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Modelling farm-household level impacts of fertilize subsidy programs on food security:
The case of Ethiopia

Abstract
Fertilizer subsidy program is one of the most vkelbwn and politically sensitive policies in

Sub-Saharan countries. It started up in the 198@;lined in the 1990s, and recently
reintroduced for food price purpose. Two categonésertilizer subsidy programs are often
used at large-scale to improve smallholder farmgn®duction and boost their incomes:
universal and targeted programs. This paper aimaggess the potential impacts of these two
programs on the viability of a nationally represatite sample of farm households in
Ethiopia. A farm-household model, called FSSIM-D@arm System Simulator for
Developing Countries), is used for this purpose.sd8h on Positive Mathematical
Programming, FSSIM-Dev seeks to improve the qualitgolicy assessment upon existing
aggregate models and to provide assessment oftdisonal effects over the farm sample.
Results show that the impacts of 50% fertilizersgiibs, given under both targeted and
universal programs, on production and farm incomeather limited: farm income raise by
less than 1% in most cases and only 15% of the femaseholds will be positively affected.
Nevertheless, for a small number of smallholdemiais the income effect could be more
substantial (more than +50%) which may improve rthascess to food and, thus, food
security.
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1. Introduction

According to the World Bank’s estimates (2015), 78fthe world’s extreme poor (i.e. with
less than 1.25 USD-equivalent per person and dayg woncentrated in rural areas, and most
of them were involved in farming. Although povedyntinues to decline in many countries,
major progress is yet to be made in Sub-SaharaigaA{ESA) and South Asia’s rural areas
where most of the population is extremely poor. 52% of rural population in SSA and
27% of rural population in South Asia ) and dependm small holdings (FAO, 2015). In
Sub-Saharan Africa, farm households are confrongpiegsistent low levels of agricultural
productivity and food insecurity and more than qudicy intervention is needed to meet
their needs.

Many programs have been initiated by governments donors in the region to improve
agricultural productivity and food security, howewdath mixed performance to date. Among
such efforts, we may mention input subsidy programsluding access to irrigation,
improved seed varieties and inorganic fertilizexgput price support programs and long run
investment programs such as investments in roatig;adion and agricultural R&D (WB,
2008; Sanchez et al., 2007; Barrett and Carter3201

Fertilizer subsidy program is one of the most vialbwn and politically sensitive policies. It
started up in the 1980s, declined in the 1990sndutthe structural adjustment period, and
recently reintroduced, triggered by concerns o fpice crises and growing food insecurity
in SSA. Countries such as Malawi, Nigeria, Ghana Bthiopia are characterized by large
funded fertilizer subsidy programs in recent yeMalawi, Ghana and Nigeria administer a
targeted input subsidy program (e.g. fertilizer clwer program), while Ethiopia uses a
universal subsidy program where the government rtsgdertilizer and distributes it among
farmers at below-market price through the netwofkcooperative unions. These two
programs, highly discussed in the literature, oftiee a debate between those who sustain
their effectiveness in bringing about an Africaregm revolution (Denning et al., 2009;
Javdani, 2012; Sachs, 2012) and those who constders inefficient given their high,
possibly unsustainable costs and inconsistent famal-impact and development outcomes
(Chibwana et al., 2014; Holden and Lunduka, 2010ké&t-Gilbert et al., 2011).

This paper aims at contributing to this debate dgeasing the likely impacts of these two
fertilizer subsidy programs (universal and targepedgrams) on the livelihoods of farm
households in Ethiopia, taken as a case study.&lrfarm-household model, FSSIM-Dev
(Farm System Simulator for Developing Countries)used to model both programs and to
assess their potential effects on land allocatwogduction and income on a representative
sample of farm households in Ethiopia.

