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ABSTRACT: Life style changes, population and economic growth, and lack of institutional innovations are causing noticeable damage to 
the rural communities living in and around Aflaj. The Ministry of Regional Municipalities and Water Resources (MRMWR) reported more 
than 1,000 dried-up Aflaj out of 4,112 in 1996. This paper presents an estimation of the damage caused to the rural communities due to Aflaj 
dry-up. The production function method and the cost based method are used to estimate the direct losses incurred by farmers and the local 
communities. These are related to (1) losses in marketed agricultural products, (2) increase in domestic water expenditures per household 
and (3) capital losses related to changes in house and land values. The study considered 33 dried-up Aflaj among the 1029 monitored by 
the MRMWR. Our results show that on average each family in the dried-up Falaj has lost an income equivalent of O.R 320 per month. This 
highlights the importance of Aflaj as an income generator in the remote rural areas. Live Aflaj provide fresh vegetables and healthy food 
as well as drinking water to the rural population without the need for governmental intervention. The contribution of the supporting wells, 
whenever provided by the MRMWR, is estimated at O.R 1,478 per family per year. On average the annual financial loss per family due to 
dry-up is estimated at O.R 3,301 per year. The total damage cost of dried-up Aflaj, at the Sultanate level, is estimated at more than O.R 59 
million per year. 

Keywords: Farmers’ income losses, domestic water, housing relocation, present value. 

Introduction
Groundwater quantity and quality are declining in the arid 
and semi-arid regions. Several externalities caused by 
groundwater depletion in these environments have been 
observed (Reddy, 2005 & 2001). In many arid regions, 
several groundwater hydraulic structures have been used 
to drain out of the surface by gravity. These systems are 
referred to as Aflaj, Karez, Foggara, Qanat…etc. These 
“…ancient engineering technologies demonstrate long 

standing, sustainable use of water … in extremely arid desert 
lands” (UNESCO, 2007). Groundwater over-exploitation, 
inadequate policies and the lack of maintenance of these 
infrastructures are causing their deterioration and consequent 
abandonment (Hussain et al., 2008). 

Although Aflaj in Oman have persisted for hundreds of 
years, they are facing an unprecedented degradation in recent 
years as confirmed by flow measurements (Al-Ghafri, 2006; 
MRMEWR, 2006). A survey undertaken by the Ministry of 

عمان سلطنة في الأفلاج جفاف عن الناتجة الأضرار الإقتصادية
٤ حلمي وطارق ٣ النيفر وعلي ٢ فزاعي وأيوب ١ زكري سليم

اتمعات في ملحوظة أضراراً المؤسسية الابتكارات وجود وعدم والسكاني الإقتصادي والنمو نمط الحياة في التغييرات تسبب الخلاصة:
٤و١١٢ مجموع من جفت فلج قد ١,٠٠٠ من أكثر وموارد المياه أن الإقليمية البلديات وزارة تعيش على الأفلاج وحولها. ذكرت الريفية التي
دالة الإنتاج أسلوب تم استخدام الأفلاج. جفاف بسبب الريفية باتمعات لحقت التي الأضرار تقدير الورقة وتستعرض هذه ١٩٩٦م. عام  في
المنتجات في الخسائر بالتالي: (١) علاقة ذات الخسائر المحلية. هذه واتمعات المزارعون تكبدها التي المباشرة لتقدير الخسائر التكلفة وطريقة
وقيمة المنزل في بالتغييرات المتعلقة الرأسمالية الخسائر (٣) و الواحدة للأسرة المنزلية  المياه نفقات في الزيادة  (٢) المسوقة، الزراعية 
من ٣٢٠ ريالاً يعادل فقدت ما قد جاف فلج كل في لكل أسرة أن النتائج أظهرت جافاً.  فلجاً ٣٣ مجموع الدراسة على تمت  الأراضي.
لزراعة المياه الحية توفر الأفلاج النائية.  الريفية المناطق في للدخل مورداً باعتبارها الأفلاج أهمية على الضوء يسلط هذا الشهري.  الدخل
مجموع تقدر كما الحكومي. التدخل إلى الحاجة دون الريف لسكان للشرب الصالحة المياه وكذلك الصحية والأغذية الطازجة  الخضروات
الخسائر فتقدر السلطنة مستوى على اما الواحدة. السنة في ريالاً ٣,٣٠١ الواحدة بحوالي و(٣) للعائلة (٢) و (١) الاقتصادية الأضرار
الحد تساهم في للأفلاج المساعدة الآبار أن الدراسة تظهر كما الجافة.  الأفلاج مجموع بعين الاعتبار أخذنا إذا سنوياً ريالاً مليون ٥٩ بحوالي

