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Abstract
The food safety problem has been challenging the traditional operating model of Chinese agricultural supply chain. In the recent decades, more and more agribusinesses
and cooperatives in China have adopted contract farming to strengthen food safety
control during the sourcing process. Meanwhile, several pricing schemes are applied
to incentivize the quality-improving effort from producers of different risk attitudes
and defaulting likelihoods. In this paper, we consider a producer-agribusiness supply chain with stochastic wholesale market price and random production yield. We
model the three commonly-observed pricing schemes of contract farming in China:
1. Markup contract, 2. Fixed-price contract and 3. Protective-price contract. We
characterize the equilibrium of the contracting game under each pricing scheme with
risk-neutral and/or risk-averse producer. Furthermore, we investigate the optimal
contract selections under different producer characteristics. We find that compared
to the most frequently-used markup contract, the fixed-price and protective-price
contract better incentivize the risk-averse producer to exert higher levels of qualityimproving effort; In addition, switching from a markup contract to a protective-price
contract or a fixed-price contract (under a certain threshold of defaulting rate) will
achieve a win-win outcome where both the expected profit of the company and the
utility of the risk-averse producer increase. Finally, we offer insights on the selection
between the protective-price contract and fixed-price contract under different market
price and production yield conditions.
Thesis Supervisor: Y. Karen Zheng
Title: Associate Professor of Operations Management
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Chapter 1
Introduction
Rapid economic development, agricultural productivity growth and consumption patterns transformation in China over the last 40 years have significantly reduced the
hunger and improved the living for the majority of the population (Holdaway and
Husain, 2014). Being able to access a wider range of food products than ever before,
people have gradually shifted their attentions from food supply issues to food safety
concerns (Lam et al., 2013). From the melamine-tainted milk in 2008 to the gutter oil
in 2010 and then to the counterfeit meat in 2013, the food safety problems in China
have caused great anxiety among the domestic consumers. In response to the recent
scandals and the increasing lack of confidence in food safety among public, Chinese
government revised and published the strictest Food Safety Law in the nation's history in 2015. With the aim of strengthening the regulation of food companies, the
new Food Safety Law imposes stricter requirements for every step from food production, processing to storage and distribution; Furthermore, it dramatically increases
the price of the punishment for any substandard food product provided by the food
suppliers (Food Safety Law of People's Republic of China, 2015).
The enforcement of the new Food Safety Law forces the agribusiness companies
to raise the product quality standards and strengthen the quality control during the
sourcing process. However, sourcing high-quality products could be particularly challenging in China due to the unique characteristics of Chinese agricultural system. In
China, the agricultural production is fragmented and a large proportion of farmers are
11

very small-scale (Zhu, 2007). Without a mature traceability system, it is extremely
difficult for the companies to standardize or monitor the production and ensure the

product quality during the sourcing process (Calvin et al., 2006). To resolve this issue, more and more Chinese agribusinesses have recently transformed the traditional
sourcing from the small, scattered producers into contract farming (Li et al., 2016).
Many companies believe that contract farming can result in higher product quality
and lower risk through the standardization of the production materials, the moni-

torability of the production activities and the accountability when tracing the unsafe
products (Li et al., 2016).
In spite of the prominent advantages in contract farming, it is not easy for companies to incentivize their contracted producers to input great effort in improving
the product quality.

On one hand, a large portion of producers in rural China are

risk-averse and capital-constrained (Jin et al., 2017 and Ye et al., 2017); and these
producers are less likely to make costly investments and adopt new technologies or

better cultivation techniques (Wang, 2018 and Mao et al., 2019). On the other hand,
the most commonly used contract pricing mechanism does not align with the producers' preference. A survey in 2007 shows that, more than 44% of the actual contracts
use flexible prices that fluctuate with the local market, but only 20.9% of the householders are willing to accept flexible price contracts; 68.6% of the householders prefer
protective price contracts, but only 27.3% of the actual contracts are of this type
(Guo et al., 2007). The farmers typically do not have control over the contract prices
as they are usually provided by the company; and it is rather difficult to motivate
the producers to exert the greatest level of effort when the contract prices are unsatisfactory.
In this paper, we study the company's best contracting strategies that reinforce the
product quality control and exert the optimal level of producer's quality-improving
effort. We consider a company that only sources the high-quality products, a producer
with certain risk attitude, and three major contract pricing schemes in China:

1.

Markup contract, where the company provides the exact same or a markup of the
realized wholesale market price; 2. Fixed-price contract, where the company gives a

12

fixed, preset price; and 3. Protective-price contract, where the company offers the
higher price between the realized market price and a fixed floor price

.

Using a game-

theoretical approach, we model the markup contract with risk-neutral producer and
all three contracts with risk-averse producer.
We present the optimal contract and producer's optimal effort level under each
pricing scheme, as well as the optimal pricing scheme selection under different contract environments, such as different risk attitudes and defaulting preferences of the
producer, different market conditions, etc. We find that when contracting with a
risk-averse producer, the company can expect a higher effort level from the producer
using a fixed-price or protective-price contract rather than using a markup contract;
Furthermore, both the company and the producer are better off with a protectiveprice contract or a fixed-price contract when the defaulting rate of the producer is
low. In addition, the protective-price contract is the optimal among all contracting
schemes when the producer has low risk-aversion and high defaulting rate; while the
fixed-price contract is strongly recommended when the producer is highly risk-averse,
and the local market price or the production yield has large variation.
The rest of the paper is organized as follows. Chapter 2 reviews the literature.
Chapter 3 introduces the motivation and setup of the models. Chapter 4-7 presents
the analysis and discussion for each model. We conclude the paper in Chapter 8. All
proofs are given in the Appendix.
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Chapter 2
Literature Review
The proposed problem in our project is closely relevant to the literature on contract
modeling. Tsay et al.

(1999) provide a review on the contract modeling literature

and a classification of the contracts in the context of supply chain management.
The contract modeling in supply chain sourcing has also been widely researched.
Bolandifar et al.

(2017) propose a single, linear sourcing contract that satisfies the

uncertain market demand of the buyer and also addresses the adverse selection and
noncontractible capacity of the supplier.

Yang et al.

(2012) solves for a buyer's

optimal procurement contract under dual-sourcing option when facing information
asymmetry.

Although the modeling of the sourcing contracts has been extensively

studied, the optimal selection of contracts has received relatively less attention in
the field.

Zhang et al.

(2014) model five contracting schemes for sourcing with

risk-averse supplier under information asymmetry and analyze the optimal contract
scheme selection.

Our paper continues to fill in the gap of contract modeling and

optimal contracting scheme selection in supply chain sourcing management.
The literature on contracting under uncertainty also relates closely to our problem.
Many research works in the field of agricultural supply chain management study contracting under the price uncertainty. Li and Kouvelis (1999) model different types of
supply contract for deterministic demand under uncertain prices. Zhang et al. (2014)
study different contracting schemes in supply chain sourcing under raw material price
uncertainty.

Recent studies have also been focusing on contracting under yield un-

15

certainty.. For example, Hwang et al. (2018) investigate the performance of wholesale
price contracts under supply risk caused by random capacity and random yield. A
latest study by Federgruen et al. (2019) focuses on the contract modeling between a
farmer and a manufacturer under random yield and demand. However, few studies
have focused on both random yield and price in supply chain contracting. A stream
of literature on agricultural operations considers production planning decision under
both yield and price uncertainties. Dalal and Alghalith (2008) perform a decision
analysis under production and price uncertainty, taking consideration of the riskaversion of the producer. Huh and Lall (2013) model a farmer's decision in land and
irrigation allocation under stochastic yield and market price; Meanwhile, they also
address how contracts that reduce market price uncertainty affect farmer's optimal
decision. However, these studies are from the perspective of decision making for the
producer instead of strategy optimization for both the producer and the agribusiness.
Our paper contributes to the literature by considering optimal contracting strategies
for both parties under both yield and price uncertainties.
The supply chain management literature has also considered different incentive
mechanisms to induce supplier's effort. Li (2013) adopts simple contracts independent
of supplier's effort and investigate the incentive effect of different supply base designs
for supply chain sourcing. Tang et al. (2014) examine the performance of investment
subsidy and inflated order quantity on incentivizing the suppliers to improve the
process reliability. Recently, de Zegher et al. (2017) evaluate the effects of direct and
dual sourcing on incentivizing suppliers to adopt better management practices. Our
paper contributes to the literature by modeling the quality-improving effort as the
producer's decision and analyzing the incentive effects of different contract pricing
schemes.
Many research works have been done to study contract farming for smallholder
producers in developing countries. A comprehensive review of this topic is provided
by Prowse (2012) and Otsuka et al.

(2016). Many studies of contract farming in

developing countries take a survey approach; for example, Guo et al. (2007) explore
the current status of contracting farming in China from various perspectives by ex16

amining survey data from Chinese householders. Few research has been focusing on
the contract farming in developing countries from a modeling perspective.

Huh et

al. (2012) analyze a fixed-price contract between an agribusiness and a risk-averse
producer with possible defaulting upon the market price realization. However, they
focus on the optimal decisions under the single contract design and do not include
other contract pricing schemes or an optimal contract selection. Zhu (2007) develops several pricing strategies for contract farming with smallholders in China, but
a few aspects such as risk attitude, defaulting issue and food safety control are not
addressed. Our paper fills in the gap of the literature by providing model analysis
of the three most prevailing pricing schemes of contract farming in China, taking in
consideration of the distinctive characteristics such as risk-aversion, defaulting and
product quality control.
Contract modeling for supply chains with risk-averse agents has also received
many research attentions. Lau and Lau (1999) propose models to examine pricing
and return-credit strategy for a simple supplier-buyer supply chain where both agents
have a mean-variance objective.

Kim et al.

(2007) use mean-variance objectives

to model performance-based contracting with risk-averse agents.