The paper is structured as follows: in section ghart review of the implemented large-scale
fertilizer subsidy programs in Sub Saharan Afrigriovided, followed by a brief description
of the Ethiopian experience in such programs. lctiee 3, the modelling framework is
exposed. In section 4, the data used and the dedukcenarios are described and their
results are presented and discussed in sectiansgction 6, we conclude on the relevance of



this type of modelling framework and stress theugahdded of our results in comparison
with other studies.

1.1. African experiences with fertilizer subsidy pograms

As pointed out by several authors there is a ldckystematic and good quality information

on subsidy programs in Sub-Saharan Africa, despéesubstantial number of programs that
have been or are being implemented across SS Aficavard, 2009b; Morris et al., 2009;

Kelly et al.,, 2011, Druilhe and Barreiro-Hurlé, 21 We summarise here only the very
common ones selected on the basis of (a) avathbiliinformation and (b) their large-scale

implementation. Most of these programmes aimeddosb food production and to raise

household food security and income. They have bien associated at times with other
policy objectives, such as reducing poverty of ¢haddler households and/or supporting the
development of dynamic input supply markets (Driith, Barreiro-Hurlé J., 2012).

The first category of fertilizer program is the gated program to certain categories of
farmers and sectors. It is implemented in some Efita such as Kenya, Malawi, Rwanda,
United Republic of Tanzania, Zambia and recentlgexia and Ghana (not for cotton

producers). Under this program smallholder farnggosving targeted crops (usually maize,
legumes or rice) and fulfilling certain allocatiamiteria (e.g. farm size, female-headed
households) are eligible and receive a certainmelof subsidised fertilizer (and sometimes
a package with seeds). In most of the countriegetad fertilizer subsidies are implemented
through vouchers such as in Malawi, Kenya, the ééhiRepublic of Tanzania or Ghana
(Druilhe and Barreiro-Hurlé, 2012, Brooks et al01R). These vouchers allow transferring
purchasing power to smallholder farmers by redudthmeg costs of purchased fertilizer (i.e.
purchasing price is below the market price). Tleidilizer price/cost reduction (FH) differs

per country and is limited to a certain volumeatifizer, as it is showed in Table 1.

Table 1: Targeted fertilizer policies

Volume of fertilizer under subsidy per farm

Country household (FH) Price reduction (%)
Malawi 50 kg/FH (Urea) +50 kg/FH (basal fertilizer) 64 — 93

Kenya 50 kg/FH (DAP) 100

Tanzania 50 kg/FH (Urea) +50 kg/FH (DAP) 50

Ghana No limit 26 (compound) - 20% (urea)
Nigeria 100/FH (Urea and NPK) 40

Zambia 200/FH (D-compound and Urea) 50-75

Source:Dorward and Chirwa (2011), Kato and Greeley (20D8)ilhe and Barreiro-Hurlé (2012)

The success of input voucher schemes in East Afigcan entitlement system is, however,
largely contingent on implementation (fraud andk&ge resulting from reselling of
vouchers). They can also be quite costly to implandlele to administration and monitoring
costs (Druilhe and Barreiro-Hurlé, 2012).

By contrast, other SSA countries as it is the cd$gurkina Faso, Mali, Senegal and partially
Ghana, administer a fertilizer program that seemgevert to universal price subsidies but
targeted specific crops. For example, in Burkinad-@overnment's intervention is universal



but targeted to maize and rice. This subsidy deese#he market price of fertilizers by 20-
40% for farmers growing maize and rice (Wanzalaféla et al., 2013; Siri, 2013). In the
case of Mali, the Rice Initiative (Initiative Rizwims at increasing rice production by
subsidizing chemical fertilizers and investing e texpansion of irrigated land for rice. The
new subsidy allows rice farmers to buy fertilizéramound 50% of its purchase price. In
Senegal, the government determines the price athwihipurchases fertilizers from private
suppliers and a price to be paid by farmers, diter50% subsidy. Quota systems are used
among suppliers, who first sell fertilizers to fars at the government's set price and then
collect the subsidies from the government. In Ghémacotton producers under recognised
nucleus farmers and companies there is not a prsier of being small, implying the
subsidy a price reduction of 26% for compound liggr and 20% for urea.