السنة في ريالاً للعائلة ١,٤١٨ يعادل ما بتوفير وذلك الخسائر، من

المالية القيمة ، المنازل نقل المنزلية، ، المياه المزارع دخل النقض مفتاحية: كلمات
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Regional Municipalities and Water Resources (MRMWR, 
2001) in 1996 has reported that more than 1,000 Aflaj out 
of 4,112 have dried-up Aflaj supply about 410 million 
m3/year, representing 38% of Oman’s fresh water, which 
satisfies part of domestic and agricultural demand in 
scattered rural areas (Norman et al., 1997; Zekri and 
Al-Marshudi, 2008). Aflaj constitute an integrated 
environment where thousands of people live, produce, 
consume and trade healthy fresh products. Lifestyle 
changes, population and economic growth, and lack of 
institutional innovations are causing noticeable damages 
to the rural communities living in and around these Aflaj.

All or most Aflaj are tapping the shallow alluvium 
aquifer, located at the open plain away from the 
mountainous area which constitutes the recharging area. A 
Falaj dries up whenever the water level at the mother well 
is lowered below the regional groundwater table. This 
usually happens as a result of over pumping the aquifer 
regardless of the recharge. The drilling of wells to support 
dried-up Aflaj in the affected areas, whenever possible, is 
a solution implemented by the government to counteract 
the damages to rural communities. However, long-term 
drought periods cause a regional lowering of the water 
table and negatively affect the efficiency of the supporting 
wells and the sustainability of the Aflaj communities. 

To mitigate the effects of Aflaj deterioration the 
Omani government, through the MRMWR, supported 
669 projects of Aflaj reparation and maintenance with 
a total cost of O.R 5.73 million (Al Sulaimani et al., 
2007). However, these achievements were not enough to 
prevent Aflaj dry-up, whose major cause is groundwater 
over pumping. In fact, there is no scientific evidence of 
rainfall decline or change in rainfall intensity during the 
period 1974-2003 as shown by Kwarteng et al. (2009) 
eliminating thus the assumption of drought being the cause 
of dry-up. Although several studies have been undertaken 
regarding Aflaj irrigation systems, water resources (Al-
Ghafri, 2006) and water markets (Zekri et al., 2006), the 
damage caused to the rural communities due to Aflaj dry-
up has not been estimated. Evaluating the damages caused 
to communities by Aflaj dry-up helps decision makers to 
implement appropriate policies to remedy and/or prevent 
it and to support public expenditures in repairing and 
maintaining some of the Aflaj.

The objective of this paper is to estimate the losses 
resulting from Aflaj dry-up with a focus on direct losses 
incurred by farmers at the local Falaj community. Farmers 
are the legal owners of the Falaj water (Zekri and Al-
Marshudi, 2008). The environmental as well as the social 
losses, are beyond the objective of this paper.  

Literature Review
Estimates of damage cost due to natural resources 
degradation have been presented in a number of studies. 
Hussain et al. (2008) identified the benefits and costs of 
the Karez Ain-Zubaida rehabilitation project in Saudi 
Arabia without a quantitative estimation. The potential 

benefits are recreation, preservation of cultural-heritage, 
ecological and energy saving from pumping. The costs 
refer to tube-well owner’s losses due to the reduction of 
pumping and the costs of rehabilitating, operating and 
managing the karez system. The authors stressed that 
rehabilitation of the karez is pre-conditioned by the ability 
to establish and implement a regulatory framework of 
water use and water rights’ system. Total water pumping 
from private tube-wells should be halved. If this could be 
achieved then a sustainable direct social benefit of water 
estimated at O.R 16,900 per day will incur in the long 
term. According to Hussain et al. (2008) two types of costs 
were related to water resources degradation in the karez 
systems; on the one hand, indirect costs to the society 
as a cultural heritage loss, adverse environment impacts, 
loss of employment opportunities, loss of value related 
to tourism and associated economic activities. On the 
other hand, direct costs to private owners were identified 
as capital cost, operating and management cost, energy 
pumping and water transportation cost.

Reddy (2005) estimated the costs of groundwater 
depletion in India, using the public good and externalities 
framework. He estimated household income as a function 
of groundwater depth, total land owned and level of 
education.  He then derived the costs of degradation and 
the resulting losses incurred at the household level. The 
author considered two cost categories; direct costs and 
indirect costs. The direct costs are replacement costs in the 
form of investment made in bore wells, sunk costs: capital 
loss due to drying up of open wells. The indirect costs are 
the losses in net return per acre and losses due to cropping 
pattern changes. 

