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Abstract

This study carries out hedonic price analysis of goat’s characteristics in five major markets of Pakistan. 
Data were collected about the various characteristics of each traded animal during the year 2016 through a 
structured questionnaire by using a personal interview method. A log-linear model was fitted to a sample 
of 500 observations in order to examine the determinants of observed goat prices. The results of the study 
showed that live weight, age, and sex were goat characteristics preferred by buyers and had significant 
positive effects on the prices of goats. Further, significant premiums were associated with the purpose 
of buying and marketplace. This study indicates that goat producers can improve their profitability when 
they target goat sales based on weight, marketing place, age, sex and time of sale, especially at the Muslim 
festival, Eid-ul-Azha.
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1. Introduction

Global demand for livestock products is growing rapidly and projected to increase 70-80% by 2050 (Steinfeld, 
2012). The demand is expected to increase mainly due to growing population, rising disposable income and 
progressive urbanization. Livestock subsector needs special attention of governments of various countries, 
especially of developing countries due to the fact that globally its producers are the largest user of agricultural 
land and world food economy is shifting towards animal-based products (FAO, 2015). Further, livestock 
is a key livelihood and risk mitigation strategy for small and marginal farmers as well as for poor landless 
households in the developing countries.

Livestock is the most important constituent of the integrated crop-livestock farming system in many developing 
countries like Pakistan and India. It provides high-quality food in the form of milk and meat, manure for crop 
production and cash income to livestock producers. Within the agriculture sector and national economy, it 
is gaining more importance over time in many developing economies. For example, in Pakistan, livestock 
shared 30% of agriculture value and 7% of national gross domestic product during 1990-91 (Government 
of Pakistan, 1991) while the respective shares were 58.3% and 11.4% during 2016-17 (Government of 
Pakistan, 2017).

Livestock is marketed at villages as well as at special places called livestock markets in Pakistan. These 
livestock markets are organized at various levels on daily, weekly, fortnightly and monthly basis (Sharif 
et al., 2003). Sellers and buyers are well informed about the market days. However, some special markets 
are also organized for two to three weeks before the eve of a religious festival i.e. Eid-ul-Azha. Generally, 
large and small ruminants are traded in the same markets. Sometimes there are separate markets for small 
ruminants called ‘Bakker-mandies’. Farmers, animal traders and Beoparies (village level dealers) bring 
animals to these markets for sale. Most of the livestock markets lack basic facilities like boundary walls, 
electricity, loading-unloading facilities, animal shelters, animal watering, weighing, etc.

Within the livestock subsector, small ruminants are relatively easy to keep and can be produced quickly. These 
ruminants can spread risks resulting from uncertainties inherent in weather, pests infestations, diseases and 
other factors affecting the production within the agriculture sector (Ehui et al., 2003). Goats can withstand 
heat stress, survive under prolonged water deprivation, can use poor quality forages more efficiently, are 
more prolific and need a small amount of capital (Peacock, 2005). Goats occupy a special position in the 
agribusiness of Asia, Africa and the Middle East. However, the current contribution of goats is dismal and is 
not matching to its potential capacity. Due to inadequate government policy support overtime, the potential 
capacity is constrained by inefficient and inappropriate production systems, inefficient use of important breeds, 
poor strategies for the management of natural resources, weak marketing systems and inadequate resource 
use (Devendra, 2001). In many developing countries, goat marketing is dominated by the private sector 
and it is the most important segment of this business. Goat marketing is generally very haphazard, variable 
and poorly studied despite the fact that research in this area is of great significance. The poorly organized 
collection, transportation and marketing of goats result in reduced income to the producers (Devendra, 
2001). In goats, pricing mechanism depends on the location and type of the market. At the village level, the 
price is negotiated between the goat trader and the producer. The producer estimates the reservation price 
on the basis of his past experiences, village level information obtained from other producers and various 
attributes of the animal like age, sex, live weight, etc. The goat trader guesses the price of the animal based 
on the expected price of the animal in the intended market where the animal will be sold, transport costs, 
distance, various taxes and fees, personal costs involved and the profits he wants to make (Mustafa et al., 
1995). The final price between the producer and goat trader also depends on the seasonality and social or 
religious event. In the goat market, market players consider age, live weight, sex, etc. in calculating the price 
of the animal. Prices offered by butchers to sellers are determined by back calculation from the prevailing/
retail meat price fixed by the government of Pakistan. The deals are finalized either through one-to-one 
negotiations or through brokers. One-to-one negotiation is open while the deals are secret when brokers 
are involved. There is no open auction, classification or grading system of livestock in Pakistan. The goat 
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producers and the other market actors involved in the goat value chain have an interest in learning about the 
impact of goat characteristics on their prices. This understanding helps producer to formulate better strategies 
for production and marketing of goats. The information that market transactions reveal about preferences 
for goat characteristics has not been empirically estimated especially with reference to Pakistan. Hence in 
this paper, hedonic price function for goats was estimated in order to understand the marginal values of goat 
characteristics in the Punjab province of Pakistan.

The prices that emerge through negotiations in goat markets can be considered as hedonic prices. The price 
of an individual goat depends on its breed, sex, age, etc. Hedonic pricing analysis started with the pioneering 
work by Waugh (1928). He studied the influence of various quality factors (i.e. color, size, uniformity etc.) 
on vegetable prices. His methodology has been applied in many ways to a wide range of food products. A 
brief review of some of the studies conducted on small ruminants will be given in the next part of this section.