In the study of

sourcing contract schemes under the price uncertainty and information asymmetry,
Zhang et al. (2014) also adopt the mean-variance objective to model the supplier's
risk aversion. In this paper, we continue to contribute to the literature by extending
the uses of mean-variance objective to contract modeling application based on realworld characteristics in China.
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Chapter 3
Model Preliminaries
3.1.

Motivation from Field Research

In order to understand the sourcing and contracting schemes between Chinese smallholder producers and agricultural companies, we conducted structured field research
in 15 counties of Ziyang, Shaanxi Province, Jiaozuo, Henan Province and Weifang,
Shandong Province.

The field research features interviews with 27 agribusinesses

and cooperatives, which involve the production of 21 different kinds of agricultural
products,
The interview questions focus on three categories of topics:
1. How do agribusinesses and cooperatives organize production?
2. How do they contract with smallholder producers?
3. How do they ensure the quality of the product?
We observe the following similarities among all the agribusinesses and cooperatives
that we interviewed:
* Sourcing scheme: Besides one cooperative that only sources from its own production base and two informative cooperatives that only help the producers
to search for sales channels, all other agribusinesses and cooperatives source
from individual producers through procurement contracts, and then sell the
19

processed products to their customers. The producers typically acquire farm
labor from their households and grow the product in their own farmlands, while
the companies provide some input and technical support. After the harvest, the
companies purchase the products at the contract prices.
o Quality control: Most of the agribusinesses and cooperatives conduct quality
control through the following steps: 1. Provide or require standardized input
material (e.g. seeds, fertilizers and agrochemicals) for all producers of the same
product. 2. Provide trainings, testings and any necessary facilities to ensure
proper management during the production. 3. Clearly state the quality requirements before production and only purchase the products that meet the quality
standards.
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Figure 3-1: Contract Between a Tea Production Enterprise in Ziyang and Its Producer
In addition, all the agribusinesses and cooperatives agreed that the producer's
effort in field management (including irrigating, fertilizing, deweeding, temperature
and humidity control, etc.) is crucial for improving the quality of the agricultural
products. For example, according to the agribusinesses and cooperatives, good timing
20

for irrigating, fertilizing and leaf-cutting can raise the high-quality percentage of the
yield for tomatoes from an average of 70% by 5-10%; Good work on fruit thinning can
increase the percentage of high-quality peaches (over 0.5 pounds each) from about
2/3 to 3/4; Also, more effort in fertilizing and management can raise the high-quality
percentage of lantern peppers from an average of 70-80% to over 95%.
However, the significant differences in geography and agricultural history among
the cities result in variations of the contracting schemes.

For example, Ziyang is

located in the southern part of Shaanxi, in between of Qinling Mountains and Daba
Mountains.

It has a population of 286,025 and a total cultivated area of 44,333

hectares, 1

and is also among the nation-level poverty counties with a poverty rate

of 47.5%.

2

Historically, most smallholders in Ziyang conducted farming for their own

consumption and sale. As China has released several preferential policies for poverty
alleviation since 2015, a great number of agribusinesses and cooperatives have emerged
and contract farming has risen up in Ziyang in recent years.
Another agricultural enterprise participating in China's poverty alleviation program, Bao He Tang Pharmaceutical Co., Ltd. in Jiaozuo, has been contracting with
thousands of local smallholders for the production of traditional Chinese medicine
for a decade. With more and more agribusinesses collaborating with the smallholder
producers, Jiaozuo has made great progress in poverty alleviation in recent years, but
still has 68 villages in poverty till 2018.4
Weifang, Shandong is located on the east coast of China. Compared to the mountainous landscape of Ziyang, the plain landscape and the proximity to the water not
only offer Weifang the ideal environment and climate to develop agriculture, but also
make it very easy to access from all the populous regions in eastern China via various
types of transportation. Having an agricultural population over 2.45 million and a
'Source: People's Government of Ziyang County. http://www.zyx.gov.cn/content/detail/
5c733d614d4a134813000000.html
2
Source: People's Government of Ankang City. http://www.ankang.gov.cn/content-59770.
html
3 Source: People's Government of Ankang City. http: //www. ankang. gov. cn/Content- 166131.
html
4
Source: People's Government of Henan Province. http://www.henan.gov.cn/2019/04-12/
742652.html
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total cultivated area of 794,800 hectares,' Weifang has the largest industrialized vegetable production base and the biggest vegetable wholesale market in China. Unlike
Ziyang and Jiaozuo, Weifang has a long history of commercial farming and the local
producers are well-trained with advanced cultivation skills.

Weifang, Shandong Province
Plain area
- Developed commercial farming
* China's largest vegetable
wholesale market

f
Ziyang, Shaanxi Province
- Mountainous area
- Poverty alleviation policy
- Many emerging farmer's
cooperatives

4

Jiaozuo, Henan Province
- Mountain-plain transitionarea
a Leading enterprise in traditional
Chinese medicine production
- Contracts with thousands of

Figure 3-2: Features of Field Research Locations
The differences in the geography and agricultural history between Ziyang, Jiaozuo
and Weifang have resulted in different risk attitudes of the producers in the these regions. Compared to producers in Weifang where commercial farming is considerably
well-developed, producers in Ziyang and Jiaozuo are at the beginning stage of the
transition from smallholder farming to contract farming. As a result of the financial
constraints and smallholder mentality, producers in Ziyang and Jiaozuo are significantly more risk-averse towards commercial farming activities.

This difference of

the risk attitude has also led to in the differences in the sourcing contract terms,
including:
e Upfront investment. All of the agribusinesses and cooperatives we interviewed
in Weifang ask the producers to pay for the material costs (for seeds, fertilizers,
agrochemicals, etc.). This includes:
'Source:

Weifang Bureau of Statistics.

http://tjj.weifang.gov.cn/TJYW/TJSJ/PCSJ/

201901/t20190108_5261645.htm
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- Direct purchase: The producers directly purchase the input materials from
the channels required by the company in the contracts.
- Cost reimbursement: The companies purchase the input material for all
producers in advance, and deduct the cost later from the payment for
harvested products.
However, over 80% of the agribusinesses and cooperatives we interviewed in
Ziyang relieve their producers from the burden of upfront investment. This is
achieved through:
- Reward of contract: The companies offer the input materials to producers
as a reward for the participation of the contract.
- Government subsidizes: The companies receive free input materials from
the local government according to the poverty alleviation policies and distribute the materials to its producers.

(a)

in Weifang

(b)

in Ziyang and Jiaozuo

Figure 3-3: Contract Pricing Schemes Used by Agribusinesses in Field Research

* Pricing scheme. Most of the agribusinesses and cooperatives we interviewed in
Weifang set their contract price to be the exact same, or a (fixed amount or
percentage) markup of the wholesale market price of the product on the trading

23

day. While in Ziyang and Jiaozuo, we observed fixed-price contract that uses a
preset purchasing price that is independent of the market price.
In addition, compared to Weifang, a higher percentage of companies in Ziyang
offer a protective price together with the market price, that is, if the market
goes down at the trading day, the company will purchase at the preset protective
price to ensure the producers' profitability.

3.2.

Contracting Models

Given the survey results described in the previous section, we choose to model the
following contracting schemes between a risk-neutral company and its producer.
1. Markup contract with risk-neutral and risk-averse producer.
The markup contract is the most connonly-used contracting scheme in the field
research. For this type of contract, we consider the following features:
* Either the company or the producer bears all the upfront investment, or
the two parties split the material costs prior to production.
" The company only purchases high-quality products. The producer can sell
the low-quality products through other sales channels.
" The company offers to purchase all high-quality products at the realized
wholesale market price, or a fixed percentage markup of the realized wholesale market price at the time of sale.
Since the purchase price of the markup contract is no less than the realized
market price, we assume there is no defaulting issue of the producer in this
case.
2. Fixed-price contract with risk-averse producer.
In the field research, the fixed-price contract is only used by companies that
cooperate with risk-averse producers. For this type of contract, we consider the
24

same features as in the markup contract, with the only difference being that the
company offers to purchase all high-quality products at a fixed, preset price.
Since the purchase price of the fixed-price contract is set before the market price
is realized, there is a possibility that the producer will default on the contract
when the contract price is lower than the market price at the time of the sale.
In this case, the company will lose a portion of the high-quality yield to the
outside market.
3. Protective-price Contract with risk-averse producer.
Protective-price contract is more frequently used by companies that contract
with risk-averse producers during the field research. For this type of contract,
we consider the same features as in the markup contract, with the only difference
being that the company offers to purchase all high-quality products at the higher
price between the realized market price and a fixed protective price.
Since the purchase price of the protective-price contract is no less than the
realized market price, we assume there is no defaulting issue of the producer in
this case.
For each contracting scheme, we will model a sequential game between a company
and a producer with the following features:
" Complete information between the producer and the company.
" Two levels of product quality: high quality versus low quality.
" Stochastic wholesale market price and production yield.

3.3.

Model Parameters

We will introduce the following parameters to model the contracting schemes described in the previous section.
25

* e: Producer's quality-improving effort level. e > 0. This is the producer's
decision variable. Practical examples of quality-improving effort include proper
cultivation and fertilization, better field management in deweeding, pruning,
etc.
* m: The percentage markup on the wholesale market price that the company
offers in the markup contract. m > 1. This is the company's decision variable
in the markup contracting scheme. If the realized market price of the product
is w, then the company will purchase from the farmer at a price of mw.
" p: The fixed per-unit purchase price that the company offers in the fixed-price
contract.

p > 0.

This is the company's decision variable in the fixed-price

contracting scheme.
" /:

The defaulting rate of the producer. 0 < 3 < 1. In the fixed-price contracting

scheme, when the purchase price p is lower than the realized wholesale market
price, the company will lose

#

of the high-quality yield to the outside market.

" t: The fixed per-unit protective price that the company offers in the protectiveprice contract. t > 0. This is the company's decision variable in the protectiveprice contracting scheme. If the realized market price of the product is w, then
the company will purchase from the farmer at a price of max{w, t}.
" a: The producer's risk-aversion level. a > 0.
" C: The input material cost per land unit. c > 0.