Howe and Goemans (2003) used an input-output 
model to estimate the losses of the irrigated area reduction 
due to water rights transfer from the South Plate and 
Arkansas Basins. Falls of agricultural production 
negatively affect agricultural input suppliers, agricultural 
output processors and financial institutions. The authors 
assumed five to ten years for reemployment of displaced 
labor, capital and land after water transfer has taken place. 
The study involved determination of the cropping pattern, 
crop yields and crop prices for the dried-up land, value 
of output losses that have been sold outside the subject 
areas and changes in payment to households, taxes and 
employment. The results were presented as net present 
value of losses by unit of water volume transferred, using a 
discount rate of five percent and assuming that the annual 
loss drops linearly to zero by the end of the designated 
study period. 

Methodology
Various techniques have been developed to assess the 
economic impacts resulting from alterations of conditions 
influencing the flow of goods and services these assets 
provide.  The literature of environmental valuation 
techniques provides various taxonomies of techniques 
developed and tested to measure the economic value 
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of a broad range of environmental degradation. These 
techniques are classified as direct techniques and indirect 
techniques; (i) the direct techniques measure the monetary 
value of environmental services by looking to a surrogate 
market to infer individuals’ preferences or by asking 
individuals to express their preferences. The travel cost 
method, hedonic price method and contingent valuation 
method are considered as a direct approach (Garrod and 
Willis, 1999); (ii) indirect techniques do not directly 
measure individual preferences. The indirect techniques 
don’t provide accurate valuation information and welfare 
measures. Production function method and cost based 
valuation method are usually included in this technique.

The production function method values physical 
changes in production, caused by environmental change, 
using market prices for inputs and outputs. Changes 
in productivity are based on the relationship between 
environmental attributes and the output level of an 
economic activity. The money value estimates obtained 
with this approach should not be interpreted as the true 
value measure, but a proxy of the environmental change’s 
ultimate welfare impacts.

Cost based methods measure the value of an 
environmental asset by the costs incurred in avoiding 
negative environmental impact. Costs are easy to quantify 
because they are based on market prices and use actual 
expenditures. However, the results may underestimate 
the true effects due to non-use value and non- material 
damages being excluded. Under this estimation technique, 
three distinct approaches can be designated; the averting 
behavior and relocation cost approach; the cost of illness 
and human capital approach and the restoration cost 
approach. 

Two methods were used to estimate the damage 
resulting from Aflaj dry-up. The first one is the production 
function method where physical changes in production are 
valued using market prices for inputs and outputs. The 
second method is the cost based method which measures 

the value of an environmental asset, groundwater, by the 
costs incurred in avoiding negative impact of groundwater 
depletion. Within this later method the averting behavior 
and relocation cost approaches are used. 

This paper estimates the losses resulting from Aflaj 
dry-up with an exclusive focus on direct losses incurred 
by farmers. The direct losses that will be estimated are 
shown in table 1 and are related to (1) losses in marketed 
agricultural products and family consumption, (2) increase 
in domestic water expenditures per household, (3) capital 
losses related to changes in house and land values (Fig. 
1). The effects of Aflaj dry-up on the other economic 
activities such as input suppliers and food processors are 
negligible due to the subsistence nature of agricultural 
production irrigated by Aflaj.

Table 1. Methodology for the damage costs computation.

Type of damage Description Methodology

Agricultural income loss

Marketed crop losses Net factor income

Marketed livestock losses Net factor income

 Losses of household-consumption of agricultural 
products

Market prices

Capital losses due to life conditions 
degradation

Relocation to another house (losing Falaj house and 
cost of new building)

Relocation cost

Value of agricultural land in Falaj Market prices 

Increase water expenditures
New sources of water for domestic and/or drinking 
purpose 

Replacement cost

 

 

 

Total annual damage costs/family  

Agricultural 
income loss 

Capital 
losses due 

to life 
conditions 

degradation

Increased 
water 

expenditures

income loss on

Figure  1.  Methodology for the estimation of the losses 
in dried-up Aflaj.

Total annual damage costs/family
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Case Study 
Aflaj represent an important source of water supply to a 
major part of the rural population in Oman. Degradation 
of the Aflaj systems influences the social and economic 
activities in the rural areas. 

The study considered 33 dried-up Aflaj among the 
1029 dried-up Aflaj monitored by the MRMWR (2001). A 
survey was undertaken during the period July-November 
2008. A total of 205 farmers were interviewed and only 
191 questionnaires were fully answered and then used for 
data analysis. Complementary information was obtained 
from local water authorities.  

The survey was divided into four parts; household 
identification; living conditions around the Aflaj before 
and after water resource degradation; water resources in 
the Falaj before and after resource degradation and new 
costs of water supply for drinking and domestic purposes; 
agricultural losses due to Aflaj dry-up.

