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CHAPTER 15 ECONOMIC VALUE OF GROUNDWATER 

15.1 Analysis of Value Added of Irrigation and Livestock Farming by Using Generalised 
Data 

15.1.1 Spectral Water Use 

As Table 15.1-1 indicates, water consumptions per year on stock watering and 
irrigation are almost same.  Total water consumption for them is 84% of the total 
consumption in the study area. 

Table 15.1-1  Sectoral Water Use 
 

Sectors 
Water Use 

(million m3/year) 
Proportion 

(%) 
1. Domestic water   
1.1 Village 0.577 4.82 
1.2 Commercial farms 1.224 10.23 
1.3 Communal lands 0.132 1.10 

Sub-total 1.933 16.15 
2. Industries 0 0 
3. Tourism 0.004 0.03 
4. Stock watering 5.003 41.80 
5. Irrigation 5.025 41.99 

Total 11.968 100.00 

15.1.2 Economy of Irrigation and Livestock Farming 

Annual rainfall in the Study Area averages only 185 mm implying that no crops 
could grow without irrigation.  According to the hydro-census data, commercial 
irrigation farming is practiced on 546 ha (permitted irrigation area 399.5 ha).  Most 
of farming areas are compelled to be utilized groundwater for livestock grazing 
because of poor soil and arid climate of the area. 

To analyse economic efficiency of main irrigation and livestock farming activities 
using groundwater, costs and benefits on the activities are estimated based upon 
generalised data from the related authorities such as Hardap cooperative and 
MAWRD (refer to Table 15.1-2).   
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Table 15.1-2  Cost and Benefit from Irrigation and Livestock 

Crops Unit Gross 
Income 

Production 
Cost 

Net 
Income 

Maize N$/ha 8,000 4,700 3,300 
Wheat N$/ha 6,000 4,320 1,680 
Lucerne N$/ha 12,000 5,880 6,120 
Grapes  N$/ha 40,000 17,668 22,332 
Cotton N$/ha 11,000 5,360 5,640 
Sweet Melon N$/ha 40,000 12,708 27,292 
Sheep N$/head 230 90 140 
Beef Cattle N$/head 1,750 1,005 745 

Source: MAWRD and Hardap Cooperative 

Grapes and Sweet melon produce high profits which are over 20,000 N$.  Their net 

incomes per hectare are much greater than those of other crops.  Whilst, prevailing 
carrying capacity in the Study Area is 3 ha/SSU or 18 ha/LSU, which implies that net 
income from sheep grazing is only N$47/ha (140/3) and N$41/ha from cattle 
respectively (refer to 13.2.7).  The result indicates that irrigation farming generates 
higher net income than livestock in spite of its higher investment.  However the 
extent of this depends on land use and crop selection. 
 

15.1.3 Estimation of Water Fee for Groundwater 

As mention in Chapter 9, there are water tariffs established by Namwater scheme but 
there is no tariff charged for groundwater.  In order to use groundwater efficiently 
and sustainably, pricing is considered as one of groundwater management tool.  But 
a main problem in pricing policy is how much should be charged to give farmers 
incentive to use ground water more efficiently. 

This case uses the present worth value of one borehole for water fee estimation, 
assuming that the Namibian government invests in installing a borehole to abstract 
groundwater for commercial farmers.  Calculating discounted initial, running and 
maintenance costs during fifty years which is the lifetime of a borehole, water fees 
which the government should charge for the investment are estimated based upon 
three different discount rates: 10%, 15% and 20%. 

Basically, the government decides priority of investment projects analysing time 
preference, profitability and so forth.  Therefore, considering the interest rates 
ranged from 10 to 18 per cent for last 10 years in this country, three cases of water 
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fees are simulated to cover the whole cost (refer to Table 15.1-6).  As the result, it is 
recognised that a possible water fee could be between N$ 0.32 and 0.4 per m3  

To be noticed is that this case assumes the investment only for one borehole.  
However water supply system may require not only a borehole but also reservoirs, 
bulk cars and so forth.  In case of including these costs, total cost would be much 
higher and water fee would be more expensive. 

 

15.1.4 Estimation of Value Added of Farming Activities 

“Value added” method is used in this study to look at economic efficiency of 
groundwater use.  This approach could also be one of the methods to access the 
water fee for ground water, analysing value added per unit of water in agricultural 
products which are the main activities in the study area (refer to Table 15.1-3 – 5). 

As Table 15.1-4 and 5 shows this case use generalised economy data of crops and 
livestock farming based upon their net income and water consumption volumes on a 
unit basis, and estimates the value added. 