1.2. The case of Ethiopia

Agriculture is still of major importance in Ethi@giaccounting for 42.3% of total GDP in
2014 and 80% of employment (African Development iB&roup, 2015). Smallholder
households are prevalent in agriculture and nea8% of smallholders operate on one
hectare or less. Cereals are the main crop withiallkolders, occupying 80.3% of the grain
crops area and 87% of the production, followed biggs with 13.3% of the grain crops area
and 10% of production in 2014-15 (African DevelommBank Group, 2015). Small size of
farms, jointly with low input-low output and rairddarming systems make households very
vulnerable to any market or environmental shockady et al., 2013). Thus, rising prices of
agricultural inputs cause difficulties for smalltiet farmers to adopt technologies. Moreover,
soil erosion due to over-cultivation or cultivatiohmarginal lands cause real constraints for
improving agricultural productivity.

Ethiopia reformed its fertilizer policy in 1992 tavds a free market. At that date, the
Ethiopian government liberalized the existing mawigpon fertilizer importation and
distribution (Spielman et al., 2010). Despite thedalization, the entry of holding companies
strongly related with the government limited thempetition between the government,
private and holding companies. As a result, in 2002y the governmental Agricultural Input
Supplies Enterprise (AISE) and the holding compamiere responsible for all fertilizer
imports and distribution (Jayne et al., 2003). 092, the cooperatives were also involved in
fertilizer imports, in order to encourage the map@tion of farmers' organizations. However,
some problems derived from the high fertilizer sostade that only the Government
intervenes in fertilizers imports since 2009.

Imports are executed through the AISE, and the Ceroia Bank of Ethiopia (CBE) is the
responsible of making payments to the internaticuoglplier(s) of fertilizers and to provide
credit to the cooperative unions. From the portjligers are distributed to the cooperative
unions' warehouses or primary cooperatives in aagens do not exist (International
Fertilizer Development Centre, 2012). The regioBalreaus of Agriculture and Rural
Development (BOARDs) play an important role at tkiep, since they provide credit
guarantees to the CBE for the cooperative uniorg @imary cooperatives to buy and
transport fertilizers. So, at a first step, AISEliwks fertilizers at a fixed price, and



afterwards, this price is increased by the BOARDomder to include transport costs,
warehouse costs, bank interest rates and othernadrative costs (Rashid et al., 2013).
Finally, primary cooperatives sell fertilizers tarfners mainly in cash, or as a combination of
cash and credit (50/50) in remote areas. As atreguhis policy based on a centralized
fertilizer acquisition system, fertilizers retaitiges are 10-30% lower in Ethiopia than in
other neighbouring countries. On average, ret@lkgrfor Urea and DAP are 15% lower than
in Kenya, 30% lower than in Malawi, 12% than in Rwaa and 23-29% lower than in the
United Republic of Tanzania (Rashid et al., 2013)is difference is partly explained by
existing below-market interest rate for fertilizénsEthiopia, the lack of spoilage and storage
costs and below-market cooperative margin ratexeSno cooperative margins are allowed,
fertilizer trade is unprofitable for primary coopéves, and seems to be unsustainable at long
run.

Given the multiplication of the input subsidy pragrs in different African countries and the
absence of consensus on their effectiveness, tireaim of this study is to contribute on this
debate by simulating the farm-household level ingat selected fertilizer subsidy programs
on beneficiary farmers’ production, income and famturity. Particular attention will be

given to the programs targeting vulnerable farnagis staple crops.

2. Materials and methods

2.1. Overview on the farm household model - FSSIM-&/

FSSIM-Dev (Farming System Simulator for Develop@aguntries) is a micro-simulation tool
conceived to be used in the specific context of loeome developing countries to gain
knowledge on food security and rural poverty ab¢on (Louhichi and Gomez y Paloma,
2014). It is a non-linear optimization model whiaklies on both the general household's
utility framework and the farm's production tectaliconstraints, in a non-separable regime.
Such framework is suitable for analysing the deaisi of farmers who are not fully
commercialized or who operate with missing or inipermarkets.

