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Abstract

The study evaluates the impact of risk on entegpred smallholder male, female and young milk
producers in Tanzania’s formal and informal daigfue chains. It also examines the effect of
uncertainty on the decision to invest in milk protion in both value chains. Results indicate that
youths in the informal value chain face the grddmeel of risk followed by men in the formal
value chain, and then men in the informal valuarch&omen in both value chains and youths in
the formal value chain face relatively low risk. &all, milk production in the informal chain is
found to be substantially riskier than productiorttie formal chain. Optimal investment triggers
are found to be much larger than the conventioiggers and are sensitive to volatility of returns.
The results’ policy and practical implications fioclusive dairy industry development in Tanzania
are highlighted.
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Risk and Uncertainty in Milk Production by Smallholdersin Tanzania: I mplications for

Inclusiveness and | nvestment
1. Introduction

Antle (1983) aptly labels risk as ‘the farmer’'sgremial problem’ (pp. 1099). Risk refers to random
events whose probabilities of occurrence can batdie. A concept that is closely related to risk
and one that also bedevils the farmer is uncepalhttoo refers to random events but whose
probabilities of occurrence cannot be quantifietherEfore in simple terms, both risk and
uncertainty refer to randomness, with uncertairging) a necessary but not sufficient condition
for risk (Gough, 1988). When randomness entersrimeds objective function through, for

instance, input prices, output prices, and tectgylad renders the farmer incapable of behaving
optimally (Antle, 1983). This is because optimalignditions that hold in a deterministic world

might not necessarily hold with random variablethia objective function, and this could lead to
sub-optimal production and investment decisionski especially challenging for the resource-
constrained or risk-averse farmer that is eith@fused from the financial market or operates in
an environment devoid of one. This means that arse against risk is not so much of an option

for such a farmer.

Hella et al. (2001) and Bakeet al (2015) document the existence of risk and unc#ytan
livestock production in Tanzania. Cattle are coeed the most economically and socially
important type of livestock. Risk and uncertaintg aajor concerns particularly for the dairy
industry, which is seen as having relatively greatential to reduce poverty, improve nutrition
and foster inclusive development. This is becausieproduction at the household level is for the
most part a female preserve (Ministry of Livestaeid Fisheries Development, 2016), and 30%
of livestock’s contribution to agricultural groserdestic product is from dairying. To ensure that
risk and uncertainty do not impede the industryfirealizing its potential, there is need to idgntif
and quantify the various sources of risk and agplgropriate risk management strategies and
investment models that account for uncertaintyhi@ économic environment. An example of
where public investment has complimented privagestment in mitigating risk is the index-based
livestock insurance scheme that insures Kenyarosts against losses due to adverse drought

conditions.



This study has two objectives: the first objects/ analyze the impact of risk on milk production
and the second one is to determine the effect oémtminty in the economic environment and
irreversibility of investment on investment behavibhe two objectives are related in the sense
that the first objective provides parameters reliet@achieving the second objective. Specifically,
the study seeks to identify the various sourcesassf faced by milk producers, quantify their
impact, and generate a single measure of risk ik prioduction. The study then uses the
consolidated risk measure to estimate a risk-agfjustiscount rate and hence the optimal
investment trigger if producers are to accountufiocertainty and irreversibility of investment in

their investment decisions.

There are three important considerations in thidystFirst, to the extent that the government of
Tanzania views the dairy industry as being cruogloverty alleviation and improving food and
nutrition security, the analytical approach is ntted to provide evidence relevant to inclusive
value chain development. Inclusive value chain bgreent is an approach to value chain
development that not only focusses on the inclusiosmallholder farmers in value chains, but
also recognizes the vulnerability of different gaiees of smallholder farmers. In Tanzania, the
vulnerable are mainly women and the youths (UnReg@ublic of Tanzania, 2003). Therefore the
study undertakes a disaggregated analysis of $ke that men, women, and the youths face in
milk production. Second, the study recognizes the types of value chains that exist in the
Tanzanian dairy industry; the formal value chainevehmilk is processed and often packaged
before selling it to the final consumer, and therimal value chain where milk is sold to the final
consumer in its raw form. Producers in the forngilie chain sell their milk either directly to milk
collection centres or to traders who in turn sugpky milk to the collection centres. The centres
are operated by individual agents, producer grocpsperatives, or processing companies. Price
discovery mechanisms and relationships betweensgea different in the two value chains, and
so are the prices and their fluctuations. For mstaalthough milk prices in the formal value chain
are relatively low, they tend to be more stablentpaces in the informal chain. This implies
different levels of output price risk exposure finitk producers in the two value chains. Therefore
for each of the three producer categories, theyaisak undertaken for the two value chains. Third,
the study recognizes seasonality in milk productsna permanent feature of the industry in
Tanzania. But seasonality per se is not a souraslofRather, it is its effects on regularity ettl