According to these tables in general the value added per unit of water for livestock is 
higher than that of crops.  Even within crops, a wide range of value added was 
recognized.  Grapes and sweet melons have a higher value added than other crops. 
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15.2 Analysis of Mitigation Measures 

15.2.1 Main Problems in the Study Area 

Groundwater in the Study area is source not only for domestic use but also for livestock 
and agricultural activities which are the major economic activities producing crops and 
livestock and employing many people.  It is also of great importance that the 
groundwater in the regional economy will not be changed for this is an indispensable 
resource and is vital for the future of regional economy. 

According to the result of ground water simulation (refer to Chapter 12), the existing 
situation of ground water use in Study area can be divided into two categories.  The 
first being the Stampriet (Area II, refer to Fig. 10.1-1) and the second being simply 
other area.  Area II where irrigation farming is concentrated has more serious situation 
than the other areas, because drawdown of groundwater level is very fast. 

Area II extracts ground water at the rate of 5.3 million m3/year which amount to 40% of 
the whole groundwater usage of which 94 % of this extracted water is used for irrigation 
farming.  Because of high pumpage, groundwater from Karahari aquifer in Area II will 
dry up sooner than the other areas.  Therefore, an urgent reduction of irrigation water 
use is indispensable in Area II. 

15.2.2 The ‘Optimal Depletion’ for Sustainable Ground Water Use 

Ideally the norm of sustainable groundwater use is defined as the water use that enables 
to maintain a constant groundwater level.  Using this definition, simulation results lead 
to an optimal depletion rate which is far below the actual rate of 5.3 million m3/year.  
The volume of optimal depletion is determined by the geo-hydrological analysis which 
estimated the annual recharge and extraction in the Stampriet basin.  As a result, an 
optimal depletion level that could not cause drastic decline of groundwater level was 
determined as 14,000 m3/year (refer to Chapter 12). 

To achieve this goal, varied efforts shall be made depending upon the geo-hydrological 
condition.  In Area II where the extraction and drawdown of the ground water level are 
critical, the extraction rate which currently amounts to 14,615m3/day should be halved 
for sustainable use. 
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15.2.3 Possible Applicable Methods for Saving of Irrigation Water Use 

A wide range of mitigation measures should be introduced to control the water use such 
as raising awareness by education and information, legal measures and economic 
measures.  However, considering the existing condition in the Study Area, this study 
focuses on points mentioned below from economic perspectives. 

 

1) More effective water use by tradable permit 

2) Changing of crop types 

3) Application of more efficient irrigation methods 

4) Reduction of irrigation area 

5) Pricing for groundwater use 

1) Introduction of permit trade system 

Trading water using market mechanism is commonly used in many countries, as one 
of economic tools for water use management.  In this case study, to examine 
applicability of this method, the existing permission system which is controlled by the 
Department of Water Affairs (DWA) is analysed based upon the data of irrigation 
permit holders.  Basically, ‘water market’ has two norms of both ‘right to abstract’ 
and ‘water itself’, however this study focuses on the latter only, because it is not 
allowed to trade ‘right to abstract’ by the Water Act which was established by DWA. 

As the result of analysis upon the data and information from DWA, various permit 
level and water use can be identified in the Study Area (refer to Chapter 10 (10.1.7) 
and Fig. 10.2-1).  Considering the existing water allocation and water extraction, it 
could be identified that water trading within Area II where groundwater level is 
seriously declining cannot help solve the situation in the area.  The main reasons are 
as follows: 

• Most of the permitted irrigation farm (35) belong to Area II and water trading 
among them would cause more serious drawdown within the area. 

• Water allocation given as a permit is not decided considering the 
geo-hydrological situation properly and are varied within the area. 

For instance, assuming that Farmer No. 33 who has allowable extraction volume of 
400,000 m3/year trades water to Farmer No 14 who over extracts groundwater more 
than the permitted water allocation by the same amount of water volume, the total 
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extraction volume in this area would be increased by this trading, and it would cause 
more serious drawdown of groundwater level (refer to Fig. 15.2-1). 

To avoid such situation, before application of water trading policy, the existing 
permit scheme has to be improved including punishment system as well as permit 
level. 

Fig. 15.2-1  Actual Irrigation Use and Permitted Water Use 
 

2) Changing of crops 

To improve water use efficiency from an economic aspect, it would require the 
controlling of Lucerne and Cotton production which consume a lot of water 
compared with other crops and also have a lower value added compared to other 
crops.  What would be required would be to expand the production of high value 
added crops such as sweet melon, tomatoes, watermelon and other vegetables whilst 
curtailing the production of low value added crops (refer to Table 15.1-4). 