Agricultural Losses
Estimates of losses related to the ceasing of agricultural 
activity caused by Aflaj dry-up are based on average value 
of the agricultural marketed production per crop before 
and after the Aflaj dry-up. This value does not consider 
the production consumed by the family.  These estimated 
values will be shown below.  In fact, farmers were asked 
about the value of the gross margin before and after the 
Falaj dry-up. The gross margin implies the monetary 
transactions of the agricultural crops and does not include 
the family consumption. In some cases the government 
intervened by drilling tube wells, referred to as supporting 
wells, to support the local community, which allowed some 
agricultural crops to be partially grown. This required 
treating these two types of Aflaj separately in order to be 
able to measure the impact of government intervention 
to reduce the impact of dry-up. Thus, the results will be 
presented separately for Aflaj with supporting wells and 
Aflaj without supporting wells.

The gross margin provides an estimation of the direct 
loss to the farmer and local community. The total value of 
crop losses per household is estimated using the following 
equations. 

Marketed crop losses

GMX i Lost =  GMX i After = GMX iBefore

Where, 

GMX i Lost  : Average Gross Margin loss per hectare per year of  
                   farm Xi;
GMX i After  : Average Gross Margin (GM) per hectare per year 
                   of farm Xi, after dry-up;
GMXi Before : Average Gross Margin (GM) per hectare per year 
                   of farm Xi, before dry-up.

In the case of completely dried-up Aflaj, GM of farm 
GMX

i After
 is equal to zero, thus the agricultural losses are 

equal to
 
GMX

i Before
.  However, the existence of supporting 

wells in some Aflaj helped to maintain a few activities at 
the farm level. The same formula as in the case of dried-up 
Aflaj will be applied with the difference that GMXi After ≠ 0. 

 
The aggregation of losses per Falaj is estimated as 

follows:

TGMXi Lost = GMXi Lost  x  TDA j

Where, 

TGMXi Lost : Total loss of farm X i  GM for the whole Falaj;
GMX i Lost   : Average farm X i  GM in sampled farms;
TDAj            : Total dried up area (hectare) of the Falaj;

Results are presented in table 2 according to whether 
the Falaj benefitted from a supporting well or not. 
Results show that the average crop loss in Aflaj without 
supporting wells is 651 O.R/ha/year and is slightly higher 
than the loss in Aflaj with supporting wells which is 
estimated at 545 O.R/ha/year. Based on the field findings, 
the small difference in losses are due to: (i) the supporting 
wells are usually dug quite late after the damage has 
already occurred, (ii) the supporting wells’ flows are 
considerably below the natural Aflaj flow as a result of 
regional groundwater depletion and (iii) the cropping 
pattern is more oriented to forage and annual crops rather 
than high value crops in order to avoid the risk related to 
the non- reliability of water supply.

Marketed livestock losses 

The impact of Aflaj dry-up on livestock was less severe 
than the crop losses, because in several cases farmers were 
still able to maintain a minimum livestock activity based 
on grazing and buying of animal feed and concentrates 

Table 2.  Value of marketed crop losses.

All Aflaj (N=191)
Aflaj with supporting wells 

(N=119)
Aflaj without supporting wells 

(N=72)

Min Avg Max Min Avg Max Min Avg Max

Cropped area (ha) 0.14 2.32 18.40 0.18 2.29 15.01 0.14 2.36 18.40

Gross margin crop losses 
(O.R/ha/yr)

 108  585 1590  108  545 1538  143  651  1590

(1)

(2)
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mainly in the case of Aflaj with supporting wells. The 
annual loss in net benefit of animal production is the 
difference between net benefit before and after dry-up, 
excluding the family consumption. The losses were then 
reported per hectare to allow aggregation of the results. 
A livestock gross margin for each activity was computed 
referring to the annual productivity, using prolificacy, 
mortality as well as reform rates. We proceeded by 
calculating the difference between the GM after and 
before Aflaj dry- up, which represents the annual livestock 
losses.

These losses are shown in table 3 and were estimated 
as follows: 

GMLSi After  -   GMLSi Before = GMLS i Lost

Where, 

GMLS i After : Average GM per hectare per year of livestock 
                    activities after dry-up in surveyed farms;
GMLSi Before : Average GM per hectare per year of livestock 
                    activities before dry-up in surveyed farms;
GMLS i Lost    : Average loss GM per hectare per year of livestock 
                     activities in surveyed farms.

In most sampled Aflaj we have observed four 
major animal activities; goats, sheep, cattle and camels. 
According to table 3, Aflaj without supporting wells 
have higher losses in terms of Gross Margin per hectare, 
estimated at 252 /ha/yr than those with supporting wells, 
estimated at 201 /ha/yr.  The minimal value of the losses 
(equal to zero) reflects either a zero loss or an absence of 
livestock activity in the farm.