" A: The cost-splitting scheme. The producer pays for A of the input cost, and
the company pays for 1 - A of the input cost, A E [10, 1].
* y: The stochastic yield per land unit, distributed with PDF fy, expected value
9 and standard deviation y,. 0 < y <
maximum yield per land unit.
26

Q,

where

stands for the theoretical

*

w: The stochastic wholesale market price of the high-quality product, distributed with PDF

fw, expected

value ' and standard deviation w,. 0 < w < W,

where iT stands for the maximum wholesale market price of the product.
We assume that w and y are independent, since the market prices of one product
are not easily affected by an individual producer's output realization.
" wL: The fixed wholesale market price for low-quality product. 0 _< WL << !* u(e):

The high-quality percentage of the yield. We assume that u is a negative

exponential function in e, i.e. u(e) = 1 - exp(-kie), k, > 0. Therefore 0 < u <
1, ' > 0, u" = -kiu' < 0 and u"' = -kiu" > 0.
*

g(e): The cost of effort e per land unit. We assume that g is a quadratic function
in e, i.e. g(e) = k 2 e 2 , k 2 > 0. Therefore g > 0, g' > 0, g" > 0 and g"' = 0.

* r: The fixed per-unit retail price at which the company sells to its buyers.
0 < Tb < r.
We assume that the company sells the high-quality products at fixed prices, as
processed products on consumer markets are sold at relatively stable prices due
to price regulation.
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Chapter 4
Markup Contract for Risk-Neutral
Producer
Among all the agribusinesses and cooperatives under contract farming framework in
our field research, more than 50% of them used a markup contract. where the per
unit purchasing price of the products are set to be a markup on the wholesale market
price at the time of trading. In this chapter, we will focus on the markup contracting
scheme with risk-neutral producers and 1. formulate the problem for the producer
and the company; 2. characterize the optimal strategies for both parties; and 3.
present the sensitivity analysis of the optimal strategies.

4.1.

Model Dynamics

We model the interaction between the producer and the company under the Markup
Contract scenario with the following sequence of events.

The company proposes a
markup contract with
purchase price mw. The
producer decides whether to
accept the contract or not.

Prior to production, the
producer pays for A of the
upfront investment and the
company pays for the rest.

During production, the
producer chooses an effort
level e.

After harvest, w and y have
been realized. The producer
sells all high-quality products
at price mw and low-quality
products at price WL.

Figure 4-1: Schematic Illustration of Timeline Under Markup Contract
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1. The company offers a contract to the producer with a markup of m.
2. The producer decides whether to accept the contract or not. If the producer
accepts the contract, he/she and the company will share the upfront investment
of the production.
3. During production, the producer decides a quality-improving effort level e to
input into the production.
4. At harvest time, the wholesale market price for high-quality product w and
the production yield y have been realized. The company purchases all of the
high-quality products from the producer at price mw. The producer can sell all
the low-quality products through other sales channel at price WL.

4.2.

Producer's Problem

We consider a risk-neutral producer whose objective is to maximize his/her expected
profit per land unit. Thus the producer's problem can be formulated as follow.
maximize

E[7rF(e)]

(4.2.1)

subject to e > 0,
where
E[7F(e)]

=E

(mwzt(e) +- wL (1 - u(e))) y - g(e) - cA]
7m7Yu(e) + wLY(1 - u(e)) - g(e) - cA.

Theorem 4.2.1. The risk-neutral producer's objective function as defined in (4.2.1)
is concave.

Since the producer's objective function is concave, there exists an unique maximizer that can be characterized by the first order condition:

(mw - wL)Pu (e )
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gI(e*).

(4.2.2)

(4.2.2) implicitly defines e*(m), which is the risk-neutral producer's best response
function to a given markup contract: for any m chosen by the company, the producer
should choose the corresponding e* to maximize his/her profit.

4.3.

Company's Problem

The company's problem is to maximize its expected profit per land unit, while making
sure that neither party earns a negative expected profit. Since the company is aware
of the producer's best response due to complete information, we can formulate the
company's problem as follow.
maximize

E[irc(m)]

m

subject to E[TF(e)] > 0,

(4.31)

E[7Tc(m)] > 0,

M>
where
E[7c (m)]

mw)yu(e*(m)) - c(1 - A)]

Er,w,q[(r -

(4.3.2)

(r - m7a)9u(e*(m)) - c(1 - A)

and e*(m) is defined by (4.2.2).
Theorem 4.3.1. The company's objective function as defined in (4.3.1) is concave.
Since the company's objective function is concave, there exists an unique maximizer that can be characterized by the first order condition:

(r

-

m*fD)gu'(e*(m*))

de*
(m*).
dm

(4.3.3)

where e*(m*) is the e* that satisfies (4.2.2) when m =m*. m* is the optimal solution
to the unconstrained company's problem.
To satisfy producer's participation constraint, the company must offer a minimum
markup mmin to ensure that the producer's expected profit no less than 0, i.e.
31

mmin

solves

mmin770u(e*(mmin))

+ wL9(1 - u(e*(mmin))) - g(e*(Mmin)) - cA

=

0.

(4.3.4)

Also since m is lower bounded by 1 because the company has to at least offer the same
price as the wholesale market price in the contract, the final decision m,,t should be
mopt = max{1, mmin, m*}.

Choosing mpt ensures the maximum expected profit for the company and the
participation of the producer. Therefore, if the company chooses movt but still earns
a negative expected profit, then it should not propose such a contract. In conclusion,
the optimal strategy for the company's problem is to:
" Offer mopt = max{1, mmin, m*} if E(7c(mpt)) > 0;

" Not propose the contract otherwise.

4.4.

Comparative Statics

In this section we will present the analysis of how the optimal solutions of producer
and company are affected by the changes in endogenous and exogenous parameters.
First, we have the following observation.
Proposition 4.4.1. In the markup contracting scheme with risk-neutralproducer, e*
increases with m at a decreasing rate.
Proposition 4.4.1 suggests that a higher markup incentivizes the producer to input
more quality-improving effort. The rule of diminishing return of the effort follows.
Next, we will analyze how e* and m* respond to changes in the exogenous parameters Fv, 9, r, WL and c. Here we assume that m* is obtained at the first order optimality

instead of the boundaries of the company's problem defined in the previous section.
The comparative statics analysis in this paper is based on the following two lemmas.
32

Lemma 4.4.1. Let 0 be an exogenous parameter. Let F (e*, m*, 0) = 0 and F2 (e*, m*, 0)
0 be the first order condition of the producer's and the company's problem, respectively.
Then e

and

* is given by
dO ~g
b

-d-an

OF1

0

de*

dO
OF 1

OF1

OF2
Oe*

OF2
Om*

where K = 5e

aF2
00

OF 1

Om*

OF2

am*

OF1

OF1

OF2

OF2

Oe*
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dm*

K
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09

ae
oo

K
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Lemma 4.4.2. In the markup contracting scheme for risk-neutralproducer, the signs
of e and dm* are determined by the signs of

OF1

OF1

09
OF2

am*

09

OF1

OF1

OF2

90*
OF2

and

OF2

am*

respec-

-e*
0

tively.
Usingx Lemma 4.4.1 and 4.4.2, we obtain the following results.
Proposition 4.4.2. In the markup contracting scheme with risk-neutral producer,
as the expected wholesale market price 'i2 goes higher, m* decreases and e* remains
unchanged.
According to Proposition 4.4.2, when the expected wholesale market price C becomes higher while other parameters remain fixed, the company tends to offer a lower
markup to ensure profitability. Holding other parameters constant, a higher
incentivize producer to input more effort

(8

lD

will

> 0) because the producer can generate

more profit from selling high-quality product. However, as higher 7D induces lower
markup at the same time, the effects of increasing w and decreasing m* on e* eventually offset each other, leaving the optimal effort level unchanged. In other words,
when iv goes higher, the company will lower m* such that m*77v holds still.
Proposition 4.4.3. In the markup contracting scheme with risk-neutralproducer, a
higher expected yield 9 induces a lower markup m* and higher effort e*.
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Proposition 4.4.3 suggests that, when the producer has a lower expected yield, the
company tends to offer a higher markup to incentivize the producer to input more
effort and produce more high-quality product. Holding other parameters constant, a
higher y will incentivize producer to input more effort ('

> 0). Although higher 9

induces lower markup at the same time, the producer's effort still increases overall.
This is because the company will not lower m* to completely cancel the incentivizing
effect of 9 on e*, as a higher expected yield itself also increases the company's expected
profit.
Proposition 4.4.4. In the markup contracting scheme with risk-neutralproducer, a
higher market price for low quality product WL induces a higher markup m* and a
lower effort e*.
Proposition 4.4.4 suggests that, when the low-quality product market starts to
offer more competitive prices, the company has to raise the markup in order to get
enough high-quality product from the producer. Holding other parameters constant,
a higher WL will discourage producer from inputting more effort (0' < 0). Although
higher WL induces higher markup at the same time, the producer's effort still decreases
overall, but at a lower rate.
Proposition 4.4.5. In the markup contracting scheme with risk-neutral producer, a
higher retail market price r incentivizes the company to offer a higher markup m* and
thus ectourages the producer to input more effort e*.

According to Proposition 4.4.5, when the retail market pricer increases, the company is incentivized to sell more high-quality product, and thus will offer a higher
markup to encourage more high-quality output from the producer.
producer's effort is not directly affected by r

(0*

Although the

= 0), it will be driven up due to

the increasing markup offered by the company.
Proposition 4.4.6. In the markup contracting scheme with risk-neutralproducer, the
optimal effort level and markup are not affected by changes in the amount of upfront
investment.
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Proposition 4.4.6 implies that as a sunk cost, the upfront investment should not
affect the choices of e* and m*. However, a large material cost will lower the level of
expected profit for both producer and company, which is likely to affect the participation of the contract.

4.5.