Rodriguez et al. (1995) analyzed the price expectations for small ruminants based on various characteristics 
of goat and sheep, producers and intermediaries. Results of the study depicted that farmers and traders 
expected higher prices in certain months and on religious occasions. Season and different characteristics, such 
as age, sex, breed, weight and body condition of goat had a significant impact on the price. Jabbar (1998a) 
examined the effect of various characteristics that influence the purchase price of goat and sheep. Results 
of the hedonic model indicated that age and live weight had the significant impact on the price but their 
magnitude varied in purpose specific models. Goats and sheep buyers on festivals paid premium prices as 
compared to other periods. There was a significant difference in prices among different periods and markets. 
Knights et al. (2005) conducted a study to determine preferences for specific animal attributes by buyers 
of live lambs and goats. Results of the hedonic model showed a significant positive relationship between 
weight classes and lamb prices. Prices for goats in lighter weights were significantly higher than that of 
goats in heavier weights. The impact of the market location variable on price was significant for both goat 
and lamb models. Orden et al. (2005) determined the preferences for goat characteristics by using a hedonic 
price model. Various characteristics like breed, sex, age, size and meatiness had a positive and significant 
effect on the price of goat. Ayele et al. (2006) studied the effect of seasons, markets and different attributes 
of animals on the prices of sheep and goat. Results of the hedonic model indicated that height, heart girth 
and age of the animal had a significant effect on the prices for both sheep and goats. They found that price 
per animal was significantly lower for female goats as compared to male goats. In case of goat, color and 
breed had no significant effect on price but for both goats and sheep, seasons and markets had a significant 
effect on price. Dossa et al. (2008) studied the effect of different quantitative as well as qualitative traits of 
goats on their prices. The results show that live weight and sex had a positive significant effect on goat prices. 
Other variables such as coat color and breed did not influence the goat prices significantly. Teklewold et 
al. (2009) identified the factors that affect the market prices of sheep, goat and cattle starting from pastoral 
markets to export abattoirs and live animal exporters. The hedonic model identified the occasion, season, 
age group, body condition, buyer and seller type as important determinants of livestock price formation. 
Afzal et al. (2011) estimated the seasonal price variation by considering the effect of different attributes of 
small ruminants like live weight, age, gender and time of sale. Results of the hedonic model indicated that 
live weight and body score indicating better body condition had a significant positive effect on the price of 
small ruminants. Further, price per animal was significantly lower for females as compared to males while 
the influence of age on price per head was negative and significant. Eid-ul-Azha and Ramzan seasons had 
positive significant impact on the price per head over the normal season. Naanep et al. (2012) investigated 
the effect of goat’s physical attributes on its price. Results depicted that meatiness, sex, breed, age and live 
weight were the main attributes considered by both Muslim and non-Muslim buyers. Animal’s meatiness 
and live weight have the highest positive effect on price while sex of the goat has the lowest effect on animal 
price. Srinivas et al. (2013) evaluated the effect of various factors which influence the price expectations of 
goat producers. The hedonic model identified goat sex, live weight, market place, marketing day and access 
to a marketing network as significant variables influencing the goat producer’s price expectation. Terfa et al. 
(2013) estimated the implicit prices of indigenous sheep attributes on the basis of the revealed preference 
method. They used the hedonic model to determine the influence of different variables on sheep prices. 
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Results of the hedonic model showed that sheep price is determined by various traits of sheep (i.e. body size, 
color, age and tail condition), buyer type, market place and season. According to existing literature, the area 
of research with respect to hedonic price analysis of goat focused on phenotypic characteristics of animals 
(weight, age, breed of goat, sex, nature of teeth, color of goat, etc.) and buyer’s demographics. However, 
the hedonic analysis of goat prices is an ignored area of research in Punjab, Pakistan, despite the fact that 
goat meat is not only three to five times more expensive but also considered to be superior in consumption 
to poultry and other meats due to less fat, more iron and low in cholesterol (Solaiman, 2007). In the present 
hedonic analysis of goat prices, an important issue, i.e. how goat characteristics induce systematic variation 
in the price of goat in Punjab, has been addressed. Therefore, attributes were selected that commonly appear 
in previous hedonic price models. These attributes were employed to a group of goat markets under the 
conditions of Pakistan in order to determine the effect of various variables on goat prices.

2. Analytical framework

The analysis of the present study is based on the theoretical approach developed by Lancaster (1966) and 
mathematical formation of Rosen (1974). This approach imputes prices to attributes based on the relationship 
between the observed prices of differentiated products and attributes associated with these products. In the 
hedonic model, the increment in price due to increase in any characteristic shows the buyer’s marginal value 
for the character as well as the marginal cost of producing that characteristics for sellers. In fact, marginal 
value to the consumers and the marginal cost to producers are equal to the marginal hedonic price. Hedonic 
price model decomposes the price of a product into separate components. There are many studies that 
estimated the impact of attributes of product, buyer, and market on product’s observed price (Parker and 
Zilberman, 1993; Ayele et al., 2006). Therefore, in this study market price of a goat is determined on the 
basis of buyers willingness to pay for different goat attributes along with the characteristics of buyers and 
markets. Hence for differentiated goats in the presence of heterogeneous buyers and markets, the hedonic 
pricing model of the goat can be given as:

Pi = F (Qi, Mi, Ci)	 (1)

Where F is the function that relates goat price (Pi) to its attributes (Qi), market in which animal is traded 
(Mi) and buyer’s characteristics (Ci).

