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Contract Farming Risks: A Monte Carlo Assessment

Abstract
The objective of this study is to identify the key risks facing each of the stakeholders in the
export-focused paprika value chain in Zambia. Although a deterministic cost-benefit analysis
indicated that this outgrower scheme would have a very satisfactory net present value (NPV),
a Monte Carlo analysis using an integrated financial-economic—stakeholder model identifies
a number of risk variables that could make this system unsustainable. The major risks include
the variability of the real exchange rate in Zambia, the international price of paprika and the
farm yield rates. This analysis points out that irrigation systems are very important for both
stabilizing yields and increasing them. The analysis also shows the limitations of loan
financing for such outgrower arrangements when at the sector level it is difficult or even
impossible to mitigate the risks from real exchange rate movements and movements of
international commodity prices. This micro-level analysis shows how critical real exchange

rate management policies are in achieving sustainability of such export-oriented value chains.

Revised paper published as: Kabungo, A. M., & Jenkins, G. P. (2016). Contract farming risks: A
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52.

Keyword: Monte Carlo simulation, outgrower scheme, paprika, smallholder farmers,
sustainability.

JEL Classification: Q17, Q12, H42



1. Introduction

Governments and international organizations have proposed non-traditional agricultural
exports from Africa as a promising avenue for increasing the incomes of smallholder farmers
and alleviating poverty in rural areas (Brintrup and Peltzer 2006). This paper identifies the
key investment and macroeconomic policies that need to be in place in order to achieve

sustainability for such initiatives.

Recent studies (Hidalgo et al. 2007; Hausmann et al. 2011) in economic growth have shown
that the chances of success in exporting new products are improved if they are related and use
similar factor inputs to the current existing products that a country produces and exports. The
types of new crops that have been initiated most successfully through smallholder production
are those that are labour intensive and have relatively low transportation and logistics costs.
They usually also require relatively low investment in storage facilities, and at the farm level
are inexpensive to process. Such crops include coffee, cut flowers, cotton, tobacco,
groundnuts, fresh vegetables and fruits. One notable crop that would appear to have all these

characteristics for success is paprika (Bertow and Schultheis 2007).

Studies based on the deterministic assessment of the potential of paprika have recommended
it as a promising non-traditional export. For example, a study by Langmead (2005) showed
that paprika cultivation has the potential to increase the incomes of smallholder farmer
groups by 32% for women and 52% for men, as well as to provide them with an opportunity
to diversify away from tradition export crops such as cotton and coffee. Langmead observed
that the variability in rainfall, prices, yields and contracts is important to the sustainability of
the paprika value chain in Zambia, but did not quantitatively show how these risks could
affect the viability of smallholder farmers and other players in the value chain. A similar
study in Tanzania (ECI Africa and DAI PESA 2004) concluded that paprika has a very strong
potential to change the cash position of smallholder farmers. In the latter, productivity, output
levels, access to finance and competition were cited as the major constraints. A similar study
for paprika in Malawi found the same results (Makoka et al. 2010).

A number of risks (Glover 1987; Deininger and Olinto 2000; Ponte 2001) affect many such
export crops, including uncertain yields owing to unpredictable weather (Morton 2007), high
local and international transportation costs (Mamo 1998), exchange rate fluctuations that

affect farm-gate prices (Orden 2010), escalating processing costs, volatile international



market prices and stringent phytosanitary standards (Stevens 2004)*. While these authors
have identified the types of risk facing stakeholders in non-traditional export crop production
and marketing, as far as we are aware no attempt has been made to assess quantitatively the
relative magnitude of these potential risks.

In this paper, we gquantitatively evaluate the relative impacts of the risks associated with
growing paprika under an outgrower arrangement in Zambia. In this case, the ultimate
destination of the crop is the European Union. We assess the relative impact of the various
sources of risk through a Monte Carlo simulation of an integrated financial-economic—
stakeholder model of smallholder paprika production, processing and export. The model is
used to assess how the key risks alter the attractiveness of the operation from the perspective
of the domestic stakeholders in the export value chain. Finally, we identify the policies that
need to be in place in order to enhance the prospects for the sustainability of the paprika
value chain in Zambia.

2. Structure of analysis

An integrated cash flow (resource flow) model is used to evaluate the net benefits that accrue
to the smallholder farmers and the operator. Smallholder farmers in Zambia are those who
work less than 2 hectares of land in subsistence agriculture. The smallholder farmers and the
operator work on a contractual basis using an outgrower arrangement that assigns
responsibilities to each party. The operator may be an independent crop-sponsoring
organization or an agribusiness firm that off-takes and processes the crop for sale in

midstream and downstream markets.

The operator
The operator is the nucleus of the outgrower value chain, having the critical roles of being

both the financial and the market intermediary. As a market intermediary, the operator
provides a link between the international export markets and the Zambian smallholder. The
operator will also provide extension services to the smallholder farmers in addition to those

provided by the local government?.