Considering the farm size and the value added of crops, below different scenarios of 
water reduction, all of which are realistic and efficient in the water use are simulated 
as an example.  Accordingly, it is examined how much water could be saved from 
conversion from Lucerne production into higher value added crops, while 
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maintaining the same income of farmers.  

In case that farmers change their farming operation from Lucerne to Grape in 
Scenario 1-2 (changing ratio: 50 %) or from Lucerne to Maize in Scenario 2-1 
(changing ratio:100 %), the groundwater extraction will meet the short-term goal of a 
30 % reduction in water use, which is the aim of this master plan.  In Scenario 1-1 
(changing ratio: 100 %) the groundwater extraction will attain the sustainable use 
level (68% reduction in water use). 

 
Case 1  Lucerne → Grape 

 Ratio of 
Changing Area  

Reduced Water 
Volume (m3) 

Reduction  
Ratio 

Scenario 1-1 100% 6,140,737 89 % 

Scenario 1-2 50% 3,070,368 45 % 

Scenario 1-3 20% 1,228,147 18 % 

 
Case 2  Lucerne → Maize 

 Ratio of 
Changing Area  

Reduced Water 
Volume (m3) 

Reduction  
Ratio 

Scenario 2-1 100% 1,917,569 28 % 

Scenario 2-2 50% 958,784 14 % 

Scenario 2-3 20% 383,514 6 % 
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3)  Application of efficient irrigation methods 

As Table 15.2-1 shows, Micro irrigation methods such as Drip and Micro sprayer enable 
more efficient water use than with Sprinkler and Flood irrigation.  Ideally irrigation 
water use can be saved by the application of more efficient methods.   

 

Table 15.2-1  Minimum Requirements for Different Crops and Irrigation Methods 
Irrigation method Methods 

 
Crop type 

Minimum 
requirement 
(m3/ha/year) 

Micro  
(m3/ha/year) 

Sprinkler 
(m3/ha/year) 

Flood 
(m3/ha/year) 

Maize 5,656 6,284 7,070 9,427 

Melon/Vegetable. 6,280 6,978 7,850 10,467 

Tomato 7,216 8,018 9,020 12,027 

Wheat 7,312 8,124 9,140 12,187 

Citrus 7,888 8,764 9,860 13,147 

Grapes 8,857 9,841 11,071 14,761 

Cotton 9,904 11,004 12,380 16,507 

Lucerne 17,088 18,987 21,360 28,480 

Source: MAWRD 

  Note:   Sprinkler = Minimum requirement / 0.8 
         Drip = Minimum requirement /0.9 
         Flood = Minimum requirement/0.6 

As shown in Table 15.2-3, most of the farms have applied efficient methods such as 
drip, micro spray and so forth.  In order to estimate exact water saving volume by 
alteration of irrigation methods, appropriate irrigation methods for crop types should 
be considered based upon the data of irrigation areas and applied irrigation methods 
by each crop type.  However, the hydro census data does not cover the detailed data 
of irrigation area by crop types.  Because of such data constraint, this study 
estimates a possible saving water volume considering the below cases which exclude 
the farms applying spray and flood irrigation methods mixed with other micro 
irrigation methods and examines how much alteration of irrigation methods could 
contribute to water saving (refer to Table 15.2-2). 

As Table 15.2-2 indicates, the switching of irrigation methods leads to a reduction of 
215,500 m3 per year which amounts to about 3 % of the total irrigation water use in 
the study area.  The figure does not meet the short-term goal as well as the 
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sustainable water use level.  However using a variety of efficient irrigation methods 
more reduction could be expected.  

 
Table 15.2-2  Water Saving Volume with Application of Micro Irrigation Methods 

 Cases applied with 
micro irrigation method 

Saving volume 
(m3/ year) N.B. 

Case 1 Flood → Micro (30％ saving) 91,500 30.5ha x 10,000 m3 x 30% 

Case 2 Sprinkler→Micro (10％ saving) 83,000 83ha x 10,000 m3 x 10% 

Case 3 Pivot → Micro (10％ saving) 15,000 15ha x 10,000 m3 x 10% 

Case 4 Flood, Sprinkler 

→Micro (20％ saving) 

26,000 13ha x 10,000 m3 x 20% 

 

Total 215,500  
Note:  10,000 m3 = averaged water consumption per ha 

20% is the average of Case 1 and 2 
 

An important aspect to be noticed as Table 15.2-1 and Fig. 15.2-2 indicates is that the 
application of micro irrigation methods does not always contribute to water saving.  
For instance, water consumptions of some farmers are far more than 28,480 m3 per year 
which is almost maximum water requirement of crops, although they have applied 
efficient irrigation methods which require much less water than that. 

