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Summary 
This paper examines the way in which world food requirements are calculated in models 
produced by IWMI and FAO that are used to compute future irrigation needs and hence 
increased water stress of crisis proportions.  It is suggested that the FAO model of 
distribution of food within the population shows that, because of problems of increasing 
obesity, increasing average per capita supplies is counterproductive in improving the 
health of a nation. Food security can be achieved by direct targeting of food to the 
undernourished with little overall increase in total supply.  Such a finding undermines 
arguments demonstrating increased water stress that are based on computing water 
requirements for irrigation to provide food security.  
 

1 Introduction 

In models of world food supply and demand produced by IWMI (2000) and FAO 
(2000b), the linkage between food security and water security is made through the 
calculation of the food required to feed a population and the water needed for irrigation to 
produce this food. In the computation of the food requirements, the focus is on ensuring 
that the most vulnerable groups within a population have access to a minimum supply of 
nutrients. The approach adopted is to assume a model of food distribution within a 
population, and to compute the parameters (average and co-efficient of variation) of an 
increased supply that intended to ensure that the proportion of the population 
undernourished is kept down to an acceptably low level. 
  
The drawbacks to this approach are twofold. Firstly, it ignores that problem of ensuring 
that, even with increased supplies, the poor have access to food. Secondly, it overlooks 
the impact of obesity on the health of the population as a whole when supplies are 
increased. According to FAO, obesity has become a problem even in the third world 
(FAO, 2002). 
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This paper looks at the computation of food requirements and the undesirable 
consequences of such a supply-side approach, and suggests how Government targets for 
food security might be better met. 
 

2 Dietary Energy Supply and Malnutrition 

The models discussed in this paper focus on the provision of Dietary Energy Supplies 
(DES), the food supplied to a population, expressed in kilocalories per capita per day 
(kCal/c/d, abbreviated here to kCal). However, before proceeding further, a caveat is 
required, as DES is far from being the entire story. FAO (2000a) quote figures published 
by the Government of China (1990) showing that the diet of a well-nourished adult is 
2500kCal (1375 starchy staples + 1125 other), compared with that of an undernourished 
adult of 1480 kCal (1110 starchy staples +370 other). Thus, whereas undernourished 
adults are getting 81% of their required intake of starchy foods, they are getting only 33% 
of their needs for other foods. Although a great deal of emphasis is placed on irrigation as 
a source of starchy foods, grains in particular, increased per capita grain production is not 
the primary path to reducing malnourishment.  It is necessary to supply the minimum 
energy needs in the balanced form required to reduce under-nourishment. 
 

3 Body Mass Index  

One of the most widely used anthropometric indices of nutrition is the body mass index 
(BMI) computed as: 

BMI = (weight in kg)/ (height in m)2 
 
Figure 1 shows this relationship.  The index is used to describe both under and over 
nourishment, although the boundary values vary slightly among different authorities. 
Based on studies of health (FAO 1997), the recommended value of BMI is 22, within the 
range 19-28, with the relationships shown in the following table: 

 
Table 1 BMI and Nutritional Status 

BMI Classification 

<16 Severe chronic malnutrition 

16-17.5 Chronic malnutrition with wasting 

17.5-18.5 Chronic malnutrition, underweight 

18.5-25 Normal 

25-30 Overweight 

>30 Obese 
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Figure 1. Body Mass Index 

 

4 Average Energy Requirements 

Calories for the needs of a body at rest, the Basal Metabolic Rate (BMR), are estimated 
from weight, according to empirical equations of the form:  
 

BMR = aW + b 
 
where a and b are factors that allow for gender and age.  
 
For people aged 10 and over, the BMR is multiplied by a factor representing the physical 
activity level (PAL), normally in the range 1.5 to 2.1, to calculate the estimated average 
requirements (EAR) for energy. These are shown in Table 2 for men and women for three 
PAL categories (Light: deskwork; Moderate: industry/off-season farm work; Heavy: 
agriculture, mining and steelwork), and for different age groups.  
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Table 2 Energy requirements (kCal) 