In the scheme analysed in this paper, the operator generates revenues from the export sales of

processed paprika in the European market. The revenue from the commodity sales is

! Zambian paprika is marketed on standards based on the European Spice Trade Association (ESTA) and is
controlled for salmonella, pesticide residuals and aflatoxins.

2 Much of the international donor funding is focused on building capacity of government institutions so that they
are equipped to adequately provide extension services to targeted smallholder farmers groups in different areas
of the country.



determined by the world price fetched by the Zambian paprika at the European point of
import. The operator’s cash flow costs are the expenses associated with off-taking the
unprocessed paprika crop from the farmers as well as processing and transporting it>. As a
financial intermediary, the operator bears the administrative overhead burden of sourcing
credit from commercial banks to finance the working capital requirements of the outgrower
smallholder farmers. The credit is advanced in kind to the smallholder farmers at a cost to the
farmer that includes the borrowing costs of the operator adjusted for a margin that reflects the
cost of processing the credit and the anticipated default risk of the farmers®. In the model this
credit-processing cost is set at such a level that the net financial position of the operator is not
adversely affected, unless the rate of credit default deviates from the anticipated target®. The
net earnings of the operator are subject to income tax, while the value added tax (VAT) paid
by the operator on purchased inputs is refunded through the zero rating of export sales.
Delays in the collection of revenues and making payments for operating expenses, as well as
the dynamics of the cash flow over time, have been captured by the magnitude of working
capital in the model as determined by the changes in cash balances, accounts receivable and
accounts payable over time. The algebraic structure of the model is described in the

Appendix to the paper.

The smallholder farmers

The cash inflows of the smallholder farmers are the farm-gate sales of the paprika crop to the
operator that occur at the end of each cultivation cycle. The outflows of this group of farmers
are the capital costs associated with investment in irrigation equipment and market support
infrastructure, such as depot and storage facilities. Other outflows are the cost of agricultural
inputs such as fertilizer, packaging materials, payments for consumption of electricity, crop
management activities, irrigation equipment and maintenance costs. The farmers also incur
expenses for land preparation. A key non-cash aspect of the smallholder farmers’ costs, and
an important determinant of the incentive for the farmer to cultivate the crop, is the
opportunity cost of the land and of the time that is spent growing cash crops instead of the
staple food crop. This opportunity cost is expressed as the net value of the maize food crop
that would be grown in the absence of a cash crop such as paprika. Without the proposed

scheme, the majority of the farmers in Zambia would plant maize for their own consumption

® Cost items are classified as either tradable or non-tradable and the exchange rate applied accordingly.

* The interest charge may also reflect the type of collateral put up by the farmer (if any), and social capital
associated with the outgrower group that affects the operator’s confidence in the farmers using the credit.

® In practice, the interest rate paid by the farmer is likely to be charged by lowering the farm-gate price paid to
the farmers. The application of the risk transfer to the farmer is discussed below.
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using the traditional means on rainfed land, the so-called “low-input, low-output” cultivation

method such as the Chitemene system®.

The outgrower scheme

In order to support such arrangements, the government of Zambia and the multilateral
financial institutions have agreed in principle to provide financial assistance. In order to find
out whether the scheme is able to use these funds efficiently, we estimate the cash flows from
the perspective of the entire outgrower scheme arrangement by incorporating the financing
provided by multilateral donors and the host government. All the investments, production,
processing and transportation costs of the smallholder farmers and the operator are deducted
from the value of sales. From the outgrower scheme perspective, all intermediate sales of
paprika and transactions between farmers and the operator are viewed as transfers and are not

included in the statement.

In the estimation of the cash flows, the inflation rates in Zambia and abroad and the changes
in exchange rates have been consistently taken into account, assuming that purchasing power
parity provides a benchmark for the market exchange rate over the long term’. The cash flow
projections are expressed in units of domestic currency. The investment and operating costs
have been classified as either tradable or non-tradable. The latter includes such items as local
labour costs, construction services and domestic transportation services. The prices of
tradable items are expressed in dollars and then converted into local currency values
(Zambian kwacha, ZMK?) at the projected market exchange rate for each period. Projections
over time are made first in nominal values, and are then converted into their real values by

applying the appropriate price indices.

3. Base case analysis and results
We estimate the model using cost and price data expressed at the 2012 price level. The year
2012 is also taken as the base year of our analysis for the calculation of the NPVs, and the

average annual rate of inflation over the period of analysis is assumed to be 9%. The market

¢ In 2004, it was guaranteed this activity would bring farmers a net income of about US$ 100 per hectare a year
(African Development Bank, 2004). This is equivalent to the amount of money that the farmers would pay for
the maize crop out of their earnings from the cash crop such as paprika.