The main reason for this is that water saving highly depends upon the way which the 
farmers use the technologies and groundwater.  That is because some farmers may not 
have adequate knowledge about how to use the efficient irrigation methods properly and, 
furthermore, may not be aware of the scarcity and the importance of ground water.   

To improve their knowledge and awareness, education for the farmers should be 
initiated in parallel with the application of more efficient irrigation methods. 
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Table 15.2-3  Irrigation Areas by Methods 
                              Unit: ha 

              Area 
 

Irrigation method 
I 

 

 
II 

 

 
III 

 

 
IV 

 

 
VII 

 
Total 

 
% 

Drip  98.5  2.0 4.1 104.6 23.8

Sprinkler  56.0 1.0 20.0 6.0 83.0 18.9

Sprinkler, Flood, Drip  77.0    77.0 17.5

Sprinkler, Drip 2.0 62.5    64.5 14.7

Flood 3.0 17.5 4.0  6.0 30.5 6.9

Flood, Drip     21.0 21.0 4.8

Pivot  15.0    15.0 3.4

Micro sprayer 1.0 12.0   1.0 14.0 3.2

Sprinkler, Flood 1.0 10.0   2.0 13.0 3.0

Sprinkler, Drip, Micro sprayer 12.5     12.5 2.8

Flood, Micro sprayer 2.0     2.0 0.5

Micro sprayer, Drip     2.0 2.0 0.5

Hose    0.5  0.5 0.1

Source: JICA analysis based upon Hydro-census data 

Fig. 15.2-2  Comparison Between Irrigation Use and Permitted Water Use 
Comparison between Irrigation use and Permitted water use (m3/ha/y basis)
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4) Reduction of Irrigation Area to Permitted Level 

As mentioned in Chapter 10 (10.1.7 1)), farmers especially in Area II have exceeded 
their irrigation quotas and therefore a reduction in the irrigation area is one of the 
efficient ways to reduce groundwater extraction. 

If the current irrigation areas (432 ha) of permitted farmers in Area II are scaled down 
to the permitted level by 30% reduction, then simply the same ratio of water 
consumption can be reduced.  In this case groundwater extraction in the Study area 
would almost meet the sustainable level. 

5) Pricing of Ground water 

Enhancement and promotion of more efficient water use by education and campaign 
are basically conducted at the initial stage of the water reduction implementation 
program.  However, such a policy may face some difficulty in persuading the 
farmers to change their behaviours.  That is because currently ground water is not 
charged in the Study area.  Also it could be expected that farmers will not agree to 
pay for ground water.  However, charging for groundwater is a useful tool for 
providing incentives to the farmers.  As an ultimate economic measure pricing or 
taxing can be applied considering affordability and acceptability to farmers. 

This study considers the crop conversions with pricing policies as one of 
recommendations to solve the problem (refer to 15. 2. 3 1)).  Based upon the 
generalised data of costs, benefits and required water volumes for crop productions, 
value added per cubic meter for main crops in the study area are calculated.  The 
figures basically indicate how efficient crop productions use groundwater. 

According to Scenario1-2, changing of crop production from Lucerne to Grape 
enables a reduction of 34% of current water usage.  However, this is quite difficult 
without sufficient motivation to farmers, because such a shift requires some 
additional costs and physical efforts on the part of the farmers. 

Due to the economic principle, basically farmers change their farming activities based 
upon costs and benefits with the aim to get more profit with less investment.  They 
tend to change their activities from irrigation farming with low value added to 
livestock farming with high value added. 

As Table 7.3-6 indicates in the case where the government charges a price between 
N$ 0.4 to 1.5/m3 for ground water, farmers who cultivate Wheat, Maize and Cotton 
etc which produces lower value added than N$ 0.4/m3 will encounter a deficit with 
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this charging.  According to economic theory we would then expect to observe 
farmers to change their cultivating crop type from the lower value added ones to the 
higher value added ones like Grapes and Sweet melon.  As a result of this pricing 
policy and consequently change of crop type water consumption is expected to be 
reduced and should approach the sustainable level of water use. 

 
Table 15.2-4  Value Added of Crops  

Gross Total  Net  Unit Water 
Income Cost Income Consumption 

Value Added Crops 
(N$/ha) (N$/ha) (N$/ha) (m3/ha) (N$ /m3)

Wheat 6,000 4,320 1,680 12,187 0.138

Lucerne 12,000 5,880 6,120 28,480 0.215

Cotton 11,000 5,360 5,640 16,507 0.342

Maize 8,000 4,700 3,300 9,427 0.350

Grapes 40,000 17,668 22,332 14,761 1.513

Sweet Melon 40,000 12,708 27,292 10,467 2.607

Source: MAWRD and Hardap Cooperative 
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