 BMI Light Medium Heavy 

Men ht 1.71m      - Lowest wt 54kg 18.5 2335 2682 3164 

                            - Highest wt 72kg 24.6 2786 3199 3775 

Women ht 1.59m – Lowest wt 47kg 18.6 1846 1941 2154 

                            - Highest wt 63kg 24.9 2223 2337 2940 

Source: FAO 

 
The range for normal activity (Figure 2) is between 1900 and 2300, rising to 2500 for a 
50-year old man in hard work. Women require an additional 15% during pregnancy and 
16.5% when lactating.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Calorie requirements by age and activity   
(for a person of ht 1.8m,wt 71kg, BMI=22) 

 
 
For a population, calculations are made for men and women of different age groups, and 
these are multiplied by the proportion of the population in each age group, to arrive at a 
population weighted average. Table 3 shows the form of calculation using the average 
age distribution of the Nile basin countries in the year 2000, assuming women between 
18 and 29 have three children each, that the population is 20% urbanised, and that men 
and women attain the average height and weights shown in Table 2. 
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Table 3 Computation of Population Average Energy Requirements 

 
Age Males Females Males Females Males Females  Males Females  % in group 

 a b a b PAL PAL W kg W kg  EAR EAR Av 2000 

0-9 95  92    21 18 1.00 1995 1681 1838 25% 

10-17 17.5 651 12.2 746 1.66 1.57 50 44 1.00 2545 2011 2278 20% 

18-29 15.3 679 14.7 496 1.82 1.67 63 55 1.12 2990 2435 2712 15% 

30-59 11.6 879 8.7 829 1.82 1.67 63 55 1.00 2930 2181 2555 35% 

>60 13.5 487 10.5 596 1.51 1.56 59 51 1.00 1934 1768 1851 5% 

Average            2309 100% 

 
The range in Least Developed Countries (LDC’s), according to the FAO 6th World 
Survey (FAO, 1996), is between 2100 and 2300 kCal. Thus the value computed in this 
table may be a slight overestimate of EAR.  
 
The BMI of the men and women in the population assumed in Table 3 is very close to the 
recommended value of 22. For a population with the same heights (1.71m for man and 
1.59m for women) verging on the obese (BMI=30), the adult men would attain a weight 
of 88 kg and the women 76kg. Assuming pro rata weights for people of other age groups, 
the recommended intake for households would average 2848kCal. Thus an intake of, say, 
2850kCal corresponds to the upper limit recommended for a population with the 
characteristics described above, if intake were uniformly distributed among households. 

5 Distribution of food within the population 

The computation above is made for the average requirements of the population as a 
whole. However, access to food varies across income groups, so actual consumption by 
the various groups is very different. Based on an analytical model and field observations, 
FAO have produced a procedure for estimating the distribution of food within a 
population using the log-normal curve, familiar to hydrologists analysing flood events.  

The parameters used for the log-normal curve are:  

sigma = sqrt(ln(CV2+1)) 
mean = ln(average)-sigma2/2 
 

If the average supply and coefficient of variation of access to foods are known, the 
parameters of the log-normal curve can be computed and the curve showing the 
percentage of households with access to a given calorie intake can be drawn up. The unit 
of household is used to integrate across the full age-gender range in any particular income 
group.   
        
Using this curve, it is possible to estimate the proportion of the population that has access 
to a specific food intake, expressed in kCal a day. 
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6 FAO projections of food requirements 

In projecting food requirements, FAO (2000b) compute the food requirement from the 
BMR and adjust it for moderate activity and age-sex distribution in developing countries 
to arrive at an EAR of 2000-2310 kCal.  Assuming a moderate co-efficient of variation 
(CV) of 0.2 in access to food, FAO computes an Adjusted Average Requirement 28% 
higher than this, 2600-2950 kCal, to arrive at the values needed to reduce the numbers 
severely undernourished (intake less than 1800) to a small proportion (2.5%) of the 
population.  
 
Estimates of the proportion of people undernourished in 1996 and as projected for 2030, 
assuming FAO estimates of demands are met, are shown in Table 4.  When looking at 
this, it is important to distinguish between someone who has a food intake of 2500 kCal, 
and someone who lives in a country where the average intake is 2500 kCal. The table 
refers only to the latter. 
 

