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This paper investigates the implications of smallholder farming, that is, characteristic of a community 
based water management system in Oman known as a falaj (pl aflaj). The aflaj are naturally sustainable, 
and for centuries have provided water in an arid region, supporting agriculture and livelihoods. With 
over three thousand active aflaj in Oman, the typical falaj is small; conveying enough water to irrigate a 
relatively small amount of land, and this water and land is further subdivided among many farmers. The 
implications of these smallholdings on the economic viability of the falaj were investigated by studying 
one falaj system. It is found the small holdings of water and land imply a typical farmer cannot realize 
economies of scale in farming, implying average costs are high and farm profits are low. As the aflaj are 
community managed, the low economic value of the falaj implies there may be insufficient funds for 
maintenance of the falaj, thus threatening their sustainability. 
 
Key words: Traditional agriculture, water management, community based natural resource management 
system, smallholdings. 

 
 
INTRODUCTION 
 
The implications of small land holdings in an indigenous 
community based water management system in Oman 
known as a falaj (pl. aflaj) was studied. The aflaj are 
small scale irrigation systems that have provided water 
for both domestic and agricultural use to small 
communities in Oman for over a millennium, thereby 
allowing for human settlement in a harsh, arid 
environment. The long history of the aflaj speaks to its 
success in sustainable water management, as well as to 
the importance and the aflaj to Oman’s heritage and 

cultural identity (Wilkinson, 1977; Sutton, 1984; Orchard 
and Gordon, 1994; Limbert, 2001; Nash and Agius, 
2011). Their continued existence is important both 
because of the fact that they are a naturally sustainable 
source of water, and because of their importance to 
Oman’s heritage.  

There are over three thousand active aflaj accounting 
for approximately thirty percent of all groundwater used in 
Oman (Zekri et al., 2006). However in the post 1970 oil 
economy of Oman, the number of  aflaj  in  operation  has
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fallen by approximately twenty five percent (Aflaj 
Inventory Project, 2001). There are thought to be two 
reasons for this decline in the aflaj. The first is over-
aggressive groundwater pumping has reduced the water 
table, reducing the flow rate of some aflaj to 
unsustainable levels (Norman et al., 1998; Dutton, 1995).  

The second reason for the decline in the aflaj is that the 
oil economy has led to a rapid increase in household 
income in Oman since 1970. This increase in income 
implies the economic significance of the aflaj has 
diminished, and thus interest in falaj farming has 
decreased, especially among the young (McCann et al., 
2002; Bosi, 2009). Hence, increasing the profitability of 
falaj farming is important to the continued economic 
viability of falaj farms. Moreover, the decline in income 
from farming creates a threat to the maintenance of the 
falaj itself. Since the falaj is a community based water 
management system, the falaj community members are 
responsible for its maintenance (Wilkinson, 1977).  

Typically, a falaj is managed by a committee which has 
been endowed with water to fund its maintenance. The 
water can generate funds in two ways. First, some of the 
water may be rented to community members using 
auctions. Second, some of the water may also be applied 
to falaj lands on which the falaj owns date palms. These 
falaj owned palms may either produce a crop that is sold, 
or the date palms themselves may be rented to 
community members (Al Marshudi, 2007). In all cases, 
the revenue from falaj owned water and falaj owned date 
palms provide the funds for maintenance of the system. 
Thus the amount of revenue for maintenance is derived 
from the economic value of the water and land of the 
falaj. If that value is low, the funds available for 
maintenance will also be low, thereby presenting a threat 
to its sustainability. As a result many aflaj suffer from sub-
standard maintenance (Al Ghafri, 2004). Indeed, part of 
the maintenance in many aflaj is now carried out by the 
Ministry of Regional Municipalities and Water Resources 
(MRMWR), whereas for centuries it was supported solely 
by the wealth generated by the falaj (Al Hatmi and Al 
Amri, 2000).  

While there may be multiple reasons for the declining 
profitability of falaj farms, one potential reason is small 
land holdings. Through inheritance laws, the falaj land 
holdings have been subdivided many times over the 
centuries leading to small land holdings observed today. 
If economies of scale are present, small land holdings imply 
farmers will be unable to realize the economies of scale, 
and will thus have higher average costs, implying lower 
income generated from farming. The purpose of this paper 
is to examine the economic implications of these small 
holdings on the productivity and sustainability of these aflaj. 
 
 
LITERATURE REVIEW  
 
This paper argues average costs tend to decline  as  falaj  

 
 
 
 
farm size increases. Such a relationship implies larger 
falaj farms are more productive. While economies of 
scale are present in many industries it is not necessarily 
present in agriculture. The relationship between farm size 
and productivity has been studied extensively in the 
literature. Early studies found an inverse relationship 
between farm size and productivity; that is, smaller farms 
tend to be more productive (Sen, 1962). Recently, Kagin 
et al. (2016) found not only do smaller farms have higher 
productivity, but they are also more technically efficient. 
However, Savastano and Scandizzo (2017) have found 
the relationship between farm size and productivity to be 
non-monotonic, with the relationship between farm size 
and productivity switching between direct and inverse. In 
particular, they found a direct relationship for very small 
farms, but an inverse relationship for moderate size 
farms, and again a direct relationship for large farms. 