supply and hence unpredictable fluctuation in s@mueluction and price variables within each
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season that causes risk. In simulating the impéctisi, the study therefore accounts for

fluctuations in some of the risk variables durihg tiry and wet seasons.

The rest of the paper is organized as follows:néet section discusses the different sources of
risk in milk production and marketing in Tanzanihis is followed by analytical methods
including data for examining risk and incorporatingcertainty and irreversibility of investment
in the investment decision. Results are presemteédtion four and section five summarizes and
concludes the paper.

2. Sourcesof risk in milk production

Generally, farm enterprises face two broad typegsks$, namely, business risk and financial risk,
also known as leverage risk (Unterschultz, 200QisiBess risk is risk that arises directly from
production and marketing activities of an entegrand can therefore be sub-divided into
production risk and market (price) risk. Financigk stems from an enterprise’s association with
the financial market and it refers to the levehofebtedness of the enterprise. Unterschultz (2000)
notes that the two broad types of risks are relaieldat an increase in business risk could lead to
greater indebtedness of the enterprise. Covarruwtias (2012) and Twineet al (2015) have
found the incidence of debt to be considerablydomong cattle keepers in Tanzania and therefore

this study disregards financial risk.

Milk producers face both production risk and prnisk. Production risk is fluctuation in output
and is usually caused by variation in weather doomB, hence variation in availability of water
and feed, and variation in animal health statustdudiseases. Hellat al (2001) attribute the
highly risky nature of livestock production in tlsemi-arid region of Dodoma to the large
variation in the amount of rainfall. Changes inchkealth due to disease can be severe and result
in death loss. Swast al (2010) estimate dairy cattle mortality rates &&5 and 14.2 per 100
cattle years at riskfor Tanga and Iringa regions, respectively, areraainly due to East Coast
fever, a tick-borne disease. Ultimately, productiek manifests itself in fluctuations in daily
milk yield or milk yield per lactation period, quigi of milk produced and herd size. Quality of
milk produced and sold also depends on milking il handling practices, which could be

! This is an epidemiological measure of risk of rality and is different from the measure used iis npirical
analysis.



considered an internal source of risk. Milking anik handling practices could be dictated by
attitudes and cultural norms, but are also likelwary depending on the cost of inputs used to

avoid contamination before, during and after migkin

Price risk is fluctuation in output and input pscevith fluctuation in output prices being mostly
seasonal. Even though producers are aware of sda#gorhe real source of risk is the
unpredictable fluctuation in seasonal patterns @scthe variation in the onset and duration of
different seasons, which may in turn change themae of prices. Input price risk is associated
with the cost of the animal, the cost of labouireat health services and feed. Compound feeds
are in the form of maize bran, cotton seed cakesanflower seed cake, and their prices closely
follow prices of the respective raw materials. Hedgpendence on maize for concentrate feed is

a serious concern for the industry because ofatge|fluctuation in maize prices (Geerts, 2014).

3. Methods
3.1 Study area and data

The study was undertaken in August 2016 in LusHdict, located in the northern part of Tanga
region. Seventy five percent of the district is @@d by the Western Usambara Mountains. The
topography allows for only intensive dairy cattieedling, and farmers in the district have
historically benefited from most of Tanzania’'s simalder dairy development projects. As a

result, farmers keep improved dairy breeds.