Contract Selection

We will now compare the three contracting schemes (markup, fixed-price and protectiveprice) for risk-neutral producer. First we assume that the producer's defaulting rate
is 0. Now let X denote the company's expected (per-unit) payment to the producer.
Tthe objectives of the producer and the company under all three contracting schemes
are
E[irF] = XPu(e) + wLY(1 - u(e)) - g(e) - cA,

(4.5.1)

E[rc] = (r - X)qu(e) - c(1 - A),

(4.5.2)

where X(m) = mv under markup contract, X(p) = p under fixed-price contract
and X(t) = f tf.(w)dw + f7 wfw(w)dw under protective-price contract. Once the
optimal markup contract m* is solved, the optimal expected payment X* is determined by X(m*) and the optimal fixed-price contract p* and optimal protective-price
contract t* are determined to satisfy X(p*) = X = X(t*). The optimal objective values remain the same across the three different contracts. This leads to the following
corollary.
Corollary 4.5.1. When the company is contracting with a risk-neutralproducer with
zero defaulting rate, the company's optimal markup contract, fixed-price contract and
protective-price contract give the same expected profit for both the company and the
producer, and achieve the same level of producer's quality-improving effort.
When the producer's defaulting rate is nonzero, the company will be facing a loss
of the products and thus will be earning a strictly less expected profit when using a

fixed-price contract and keeping the same level of expected payment as in the optimal
markup or protective-price contract. This leads to the following corollary.
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Corollary 4.5.2. When the company is contracting with a risk-neutralproducer with
nonzero defaulting rate, the optimal markup contract and the protective-price contract
achieve strictly higher expected profits than the optimal fixed-price contract.
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Chapter 5
Markup Contract for Risk-Averse
Producer

5.1.

Mean-Variance Model

In 1956, Freund first define the mean-variance model for portfolio risk analysis: assuming the revenue is normally distributed and the utility function of the revenue is
negative exponential u(r) = 1 - e-", where a indicates the risk-aversion level, the expected utility maximization can be reduced to the maximization of E(u*) =pr -

2

(Freund, 1956). Since then, mean-variance model has been extensively employed in
the utility function for risk-averse investors in the field of portfolio management (see,
for instance, Epstein, 2985 and Bj6rk et al., 2014).
The mean-variance utility model is also widely applied in agricultural economics
literature to capture smallholder producer's aversion to the uncertainties of the profit
(for instance, see Nanseki and Morooka, 1991; Lien and Hardaker, 2001; Lien, 2002;
Torkamani, 2004). Under such a framework, the producer's risk preference is specified
in terms of a utility function that is linear in the expected profit E[RF] and the variance
of the profit Var(WF):
U(WF)= E[RF]

-

-Var(7F).
2

(5.1.1)

The larger the value of a, the more conservative the producer. In this section, we
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adopt this formulation for the risk-averse producer's objective.

5.2.

Producer's Problem

We consider the same markup contract as described in the previous chapter for a
risk-averse producer. For simplicity, we will assume WL = 0 from this point. The
risk-averse producer's objective is to maximize his/her utility per land unit.
maximize

UF (()

(5.2.1)

e

subject to e > 0,
where
UF(e) = E[7rF(e)]

-2ar(5F2)

2
= mqi ?u(e) - g(e) - cA -

,,y

e2

(5.2.2)

a(y!
+ 9 2 wa + wayU)m 2 u(e) 2

2

Theorem 5.2.1. The risk-averse producer's objective function as defined in (5.2.2)
is unimodal.

Since the producer's objective function is unimodal, there exists an unique maximizer that can be characterized by the first order condition:
miiuiu'(e*) - g'(e*) - aZm 2U(e*)u'(e*) = 0,
where Z =

2 2

y

(5.2.3)

+ 92W2 + W 2 y2

(5.2.3) implicitly defines e*(m), which is the risk-averse producer's best response
function to a given markup contract: for any m chosen by the company, the producer
should choose the corresponding e* to maximize his/her profit.

5.3.

Company's Problem

Since the company remains to be risk-neutral, its objective is the same as defined in
the previous chapter, except that the company needs to ensure that the producer earns
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a non-negative utility from the contract, instead of expected profit. The company's
problem is
maximize

E[irc(m)]

m

subject to UF(e)]

0,

(5.3.1)

E[7c(m)] > 0,
m>

1,

where
E[7rc(m)] = (r - mf) u(e*(m)) - c(1 - A)

(5.3.2)

and e*(m) is defined by (5.2.3).
Theorem 5.3.1. The company's objective function as defined in (5.3.1) is concave.

Since the company's objective function is concave, there exists an unique maximizer that can be characterized by the first order condition:
*- =(r
m*h)u(e*(*))(m*).

(5.3.3)

where e*(m*) is the e* that satisfies (5.2.3) when m = m*. m* is the optimal solution
to the unconstrained company's problem.
Similar to the risk-neutral case, the company must offer a minimum markup mmin
to ensure that the producer's utility no less than 0, i.e.

mmin77VPu(e*(mmin)) -

cA

g(e*(mmin)) -

-

mmin

solves

aZm2inu(e*(mmin)) 2 = 0.

Since m is lower bounded by 1, the final decision mt

should be

npt = max{ 1, mmin, m* }

And again, the optimal strategy for the company's problem is to:

"

Offer mopt = max{1, mmin, m*I if E(wc(mpt)) > 0;

"

Not propose the contract otherwise.
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(5.3.4)

5.4.

Comparative Statics

In this section, we will present the comparative statics analysis for the parameters
that lead to different results as in the risk-neutral producer's case, as well as the
new parameters that appear in the mean-variance model. First, we observe that the
producer's optimal effort level e* responses to the change in the company's markup
m in a different way in the case of risk-averse producer.
Proposition 5.4.1. In the markup contracting scheme with risk-averse producer, e*
first increases with m at decreasing rates, and then decreases until it reaches 0.
Unlike in the risk-neutral producer's case where the producer's optimal effort level
always increases as the company increases the markup, the risk-averse producer will
start to decrease its effort level when the markup goes too high. This implies that
a higher markup incentivizes the risk-averse producer to input more effort at first;
however, as the markup is multiplicative to the stochastic wholesale market price, a
high markup will magnify the variance of the profit and eventually lead to a lower
utility for risk-averse producer. Hence, when the markup is high enough, the riskaverse will decrease the effort level. From this proposition, we also conclude that a
rational company will not choose any m where e* (m) is decreasing, since it can always
find a smaller m that exerts the same level of e*. Thus, the company's optimal markup
m* will only be obtained in the range where e* increases with m.
Next, we will analyze how e* and m* respond to changes in the exogenous parameters C, w. and ya.
Proposition 5.4.2. In the markup contracting scheme for risk-averse producer, m*
decreases and e* increases as the expected wholesale market price ie9 increases.
In the markup contracting scenario with risk-averse producer, we observe the
similar pattern as in the risk-neutral producer's case: when m* is obtained from
the first order condition, a higher expected wholesale market price 77 incentivizes a
higher producer's effort and induces a lower optimal markup offered by the company.
However, unlike in the risk-neutral producer's case, where the effects of increasing
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w and decreasing m* on e* eventually offset each other, the incentivizing effect of
the higher D outweighs the discouraging effect of the lower m*, causing the overall
increasing e* in the risk-averse producer's case. This follows from the weaker impact
of markup on incentivizing or disincentivizing effort for risk-averse producer: a higher
markup increases producer's expected profit and the profit variance at the same time.
Another remark is that in the case for risk-neutral producer, e* always increases as
D goes higher while holding all other parameters fixed. However, in the case for riskaverse producer, when aD increases and other parameters are held the same (assuming
that m* has already decreased to its minimum and remains unchanged), e* will first
increase, and then decrease (easy to verify by checking L!). The more risk-averse the
producer, the sooner the e* starts to decrease with increasing aD. Although a higher
expected wholesale market price of the product leads to a higher expected profit
for the producer and thus can incentivize more producer's effort at first, the profit
variance also increases.

Thus when the expected wholesale market price becomes

too high, a risk-averse producer will eventually decrease his/her effort level to avoid
further loss of utility.
1.7

.I

IAs

IAA

Figure 5-1: Comparative Statics of Fv for Risk-Neutral and Risk-Averse Producer
The above figures illustrate the comparative statics of 7D for three different riskaversion levels of the producer: a = 0 (risk-neutral), a = 0.00005 and a = 0.0001 (risk-

averse). The values of other parameters are set as follow: k 1
0.3, 9 =

20000

, y, = 5000, c = 10000, A = 1, r = 6, ib = 5,
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=
=

1.2, k 2 = 15000, w, =
50000. As shown in

the figure left, when the company's optimal markup is obtained from the first order
condition, m* decreases as 7 increases for all levels of risk-aversion of the producer.
At the same time, e* remains unchanged for risk-neutral producer, but increases with
77v for risk-averse producer.

When the company's optimal markup decreases to 1,

it can no longer be obtained from the first order condition; and we observe that e*
strictly increases with w~v for risk-neutral producer and first increases, then decreases
for risk-averse producer.
Proposition 5.4.3. In the markup contracting scheme for risk-averse producer, both
m* and e* decreases as the standard deviation of wholesale market price w, increases.
According to Proposition 5.4.4, a higher standard deviation of the wholesale market price has a disincentivizing effect on both producer's effort and company's markup.
For the risk-averse producer, a higher w, increases the profit variance and thus discourages the producer to input effort. Since the company will need to pay a per unit
price of m*w to the producer, when w has a higher standard deviation, the company
tends to lower the markup to mitigate the high risk of loss in profit margin. As a
result, the lower markup creates another level of disincentivizing effect to producer's
effort.
A similar reasoning can be applied to explain the following result.
Proposition 5.4.4. In the markup contracting scheme for risk-averse producer, both
m* and e* decreases as the standard deviation of product yield y, increases.
Finally, we will show how e* and m* respond to changes in the producer's risk
aversion level a.
Proposition 5.4.5. In the markup contracting scheme for risk-averse producer, both
m* and e* decreases as the producer's risk-aversion level a increases.
Proposition 5.4.5 suggests that, the more risk-averse producer tends to input less
effort in the production to mitigate the disutility generated by the profit variation. It
is also more difficult for the company to incentivize effort by increasing the markup for
a highly risk-averse producer because of the larger profit variance induced by higher
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markup. Hence the more risk-averse the producer, the lower the markup offered by
the company.
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Chapter 6
Fixed-Price Contract for Risk-Averse
Producer
During the field research in China, we observed that a few agribusinesses and cooperatives used fixed-price contracts, where the per-unit purchase prices of the products
are preset instead of market dependent. This type of contract eliminates the price
uncertainty of the wholesale market at the time of trading, and thus protects the
producers from the possible losses due to bad market conditions. However, when the
realized wholesale market prices are high, the producer could potentially default on
the contract by selling a portion of the product to the outside market.