Three broadly defined explanations have been offered 
for this inverse relationship. The first is market 
imperfections; particularly, imperfections in the labor 
market (Eswaran and Kotwal, 1986; Heltberg, 1998; 
Toufique, 2005; Henderson, 2015; Ali and Deininger, 
2015). Hired labor has a tendency to shirk, making 
monitoring necessary, as well as reducing productivity. 
However, home labor does not have such a tendency, 
making costly monitoring unnecessary. Thus home labor 
is more productive. It was suggested that small farms 
tend to make more extensive use of home labor, and thus 
small farms are more productive.  

A second explanation focuses on omitted variable bias. 
In particular, land quality may differ between small and 
large farms, and thus drive the difference in productivity. 
There is mixed evidence for this effect. Bhalla and Roy 
(1988) find evidence for such an effect, whereas Barrett 
et al. (2010) do not. 

Finally, a third explanation is the possibility of 
measurement error.  Farm size is usually self-reported, 
and it has been suggested that small farmer misstate the 
size of the farm, introducing an error that artificially 
overstates the productivity. Again the evidence is mixed. 
Lamb (2003) finds evidence suggesting all of the inverse 
relationship between farm size and productivity can be 
explained by measurement error. However, others have 
found a more accurate measurement of farm size 
strengthens the inverse relationship between farm size 
and productivity (Carletto et al., 2013; Holden and Fisher, 
2013; Gourlay et al., 2017; Desiere and Jolliffe, 2018).  

Recently, Nkonde et al. (2015) argued that since previous 
studies have focused on farm sizes limited to 1 to 10 ha, 
and the measurement of productivity is limited to a single 
measure, the findings in these studies provide an incomplete 
understanding of the relationship between farm size and 
productivity. When these limitations are relaxed they find 
that the relationship between farm size and productivity is 
less clear and depends on the productivity measure used. 

In this paper, while we focus on the relationship 
between  falaj  farm  size  and  average   costs,   the   link 



 
 
 
 
between productivity and average costs are clear. All else 
constant, higher productivity will yield lower average 
costs. And while much of the literature has found some 
evidence that smaller farms are associated with high 
productivity (and thus lower average costs), the opposite 
was found. That is, smaller falaj farms face higher 
average costs when compared with larger falaj farms 
from the same falaj.  

To understand this result, it is important to note that the 
explanations focused on in the literature are not 
applicable for farms from the same falaj. The reason is 
that falaj is a community and the farms that comprise it 
are similar with respect to the variables that have been 
identified in the literature. For example, while labor 
market imperfections may exist, it was found out in this 
study that home labor was not used by falaj farmers. 
Hence, all faced the same labor market imperfections, 
and thus this cannot drive any cost differences between 
small and large farms in the falaj. Similarly, the omitted 
variables focused on in the literature are unlikely to be 
relevant for falaj farms. Regarding land quality, the falaj in 
its total size is small and thus all farms belong to the 
same relatively small amount of land, and thus the land is 
likely to be of similar quality. Lastly, one may consider 
measurement errors of small farms. It is important to 
realize that all farms in a falaj are small by comparison to 
those in the literature. Hence, even if there were a bias of 
small farmers to misstate the size of their farms, given all 
are small farms, that bias would be similar for all, and 
thus could not explain differences in costs between small 
and large farms. In fact, given the tendency toward 
measurement error in farm size we use a proxy for farm 
size; the number of date palms. Date palms are the 
primary crop on falaj farms and given there is an optimal 
spacing of date palms, the number of trees should be 
proportional to farm size. This use of a proxy removes the 
possibility of bias in stating farm size.  
 
 
A MODEL OF ECONOMIES OF SCALE FOR FALAJ FARMS 
 
Given the aforementioned explanations driving the relationship 
between farm size and productivity are not relevant for a falaj, this 
begs the question as what might explain the differences in average 
costs between small and large falaj farms. It was argued that 
differences in average costs between farms of different sizes are 
owing to their use of part-time and full-time labor. It will be shown 
that the larger is the falaj farm, the greater the opportunity to avail 
of the less expensive full-time labor, and hence the lower average 
cost tends to be. A simplified version of a model that explains the 
relationship between part-time and full-time labor and average 
costs for different farm sizes was presented.1  
 
 
Set-up of the model 
 

Production is given by , where Y is production, L is 

labor and T is the number of trees. Note the number of trees  

                                                           
1 A full version of the model is available from the author upon request. 
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represents the scale of the farm. Assuming constant returns to 
scale technology, the production function can be written in the 

intensive form , where  is the output per tree, 

and L/T is labor hours per tree.  
Labor is either full-time or part-time. Full-time labor has a cost of 

s and can work a maximum of n hours. Part-time labor has an 
hourly wage of w. Hence, labor cost is given by: 
  

,  

 
where D is an integer that states the number of full-time workers. 
Note that if L = D×n, part-time labor is not used. 

It is assumed that full-time labor is less expensive than part-time 
labor in the sense that n hours of work is less costly with full-time 

than part-time labor. Hence, . Furthermore, let us assume 

w < s so that part-time labor is cheaper for the first hour work. 