The implicit or marginal price of an attribute/characteristic can be obtained by taking the partial derivative of 
the price function (1) with respect to that attribute/characteristic. The marginal price of an attribute shows the 
price at which an attribute can be purchased and supplied. The estimation of the hedonic price function has 
been widely discussed in the literature. An appropriate functional form is very critical in building an accurate 
and consistent econometric model (Brown and Ethridge, 1995). The use of an inappropriate form of hedonic 
price function may lead to biased estimates and thus mislead about the implicit prices of the characteristics. 
This is particularly true for hedonic price function estimations as the functional form of the hedonic price 
function is unknown. However, when one is concerned with the valuation of product attributes, then there is 
a need to use a hedonic price function that estimates the marginal attribute prices most accurately. Cropper et 
al. (1988) reported that when all attributes are observed by the researcher the linear and quadratic Box-Cox 
functions provide the most accurate marginal price estimates of the attributes. Although, various versions 
of Box-Cox are possible as pointed out by Box and Cox (1964), and Spitzer (1982), this is not possible to 
apply in the present study as many of the covariates are categorical so precluding most of the transformations. 
Haab and McConnell (2002) have pointed out that the problem of collinearity should be considered while 
selecting a functional form and a set of variables. Further, high collinearity makes the choice of a very flexible 
function less useful as the interactive terms of a flexible functional form lead to great collinearity. Given 
these considerations and following Cropper et al. (1988), and Haab and McConnell (2002), this study used 
the log-linear functional form of the econometric model for hedonic analysis of goat prices:

ln(PGi) = X'i β + εi	 (2)

 $
{p

ro
to

co
l}

://
w

w
w

.w
ag

en
in

ge
na

ca
de

m
ic

.c
om

/d
oi

/p
df

/1
0.

22
43

4/
IF

A
M

R
20

18
.0

03
7 

- 
Su

nd
ay

, J
un

e 
30

, 2
01

9 
10

:0
1:

12
 A

M
 -

 U
ni

ve
rs

ity
 o

f 
M

in
ne

so
ta

 -
 T

w
in

 C
iti

es
 I

P 
A

dd
re

ss
:1

34
.8

4.
17

.1
44

 



International Food and Agribusiness Management Review
487

Ahmad et al.� Volume 22, Issue 4, 2019

Where ln(PGi) is the natural log of the price of goat; X'i is the vector of independent variables and β is a 
vector of parameters to be estimated and εi is the error term. The conditional distribution of the errors given 
the matrix of explanatory variables have zero mean [E(εi/Xi)=0], constant variance [V(εi)=σ2] and zero 
covariance [E(εiXi)=0] (Gujarati and Sangeetha, 2007).

It may be noted that the major focused traits of traded goats were sex, age, breed, body weight. Under 
competitive market conditions, implicit prices are estimated for the product attributes without considering 
producer or buyer attributes. Since livestock markets in Pakistan are not competitive because of non-existence 
of grading, standardization, and favorable external environment (i.e. inadequate competitive infrastructure: 
physical transport, communication and information structure; the framework of laws and regulations and so 
on), socioeconomic variables were considered apart from the attributes of goat in our model (Abdulai, 2000; 
Kassie et al., 2011; Terfa et al., 2013). Conceptually, the goat characteristics that are perceived as relevant 
for a buyer, and the values assigned to them depend on demand shift variables, i.e. education, experience 
and buying purpose of a buyer (Lenz et al., 1991). Inclusion of independent variables in this study is based 
on previous research and information obtained from buyers at the stage of pretesting the questionnaire.

3. Model specification

To establish the relationship between the price and goat attributes along buyers’ characteristics, the following 
hedonic price model was developed:
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Table 1 describes different variables used in the model. LWT is the live weight in kg. Dummy variables 
were used for location of market (MKT), buyer type (BUY), level of education of buyer (EDU), experience 
of buyer (EXP), dentition type (DENT), breed (BRD) and sex (SEX). The estimated model included all the 
variables as indicated in Table 1 except the variables for benchmark categories i.e. MKT5, BUY4, EDU4, 
EXP4, DENT4, BRD4 and SEX2. The constant term includes the joint effect of the categories not included 
in the model. The semi-logarithmic specification of hedonic price model assumes homotheticity of the 
utility function and hence homogeneity of degree zero of demand for goat characteristics. Further, each 
marginal implicit price is a nonlinear function in terms of the entire set of characteristics. The interpretation 
of regression coefficient of a continuous regressor is straightforward and shows the percentage change in 
dependent variable for a unit change in regressor. However, there is a common error in the interpretation of 
the coefficients of dummy variables in semi-logarithmic equations. Some studies discuss only the significance 
of coefficient while in other studies, the coefficient of a dummy variable is multiplied by 100 in order to 
show the percentage effect of that variable on the dependent variable. However, Halvorsen and Palmquist 
(1980) indicated that this interpretation is incorrect, specifically for dummy variables and can result in 
substantial errors in interpreting of results. Assuming a normal error in Equation 3, Kennedy (1981) proposed 
the following consistent estimator ‘g’, which provides the appropriate interpretation of the coefficient of a 
dummy variable on the dependent variable.