6.1.

Model Dynamics

We model the interaction between the producer and the company under the fixedprice contract scheme with the following sequence of events.

The company proposes a
fixed-price contract with
purchase price p. The
producer decides whether to
accept the contract or not.

Prior to production, the
producer pays for A of the
upfront investment and the
company pays for the rest.

During production, the
producer chooses an
effort level e.

After harvest, w and y have been
realized. If p>w, the company
purchases all high-quality
products at price p. Otherwise,
the company gets 1-P of the
high-quality products at price p.

Figure 6-1: Schematic Illustration of Timeline Under Fixed-Price Contract
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1. The company offers a contract to the farmer with a fixed per-unit purchase
price p.
2. The producer decides whether to accept the contract or not. If the producer
accepts the contract, he/she and the company will share the upfront investment
of the production.
3. During production, the producer decides a quality-improving effort level e to
input into the production.
4. At harvest time, the company purchases all of the high-quality products from
the producer at price p. When the realized wholesale market price at the time of
trading is higher than p, the company will lose 3 of the products to the outside
market.

6.2.

Producer's Problem

We assume that the producer does not plan on defaulting on the contract before
or during the production, but only makes the decision after the market price has
been realized. As a result, the extra utility that the producer can possibly gain from
defaulting will not be considered in the pre-production utility maximization problem.
The risk-averse producer's problem under fixed-price contract can be formulated
as follow.
maximize

UF(e)
e

(6.2.1)

subject to e > 0,
where
2 Var(7TF) a

= ppu(e) - g(e) - cA -

2

(6.2.2)
y p2 u(e)2
(

UF(c) = E[7F(-)]-

Using the similar technique as in the proof of Theorem 5.2.1, we can easily prove
the following result:
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Theorem 6.2.1. The risk-averse producer's objective

function as defined

in (6.2.2)

is unimodal.

Thus, there exists a unique global maximum for the producer's objective function
that can be characterized by the first order condition
ay2p 2 u(e*)u'(e*)

pgu'(e*) - g'(e*) -

(6.2.3)

= 0.

(6.2.3) implicitly defines e*(p), which is the risk-averse producer's best response function to a given fixed-price contract: for any p chosen by the company, the producer
should choose the corresponding e* to maximize his/her utility.

6.3.

Company's Problem

At the time of trading, the company faces two scenarios: if the realized market price is
lower than the contract price, the company gets the entire output from the producer;
if the realized market price is higher than the contract price, the company loses

#

of

the output, where the defaulting rate 3 is associated with the producer's accessibility
to the outside market and social cost of defaulting, etc. The company's profit is given
by:

7Tc(p)

=

(r - p)yu(e) - c(1 - A)
) - c(1 - A)

(r - p)yu(e)(I -

if p > w

(6.3.1)

if p < w

And the company's expected profit maximization problem is
maximize
p

E[wrc(p)]

subject to Ur (e)I > 0,
E[wFc(p)] > 0
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0

.

p>

(6.3.2)

where
E[7rc(p)] = (1 -

Prob(w > p))(F - p)gu(e*(p)) - c(1 - A)

(6.3.3)

and e*(m) is defined by (6.2.3).
Theorem 6.3.1. The maximizer to the company's objective function as defined in
(6.3.3) satisfies the first order condition.
Let

fw(-),

Fw(.) denote the PDF and CDF of w. Then the optimal solution to the

company's objective p* satisfies
de*

(I -13(l -- Fw(p*))) ( -p*pu+(r -p*)gu'(e*(p*))-)+#fw(p*)(,r- p*)Yu(e*(p*)) = 0.
(6.3.4)
where e*(p*) is the e* that satisfies (6.2.3) when p = p*.
Again, the company must offer a minimum price pmzn to ensure that the producer's
utility is no less than 0, and the optimal strategy for the company's problem is to:
* Offer Popt

=

max{pmin, p*} if E(7wc(ppt)) > 0;

* Not propose the contract otherwise.

6.4.

Fixed-Price Contract vs. Markup Contract

Given a fixed set of exogenous parameters, we can compare the markup contract and
the fixed-price contract in terms of the company's expected profit, the producer's
expected utility and the producer's optimal effort level.
Theorem 6.4.1. Given that (m*, e* ) is the optimal solution of a markup contractfor
a certain set of contractingparameters and assume that there is no defaulting (3

0).

The company can switch to fixed-price contract and achieves higher expected profit,
higher producer's utility, and higher producer's effort level by choosig p

m*I>.

Theorem 6.4.1 suggests that, when there is no defaulting issue and m* is obtained
from the first order condition of the company's problem under markup contract, the
48

company is guaranteed with a win-win outcome under fixed-price contract where both
the producer and the company benefit more and the producer's effort level increases
compared to markup contract.
Theorem 6.4.2. Given that (m*, e*) is the optimal solution of a markup contract
for a certain set of contracting parameters and assume that there is no defaulting
(3 = 0). The optimal fixed-price contract (p*,e) under the same set of parameters
achieves higher expected profit, higher producer's utility, and higher producer's effort
level.
According to Theorem 6.4.2, when there is no defaulting issue, the optimal fixedprice contract generates higher producer's utility and company's expected profit
and incentivizes higher producer's quality improving effort compared the the optimal markup contract. Therefore, the fixed-price contract is strictly more preferable
than the markup contract for company when contracting with risk-averse but nondefaulting producers.
However, as the defaulting issue becomes non-negligible, the optimal fixed-price
contract starts to lose its dominance over the optimal markup contract; Although the
producer's effort and utility remain higher than the markup contract, the increasing
defaulting issue results in greater loss in the trading volume, causing the fixed-price
contract to be less profitable compared to the markup contract. This leads to the
following corollary.
Corollary 6.4.1. Given that (m*, e*) is the optimal solution of a markup contractfor
a certain set of contracting parameters and assume that there is potential defaulting
of the producer (

> 0). There exists a break-even /30 such that, when 3 > 0, the

markup contract gives higher expected profit and when 0 < 30, the fixed-price contract
gives higher expected profit for the company.
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Chapter 7
Protective-Price Contract for
Risk-Averse Producer
During the field research in China, we found that some agribusinesses and cooperatives
offered protective-price contracts, where the per-unit purchase prices of the products
are set as the higher price between the realized market price and a fixed protective
price. This type of contract protects the producers from the potential losses due to
bad market conditions; Meanwhile, it eliminates the possible defaulting issue caused
by the competition with the outside market.

7.1.

Model Dynamics

We model the interaction between the producer and the company under the protectiveprice contract scheme with the following sequence of events.

The company proposes a
protective-price contract
with purchase price
max{w, t}. The producer
decides whether to accept
the contract or not.

Prior to production, the
producer pays for A of the
upfront investment and the
company pays for the rest.

During production, the
producer chooses an
effort level e.

After harvest, w and y
have been realized. The
company purchases all
high-quality products at
price max{w, t}.

Figure 7-1: Schematic Illustration of Timeline Under Protective-Price Contract
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1. The company offers a contract to the farmer with a fixed per-unit protective
price t.

2. The producer decides whether to accept the contract or not. If the producer
accepts the contract, he/she and the company will share the upfront investment
of the production.

3. During production, the producer decides a quality-improving effort level e to
input into the production.

4. At harvest time, the company purchases all of the high-quality products from
the producer at the higher price between the realized wholesale market price w
and the protective price t.

7.2.

Producer's Problem

At the time of trading, the producer faces two scenarios: if the realized market price
is higher than the protective price, the producer sells all the high-quality products at
the market price. Otherwise, the producer sells the products at the protective price.
The producer's profit is

{F(C
tyu() -g(e) -cA

if t> w

wyU(e) - g(e) - cA

if t < w

(7.2.1)

And the risk-averse producer's problem under protective-price contract can be
formulated as follow.

maximize
subject to

UF(e) = E

c > 0,

where
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F(e)

-

aVar(7FF)
2

(7.2.2)

t

E[?TF(e)

=(

f tfw (w)dw + f

W

wfw (w)dw) 'a(e) - g(e) - cA

JO

= (tFw(t) +

it(7.2.3)

w fw(w)dw)9u(e) - g(e) - cA

and

Var(7TF)

(2F(t)j+

w 2 fW(w)dw)

j

y 2 fy (y)dy-(tFw(t)+j wfu (w)dw)2 Y2)

Ue2.

(7.2.4)
Using the similar technique as in the proof of Theorem 5.2.1, we can easily prove
the following result:
Theorem 7.2.1. The risk-averse producer's objective as defined in (7.2.2) is unimodal.
Thus, there exists a unique global maximum for thc producer's objective function
that can be characterized by the first order condition

X(t)yu'(e*)-g'(e*)-a ((2F(t)+l

W2 f"(w)dw)

f

(y) dy - X(t) 22

u(e*)u'(e*)

(7.2.5)
where X(t) = tFw(t) + ft wf.(w)dw.

(7.2.5) implicitly defines e*(t), which is the

risk-averse producer's best response function to a given protective-price contract: for
any t chosen by the company, the producer should choose the corresponding e* to
maximize his/her utility.

7.3.