 
 
Optimal choice of part-time labor 
 
To begin, consider the case in which a farmer hires part-time labor. 

In that case, the standard first-order condition yields . 

For a given w, this can be solved for , or 

. That is, the optimal labor-tree ratio, is a function of the 

wage, and is denoted by . In this case, the level of production is 

given by  and profits is given by: 

  

. 

 
Note that as T rises, part-time labor, production, and profits rise. 
This is shown graphically in Figure 3. 

 
 
Optimal choice of full-time labor 

 
Consider now the choice of full-time labor, assuming there is no 
option for part-time labor. Since full-time labor is added in discrete 
units it is not possible to use the standard first-order condition to 
find the optimal amount of full-time labor. Instead we construct a 
“discrete” version of the first-order condition.  

First, note that profits with D full time workers are given 

by . D is the optimal number of full-time 

workers if  and . It should 

also be noted that for any D, profits are increasing in the number of 

trees; that is, . Hence as trees increase, both  

and  will increase. However, one can show  

 implying that as T increases there will 

eventually be a value of trees, , such that , and 

after which , so that an additional unit of full-time 

labor is hired.  
The aforementioned description of the demand for full-time labor 

gives rise to the relationship between the number of full-time labor 
hired and the number of trees depicted in Figure 4. For trees less 

than  full-time labor is not hired. Once  is reached the first full- 
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time worker is hired, and one workers is employed for trees from  

to . At  a second full-time worker is hired, at  as third is 

hired, etc. 
 
 
Part-time and full-time labor demand 
 
A heuristic explanation is now provided for the situation in which 
both part-time and full-time labor is available. Figure 5 shows the 
choice of full-time and part-time labor as dependent on the number 

of trees. For trees less than  only, part-time labor is used. Part-

time labor increases linearly with trees as in Figure 3. At  it 

becomes profitable to hire the first full-time worker and part-time 
labor is replaced with full time labor. And since a full-time worker is 
less expensive than part-time labor, this occurs before part-time 
labor has worked n hours, so that the switch from part-time to full-

time labor causes a jump up in the amount of labor used. From  

to  only one full-time worker is used and thus labor is 

constant. However, with constant labor, as the number of trees 

increases, the marginal product of labor rises. At  the 

number of trees has grown such that the marginal product of a part-
time worker is equal to the wage and part-time labor is employed. 

For trees greater than  and less than  part-time labor is 

added to the one full-time worker as the amount of trees increase. 

At  it is more profitable to hire a second full-time worker, with no 

part-time labor. Hence, from  to  only two full-time worker 

is used and thus labor is constant. And, as before, at  the 

marginal product of labor has increased so that it is profitable to 
hire part-time labor. This process continues to repeat itself.  
 
 
Average costs and scale economies 
 
Given the aforementioned relationship between labor demand and 
the number of trees, we now provide an explanation for the 
relationship between average costs and trees, or scale. This is 
seen in Figure 6, which shows the relationship between average 
costs and production, as dependent on the number of trees. From 0 

to  trees, only part-time labor is used. Since labor increase 

linearly with trees, average cost is constant. From  to  

only one full-time worker is employed and replaces part-time labor. 
Since the cost is constant in this range, as the number of trees 

increases, the average cost is declining. Once  is reached, 

part-time labor is added as trees increase, and average costs rises 

until  is reached. At that point, another full-time worker is added 

to replace part-time labor. From  to , again costs are 

constant, so that as trees increase, the average cost declines. This 
pattern of U-shaped average cost curves repeats itself as the 
number of trees continues to increase. 

However, there are two characteristics of the average cost curve 
and it is important to note them. First, the local minima of the 
average cost are constant and thus represent the global minimum. 
This occurs at a level of trees such that full-time workers are used 
most efficiently. Second, the local maxima are falling. These local 
maxima occur where part-time labor is used to the greatest extent 
with full-time labor. As the number of trees increases, at these local 
maxima, the part-time  labor  represents  a  smaller  portion  of  total  

 
 
 
 
labor, and thus the increase in average cost created by that part-
time labor is less as compared to average cost at the previous local 
maxima. 

Both observations imply that though average costs are non-
monotonic, there is a general tendency for average costs to decline 
as scale increases; the sense that the local maxima continually get 
smaller, and in the limit, approaches the global minimum. 
 
 
Methods 
 
One falaj was studied to determine the extent to which small 
landholdings lead to an inability to realize economies of scale, 
thereby raising average costs and reducing profitability. This study 
was done as part of the Oman Earthwatch Programme (OEP) under 
the supervision of the National Field Research Center for 
Environmental Conservation. The OEP project, entitled “A study on 
the socio-economic and environmental sustainability of the Aflaj of 
Oman”, has as its stated primary objective to improve the socio-
economic viability of the falaj by identifying alternative income 
sources or cost-reduction methods, which will increase falaj income. 
The present study reported in this paper is one aspect of this 
project that is concerned with understanding the costs faced by falaj 
farmers. For two reasons, the OEP project focused on only one 
falaj. First, field research on the aflaj is labor intensive, and thus 
expensive. Second, since the intention is to use the research to 
develop pilot projects, an intensive study of one falaj was necessary 
to more clearly identify the challenges faced by the falaj so as to 
design pilot projects that will have the highest chance of 
meaningfully impacting the falaj.  

