asfaw et al. (2016). Rainfall variability, on the other hand, implies increased
risk of farm technology adoption particularly in rainfed and liquidity constrained and imperfect
market settings, and thus reduces production and productivity. The results also show that a rainfall
shortfall significantly decreases agricultural productivity. Moreover, severe constraints on soil
nutrient availability significantly decrease agricultural productivity. We find the presence of soils
characterized by higher pH levels (than the average in the sample, about 4.49) is productivity
enhancing. This result is expected since most crops grow in a range of soil types but optimally in
a well-drained, moist loam with a pH of 5.6 to 6.4 (Arslan et al., 2016).
5.2. The impact of agricultural productivity on household consumption growth
We now turn to an exploration of the impact of agricultural productivity'? on consumption growth.
The results of the first stage that is used in the later IV analysis to explain consumption growth are

reported in Table 5, column 3. All instruments (CoV rainfall, rain shortfall and soil nutrients) are

12To check whether our impact findings are not affected by endogenous prices or crop switching, we also estimate the
impact of agricultural productivity on household welfare using crop specific non-price productivity measures.
Although, crop specific impacts have lower power in the analysis for heterogeneous impact of agricultural
productivity, in general, the results for crop specific non-price productivity impact estimates support the main
conclusions (see table 2A, 3A and 4A).
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individually and jointly significant at the 5% level in the first-stage regression, suggesting that
climate and soil nutrients are crucial factors driving agricultural productivity. We estimate the
model for consumption growth with both OLS, and 1V-OLS estimation; the results*? are reported
in Table 6.

Before turning to the causal effects of agricultural productivity on household consumption
growth, we briefly discuss the quality of the selection instruments used. To probe the validity of
our selection instruments, we looked at two major tests: the weak identification test and over
identification tests. The test results support the choice of the instruments, as do the F-test values
for all of the specifications (bottom of Table 6). The F-statistic of joint significance of the excluded
instruments is greater than 10, thus passing the test for weak instruments. We use the Sargan—
Hansen test of over identifying restrictions and fail to reject the joint null hypothesis that our
instruments are valid instruments. We apply Hansen specification test for the endogeneity of
agricultural productivity; we reject the null hypothesis that agricultural productivity can actually
be treated as exogenous.

In general, all model estimates for agricultural productivity are similar in sign; the results
obtained from both models confirm that agricultural productivity has significant, positive effects
on consumption growth. However, the 1V estimates for the key variables of interest are much
larger than the OLS estimates, implying that correcting for endogeneity and attenuation bias affects

the results. Therefore, our subsequent discussion focuses on the two-stage 1V model estimates*4.

BAIl estimates are reported accounting for cluster heteroskedasticity standard error at the household level.

140ur results are robust to the use of alternative estimators such as GMM and are available upon request. Moreover,
under the assumptions of conditional homoscedasticity and independence, the efficient GMM estimator is the
traditional 1\VV/2SLS estimator.

19



The results of the IV estimation examining the impact of agricultural productivity on
household consumption growth are reported in Column (2) of Table 5. The results reveal that
agricultural productivity has a positive and significant impact on consumption growth. Controlling
for other factors, we find that a 10% increase in the level of agricultural productivity in the previous
year tends to increase consumption growth by 2% on average. This result supports the hypothesis
that agricultural productivity can facilitate consumption growth by raising the real incomes of
households. The positive effect of agricultural productivity growth on adult equivalent aggregate
consumption has important implications for consumption improvement and poverty reduction.

When we look at the household and community characteristics, we find that education of
the household head tends to increase consumption growth. Households with more dependents
experienced a significantly higher consumption growth. Non-farm employment opportunities
appear to improve household consumption growth. Similarly, both use of formal and informal
capital from formal and informal sources play a significant role in explaining changes in
consumption growth. We also find that households that use fertilizer and farm equipment exhibit
higher consumption growth respectively as compared to households that do not use fertilizer or
farm equipment. More importantly, we find that access to public infrastructure, such as a nearby
market and road, plays a significant role in improving consumption growth.