Household and Life Conditions

Household  consumption  

Most of the farms around the Aflaj are small-scale 
properties and are considered as subsistence farms. 
The ceasing or reduction of agricultural and livestock 
production have had an adverse impact on households’ 
vegetables, fruit and meat consumption. Aflaj households 
typically consume a considerable part of their production. 
After Aflaj dry-up, the households were obliged to buy the 
agricultural products from the market. In this section we 
account for that part of agricultural production which was 
destined for consumption and was not accounted for in the 
marketed agricultural production. The difference between 
a household’s monthly expenditure for vegetables and 
fruit before and after a Falaj dry-up allows the researchers 
to estimate the family losses due to Aflaj drying up. This 
is considered as a lower-limit estimation because when 
farmers were the producers their opportunity cost was 
the wholesale price, while after the Falaj dry-up they are 
facing a retail price for the agricultural products. Since 
the retail prices are higher than the wholesale prices, thus 
the family demand of agricultural goods is negatively 
affected. Table 4 shows that on average a household 
spends O.R 551 per year to buy agricultural products that 
were previously produced at the farm level.

Cost of house changing  

Moench (2007) reported that the changing of household 
location is considered as an adaptive response to drought 
and a strategy to mitigate the associated impacts. Our 
survey results showed that there are two types of adaptive 

Table 3. Value of marketed livestock losses.

All Aflaj (N=191)
Aflaj with supporting wells 

(N=119)
Aflaj without supporting wells 

(N=72)

Min Ave Max Min Ave Max Min Ave Max

Cropped area (ha) 0.14 2.32 18.40 0.18 2.29 15.01 0.14 2.36 18.40

Livestock gross margin 
losses (O.R/ha/yr)

0 220 1159 0 201 1120 0 252 1159

(3)

Table 4.  Farm output household consumption losses.

All Aflaj (N=191) Aflaj with supporting wells 
(N=119)

Aflaj without supporting 
wells (N=72)

Min Ave Max Min Ave Max Min Ave Max

Cropped area (ha) 0.14 2.32 18.40 0.18 2.29 15.01 0.14 2.36 18.40

Household consumption 
losses (per family/yr)

   24   551 1,800    48 542 1,800    24  567 1,800
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behaviour dictated by access to domestic water. In fact, if 
the initial house location is on the village periphery, access 
to domestic and drinking water is ensured through water 
tankers avoiding the displacement or rebuilding of another 
house. However, if the house is in the middle of the fields, 
with narrow access paths, water provisioning becomes 
impractical and relocation becomes a necessity. The 
damage cost is calculated as the sum of the lost value of 
the Falaj house and the cost of building a new house. The 
damage cost is only estimated for farmers who changed 
their houses due to the drought and degradation of living 
conditions at the Falaj. The first row of table 5 shows that 
the average loss, due to house relocation considering all 
Aflaj samples, as estimated at O.R 31,813. However, only 
16% of the families were obliged to relocate their houses, 
consequently the weighted average cost of housing 
relocation is estimated at 5,090/family. 

Housing losses were computed as follows:

HLi = FHC i + NHCi 

Where,

HL i    : Average housing losses for surveyed household from 
             sampled Aflaj;
FHCi  : Average value of abandoned Falaj house;
NHCi  : Building cost of new house due to Falaj dry-up.

Cost of water for domestic and drinking purposes 

In normal conditions Aflaj represent the main water source 
for domestic and drinking purposes. After dry-up the 
households in Aflaj turn to use multiple sources of water 

of different qualities. Data collected from farmers have 
taken into account the difference between domestic and 
drinking purposes following Verhagen and Bhatt (2006). 
Farmers were asked to provide detailed costs of the water 
according to the uses and the sources. Four sources were 
considered, wells, water company, tankers and bottled 
water. The aggregated computation of domestic water 
losses due to Aflaj dry-up were estimated as below:

Where,

TDUL : the total domestic water uses losses in the whole Falaj 
             after dry-up;
N        : Total number of households leaving in sampled Falaj;
PWC  : Percentage of surveyed households using water from 
             company to meet their domestic water uses;
PWE  : Percentage of surveyed households using wells to meet 
             their domestic water uses;
PTA   : Percentage of surveyed households using tankers to 
            meet their domestic water uses;
PMI   : Percentage of surveyed households using bottled water
            to meet their domestic water uses.

Results are shown in table 6. It is estimated that on 
average a family is spending a cost of O.R 328 per year for 
domestic water as a replacement cost against the water that 
was previously supplied freely by the falaj.  Households at 
Aflaj without supporting wells spend 21 O.R/yr more than 
households at Aflaj with supporting wells.
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Table 5.  Weighted average housing relocation losses in dried-up Aflaj in O.R/household.