The rest of this aspect of the study describes the site location, 
the survey used to collect the data, the measurement of the 
variables, and the specification of the regression model to be 
estimated. 
 
 
Site location 
 
The falaj chosen for this study was Falaj Luzugh, in the Wilayat of 
Samail, Oman. Figure 1 shows the location of Luzugh in Oman, 
while Figure 2 shows an aerial image of the falaj with the direction 
of flow superimposed in blue. This falaj was chosen because it has 
exhibited a stable flow rate and thus any challenges faced are not 
caused by a reduction in the flow rate, but are likely due to the 
socio-economic problems discussed earlier, making it a good 
choice to better understand these challenges and develop 
appropriate pilot projects. 
Using survey results, economies of scale was examined in Falaj 
Luzugh. Given the argument that small farms result in higher costs, 
and thus, lower profits, since economies of scale cannot be 
realized, descriptive statistics are presented for both farm size in 
Falaj Luzugh and the profitability of those farms. Then economies 
of scale were test explicitly by estimating an average cost function 
for falaj farms. 
 
 
The survey 
 
The data in this report was collected from a survey of Falaj Luzugh 
completed in the summer of 2014 as part of the OEP project. 
Participants in the survey were identified as falaj water owners by 
manager of the falaj (called the wakil), who arranged for research 
assistants to visit the water owners in their homes to conduct the 
survey. As this was an extensive survey, the questions were asked 
verbally and the responses were recorded by the research 
assistants. Participation rate in the survey was high as forty six of 
the fifty identified water owners agreed to complete the survey. 

The survey contains  two  types  of  data.  First,  the  survey  asks
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Figure 1. The location of Falaj Luzugh in Oman. 
Source: National Field Research Center for Environmental Conservation, Royal Court of Oman 

 
 
 

 
 
Figure 2. An aerial image of Falaj Luzugh, with the direction of flow shown in blue. Source: 
National Field Research Center for Environmental Conservation, Royal Court of Oman 

 
 
 
quantitative questions regarding household size, cropping, sources 
of water, uses of water, size of harvests, prices received for their 
crops, the amount of the crop sold, the amount of the crop 
consumed at home, the inputs used in farm production, and the 
cost of  those  inputs.  From  this  data,  farm  size,  the  size  of  the  

harvest, average costs, and farm profits were calculated.   
The second type of data is a qualitative data. The survey 

included a questionnaire that asked the farmers a range of question 
to elicit their perceptions regarding the economic relevance of the 
falaj profits and their willingness to adopt  pilot  projects  to  improve  
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Figure 3. The relationship between the choice of part-time labor and the number of trees. 
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Figure 4. The relationship between full-time labor and the number of trees. 
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Figure 5. The relationship between total labor employed and the number of trees. 
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Figure 6. The relationship between average costs and the number of trees. 

 
 
 
the economic performance of the falaj. 
 
 
Measurement of variables 
 
The measurement of the variables farm size, farm profits, costs, 
and production was described here. 
 
 
Farm size 
 
Average farm size in Falaj Luzugh is small. There are fifty identified 
shareholders of water but the land irrigated by the entire community 
is only 27.11 ha, implying the average land holding is 5,666 km2. 
While this indicates the land holdings are small, for the rest of this 
paper the measure of farm size used is the number of date palms. 
This is for three reasons. First, date palms are the primary crop. 
From an agronomic efficiency perspective, there is an optimal 
distance with which to space the date palms. Hence the number of 
date palms should be proportional to the size of the farm. Second, 
from a practical perspective, individual land holdings are irregularly 
shaped. The individual farmers would not be familiar with the 
number of square meters of land owned, and the field research 
needed to measure each farm would be excessively costly. Finally, 
as explained earlier, using date palms as a measure of size avoids 
the bias common in self-reported farm size. 
 
 
Farm profits 
 
Given it has been conjectured that farm profits are economically 
insignificant, we report on the magnitude of profits and their relative 
significance to household income. To determine the significance of 
farm level profits to the household, we use both qualitative and 
quantitative data.  
The qualitative portion of the survey asked two survey questions 
that elicit the participants’ perceptions regarding the significance of 
the income generated by their falaj farms. These questions, and a 
summary of the responses, will be discussed subsequently. 

The quantitative portion of the survey collected data on crops 
grown, the harvest of each crop, and the selling price of the crop, 
with which we were able to measure the total revenue for each 
farm, and thus profits after subtracting costs (subsequently 
described). However, in many cases, some crops were not sold, but 
rather consumed at home. In this case, average prices  others  sold 

the crop at were used to estimate the value of the crop. To 
determine the significance of farm level income it should be 
compared to household income. However, since we do not have 
data on household income, to determine their significance to 
households we express profits relative to average family income in 
Oman to estimate their significance.  