5.3. Heterogeneous impact of agricultural productivity

We examine whether the magnitude of the coefficient of agricultural productivity varies by initial
consumption level by estimating the growth model separately for poor and non-poor households.
As is often the case, however, the instruments are not as strong for the subgroups as for the whole
sample. The results (Table 7) indicate that agricultural productivity has a positive significant
impact on consumption growth for non-poor and poor households. However, it has a smaller
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impact on consumption growth for poor households. Controlling for other factors, we find that a
10% increase in agricultural productivity increases consumption growth by 2% on average for
consumption non-poor households and 0.8% for poor households. It has is more than two and half
times higher for the non-poor households. The results may suggest that poor smallholder face a
number of constraints that lower their productivity such as lack of information about production
methods and market opportunities, particularly for new crops and varieties, that prohibit
households from intensifying agriculture and producing high-value commodities for which market
demand is growing rapidly.

We further allow for heterogeneity in the impact of agricultural productivity by land
holdings. Similar to the wealth status, however, the instruments are not strong when applied to the
subgroups (Table 8). The results show that agricultural productivity have a positive significant
impact on consumption growth for all quintiles. However, agricultural productivity has a higher
impact on consumption for the households in the top two land quintiles compared to the bottom
two land quintiles. When we compare the impact of agricultural productivity for households in the
bottom land quintile and top land quintile, the coefficient on agricultural productivity is
approximately two times higher for the latter. The results may indicate agricultural productivity is
currently not pro-poor, as the greater gains are being enjoyed by those who were initially better
off. High initial inequality in the distribution of assets and especially of land may be a plausible
candidate in explaining why some agricultural productivity change might be less effective in lifting

poor families out of poverty in developing countries.

6. Conclusions and policy implications
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Agricultural productivity growth is widely considered the most effective means of addressing rural
poverty and a key pathway out of poverty for smallholder farmers in sub-Saharan Africa. However,
a key challenge is to induce and accelerate inclusive agricultural productivity change to meet the
food security and nutritional needs for the growing populations while also reducing extreme
poverty, especially in rural areas. Whereas the positive role of increase in agricultural productivity
on food security is well documented, there is limited evidence on how agricultural productivity
change affects growth in per capita household consumption, especially in the context of
smallholder systems in Africa. Understanding the factors that hinder or accelerate agricultural
productivity and how this may contribute to inclusive transformation and poverty reduction are
therefore critical policy issues in sub-Saharan Africa.

In this paper, we seek to understand the drivers of agricultural productivity change and
whether such productivity growth, measured using both aggregate net-value of production and the
crop specific non-price productivity (kg/ha), improves per capita household consumption growth.
We apply empirical econometric techniques to measure this effect using a rarely rich and nationally
representative LSMS-ISA panel dataset from Nigeria. We address three important policy
questions. First, what are the main determinants of increase in agricultural productivity for
smallholder farmers? Second, how does agricultural productivity growth impact household
consumption growth? Third, how inclusive is the effect on per capita aggregate consumption
growth in terms of its effects on the relative position of poor people (e.g. the bottom 25%)?

To address the first objective, we employ a Correlated Random Effects model. The results
indicate that agricultural productivity, among others, increases with non-farm self-employment.
The estimates also show the presence of an inverse relation between farm size and land
productivity which is consistent with many other findings (Bellemare, 2013; Carletto et al., 2013;
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Barrett et al., 2010). We also find that agricultural and non-agricultural assets have positive and
significant association with agricultural productivity, which may indicate that wealthier
households are more able to finance the purchase productivity enhancing inputs. Agricultural
productivity also increases with increased labor allocated to agriculture and the use of modern
inputs (e.g. fertilizer use and the herbicide), indicating the important role that access to new
technologies plays in transforming smallholder agriculture. Biophysical factors related to
variability of rainfall, soil nutrients and land quality also had expected effects on agricultural
productivity in rainfed smallholder systems in Nigeria.

In the next stage, we measure the effect of agricultural productivity change on consumption
growth using IV regression estimation techniques which account for possible endogeneity of
agricultural productivity change. The results are robust to alternative specifications. We find that
a 10% increase in the level of agricultural productivity in the previous year tends to increase
consumption growth by 2% on average. We estimate whether the magnitude of the coefficient of
agricultural productivity varies by initial consumption levels by estimating the growth model
separately for poor and non-poor households. We find that a 10% increase in agricultural
productivity increases consumption growth by 2% on average for the consumption non-poor
households and 0.8% for poor households. Moreover, agricultural productivity has a positive and
significant impact on consumption growth for all land quintiles. However, increase in farm
productivity has a higher impact for the household in the top two land quintiles.