( ) 1ˆvar
2
1ˆexp −






 −= g 	 (4)

3.1. Study area

The study is confined to the Punjab Province of Pakistan. It is the main province of the country and shares 
about 37% of the total goat population. Marketing of live animals takes place here in primary, secondary, 
tertiary and terminal markets. Primary or small livestock markets are present in rural areas, while secondary 
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or large markets are organized in the urban areas. Generally large and small ruminants are traded in the same 
markets. However, at some places, cattle, buffaloes, goats and sheep are also traded in separate markets. In 
primary markets, sellers bring their animals on foot, motorcycle or rickshaw because of short distance. Once 
the animal is purchased from a primary market, it is carried to secondary markets using various transport 
means like mini trucks, trucks, vans and trollies. The roads leading to primary markets are generally poor 
compared to those leading to secondary and tertiary markets. The quality of vehicles used for the transportation 
of animals is very poor because they are primarily built for the transportation of goods rather than animals. 
Five major secondary goat markets established in big cities of the Punjab province were purposively selected 
as they represent various cropping systems, climatic conditions and socio-economic conditions of people in 
this study. The included markets are: Faisalabad from mix cropping system, Lahore from wheat-rice system, 

Table 1. Definitions of variables and their statistics.
Variable Description Mean Standard 

Deviation

GPR Price per head of goat (US $) 159.15 103.66
LWT Live weight (kg) 39.28 16.40
MKT Marketplace

MKT1 1 if Faisalabad, 0 otherwise 0.20 0.40
MKT2 1 if Lahore, 0 otherwise 0.20 0.40
MKT3 1 if Multan, 0 otherwise 0.20 0.40
MKT4 1 if Attock, 0 otherwise 0.20 0.40
MKT5 1 if Dera Ghazi Khan, 0 otherwise 0.20 0.40

BUY Buying purpose of goat
BUY1 1 if purchased for resale, 0 otherwise 0.18 0.38
BUY2 1 if purchased for butchering, 0 otherwise 0.22 0.42
BUY3 1 if purchased for slaughtering on Eid-ul-Azha or sacrifice, 0 otherwise 0.52 0.50
BUY4 1 if purchased for rearing, 0 otherwise 0.08 0.27

EDU Educational level of buyer
EDU1 1 if illiterate, 0 otherwise 0.29 0.45
EDU2 1 if education up to primary, 0 otherwise 0.38 0.48
EDU3 1 if education level is primary to high school, 0 otherwise 0.16 0.37
EDU4 1 if education level is above high school, 0 otherwise 0.17 0.38

EXP Experience of buyer
EXP1 1 if no experience, 0 otherwise 0.50 0.50
EXP2 1 if 1 to 5 years’ experience, 0 otherwise 0.07 0.25
EXP3 1 if 5 to 10 years’ experience, 0 otherwise 0.17 0.37
EXP4 1 if the experience is more than 10 years, 0 otherwise 0.26 0.44

DENT Dentition type
DENT1 1 if goat with milk teeth, i.e. Kheera, 0 otherwise 0.26 0.44
DENT2 1 if goat with one pair of adult incisive, i.e. Donda, 0 otherwise 0.62 0.49
DENT3 1 if goat with two pairs of adult incisive, i.e. Chougha, 0 otherwise 0.07 0.25
DENT4 1 if goat with three pairs of adult incisive, i.e. Chigha, 0 otherwise 0.05 0.22

BRD Breed type
BRD1 1 if Beetal, 0 otherwise 0.26 0.44
BRD2 1 if Teddy, 0 otherwise 0.15 0.36
BRD3 1 if Crossbred, 0 otherwise 0.33 0.47
BRD4 1 if the breed is other than Beetal, Teddy and Cross, 0 otherwise 0.26 0.44

SEX Sex of goat
SEX1 1 if the goat traded is male, 0 otherwise 0.77 0.42
SEX2 1 if the goat traded is female, 0 otherwise 0.23 0.42

 $
{p

ro
to

co
l}

://
w

w
w

.w
ag

en
in

ge
na

ca
de

m
ic

.c
om

/d
oi

/p
df

/1
0.

22
43

4/
IF

A
M

R
20

18
.0

03
7 

- 
Su

nd
ay

, J
un

e 
30

, 2
01

9 
10

:0
1:

12
 A

M
 -

 U
ni

ve
rs

ity
 o

f 
M

in
ne

so
ta

 -
 T

w
in

 C
iti

es
 I

P 
A

dd
re

ss
:1

34
.8

4.
17

.1
44

 



International Food and Agribusiness Management Review
489

Ahmad et al.� Volume 22, Issue 4, 2019

Attock from rainfed area, Multan and Dera Ghazi Khan from cotton-wheat system. Cotton-wheat is the 
largest system in terms of area and sharing goat population. These markets are poorly linked and the price 
information is mainly limited to personal interaction between market actors due to poor market intelligence 
systems (Rodriguez et al., 1995). All these markets operate for two designated days except Multan market. 
Faisalabad, Lahore and Dera Ghazi Khan Markets operate on Wednesday and Saturday. Attock market operates 
on Wednesday and Friday, while Multan market operates only on Wednesday. The market infrastructure of 
these markets is very poor and there is no shed and feed provision. There is no grading and standardization 
and transactions take place through one to one bargaining between seller and buyer on per head basis. The 
price finally settled depends on how well the buyer and seller can bargain. Under such circumstances, the 
price paid by the buyer reflects his preference for various goat traits. The identification and analysis of such 
traits that influence the actual prices paid by buyer form the basis for effective production and marketing 
development interventions.