It should be noted that using the wholesale price to measure the 
value of home consumed crops underestimates their value. The 
fact that these were consumed at home implies the marginal value 
in consumption of the crop exceeded this wholesale price at which 
they could have been sold. While one may think to estimate the 
value of home consumption at the retail price, this would 
overestimate their value. The reason is a household may consume 
a crop at home even when its marginal value in consumption is 
below the retail price, as long as it exceeds the wholesale price. In 
fact, the only way to accurately measure the value of home 
consumed crops would be to have an estimate of the marginal 
value in consumption of the crop, which is to say an estimate of 
household demand for the crop, which is not available. And since 
this paper is concerned with the possible income generation of the 
falaj, we chose to estimate the value of the crops at their selling 
price, that is, the wholesale price. 
 
 
Costs 
 
Costs are measured both to compute profits, as well as to measure 
average costs to determine if economies of scale are present. 
Estimates of costs are taken from the estimates provided by 
individuals on the survey related to labor, fertilizer, seeds, water 
rented, and pollination of date palms. The primary cost identified is 
labor. The survey asked the number of part-time and full-time 
workers employed and, since the farmer may have the employee 
do other work not associated with the falaj, the farmer was asked to 
approximate the proportion of their time allocated to the falaj farm to 
determine the labor costs associated with falaj farms. 
 
  
Production 
 
The estimate of production is taken from the estimate of the harvest 
per tree, and for each variety of date palm. The market value of the 
harvest was then calculated using prices at which farmers could sell 
their dates. To convert the monetary amount of the harvest into 
kilograms of dates, the market value of the harvest  was  divided  by  
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Figure 7. Farm sizes of survey respondents in Falaj Luzugh. 

 
 
 
the price of a particular variety; the Khalas dates. Hence, the 
number reported for the harvest is the “Khalas equivalent” 
kilograms of dates. 
 
 
Data analysis 
 
To test for economies of scale, an average cost function is 
estimated. Given the non-linear nature implied by economies of 
scale, a log-linear model is used. Specifically, the following 
equation is estimated: 
 

                                 (1) 

 
where AC is average cost, q is the quantity produced, and a and b 
are parameters to be estimated, with the hypothesis that the 
constant a is positive and b is negative. The extent to which b is 
negative and statistically significant will indicate if economies of 
scale are present.  

However, as explained earlier, average costs are declining non-
monotonically as average costs tend to rise when part-time labor is 
used. In particular, the higher is the proportion of part-time labor to 
total labor, the higher is average costs. We capture this with an 
interactive term in the slope parameter b. Specifically,  
 

 
 
Hence the equation to be estimated is: 
 

              (2) 

 
Both Equations 1 and 2 will be estimated. 
 
 
RESULTS 
 
Here, the data on both farm size and profits are analyzed,  

and then proceeds by testing for the presence of 
economies of scale by estimating an average cost 
equation. It then considers the impact of economies of 
scale, and attitudes of farmers toward pilot projects to 
improve profitability of falaj farms. 
 
 
Farm size in Falaj Luzugh 
 

Economies of scale are less likely to be realized when 
farms are relatively small. This sub-section presents data 
on farm size in Falaj Luzugh.  

Using the number of date palms as a proxy for farm 
size as explained earlier, Figure 7 shows the size of 
farms of the survey respondents, while Table 1 reports 
the maximum, minimum, average, and standard deviation 
of farm size.  

The question of whether the sizes are too small to 
realize economies of scale must be determined from 
average cost data, however, the numbers do indicate 
significant dispersion in sizes of farms, implying it could 
be that while some farms are too small to experience 
economies of scale, others may be sufficiently large to 
realize economies of scale.   
 
 

Profitability of farming in Falaj Luzugh 
 

There exists significant dispersion in the size of farms. 
We first consider qualitative responses to questions 
asking about the significance of farming income. It should 
be noted that farming, for most, provides secondary 
income. Of the 46 respondents, only 4 did not report 
income from another source. Moreover, due to 
sensitivities in asking about individual income, a 
comparison of farming  related  income  to  other  income  



 
 
 
 

Table 1.  Descriptive statistics of farm sizes in 
Falaj Luzugh, measured as number of date 
palms per farm*. 
 

Average 41 

Maximum 138 

Minimum 5 

Standard Deviation 31 
 

*Source: OEP Falaj Luzugh Survey, National Field 
Research Center for Environmental Conservation, 
Royal Court of Oman, 2014. 

 
 
 

Table 2. Results to the survey question “The falaj 
farm is an important source of income for my family”*. 
 

Possible answers Percentage  

a. Strongly Agree 13 

b. Agree 30 

c. Disagree 24 

d. Strongly Disagree 30 

Did not answer 2 
 

*Source: OEP Falaj Luzugh Survey, National Field 
Research Center for Environmental Conservation, Royal 
Court of Oman, 2014. 

 
 
 

could not be made. Instead the survey asked individuals 
two questions about the relative importance of farming 
income. The questions, with responses, are shown in 
Tables 2 and 3. 

Table 2 presents a summary of the responses to the 
statement “The falaj farm is an important source of 
income for my family”. While the question of whether the 
falaj farm is an important source of income is subjective, 
it does provide one with an understanding of the 
perception of the economic significance of the falaj to 
community members. While 54% either strongly 
disagreed or disagreed that the falaj farm provides a 
significant amount of income, it is clear that for a 
significant minority, 43%, the falaj still has economic 
significance. 