All Aflaj ( N=191)
Aflaj with supporting wells 

(N=119)
Aflaj without supporting wells 

(N=72)

 Min Ave  Max  Min Ave  Max  Min Ave  Max

Average family size 1 11 40 1 11 40 1 11 32

Housing relocation 
losses

9807 31813 142920 11407 34836 142920 9807 23120 55502

Weight (number of 
houses relocated/total 
Falaj houses)

(16%) (19%) (11%)

Weighted housing 
relocation losses (per 
household)

1569 5090 22867 2167 6618 27155 1079 2543 6105

Average Falaj 
household number

38 45 29

Aggregated housing 
relocation losses (per 
Falaj) 

59622 193420 868946 97515 297810 1221975 31291 73747 177045
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Aflaj were the only water source for agriculture, 
drinking and domestic purposes in the past. However, 
after Afalaj dry-up, several water sources were needed. 
In most cases, two sources of water supply are observed; 
a good quality water for drinking purposes, and a lower 
quality water for domestic uses which is considerably 
cheaper. For this reason total water losses were presented 
according to their use. The average loss is estimated to 
about O.R 7,610 per Falaj per year for the domestic uses 
and O.R 7,369 per Falaj per year for drinking purposes. 
Although these losses are very similar in value terms, the 
volumes of water consumed for drinking and domestic 
uses are largely dissimilar.

Table 7 represents the annual value of water used 
for drinking and domestic purposes in all dried-up Aflaj 
(1,029) at the Sultanate level. The figure shows that on 
an annual basis the total loss reached more than O.R 15 
million. In other terms, the 1,029 dried up Aflaj used to 
provide farmers and their families with a volume of water 
worth more than O.R 15 million in the form of drinking 
and domestic water. Currently, these families who have 
lost their water from Aflaj spend O.R 15 million to buy 

water for domestic and drinking purposes. The economic 
loss to the national community is even higher due to the 
fact that in most cases the water price is subsidized and 
does not reflect the real economic cost of water paid by the 
society as a whole to supply water to users. 

Agricultural Land Value Change in Aflaj
Given the desert climate and low rainfall in Oman, all 
agricultural activities depend on irrigation. Consequently, 
Aflaj dry-up should result in a loss in the value of 
agricultural land as it is no longer considered a productive 
asset. To estimate the change in value of agricultural 
land, we asked farmers about the land value before and 
after Aflaj dry-up. Farmers who were not involved in 
land transactions found some difficulty in answering the 
question. The damage due to Aflaj dry-up is estimated 
as the difference between the land value before and the 
value after Aflaj dry-up. Another variable that affects land 
value is inflation, however until 2005 inflation in Oman 
was very low and close to zero. Thus we assume that 
the inflation effect on land price is negligible. Another 
variable that does affect land price is the change of its 

Table 6.  Annual drinking water and domestic water losses per family.

All Aflaj  (N=191)
Aflaj with supporting wells 

(N=119)
Aflaj without supporting wells 

(N=72)

Min Ave Maxi Min Ave Max Min Ave Max

Average Family size 1 11 40 1 11 40 1 11 32

Drinking water losses 
(per family/yr)

24 132 540 24 133 540 24 131 384

Domestic water losses 
(per family/yr)

24 202 600 24 191 600 36 221 540

Total water provisioning 
losses (per family/yr)

36 328 816 36 320 816 72 341 648

Table 7.  Annual domestic and drinking water losses in dried-up Aflaj.

Region
Losses for

domestic water per
(Falaj (/per yr

Losses for drinking
water per Falaj

((per yr

Total water losses
per Falaj
(per yr)

Number of
dried-up Falaj

Total water losses
in dried-up Aflaj

((per yr

Al Buraimi 0 11,280 11,280 -- --

Dakhliya 11,386   6,436 17,822 249 4,437,616

Dhahirah   5,166 14,901 20,067 243 4,876,364

North Batinah   6,924  9,499 16,424 352 5,781,131

Sharqiyah   7,501  5,067 12,568 185 2,325,046

Total   7,610 7,368 14,977 1,029 15,411,648
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status from agricultural land to urban land. Whenever 
agricultural land is converted to urban uses, the land 
value increases. In fact in some cases a Falaj dry-up 
allowed farmers to urbanize their lands or sell it for urban 
uses which resulted in an increase of its value. By law, 
Aflaj land and agricultural land could not be converted 
into urban land if a Falaj is still flowing and agricultural 
activity is possible. The change in monetary value takes 
negative values when there is increase in the land value as 
it is not a damage but rather a benefit. Table 8 shows that 
on average the net result for the agricultural land value 
is a loss of O.R 475 per hectare due to Aflaj dry-up. For 
those Aflaj which benefited from supporting wells the 
land value has actually increased as shown on the last row 
by O.R -2,655 per hectare. For Aflaj without supporting 
wells the net result was a decrease in land value of O.R 
5,967 per hectare.

