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ABSTRACT

In this paper, efforts were made to estimate the impact of stall feeding
(SF) technology on households’ milk production and consumption, market
participation as well as land conservation in rural Northern Ethiopia using
data obtained from a survey of 518 rural farmers. Using endogenous switching
regression models, we estimate different outcome indicators for both adopters
from adopting SF (ATT), and non-adopters had they adopted (ATU). The
values of ATT and ATU show that SF adoption increased milk production,
consumption expenditure, number of plantation and of physical construction,
propensity of participating in animal market sale and growing trees in their
plots.

Keywords: Milk production and consumption; Animal market participation
land investment; Endogenous switching regression, Ethiopia.

! Norwegian University of Life Sciences (NMBU), School of Economics and Business,
Box 5003, 1432 As, Norway.
Email: muuz.hadush.gebremichael@nmbu.no



Introduction

Agriculture is an important motor for realizing economic development
in sub-Saharan Africa (SSA) where agriculture accounts for about 43 per cent
of the Gross Domestic Product (GDP) and over 60 per cent of exports (Odame
et al., 2013). Nearly about 90 per cent of the poor depend on agriculture to lift
them out of poverty. However, unlike other regions of the world, the region
have continued to experience low agricultural productivity with its share of 3.9
per cent to world food production in the last decade (Odame et al., 2013). A
large proportion of the rural households in developing countries own livestock,
which are financially valuable and play significant social and economic roles
in rural farms (World Bank, 2008; Herrero et al., 2013). Livestock contribute
to the livelihoods of at least 70 per cent of Eastern Africa’s rural farmers in
terms of income and diet (Cecchi et al., 2010).

In Ethiopia, dairy sector plays an important role in the agricultural
sector (Tegegne et al., 2013). Livestock contributes about 12—-16 per cent of
the total GDP, and 40 per cent of total agricultural GDP excluding the values
of draught power, transport and manure, and contributes to the livelihoods of
about 6070 per cent of the population (Halderman, 2004). Milk and milk
products play a very important role in feeding the rural and urban people. It
also provides 14 million tons of manure annually, which mainly used for fuel.
The value of animal draught power input into arable production is about a
guarter of the value of annual crop production (FAO, 2005; Behnke &
Metaferia, 2011). However, the performance of livestock sector has been poor
compared to the other parts of the world due to inadequate nutritious feed and
poor feeding practices, shrinking of natural pasture lands, animal infection and
weather fluctuation (IFAD, 2007; FAO, 2009; Odame et al., 2013) combined
with the predominance of local, low-yielding breeds, the inadequate
availability of water resources for drinking and the high rates of livestock
mortality (Negassa & Jabbar, 2008).

In spite of its huge potential, production per animal is extremely low
in Ethiopia (CSA, 2008; MoA, 2012). The average milk production is only
1.54 litres per cow per day. The current per capita consumption of milk and
meat is 16 litres and 13.9 kg/year, respectively; being lower than the African
and the world per capita averages, which are 27 kg/year and 100 kg/year,
respectively (FAO, 2009). As a result, Ethiopia is classified as having the
lowest per capita consumption of meat and milk, even among neighbouring
countries like Kenya. Land degradation resulting from free grazing lands and
deforestation reduces the contribution from livestock and pose a threat to food
security in the region (llyin, 2011). Recognizing this, improved agricultural
technologies are widely considered as the key means of addressing low
livestock productivity throughout the region (Diao & Pratt, 2007). The
expansion of improved cattle feeding has been suggested by policy makers
with the objectives of (1) increasing cattle and fodder productivity; (2) halting
land degradation, and (3) generating income (Lenaerts, 2013).
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For instance, stall-feeding (SF) or zero Grazing (ZG) has been widely
recommended and was practiced across sub-Saharan Africa while its pace of
intensification was slower-than-anticipated (Lenaerts, 2013; De Cao et al.,
2013; Bishu, 2014). The practice of stall feeding along with the improved cows
is being promoted in Ethiopia in different phases as potential options for
alleviating animal feed shortage problems and increasing livestock
productivity (Benin et al., 2006; De Cao et al., 2013; Lenaerts, 2013; Bishu,
2014, Klitzing et al., 2014). The introduction of stall-feeding as the system
under which cattle are kept permanently are feed fodder crops, crop residues
via ‘cut-and-carry system’ entails the establishment of garden pastures,
demarcation of the homestead for herding, breeding and fodder trees under
intensive feed gardens for forage production.

Earlier studies using descriptive statistics in the region indicated that
SF /ZG has several benefits over extensive grazing systems: SF offers a regular
income throughout the year as compared to cash crops (Klitzing et al., 2014).
It is also linked to a better utilization of fodder, increased milk output, better
manure management, intensive land use, and low risk of infection by tick-
borne diseases, and protection of animals against theft (Bishu, 2014). Besides,
Garcia et al., (2008) using qualitative method found that SF in Uganda was
economically and ecologically sustainable. Baltenweck et al., (2007) in
Tanzania and Staal et al., (2003) from Kenya proved that ZG was more
profitable than free grazing using simple budget analysis method. De Cao et
al., (2013) revealed that ZG is a potentially useful practice against low
productivity and limited feed availability in Ethiopia. Although SF is believed
to be profitable, its pace of coverage has been recorded to be slow and low in
the region (Nedessa et al., 2005; FAO, 2007; Lenaerts, 2013; Bishu, 2014;
Hadush & Hagos, 2018).

The relative advantage that a new practice offers is one possible reason
for speeding or slowing the adoption of a new practice (Ghadim et al., 2005).
Based on Cary et al., (2001), the expected profit is a decisive factor in adoption
decisions. Ghadim et al., (2005) revealed that the short-term profitability of
new legume crops significantly influenced their adoption. D’Emden et al.,
(2006) found that the adoption of conservation tillage in Australia was
influenced by its cost. The economic and ecological benefits of SF are neither
properly documented nor proper evaluation was designed. The objective of this
paper was, therefore, to estimate adoption of SF and evaluate the impact of
adoption on rural household’s welfare in rural Ethiopia using Endogenous
Regression model (Lokshin & Sajaia, 2004).The paper intends to address
research question of what is the economic impact of SF. To what extent
adopters would be worse off if they had not adopted and how much benefits
non-adopter would gain had they adopted?

The uses of Endogenous Regression model (ERM) allow us to
hypothesize that adopters would be worse off than non-participants if they
decided not to adopt and non-participants would benefit more than participants
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if they were to participate that is we anticipate that the predicted impact for
adopters will decline from real adoption to hypothetical adoption but will
increase from real non-adoption to hypothetical adoption for non-adopters.
This paper is distinguished from past related studies in three ways: First, we
are perhaps the first to show how stall feeding users compared to non-users are
benefitting using proper evaluation design than prior survey studies which
totally neglected the selectivity effects and endogeneity problem. A second is
an approach which provides not only a joint estimation of adoption and its
impact but also estimates of conditional and unconditional expectation. Third,
stall feeding is a new practice in the country whose adoption is recorded to be
slow, may be resulted from non-realization of its positive impact. Being able
to estimate with precision its impact would influence the types of policies that
can be embarked upon the expansion of its coverage.