Company's Problem

Under the protective-pricing contracting scheme, the company's profit is

7TC(P) =

(r - t)yu(e) - c(1 - A)
(r - w)yu(e) - c(1 - A)
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if t > w
if t < W

(7.3.1)

=0,

And the company's expected profit maximization problem is
maximize

E[irc(t)]

subject to

UF(e)] > 0,

t

(7.3.2)

E[7c(t)] > 0
t > 0.
where
E[7c(t)] = (r - X(t)),u(e*(t)) - c(1 - A)

(7.3.3)

and e*(m) is defined by (7.2.5).
Theorem 7.3.1. The maximizer to the company's objective function as defined in
(7.3.3) satisfies the first order condition.
Thus the optimal solution to the company's objective t* satisfies
de*
-F(t*)gu + (r - X(t*))Yu'(e*(t*)) dt = 0.
dt

(7.3.4)

where e*(t*) is the e* that satisfies (6.2.3) when t = t*.
Again, the company must offer a minimum protective price

t min

to ensure that

the producer's utility is no less than 0, and the optimal strategy for the company's
problem is to:
* Offer topt = max{tmin, t*} if E (rc(topt)) > 0;
" Not propose the contract otherwise.

7.4.

Optimal Contract Selection

Given a fixed set of exogenous parameters, we can compare the markup contract and
the protective-price contract in terms of the company's expected profit, the producer's
expected utility and the producer's optimal effort level.
54

Theorem 7.4.1. Given that (m*, e*) is the optimal solution of a markup contract
for a certain set of contracting parameters. The company can switch to protectiveprice contract and achieves higher expected profit, higher producer's utility, and higher
producer's effort level by choosing I such that X(t) = m*D.
Theorem 7.4.1 suggests that, when m* is obtained from the first order condition
of the company's problem under markup contract, the company is guaranteed with
a win-win outcome under protective-price contract where both the producer and the
company benefit more and the producer's effort level increases compared to markup
contract. Since there is no defaulting of the producer for both contracting schemes,
we conclude that under a fixed set of contract parameters, the company can always
achieve a higher expected profit with protective-contract when contracting with riskaverse producer.
Next, we will use a numerical example to show the company's optimal contract
selections (in terms of maximizing the company's expected profit) between the fixedprice contract and the protective-price contract under different parameter values.
The following information is provided by a farmer's cooperative specialized in
tomato production during the field research. The average wholesale market price for
tomatoes in the past 10 years is around 1.5 yuan per jin (1 jin = 500 grams), with a
highest price of 2.6 and a lowest price of 0.4. The average yield of tomatoes for all its
producers is around 20,000 jin per mu (1 mu = 1/15 hectare), with an average yield
of 15,000 for unskilled producers and an average yield of 25,000 for skilled producers.
The input cost for tomato production is 10,000 yuan per mu, and is sponsored by the
cooperative.
Based on the above information, we conduct a series of numerical experiments
to simulate the contracting scenario with the parameters chosen from the ranges as
follow: k 1 in [0.5,2], k 2 in [5000, 20000], 77v in [1, 3], w, in [0, 0.8], g in [15000, 25000],
y, in [0, 10000], c in [2000, 20000], r in [4, 10], a in [0, 0.001] and /3 in [0, 0.2]. After
running the simulation for 2 x 106 combinations of parameters, we observe patterns for
the optimal contract selections between fixed-price and the protective-price contract
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under different conditions.
The patterns are demonstrated in the following example.
15000,

= 1.5, Wa = 0.3,=

2 0 0 00 ,

Let k, = 1.2, k 2

ya = 5000, c = 10000, A = 0,,r = 6, t

=

= 5,=

50000. We will assume normal distributions for the wholesale market price and the
production yield. The figure below shows the optimal contracting schemes for different
risk-aversion levels and different defaulting rates of the producer.
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1(0.00043,0.1)

Protective-Price
Contract
0.05-

(0.00024,0.05)

Fixed-Price

Contract
(0.000058,0.01)
.0000

0.00025

0.0005

Risk-eversion Level (a)

Figure 7-2: Optimal Contract under Varying Risk-Aversion and Defaulting Rate

From the above figure, we can see that when the producer has high risk-aversion
but low defaulting rate, fixed-price contract generates a higher expected profit for the
company since the risk-averse producer is willing to input more effort to produce highquality product when he/she does not need to worry about the market uncertainties.
When the producer has low risk-aversion but high defaulting rate, company's best
strategy is to use the protective-price contract because it completely eliminates the
possibility of losing products due to the competition with outside markets.
When the producer's risk-averse and defaulting rate lie on the break-even curve,
the company can expect the same profit from the two contracting schemes. However,
when the producer is highly risk-averse, a small increase in the risk-aversion level
will make the fixed-price contract much more preferable than the protective-price
contract, unless the defaulting rate increases by a large amount.
Now we will fix the features of the producer and examine the optimal contract
selections under varying market conditions. To do this, we pick 6 producers of different
risk-aversion levels (High, Low) and defaulting rates (High, Medium, Low), and check
how different expected values and standard deviations of the wholesale market price
affect the optimal contracting selection for each producer.
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Figure 7-3: Optimal Contract Strategy under Varying Market Price Conditions

From the above figure, we observe that when the fv- and w, are relatively low, the
protective-price contract is more preferable since the company can keep a low expected
payment (thus high expected profit margin) and a low producer's profit variance (thus
high producer's effort), while eliminating the potential defaulting issue. The range
of iv and w, for protective-price contract to remain optimal becomes larger as the
producer's defaulting rate increases.
However, when zD and w, become high, using a protective-price contract could
greatly shrink the company's expected profit margin and expose the producer under
the market uncertainty. In this case, switching to a fixed-price contract in a low
defaulting region is a better strategy for the company; and the more risk-averse the
producer, the sooner should the company switch to a fixed-price contract.
Finally, we will examine the optimal contract selections under varying expected
production yield and the standard deviation for the 6 producers of different riskaversion level and defaulting rates.
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Figure 7-4: Optimal Contract Strategy under Varying Production Yield Conditions
From the figure above, we notice that when the company is contracting with a
producer of high-risk aversion and relatively high defaulting rate, the protective-price
contract dominates the fixed-price contract over the lower y, range as the protectiveprice contract eliminates the defaulting issue. However, when the production yield
has high variance, the fixed-price contract remains to be optimal since the highly
risk-averse producer will input more effort when there is only one single source of
uncertainty.
On the other hand, when the company is contracting with a producer of low
risk-aversion and low defaulting rate, the fixed-price contract is more profitable over
the higher 9 range. This is because the expected per-unit payment of the optimal
protective-price contract is higher than the preset purchase price of the optimal fixedprice contract when the defaulting is low. When the expected yield is high, using the
protective-price contract can significantly lower the company's total expected profit
compared to the fixed-price contract.
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Chapter 8
Conclusion
We have analyzed and compared the three sourcing contract schemes that we abstracted from the field surveys with Chinese agribusinesses and cooperatives. As we
connect the model results to the observations from the field surveys, we find that
the contract selections of many companies can be explained, especially for those with
more experiences in contract farming. For example, the agribusinesses we interviewed
in Weifang, Shandong have a relatively more developed history in contract farming;
Meanwhile, a large part of their producers are practiced in commercial farming with
risk-neutral to slightly risk-averse attitudes. We observed that most of the companies in Weifang used markup contracts, with the rest using protective-price contracts.
This follows the implication of our model. The markup contract is suitable for riskneutral producer and the protective-price contract is the ideal for producers with low
risk-aversion. As producers in Weifang can easily access the outside markets, the
potential defaulting problem makes the fixed-price contract much less preferable according to the model. And in field research we did not observe fixed-price contract
in use in Weifang.
On the other hand, Bao He Tang in Jiaozuo signs fixed-price contracts with highly
risk-averse smallholders. In addition, they have built a trust through a decade-long of
cooperation, and thus have the defaulting issues well controlled. Another mushroom
cooperative in Ziyang, Shaanxi switched to fixed-price contract after noticing that he
was the only sales channel of mushroom in the area, plus that the producers were not
61

well-motivated to input effort into the production under the markup contracts. These
observations are consistent with our modeling results that the fixed-price contract is
optimal under high risk-aversion and low defaulting rate of the producers.
However, we think that a part of the companies in our field survey can further optimize their contracting strategies. Although some of the companies we interviewed
in Ziyang, Shaanxi have adopted protective-price contracts to reduce risk for producers, we find that the markup contract scheme is still the most popular; In fact,
many companies are still in the beginning stage of the transition from traditional
commodity sourcing to contract farming, and they took the markup contract for its
simplicity. Model analysis shows that the markup contract does not better incentivize
the risk-averse producer to exert quality-improving effort, thus for a company that
aims to strengthen quality control, the markup contract does not necessarily generate
higher profits compared to other contracting schemes. As the producers in Ziyang
are mostly smallholders and new to the contract farming framework, we expect them
to have medium to high level of risk-aversion; and a fixed-price or a protective-price
contract will have better incentive effects for the smallholders to produce more highquality products and have better chances for the company to achieve higher profits
under strengthened quality control.
We also recommend those newly founded agribusinesses and cooperatives in Ziyang
who haven't chosen a contracting strategy to consider choosing between protectiveprice contract and fixed-price contract based on the different characteristics of the
producers and the products. For example, if the producers have low risk-aversion and
the products can easily be sold through other sales channel in the area, a protectiveprice contract would be highly preferred. When producers are highly risk-averse or
the crop has high market price or production yield variability, the company should
consider using a fixed-price and imposing extra control on the defaulting problem,
such as developing long-term relationships with the producers, creating reward and
penalty mechanism for the different defaulting choices of the producers, etc.
In conclusion, based on the assumptions and modeling results in this paper, we
have provided some explanations for different contracting schemes we observed in our
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field research and have provided insights and recommendations for contract selection
under various conditions. Nevertheless, the issue of food safety control through sourcing process, the topic of effectively incentivizing efforts of smallholder producers and
the problem of using contract designs to create win-win outcome in agricultural supply chain, are far from being completely investigated. The future research can focus
on the effectiveness of new sourcing schemes, such as production-base sourcing, arid
perhaps consider new contract forms, such as profit-sharing contract which is widely
used in developed countries.
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Appendix A
Proofs of Chapter 4
Proof of Theorem 4.2.1. Since u"(e) < 0 and g"(e) > 0, we have that

a2 EiF_

ED

(mIV - wL)9u"(e) - g"(e) < 0. Thus E[7TF(e) is concave.