Data on variables related to milk production andketing cash flows were obtained from
representative milk producers in three gender categg men, women and the youthBor each
gender category, two representative producers warsidered: one producer sells milk into the
formal value chain and the other sells into therimfal value chain. Therefore data were collected
from a total of six producers. The primary criteidadefining a representative milk producer for
each gender category were that the producer umkésraommercial milk production and owns
the dairy enterprise. In this regard, internal ske to inability to make decisions regarding the

enterprise does not arise. In addition, producezseveelected based on their willingness and

2 The Tanzanian government defines youths as pefsamsthe age of 15 years up to 35 years (Minisfrizabour,
Employment and Youth Development, 2007). Followthig definition, the study analyzes the dairy entise of a
male youth as there are hardly any female youthisarstudy area that own dairy enterprises.
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ability to provide accurate and substantial entsepdata. Each selected producer provided data
(table 1, with the exception of death loss) onrtbest performing cow that was lactating or had
finished lactating in the last one year. Clearhg tata are typical of a low-input low-output
production system.

3.2 Examining risk

Following Twineet al (2016), the impact of risk is examined using ankéoCarlo cash flow
model of milk production by a single cow for onetition period (300 days). The potential cash

flow for each producer in any given month is caited! as:

CF=PQ-CH-WX3OC—-OHC—-DL........civvirirnnns (1)

whereCF is cash flow in $ (USD)P is price per litre of milk ($)Q is quantity of milk sold in
litres, CH is cost of in-calf heifér($), W is price of feed per kilogram ($X is quantity of feed,
OC are other operating costs (§HC are overhead costs ($), abt is death losY($). Production
risk is incorporated in the producer’s cash flowd@lausing death loss, fluctuations in daily milk
yield, and amount of purchased concentrate feeeihgio the cow. Price risk is captured through
fluctuations in the price of feed and price of milke cash flow model in equation (1) is simulated
using Monte Carlo simulation in which triangulastibutions are specified for average daily milk
yield, death loss, feed quantities, feed pricesmitidprices. Values of parameters of the triangula
distributions were obtained from the producersedsence, the variabl®s Q, W, X andDL are
made stochastic, implying a stochastic rather tteterministic cash flow model. Cash flows are
obtained after 10,000 iterations.

Cash flow at risk (CFaR) is used to quantify thieefof risk on cash flows in the dry (Jan and
Feb; Jun to Sep) and wet (Mar to May; Oct to Deassns. CFaR of the enterprise is defined at a
given confidence levet, as the probability that the future cash flow eatd, is less than or equal

to a given cash flow valuF and is at most (1 €). As specified in Jorion (2001),

3 It is assumed that the animal is purchased wittaa and loan repayment is half of monthly reventiéss is the
practice by Covenant Bank, which offers dairy eglitlans to smallholder farmers.

4 Death loss is not necessarily a cash outflow batibse it represents loss in cash inflows in tieateaf death of the
animal, it enables accounting for production riske do death. Mortality rates are used to calcuteeamount of milk
lost that would have been sold.



PCf<SCF)=1-C=M ...occeviiiiiiiiiienn, (2

It is either the probabilityn, for a givenCF or theCF" at a given probabilitym. In order to obtain

a combined measure of risk from the different sesiraf risk, we use cash flows to calculate the
monthly volatility of returns from milk productioaq. This is the standard deviation of the average
monthly return on investment. Following Copeland @&mntikarov (2001) and Hull (2005), the

annual volatility,o,, is then calculated as:

0a= om V12, oot (3)

Table 1. Data on parameters used in the cash flow models

Parameter Fl FF MI MF Yl YF
ADY - wet season (litres/day) 4 6 4 12.5 6 10
ADY - dry season (litres/day) 3 25 275 45 6 9
% of ADY sold - wet season 75 833 50 84 67 80
% of ADY sold - dry season 66.7 80 545 67 67 78
Av. price of milk - wet season ($/litre) 035 023 055 023 0.23 0.23
Av. price of milk - dry season ($/litre) 035 023 055 023 035 0.23

Av. quantity of feed - wet season (Kg/day) 15 0 1.43 2 1.3 0
Av. quantity of feed - dry season (Kg/day) 15 0 1.43 1 0.4 0