Table 4 Cumulative population of countries with given average food intake  
 

 Cumulative population undernourished Cumulative % undernourished 

Intake 1996 2030 1996 2030 

KCal/d Million Million % % 

<2000 549 20 10% 0% 

<2500 2066 737 36% 9% 

<2700 2170 1214 38% 15% 

<3000 4501 2064 79% 26% 

>3000 5724 8078 100% 100% 
Source: FAO 2015/30 

 
The table indicates that under-nourishment is widespread, but is projected to decrease 
significantly if current trends continue. The projections of foodgrain requirements used 
by FAO in their models thus allow for the food needed, not just to meet average 
demands, but also to reduce under-nourishment, and hence achieve the objective of 
increasing food security.  

7 Impact of increased supply 

The FAO model assumes that by providing 28% more food than is needed according to 
computations of EAR, the levels of under-nourishment will be reduced. There are three 
main objections to this supply side-approach. 
 
1) There is no reason to suppose that simply because there is more food available in a 

country, the poorest section of the community will be able to afford more.  
2) The volume of food needed to raise the intake of the entire population by 28% is far 

greater than that needed to provide the undernourished with the amount needed to 
raise their intake to a minimum level. 

3) The additional food consumed by higher income groups raises their intake to a level 
such that obesity affects a significant proportion of the population. 
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Similar points are made in the World Bank paper “Food and Nutrition Policy: Nuts and 
Bolts” which explores what it describes as 5 Myths. Among these are: 
   

Myth 2: Inadequate food production causes malnutrition. Reality: Inadequate food supply is 
rarely the only or even the most important cause of malnutrition. More important are the feeding and 
health behaviors of key household members, the health environment, and lack of purchasing power. 
These affect the quality of food, how the family food supply is allocated among family members, 
whether babies are breastfed, and exposure to and treatment of disease, especially diarrhea. 
  
Myth 3: Increasing family income will solve the problem. Reality: Increasing the purchasing 
power of the poor is necessary to prevent malnutrition in the long run. Increased income will not, 
however, improve nutrition if the income earner doesn't spend it on nutritious food and if that food 
doesn't reach the mouths of those family members who need it most. Overnutrition and attendant 
chronic diseases increase as income rises.  
 
Myth 4: Nutrition programs are just welfare programs. Reality: Nutrition is one of the best 
investment bargains in development. Well-designed and targeted programs save lives, increase 
educational efficiency, improve work productivity, and reduce the burden on public health systems at 
relatively low cost. Returns to nutrition investments are as high as 84:1.  

 
Myth 5: Nutrition programs are expensive. Reality: Widespread food handouts and general food 
subsidies are expensive and don't improve nutrition. If existing food distribution programs were 
replaced with better targeted less food-dependent interventions, however, they would have greater 
impact at lower cost. The Bank's nutrition strategy is to shift policies and budgets toward such 
programs (e.g., targeted nutrition counselling, food fortification, breast feeding promotion, food 
stamps). 
  

Unless specific steps are taken to assist the poor to improve access, the extra food will be 
purchased by those who can afford it, and the CV of access will increase rather than 
reduce. Unfortunately, the evidence worldwide is towards increasing inequality, both 
among and within countries (UNDP, 1999). In order to examine these objections in more 
detail, it is useful to look at the shape of the cumulative distribution curves for the log-
normal distribution with different means and coefficients of variation.   In Table 5, eight 
curves for different sets of parameters for the distribution are compared, showing for 
each:  

• the malnourished proportion of the population receiving less than a threshold value 
of 1800 kCal. 

• the malnourished proportion of the population receiving less than 2200 kCal, the 
average of the FAO target range.  

• the overfed proportion receiving more than 2850 kCal, the intake for a population 
verging on the obese.  

• the average deficit for the malnourished group, and  

• the cumulative deficit.  
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This last is expressed as an average value for the whole population, i.e. the quantity of 
food that would be required in a feeding programme to bring everyone receiving less than 
2200kCal up to this level, divided by the whole population.  

 
Table 5 Distribution of calorie intake with different models of food supply 

Measure Unit Constant % below threshold Constant average supply 

  1 2 3 4 5 6 7 8 

DES KCal 2439 2702 3007 3337 2500 2500 2500 2500 

CV KCal 0.15 0.20 0.25 0.30 0.15 0.20 0.25 0.30 

% below threshold of 1800kCal  2.5% 2.5% 2.5% 2.5% 1.7% 5.9% 11.3% 16.5% 

% below minimum of 2200kCal  26.9% 17.4% 12.6% 10.2% 21.7% 29.2% 34.6% 38.6% 

% above maximum of 2850kCal  13.2% 35.6% 53.8% 65.2% 17.0% 22.3% 25.6% 27.7% 

Av. Deficit below threshold Kcal 54 82 109 135 1 6 17 33 

Av. Deficit below minimum Kcal 139 167 196 225 28 59 94 131 

Cumulative deficit c.f.  threshold Kcal 1 2 3 3 50 97 148 199 

Cumulative deficit c.f. minimum Kcal 37 29 25 23 128 200 271 338 

 
Figure 4 shows the distributions with columns (2), (4), (6) and (8). 
 