FSSIM-Dev takes into consideration five key feasuoé developing countries' agriculture,
such as non-separability of production and consionpdecisions, interaction among farm
households for market factors, heterogeneity ohfaouseholds with respect to consumption
baskets and resource endowments, inter-linkage eesitwransaction costs and market
participation decisions, and the seasonality ahfag activities and resource use.

FSSIM-Dev maximises farm household income subgecesource constraints (includes land
and labour), cash, market clearing conditions,adinexpenditure system (LES), price bands
and complementary slackness conditions.

Max U :Zh Wth

S.t.:

Resource constraints (land and labour)

6



Linear expenditure system (LES)

Price bands & complementary slackness conditions
Market clearing conditions

Cash constraint

whereU is the value of the objective functiomdenotes a farm household andts weight
within the village, region or country amlis the farm household expected full income. For
more details on the mathematical structure of tbelehand its functioning, see Louhichi and
Gomez y Paloma (2013).

Farm household incom®&] is defined as the income earned from all econ@uiwities of a
family living in the same household and is composédhree components: agricultural
income, income from marketed factors of product{oon-farm wages, rent of land and
equipment) and off-agricultural/farm incomes. Agttaral (farm) income is defined as the
value that farm-households have earned by sellingomsuming their own agricultural
products (i.e. self-consumption).The off-farm inasnare exogenously defined and can
originate from different sources such as non-faatarges, petty trading, self-employed
craftsmanship, pensions, transfer, donations, etc.

Agricultural (farm) income is computed as the sumagricultural gross margin minus a non-
linear (quadratic) activity-specific function. Geosmargin is the total revenue from
agricultural activities, including sales and sedfisumption, minus the accounting variable
costs of production activities. The accounting sastlude costs of seeds, fertilizers and crop
protection costs. The quadratic activity-specitiadtion is a behavioural function introduced
to calibrate the farm model to an observed base sigation, as is usually done in Positive
Mathematical Programming (PMP) models. The PMP odlogy (Howitt, 1995), recently
refined by Mérel and Bucaram (2010), intends tolicafe households' production and
consumption decisions in a precise way, allowingapture the effects of factors that are not
explicitly included in the model such as price estp@on, risk-adverse behaviour, labour
requirement, capital constraints and other unoleskcosts (Heckelei, 2002).

The mathematical formulation of the agriculturalrth) income is the followirfy
Z=(poy)'x—C'x—d'x—0.5xQx

whereZ is the Agricultural (farm) incomex is the (Nx1) vector of non-negative activity
levels (i.e. acreages) for each agricultural afstivip is the (Nx1) vector of producer prices,
y is the (Nx1) vector of crop yield€ is the (KxN) matrix of accounting unit cost forikput
categories (seed, fertilizer and plant protectidn¥ the (Nx1) vector of the linear part of the
behavioural activity function an@ is the (N x N) symmetric, positive (semi-) defenihatrix
of the quadratic part of the behavioural activiipgtion.

Figure 1 summarises the data needs for running M&&v and the main outputs that can
generated by the model for a specific policy scenar

(%) The symbol o indicates the Hadamard product.
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Figure 1. An overview of FSSIM-Dev - inputs & outpus -