"We do not assume that purchasing power parity will hold for any given period. However, over a period of 25
years it has been shown that the cumulative changes in the market exchange rates for 85 countries are very
close to the cumulative changes in the ratio of the price index of the domestic currency country to the price
index of the foreign exchange country for this same set of countries (Gray and Irwin 2003).

& The Zambian International currency code was ZMK by the time of writing the paper. This has been changed to
ZMW through the rebasing of the kwacha by dropping the three zeros (Bank of Zambia 2012). This paper
uses the non-rebased version of the currency and will use ZMK instead of ZMW.
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exchange rate for 2012 is taken as 5,200 ZMK/US$. The nominal exchange rate is projected
to move in future years based on the relative price index of Zambian inflation and the US
price index. The latter is assumed to increase at an annual rate of 2.5%. The outgrower
scheme is focused on 2,500 smallholder farmers, each assumed to dedicate 1 hectare of land
to the cultivation of paprika. The total number of hectares is 2,500, with 1,500 under rainfed
cultivation and the rest irrigated. Starting with a core group of 300 farmers, the 2,500
smallholder farmers are gradually incorporated into the scheme over a period of 5 years.
Since they are a key part of the outgrower scheme, the farmers are given some training from
the government®. For the purposes of understanding the financial viability of the actors in the

value chain, we evaluate the operations for a period of 10 years.

The base case employs a yield rate of 900 kg per hectare under rainfed and 2,500 kg per

hectare under irrigated cultivation (Langmead 2005). It is assumed that the price of the farm-
gate crop is 17% of the export price'®. We assume in the deterministic base case that there is
a constant yield rate over the life of the operation!. Smallholder farmers’ operating costs are

based on crop budgets obtained from the government (African Development Bank 2004).

In order to determine the appropriate financing arrangements for such a scheme, the analysis
is initially carried out on the assumption that a commercial bank loan is extended to the
operator to finance all of the investment and working capital outlays incurred by the farmers.
The operator will, in turn, use this financing to make loans to the farmers and will recover the
loans and interest charges when the farmers sell their product to the operator. The US$-
denominated commercial bank loans to the operator for farm inputs and infrastructure are
made at a nominal interest rate of 8%. The loan is then re-lent to the smallholder farmer
groups with a margin of 4%, reflecting the anticipated credit risk of default and non-

repayment.

® The training is limited, as it largely depends on the availability of donor funding. In order to ensure the
survival of such an arrangement, the operator will need to fill the gap by providing extension services to
smallholder farmers. Smallholder farmers may have limited knowledge of outgrower schemes and are likely to
have very limited commercial skills to work under such arrangements.

19 The farm-gate price is agreed upon prior to the crop planting. However, the pre-planting price is subject to
adjustment to reflect movements in the international export price on the global market. The process of, and
mechanism for, adjusting the farm-gate price to reflect the global market is often not transparent and
remains a major source of controversy, leading to side-selling of the crop by smallholder farmers. In one
way or another, the operators and smallholder farmers work in such a way that they both benefit from
upward movement in the export prices. In our analysis, the 17% is used so that the farm-gate price of
paprika reflects the export price and is based on the observed farm-gate prices, which have been in the
ranges of 0.8-1.2 US$/kg (Langmead 2005). Based on the export price of 4,500 US$/ton, 17% is deemed
to be a moderate assumption and representative of what is likely to be the farm-gate price of paprika.

1 Yield rates are normally expected to decline over time, especially in the case where a given plot of land is
constantly devoted to the cultivation of a single crop.
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The processing costs borne by the operator are 60 US$/ton, including the incremental
investment cost for additional processing capacity. Other key costs for the operator are as
follows.

e Domestic transportation costs: These cover the collection of paprika from the farmers,
and are estimated to be 30,000 ZMK/ton/km; it is known that most of the smallholder
farmers are located within a distance of 30 km from the operator.

e Processing costs: These include expenses incurred on electricity, hexane, mineral oil,
water, wages, etc. Factory labour costs are estimated to be 1,600,000 ZMK/ton, while
the cost of raw materials is estimated to be 1,200 US$/ton at 2005 prices.

e International transportation costs: Although the domestic transportation costs are
quoted in Zambian kwacha, international transportation costs are paid in US dollars.
These are estimated to be 500 US$/ton at 2005 prices (ECI Africa and DAI PESA
2004).

Base case results

Given the model’s assumptions, the base case result for the operators is a positive NPV of

ZMK 101.4 billion at 2012 prices using a real rate of discount of 15%. A set of annual debt
service coverage ratios (ADSCRs) are estimated in order to assess the ability of the operator to
pay back interest charges and principal on the commercial bank loan*2. As shown in Table 1, the
minimum ADSCR is 1.20x the annual service in 2013, and for the rest of the years is in the range
1.50x to 3.00x, with an average of 2.13x. With the exception of 2013, it would appear that the
operator would have an adequate cash flow to cover the amount of debt service due. However,
the operator’s ability to repay the credit is directly linked to the farmers’ ability to supply the crop
as contractually agreed. If a significant number of farmers default for any reason on the delivery
of the anticipated volumes of paprika or do not make their credit repayments, the operator is also

likely to have trouble in meeting its loan repayment obligations to the bank.