Av. price of feed - wet season ($/KQ) 009 NA 012 020 0.15 NA
Av. price of feed - dry season ($/Kg) 009 NA 012 016 031 NA
Av. cost of medicines ($/day) 0 0 0 0.008 0 0

Annual death loss (%) 92 92 9.2 9.2 92 92

Source: Milk producers, except for death loss, Wigcobtained from an earlier sample survey of

milk producers in the study area.
ADY denotes average daily yield, while FI, FF, MF, YI, and YF denote producer categories
and the value chains they operate in as followsafe informal, female formal, male informal,

male formal, youth informal and youth formal, resipeely.



3.3 Examining investment in milk production

The decision to invest in milk production can belgmed using traditional capital budgeting
methods such as net present value, adjusted predant internal rate of return, modified internal
rate of return, accounting rate of return, payhaakod, and cost-benefit analysis. However, these
methods do not account for uncertainty in the enmooenvironment and irreversibility of
investment decisions. There is considerable unogytan smallholder milk production in
Tanzania, which is exacerbated by the fact thagstments in milk production are generally sunk
costs and hence irreversible. Irreversibility mei#uas once an investment has been made, it cannot
be easily reversed; milk production technologyndustry-specific, and even if it were not, it
would fetch less than its original value on a seleoy market. Given uncertainty and
irreversibility, waiting to invest until more inforation becomes available to the decision maker
might be of value. Therefore in the face of undetyeand irreversibility, the decision is not only

about whether or not to invest but when to invest.

This study employs the real options approach tatalapudgeting. Following Dixit (1992),
consider a smallholder farmer that intends to ihiremilk production. Let denote the sunk cost
that they would incur, and the flow of net operating revenues per unit titveg tasts in perpetuity.
Uncertainty means that future milk revenues areemattly known, but in each time period, it is
assumed that follows a geometric Brownian motiainThe farmer aims to maximize the expected
(average) present value of profits, and therefoteré revenues are to be discounted at a positive
discount ratep, equal to the opportunity cost of riskless capitéle Marshallian criterion for the
decision to either invest now and §ét —I or not investing at all and thus get 0O is that steeent
should occur (or that the option should be exed®iseV/p > I. The farmer will be indifferent

between investing now and not investing at all if

5 This is a continuous-time stochastic process (aavn as a Wiener process or standard Browniamompthat is
exponentiated to ensure that it is always posifivet is,V can trend upward and downward in equal proportérs
the distribution of its logarithm is approximatelgrmal (i.e., lognormal).



whereM is the Marshallian investment trigger — the boliderlevel of the current revenue flow.
Traditional investment analysis would recommenasting when current flow of revenue exceeds
M. At M, waiting is better than either investing immediate not investing at all, and will remain
better for initial values o¥ slightly greater thatl. When current revenue exceeds a certain level,
H, investment then becomes optimal. We refét &s the critical or trigger level of current revenu
flows. It is larger tham and it shows that the farmer benefits from waifimgsome time before
investing. The optimal investment decision can lhestrated graphically (figure 1) whes is
exogenously given, and when it is endogenouslyraeted by the farmer. Both the value of
investing immediately\(/p —1) and the value of the option to wait are denoteB,land are plotted
against revenuey. If the project is undertaken y&t= 0, then the farmer losésAs revenues
increase, so does the value of investing immediagishown by the straight ling2. The point

at which the lineiii> crosses the horizontal axis is the Marshalliagger, M. The optimal
investment decision wheth is exogenously given occurs where the value obfiten to wait as
given by the convex curwew: intersectsii>. The value of the option to wait is the segmeiit.
Beyond this point, the option to wait has no vallfethe investment trigget is to be optimally
determined by the farmer, it has to be increased@kthe value it had when it was exogenously
given. This requires shifting the graph of the eatii waiting until it is tangent to the ling, as
illustrated by the dotted curve. This is called sh@oth pasting condition. It is a condition where

the slope of the value of waiting is equal to tlope of the value of investing.