A similar conclusion can be reached by examining 
Table 3, which summarizes the responses to the question 
of whether the respondent viewed themselves as “making 
money, losing money, or breaking even” on their farm. 
Note that 35% report they are losing money on their falaj 
farm, similar to the 30% in Table 2 strongly disagreeing 
that the falaj farm provides significant income. In contrast, 
9% report they are making money on their falaj farm, 
which is similar to the 13% strongly agreeing that the falaj 
provides significant income. However, 52% report they 
are breaking even on their falaj farm. As this could 
include those who perceive themselves as making or 
losing an insignificant amount of money on the farm, this 
would appear to correspond to the combined 54% in 
Table 2 that  either  agreed  or  disagreed  that  their  falaj 
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farm provided significant income. In other words, an 
individual that felt they were approximately breaking even 
on their falaj farm may have agreed or disagreed with the 
statement that their farm provided significant income. In 
any case, it is clear that while few view themselves as 
making money on their farm, more than half of the 
respondents were not losing money. This suggests that 
while the falaj farms are not of great economic 
significance, there is still a possibility for the falaj to be 
economically relevant. 

Nevertheless, as indicated by Table 2, 54% disagreed 
with the statement that the falaj provided an importance 
source of income. Similarly, in Table 3, 35% said they 
were losing money on the falaj farm, and 52% said they 
were breaking even. Hence, most perceive the falaj farms 
as providing an insignificant level of income, with some 
reporting losses. 

Apart from the perceptions regarding income from 
farming, quantitative data on profits was collected, as 
explained later. The results of the survey are consistent 
with the perceptions of the farmers. The descriptive 
statistics regarding profits are reported in Table 4. 
Column two shows the absolute level of farm profits, 
while column three expresses this in percentage of 
average family income in Oman in 2013, which is 
$45,708.

2
 To express profits in per unit terms, column 

four reports profits per tree, while column five expresses 
profits per tree as a percentage of average family 
income. 

The average profit per year is $786, corresponding to 
1.7% of average family income. Though positive, it is low 
relative to average family income, consistent with the 
farmers’ perceptions that most are breaking even. There 
is also significant dispersion. The maximum profit 
recorded is 8.9% of average family income, consistent 
with some suggesting falaj farming is an important source 
of income. The minimum profit (maximum loss) is 
equivalent to 3.8% of average family income. Moreover, 
the standard deviation is $1,514, equivalent to 3.3%, of 
average family income, indicating that there are 
substantial differences in farmers’ profits from farming. 
Hence, as with farmer perceptions, the profits calculated 
suggests that while some are making significant income 
from farming, and some are losing money, the average 
person is making an insignificant amount of income from 
farming.  

While the absolute measure of profits can be used to 
illustrate the magnitude and dispersion in profits 
throughout the falaj, such dispersion could only be due to 
differences in farm size, or number of trees. Hence, 
columns four and five measure profits per tree. As with 
the absolute measure, there is dispersion in profits per 
tree, indicating that the variation in profits in the falaj is 
due to more than just variation in the number of trees owned. 

                                                           
2 Source: National Center for Statistics and Information, Oman. The year 2013 
is used as this is the latest date available. 
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Table 3. Results to the survey question “Which of the following statements is most 
correct?”* 
 

Possible answers Percentage  

a. I am losing money on my falaj farm 35 

b. I am making money on my falaj farm 9 

c. I am breaking even on my falaj farm 52 

Did not answer 4 
 

*Source: OEP Falaj Luzugh Survey, National Field Research Center for Environmental 
Conservation, Royal Court of Oman, 2014. 

 
 
 
Table 4. Descriptive statistics of annual farm profits in Falaj Luzugh* 
 

Parameter 
Level of farm 
profits in USD 

Farm profits as a 
percentage of average 
family income in Oman 

 
Profits per tree 

in USD 

Profits per tree as a 
percentage of average 
family income in Oman 

Average 786 1.7  1.40 0.003 

Maximum 4068 8.9  77.05 0.169 

Minimum -1738 -3.8  -347.64 -0.761 

Standard deviation 1514 3.3  67.94 0.149 
 

*Source: OEP Falaj Luzugh Survey, National Field Research Center for Environmental Conservation, Royal Court of Oman, 2014. 

 
 
 
Evidence of economies of scale in Falaj Luzugh 
 

It was established that the average farm in Falaj Luzugh 
generates an insignificant level of income. Here, presents 
evidence that the explanation for the low income 
generation is due, at least in part, to high average costs 
associated with the inability to realize economies of 
scale. This is accomplished by testing for the relationship 
between average cost and production. 

Using the data collected from the survey on labor 
employed and its cost, it was calculated the number of 
full time workers employed on falaj farms is 21.15, with 
the average farmer employing 0.48 full time workers. 
While other costs are identified, the labor costs comprise 
93% of costs, demonstrating that labor costs are a 
substantial portion of total costs. 

Average cost is calculated as total cost divided by 
production. Using farm level data on average cost and 
production described subsequently, Figure 8 graphs the 
production of each farm against each farm’s average 
cost. It is clear that the larger production, and thus larger 
farms, is associated with lower average costs. 