Table 1: Operator and smallholder farmers’ ADSCRs

NPV 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Operator ZMK 101.4bn | 1.23x | 1.62x | 1.88x [ 2.06x | 2.10x | 2.25x | 2.33x | 2.45x | 2.59x | 2.72x
fSaTr?]!:‘:'der ZMK 104bn | 1.65x | 1.08x | 1.10x | 1.24x | 1.24x | 1.26x | 1.37x | 1.51x | 1.67x | 1.81x

In the base case (using a real discount rate of 10%) for the situation of all the smallholders as

a group, the NPV amounts to ZMK 104 billion over and above what they could earn by

12 The annual debt service coverage ratio (ADSCR) refers to the ratio of the annual net cash flow of the project
after disbursement over annual debt instalments (interest and principal) for the same period. The
disbursements in this project logically reflect funding associated with the amount of annual or semi-annual
incremental investments.




growing maize. This result suggests that the participating smallholder farmers will be able to
recover all their investment, operating and credit costs as well as earn a return on equity of
more than 10% in real terms. This result is quite plausible by regional standards as the
paprika project links the rural communities to the modern market economy. The ADSCRs are
an indication of the ability of smallholder farmers to generate sufficient net cash to cover the
opportunity cost of growing a cash crop rather than subsistence maize cultivation and to
cover the input credit repayments to the operator. The resulting ratios are greater than 1.0x.
This means that on average the farmers are expected to be able to cover their opportunity and
input costs, and in addition, to service their credit repayments. The minimum value of the
annual available net cash flows occurs in 2014. In that year, the ADSCR is 1.08x times the
credit repayment to the operator.

Despite the attractiveness of these outcomes, account needs to be taken of the variability of
the value of the input and output parameters of the cash flow model. There remains the
question of what the probability is that farmers will have sufficient cash each year to recoup
their opportunity costs and be able repay the loans to the operator. The next section addresses
the question of the impact of variability on the net cash flow results of each of the stakeholder

groups.

4.  Sensitivity analysis

The results from the evaluation of the farmers’ and operator’s participation in the outgrower
scheme suggest that the scheme is attractive from the perspective of both the smallholder
farmers and the operator. The main drawback of the base case scenario is the implicit
assumption that the price and cost values, inflation rates, exchange rates and yield rates, as
well as other parameters used in assessing the viability of the outgrower operation, are known
with certainty. The implication is that the estimated ADSCRs and NPVs are also certain and
therefore deterministic. This deterministic base case model of the financial analysis does not
take into account the uncertainties and fluctuations that the scheme is expected to encounter
over its life cycle. The long-term financial viability and sustainability of the scheme is largely
determined by the volatility of a number of key variables.

We conduct a series of sensitivity tests for key variables in the value chain, and evaluate the
downside impact of these changes on the NPV, along with their impact on the minimum and
average ADSCR values.



Based on the sensitivity results the key risk variables that could adversely affect the value
chain are those that have a pronounced impact on the NPVs and ADSCRs. Specifically, the
impact of yield rates, real exchange rate, the price of paprika in Europe and the cost of
international transportation tend to have the greatest impact on the operator and smallholder

farmers together.

Yield rates, vy, affect the amount of crop, Qfg, that is sold by the farmer to the operator. In
practice, the farm yields of the smallholder farmers are affected by a wide variety of factors
ranging from agronomic conditions to weather patterns. The availability of rainfall is critical
for the cultivation of paprika in non-irrigated areas. The exchange rate is a major determinant
of the kwacha value of the export earnings and of the kwacha cost of the tradable inputs used
in the operation. In the model, non-tradable items are valued directly in kwacha and their
prices are not directly affected by the movements of the ZMK/US$ exchange rate. The cost,
insurance and freight (CIF) price (in Europe) of the processed paprika is affected not only by
the exchange rate but also by changes in its real or relative prices owing to global shifts in
demand and supply of paprika and its close substitutes. As the output of this operation is not
large enough to affect the world paprika price, from the perspective of Zambia this outgrower
scheme is a price taker. Similarly, fuel prices, international transportation costs and material
processing costs are tradable items affected by the dynamics of the exchange rates and global

markets.