Figure 1: Optimal investment decision
Sour ce: Dixit (1992)
After some calculus and algebra, the optimal invesit trigger chosen by the farmer is given as:

H=BI5= 1Pl cooeriiiiieeieeen, (5)
where
=051+ + (&/oa)) ccvvenrnnnn (6)

The optimal investment trigger can be expressedrranner similar to the Marshallian trigger in

equation (4) add =p'l



where

PGB =1 o 7)

is the discount rate adjusted for the value of mgitlt is also known as the hurdle rate.

A discount rate of 0.135, which was the Governneéfitanzania risk-free interest rate on treasury
bonds issued on December 7, 2016 (Bank of Tanza@is) is applied to the model. Other data
used to implement the model are obtained from &t dlow model. We examine the sensitivity

of the hurdle rate and optimal investment triggechianges in volatility and discount rate.

4. Resultsand discussion

Impact of risk on cash flows

Average cash flows and their standard deviatiores alculated for each month and are
noncumulative across months (table 2). Positivé flasvs are obtained for all producers in each
month except for youths in the informal value chaimo obtain negative cash flows in the wet
seasons. This is because they tend to increasertbent of concentrate feed in the wet seasons,
yet unlike the other categories of producers, tfeegive a lower price for their milk in the wet
seasons. The rationale for giving cows more comated in the wet seasons is that apparently,
animals drink less water in the wet seasons amrréfttre more concentrates are needed to induce

the animals to drink more water. This does not seebe economically feasible.

Cash flows in the formal value chain are highenttiese in the informal chain except for male
milk producers in the dry seasons. Overall, yourithe formal value chain have the largest cash
flows in both seasons, and whereas female formaéwzhain producers have slightly higher cash
flows than their male counterparts in the dry seasthe latter have considerably larger cash flows
than the former in the wet seasons. In the inforvallle chain, youths have significantly higher
cash flows than male and female producers in theeason, but have negative cash flows in the
wet season. Cash flows for male and female infohaln producers are comparable. Therefore
regarding liquidity, the key finding that could beconcern is that youths in the informal chain do
not feasibly produce milk during the wet seasornsweler, their cash flows in the dry seasons

seem to be large enough to offset the negative fé@ash in the wet seasons.
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Table 2 here

Next is a quantification of the impact of risk dretcash flows of milk producers. This is done by
calculating the 20% CFaR values and the probalafitybtaining net cash flows that are less than
their seasonal averages (table 3). CFaR valued%tae a realistic measure that indicates likely
losses to the enterprise for one in five chanceghé 20% level, losses are observed only for
youths in the informal value chain during the wedisons; there is one chance in five that a loss of
$4.37 or more will occur. The probabilities of cdlstws falling below their seasonal averages do
not vary much across the different producer caieg@nd seasons. For instance, in the informal
value chain, the probability of youths’ cash floleing less than their seasonal average is about
45% for both seasons and is nearly the same fog pralducers in both seasons and for female
producers in the wet seasons. In the dry seasepyrtiability increases to about 51% for women.
In the formal value chain, the probabilities ariglgly higher but quite invariant across seasons;
about 51% for youths and female producers, and f86%hale producers. The probability of cash
flows falling below their seasonal average suggesignificant seasonal variation in risk for each
producer category and among producer categorieadh value chain. In fact an examination of
the risk variables with the largest effect on clistvs reveals that for four of the six producer

categories, the same risk variable has the langgstct on cash flows in both seasons (table 4).

Table 3. CFaR values by gender, value chain and season

CF at 20% Prob CF < seasonal average
Dry season ($) Wet season ($) Dry season Wetseaso
Fl 5.03 7.55 50.5% 44.5%
FF 5.66 14.15 50.5% 50.5%
MI 5.57 6.40 44.2% 44.6%
MF 4.61 20.06 55.7% 55.3%
YI 13.20 -4.37 44.9% 44.6%
YF 19.81 22.64 50.5% 50.5%

Holding other factors constant, fluctuation in quignof concentrate feed given to the animal
accounts for the largest variation in cash flowgaiiths in the informal value chain (table 4).