For the present study, the consumption module dIMSDev was switched-off due to
missing data on income elasticities and referemoswmption. The calibration of the supply
module was performed at the individual farm hous#hevel using the Highest Posterior
Density (HPD) estimator with prior information oapply elasticities (Louhichi et al., 2015).
Model parameters were calibrated so that the megattly replicates an observed land
allocation as well as an exogenous set of supplstielties. The calibration to the exogenous
supply elasticities is performed in a non-myopig/wige. we take into account the effects of
changing dual values on the simulation responsekglei, 2002, Mérel and Bucaram, 2010).
The parameters of the behavioural function arenedéd only for observed activities in each
farm household, meaning that the well-known seléa@®n problem is not explicitly handled
in this estimation. To cope with this problem, wappted the following ad-hoc modelling
decisions in the simulation phase: the gross mayfjthe non-observed activities is equal to
the region average gross margin, the activity'sdcatac function parameter is equal to the
activity's average quadratic function parameterhwitthe region, and the linear term's
quadratic function is derived from the differencetviieen the gross margin and the dual
values of constraints.



2.2. Description of the Sample

FSSIM-Dev is implemented in this study in a samplesmallholder farmers in Ethiopia
using the Agricultural Sample Survey (AgSS) datatii@ cropping season 2014/2015. AgSS
is an extensive survey that collects data on amelapaoduction, yields and inputs use from
smallholder and commercial farms, considering tapproximately 95% of the annual
production in Ethiopia. We count with informatioor imore than 2,100 enumeration areas, in
which around 40,000 agricultural households weteriuiewed each year. Enumeration areas
were selected on the basis of the 2001 cartograygimsus framework.

AgSS survey provides data on crop production apdtguse in each plot and farm, however
information on input (i.e., DAP, urea and seed) aatput prices are not collected. In order to
overcome this limitation we have used informatioont the 2013-14 Living Standard
Measurement Survey — Integrated Survey of Agricalt(LSMS-ISA), developed by the
World Bank. The LSMS-ISA sample includes 5,262 letwdds involved in agriculture and
living in rural areas and small town across Ethagpieing representative at the national level.

For this research, we focused on the regions witmidance of smallholder farming (i.e.
average farm size less than 1 ha) and where theagedertilizer application rates are
relatively low. This results in the selection ofetlfollowing five regions: Afar, Somali,
Benishangul-Gumuz, Harar and Dire Dawa.

The final size of our sample is 3797 farm housesohhich represents around 350.000 farm
households in the selected regions. The key featfr¢he sample are presented in Table 2.
In order to guarantee the highest representatigenfethe farming systems and to capture the
full heterogeneity across smallholder farms, FSE&IB+ was applied to every individual
farm household in the sample.



Table 2: Sample characteristics

Regions Afar Somali Benishangul-Gumuz Harar Dire Dawa
Number of surveyed farm households 505 864 1673 403 352
Total surveyed area (ha) 223 929 2097 231 190
Average farm size (ha) 0.44 1.07 1.25 0.57 0.54
St. Dev. farm size (ha) 0.71 1.78 1.52 0.52 0.56
Number of farms using urea 8 15 300 181 37
Average urea used (kg/ha)* 47.51 46.80 4041 14512 36.87
(81.03)  (60.94) (41.51) (102.86) (47.93)
Number of farms using DAP 4 15 452 145 18
. 48.13 34.19 49.36 86.25 29.07
Average DAP used (kgia) (3801)  (26.82) (5431)  (87.18) (26.87)
Number of farms using improved seeds 59 16 311 72 182
Land use (% by region)
Maize 18.91 16.19 16.09 7.69
Millet 8.96
Sorghum 9.30 16.23 20.93 33.40 46.06
Teff 7.77
Wheat 4.58
Sesame 16.80
Groundnuts 4.16 14.25
Chat 23.53 9.34
Masho 7.06
Grazing land 37.00 43.82 6.53
Others crops 27.73 19.18 25.29 2113 38.07

* Standard deviation in parenthesis

FSSIM-Dev is used in this study to explore the poét effects of various agricultural input
policies in the five selected regions. Specificalye simulate the impacts of four policy
scenarios, including:

» Univ-S1.: fertilizer subsidy equal to 50% of the currentifizer price (i.e. 50% DAP
and/or UREA prices) without limitation of the suthsied quantities (universal
programs).