Total Value of Losses per Family 
Table 9 summarizes the annual losses incurred by an 
average family due to Aflaj dry-up. These losses are 
monetary losses that the family used to receive (crop 
losses, livestock losses, and agricultural employment 

losses) or to avoid payment (household consumption of 
agricultural products and cost of new sources of water 
for domestic uses, housing relocation cost) as well as the 
changes in the value of the agricultural land due to the 
dry-up.  

To be able to add together losses that occur yearly, 
such as the agricultural income losses and losses (or gains) 
that occur once in a lifetime, such as the cost of relocation 
to another house and the change in the land value, the 
concept of depreciation is used. Thus, the once-in-life 
losses are thus converted into an annual value at an interest 
rate of 5% over a period of 40 years. The total annual 
losses per family varied between O.R 3,301 for Aflaj 
with supporting wells and O.R 4,779 for Aflaj without 
supporting wells. Thus, the contribution of supporting 
wells on a yearly basis is estimated as the difference of 
the above figures and is around O.R 1,478 per family. The 
supporting wells helped reduce the damage on crop and 
livestock losses as well as on the household consumption. 
However, the supporting wells did not contribute 
significantly to the cost of domestic water consumption.  
Overall, the contribution of supporting wells, undertaken 
by the Ministry of Regional Municipalities and Water 

Table 8.  Land value changes.

 

 

All Aflaj sample (N=191)
Aflaj with supporting wells 

(N=119)
Aflaj without supporting wells 

(N=72)

Min Ave Max Min Ave Max Min Ave Max

Land value decrease 
(/ha)

0 11,279 65,238 0 10,762 42,857 0 11,880 65,238

Land value Increase 
(per ha)

-54,762 -15,223 -476 -54,762 -16,071 -476 -30,952 -12,194 -1,190

Net result: increase/
decrease (per ha)

-54,762 475 65,238 -54,762 -2,655 42,857 -30,952 5,967 65,238

Table 9.   Losses per family in O.R per year. 

 
All sample 
(N=191)

Aflaj with 
supporting wells 

(N=119)

Aflaj without 
supporting wells 

(N=72)

Crop losses 1,357 1,248 1,536

 Livestock losses   510    460    595

 Losses of household-consumption of agricultural products 1,278 1,241 1,338

Annualized relocation costs   297    386    148

New sources of water for domestic and/or drinking purposes   328    320     341

Annualized change of agricultural land value    64   -354     821

Total annual loss per family 3,835  3,301  4,779
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Resources, is quite significant. Considering the full Aflaj 
sample, regardless of presence of supporting wells, the 
annual family losses are estimated at O.R 3,835 equivalent 
to O/R 320 per month. This figure shows the importance 
of Aflaj in providing food, employment, drinking water 
and income to families located in remote areas. Thus 
protecting Aflaj, whenever possible, contributes to 
environmental as well as economic sustainability. 

Total Losses of Dried-Up Aflaj in the Sultanate
Table 10 shows the total annual losses from dried-up 
Aflaj at the sultanate level. The total loss is estimated 
at O.R 59.03 million per year. Region wise, the Batinah 
region’s annual loss from dry Aflaj is the highest loss 
and is estimated at O.R 23.1 million. Figure 2 shows the 
distribution of the losses at the sultanate level. The highest 

losses are incurred by the loss of agricultural and animal 
production for farmers’ families consumption labeled as 
“household consumption losses” representing 38% of the 
total losses. Drinking and domestic water users’ losses 
represent 26%, and finally, the lost gross margin from 
marketed agricultural products represents 15%. It is worth 
noting that the losses of drinking and domestic water are 
higher than the marketed agricultural products. This is 
mainly due to the fact that several families who used to 
live around the Aflaj used to benefit from them as a source 
of water for domestic and drinking purposes without being 
owners of land next to Aflaj.  On average 38 families live 
in and around each Falaj. The agricultural land value loss 
represents only 1% of the total loss. This is due to the 
fact that most of the land has been converted to urban 
uses thus increasing its value and compensating the loss 

Table 10.  Total annual losses in dried-up Aflaj.