Availability of concentrate feed varies seasonéicause most of it is locally produced from
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maize. Supplies are low during the wet season wiemaize crop is still in farmers’ fields and
they are high in the dry season after harvest. Hewe/oung milk producers opt to feed animals
with more concentrates in the wet season, a pethiat can be avoided. As such, they expose
themselves to greater risk. This is a typical cdsxternal risk being compounded by a producer’s

internal risk factors, which in this case is thedarcer’'s husbandry practices.

For youths in the formal value chain, death loghésgreatest risk factor. Likewise, death loss is
the greatest risk factor for women in the formdueachain, and for those in the informal value
chain, it features prominently in the dry seasdiie finding that death loss is a major risk for
women and the youths can be explained by the findinSwaiet al (2010); cattle mortality is
lower among farmers that receive training in animebandry than among those that do not. Data
collected by the authors from a recent survey ensttudy area shows that a smaller proportion of

women and the youths have received training orydaisbandry than men.

Fluctuation in average daily yield is important foen and women in the informal chain. Msangi
et al (2005) find variation in milk yield to be a fumm of body condition at calving, which is in
turn a function of use of hired labour. Althougmeaf the producer categories used hired labour,
it is reasonable to expect labour to be a constfairolder farmers who are likely to be involved
in off-farm livelihood activities and/or are legseggetic than the youths. Fluctuation in feed rice
and quantity are important for men in the formadioh Interestingly, fluctuation in milk prices is
not a major source of risk for any of the producategories. Overall, these results point to the
need to tailor risk mitigation measures to indixatloategories of producers to reflect the specific

sources of important risks they face.

Table 4. Risk variables with the largest effect on casiw

Wet season Dry season
Fl ADY (6.80 —9.23) Death loss (5.02 — 5.09)
FF Death loss (14.12 — 14.24) Death loss (5.650)5.
MI ADY (5.19 -9.10) ADY (5.35 - 6.06)
MF Feed price (19.75 — 21.01) Feed quantity (4.3833)
YI Feed quantity (-8.17 — 4.40) Feed quantity (82-:01L6.89)
YF Death loss (22.60 — 22.79) Death loss (19.79.94)

Figures in parenthesis are ranges of cash flowtSib
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In order to obtain a better comprehension of thgmtade of risk faced by the different gender
categories, a consolidated measure of risk thatuaus for all the risks faced by each category of
producers is calculated (table 5). The measureased on returns to milk production and is
calculated on an annual basis. Youths in the infbnwalue chain are found to face the highest
annual volatility of returns to milk production 86.14% compared to only 1.60% obtained for
their counterparts in the formal value chain. Methie formal value chain experience the second
highest level of volatility of 10.02% followed byean in the informal value chain (7.90%).
Contrary to what was expected a priori, female mrtkducers in either value chain face relatively
low levels of risk. This could be attributed to wemgenerally having more experience in milk

production than men and youths as mentioned earlier

Table 5: Annual volatility of returns to milk production

Formal value chain (%) Informal value chain (%)
Youths 1.60 35.15
Men 10.02 7.90
Women 1.60 4.03
Combined 441 15.69

We now depart from gender disaggregation in orddotus on the value chains as a whole and
compute values of parameters necessary for evafutie effect of uncertainty on investment.
Combining all producer categories in each valuargivee find greater risk in the informal value
chain than in the formal one, with annual volagébtof 15.69% and 4.41%, respectively. That milk
production in the formal value chain is signifidgness risky than production in the informal
chain is to be expected. Since the mid-1970s wieGbvernment of Tanzania started supporting
commercialization of smallholder dairying, emphdsas been on the formal value cRain the
study area in particular, farmers operating inftrenal value chain are relatively well-linked to
input and output markets and extension services hane benefited from donor-supported dairy
development programs courtesy of their membershiprimary dairy cooperatives. Several of

these cooperatives constitute the Tanga Dairiep€ative Union, a secondary cooperative that

5 However, Quaedackees al. (2009) contend that government support for thelbgment of the formal value chain
has been less than sufficient.
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owns Tanga Fresh Ltd., the largest dairy procasstie country. Through the company’s projects
such as the Modern Dairy Services Network, proditeve gained access to risk mitigating
services and technologies including informatiorttdyedairy breeds, milk collection centers, and
credit.