3.2. Data

No records of livestock transactions including goats are kept by Livestock Department or any other Department 
in markets. Consequently, it is not possible to quantify the annual sale volumes in any market. Generally, 
annual sales business is higher in markets located in big cities than the ones situated in small cities because 
of difference in the population/number of consumers. As there is no list of registered buyers, sampling units 
were not randomly chosen. Buyers were interviewed using a pretested questionnaire after the purchase of 
goats on a market day using convenience sampling method. The data were collected by a trained enumerator 
under the supervision of the researcher. Data about 500 traded goats and its buyer attributes were collected 
from five main markets. The large sample size increases the data reliability and validity of the research 
results. The major focused traits of traded goats were sex, age, breed, body weight. Two survey rounds were 
done for the purpose of the study. The first round was done during the months when there was no important 
religious festival, such as Eid-ul-Azha, while the second round was done up to three weeks before the Eid-ul-
Azha. Data was collected from 100 respondents from each market by interviewing 50 buyers in each round.

4. Results and discussion

This section discusses the descriptive statistics of variables and results of the econometric model.

4.1. Descriptive statistics

The descriptive statistics related to mean and standard errors are reported in Table 1. The average live weight 
of traded goat was 39.28 kg. In all the markets, goats are sold alive and the animals are not weighted. Actual 
weighing of animals is not practiced in livestock markets and transactions are done by visual appraisal. 
Market traders targeting animals make good guesses about weight and on that basis they make a good bargain 
(Jabbar, 1998a; Naanep et al., 2012). However, in this study we calculated the weight of a purchased animal 
by using a formula1. The buyers were traders, butchers, rearers and consumers. Consumers were the major 
buyers and they purchased 52% of the traded goats. They mainly buy goat animals in order to sacrifice the 
animals on religious festivals, i.e. Eid-ul-Azha, and for other purposes like Hakika (animal slaughtered for 
the birth of a child), marriage, Sadqa (animal slaughtered for voluntary charity especially on the occasion 
when a member of the family is seriously sick), funeral and Christmas. Of the remaining traded goats, 22% 
was purchased by butchers for butchering, 18% by traders for resale and 8% by goat producers for rearing 
purposes. Grouping of respondents according to buyer type by round showed that in the first round dominant 
buyers were butchers (44%), followed by traders (24%), consumers and goat rearers (16% each). In the 
second round, consumers were the major buyers (88%) and the remaining 12% were traders. It is important 
to mention here that the major proportion of goats is slaughtered on Eid-ul-Azha in the Punjab province 

1  To calculate the weight of an animal, heart girth and body length were measured in inches and used the following formula (Moaeen-ud-Din et al., 
2006): Animal weight (in pounds) = [(heart girth)2x(body length)]/300. The weight estimated was converted to kg.
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(Government of Pakistan, 2006). A major portion of goat buyers (50%) had no experience in purchasing 
goats. This was mainly due to the fact that many buyers purchase goat only on the occasion of Eid-ul-Azha. 
About 26 and 17% had goat buying experience of ten years and above, and 5-10 years, respectively. These 
are mostly the butchers who are in business over a longer period. The age of the goat was approximated 
from its dentition. The animals were categorized on the basis of pairs of adult incisive. It was observed that 
26% of the traded goats were Kheera (animal had milk teeth and they were less than one year old) and these 
animals do not fulfill the conditions of sacrifice for Eid-ul-Azha. However, animals of at least one year old 
fulfill this condition. About 62% of transacted goats were Donda (animal had one pair of adult incisive) and 
were one to two years old. 7% of transacted goats were Chougha (animals had two pairs of adult incisive) 
and were two to three years old. The last category of goats, Chigha had three pairs of adult incisive and was 
at least three years old. They accounted for only 5% of the total traded goats.

There were many breeds of goats that were purchased by buyers. Beetal and Teddy breeds were the most 
commonly purchased breeds. Out of 500 goats in the sample, Crossbred, Beetal and Teddy goats accounted 
for 33, 26 and 15%, respectively. Other breeds include Nachi, Rajanpur, Dera Din Panah, Dehrki, etc. 
collectively accounted for 26% of all goat animal purchased. In all five markets, 77% of the traded goats 
were male. It shows that male goats were the commonly marketed animals and female goats were kept by 
the producers for reproduction.

4.2. Results of econometric hedonic price model

There are many functional forms (i.e. linear, semi-log and double log) that have been used by researchers. The 
many binary variables in our dataset limits the choice of a functional form to linear or log linear specification. 
These two functional forms were estimated to select the best form. A quadratic form of live weight, coat 
color and health variable were also included in these forms besides the variables considered in Equation 3. 
The health variable was excluded from the models as there were only a few observations. Each functional 
form with different number of variables was tested using the Ramsey’s Regression Equation Specification 
Error Test (RESET). When coat color alone, coat color and weight square, and weight square alone variable 
were added in the model, the value of Ramsey RESET test was significant in linear and semi log models and 
indicated the specification bias. However, Ramsey RESET did not indicate the specification bias for the model 
of which results are presented and discussed in this paper. Vuong’s (1989) test was used as a complementary 
test for the selection of appropriate functional form between the estimated linear and log linear hedonic 
price models. The value of Vuong statistics was almost zero (5.71986E-08) and indicated that there was no 
difference between the log linear and linear models. Hence, the smaller sum of residual squares established 
the superiority of log linear model (Gujarati and Sangeetha, 2007). In the selected model, the variance 
inflation factor (VIF) was calculated to test the presence of multicollinearity and for various coefficients, its 
value ranged from 1.36 to 8.71 with a mean value of 3.10. Since these values were less than 10, the rule of 
thumb maximum value (Gujarati and Sangeetha, 2007), multicollinearity was not a problem in the estimated 
model. To check heteroscedasticity, the Breush-Pagan/Cook-Weisberg test was used. In this test, χ2 was 
8.50 and was significant at a 1% level of significance. Hence, we rejected the null hypothesis of constant 
variance at the 1% level of significance and concluded that the assumption of homoscedasticity is violated. 
We used alternative ways for heteroscedastic correction and used heteroscedasticity consistent standard errors 
(White, 1980), and estimated results with the covariance matrix of the error term of ordinary least squares, 
HC0 (heteroscedasticity consistent -0), HC2 (heteroscedasticity consistent -2) and HC3 (heteroscedasticity 
consistent -3). But Long and Ervin (2000) indicated that HC3 is a superior test for coefficients that are most 
affected with heteroscedasticity. Therefore, we considered HC3 for testing coefficients of the hedonic model.