Literature Review

Livestock is a primary livelihood source for many low-income rural
farmers particularly Sub-Saharan Africa (Grassi et al., 2015). In line to this,
Yilmaetal., (2011) indicated that livestock production in Ethiopia contributes
up to 80 per cent of farmers' income, about 20 per cent of agricultural GDP,
full year employment and share of 16 per cent to export. In spite of large cattle
population size, the contribution of livestock production to agriculture is below
expected level and is further deteriorating (Gebremedhin et al., 2004; llyin,
2011). The average daily milk production was only 1.69 litres with average
lactation length of about 180 days and mean annual milk yield per cow of 305
litres. The per capita milk consumption per annum has decreased from 26 litres
in 1980 to 22 litres in 1993, 19 litres in 2000 and 16 litres in 2009 (Yilma et
al., 2011). A study conducted by Klitzing et al., (2014) in the highlands of
Ethiopia showed that the performance of the sector is challenged primarily by
a low quality and quantity of feed resources and seasonal fluctuations in feed
resources.

Similarly to many other environmentally vulnerable countries,
Ethiopia has faced rampant land degradation in the form of immense of gully
and soil erosion caused by overgrazing and deforestation (Gessesse et al.,
2016; Teshome et al., 2016). In response to extensive degradation of the
resource base, different land management measures such as stone terraces, soil
bunds and agroforestry practices on cultivated fields, as well as area closure
have been introduced (Frankl et al., 2016) in the country. Ewnetu and Bliss
(2010) and Teshome et al., (2016), mentioned that among others, demographic
characteristics, farming practices, agro-ecological conditions, access to roads
and markets, and land-use policies, property rights and level of extension
services are some of the critical factors affecting management investment
decisions in Ethiopia. In view of this, the extent to which the practice of SF
could affect planting decision is examined in this study.

As mentioned above, throughout Sub-Saharan Africa, the introduction
of improved feeding has been seen by policymakers as key objectives of (1)
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increasing livestock productivity; (2) curtailing land scarcity and land
degradation, and (3) generating income. In line to this, stall-feeding (zero
grazing), rotational grazing and tethering where animals are fed dry hay, straw,
cactus and other extra nutritional fodders under a sheltered woody tent or tree
shelter have been widely recommended across the region and was practiced in
the highlands of Kenya, Tanzania and Ethiopia (Gebremedhin et al., 2009;
Lenaerts, 2013; Bishu, 2014; Klitzing et al., 2014) although its expansion was
slower-than-anticipated.

Sserunkuuma (2005) in his study of the adoption of land management
technologies in Uganda found that low adoption of improved technology is
associated with low profitability. Farmers tend only to use technologies that
they consider profitable despite all other non-monetary factors that could
determine technology adoption decision (Kabirizi, 2006).

The practice of SF in Uganda was found to be economically and
ecologically sustainable (Garcia et al., 2008). Zero grazing in Tanzania was
more economically and environmentally viable where improved cows under
this practice produce 1.500 litres of milk per lactation of 1.5 years at a cost of
1.000 hours annually for collecting fodder and water (Holtland, 2007) but Meul
et al., (2012) in Australia found that zero-grazing performed significantly
worse from an ecological and economic point of view. A recent study by
Klitzing et al., (2014) in Ethiopia revealed that fodder productivity from SF
schemes are higher than from Free Grazing (FG) schemes, leading to overall
livestock productivity and higher welfare gain. A survey study conducted by
Nyssen et al., (2007) in the Tigrai also show that modern grazing practices had
ecological and economic benefits. Likewise, Hadush and Hagos (2018) using
IV 2SLS found that ZG increases milk production and reduces probability of
newly born calf death in Tigrai.

Nalunkuuma et al., (2013) indicated that adoption of ZG had a positive
impact on farmers’ breed cow possession in Kenya. De Cao et al., (2013)
revealed that ZG was a useful practice to improve cattle productivity and feed
availability by reducing free grazing months in Ethiopia. Another result
confirmed that almost 80 per cent of the farmers that adopted improved breeds
also adopted stall feeding (Benin et al., 2006).The finding from Turinawe et
al., (2011) revealed that farmers using improved forage technology had
significantly higher gross profit and number of breed cows than those using
local feeding methods in Uganda. Results from Wambugu et al., (2011)
indicated that, on average, the value of milk in the ZG system was Ksh. 6,091,
compared to Ksh. 5,189 in FG systems. Lactation length under SF is 450 days
versus 200 days for free grazing. Pre-weaning calf mortality is about 10 per
cent per annum in ZG than 25 per cent in FG. However, about 730 hours of
labour per cow per year is required for SF than 330 hours for FG and hence
households practicing ZG incurred higher monthly variable costs per lactating
cow compared to that for non-ZG.
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An empirical study of Hadush (2018) in Tigrai showed that village
grazing land, village exclosure area, labour, cattle stock, farm size, animal
shock exposure, number of breed cows, access to information and village
exposure to stall feeding are key factors of SF adoption. SF is also supposed
to minimize risks mainly associated with cattle contact and disease prevalence
in FG (Bishu, 2014). While agronomic benefits of this practice are well
documented, economic  benefits, however, remained unexplored
(Gebregziabher & Gebrehiwot, 2011; Hadush, 2018; Hadush & Hagos, 2018)
in the study region.

Theoretical Model

In most cases, smallholder farmers make an important decision when
they choose to participate in a new intervention. In order to estimate the effect
of stall feeding on milk production, consumption and market participation, the
farm household model in which household maximize utility subject to income,
production, and time constraints (Singh et al., 1986) was adopted as a
framework. The choice of this model is based on its merit of integrating the
production, consumption and work decision-making processes of the farm
household in a single framework. This paper mainly draws from Fernandez-
Cornejo et al., (2005) who expanded the model of Huffman (1991) to include
technology adoption decisions.

Farm households are assumed to derive utility (U) from purchased
consumption goods (G) and a vector of members’ leisure and non-economic
activities at home (L), and the level of utility obtained from G and L is
influenced by exogenous factors such as human capital (K) and other
household characteristics (C). Consulting the work of Fernandez-Cornejo et
al., (2005), the utility is denoted by:

MaxU = U(G,L; K, C) (1)

Where U is assumed to have the usual regularity properties of a utility
function, such as twice differentiability, quasi-concavity, and increasing
inG,L; K, C. The objective of the farm household is to maximize utility from
the consumption of goods and leisure subject to the farm production, income,
and time constraints:

Time constraint: T=F(SF)+ M+ LM =0 (2)
Production constraint: Q = Q[X(SF),F(SF),K,SF,R],SF =0 3)
Income constraint: PG=PQ-W, X"+ WM+ A (4)

The production technology (3) is assumed to have all the regularity
conditions, such as twice differentiable, increasing in inputs, etc. The total
household’s time endowment (T) is devoted to leisure (L); working on the
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farm (F); and off-farm work (M), while the farm output level (Q) depends on
the quantity of farm inputs (X) such as land, capital, breed cows, feed etc. and
the practice of new feeding (SF),where SF is considered to be labour and
feed-saving technology adoption decision, resulting in some free time and
money for other activities, F, K, and a vector of exogenous variables that
shifts the production function (R).The adoption of labour-saving technology
SF reduces the labour requirement in cattle farm production. Thus, its adoption
should be incorporated into the production technology implicitly, not as a
shifter of the production function. The adoption of SF, is further affected by
households’ animal shock exposure (S), private social capital (N), household
assets(E), K and C. Thus:

SF = (S,N,E,K,C,R) (5)

Equation (4) displays the budget constraint on household income
where P,G is the income available for purchase of consumer goods at a price
Py, and it depends on the output price (F;) and quantity (@) of farm output;
vector input prices (W,) of quantity (X) of farm inputs; off-farm wages
(W)and the amount of time spent working off-farm (M) as well as
exogenous household income such as private assistance and safety net support
(A). Substituting equation 3 into equation 4 produces a farm technology-
constrained measure of household income:

P,G = P,Q[X(SF),F(SF),K,SF,R] — W,X(SF) + WM’ + A (6)

Maximizing Lagrangian expression (%) over (G, L) but minimizing it
over (A, n) yields the Kuhn-Tucker first order conditions:

% = U(G,L;K,C) + A{P,Q[X(SF),F(SF),K,SF,R] — W, X(SF) + WM' +
A—P,G}+n[T —F(SF)—M - L] @)

where A and n_ represent the Lagrange multipliers for the marginal
utility of income and time, respectively. The Kuhn-Tucker first-order
conditions are:

oL

- Us—A5=0, (7.1)

Z_f = U,-n=0 (7.2)

o - 2 WX OF

% - [P {ax asr T oF aSF}] Wegsr ~Mosr = 0 (7.3)
ax = A[P_‘W] 0, (7.4)
2 = AW —n=0 (7.6)

é = PQ[X(SF),F(SF),K,SF,R] - W, X(SF) + WM' + A—F,G=0(7.7)
g—§= T—F(SF)—M—1L=0 (7.8)
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Based on the Kuhn-Tucker condition solution (Fernandez-Cornejo et
al., 2005), solving the model, we could find the following input demand
functions:

X* = (W, P, SF,W,K,CT) (8)

Thus, the reduced-form expression of the optimal level of household
milk income (Y*) can be obtained by substituting the optimal input demand
functions into the technology constraint (3) as follows;

Y* = (W, P, SF,W,K,C,R,T) 9

Likewise, solving jointly equations (7.1),(7.2),(7.7) and (9),
household demand for consumption goods (G) can be expressed as:

G = (SF, P, P, Y", A KCT) (10)

Thus, the reduced forms of Y*and G are affected by a set of
explanatory variables, including SF where this paper is mainly intended to
estimate the effect of SF on household milk income, household consumption
of milk and milk products, market participation and land conservation.

Description of the Study Area and Data

The study is conducted in Tigrai region, the northern part of Ethiopia
by randomly selecting 632 sample households. This study used a cross-
sectional data from Tigrai Rural Household Survey (TRHS)? data collected in
2015. The available panel dataset provides comprehensive household and plot
level data. The primary data used in this paper is adapted from the last,
2014/2015, household survey. Table 1 presents the basic socio-economic
characteristics of 518 livestock owner-farmers drawn from a total of 632
sample farmers. The estimation of SF’s impact on milk production and
consumption reduces our sample size from 632 sample farmers to 518, those
who only have cattle and harvested milk during the study year.

The outcome variables in this paper include households’ milk
production; animal product (milk, butter, cheese, yogurt, and dung)
consumption, animal sale market participation, lactation length during the
survey production year. As noted earlier, adopters are classified as farmers
those who practice stall feeding at least for one animal in the full year (FSF)
or in an at least single season (SSF) during the survey period, while non-
adopters are farmers that follow traditional free grazing. The result showed that

2 TRHS includes a panel of five rounds conducted in 1997/98, 2000/01, 2002/03,
2005/06 and 2014/2015 where the author is involved only in the last round.
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the percentage of full adopters and non-adopters in the full year round is
reported to be 36.1 per cent and 63.9 per cent respectively. However, farmers
practicing SF at least in one season are 55.6 per cent, whereas those non-
adopters are 44.4 per cent in the study area. Tablel report summary statistics
for the selected outcome indicators and key household characteristics.
Adopters of SF are seemingly better off than non-adopters in many aspects.

The average milk yield of a dairy cow in the study area is estimated to
be 1.69 for adopters and for non-adopters 1.46 litres per cow per day, which is
much lower than in neighbouring Kenya (Wambugu et al., 2011). Moreover,
adopters are more likely to be involved in animal and animal product markets
than non-adopters, 54 per cent of the adopters have participated in the market
compared to that of non-adopters (51 per cent). Adopters have a significantly
higher annual milk and meat consumption expenditure, lactation period. These
all indicators point to the fact that adopters are likely to be benefited more than
non-adopters. The same statistical analysis result shows that adopting farmers
have lower herd size (3.9 TLU) than non-adopters (4.1TLU) but have a higher
number of milking cows (72 per cent) than 64 per cent for non-adopters.

Tablel: Description and summary statistics for SF adoption decision

Variable description Non-adopters Adopters T=test
Mean Mean P-value

Network( assistance from 1336.3 1508.8 0.7023

relatives/friends ,ETB )

Gender (1=if household head is male) 0.7643 0.8395 0.2973

Education (1=if household head is 3716 0.4545 0.0646

literate)

Credit (1=if household had access to 0.2416 0.2834 0.2973

credit in 2014/2015)

Cart (1=if household head own cart 0.0906 0.1497 0.0406

tool)

Improved (1=if household head had 0.0120 0.1122 0.0000

breed cows)

Information (1=if household own 0.1359 0.3048 0.0000

Radio, TV and Mobile)

Fodder shed (1=if household head own  0.0060 0.0320 0.0209

fodder shed)

Location (1= if household lives above 0.0664 0.0588 0.7329

2000m.a.s.l)

Distance to nearest road (in walking 34.38 28.27 0.0363

minute)

Household head age (years) 57.66 57.26 028.27

Family labour (Hours) 82.31 91.19 0.1619

Farm income (Ethiopian currency, 6689.5 5319.7 0.3284

ETB; 1$~24 ETB in 2015)
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Table 1 contd...: Description and summary statistics for SF adoption decision

Variable description Non-adopters Adopters T=test
mean Mean P-value
Grazing area to household ratio 0.0018 0.0012 0.0000
(Ha/number)
Distance to free grazing (walking 54.85 62.77 0.0310
minute)
Forage expense (ETB) 143.59 112.2 0.1660
Total plots owned by the household 3.480 3.887 0.0236
(number)
Village Experience of SF (year) 3.214 4.331 0.0000
Distance to market (walking minuets) 79.14 78.77 0.9407
Off farm income (ETB) 3638.1 6678.8 0.2363
Value of all farm tools (ETB) 549.89 797.01 0.0625
Farm size(ha) 1.173 1.132 0.6835
Distance to nursery (Walking minutes)  59.85 58.58 0.7863
Feed supplementary expense (ETB) 144.07 112.70 0.0071
Total family size (number) 5.65 6.25 0.0071
Access to animal shed (Yes=1) 0.0574 0.1122 0.0246
Veterinary expense (ETB) 118.2 103.88 0.2018
Dependent variables in the first equation
Total herd size (TLU) 4.078 3.953 0.6520
Total milk production per household 2.134 2.465 0.1376
(litre/day)
Milk yield (litres per cow per day) 1.459 1.699 0.0033
Animal shock experience (Yes=1) 0.157 0.283 0.0006
Hired labour (Yes=1) 0.414 0.342 0.1084
Lactation period (months) 7.609 8.459 0.0000
Own milk and milk product 1549 1856 0.2101
consumption expenditure (ETB)
Animal and animal product market 0.514 0.540 0.5626
participation (Yes=1)
Length of biophysical construction 189.35 233.8 0.4816
(metre)
Growing trees in plots (Yes=1) 0.224 0.305 0.0411
Number of plants planted on household  80.466 217.35 0.0801
plot (number)
Keeping milking cows (Yes=1) 0.6465 0.7272 0.0595