The preceding analysis has provided values of patens (table 6), except the risk-free discount
rate, that are relevant to analyzing the effeatrafertainty and irreversibility on the decision to
invest in milk production. The cost of investingime formal value chain is about a half of the cost
of investing in the informal value chain. This ischuse of the relative ease with which a
prospective formal value chain producer is ableatmess the necessary support from the
organizational infrastructure that already existshie value chain. Moreover, the country’s milk
processing capacity utilization is only 26% of tatestalled capacity mainly because of supply-
side constraints. As such, milk processors areatipgp of smallholder farmers willing to enter

the formal value chain.

Table 6. Data on parameters used in the real options model

Formal value chain Informal value chain
Volatility of returns (%) 441 15.69
Risk-free discount rate 0.135 0.135
Beta 1.06 1.02
Investment cost ($/litre) 0.13 0.27

However, the analysis undertaken thus far raidaadamental question: if milk production in the
formal value chain is relatively less risky and esting in the value chain is less costly than
investing in the informal value chain, why does thagority of smallholder farmers operate in the
informal value chain, supplying 97% of the milk samed in the country? The answer to this
guestion can best be provided by an analysis adymers’ risk preferences. Such an analysis,
however, is beyond the scope of this study. Buedarding risk preferences, a probable answer
lies in the importance that farmers attach to mgk prices given the low-input low-output nature
of smallholder milk production. Milk prices recet/dy producers in the informal value chain are
higher than (sometimes twice as high as) pricglarformal value chain. And indeed, Retoal

(2016) have found that most smallholder milk pragsqrefer marketing arrangements that offer
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the highest milk price possible to those that do Bwen though the latter might have other

economically beneficial attributes.
Effect of uncertainty on the investment decision

The real options model yields hurdle rates that sadestantially larger than the conventional
discount rate (table 7). The resulting optimal stweent triggers of $0.33 and $2.15 per litre of
milk for the formal and informal value chains, respvely, are much larger than the Marshallian
investment triggers. Therefore owing to the undetyathat currently exists in the dairy industry,
the option to wait to invest in milk productionagvalue. For the formal value chain, the current
price of milk of $0.23 per litre (table 1) has twiease by $0.10 before waiting to invest ceases to
be optimal. This, however, is much less than thesigse in price that is needed to make investment
in the informal value chain optimal. The currentniagate price of milk in the informal value
chain, averaged across the three producer categi$0.38 per litre. It would have to increase

nearly six-fold to make investing in the informalwe chain optimal.

Notice that if a prospective milk producer is terdgard uncertainty and go by the Marshallian
criterion, they should invest immediately sincereat farm gate prices in both value chains are
way greater than the Marshallian triggers. But dotal evidence indicates farmers are reluctant
to adhere to the Marshallian criterion. This stwdys undertaken in Tanga region where the
authors were involved in implementing a researckdfevelopment project that supported greater
investment in milk production. In the course of jpod implementation, farmers consistently
argued that the milk prices they receive are low discourage further investment in milk
production. These results suggest that the fararersight and are perhaps aware of the risks and
uncertainty they face.

Table 7. Hurdle rates, optimal and Marshallian investntaggers

Formal value chain Informal value chain
Hurdle rate 247 8.11
Optimal investment trigger ($/litre) 0.33 2.15
Marshallian investment trigger ($/litre) 0.02 0.04

Sensitivity analysis

15



Sensitivity of the hurdle rate and optimal investingigger are examined by increasing and
decreasing the discount rate and volatility of m$ueach by 10%. Generally, the hurdle rate and
optimal investment trigger are not sensitive tonges in the risk-free discount rate (table 8). For
instance, a 10% increase in the discount ratejiplather factors constant, does not increase the
optimal trigger for the formal value chain, andydbes so by a mere 0.5% for the informal value
chain. However, the two parameters do responddages in volatility by nearly the same degree;
for instance, a 10% increase in volatility, holdiwiyper factors constant, causes a 9.1% and 9.8%
increase in the optimal investment trigger for fitienal and informal value chains, respectively.
Similarly, reduction in volatility by 10% lead tolnaost proportional reduction in optimal
investment triggers.