Let's denote the first order condition of the producer's

Proof of Theorem 4.3.1.
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Therefore,
d2 E [7Tc]
dM 2

e < 0 and we have
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+ U"(e*)(d
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Thus the company's problem defined in (4.3.1) is concave.
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Proof of Lemma 4.4.1. Given the first order conditions
F(e*, m*, 0) = 0,

(A.0.6)

F2 (e*, m*, 0) = 0,

(A.0.7)

we can take derivative w.r.t. 0 to both equations and obtain

= Om*

+ eand 7*

m.

Writingwhere
in matrix form,Om;*
wejhave

0

OF1 de*
Oe* dO

OF1 dm*
Om* dO

OF1
00

OF2 de*

OF2

dm*

OF2

Oe* dO

9m* dO

00

dO

(A.0.9)

90 0

0

iF de*

F1

F1

Oe*

0m*

dO

OF2

9F2

L e*

m*

dm*
dO

OO

(A.0.8)

JL

F1

1

_ao
i

E
L J

(A.0.10)

F2

Apply Cramer's Rule, we obtain the result stated in the lemma.
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Proof of Lemma 4.4.2. First, we will check the sign of K in the model. The first
order conditions of producer's and company's problem are
F(e*, m*) = (m*I - WL)YU'(e*) - g'(e*) = 0,

F2 (e*, m*) = -7igu(e*) + (r - m*dm)u'(e*)
The partial derivatives in K gives.
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Therefore K > 0. Combining with Lemma 4.4.1, we obtain Lemma 4.4.2.
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Proof of Proposition4.4.2. First let's check the sign of 2.
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Thus, taking partial derivatives of the first order conditions w.r.t. Cv, we obtain
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To determine the sign of %, we find that
OF

OF1 OF2
077v Omn*

OF2

afV

OF1 OF2
-Omn*

ai~

de*

+ (r - m*ii)qu'(e*)

dm

+ 77Vu'(e*)

-

de*
mgu'(e*)d + (r - m*PF)qu'(e*)

w

u22 / )U()

G2

mw9 2

U (e*)uI (e)

G2

0.

=

(A.0. 15)
Therefore we have

=

d

D

0.

.

Proof of Proposition4.4.3. First let's check the sign of o2
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Thus, taking partial derivatives of the first order conditions w.r.t. Y, we obtain
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Proof of Proposition 4.4.4. Taking partial derivatives of the first order conditions
w.r.t. WL, we obtain
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Proof of Proposition 4.4.5. Taking partial derivatives of the first order conditions
w.r.t. r, we obtain
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BF2
am*

Therefore, we have

BF1

+

BE 1
Br

Be*
de*

> 0 and

dmj >

Br

=

-0

> 0.

(A.0.21)

BF2

Br

D

0.

Proof of Proposition 4.4.6. Taking partial derivatives of the first order conditions
w.r.t. c, we have that
OF1
-Oc

-

OF2

Oc

z.O

(A.0.22)

Hence,
BE 1

ac

BF2
Bc

BF1
Bm*
BF2
Bm*

Therefore, we have

BE1

0 +0

and

Be*
BF2
Be*

0
de

-

dm* =

BF1

Bc

-

0

BF2

-

0

Bc

(A.0.23)

El

0.
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Appendix B

Proofs of Chapter 5
Proof of Theorem 5.2.1. Let Z = D2y2 +

2

The first and second derivatives

w +wly2.

of (5.2.2) w.r.t. e are:
=UF(e)
mwvyu'(e) - g'(e) - aZm 2 U(e)u'(e).

(B.0.1)

_

(e
=UF(e)
mwyfu"(e) - g"(e) - aZm 2 (u'(e)2 + u(e)u"(e)).

92

(B.0.2)

Define fi(x) = U'(x) 2 +u(x)u"(x) where u(x) = 1 - e-kIx. Simple arithmetic shows

that ft > 0 on (0, ')
its infimum at x

-

and decreases to 0 at x = l;

f keeps decreasing until it reaches

P, and then increases and approaches to 0 as x

--

oc.

Now we will split the analysis into two cases:
9___/1
__
* Case 1. inf ft(e) > "'("

a2UF(e)<0foal

"' (-gc) In this case,

021

>0anth

< 0 for all e > 0 and the

producer's objective is concave and hence unimodal.
"

Case 2. inf ii(e) < "

).
"
"m2%"

In this case,

92 Ue

is first negative, then

increases to positive, and then decreases back to negative. Thus UF(e) is first
concave, then convex, and then concave again. Now we will show that UF(e) is

strictly decreasing when it is convex, i.e. m? vu'(e) -g'(e) - aZm 2U(e)u'(e) < 0
Ve that satisfy m77bgu"(e) - g"(e) - aZm 2 (u,(e) 2 + U(e)U"(e)) ;> 0.

Let s(x) = e-kix. Then un' = ki(s - s2) and
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U' 2

+

Uu"

= k2(2s 2

-

s). Since

u' 2 + uu" must be negative when UF is convex, we have

aZm 2 (U/ 2 + U u") < mgYu" - g"
ki(2s 2

) m1V9u" - 2g"
k aZm
1

-

2

s ) > ki(s

-

ki(s

(B.0.3)

2

~) > mifkiu' + g"
k 1 aZm 2
Smwyu' + g"/k
aZm 2

mwyu'

-

g

aZm 2

Thus rn'mvu' - g' - aZm 2wu' < 0. This implies that when UF is convex, it is
strictly decreasing. Since UF is concave on the left- and right-hand-side of the
convex region and UF is everywhere differentiable, it must be also decreasing
before it enters and exits the convex region.

Thus, there is one maximum

obtained in the left-hand-side concave region and no maximum obtained in the
right-hand-side concave region. Therefore, we conclude that UF(e) is unimodal.

D
Proof of Theorem 5.3.1.

Let's denote the first order condition of the producer's

problem as

F(e*, m) = mgyu'(e*) - g'(e*) - aZr 2u(e*)u'(e*) = 0.

(B.0.4)

By Implicit Function Theorem, we have

de*
dm

aF(e*,m)
&F(e*,m)

Wu(e*)
M17Q9u"I(e*) - g"l(e*)

-

2aZmu(e*)u/(*)(B.05)

-

aZm 2 (/(e*)

2

+ u(e*)u(e*))(

We know that 2F1 < 0 since e* is obtained at the maximum of a concave re-

gion. Then (B.0.5) implies that as m increases, e* is first increasing when 77Vqu'(e*)
2aZmu(e*)u'(e*) > 0, and then decreasing when

ciegu'(e*)

- 2aZmu(e*)u'(e*) < 0.

A rational company will not choose any m where e*(m) is decreasing, since it can
always find a smaller m that exerts the same level of e*. Thus, we shall only focus
on the situation when e*(m) is increasing, i.e. wgu'(e*) - 2aZmu(e*)u'(e*) > 0.
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Then, we have
1

d

d2e*

je-*

(B-0.6)

(O2

(8F1

dm ( 3F1j

dm2

\ e*/

Now we will check the sign of - (Y ) and d (I).

d
1
dm OF
dmOm

d
OF
dm (Cyu'- 2aZmuu')

dm

-

2aZm(U'2 +

= (wyu" - 2aZmuu'

OF1
Om

-k1 O

2aZmui'2

dm

-

2aZuu'

de*

de*

dm

2aZmu 2

-

de*

(B.0.7)
2aZuu'

- 2aZuu' < 0.

dm

d
2
2
dm (m'h9UIj" - g" - aZm ( + tu"))
OF,
deo*
- 2aZmu'2 +
"' (mcu-"' - aZm2 (u'u" + u'
=-ki Om
dmm
aFi (m7vu" - aZM2(U /I + u
OF
< -k1 O 1 - 2aZmi'a2 1- am
am
-m i9gu" + aZm 2 (Ut2 + uu")
OF
OF1
de*
2aZm2 i n
-k1 O 1 - 2aZmu' 2 + k1
Om
Om
dm
1
de*
=
dO-m)2aZmu'u" <0.
k1
dm

1/I
dde* (g /1 - 2aZm22 'u")

'

d OF,
dm Oe*

--

UU")) d-

-

(i@gq"

-dm

-

A*2aZm 2 ti"I

dm

(B.0.8)
Since o2g < 0 and

&FI

> 0,
d (QF1)
8e* dm
\m)

aF1

QF1 d (IF1
am dm (\ e*

-

(B.0.9)

< 0

\9e*

/

d 2e*
dm 2
and we have

de*
d2 E(?wc]
d 22
=- -2wyu'(e*)
- m)9
din
dm+(r

d 2 e*

_

(U'I(e*)

de*2

+ u"/(e* )(dm )2 < 0. (B.0.10)
dm2

DProof of Theorem 5.4.1. See details in Proof of Theorem 5.3.1.
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We will use the following lemma to prove Proposition 5.4.2 to 5.4.5.
Lemma B.O.1. In the markup contracting scheme for risk-averse producer, the signs
aF1

of

d

and d* are determined by the signs of

OF1

OF1

OF1

OF2

OF2

ao

am* and

ao
OF2

OF2

00

am*

Oe*

respec-

,e*

o0

tively.
OF1

am*

Proof. We will check the sign of K

in the M-V model for markup

OF2
am*

contract. The first order conditions of producer's and company's problem are
F(e*, m*) = m*7gu'(e*) - g'(e*) - aZm 2u(e*)u'(e*) = 0,
F2 (e*, m*) = -7gu(e*) + (r - m*77)yu'(e*)

de*
dm

(B..11)
(B.0.12)

= 0.