Parameters estimate for Equation 3 are reported in Table 2. These estimates explain the variation in log 
goat prices. The overall goodness of fit of the estimated model with the entire data set indicated that the 
independent variables included in the model explained 89% of goat price variations. In the market specific 
models, the explanatory power ranged from 83% for the Dera Ghazi Khan market to 96% for the Faisalabad 
market (Supplementary Table S1). The results of the four estimators (OLS, HC0, HC2, HC3) in the overall 
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model show that goat price is determined by market locations, purpose of purchase, level of buyer education, 
experience of buyer and goat traits (such as age, sex, breed and live weight). In the market specific models, 
live weight and male goat have a significant positive relationship with price but the magnitude varies. These 
positive effects indicate that a premium price is paid for heavier and male goats in various markets. Further, 
the effects of most other variables were not consistent and significant across markets. Therefore, we discuss 
the results of the model based on the entire sample.

Table 2. Results of the ordinary least squares and heteroscedastic consistent hedonic model.1,2,3,4

Ln price Coefficient P-value HC3 SE OLS SE HC0 SE HC2 SE Relative Impact
% US $

Constant 8.010*** 0.000 0.087 0.082 0.084 0.084
LWT 0.024*** 0.000 0.001 0.001 0.001 0.001
MKT1 0.117*** 0.002 0.037 0.034 0.036 0.036 12.29 19.56
MKT2 0.136*** 0.000 0.035 0.035 0.034 0.034 14.48 23.04
MKT3 0.116*** 0.005 0.041 0.034 0.040 0.040 12.16 19.36
MKT4 0.120*** 0.001 0.034 0.036 0.033 0.034 12.70 20.21
MKT5 0.000
BUY1 0.139** 0.047 0.070 0.050 0.066 0.067 14.64 23.30
BUY2 -0.098 0.146 0.068 0.051 0.064 0.065 -9.56 -15.22
BUY3 0.136* 0.055 0.071 0.055 0.067 0.068 14.30 22.76
BUY4 0.000
EDU1 0.000
EDU2 0.060* 0.061 0.032 0.028 0.031 0.031 6.13 9.76
EDU3 0.111*** 0.001 0.034 0.034 0.033 0.033 11.68 18.59
EDU4 0.035 0.357 0.037 0.036 0.036 0.036 3.44 5.47
EXP1 0.040 0.287 0.038 0.041 0.036 0.036 4.03 6.41
EXP2 -0.080 0.112 0.050 0.047 0.047 0.048 -7.76 -12.35
EXP3 -0.076** 0.049 0.039 0.036 0.037 0.037 -7.39 -11.76
EXP4 0.000
DENT1 0.033 0.683 0.082 0.062 0.077 0.079 3.06 4.87
DENT2 0.221** 0.010 0.085 0.061 0.080 0.082 24.33 38.73
DENT3 0.162** 0.073 0.090 0.067 0.084 0.086 17.10 27.22
DENT4 0.000
BRD1 0.024 0.431 0.030 0.030 0.029 0.029 2.36 3.75
BRD2 -0.150*** 0.000 0.039 0.039 0.038 0.038 -13.99 -22.26
BRD3 -0.031 0.284 0.029 0.030 0.029 0.029 -3.13 -4.99
BRD4 0.000
SEX1 0.322*** 0.000 0.037 0.029 0.036 0.036 37.85 60.24
SEX2 0.000
R2=0.8932
Mean VIF=3.10
F(21, 478) = 177.77
P-value = 0.0000

Ramsey RESET Test F(2, 476) =2.16 P-value = 0.1165
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity:
χ2(1)=8.50*** P-value = 0.0036

1 OLS = Ordinary Least Square, SE = Standard Error; HC0 = Heteroscedasticity consistent -0; HC2 = Heteroscedasticity consistent 
-2; HC3 = Heteroscedasticity consistent -3.
2 Abbreviations explained in Table 1.
3 Significance levels at 1%***, 5%** and 10*, based on HC3 SE.
4 The relative impact measures the individual attribute coefficient estimate’s percentage/price impact on the goat price evaluated at 
the sample mean. Calculations are based on Equation (4).
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In the model, it was observed that the relationship between live weight and goat price is positive and highly 
significant. An increase in live weight of goat by one kg increases the goat price by 2.4%. Thus, an increase 
in live weight of goat by one kg is expected to increase the price of a goat by US$3.82. Studies conducted 
elsewhere also reported a significant effect of live weight on prices. For example, Rodriguez et al. (1995) 
found the strongest effect of live weight on producers and intermediaries expected prices. Dossa et al. 
(2008) indicated that live weight is the most important variable affecting the price of goats. Maxa et al. 
(2009) reported the high influence of the live weight of an animal on auction price of ram. Afzal et al. (2011) 
indicated the relationship of live weight to price was significant at a 5% level of significance. Naanep et al. 
(2012) indicated that live weight of goats had a significant contribution in influencing price variation. An 
increase in live weight by 1% increases the price by 0.46%. However, Knights et al. (2005) reported that 
price received for low weight categories of goats was significantly higher than the high weight category 
indicating preferences for lighter weights.