These results have important implications for agricultural and development policy in
Nigeria and likely to offer some useful insights for agricultural transformation in sub-Saharan
Africa. First, given the strong role of farm technology, climate variability, access to infrastructure
and assets in improving agricultural productivity, better targeting of agricultural innovations to
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respond to climatic risk exposure and sensitivity, and then building farm and system-level capacity
to access and benefit from productivity-enhancing technologies and services are key factors in
improving agricultural productivity. Second and most importantly, the results provide very strong
evidence of what seems to be required to achieve sustainable and inclusive agricultural growth in
Africa; integrated interventions that increase assets, improve rural infrastructure, and advance the
use of farm technology to enhance the household level capabilities that increase growth in per

capita consumption and contribute to poverty reduction.
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Table 1: Description and Summary Statistics

Variable Description All 2010 2012
N=4062 N=2031 N=2031
Mean Std.D. | Mean | Std.D.| Mean | Std.D.

Consumption | Aggregate consumption per AEU (local 102.59 66.03 | 114.62 | 68.52 | 90.56 61.14
unit=LU, 1000)

Value harvest | Total value of harvested crops (LU, 1000) 83.82 192.99 | 80.31 | 155.05 | 84.33 224.65

Agri. Product. | Agricultural productivity = (total value 407.67 |1236.38| 417.30 [1241.91| 398.05 | 1103.3
harvested per ha)

Household characteristics

Family size Family size (adult equivalent unit) 5.41 2.07 5.14 1.95 5.68 2.15

Dependents Dependent (<15, >64 years old) 3.24 2.28 3.31 2.30 3.18 2.26

Gender Gender of the household head 0.89 0.31 0.89 0.31 0.88 0.32

Head educ Educ. HH head (years) 4.47 4,72 4.60 4.69 4.34 4.75

Head age Age HH head (years) 51.00 15.05 49.71 15.04 | 52.28 14.96

Borr. instit. Borrowing from formal institutions (yes=1) 0.03 0.18 0.03 0.16 0.04 0.21

Borr. infor. Borrowing from informal institutions (yes=1) 0.20 0.40 0.20 0.40 0.20 0.40

Borr. friends Borrowing from friends (yes=1) 0.30 0.46 0.30 0.46 0.30 0.46

Wage part Wage labor employment participation (yes=1) 0.07 0.26 0.02 0.13 0.13 0.33

Self-empl- Non-farm self-employment participation 0.52 0.50 0.49 0.50 0.55 0.50

nonfarm (yes=1)

Wealth indicators

Farm size Farm size (in ha) 0.59 0.93 0.62 0.98 0.56 0.85

Livestock Total livestock -Tropical livestock unit (TLU) 78.65 [1142.10| 23.37 | 924.99 | 133.92 | 1322.02

Agr. asset Value of agricultural assets (LU, 1000) 82.50 528.00 | 45.17 | 270.10 | 119.82 | 1564.97

Non-agr. asset | Value of total non-agricultural asset (LU, 1000) | 562.76 |2464.56 | 648.28 |3372.40| 477.24 | 873.71

Farm Inputs

Labor Labor (both family & hired labor) allocated to 198.79 | 239.65 | 206.47 | 243.24 | 191.10 | 235.93
agricultural production in person days

Extension Access to extension (yes=1) 0.10 0.27 0.11 0.26 0.10 0.27

Fertilizer Fertilizer use indicator (yes=1) 0.48 0.50 0.48 0.50 0.48 0.50

Pesticides Pesticides use indicator (yes=1) 0.19 0.39 0.18 0.38 0.20 0.40

Herbicide Herbicide use indicator (yes=1) 0.27 0.44 0.24 0.43 0.29 0.45

Equipment Equipment use indicator (yes=1) 0.23 0.42 0.21 0.41 0.24 0.43

Plot distance Plot distance (km) 3.71 44.30 6.01 61.31 1.41 12.54

Plot wetness Plot potential wetness index 14.37 3.60 14.08 4.18 14.66 2.88

Plot slope Plot slope 2.83 2.74 2.78 2.98 2.88 2.49

Market Distance to the market (km) 69.71 37.71 69.74 37.69 | 69.68 37.74

Road Distance to all-weather road (km) 13.22 15.11 18.44 18.43 8.00 7.93

Climate and biophysical variables

CV rainfall CoV rainfall (1983-2012) (average/15km EA 0.22 0.05 0.22 0.05 0.22 0.05
radius)