5.  Monte Carlo risk analysis

The above analysis helps to identify variables that are important determinants of the
variability of financial indicators such as the ADSCR and the NPV. However, it must be
noted that in a sensitivity analysis the impact of varying each variable is assessed while the
values of the other variables are fixed. There is no simultaneity in the assessment. In reality,
many risk variables are moving at the same time and they are often correlated. Therefore, to
gain a better understanding of the impact on the financial performance of the operation we
employ a Monte Carlo simulation analysis. Monte Carlo simulations provide one of the most
practical methods of approximating the dynamics and uncertainties of the real world. The risk
analysis repeats the simulation of the financial analysis many times using distributions of the

values of the most sensitive and uncertain variables affecting the operation. These results are
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then analysed statistically to arrive at a distribution of the possible financial outcomes for the

operator and the smallholder farmers, and the probabilities of their occurrence®®.

For this study, we develop probability distributions for the following risk variables:

Yield rate: The yield rate under rainfed cultivation is likely to be affected by the
variability in the temperature, rainfall and level of use of inputs. We assume that the level
of agricultural inputs of the smallholder farmers are sufficiently available and financed
via the credit mechanism, so they will not be a constraint on the yield rates. However,
crop yields are likely to be affected by climate variation such as changes in precipitation,
temperature, sunshine and other meteorological factors (Sakaida 1993). A combination of
temperature and other meteorological factors has a direct impact on the rainfall, which in
turn affects the crop yield level. For the simulation, the yield rate in any cultivation period
will be obtained from a distribution defined as:

7, = 900(1+ A1)
The distribution of the yield rates is based on observations of yields of smallholder
farmers in Zambia (Langmead 2005).
Real exchange rate: This is a factor that has a direct impact on the domestic currency
values of all tradable items in the model. In the projection of the real exchange rate for the
base case, we have assumed that it remains constant at 5,200 ZMK/US$ over the
evaluation period of the operation. The risk analysis model adjusts the predicated real
exchange rate by using the stochastic random error #. The random component is based on
the historical kwacha/dollar exchange rate for 1986-2010 (World Bank Development
Indicators 2012), and captures all the deviations from the trend of the real exchange rate
with a mean of zero and a standard deviation that defines the riskiness inherent in the
exchange rate.

Fx, = Fx,(1+7)

CIF price of paprika: The random error of mean of zero, ¢, is applied to the CIF prices of
paprika. This is based on the historical producer prices of green pepper sold in Europe
(FAO 2012).

CIF, = CIF,(1+¢)

13 Crystal Ball Software is used to conduct the simulations and produce the statistical reports.
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e Two other variables that have been modelled include the investment cost overruns** on

all the farmers’ and operator’s capital costs, and the price of international transportation™.

15

Table 2 gives a summary of the statistics of the underlying distributions of the risk

variables.
Table 2: Statistics of custom distributions for risk parameters
Risk Statistics Cost overun | Exchange rate | CIF Paprika price | Yield rate | Freight cost
Mean 0% 0% 0% 899 0.0%
Median 1% -2% -1% 898 -0.2%
Standard Deviation 7% 26% 23% 369 0.8%
Variance 0.49% 6.7% 5.4% 136067 0.0%
Skewness 0.22 0.45 0.35 0.02 18.8%
Kurtosis 1.86 2.03 2.96 1.89 170.1%
Coeff. of Variability 120 -160 -117 0 -197
Minimum -10% -36% -44% 250 -1.3%
Maximum 20% 54% 80% 1570 1.5%
Range Width 30% 90% 123% 1320 2.8%
Mean Std. Error 0% 0% 0% 4 0.0%

6. Simulation results

Using the Crystal Ball Software (Decisioneering, Inc. 2005), a total of 10,000 simulations are run
in order to estimate the NPVs and ADSCRs for the operator and the smallholder farmers. The
base case simulations are carried out using the assumption that any risks that are likely to affect
the cash flows or benefits pre- and post- farm gate are borne by each party under a constraint that
does not allow any party to shoulder a greater share of the risk for the benefit of the others. In this
scenario, there are no restrictions in the model, and therefore the transmitting mechanism for risks
will be the share of the farm-gate price and the level of volumes of the paprika crop produced.
Unlike the base case outcomes above, the outputs of the simulation are distributions of the NPVs
and ADSCRs. Table 3 shows the means, the standard deviations and the probabilities of default
for the distributions of the ADSCRs and the NPVs.

The mean, standard deviation and probabilities of the distributions of the NPVs (Table 3, column
11) are based on the assumption that the scheme will survive the year-to-year fluctuation in the
net cash flow of each party concerned. However, on a year-by-year basis the viability of the
scheme is dependent on the ability of both the operator and the smallholder farmers to meet their

debt obligations. Analysing the distributions of the ADSCRs is therefore important in

Y The distribution of overruns is based on experience drawn from similar operations (African Development
Bank 2004).
15 P ; ; ; ; ;
Real oil prices were used as a proxy for the fluctuations in the real costs of international transportation.
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understanding the commercial and long-term sustainability of the value chain for paprika as a

non-traditional export.