Figure 4: Distribution of Food Intake 
 
The first set of four curves has been set to achieve the objective of keeping the proportion 
severely malnourished (<1800 kCal) to 2.5%, with different values of CV. 
 
Table 4 shows that to achieve this objective with a value of CV of 0.2, the average supply 
has to be 2702 kCal, 500kCal above the minimum EAR of 2200. In this case, 17.4% of 
households are getting less than the EAR, while 36% are in the obese range. With the 
higher value of 0.3, average supply has to be increased to over 3300, or 1100 more than 
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the EAR. While the proportion getting less than the EAR drops to 10%, the obese 
proportion rises to 65%. Reducing the CV to 0.15 keeps the average down, and also 
reduces the obese proportion, but the percentage below the 2200 minimum rises to almost 
27% of the population. 
 
The results indicate that, if the log-normal curve is an accurate description of food 
distribution within a population, then increasing average food supply is not a satisfactory 
way to meet the policy objective of reducing under-nourishment. With low values of CV, 
too many remain undernourished, and with high values, too many are obese. The FAO 
food distribution model may be adequate as a description of food distribution, but it is 
inadequate as a prescription for reducing malnourishment, since neither outcome is 
acceptable. 
 
No acceptable solutions can be found using this food distribution model. The criticism of 
such a supply-side approach are well documented, as noted in DFID texts, (see Frame). 
The FAO/FIVIMS1 indicator is described as “... a supply-side measure derived from  
national estimates of food production, commercial imports and food aid”  DFID, 2002. 
Nevertheless, DFID go on to say that “while flawed, it is still the best indicator for global 
monitoring”.  
 
This view is was set out by the World Bank in a staff working paper many years ago. A 
paper on the subject notes that “… if food prices increase and/or income distribution 
deteriorates in accordance with past trends, increases in aggregate supplies of food would 
be insufficient to eliminate malnutrition in the next two decades. Therefore, food 
programs and market interventions will be necessary to reduce the severity of 
malnutrition and to reach certain segments of the malnourished population”. (Knudsen, 
O. S and Pasquale L.,1979) 
 
It is clear that with this shape of distribution curve, most of the increments in supply go to 
those whose intake is already relatively high. Instead, demand-management measures are 
needed. One would be to focus on the seriously undernourished, those receiving 
1800kCal per day or less. Even if their numbers are allowed to rise, it is better to find 
alternative, more direct ways of meeting their needs, such as school feeding programmes, 
rather than overfeeding the population at large. Another is to reduce the CV through 
established mechanisms of taxation of higher value products, especially processed luxury 
foods, and through mechanisms to help the poor, such as food stamps. Encouraging 
healthier living and better dietary habits can also contribute.  

                                                   
1 FIVIMS Food Insecurity and Vulnerability Indicator Mapping System  
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Selected extracts from: “Eliminating Hunger: DFID Food Security Strategies and 
Priorities for Action” DFID (2002) 
 
Agriculture  

65. Agriculture contributes directly and indirectly to poverty reduction and food 
insecurity. Most importantly it supports access by providing poor people with income 
and employment opportunities. But it also contributes to supply through production of 
food, raw materials and other environmental, social and cultural goods and services. It 
promotes and supports economic growth, creates jobs and ensures that there is enough 
food at a global level. Where there is a geographical mismatch between demand and 
supply, agriculture productivity can playa critical role in reducing the vulnerability of the 
poor, through its impact on food availability and prices. We need a better understanding 
of the specific role of sustainable agricultural development in poverty reduction and pro-
poor growth in different circumstances.  