Source: Own compilation, 2015

As expected, previous shock exposure of 2012 to 2014 (shocks due to
drought, flood, theft, animal illness and death, loss of animal due to wild
animal attack) for adopters is relatively higher ranging from 16 per cent for
non-adopters and 28 per cent for adopters. Adopters of SF had a higher number
of family members, number of plots, better access to a mobile telephone, and
reside close to the nearest road than non-adopters. Adopters of SF were mainly
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male headed, had higher access to formal credit and reside far away from the
free grazing area than non-adopters. Yet another comparison shows that
education level, grazing area ratio, SF exposure, and access to fodder shed and
animal shed are significantly different between adopters and non-adopters.
Specifically, adopters have more literacy rate and significantly more SF
exposure, access to fodder and animal shed. Contrary to expectations, adopters
also have a higher value of farm tool and a lower feed supplementary expense
than non-adopters. Adopters have more than twice as much breed cows and
farm cart as their non-adopting counterparts.

Endogenous Switching Regression Model

Estimation of the economic gain of adoption of agricultural
technologies such as stall feeding based on non-experimental observations is
not trivial because finding a proper counterfactual to treatment is the main
challenge in impact evaluation. Adoption is a voluntary decision where farmers
themselves decide to adopt or not to adopt based on the information they have.
Therefore, adopters and non-adopters may be systematically different. When
comparing adopters with non-adopters, adopters might differ on additional
unobservable characteristics such as ability, awareness, information or
motivation that could have a direct effect on the outcomes beyond adoption.
That is, without stall feeding, outcomes might have been higher for adopters
or lower for non-adopters as well, due to unobserved characteristics (Blundell
& Costa Dias 2000). Treating adoption as an exogenous variable and applying
OLS would result in inconsistent parameter estimate.

The other econometric issue is that even if we account for the
endogeneity, it may not be proper to use a pooled model estimation which
assumes that the set of covariates has the same impact on adopters and non-
adopters. If it is assumed that covariates have differential effects on household
outcome, separate welfare outcome functions for adopters and non-adopters
have to be specified. The econometric problem will, therefore, contain both
endogeneity (Hausman, 1978) and sample selection (Heckman, 1979). More
generally, the problem is that farmers in each of the two regimes are not the
same with respect to variables that are correlated to the error term. This
motivated the researchers to employ an ESR model used by Alene and
Manyong (2007) following Lokshin and Sajaia (2004) which allows the
researcher not only to simultaneously estimate the binary and continuous parts
of the model in order to yield consistent standard errors but also to account for
both endogeneity and sample selection bias based on joint normality of the
error terms assumption.

Basically, ESR has two steps: the first step in the ESR is to specify the
selection model so as to determine factors influencing stall feeding adoption
based on a probit function as specified by Equation (11).

D; =1ifD; >0 (Adoption of stall feeding)
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D; =0ifD; <0 (non— adoption of stall feeding)

Where, D; , is the latent variable for stall feeding adoption, Dj is its
observable counterpart equals one if the farmer has adopted SF, and zero
otherwise, Z; are vectors of exogenous farm and non-farm characteristics
determining adoption and ¢g; is random disturbances associated with the
adoption. The second step in the ESR is to define a separate outcome functions
for the two groups. The welfare functions can be expressed as:

Regime 1:Y;; = X;;8; + ey; if D; = 1 (outcome of stall feeding users) (12)
Regime 2:Y,; = X;;, + e,; if D; = 0 (outcome of non-users of stall feeding)

X; and X, are vectors of weakly exogenous variables. 3; and 8, are
vectors of parameters; and e; and e, are random disturbance terms. Y;
represents outcomes measured in terms of milk produced and consumed,
lactation period and animal market participation etc. Unfortunately both ¥; and
Y,can not be observed for a single animal at the same time. But the difference
between the two is exactly what the author intend to discover, that is, the
author is interested in (I) the difference between the outcome of the user
and their expected outcome had they not practiced stall feeding, and (II) the
difference between the benefit of the non-user and their expected benefit had
they adopted stall feeding. The mathematical explanation of these outcomes
can be presented as:

Yii —E(Y3;|D; = 1) (benefit of adopters) (13)

Y,; —E(Y1;1D; = 0) (forgone benefit of non-adopters)
Assuming that &; e;; and e,;have a trivariate normal distribution, with
mean vector zero and covariance matrix:

2
0p Op1 Oo2
— 2
COV(El, &y, 80) = 1010 01

2
(1) . g,

Where o and a7 are variances of the error terms, e, and e, ; o§ is the
variance of the error term, &, which can be assumed to be equal to 1 since the
coefficients are estimable only up to a scale factor (Lokshin & Sajaia, 2004);
010 1S the covariance of e; and g, and oy is the covariance of &, and g,.
SinceY;and Y, are never observed simultaneously at the same time in a single
cow or oX, the covariance between &, and &, is not defined and therefore
indicated as dots in the covariance matrix and since the error term of the
selection equation is correlated with the error terms of the outcome functions,
the expected values of e; and e, conditional on the sample selection are non-
zero and are defined as:
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o(Ziy)
Eley;|D; = 1] = 010Wi;) = 010M1i (14)

P(Ziy)
Eley;|D; = 0] = 920 oz — 02072

Where ¢(.) and &(.) are the standard normal probability density
function and normal cumulative density function respectively. In this case, a
statistical significance of the two estimated covariance, &;, and &, indicates
that the decision to adopt and outcome variable are correlated implying the
presence of endogenous switching and the null hypothesis of the absence of
sample selectivity bias is rejected. Full Information Maximum Likelihood
(FIML) method was employed for our estimation as it is a more efficient
method of estimating endogenous switching regression models (Lokshin &
Sajaia, 2004). The logarithmic likelihood functions are given the assumption
of trivariate normal distribution for the error terms:

InL; = XL, {Di [lnqﬁ (&) —Ino; + ln(b(@ll-)] + (1 -D;) [lnqb (‘;_221) -

01
Ino, +In(1 - (6,))|} (15)
Where 6;; =w% , with j=1, 2, and p; represents the

1—p]g

correlation coefficient between the error terms ¢; of the selection model and
the error terms e;; and e,;0f the outcome equation. Even if there is only one
dependent variable, the set of exogenous variables in the first regression might
be different from the set of exogenous variables in the second regression.
Hence, both equations must be specified (Lokshin & Sajaia, 2004). In addition,
we followed the usual order condition that Z;contain at least one variable not
in X; imposing an exclusion restriction on Equation (14). These variables do
not have any direct effect on the outcome variable, although they are
hypothesized to affect the probability that the household adopts improved
technology.