Among market locations, Dera Ghazi Khan is the farthest from the main consuming centers. Goat prices 
were significantly higher in Faisalabad, Lahore, Attock and Multan markets as compared to prices in the 
base category, i.e. Dera Ghazi Khan. Goats received the premium of 12.29, 14.48, 12.16 and 12.70% in 
Faisalabad, Lahore, Multan and Attock markets, respectively, in comparison to the Dera Ghazi Khan market. 
The prices were expected to be more due to marketing and transaction cost between Dera Ghazi Khan and 
each of the other markets. Another source of price variation among markets could be the people who are 
served by that market. People served by the Dera Ghazi Khan market in general, have a lower income than 
people of other markets. Differences in goat and sheep prices among markets have also been reported by 
Jabbar (1998a), Knights et al. (2005) and Srinivas et al. (2013).

The purpose of buying is considered as an important determinant of price paid by the buyer. Other things 
being equal, buyers paid significantly higher prices when buying goats for slaughtering on Eid-ul-Azha or 
sacrifice and resale compared to the base category i.e. rearing. Goats purchased on Eid-ul-Azha or sacrifice 
and for resale received premium of 14.30 and 14.64%, respectively, compared to the rearing purpose. The 
goats purchased for the purpose of butchering received a discount but the effect was not significant. Ayele 
et al. (2006), Jabbar (1998a), Jabbar et al. (1998b), Naanep et al. (2012) and Teklewold et al. (2009) also 
reported that animals prices were significantly higher at festival time of Muslims (i.e. Eid-ul-Azha, Fasting 
month) and Christians (i.e. Christmas, Easter, New Year) as compared to other periods. Andargachew 
and Brokken (1993), Jabbar (1998a) and Teklewold et al. (2009) also found that animal prices paid vary 
significantly among various type of buyers.

The coefficients of buyers whose education level was primary, primary to high school and above high school 
were positive as compared to those who were illiterate. However, these coefficients were significant only for 
primary and primary to high school education levels. The coefficient for above high school education level 
was insignificant. The former is most probably related to consumers who buy goats for religious festivals 
and the latter are likely to be traders. These findings are in line with the research work of Kassie et al. (2011).

Experienced buyers are expected to pay low prices for goats as they might have a better understanding of goat 
trading than inexperienced buyers. Results of the study show that buyers with no or one to five years trading 
experience have an insignificant effect on goat prices. However, buyers with trading experience of five to 
ten years have a negative significant effect on goat prices and they pay a discount of 7.39% compared to the 
base category, i.e. buyers with 10 years and above experience. This is probably due to higher proportion of 
goats purchased for rearing (27%) by goat producers with trading experience of five to ten years compared 
to the base category (4%). Goats purchased for rearing have less weight (i.e. 30.96 kg) compared to goats 
purchased for Eid-ul-Azha (46.98 kg) and resale (38.82 kg). Another possible reason is that they purchased 
a higher number of Kheera goats (64%) compared to buyers with ten years and above experience (46%). 
These animals have relatively less demand as they do not qualify for slaughtering on Eid-ul-Azha due to 
religious restrictions.
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Age was approximated by the type and number of teeth. The results show that Donda and Chougha have 
significant positive effect on the prices of goat as compared to base category, i.e. Chigha. These animals 
received a premium of 24.33 and 17.10% respectively compared to Chigha. This shows that animal price 
increased with dentition (i.e. age) and declined for older or over matured animals (Chigha). This is likely 
due to the fact that Chigha are mostly old and culled animals especially the female goats, and the quality 
of meat of these animals is poor. Another possible explanation could be that Donda and Chougha goats are 
preferred by the buyers on a religious festival like Eid-ul-Azha and for sacrifice than the older animals. The 
coefficient for Kheera goats is positive but insignificant compared to base Chigha category. It can partly be 
explained by the fact that Kheera goats cannot be slaughtered on the occasion of Eid-ul-Azha and for sacrifice 
due to religious restrictions. Previous studies though employed various techniques for measuring the age of 
animals but they showed a mixed effect of age on the animal prices. Ayele et al. (2006), Jabbar (1998a) and 
Naanep et al. (2012) reported that age significantly influences the price of a goat. In these studies, animal’s 
price increased with age but declined for over matured or older animals. Orden et al. (2005) concluded that 
age of the goat was positively related to the goat price as the age indicates tenderness and meatiness. Afzal 
et al. (2011) reported an inverse relationship between the price and age of goat, and indicated consumer 
preferences for young animal’s meat. However, Teklewold et al. (2009) reported higher price for matured 
animals than the immature and young animals because of an increase in their live weight.