* Univ-S2: fertilizer subsidy equal to 50% of the currenttiferer price with a
limitation of the subsidised quantities to 50Kg feem (universal programs).

» Targ-S1: fertilizer subsidy equal to 50% of the currenttiferer price without any
limitation on the subsidized quantity, targetinglyosmallholder farmers having
between 0.5 and 1 ha (targeted programs).

e Targ-S2: fertilizer subsidy equal to 50% of the currenttifimer price with a
limitation of 50Kg/farm on the subsidized quantitigrgeting only smallholder
farmers having between 0.25 and 1 ha (targeted qmug).

The exclusion of very small farms (less than 0.2% in the targeted subsidy program is
driven by the fact that these farmers may not ba position to use fertilizer, or to use it

optimally, because they are not familiar (do natp&e the benefits), and/or cannot afford to
pay the 50% remaining fertilizer costs. For veryaiholder farmers, a direct cash transfer to
boost their income and improve their food secusggms to be more relevant. However, we

10



cannot assess the effectiveness of such transfmy peith this model since the data on
household consumption are missing.

The effects of the simulation scenarios are contpdaoea baseline (reference) scenario
interpreted as a projection in time including thestprobable future development in terms of
technological, structural and market changes. In aase study, the baseline scenario is
assumed to be similar to the baseyear which méatsll model parameters are assumed to
remain unchanged including output prices, yieldsjables costs, implicit costs (i.e. PMP
terms), farm resource endowments and farm weigttotprs (no structural change). As in
the baseyear, the exchange of production factdrgee® farms is not allowed (i.e. there are
no land or labour markets).

3. Results and discussions

The impacts of the simulation scenarios are showingua set of economic indicators
generated from FSSIM-Dev at farm household levehsequently aggregated at region or
country level. These indicators are: land allocatonong different crops (i.e. activity level),
crop production and agricultural income. All thesukts are expressed in relative change to
the baseline.

In the baseline, out of the 350.000 smallholdemts represented in this study, only 15 %
are applying fertiliser (either DAP or Urea or bptthe remainders (85 %) are producing
without fertilisers. The regions with the largesimber of fertiliser users are Harari and Dire
Dawa. They are also the ones with largest numbé&npfoved seeds users. In the contrary,
the Afar and Somali regions have the lowest nurobesers of fertiliser and improved seeds.
The latter regions have the high proportion of vemyallholder farms in the total sampled
farms. The average application rate of fertiliserds expected, low in the majority of the
selected regions (Table 2).

Under the simulated scenarios, the proportion oh$ausing fertiliser remains exactly the
same as in the baseline meaning that none new iddl farmers would start applying
fertiliser under these conditions. This impliesttheoducing with fertiliser is not profitable
for these farms even with the subsidies. Thislmexplained by twofold reasons: first, the
access to fertiliser is still difficult for thesarms (i.e. high costs), despite the 50% price
fertiliser reduction and second, the use of fesiiand the resultant productivity in the
selected regions are very low. It is important écall that, in our simulation, all farm
households could use fertiliser and their decisidrether to use or not is only based on
economic considerations. This is achieved usingdhewing assumption: the gross margin
of the non-observed activities during the base ysagqual to the region average gross
margin, the activity's quadratic function parameseequal to the activity's average quadratic
function parameter within the region, and the Imeam's quadratic function is derived from
the difference between the gross margin and thevdiiaes of constraints.
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The proportion of reallocated area due to the aiffe simulated scenarios is marginal and
represents less than 0.05 % of the average famn Bie main staple crops that would gain
from this reallocation are corn and Teff in detrimhef fallow and other crops, but this is very
marginal and for that reason it was not reporta@.hehe impacts of simulated scenarios on
production are also insignificant, questioning tlee of such program for improving food
availability and thus, food security under low usg fertilizer and the resultant low
productivity.