Table 8. Hurdle rates and optimal triggers for differergodunt rates and volatility levels

Formal value chain Informal value chain
Discount rate
0.149 $0.33 (2.50) $2.16 (8.14)
0.122 $0.32 (2.44) $2.15 (8.09)
Volatility (formal value chain)
4.85% $0.36 (2.69)
3.97% $0.30 (2.25)
Volatility (informal value chain)
17.26% $2.36 (8.90)
14.12% $1.95 (7.33)

Figures in parentheses are hurdle rates

5. Summary and concluding remarks

The study has found that youths in the informahydaalue chain face the greatest level of risk
followed by men in the formal value chain, and tineen in the informal value chain. Women in
both value chains as well as youths in the fornasile chain face considerably low levels of risk.
Overall, milk production in the informal value chas found to be substantially more risky with
an annual volatility of returns of 15.69% than prodon in the formal chain whose annual
volatility is only 4.41%. Regarding the effect afiaertainty on the decision to invest in milk

production, the study finds optimal investmentdegs of $0.33 per litre of milk for the formal

16



value chain and $2.15 for the informal value chaifisese triggers are much larger than the
Marshallian investment triggers and are sensitvevdlatility levels but not to the risk-free
discount rate.

The study’s findings have policy and practical ioglions for inclusive dairy industry

development. Promoting dairy development requicegiment policy to recognize that risk and
uncertainty negatively impact milk production. Mover, impacts vary by gender of producers
and type of value chain they operate in. Therefmsuming that smallholder farmers are risk
averse, practical considerations for risk mitigatieclude: strengthening the capacity of youths in
the informal value chain to undertake proper animedbandry practices, use of body condition
scoring as a herd management tool for men in fleenral value chain, and strengthening linkages
between input suppliers and men in the formal vahegn through, for instance, the use of input
supply contracts. Also, lenders should take intaesaderation the different levels of risk exposure

when determining risk premiums and interest rates.

To encourage investment in milk production, publieestments should aim to reduce uncertainty
in the informal value chain. However, this is nasg From a strategic management perspective,
it would be imperative for existing and potentidlknproducers to exercise flexibility in decision
making so as to adapt to the uncertain environniuit flexibility requires market information
and knowledge of the implications of alternativedurction decisions. Therefore smallholder milk
producers should be supported to strengthen thiades with other value chain agents to

enhance their access to market information andild bapacity in enterprise management.
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Table 2. Cash flows of dairy enterprises by gender and tfpvalue chain

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fl

CF($) 5.05 5.05 8.24 8.24 8.24 5.05 5.05 5.05 5.05 8.24 8.24 8.24
(0.02) (0.02) (0.75) (0.75) (0.75) (0.02) (0.02) (0.02) (0.02) (0.75) (0.75) (0.75)

FF

CF($) 567 5.67 1418 14.18 14.18 5.67 5.67 5.67 5.67 14.18 14.18 14.18
(0.01) (0.01) (0.03) (0.03) (0.03) (0.01) (0.01) (0.01) (0.01) (0.03) (0.03) (0.03

MI

CF($) 578 5.78 7.52 7.52 7.52 5.78 5.78 5.78 5.78 7.52 7.52 7.52
(0.22) (0.22) (1.22) (1.22) (1.22) (0.22) (0.22) (0.22) (0.22) (1r.22) (1.22) (1.22

MF

CF($) 489 489 20.26 20.26  20.26 4.89 4.89 4.89 4.89 20.26  20.26  20.26
(0.49) (0.49) (0.40) (0.40) (0.40) (0.49) (0.49) (0490 (0.49) (0.40) (0.40) (0.40)

YI

CF($) 15.03 15.03 -0.63 -0.63 -0.63 15.03 15.03 15.03 15.03 -0.63 -0.63 -0.63
(2.20) (2.20) (4.25) (4.25) (4.25) (2.20) (2.20) (2.20)0 (2.20) (4.25) (4.25) (4.25)

YF

CF($) 19.85 1985 22,69 2269 2269 1985 19.85 1985 1985 22.69 22.69 22.69
(0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)

Figures in parentheses are standard deviations
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