The use of endogenous switching regression model has an additional
advantage in comparing the expected outcome of adopters (1) with respect to
the households that did not adopt (1), and to investigate the expected outcome
in the counterfactual hypothetical cases (l11) that the adopted households did
not adopt, and (IV) that the non-adopters households adopted. Thus, the
conditional expectations for our outcome variables in the four cases are
denoted as:

(1 E(Y1;|D; = 1) = X131 + 0107
(1) E(Y|D; = 0) = Xpi8, + 020M2;
(1) E(Y|D; = 1) = Xy, + 020M14
(IV) E(Yy;|D; = 0) = Xp;81 + 01072

Cases (1) and (Il) indicates the actual expectations observed in the
sample whereas cases (I11) and (IV) represent the counterfactual expected
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outcomes. Furthermore, the effect of the treatment ‘to adopt’ on the treated
(TT) is calculated as the difference between (1) and (I11), and the effect of the
treatment of the untreated (TU) for the households that actually did not adopt
as the difference between (IV) and (Il) the procedures taken by Heckman
(2001), and Di Falco and Veronesi (2013) that compares the performance of
climate change adaptation strategies in Ethiopian agriculture via calculating
adopters from adaption (ATT) and non-adopters had they adoption (ATU). We
also label BH; as “the effect of base heterogeneity” for the group of farmers
who decided to adapt as the difference between (1) and (I1). In a similar fashion,
BH,, for those farm households who decided not to adapt and calculated as the
difference between (111) and (11).

(1) TT =E,lD;=1) —E(Yy|D; = 1) = Xq;(B1 — B2) + (010 —

02011 (16)
()  TU = E(Yy;|D; = 0) — E(Y2;|D; = 0) = X5;(B1 — B2) + (010 —
020)72i

(IV)  BHy = (Yy;|D; = 1) — E(Yy;|D; = 0) = (Xq; — X20)Bu +
o10(M1i — M2:)

V) BH, = (Yy;|D; = 1) —E(Yy|D; = 1) = (X1; — X)) P +
020(M1i — M2:1)

Empirical Results

We first focus on the adoption of SF in the selection equation (11).
Second, we explain the factors affecting the outcome variables estimated by
equations (12), depending on whether farmers are adopters or non-adopters.
Finally, we estimate ATT for adopters and ATU for non-adopters by
equation (16).

Determinates of Adoption and Outcome Variables

The estimates of the determinants of adoption and outcome variables
are presented in Tables 2. As noted previously, the FIML method estimates
both the adoption and the outcome equations jointly. Results from the selection
equations are discussed first. The estimate results for the probability of
adopting the technology are generally in agreement with our earlier
expectation. In all specifications, the same variables almost have statistically
similar effects on adoption. The correlation coefficients (o, and p,,) between
the error terms of the selection and outcome equations are reported at the
bottom section of the same table as an indication of selection bias. A statistical
significance of any of them signalled to accounted for self-selection issue .The
correlation coefficients for the adopters (p,) and non-adopters (p,) equations
are both negative but statistically insignificant, suggesting that both groups are
not better or worse off than a random farm household. The insignificance of
the likelihood ratio tests for independence of equations also proved that there
is no joint dependence between the selection equations and the outcome
equations for adopters and non-adopters (Table 2) as in the case of Di Falco
and Veronesi (2013).
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However, the differences in the milk production (Table 2) and
consumption (Table 3) equation coefficients between the farm households that
adopted and those that did not adopt illustrate the presence of heterogeneity in
the sample. The selection results are only discussed briefly as our main
objective is to evaluate the impacts on different outcomes. Column (3) of Table
2 shows that factors influencing the household decision to participate in FSF
are: zonal variation and access to information, animal feed shed, breed cow,
village exposure to SF, animal shock and location; forage use and total feed
value. The variable representing access to information is positive and
significantly different from zero, suggesting that more-informed farmers are
more likely to adopt FSF. This finding is consistent with the findings of
(Deressa et al., 2009; Gunte, 2015; Hadush 2018), who revealed a positive
relation between access to information and technology adoption in Ethiopia.
The variable access to animal feed shed is also positive and statistically
significant in the selection model, indicating that farmers with feed shed are
more likely to adopt the technology.

The possession of improved cow and previous animal shock exposure,
forage expense and total feed value are statistically significant with a positive
sign, inducing farming households to adopt SF technology. As noted by
Turinawe et al., (2011) in Uganda and Hadush (2018). In Ethiopia, adoption
of SF was significantly and positively influenced by the number of breed cows,
and relevant findings of Holden and Westberg (2016) indicated that cereal
plantation and fertilizer application were positively correlated with risk
aversion for net buyers of food in Ethiopia. Ayenew et al., (2015), found that
farmers with a higher level of relative risk premium were more likely to opt
for crop diversification in Ethiopia. Farmers living in lowlands area showed
more interest in the SF use and this opposes the results of Bishu (2014) once
zonal variation is controlled.

Smallholder farmers in Ethiopia mainly depend on grazing land and
crop residue to feed their animals (Tegegne et al., 2013). The estimation results
show that grazing area ratio, access to animal feed shed and breed cow
positively affect the milk production of adopters. Makoni et al., (2014) argue
that the increase in milk production may have come mainly from increased
number of cows rather than increased productivity while Adane et al., (2015)
indicated that higher grazing land and number of breed cows per household
were positively associated with the higher the milk output in Ethiopia.

The variables hired labour and family labour had opposite signs with
hired labour having a negative effect and family labour having a positive effect
on milk output of non-adopters. Adane et al., (2015) and Del Corral et al.,
(2011) found that there is a strong relationship between family labour and milk
production. In addition, the agro-ecology variation in which household reside
determines the level of household milk production for both groups negatively.
The availability of fodder shed and purchased supplements are also found to
have unexpected negative effects on milk production mainly for adopters. This
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result is inconsistent with other studies on milk production (Del Corral et al.,

2011; Adane et al., 2015).

Table 2: Endogenous switching for FSF adoption and milk production

Variable (FSF=1) (FSF=0) (FSF=1/0)
Milk yield Milk yield Selection
Province5 (South East) -0.463 -0.770*** 0.948**
(0.309) (0.182) (0.370)
Province 3 (Central) -0.748*** -0.826*** 1.564***
(0.270) (0.275) (0.396)
Province 2(Eastern) -0.683*** -0.887*** 0.760**
(0.222) (0.187) (0.353)
Province 4 (North west) -0.396 -0.685*** 0.458*
(0.257) (0.143) (0.252)
Total cows (count) 0.0316 -0.0367 -0.0534
(0.0618) (0.0268) (0.0690)
Hired labour (Yes=1) 0.138 -0.240%** 0.0499
(0.140) (0.0902) (0.178)
Grazing area to household ratio (ha/hh) 48.27** 13.99 -35.00
(24.02) (13.73) (49.72)
Total animal feed value (ETB) -9.02e-06 1.06e-05  3.43e-05***
(1.01e-05) (8.00e-06) (1.15e-05)
Forage expense (ETB) -0.0657 -0.00264 0.357*
(0.159) (0.114) (0.183)
Feed supplementary cost (ETB) 0.000250 -0.000161*** -1.00e-05
(0.000154) (5.25e-05) (0.000153)
Veterinary expense (ETB) -0.00144 0.000406 -0.000599
(0.00148) (0.000263) (0.000755)
Location(Highland=1) 0.241 0.155 -0.754*
(0.237) (0.206) (0.448)
Improved cow (Yes=1) 0.471* -0.381 1.556***
(0.278) (0.271) (0.383)
Access to pond (Yes=1) -0.140 -0.387* -0.449
(0.200) (0.233) (0.767)
Access to animal shed (Yes=1) 0.520** -0.161 0.336
(0.209) (0.141) (0.334)
Access to fodder shed (Yes=1) -0.534*** -0.605** 1.732**
(0.161) (0.255) (0.699)
Household head age (year) 0.000937 0.00166 -0.00430
(0.00523) (0.00289) (0.00578)
Animal shock exposure (Yes=1) -0.122 0.189 0.473**
(0.177) (0.116) (0.188)
Family labour (Hours) 0.00203 0.00107* 0.000891
(0.00123) (0.000550) (0.00105)
Information access (Yes=1) 0.381**
(0.186)
Village exposure to SF (years) 0.144**
(0.0705)
Constant 2.081*** 1.863*** -1.638***
(0.381) (0.182) (0.464)
Ins1, Ins2 - -0.556 (0.164)™"
0.271(0.132)**
P1, P2 -0.363 (0.266) 0.166 (0.354)
LR test of indep. eqns (PV 0.2058
Observations 364 364 364