There are about 37 breeds of goats in Pakistan. In several cases, it is difficult to identify a specific breed. 
Therefore, in this study, main breeds of goats found in the market were identified as Beetal, Teddy, Crossbred 
and other breeds. In the estimated model, Teddy goat prices were significantly lower than the base category, 
i.e. other breeds. Teddy goat received a discount of 13.99% as compared to other breeds. The regression 
coefficient of the Beetal goat was positive while that of Crossbred negative but both were insignificant. In 
previous studies for example, Jabbar et al. (1998b), Naanep et al. (2012) and Rodriguez et al. (1995) reported 
significant differences in the prices of various breeds. However, Ayele et al. (2006), Dossa et al. (2008), 
Jabbar (1998a) and Srinivas et al. (2013) indicated insignificant effect of breed on price.

Sex plays an important role in the determination of goat price. Keeping other things constant, the price of 
a male goat was significantly higher than that of a female goat. For male goats buyers pay a 37.85% higher 
premium than for female goats. This is probably due to the fact that meat of male goats has greater flavor, 
juiciness, quality and general acceptability than the meat from female goats (Rodrigues and Teixeira, 2009). 
Another possible reason is that marketed female goats are mostly old culled animals. The quality of meat 
of such animals is poor and it requires much longer time for cooking. Therefore, people have preference for 
male goat meat over the female goat meat. Further, on religious occasion like Eid-ul-Azha, people generally 
prefer to buy male goats than female goats. Rodriguez et al. (1995), Jabbar et al. (1998b), Jabbar (1998a), 
Ayele et al. (2006), Afzal et al. (2011), Naanep et al. (2012) and Srinivas et al. (2013) also reported that 
prices of male animals were significantly higher than female animals.

5. Recommendations

In order to reap the benefits of rising international as well as domestic demand, the government should create 
a favorable environment and incentive mechanism for encouraging the goat industry to meet the needs of 
local people, and the export of goat meat and live animals for the benefit of goat producers. The results of 
the study can help the goat producers to understand buyers’ preferences for different characteristics of the 
animal. Goat producers can target breeding time, feeding practices and place of sale to gain more from existing 
market opportunities (Ayele et al., 2006). For this purpose, appropriate policies targeting to commercialization 
of goat production at the grassroots level should be in place. It may require the application of proper goat 
production technologies, selection of appropriate breeding bucks, identification of occurrence and severity 
of diseases and parasites, and their solutions for improving the performance of goat animal.

The relationship between live weight and goat price is positive and highly significant. From this, it can be 
concluded that an increase in live weight of goat increases the price of the animal and it is an important 
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preferred goat characteristic of buyers. An increase in live weight by 1 kg increases the goat price by US$ 
3.82. In order to ensure fair returns to the goat producers, policy makers should ensure that they get the 
prices of their animals based on kg live weight and grade instead of on traditional bargaining systems. This 
will also involve a shift from retail meat price policy to the price per kg live weight of animal policy. This 
will reduce the role of middlemen in the marketing of goats, and empower the goat producers through the 
provision of information on buyer’s preferences, market prices and demand of animals in major markets. 
This necessitates that weighing machines may be installed for weighing animals at the entry points of the 
markets. This will provide information to the goat producers about the exact weight of the animal, thus 
helping them in determining the value of animal and bargaining. Thus goat producers can significantly 
improve their profitability by receiving higher prices for their animals. In order to achieve greater price 
efficiency in the long run, the government must move to value-based pricing (i.e. price based on individual 
animal characteristics). Such pricing of animals will result in proper rewards for goat producers on producing 
high-quality animals to meet the needs of the consumer.

The marketplace was an important determinant of goat prices. The Dera Ghazi Khan market was the cheapest 
marketplace while the other markets, i.e. Lahore, Faisalabad, Multan and Attock, were relatively more 
expensive. Thus, market location/place had a significant influence on the prices of goats. This shows that goat 
producers can get a significant benefit if they carefully select the marketplace. For this purpose, goat producers 
should be provided necessary information about markets regarding the high demand for goats in order to 
improve their returns. Non-availability of market information about goat prices limits producers’ marketing 
decisions and consequently affects their production and sales decisions. Further, inadequate information 
about prices results in poor integration of spatially dispersed markets (Upton, 2000) and high margins for the 
intermediaries (Aklilu et al., 2007). Therefore, communication of price information to goat producers can 
improve their competitiveness and profitability. This will help producers to tune their marketing activities 
accordingly. Government departments should also work on improving market access for goat producers in 
order to reduce transaction costs and to maximize their profits by enhancing competitiveness in the market.

Purpose of goat purchasing was observed to be an important determinant of goat prices. About 52% of goats 
were purchased for the purpose of slaughtering on the occasion of Eid-ul-Azha or sacrifice. Goats purchased 
for sacrifice on the occasion of Eid-ul-Azha have a price premium and animals purchased for rearing by 
the goat producers do not. Therefore, the goat producers should design market strategies to exploit this 
opportunity in order to maximize their income/profit. There is also a strong need for the improvement of 
marketing infrastructure in the form of auction platforms, weighing scales, feeding pans, water points, sheds 
according to weather requirements, etc.

The coefficient for Kheera goats is positive but insignificant compared to Chigha. Donda and Chougha have 
a significant positive effect on the price of goats as compared to Chigha. From this, it can be concluded that 
animal price increases with dentition and declined for over matured or older animals. It implies that goat 
producers should sell their animals when they are matured (i.e. Donda or Chougha) but not over matured 
(i.e. Chigha) in order to get premium prices.
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Table S1. Estimation results of heteroscedastic consistent hedonic model of various markets.
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