Rain shortfall | Average rain shortfall (1983-2012) (avg/15km 89.37 62.84 94.18 74.98 | 9457 32.34
EA radius)

Season rainfall | Season total rainfall (mm) 886.17 | 236.70 | 937.55 | 244.38 | 834.80 | 216.97

Soil nutrient Soil nutrient availability (Severe contraints=1) 0.25 0.44

pH Soil pH (avg/15Km EA radius) 4.49 0.58

Temperature Season average temp (1990-2012) (avg/15km 25.63 121 25.56 1.22 25.70 121
EA radius)
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Table 2: Agricultural productivity by land and consumption quintile (pooled data)

Quintile Agricultural productivity @ Agricultural productivity distribution
distribution by land area quintile | by consumption quintile
1 791.45 351.90
2 497.42 444 45
3 385.10 386.17
4 183.19 401.19
5 180.38 454.78

Note: ? Total value of harvested crops (LU, 1000) per ha

Table 3: Agricultural productivity and aggregate consumption by regions (pooled data)

North- North- North- South- | South- South-

Central East West East South West
Agricultural productivity 2 438.08 251.25 380.38 500.03 | 651.16 303.34
Consumption/AEU 103.34 111.83 84.20 100.27 | 124.73 138.42
Poverty headcount 0.29 0.23 0.24 0.19 0.11 0.08
N 782 828 1082 886 304 180

Note: 2 Total value of harvested crops (LU, 1000) per ha

Table 4: Household aggregate consumption per AEU by consumption quintile and year

Consumption quintile 2010 2012 % change
1 46.84 40.53 -0.13
2 76.10 62.89 -0.17
3 100.55 83.49 -0.17
4 132.12 105.09 -0.21
5 216.65 160.62 -0.26

Note: @ Total value of harvested crops (LU, 1000) per ha
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Table 5: OLS, RE and CRE estimates of drivers of agricultural productivity

Dep. var. = Agri. OLS RE CRE
Product. Coef. Se Coef. Coef. Se Coef.
Family size -0.331*** 0.125 | -0.325*** 0.124 | -0.376*** 0.127
Dependents -0.025 0.082 -0.025 0.081 -0.052 0.082
Gender of hh head 0.193 0.159 0.200 0.159 0.113 0.162
Head education -0.070 0.056 -0.062 0.055 0.057 0.122
Head age 0.042* 0.025 0.045* 0.025 0.052 0.032
Wage part 0.044 0.159 0.052 0.157 0.104 0.158
Self-empl-nonfarm -0.286*** 0.086 | -0.272*** 0.086 | -0.245*** 0.086
Borr. Instit. -0.009 0.216 -0.026 0.213 0.008 0.213
Borr. Infor. 0.025 0.107 0.004 0.107 0.011 0.106
Borr. Friends 0.054 0.086 0.045 0.086 0.057 0.086
Farm size -3.575%** 0.258 | -3.614*** 0.257 | -4.039*** 0.420
Livestock -0.101*** 0.031 | -0.101*** 0.031 -0.111** 0.045
Agr. asset 0.134* 0.080 0.134* 0.078 0.129* 0.078
Non-agr. asset 0.111** 0.048 0.101** 0.048 0.099** 0.048
Labor (Person days) 0.200*** 0.027 0.187*** 0.027 0.077** 0.039
Extension -0.091 0.155 -0.091 0.155 -0.092 0.154
Fertilizer 0.281*** 0.084 0.260*** 0.084 | 0.254*** 0.083
Pesticides -0.093 0.104 -0.083 0.102 -0.083 0.102
Herbicide 0.524*** 0.093 0.507*** 0.092 | 0.469*** 0.093
Equipment -0.057 0.105 -0.028 0.104 -0.033 0.104
Plot slope 0.035* 0.020 0.032 0.020 0.030 0.020
Plot distance 0.175*** 0.063 0.180*** 0.063 | 0.172*** 0.063
Plot wetness -0.127 0.096 -0.137 0.095 -0.105 0.094
Distance to market 0.047 0.525 0.038 0.525 0.112 0.564
Distance to road -0.597*** 0.089 | -0.605*** 0.089 | -0.583*** 0.089
CoV rainfall -3.100*** 1.081 | -3.354*** 1.096 -2.837** 1.105
Rain shortfall -0.004*** 0.001 | -0.003*** 0.001 -0.003** 0.001
Total monsoon rain 0.001*** 0.000 0.001*** 0.000 | 0.001*** 0.000
pH 0.260*** 0.090 0.265*** 0.091 0.184** 0.092
Mean temp -0.250 0.978 -0.231 0.978 -0.344 0.980
Soil nut. (Severe =1) -0.570*** 0.112 | -0.576*** 0.112 | -0.566*** 0.112
Constant 4.027 3.229 4.134 3.223 4.566 3.220
N 4,062 4,062 4,062
R"2 0.35 0.26 0.28