Table 3: Summary of simulation results

Column 1 2 3 4 5 6 7 8 9 10

Year | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

Operator ADSCRs
1 Base case 1.23| 162 188 2.06 21| 225 233 | 245 259 | 272
2 Mean 1.11 | 153 179 196 | 2.01| 215| 224 | 235]| 248 2.6
3 Median 1.1 151 175| 192| 197 | 209 | 217 | 227| 239]| 251
4 Standard deviation 069| 064| 065| 067]| 067 069 076 084 | 094 | 1.02
5 Prob. ADSCR<1 0.45| 0.19 0.1 01| 005 0.03| 0.03| 0.03]| 0.04] 0.04

Smallholder farmers ADSCRs
6 Base case 1.65 1.08 1.1 1.24 1.24 1.26 1.37 151 1.67 1.81
7 Mean 181 112 112 124 124 | 125]| 1.36 15| 166 181
8 Median 1.61 1.01 1.03 1.14 1.15 1.16 1.27 1.4 1.55 1.67
9 Standard deviation 096 | 057 052] 054| 053 052 058| 065| 0.72 0.8
10 Prob. ADSCR<1 021 049 | 048] 039] 037 037 029 0.23| 0.18]| 0.14

**The probabilities for the NPVs were tested to see whether they are less than zero. In the two cases, the
probabilities are almost zero. This is also evident from the standard deviation of the NPVs when compared to
the deterministic NPVs.

Figure 1 shows a summary of the statistics for the distributions of ADSCRs for the operator.

Figure 1: Statistics of distributions of ADSCRs for operator
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The means of the ADSCRs lie only slightly below the deterministic base case ratios. This
observation is to be expected, since the base model is constructed based on the average values
of the input assumptions. From Table 3, it can be seen that the standard deviation of the
operator’s ADSCRs increases over time from 0.69x to 1.20x, indicating that the riskiness of
the cash flow increases steadily over the life of the operation. The volatility in the cash flows
increases with time, despite the low ADSCRs seen in the earlier periods when the operator’s
cash flows are highly stressed owing to its on-going investment. In Figure 1, we plot bounds
of two standard deviations below and above the base ADSCRs. The lower bound of two
standard deviations below the mean has a value for the ADSCR below 0.0x (in 2013) and a
maximum of 0.87x. The upper bound of two standard deviations above the mean is
consistently above 2.50x over the life of the operation. Figure 2 presents the probably of
default, which in this case is the measure of the chance that the ADSCRs will fall below the
threshold of 1.00x. While the earlier years are characterised by potential low ADSCRs with
low threshold margins above 1.00x and low standard deviations, the likelihood of default on
the loans to the bank in these early years is relatively higher. The probability of default
significantly decreases over the life span of the operations, despite the increase in variability

over the same period.

0.50 Figure 2: Probabilities of loan default for operator
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The statistics for the simulations for the smallholder farmers are presented in Table 3 and
summarised in Figure 3. From Table 3, we see that the expected values of the ADSCRs and

the NPVs are again close to the base case results.
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The profile of the statistics for the distribution of the ADSCRs for the smallholder farmers
are shown in Figure 3. The projections of the ADSCRs for two standard deviations below and
above the base ADSCRs clearly indicate a high downside risk with ADSCRs that are
persistently below 1.0x over the operating period of the scheme. The ADSCRs that are two
standard deviations below the mean have a minimum ratio of 0.0x with a maximum value of
only 0.22x. These values are significantly lower than those observed in the case of the
operator, which indicates that for the same level of duress, the smallholder farmers
experience more risk. This is also evidenced by the standard deviation values of the ADSCRs

for the smallholder farmers that have a minimum of 0.52x and maximum of 0.96x (Table 3,

row 9).
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The upside remains above 2.00x, and steadily increases over the life of the project. The
probabilities of default (Figure 4) for the smallholder farmers are highest in the early years,
when the smallholder farmers are making their investments, but decrease gradually from
2014. Despite this decrease during the operating period, the probabilities of default remain
consistently high. In 2014, when the ratio is lowest, the probability of default is 0.49. The
average probability of default stands at 0.30, which confirms a huge downside risk that the
ADSCRs are likely to be below the threshold level of 1.00x.
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Figure 4: Probabilities of loan default for smallholder farmers
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The risk analysis, based on the five key assumptions identified from the sensitivity testing
process, indicates that the variability and uncertainty in the key risk variables are likely to
alter the perception of the attractiveness of the outgrower operation. Despite the promising
potential for the operator and the smallholder farmers, there is an inherent downside risk that
the benefits of the deterministic case cannot be realised. The results show that the downside
risks are so large that it is likely that the operator will not be liquid enough to meet its loan
obligations. The volatility of the results is even greater for the smallholder farmers’ cash
flows. This casts a significant shadow on the veracity of the deterministic outcomes of the
outgrower arrangement.