66. But increasing food production on its own will not reduce hunger and poverty. It  is 
important not to equate food security with food production or to conclude that hunger 
will be solved simply through increased investments in agriculture. In some areas and for 
some vulnerable groups, for example subsistence farmers in areas with few other 
opportunities, farming is a direct contributor to food security. But for many poor 
consumers such, as the urban poor, the rural landless and the destitute, agriculture 
contributes only indirectly. There may be significant linkages with the agricultural sector, 
and agricultural productivity does playa role in keeping food prices down is important. 
But it is important to know who produces the food, who has the technology and 
knowledge to produce it, and who has the power to purchase it. 

... 

Organisational Issues and Lesson Learning 

102. Civil society needs to develop innovative ways to address food insecurity, and to 
promote the rights of the poor to adequate food and nutrition. They have a key role to 
play in assisting the international community to ensure that the voices of the poor and 
hungry are heard more clearly at all levels. Communities need to be given a greater role 
wherever possible in the planning, implementation and monitoring of food security 
programmes.  
103. New approaches are needed in order to tackle food insecurity and speed .up the 
progress towards meeting the hunger and poverty goals. There is a need for greater 
attention to the political dimension of food insecurity. International efforts in conflict 
prevention, peace building and post- conflict rehabilitation are a major priority. Good 
governance, accountable national leadership and a well-developed civil society all playa 
role in initiatives to tackle hunger. 
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Mechanisms to reduce the CV are beyond the scope of this study, but as the DFID 
document makes clear, the issues are far more about distribution than supply, once a basic 
supply is assured. The impact of CV on distribution is shown in the second set of four 
curves, which has been computed in Table 5 keeping the average food supply constant at 
2500 kCal/c/d, with the same four values of CV. The value of 2500 kCal is relatively low as 
a target, and indeed, had already been reached by countries representing 36% of the world’s 
population in 1996 (see Table 4 above).  

With a CV of 0.2, the proportion of the population below the threshold is 5.9%, over twice 
the objective. However, the quantity of food need to bring all these people to the threshold 
is only 6 kCal over the population as a whole. Thus if this quantity of food could be targeted 
directly to vulnerable groups representing less than 6% of the population, hunger would be 
eliminated. The total supply required to achieve this would raise the average supply to 2506 
kCal, of which less than 0.2% would be targeted to vulnerable groups. If the cut-off level 
were raised to the minimum of 2200 kCal, the total DES requirement would be 2559, of 
which 2.3% would be distributed to vulnerable groups.  

With the range of CV’s shown, the total supply needed to eliminate hunger altogether at the 
1800 kCal level would be 2501 to 2533 kCal, or 2528 to 2631 at the 2200 level.  The 
corresponding levels of obesity range from 17 to 28% of households.   

Another way of comparing alternative solutions to the problem of food security is to 
consider the impact of providing an extra 100 kCal to a population with an existing intake of 
2400 kCal and a CV of 0.2, either as a general increase, or as a supply targeted to the poor, as 
shown in Table 6.  

Table 6 Comparative Impacts of General and Targeted Distribution of Increased 
Food Supplies 

Targeting policy  No No Yes 

DES KCal 2400 2500 2500 

% below threshold of 1800 KCal 8.8% 5.9% 0.0% 

% below minimum of 2200 KCal 36.7% 29.2% 41.2% 

Minimum KCal -No minimum No minimum 2500 

% above maximum KCal 16.7% 22.3% 16.7%g 

In the case of a general increase, the numbers of hungry are reduced by 3% (threshold) and 
6% (minimum) levels, while the numbers of obese increase by 6%. In the targeted case, the 
numbers of hungry are reduced to zero while the minimum intake could be raised to 
2250kCal (although this would mean extending the vulnerable group programmes to over 
40% of the population).   

Of the extra 100 kCal supplied without a targeting policy, 3 kCal goes to those below the 
threshold value, 19 kCal to those receiving between 1800 and 2200, 29 kCal to the obese and 
49 to those in the normal range 2200 to 2850 kCal. As a policy to manage malnutrition, 
increasing food supply is inefficient, while as a policy to improve health as a whole, it is 
counter-productive.   



 12

8 Planning Food Supplies 

What emerges is that the demand for food needs to be desegregated into components that 
have different priorities in national planning. Three nutritional levels can be discerned: 
 
1) A minimum level that is needed to permit a productive working life for all, which 

may be regarded as a basic human right that Governments seek to assure for all their 
citizens. 