Note: The mean of time-varying variables and dummies for year and state/regions are included as additional
regressors in the CRE model, but they are not reported for brevity. *** p<0.01. ** p<0.05. * p<0.10.
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Table 6: Household OLS, 1V-OLS Regression Estimates of Consumption Growth

Dep. Var = change in OLS [\
consumption Coef Se Coef Se

Agri. Prod. 0.010*** 0.003 0.196*** 0.022
Family size -0.037 0.094 -0.023 0.097
Family size squared -0.034 0.031 -0.036 0.032
Dependents 0.095*** 0.018 0.097*** 0.019
Gender 0.056 0.036 0.059 0.039
Head education 0.069** 0.030 0.077** 0.033
Head age -0.047** 0.023 -0.021 0.027
Wage part 0.018 0.016 0.011 0.017
Self-empl-nonfarm 0.011 0.010 0.031** 0.011
Borr. Instit. 0.059 0.037 0.069* 0.041
Borr. Infor. 0.036* 0.019 0.039* 0.021
Borr. Friends -0.026 0.018 -0.047** 0.021
Farm size 0.278*** 0.058 0.447*** 0.095
Livestock -0.061** 0.025 -0.074*** 0.028
Agr. asset 0.009 0.015 0.014 0.016
Non-agr. asset 0.015* 0.008 0.013 0.009
Extension -0.045*** 0.017 -0.056*** 0.019
Fertilizer 0.123*** 0.025 0.123*** 0.029
Pesticides -0.030 0.021 -0.021 0.023
Herbicide 0.053*** 0.020 0.016 0.026
Equipment 0.177*** 0.020 0.173*** 0.021
Dis. market -0.123** 0.048 -0.122*** 0.045
Dis. road -0.192*** 0.020 -0.166*** 0.025
Constant 0.345** 0.135 -0.006 0.216
N 2,031 2,031
R"2 0.31 0.32
Over identification test of all 14.444%*>*
instruments (Hansen J
statistics): x2
F-test of excluded instruments: F (3, 2003) 27.744%**
Endogeneity test 18.211***

Note: The regression included a dummy for provinces. *** p<0.01. ** p<0.05. * p<0.10.



Table 7: Household IV-OLS Regression Estimates of Consumption Growth by Welfare Status

Dep. Var = change in consumption Poor Non-poor
Coef Se Coef Se

Agri. Product. 0.083** | 0.045 | 0.202*** 0.028
Constant 1.536* | 0.837 -0.342 0.298
N 450 1,581
Constant 0.34 0.31
Over identification test of all 10.50*** 13.00***
instruments (Hansen J statistics): ¥2
F-test of excluded instruments: F (3, 2003) 8.67** 7.88**
Endogeneity test 18.24%*** 22.00***

Note: The regression, omitted from the table, controls for household characteristics, wealth indicator, input
use, climate and biophysical variables and a dummy for provinces. *** p<0.01. ** p<0.05. * p<0.10.