P values are for slopes: ***P < 0.01, **P < 0.05, and *P < 0.10 = significant at 1%,
5%, and 10% probability level, respectively’
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Table 3: Endogenous switching for FSF adoption and milk and meat

consumption expenditure

Variable (FSF=1) (FSF=0) (FSF=1/0)
Consumption Consumption Selection
Family size (count) 18.36 31.65 0.0445
(98.52) (47.64) (0.0332)
Household head sex 751.5%* -102.2 0.401*
(Male=1) (341.2) (262.0) (0.214)
Household head age -16.44 5.832 -0.00239
(year) (10.13) (8.664) (0.00513)
Household head education -374.3 -99.19 0.0350
(literate=1) (362.6) (298.7) (0.155)
Total food Expenditure 0.0823*** 0.0413*** 1.81e-06
(ETB) (0.0208) (0.0138) (3.19e-06)
Farm size(ha) -63.41 71.42 0.0310
(84.29) (155.7) (0.0582)
Total farm income (ETB) 0.0401 -0.00273 -7.93e-06
(0.0381) (0.00253) (6.06e-06)
Total off farm income 0.0226 -0.00336 -3.90e-06
(ETB) (0.0187) (0.00315) (5.67e-06)
Religion of household -593.2 -51.60 0.488**
head (Orthodox=1) (623.1) (317.2) (0.211)
Location of household 713.0 -174.8 -1.080**
(Highland=1) (791.4) (203.5) (0.451)
Information access(TV, 148.6 124.4 0.546***
Radio & mobile=1) (395.2) (357.8) (0.183)
Herd size(TLU) 155.4%%** 186.9%** -0.0216
(59.18) (49.73) (0.0237)
Access to formal credit 737.2 1225 -0.0302
(Yes=1) (482.0) (272.3) (0.168)
Animal shock experience -182.0 -130.3 0.338*
(Yes=1) (363.8) (362.8) (0.183)
Distance to free grazing 0.00168
land (walking minute) (0.00183)
Exposure of SF(years) 0.322%**
(0.0560)
Constant 1,038 -261.2 -2.587***
(1,251) (503.9) (0.503)
Ins1, Ins2 7.552(0.045)***  7.527(0.0001)™"
01, P2 -0.318 (0.280) 0.0023(0.124)
LR test of indep. eqgns 0.1434
(PV
Observations 364 364 364

P values are for slopes: ***P < 0.01, **P < 0.05, and *P < 0.10 = significant at 1%,

5%, and 10% probability level, respectively.

Referring to Table 3, the ESR estimate for the milk and meat product
consumption expenditure indicated that the correlation coefficients between
the error terms in the selection and the outcome equations (p; and p,) are not
statistically different from zero — implying that the switch is not endogenous.
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Expectedly, an increase in household herd size results in increment of 155 ETB
consumption expenditure for adopters while higher total food expenditure
contributes positively to expenditure on milk and meat products. This finding
is in consonance with economic theory, which posits that farmers with higher
asset spend more on consumer goods and is in conformity with the literature
findings of milk consumption expenditure (Aidoo et al., 2009; Oni &
Fashogbon, 2012).

A similar relationship was also reported in Kenya where dairy cow
ownership increased consumption of milk products by 1.0 litre per week
(Nicholson et al., 2004). The results also showed that adopting male farmers
recorded a significant consumption expenditure in milk and milk products in
line with the results of Oni and Fashogbon (2012). A positive effect was
observed between household total food expenditure and milk consumption
expenditure. This finding was in agreement with the result of Oni and
Fashogbon (2012), where they reported that as food expenditure increases the
consumption of milk and milk products expenditure increases in Nigeria.

The ESR empirical results for the probability of participating in animal
and animal product sale in Table 4 showed that participation in animal and
animal products markets were influenced to a great extent by family size,
distance to market, cattle size, population density, animal shock,
agroecological location and agro-ecology variation and not so much by farmers
‘literacy. Farmers with more family member and cow number living in the
highland participated more in an animal market. However, ownership of oxen
and animal shock experience reduced participation in the market for animals
and animal product. These findings reinforce the findings of Ehui et al., (2003)
and Kuma et al., (2014) where they found that oxen holding reduced dairy
product sale while cow stock increased live animal or dairy product sale in
Ethiopia.

Table 4: Endogenous switching for FSF adoption and animal sale market
participation

Variable (FSF=1) (FSF=0) (FSF=1/0)
Participation Participation Selection
Distance to market (walking 0.000197 0.00262* -0.000370
minutes) (0.00180) (0.00137) (0.00126)
Distance to nearest road 0.00186 0.000615 -0.00338*
(walking minutes) (0.00260) (0.00193) (0.00187)
Population density(ratio) -0.000125 -0.000142* 0.000109
(0.000117) (8.17e-05) (8.21e-05)
Household head age (year) 0.00356 0.00432 -0.00853
(0.00587) (0.00543) (0.00523)
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Table 4 contd...: Endogenous switching for FSF adoption and animal sale