2) A national average desirable level that allows for a range of intakes by different 
people with different lifestyles and preferences on disposal of income 

3) A maximum desirable level above which problems of obesity start to occur, with 
adverse impacts on any health system that most Governments put in place through 
various combinations of public and private measures.          

 
While much attention has been given in the recent past to the first priority, (FAO, 2000a) 
relatively little has been given to the third of these.  However, this is now changing, and 
in the USA, large sums are now being made available to promote the behavioural 
changes necessary to reduce obesity (US Secretary of State Thompson, May, 2002). 
WHO has recently invited public discussion on a web page to discuss issues of obesity 
(Olsen, 2002). 
 
Much less is written in FAO manuals and other sources about the problems of obesity, 
but these are becoming more apparent, and at the beginning of 2002, FAO issued a 
statement recognising its increasing importance (FAO, 2002). The statement stressed not 
only FAO’s continued commitment to reducing hunger among the undernourished, but 
also the need to work towards providing a balanced diet. The defensive tone of this 
statement stems in part from the way in which FAO has used its model of food 
distribution within a population to project future food and hence water needs.  
 
The responsibility of the Government is to ensure adequate food supplies for everybody, 
rather than ensure all citizens can eat as much as they like. Where over-consumption is 
undesirable, as in the case of tobacco, Governments do make efforts to warn citizens of 
the adverse consequences, and introduce taxes that tend to reduce consumption. It 
appears that Government and International Organisations are recognising that similar 
action needs to be undertaken in relation to food supply.   
 
In practice, no Government can control the habits of its citizens, and considerable 
departures from any “optimum” food distribution are likely. FAO assume that food 
requirements are lower in urban areas due to the lower PAL associated with more 
sedentary urban life styles. However, in countries like Bangladesh, where rural people go 
to find work in cities as labourers on building sites and pull rickshaws rather than remain 
unemployed, the reverse may be true. With the increased purchasing power in cities, 
average intake and variability of access are likely to remain higher in cities than in rural 
areas, and it would be sensible to plan accordingly.  
 
As a target, it would appear reasonable to plan on providing around 2500 kCal to the 
rural population and 10% more, or 2750 kCal in urban areas, reflecting the higher 
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purchasing power there. Although current values of CV of 0.2 might be maintained in 
rural areas, it would be wise to allow for a greater inequality of access of up to 0.3 in 
urban areas. Based on the log-normal distribution, these estimates would lead to the per 
capita demands shown in Table 7 for a country where 20% or 80% of the population is 
urbanised. 

Table 7: Possible Supply Targets for Food Security  
  Rural Urban Average 

20% urbanised 

Average 

50% urbanised 

Average 

80% urbanised 

DES (basic) KCal 2500 2750 2550 2625 2700 

CV  0.20 0.30 0.18 .23 0.27 

% below threshold of 1800  5.9% 9.7% 6.7% 7.8% 9.0% 

% below minimum of 2200  29.2% 27.0% 28.8% 28.1% 27.4% 

% above maximum of 2850  22.3% 39.4% 25.8% 30.9% 36.0% 

Deficit w. r. t. threshold Kcal 6 17 8 11 15 

Deficit w. r. t. minimum Kcal 59 79 8 11 15 

Total DES Kcal 2559 2829 2613 2694 2775 

Proportion of food targeted   2.3% 2.8% 2.4% 2.5% 2.7% 

Source: Calculations by author 

 
Such targets are well below those suggested in the World Food Models used by IWMI 
and FAO. For example, the IWMI Podium model (IWMI, 2000) default calorie intakes 
for the year 2025 are over the value of 2613 kCal/d for predominantly rural societies for 
35 out of the 45 countries listed, representing over 86% of the population modelled by 
IWMI.  In places such as India (projected at 2,812 kCal/d), China (3,112) and Egypt 
(3,441), high water stress is computed from the irrigation needed to provide the future 
population at nutrition levels where obesity is likely to become a problem.  If rethinking 
of food supply and health issues leads to a change in policy over food supplies, and 
targets are revised downwards, the effect will to significantly reduce perceptions of water 
scarcity.  
 

Conclusion 

On the basis of the above, the argument that water stress will increase because of 
irrigation abstractions to increase food supplies to provide food security, does not appear 
justified. Food security is needed, but can be provided without raising food supplies 
substantially, and the inevitability of a crisis over water because of increased abstractions 
for irrigation would appear to be another environmental myth.  
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