Table 8: Household IV-OLS regression estimates of consumption growth by land quintile

Dep. Var = change in Land quintile
consumption 1 2 3 4 5
Coef Se Coef Se Coef Se Coef Se Coef Se

Agri. Product. 0.130* | 0.015 | 0.087** | 0.036 | 0.117** | 0.053 | 0.191*** | 0.049 | 0.245*** | 0.042
Cons -0.311 | 0.344 0.181 | 0.456 -1.237 | 2175 0.874 | 0.693 -0.845 | 0.953
N 407 406 406 406 406
Constant 0.24 0.29 0.31 0.32 0.35
Over identification 11.48%** 11.80*** 12.51*** 11.01%** 12.36***
test of all

instruments (Hansen
J statistics): x2

F-test of excluded 4,15%** 3.77x** 5.47*** 6.38*** 5.47***
instruments: F (3,

2003)

Endogeneity test 11.81%** 22.14%** 8.24*** 11.01 *** 14.33 ***

Note: The regression, omitted from the table, controls for household characteristics, wealth indicator, input
use, climate and biophysical variables and dummies for provinces. *** p<0.01. ** p<0.05. * p<0.10.
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Table 1A: CRE estimates of determinants of agricultural productivity by crop

Dep. var. = Agri. Maize prod Cassava prod Millet prod kg/ha Yam prod
Product kg/ha kg/ha kg/ha

Coef Se Coef Se Coef Se Coef Se
Area under maize -0.302*** | (0.088
Price of maize 0.594*** | (0,052
Person days for maize 0.316*** | 0.038
Area under cassava -0.251 | 0.288
Price of cassava 0.222*** | 0,057
Person days for 0.162*** | 0.045
cassava
Area under millet -0.211*** | 0.073
Price of millet 0.488*** | 0.093
Person days for millet 0.640*** | 0.062
Area under yam -0.440* | 0.250
Price of yam 1.165*** | 0.058
Person days for yam 0.940*** | 0.075
Household size 0.063 | 0.074 -0.091 | 0.058 | -0.146*** | 0.041 | -0.164*** | 0.050
Gender of head 0.172** | 0.086 -0.002 | 0.099 0.046 | 0.028 0.058 | 0.076
Head education 0.003 | 0.089 -0.137** | 0.059 0.009 | 0.052 0.099 | 0.064
Head age 0.004 | 0.021 0.009 | 0.017 -0.006 | 0.010 | -0.057*** | 0.017
Wage part 0.050 | 0.114 0.018 | 0.092 0.003 | 0.045 0.016 | 0.083
Self-empl-nonfarm -0.058 | 0.061 -0.036 | 0.040 0.072** | 0.033 0.036 | 0.040
Borr. Instit. 0.004 | 0.146 0.039 | 0.138 0.051 | 0.047 -0.110 | 0.123
Borr. Infor. -0.096 | 0.070 -0.052 | 0.056 0.039 | 0.030 | 0.145*** | 0.055
Borr. Friends -0.063 | 0.064 -0.066 | 0.042 | 0.101*** | 0.033 0.037 | 0.040
Livestock 0.009 | 0.031 -0.012 | 0.024 -0.028 | 0.018 0.024 | 0.024
Agr. asset 0.050 | 0.069 0.022 | 0.042 -0.018 | 0.033 -0.081** | 0.037
Non-agr. asset 0.030 | 0.032 -0.014 | 0.022 0.018 | 0.016 0.038 | 0.023
Extension 0.405*** | 0.116 -0.093* | 0.053 | -0.305*** | 0.077 -0.010 | 0.057
Fertilizer 0.104 | 0.065 0.026 | 0.034 -0.037 | 0.034 -0.004 | 0.040
Pesticides -0.211** | 0.084 -0.040 | 0.031 0.002 | 0.048 -0.019 | 0.041
Herbicide 0.183** | 0.077 0.080* | 0.042 -0.028 | 0.034 0.079** | 0.039
Equipment 0.128* | 0.067 0.219*** | 0.061 0.009 | 0.035 0.105* | 0.054
Plot distance -0.021 | 0.042 0.020 | 0.028 -0.013 | 0.026 -0.076** | 0.032
Plot wetness 0.248*** | 0.082 0.026 | 0.026 0.130** | 0.059 -0.003 | 0.043
Plot slope 0.010 | 0.009 -0.007 | 0.008 -0.001 | 0.004 0.010 | 0.011
Distance to market 0.530 | 0.576 -0.127 | 0.094 0.174* | 0.096 0.013 | 0.052
Distance to road -0.097 | 0.061 -0.252*** | (0.052 0.081** | 0.033 -0.069* | 0.038
CoV rainfall -2.163*** | 0.771 -0.595*** | 0.301 -0.447 | 0.354 -0.076 | 0.477
Rain shortfall 0.002** | 0.001 -0.001 | 0.001 -0.000 | 0.000 0.001 | 0.001
Total monsoon rain -0.011*** | 0.001 -0.001 | 0.001 -0.001 | 0.001 -0.001 | 0.001
pH 0.141** | 0.061 -0.016 | 0.048 0.062* | 0.036 0.089** | 0.036
Mean temp 0.420 | 0.552 -2.202*** | 0.731 -0.273 | 0.244 -0.046 | 0.450
Soil nut. (Sever =1) -0.230*** | 0.076 -0.260*** | 0.064 0.033 | 0.037 -0.115** | 0.049
Cons -2.982 | 1.854 8.416*** | 2.366 0.681 | 0.848 0.220 | 1.478
N 4,072 4,072 4,072 4,072