This analysis points to the inherent liquidity problems that arise when financing such a
scheme so heavily through commercial loan finance. Even in this case the terms of the loan
are based on those offered to a commercial business operator, not the typical high cost of
credit that is available to smallholder farmers. Serious repayment problems are likely to arise
even if the overall activity is expected to yield a positive NPV.

As part of the simulation results, we compare the contribution to the overall variation of the
five risk variables. The Tornado charts for the ADSCRs for the operator (2014) and
smallholder farmers (2013) are shown in Figure 5. The years 2014 and 2013 are selected
because they have the lowest ratios for the operator and smallholder farmers respectively and
are the years that are affected by the downside risk first. Moreover, 2013 has the highest

standard deviation for the smallholder farmers.
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Figure 5: Tornado charts of contribution to variability
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The variability in ADSCR for the operator is largely explained by fluctuations in the real

export price. The variability of the real exchange rate tends to affect the smallholder farmers

most. Similar charts (not presented) obtained for the ADSCRs in other years consistently

show that the contribution to variability is largely explained by the real export price and real

exchange rate variability. The yield rate ranks third as a major contributor to variability. This

is not surprising given the difficulty that the Zambian government has had over time in

managing the country’s real exchange rate. The fluctuations in the price of Zambia’s major

export, copper, and the country’s weak macroeconomic management have created wide

fluctuations in the real exchange rate between the Zambian kwacha and the US dollar.
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7. Conclusion

The analysis carried out in this paper identifies the dangers of designing an export crop
programme in a country without the relevant risk mitigation policy measures in place. The
ability of the overall scheme to manage the wide year-to-year fluctuations of the net cash
flows is critical for the continued participation of the smallholder farmers as well as the

financial survival of the operator.

The results of our deterministic analysis indicate that both the operator and the smallholder
could benefit from exporting paprika to international markets. Each of the stakeholders
appears to be able to earn an attractive return on their investment as well as generate cash
flows that are sufficient to repay their loan obligations. These conclusions are similar to the
previous studies that are reported in the literature on paprika and similar crops (Langmead
2005).

However, risk simulation results reveal that both the operator and the smallholder farmers are
likely to experience huge downside risks arising from liquidity problems that could erode the
outgrower scheme’s long-term sustainability. The level of downside risk is higher for the
smallholder farmers than for the operator. On the upside, the average of the outcomes is
significantly higher than the base case and shows that the outgrower scheme has the potential
to provide huge benefits for both the operator and the smallholder farmers.

The analysis also indicates that the major sources of risk are likely to be the variability in the
real export price, the real exchange rate and yield rates. Yield rate fluctuations can largely be
controlled through the expansion of the proportion of the total area of the scheme under
irrigation. Hence, public investment policies need to be coordinated with export promotion
initiatives so that there is an appropriate degree of irrigation. Appraisals of such irrigation
investments should take into consideration both the impact of irrigation on crop yields and
the reduction of the variability of the cash flows accruing to the farmers and operator, which
will enhance sustainability. Second, in order to lower the burden of loan financing on the
scheme, such irrigation facilities should be financed as part of the public investment
programme of the country, with perhaps the amortization of the facilities carried over a
period of time that is longer than commercial loans and paid for through water user fees
charged to the farmers. Third, policies should be in place at the macroeconomic level to help
mitigate sharp fluctuations in the real exchange rates. For example, better sterilization of the

spikes in foreign exchange revenues in Zambia would reduce the risks facing the

18



smallholders and operators engaged in non-traditional export crops. This might be facilitated
by a revenue stabilization fund that invest some of the additional revenues during periods of
high copper prices in order to mitigate fluctuations in the real exchange rates.

The integrated model of analysis demonstrates the critical role that institutional infrastructure
such as supportive government policies can play in ensuring the long-term sustainability of
new export crops. This conclusion is in line with those found in recent economic growth
literature that stresses the importance of developing institutional capacity for enabling
production of more complex exports that would lead to better prospects for a country’s
economic growth (Hausmann et al. 2011). Unless the key public sector investment and
macroeconomic management policies are put in place to mitigate the risks of such agriculture
export initiatives, the sustainability of such potentially poverty reduction programmes is in
jeopardy.
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Appendix A
The Model
Cash flows of the operator

The net cash flows, NCBFin,°, of the operator in each period t are made up of a number of

variables as follows:

INE® = QfCIR +AAR®
t = QCIR +AAR

1)
0 0 fg 0 f 0
OUTF = Inv + Qt Pt + Proct + DTt + InTt + AAP  + AARt + ACB +VATRt + Inc
t t t t t
(2
NCBFin® = INF? —ouTF”
t t t (3)

where INF° = inflows of operator from export sales; Q;° = quantity of processed paprika
exported; CIF; = CIF landed price of paprika; AAR; = change in accounts receivable of export
sales (ARw1 —ARy); OUTF = outflows of operator; Q = quantity of unprocessed paprika
bought at the farm gate; P, = farm-gate price of paprika; Inv = capital cost'®; Proc, = paprika
processing costs (labour + fuel + materials input costs); DT; = domestic transportation; InT; =
international transportation; AAP; = change in accounts payable of operator (excluding
paprika purchases) (AP%-AP°.;); AAR" = change in accounts receivables of farmers (payable
of operators for paprika) (AR —AR'.1); ACB; = change in cash balances (CB~CBi.,); VATR; =
value added tax paid on input purchases (+) and refunded (-); Inc’ = corporation income tax

paid by the operator; NCBFin? = net cash flow of operator before financing adjustment®”’.

The net flows of the operator are then adjusted for the working capital loans and credit
disbursements and total repayment flows between the operator and the farmers to calculate

the operator’s net position:

s a0 f o]
FlnAdJt = LnBk; —LnOp; +Rpmt; ~ — LnA —Crdt - Rpmtt ()
NCFinAdj;® =  NCBFin, + FinAdj; (5)

where FinAdj;° = financing adjustment; LnBk; = loan from the commercial bank to the
operator; LnOp; = loan and credit amount provided by the operator to the farmers; Rpmt;' =

repayment (assuming full repayment) of loans and interest by smallholder farmers to the

1% The capital costs of the operator for processing are expressed as an annual lease cost for buildings and
equipment.
YThis analysis assumes that any incremental investment in capital equipment for the processing of the
additional paprika from this scheme will be undertaken by the operator and financed through additional equity.
Such incremental capital costs are included in the processing costs of the operator (FAO 2004).
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operator; LnA; = loan arrears of farmers to operators; Crd; = credit-processing cost; Rpmt;° =
repayment of loan to bank by operator; NCFinAdj;° = net cash flow to the operator after the

financing adjustment.

Cash flows of the farmers

Thus, we model the position of the farmers as follows:

NFf = Qf9p +aar T+ Rsd, | (6)
OUTth = Invtf + LandPrep; + CropM; + Mnt; + IncMzt]c )
Ncerin f = INR T —ouTR' @

where INF = cash receipts of the farmers; Q¢ = quantity of paprika sold through farm-gate
sales (y*area cultivated); y = yield rate per hectare for the paprika crop; P; = farm-gate price
of paprika; AAR{ = change in accounts receivable of the farmers; Rsd;’ = residual value of the
assets of the smallholder farmer group; OUTF, = total outflows from investing and operating
activities of the farmers, including the farmers’ opportunity costs; Inv’ = investment cost of
irrigation equipment and market support infrastructure; LandPrep; = land preparation cost
(labour cost); CropM; = crop management cost (labour cost); Mnt; = maintenance cost of
irrigation equipment; IncMz; = income from maize forgone by farmers®®; NCBFin;' = net cash

flow of farmers before financing adjustment.

The net position of the farmers is derived by making adjustments for the medium-term loan
and short-term input credit disbursements as well as their respective total interest and

principal repayments, as follows:

FinAdj; = LnOp; + LnA; — Rmpttf

9)

o : 19
NCFinAdj, =  NCBFin, + FinAdj (10)

where LnOp; = loan inflows from operator; Rpmt;’ = repayment of loans and interest to
operator if no arrears; LnA; = loan arrears on repayments to the operator; NCFinAdj;'= net

benefit flow of farmers after financing adjustment.

'8 The net return from growing maize includes both the opportunity cost of the farmers’ labour and also their
land. The farmers’ land used to grow paprika should not be counted again as an additional cost.

19 Strictly speaking, the cash flow after financing adjustment represents the actual cash of the farmers. This is
because the farmers do not receive the actual cash as represented by the sales at the farm-gate price, but rather
an amount that is adjusted for the total credit expended on all farm inputs.
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Cash flows of the overall scheme

The cash flow formulations for the overall contract farming scheme are as follows:

S [ 0 f
INFt = Qt CIFt +AARt + RSdt (11)

OUTRS = Inv " +LandPrep, +CropMy +Mnt, " + Proc,® + InT, +Crd, + AAR® +VATR, + Inc® + IncMz,° (12)

LS s s
NBFin,® = INF°> —OUTF (13)

where INF¢ = inflows; OUTF® = total outflows from investing and operating activities of the

scheme; NBFin;® = net benefit flow before financing of the scheme.

The net flows are estimated as follows:
FinAdj,” = Grt, +LnOp, — Rpmt,’ (14)
NFFinAdjts = NBFints + FinAdjts (15)

where Grt; = grant financing from international donors and local grants; LnOp; = loan receipts

from commercial banks; Rpmt,° = repayment of loan to commercial banks by operator;

NFFinAdj:® = net benefit flows after financing adjustment.
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