Figure 2 reports the income effects of the simdlateenarios at regional level. The results
show that the potential increase in income caugdtidimplementation of both targeted and
universal programs is small. The overall incomeeaaepresents less than 1 % compared with
the baseline (less than 2% in all cases). The sargerease in income is observed in
Benishangul-Gumuz under Univ-S1 scenario (i.e. $88tction of fertiliser price for all the
farms and without any volume limitation). This wever, not surprising since this region
contains the largest number of fertiliser users, dnhdrefore, potential beneficiaries of the
programs.

The introduction of quota system limiting the voleirof subsidised fertiliser to 50 kg per
individual farm (Univ-S2 and Targ-S2) would impagatively the income, in comparison
to the absence of quota, but reduce the dispabiddseen the target and universal programs.

Figure 2. Income effect of the fertiliser subsidy progranysrbegions (% change relative to
baseline)
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The aggregate impacts reported in Figure 2 may $imiable effects for individual farms. To
gain further insight, Figure 3 shows the distribatbf the percentage change in farm income
relative to the baseline for all sampled farms (he total number of farms in the five regions
is equal to 100). This figure is constructed bytiagr in ascending order, all of the farm
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households according to the size of the income gamtil all farms (100 %) are reported.
As shown in this figure, only a small proportionfafm households is positively affected by
the simulated scenarios. Nevertheless, for a smafiber of farm households the income
effect could be more substantial (more than +50%ikwmay improve their access to food.
Although the income change of some farm househsldsibstantial, the total proportion of
farm households affected by the fertiliser subsigyresents only around 15 % of the total
farm population in the five regions. Thus, abou8%f the farm population is not affected at
all because fertiliser use is too low for ratiopedfit maximising farmers in these regions.
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Figure 3. The distribution of the income change for the seed scenarios by individual
farm households (all sampled farms, % change velati baseline)

4. Conclusion

This paper attempted tex-anteassesses the impacts of two examples of fertisedsidy
programs (targeted and universal programs) on ithediHood of smallholder farms in
Ethiopia and on their food security. This is penied using a farm household model relying
on positive mathematical programming model, FSSIBOFarm System Simulator for
Developing Countries). FSSIM-Dev is applied at vndiwal farm household level using a
sample of 3979 smallholder farmers drawn from tlggS8 survey for the cropping season
2014/2015. This modelling approach allows capturing full heterogeneity across farm
households and provides very detailed resultsudhicy average and distributional effects.

From a policy perspective, the main finding of thiedel application is the limited effect of
the simulated fertiliser subsidy programs on crogaaand production. The crop allocation
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and production would almost remain the same abarbaseline; questioning the use of such
programs for improving food availability under lowge of fertilizer and the resultant low
productivity. The income effect is also limited:riagltural income at aggregated level would
increase by less than 1% in most cases. Howevendatidual level the impact would be
more pronounced (reaching 40% in some farms) wimialy lead to an improvement of food
access and, thus, food security. Although the irecarinange of some farm housholds is
substantial, the total proportion of farms affectsdthe fertiliser subsidy represents only
around 15 % of the total farm population in thesgions. This means that fertiliser use is too
low for rational profit maximising farmers.

These findings have to be considered, however, sdathe caution on account of the model’s
assumption. First of all, output prices are assutodze exogenously given. This implies that
the market feedback (output price changes) isalart into account in the model, while this
effect tends to be important in developing coustri€herefore, our model will probably

overestimate the overall effects of the simulathario. Another important limitation to our

approach is the non-modelling of farm householdsaomption decision which is crucial in

agriculture's Developing Countries due to its deleeicy with production and labour

decisions. Further development of the FSSIM-Dev ehadll better take into account the

above-mentioned limitations.

Despite these limitations, the simulation resuitsspnted here can be useful to policy makers
that are currently designing input subsidy program&ub-Saharan African countries for
food security purpose. To our knowledge, this i® ai the few papers simulating the
distributional effects of fertilizer programs acsdbe farm household population.
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