To provide context on the magnitude of average costs, 
Figure 8 also shows the selling price of Khalas dates 
($1.74 kg

-1
). As one can see, lower amounts of 

production are associated with average costs that are 
higher than the price; implying profits per unit are 
negative for small farms.  

To further test for economies of scale, an average cost 
function is estimated using Equations 1 and 2. The 
estimation results of both specifications are  presented  in 

Table 5. In both specifications, the sign of the production 
coefficient is negative and significant at 1% level, 
indicating evidence of economies of scale. In 

specification 2, the sign of is also negative, and 

statistically significant, and is thus inconsistent with the 
theory presented. However, only four farmers reported 
the use of part-time labor, which may not be a sufficient 
number to test this aspect of the theory. In either case, 
the results indicate evidence of economies of scale, and 
given production is directly related to the size of farms 
this implies small farmers will face higher average costs, 
and thus lower profits per unit produced. 

 
 
Impact of economies of scale on the economic 
viability of the Falaj  

 
The small holdings that characterize the falaj imply 
economies of scale are not being realized by many 
farmers, and thus profits are lower than otherwise. To 
better understand the extent to which the small holding 
reduce profits in the falaj, we compare the current 
average costs and profits of all falaj farms to the average 
costs and profits if the falaj is operated as a single farm. If 
the falaj is operated as a single farm then economies of 
scale would be realized and average costs would be 
reduced. The reduced average cost can be approximated 
using the estimated average cost equation. Using the 
sum of all farm’s production as the falaj production, the 
falaj level production would be 45156 kg. Substituting this  
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Figure 8. Declining average cost of production in Falaj Luzugh compared to the selling 
price of dates of $1.74 kg-1. 

 
 
 

Table 5. Estimation of the average cost equation for specifications (1) and (2). 
 

Specification a bo b1 

(1) ln AC = a + blnq 5.41* (0.74) -0.89* (0.14) - 

R
2
 0.57 - - 

 
   

(2) ln AC = a + bolnq + b1 (PT/PT+FT) lnq  6.05* (0.68) -0.99* (0.12) -0.42* (0.13) 

R
2
 0.68 - - 

Number of  observations 34
4
 - - 

 

*Indicates significance at the 1% level. 
4
While 46 people participated in the survey the number of observations is only 34. The 

reason is some of the participants did not answer some key part of the survey that prevented calculation of either their harvest or 
their costs. 

 
 
 

number into the estimated average cost equation from 
specification 1, the average cost would be $0.035kg

-1
.
3
 

To put this into perspective, the minimum average cost 
reported is $0.263 kg-1.  

One can then extrapolate to total costs. Summing all 
reported costs of all farms, the total cost of all falaj 
production was $42588. However, if the average cost of 
$0.035 kg

-1
 is used, the total cost of all falaj production 

would be $1580.46. And while there is no guarantee that 
the equation holds outside the estimated range of data, 
there would clearly be a substantial reduction in cost. 
Indeed, even if one uses the minimum average cost 
reported of $0.263 kg

-1
 as the estimate of average cost 

                                                           
3 Specification 1 is used for two reasons. First, though specification 2 has the 

higher R2, the fact that this is driven by only four observations on the 
interactive term suggests the results may be spurious. Second, using 

specification 2 results in a lower estimated average cost compared to 

specification 1. Hence we chose the specification with the more modest effect 

on average cost. 

for the entire falaj, the total cost of all production would 
be $11876.03, still far below the actual cost reported. 

Table 6 shows the revenue, costs, and profits of the 
falaj reported on the survey, and under the assumption 
that economies of scale are realized by having the falaj 
operate as a single farm.  

The data indicates there would be a substantial 
reduction in average costs, and a corresponding increase 
in profits, were the falaj to function as a single farm. This 
illustrates the impact that the small holdings, and the 
implied inability to realize economies of scale, have on 
the economic performance of falaj farms, and the 
economic viability and sustainability of the falaj community. 
 
 
Heritage value of the Falaj 

 
As the study was conducted to determine potential pilot 
projects to improve the economic sustainability of the 
falaj,  the  survey  asked  farmers  a  series  of  questions  
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Table 6. The potential impact of realizing economies of scale in Falaj Luzugh (in US dollars). 
 

Parameter 
Current Profits: Using the sum of all 

reported costs 
Profits if economies of scale are realized: 

Assuming average cost of 0.035 

Revenue 78720 78720 

Costs (42588) (1580) 

Profits 36132 77140 

 
 
 
about their willingness to participate in pilot projects and 
the heritage value of the falaj. This is particularly relevant 
when one considers the significance of the aflaj to 
Oman’s culture and heritage. If a pilot project is viewed 
as undermining the heritage value of the falaj, then that 
project is unlikely to have community support.  