market participation

Variable (FSF=1) (FSF=0) (FSF=1/0)
Participation Participation Selection
Household head sex (Male=1) -0.281 0.0124 0.563***
(0.239) (0.204) (0.174)
Family size (number) 0.00752 0.0950*** 0.00707
(0.0386) (0.0340) (0.0283)
Household head education 0.111 -0.0786 -0.0407
(literate=1) (0.172) (0.153) (0.137)
Total oxen number -0.0289 -0.118** 0.0218
(0.0540) (0.0572) (0.0440)
Total cow number 0.130* 0.0595 -0.00641
(0.0718) (0.0547) (0.0458)
Farm size (ha) 0.101 -0.0839 0.0646
(0.114) (0.0965) (0.0629)
Breed cow possession (Yes=1) -1.028*** 0.0187 1.849***
(0.326) (0.868) (0.334)
Information access (TV, radio & -0.166 -0.196 0.423***
mobile=1) (0.190) (0.216) (0.164)
Mean milk price (ETB) -0.000983 -0.000483 -0.000862
(0.00306) (0.00210) (0.00280)
Social network (got assistance=1) -1.48e-06 -1.34e-05 1.38e-05
(1.71e-05) (1.72e-05) (1.63e-05)
Access to formal credit(Yes=1) -0.0837 0.0857 0.0689
(0.192) (0.168) (0.144)
Province 1(Southern) 1.106** 0.439 -1.383***
(0.439) (0.362) (0.300)
Province 2(Eastern) -0.127 -0.0886 -0.459*
(0.268) (0.288) (0.279)
Province 3( Central) -0.146 -0.150 0.510*
(0.267) (0.463) (0.265)
Province 4(North west) 0.502* 0.189 -0.580***
(0.277) (0.275) (0.221)
Location of household 0.601* 0.613** -0.585**
(Highland=1) (0.339) (0.310) (0.296)
Animal shock experience (Yes=1) -0.527%** -0.120 0.435***
(0.197) (0.211) (0.159)
Distance to free grazing land 0.00515***
(walking minute) (0.00152)
Exposure of SF(years) 0.214***
(0.0504)
Constant 0.698 -0.899* -1.356***
(0.467) (0.503) (0.506)
P1, P2 -14.19  -0.625 (0.519)
(1.550)™
LR test of indep. egns (PV 0.0005
Observations 518 518 518

P values are for slopes: ***P < 0.01, **P < 0.05, and *P < 0.10 = significant at 1%,
5%, and 10% probability level, respectively.

A negative relationship was also reported between population density
and market participation (Ehui et al., 2003). In a similar study area, Ehui et al.,
(2003) also showed that farmer participation in livestock markets sales was

45



positively associated with longer distance to market and higher population
density. As expected, animal shock exposure was found to have an inverse
relationship with participation in the animal market. However, farmers living
in the highland unexpectedly appeared to have a high probability of
participation in an animal sale market than people from the lowland (Tegebu
et al., 2012). In confirming with our expectation, belonging to Southern and
Northwestern zones, which are relatively endowed with population livestock
in the region, increased the probability of participating in an animal market.

The ESR second-stage results as presented in Table 5 displayed that
propensity to grow trees was significantly affected by some factors. The result
clearly indicated that household size and family labour were positively and
significantly correlated with the propensity to growing trees while hired labour
results in lower willingness to plant trees. This finding is consistent with earlier
studies by Alamirew (2011) and Gessese et al., (2016), who both reported that
family size had a positive and significant influence in adopting land
management technology (tree planting) in Ethiopia As shown in Table 5,
distance to nursery and access to animal cart had negative and significant
influences on tree-planting decisions in contrast to studies which confirmed
that there was a positive and significant relationship between farm tool and
land management technology adoption (Teshome et al., 2016) in Ethiopia. The
probability of growing trees was also strongly correlated with household
head’s age in contrast with Gessese et al., (2016).

Table 5: Endogenous switching for FSF adoption and propensity to plant

Variable (FSF=1) (FSF=0) (FSF=1/0)
Propensity to  Propensity to Selection
plant plant

Family size (number) 0.0877 0.0922** 0.0718**
(0.0580) (0.0424) (0.0281)
Household head age (year) 0.0157** 0.00745 -0.00516
(0.00789) (0.00612) (0.00446)
Household head sex -0.0956 -0.160 0.427**
(Male=1) (0.309) (0.234) (0.183)
Household head education 0.214 0.104 -0.0620
(literate=1) (0.226) (0.184) (0.139)
Distance to nearest nursery -0.00501** -0.00360* 0.000621
(walking minutes) (0.00216) (0.00201) (0.00133)
Social network( got -3.13e-06 -2.62e-05 7.09e-06
assistance=1) (2.60e-05) (2.53e-05) (1.21e-05)
Farm size(ha) 0.0906 0.0463 0.00148
(0.0575) (0.109) (0.0532)
Herd size(TLU) -0.00372 -0.0267 -0.0274
(0.0391) (0.0331) (0.0241)
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Table 5 contd...: Endogenous switching for FSF adoption and propensity to
plant

Variable (FSF=1) (FSF=0) (FSF=1/0)
Propensity  Propensity to Selection
to plant plant

Information access (TV, 0.0354 -0.0538 0.536***
radio & mobile =1) (0.272) (0.283) (0.163)
Family Labour (hr) 0.00270 0.00212* 0.000698
(0.00181) (0.00115) (0.000917)
Hired Labour (Yes=1) -0.726*** -0.229 -0.119
(0.264) (0.194) (0.140)
Location of household -0.0732 0.0230 -0.944%***
(Highland=1) (0.416) (0.341) (0.332)
Access to animal cart 0.0314 -6.662*** 0.430**
(Yes=1) (0.281) (0.309) (0.202)
Willingness to invest in -0.280 -0.490*** -0.00472
trees (Yes=1) (0.231) (0.180) (0.131)
Animal shock 0.380**
experience(Yes=1) (0.156)
Exposure of SF(year) 0.326***
(0.0492)
Constant -1.674** -1.537*** -1.939%**
(0.705) (0.531) (0.431)

P1, P2 0.0798 -0.388

(0.331) (0.588)

LR test of indep. egns (PV 0.6843
Observations 518 518 518

P values are for slopes: ***P < 0.01, **P < 0.05, and *P < 0.10 = significant at 1%,
5%, and 10% probability level, respectively

Impact of FSF and SSF Adoption

Estimated impacts of full and seasonal stall feeding adoption are
presented in Table 6. The predicted outcomes from the ESR models are used
to compute both the Average treatment effect on the treated (ATT) and
Average treatment effect on the non-treated (ATU). ESR results also
demonstrate that SF has mixed impacts on economic indicators (milk
production and consumption, lactation period) and market participation in the
animal sale and animal shock. We estimated endogenous switching regression
(ESR) to control for selection bias from both observable and unobservable
factors by the full information maximum likelihood (FIML) method (Lokshin
& Sajaia, 2004) and model results are presented in Table 6. We first discuss
the results from the continuous outcomes followed by estimates for the binary
outcomes.
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Table 6: Impact of SF on economic, ecological and social welfare

indicators
Outcome Decision on FSF? Treatment Decision on SSF? Treatment
indicator adopt ot effect adopt ot effect
adopt adopt

Milk Participants 2.4661 2.0198 0.4462™ 1.9045 -0.1487 2.0533™

production Non- 44336 21350  22986™ 22169 12217  0.9952™"

L participants

Milk yield Participants 1.6993 1.4064 0.2928™" 1.7419  -0.0210 1.7630™
Non- 2.1696 1.4592 0.7104™ 0.2884 1.3935 -1.1051™
participants

Lactation in Participants ~ 8.4598  8.1712 0.2886™" 83298  8.7293  -0.3995™"

months Non- 86022 7.6087 09935 83292  7.2554  1.0737"
participants

Milk & Meat Participants 1855.6 1587.9 267.77 1807.8 12545 553.2"™"

consumption o 27774 15489 12284 21418 14703 6715
participants

Manure use in ~ Participants ~ 1061.1  767.14 29401 1338.6  1080.5 258.08™"