Note: The mean of time-varying variables, dummy for year and state/regions and are included as additional
regressors, but they are not reported for brevity. *** p<0.01. ** p<0.05. * p<0.10.
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Table 2A: Impact of Agricultural Productivity on Household Consumption Growth Using Crop Specific

Non-Price Productivity Measures

Dep. Var = change in consumption

Coef Se Coef Se Coef Se Coef Se
Cassava productivity 0.184*** | 0.069
Maize productivity 0.047** | 0.022
Millet productivity 0.206** | 0.088
Yam productivity 0.050 | 0.045
Constant 0.308* | 0.160 0.181 | 0.161 0.112 | 0.212 | 0.302** | 0.144
N 2,034 2,034 2,034 2,034
Over identification test of all 20.627*** 42.10%** 11.08*** 21.57***
instruments (Hansen J
statistics): x2
F-test of excluded instruments: 6.14*** 14.14%** 5.47%** 5.38***
F (3, 2003)
Endogeneity test 8.65*** 6.779*** 10.20*** 4.84**

Note: The regression, omitted from the table, controls for household characteristics, wealth indicator, input
use, climate and biophysical variables and a dummy for provinces. *** p<0.01. ** p<0.05. * p<0.10.

Table 3A: Impact of Agricultural Productivity on Household Consumption Growth Using Crop Specific
Non-Price Productivity Measures by Initial Welfare Status

Dep. Var = change in Poor Non-poor Poor Non-poor
consumption Coef Se Coef Se | Coef Se Coef Se
Cassava productivity 0.03* | 0.102 | 0.105*** | 0.118

Maize productivity 0.063* 0.035 0.049* | 0.025
Constant 0.531 | 0.468 0.279 | 0.236 | 0.255| 0.192 -0.080 | 0.414
N 457 1,577 457 1,577
Over identification test of all 8.28*** 12.10%** 24.46%** 12.280***
instruments (Hansen J

statistics): x2

F-test of excluded 2.98*** 3.96%** 8.11%** 5.38***
instruments: F (3, 2003)

Endogeneity test 8.25%** 13.81%** 12.24%** 11.00 ***

Note: The regression, omitted from the table, controls for household characteristics, wealth indicator, input
use, climate and biophysical variables and a dummy for provinces. *** p<0.01. ** p<0.05. * p<0.10.
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Table 4A: Impact of Agricultural Productivity on Household Consumption Growth Using Crop Specific

Non-Price Productivity Measures by Initial Welfare Status

Dep. Var = change in Poor Non-poor Poor Non-poor
consumption coef se coef se coef se coef se
Millet productivity 0.025* | 0.149 | 0.055** | 0.134

Yam productivity -0.062 | 0.058 0.098 0.074
Constant -0.075 | 0.584 | -0.232 | 0.394 | 0.501 | 0.383 | 0.400** 0.172
N 457 1,577 457 1,577
Over identification test of all 3.26 8.00** 10.01%** 42.15%**
instruments (Hansen J

statistics): x2

F-test of excluded 2.63** 2.84** 1.98* 2.76%**
instruments: F (3, 2003)

Endogeneity test 8.24*** 7.00%** 4.51** 2.68**

Note: The regression, omitted from the table, controls for household characteristics, wealth indicator.
Input use. Climate and biophysical variables and a dummy for provinces. *** p<0.01. ** p<0.05.

p<0.10.
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