Regarding the existence of heritage value, the farmers 
were asked to respond to the statement “The falaj is an 
important source of my heritage”, 96% strongly agreed, 
indicating there is heritage value to falaj farmers. Given 
some potential pilot projects may involve changes in the 
falaj, the survey asked about their willingness to adopt 
such changes. To measure the extent to which one 
values this heritage the participants were asked to 
respond to the following two statements: “For a high 
enough price I would consider selling my falaj water”, and 
“For a high enough price I would consider selling my falaj 
land”. In both cases, 74% strongly disagreed with the 
statements, and 13% disagreed. This suggests that since 
farmers value the heritage represented by falaj farms 
they are unwilling to divest in their land and water. 
 
 
DISCUSSION 
 
This study have shown that the small land holdings 
characterizing the falaj communities in Oman prevent 
economies of scale from being realized, thereby 
threatening the economic viability and sustainability of 
these indigenous community based water management 
systems. Apart from the economic viability of the falaj as 
an income generating activity, the small holdings and the 
poor economic performance created also may impact the 
ability of the falaj to maintain the existing physical 
structure of the falaj. As described in earlier, the falaj 
raises revenue by auctioning of water. Given the low 
profits generated by the small farms in the falaj, the value 
of water to farmers will be relatively small, and thus the 
willingness to pay for auctioned water will be low. Hence, 
the revenue raised by the falaj may be insufficient to fund 
maintenance.  

The finding of the presence of economies of scale is in 
contrast to much of the literature, which has found an 
inverse relationship between farm size and productivity, 
and thus no evidence for economies of scale. The reason 
for this difference in findings is the characteristics driving 
the aforementioned inverse relationship, such as labor 

market imperfections, measurement error, and land 
quality differences, are unlikely to be present for falaj 
farms, for reasons explained earlier. Rather the finding of 
the presence of economies of scale rests on an effect 
that has not been studied in the literature; namely, that 
the small farms that characterize the falaj have higher 
labor costs, as they must rely on the more expensive 
part-time labor, than full time labor. While our finding is in 
contrast to much of the literature, it is consistent with the 
finding of Savastano and Scandizzo (2017) that for very 
small farms, such as those that would characterize the 
falaj, there is a direct relationship between farm size and 
productivity. 

To highlight the significance of the estimated 
economies of scale, it was demonstrated that in the falaj 
under study, if the falaj operated as a single farm, the 
profits derived from farming would be approximately twice 
as much. While the purpose of this calculation was only 
to illustrate the extra cost being created by small 
holdings, it is also suggestive of a potential means to 
realize economies of scale; namely, to operate the falaj 
as a single farm. Indeed, given the low profits of falaj 
farms and the existence of economies of scale, there are 
incentives for large farms to buy small farms, as the land 
is more valuable when consolidated. If this occurred, then 
over time farms would grow in size, as would farm profits. 
Hence, the presence of economies of scale begs the 
question as to why small farms persist in the falaj. One 
explanation is that farmers value their falaj farm not only 
for its income generating potential, but also for its 
“heritage” value. As explained earier, 96% of the farmers 
strongly agreed that the falaj is an importance source of 
heritage, and 87% they would not consider selling their 
land or water. This suggests they are unwilling to divest 
in their land and water due to its heritage value. 

Another mechanism to realize economics of scale 
would be to operate the falaj land as a cooperative farm. 
However, whether or not a cooperative would be 
supported is not clear. Since the falaj is itself a 
cooperative method of managing water, the social 
institutions for cooperation are already in place. 
Nevertheless, the private property of rights of the water 
and land are part of those social institutions, and thus it is 
not clear whether individuals would interpret a 
cooperative as divesting in land or water. If it is viewed as 
divestment, there may be a lack of support for the 
cooperative. 



 
 
 
 

While this paper has concentrated on economies of 
scale in production, it is not clear whether the 
improvement in falaj farm profits owing to the cost 
reduction that comes from realizing such economies of 
scale would be sufficient to provide for falaj maintenance, 
attract the young to the falaj, and ensure the economic 
sustainability of the aflaj.  It may also be necessary to 
increase falaj farm related revenue, such as by changing 
to higher value crops. However, the small farms that 
characterize the aflaj tend to face significant economies 
of scale in other respects, such as marketing and 
distribution of crops (Poulton et al., 2010). For this 
reason, collective action, such as cooperatives, may have 
a role to play in improving the profitability of small farms 
(Verhofstadt and Maertens, 2014; Tolno et al., 2015; Orsi 
et al., 2017; Corsi et al., 2017).  
 
 
Conclusions 
 

This paper has demonstrated that for the small farms 
characterizing Oman’s aflaj economies of scale are 
present in production, which results in lower profitability. 
Thus realizing scale economies would increase 
profitability. Moreover, as discussed, other means to 
increase profits (such as marketing of higher value crops) 
may also exhibit economies of scale. Hence, collective 
action to realize economies of scale is important to the 
economic sustainability of the aflaj. However, give the 
reluctance of the local population to divest in land or 
water due to the heritage value of the falaj, and given that 
collective action could be interpreted as divestment, it is 
not clear that such collective action would be supported. 
Therefore, future research should focus on identification 
of other means to increase the profitability of falaj farms 
and the extent to which the small falaj farms face 
economies of scale in adopting these other means. 
Moreover, given the presence of economies of scale, 
future research should determine whether collective 
action is required to realize scale economies and 
increase the profitability of the falaj farms, and whether 
such collective action would be supported by the 
community. 
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