KG Non- 905.90 939.90 -34.005 -1421.3  1022.7 -2444.
participants

Number of Participants ~ 37.434  25.965 11.468™ 124.4 17.72 -9.636™"

trees planted  nop. 48093 11557 36536  -1814 1364  30.156™
participants

Conservation  Participants 121.24  91.955 29.287" 11430  100.79 13.504

pruclre Non- 22437 90382  13398™ 14018 85550  54.635°"

engt participants

Plant (1/0) Participants ATT 0.1939™ 0.0819™
Non- ATU 0.0063 0.1256™"
participants

Animal sale Participants ATT 0.2945™" 0.1604™"

(1/0) Non- ATU 0.4782" 0.4061""

participants

NB: P values are for slopes: ***P < 0.01, **P < 0.05, and *P < 0.10 = significant at
1%, 5%, and 10% probability level, respectively; ®FSF=Full year Stall Feeding
adoption and P'SSF=Seasonal Stall Feeding adoption

Considering the case of full adoption (FSF), households that adopted
SF would have harvested 0.39 (21.7 per cent) litres/cow less in the case of FSF
and 2 litres/cow in the case of SSF had they not adopted; their lactation period
would have declined by 0.29 (3.5 per cent) months respectively. Had non-
participants chosen to adopt, they would have increased their milk harvest by
2.3 litres per cow and their lactation period would have increased by 1 months.
The result that SF positively influences milk production and lactation is a
confirmation that SF contributes to boost productivity. The additional average
gain for adopters at household level due to SSF adoption is about 11827 ETB
per average lactation period (1.76*2 cows*14 ETB*240days) where 2 is the
average milking cow, 14 is the price of milk per litre milk and 240 days is an
average lactating period in the study area. This is consistent with the idea that
adoption of new agricultural technology can improve household welfare
(Wambugu et al., 2011; Shiferaw et al., 2014; Khonje et al., 2015; Hadush &
Hagos, 2018).
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We also observe a positive and significant impact of SF on
households’ milk and milk product consumption expenditure. The same Table
shows that farmers who adopt FSF and SSF would have spent about 268 ETB
and 553 ETB less on meat and milk products if they had not adopted. The ATU
estimates show that farm households who did not adopt would have spent about
1228 ETB more on meat and milk products if they had adopted. Our results are
similar to previous studies that have used different estimation methods and
have found a positive effect of stall feeding on the use of inputs (Wambugu et
al., 2011) in Kenya and (Turinawe et al., 2011) in Uganda.

Consistent with our expectation, the results further show that adoption
of SF significantly increased the probability of selling animal and animal
product by 29 per cent for adopters. For non-adopters, the ATU estimates show
that the probability of market participating would have been 47 per cent higher
had they adopted the technology. A similar result was obtained by Wambugu
et al., (2011) in Kenya and Turinawe et al., (2011) in Uganda who found a
higher volume of animal and product sale in SF users.

Regarding land conservation, Table 6 demonstrates the significant and
positive impact of ATT, implying that adopters of SF in full year would
increase their land conservation by 29-metre construction of stone bunds and
soil bunds on their plots. Similarly, The ATU value of 134 metres of stone and
sopil bund construction signifies that non-adopters would increase land
conservation if FSF was adopted by non- adopters for cattle farming. The result
also shows that the mean value of planted trees of SF adoption is statistically
higher than had they not been adopted. SF adoption increases tree plantation
by about 11 trees on a given plot. For non-adopters, the mean planted tree
would have been increased by 36.5 trees had they adopted FSF. This is
consistent with the result from Nyssen et al., (2007) and Garcia et al., (2008)
whose result found that the practice of SF was ecologically sustainable. The
adoption process also increased the propensity of growing trees by 19 per cent
and 12 per cent for adopter and non-adopters. In summary, non-adopters would
improve land conservation from being adopters than remaining as non-
adopters, indicating that the decision to adopt SF seems to be rational.

Summary and Conclusion

In this paper, efforts were made to assess the impact of adoption of full
(FSF) and seasonal (SSF) stall feeding technology on households’ milk
production and consumption, market participation and land conservation in
rural Northern Ethiopia using data of 518 rural farmers collected in 2015 by
applying endogenous switching regression model. First, existences of initial
differences in explanatory and outcome variables among households were
examined using descriptive statistics. The overall result indicated that SF
adoption ensures mixed benefits in response to differences in factor
endowments, household characteristics, farm attributes and location factors,
which create differences in marginal benefit, and the resulting differences in
marginal benefit induce farm households to adopt SF.
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We found that the SF adoption is positively influenced by animal feed
value, zonal variation, gender, family size, off-farm income, access to
information and fodder shed, forage expense, breed cow possession, animal
shock, distance to grazing land and early SF exposure, but negatively
associated with total land and herd size, geographic location, distance to road.
The result also indicates that adoption of improved cow, availability of grazing
land, family and hired labour, agro-ecology variation, access to animal and
fodder shed determine the amount of milk production. With regard to milk and
milk product consumption expenditure, the findings have revealed that
household total food expenditure, herd size and gender has been proven to
increase consumption expenditure. In examining factors affecting animal
market participation for sales, the results show that ownership of cattle,
population density, family size, agro-ecology variation, distance to market and
animal shock experience are the main factors influencing market participation
in animal sales.

Using ESR models, we estimate different outcome indicators for both
adopters from adoption (ATT), and non-adopters had they adopted (ATU). The
adoption of FSF and SSF leads to significant gains in milk production and
consumption expenditure, lactation period, and animal market participation. It
is identified that there would be a decline of 21 per cent in milk production if
adopters would not have adopted this technology. On the other hand, non-
adopters could increase their milk production and productivity by 100 per cent
and 48 per cent if they would adopt this technology. The results further show
that SF adoption had significant effects on lactation period, increasing positive
impacts for adopters and non-adopters if they were to adopt the technology.

An increase of consumption expenditure by 17 per cent from FSF and
44 per cent in the case of SSF could be considered significant on livelihoods
for smallholder farmers in Tigrai and such a positive impact should not be
ignored. Among adopters, the adoption of SF increased the likelihood of
participating in an animal sale market by 29 per cent while non-adopters would
have increased their participation by 47 per cent had they decided to adopt.
Along with the positive biophysical and environmental benefits of the adoption
of SF, which are well documented in the literature, the adoption of SF leads to
a gain in a number of plants of 11 trees and 29 metres of physical construction
for the typical adopter and 36 trees and 133 metres if the typical non-adopter
were to adopt the SF technology. The adoption process also increased the
propensity of growing trees by 19 per cent and 12 per cent for adopters and
non-adopters respectively.

These findings demonstrate the importance of SF technology for
enhancing cattle performance (milk production and consumption, lactation),
market participation (animal live and animal product), and land investment
(plantation and soil construction) of smallholder farmers in semi-arid areas.
This paper highlights the important nexus between household’s decision on
livestock production, land investment and technology introduction and
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adoption. Local and regional policies that can enable local farmers to respond
to land degradation and livestock shocks should promote and support full scale
SF adoption. Therefore, wider adoption of SF has great potential for
transforming the agricultural sector in general and the welfare of small rural
farmers in the region. The policy implication of our results is that the national
government should consider embracing SF as one of the priority farming
packages in its national extension agenda and develop policies which
overcome limitations for wider expansion. Policies that promote livestock
production and soil conservation should promote full year SF adoption and
expansion.
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