Region
Number of 
dried-up 

Falaj

Marketed  
agricultural  

losses

Household  
consumption 

losses

Drinking 
& domestic 
water losses

Annualized 
housing 

relocation 
cost

Annualized 
land value 

loss

Total Annual 
losses in 
dried-up 

Aflaj

(O.R./yr)

Dakhliya   249  565,829  5,004,402   4,437,616   2,804,530 161,938 12,974,315

Dhahirah   243 3,738,889 10,712,967   4,876,364   2,736,951 158,035 22,223,206

Batinah   352 2,640,472 10,488,896   5,781,131   3,964,637 228,924 23,104,060

Sharqiyah   185    835,745  2,750,280   2,325,046   2,083,687 120,315   8,115,073

Total 1029 8,784,833 22,576,621 15,411,648 11,589,805 669,212 59,032,119

 

15% 

38% 26% 

20% 

1% Agricultural  Losses

Household  consumption
Losses

Drinking & domestic water
Losses

Housing relocation cost

Annualized land value loss

Figure  2.  Annual losses in dried-up Aflaj.



18

Zekri et al.

19

Damage cost of drying of Aflaj in the Sultanate of Omac

observed by some farmers who were unable to convert 
their land use. 

Conclusions
Two methods have been used to estimate the damages 
resulting from Aflaj dry-up. The first one is the production 
function method where physical changes in production are 
valued using market prices for inputs and outputs. The 
second method is the cost based method which measures 
the value of an environmental asset, groundwater, by the 
costs incurred in avoiding negative impact. Within this 
latter method the averting behavior and relocation cost 
approach are used. Three types of impacts due to Aflaj 
dry-up have been observed and measured in this study. 
These are the agricultural income loss, household and life 
conditions degradation and finally the land value change.

The study considered 33 dried-up Aflaj among the 
1029 dried-up Aflaj monitored by the MRMWR. A survey 
was undertaken during the period July-November 2008. 
A total of 205 farmers were interviewed and only 191 
surveys were used for data analysis and loss computation. 
Complementary information was obtained from local 
water authorities.  

The results have shown that on average a family 
owning land next to Aflaj has lost the equivalent of O.R 
3,301 per year or O.R 320 per month. The monthly income 
from Aflaj represents more than treble the social security 
payment provided by government to needy families. The 
results show that Aflaj played and still play a major role 
as a sustainable income source in the remote rural areas 
and are thus a barrier against poverty. Farms provide fresh 
vegetables and healthy food to the rural population as well 
as drinking water without the need for any governmental 
intervention, in a sustainable way. On the other hand, 16% 
of the families living in and around Aflaj were obliged 
to relocate due to the dryness of Aflaj and lack of water.  
On average each of these families has spent 31,813 O.R 
as a cost of building a new house and the loss due to the 
abandoning of the old house located next to a Falaj. 

The total losses in all dried-up Aflaj, at the Sultanate 
level, are estimated at more than O.R 59 million/yr with 
the losses in drinking and domestic water estimated at  
O.R 15 million/yr. In fact, Aflaj used to provide water for 
domestic purposes without the need to install a pipeline 
network to supply either groundwater or desalinated water 
from the coastal area. Our estimation of the losses related 
to domestic water is based on the extra cost incurred by 
families to buy water from new sources. This figure does 
not take into consideration the economic losses incurred 
by the government to supply domestic water to remote 
areas. 

The major cause of Aflaj degradation and dry-up is 
the lax implementation of the law protecting the mother 
wells and aquifer storage. Some of the Aflaj studied have 
benefited from supporting wells drilled and equipped by 
the MRMWR. The supporting wells were found to have 
a positive impact mainly by reducing the damage on crop 

and livestock losses as well as on household consumption. 
The contribution of the supporting wells is estimated at 
O.R 1,478 per family per year. Taking into consideration 
the changes in land value and the cost of housing relocation 
those Aflaj which benefitted from supporting wells have 
had lower damage cost. The results have shown that the 
supporting wells contributed to limiting the damage to 
the families living in and around Aflaj but could not 
prevent it. Actually, the supporting wells draw water from 
the same shallow aquifer as Aflaj, and thus the volumes 
of water pumped could not provide enough relief to the 
population. Consequently, preventing Aflaj from drying 
up is a better solution than drilling supporting wells. 
Traditionally, farmers have always had plans to deal with 
natural drought or lack of rainfall by reducing the cropped 
area and limiting it to the perennial crops. However, when 
the dryness of Aflaj is caused by excess pumping, from 
illegal wells, farmers have to organize themselves and 
collaborate with the MRMWR to protect their rights. 

Finally, in some cases, wells were drilled and the water 
use was diverted to other economic activities out of the 
Aflaj areas which might have resulted in higher income 
than the agricultural activity. Even though this might be 
true, the water diversion from one user to another user 
should have been done after agreements and payments to 
the farmers who own the water. Economic compensation 
should have taken place in such circumstances instead of 
an illegal transfer of water from Aflaj water owners to 
other users. 
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