The partial derivatives in K gives.
Expression
rr*

u"(e*)

-

g"(e*)

Sign

aZm(u'(e*) 2 + u(e*)u"(e*))

-

-

Partial Derivative

-F

2

u'(e*)
\

ae*

+ (r -

m*eig (u"(e*
\Ik\dm

-F2u'(e*)

+

+

7igu'(e*) - 2aZmu(e*)u'(e*)

OF1

am*

'(*)

+ (r - m*77j)gu'(e*)

*

( de*
Oe* (din))

(i)

--

Therefore K > 0. Combining with Lemma 4.4.1, we obtain Lemma B.0.1.

[

Proof of Theorem 5.4.2. First let's check the sign of 2.

&F
2

e*)
~fi9Tru
(r

+

_

-

-]u

-

(r - m* )gu'(e*)
dm

,de*
-

4a77vy2muu')!j +

mgu dm

2aF22
(Be*

A

-myu de* + (r
dm

Oa

-

m*

av2
,)yu2aQy
-

W+aO

,0F1

)muu 'e*

(+F( ) 2

+

OF1

0_2 (O1

am iDCOe

<00
(B.0.13)

Thus, taking partial derivatives of the first order conditions w.r.t. iv, we obtain
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Expression

Partial Derivative
OF1

Sign

u' - 2a27vy m2n'+

OF2

+
+

/de*

9iD

-m

u

2a(wy )m-' +(a)
--2
(m

my2

- m

__e*

Hence,
OF1

OF1

aIF
OF2

ae*
F2
Oe*

which means

dm*

(B.0. 14)

0,
<+

5iD-

< 0.

To determine the sign of d9, one can verify that
OF1

O5

OF1
Om*

OF1 OF2

OF1 OF2

OF2

OF2

1OOm*

Om* (977V

Oi:

and we have

d

0

(B.0. 15)

am*

El

> 0.

Proof of Theorem 5.4.4. Taking partial derivatives of the first order conditions w.r.t.
w,,, we obtain

Sign

Expression

Partial Derivative
-2a(9

OF1

oF2(

-

m

,

2

+ y2)wqm

(4a(g 2 +y!)wmuu')+

UUt

(-2a(2

(w,

(2

2

)Wm

2

(U' 2 +uu"))
____2

OF2

OF2

de*
dw,

+

+

Om*

Owa

which means

OF1

OF1
Ow,

+

-

Hence,
< 0,

=

am*

< 0.
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(B.0. 16)

To determine the sign of

Oe*

OF1 OF2 +F 1 OF2
Oe* Ow,
Ow, Oe*

OF2

Ow,

(r - m*()gu'

- 4a(y 2

de*

+

y2)wamuU'

- 2a(9 2 + y2)wm 2 (u/2 + UU"))

(

dm

-

(-2a(9 2 + y )wm 2uu') - 7-vgu' + (r

m * d4V(//de*
)(dm

U/a

de*

ae* dm)

<0.
(B.0.17)
Therefore we have

D

< 0.

dm*
dw,

Proof of Theorem 5.4.5. Taking partial derivatives of the first order conditions w.r.t.
a, we obtain
Partial Derivative
a,6

Expression
-Zm 2uu,
S-(2Zmuu')

(r

49F2

7V

-

/

.9e*

_____)y_______

Sign

- dP 1 (Zm
g
()
2___

2

(u' 2 +uu"))

9F1
Om*

OF2

OF2
Om*

Oa

which means

d'

(B.0. 18)

< 0,

< 0.

To determine the sign of
OFj
Oe*

OFI
Oa

OF1 OF2

OF2

OF2

Oe* Oa

dm*,

we find that

OF1 OF2
+a Oe*

Oa

m*7)YU'

2Zmuu'-

de*

dm

(Zm 2 (U'2 + uu")))

(
de*
- Vu' + (r - m*77)g (u"/d

+

(ZM2nU')

/

+

Oe*

+

OF1
-a

+

Hence,

(B.0. 19)

/ a de*
u e* (dm))

<0.
Therefore we have

dm*

E

< 0.

76

+

OF2

OF1

Owm,

+

OF1
Oe*

we find that

dm*,

Appendix C
Proofs of Chapter 6
Proof of Theorem 6.3.1. Notice that p is lower bounded by 0 and upper bounded by
r. One can easily check that aE[7Tc(p)
ap(p)
&p ] P~o > 0 and aE[ir

< 0. Thus there exists

E

a p* E (0, r) that maximizes (6.3.3) which satisfies the first order condition.

Proof of Theorem 6.4. 1. Since (m*, e*) is the optimal solution of the markup contract,
it satisfies
m*7gu'(e*)

-

g'(e*)

-

am*2 (1f7 2y2 + j2 w 2 + W y)u(e*)u'(e*)

0.

(C.0.1)

Let Po =m* ii and assume the producer input e* effort. Plugging in to the first order
derivative of the producer's utility function under fixed-price contract,
&U (PO, eC)

m *1yuIed

-

g'(eT1 ) - am* 2 Ty

i

0M*

Since the producer's best response to po must satisfy al (po, e*)

0 and is

obtained where UF is concave, we know that e*0 > e*.
If the producer input e* under the fixed-price contract when po = m*, he/she
will earn a higher utility compared to the markup contract since the profit variance
in the fixed-price contract is strictly smaller. Thus by exerting the optimal effort eC
under the fixed-price contract when po = m*77i, the producer must be generating an
even higher utility.
77

Since e*, >e*, the company could expect more high-quality yield while keeping
the same expected per-unit profit margin. Thus the company gains a higher expected
profit by switching from the markup contract to fixed-price contract.

E

Proof of Theorem 6.4.2. Since (m*, e* ) is the optimal solution of the markup contract,
it satisfies

de*
1dm *

-wgu(e* ) + (r - m*,C)9u'(e* ) d*
-u(e*)u(e*o) M+ (r
- m*,Fv)u'(e* )u(e*,)
P
M

Now we will check u'(e*O)u(e*) de*

= 0

(C.0.3)

d

P F dmn m*
.

&'(e* )u(e*)

= 0.

Po

Plugging in
_

dp P0

1 de*
77v dm

u'(e*) - 2aOy2mu(e*)u'(e*)
+ a'i2 ymP 2 (u'(eC 0 )2 +
-miYUe0) - g(e*) //(e

m*

";

1 *

'

de*

_u'(e*)
2aZ/77wmu(e*)u'(e*)
M
M 2 M(C.O.5)
-mw9u"(e* ) + g(e*) + aZm2 (
m(e,)+ u(e*)U"(e*))'

(C

and using the equalities
m7gu'(e*) - g'(e*)
mq7VYu'(e*)

-

-

g'(e*)

a792 ym2 u(e*)u'(e0 )

-

0,

aZm 2 u(e*)u'(e*)

(C.0.6)

0,

(C.0.7)

> 0,

(C.O.8)

together with the properties of u(.), we can show that
de*
1 de*
U'(e*(e))
* ) rdp de* PO > u'(e* )U(e*O)
_ e
P0 7-vdm

m*

and by (C.0.3),
-u~e)u~e~)
(r
-C* )U(*m) + (r - m*17)u(e*)u(e*) d
-de*

dE [
P
mde*
d" (PO, e*) = -pou(e*) + (r - po)u'(e*)
dp
PPPdp
Since the company's optimal price p* must satisfy
pany's objective is concave, we know that p* > po.
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dE[,c]

> 0
p(C
> 0.

.0.9

)

o POU (CO) /(e*(C.O.4)

o

(p*, e*) = 0 and the com-

It is obvious that the company will gain a higher expected profit by choosing p*
because p* is the maximizer. Because e* and UF both increase with p (easy to verify
by ddp and the Envelope Theorem), choosing p* will also increase the producer's effort
level and producer's utility.D
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Appendix D
Proofs of Chapter 7
Proof of Theorem 7.3.1. Notice that t is lower bounded by 0 and upper bounded by a
t such that X(i) = r. One can easily check that &E[7r(t)]
> 0 and IE[c(t)]
< 0.
at t ts

t f

i

Thus there exists a t* E (0, i) that maximizes (7.3.3) which satisfies the first order
condition.

ED

Proof of Theorem 7.4. 1. Since (m*, e* ) is the optimal solution of the markup contract,
it satisfies

m*wqu'(e* ) - g'(e* ) - au(e* )u'(e*) (E[m* 2w 2 ]E[y 2 ] - m* 2 C22)

=

0.

(D.0.1)

Let to satisfies X(to) = m*C and assume the producer input e* effort. Plugging
in to the first order derivative of the producer's utility function under protective-price
contract,

ae (te*)

=m*y/u' (e*) - g'(e*)
-

au(e*)u'(e *)( (j

t2 fw(w)dw

+

aUF(t*)

0to

J

w 2 f(w)dw)

E [y 2

]

m*2 i72 2).

(D.0.2)
Notice that to must be less than m*7D, otherwise X(to) = jo tofw(w)dw+w wfv(w)dw
must be greater than m*f. One can check that
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2

j

2

E[m* w ]

and therefore

DUF

to

W
m*

2

2

w fw(w)dw

>

t2fW(w)dw

+

w 2 fW(w)dw

(D.O.3)

(to, e* ) > 0.

Since the producer's best response to to must satisfy auF(to, e*) = 0 and is obtained where UF is concave, we know that e* > e*.
If the producer input e*

under the protective-price contract when to satisfies

X(to) = m*D, he/she will earn a higher utility compared to the markup contract.
Thus by exerting the optimal effort e* under the protective-price contract when to
satisfies X(to) = m*7, the producer must be generating an even higher utility.

Since e* > e*

the company could expect more high-quality yield while keeping

the same expected per-unit profit margin. Thus the company gains a higher expected
profit by switching from the markup contract to protective-price contract.
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