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Abstract 
This paper examines whether the notion of optimality enshrined in the UN Draft 
Convention on Non-Navigable uses of International Watercourses has any operational 
meaning. It suggests that the uncertainty in predictions of river flows and commodity 
prices combine to make it impossible for river basin planners to assert with any degree of 
authority that any one particular plan is optimal. The suggestion that an optimum exists 
over-emphasises the recommendations of the water resources planner in decision-making 
on the use of rivers.      
 
1 Introduction 

River basin development, of the type that requires international co-operation, usually 
requires the construction of major projects such as dams, canals and irrigation schemes 
with high initial costs that are recovered over an operational period over which the river 
flows are harnessed to produce benefits such as agricultural commodities grown on 
irrigation schemes and energy generated at hydropower sites, as well as others such as 
water supply, flood control and navigation, usually of lesser total value. 
 
International river basin planners seeking to show that their plans are optimal, in order to 
meet the criteria set under articles 5(1) in the Convention on the Law of Non-Navigational 
Uses of International Watercourses (UN, 1997), are faced with the problem of 
forecasting conditions over the expected lifetime of their proposed plans.  Indeed, since 
their plans lie in the future, the best that can be achieved is to demonstrate that their plans 
have the maximum likelihood of success.  
 
In order to determine which plan is optimal, in a broad economic sense, a comparison is 
made between the capital costs and discounted net benefits of alternative possible 
developments. For Nile riparians, for example, the central issue is whether to develop 
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hydropower in the Blue Nile and Victoria Nile gorges, irrigation in the East African 
plateaux or further irrigation in the lowlands of Sudan and Egypt. 
 
The purpose of this short study is to show that with the analytical tools normally used by 
planners, success in forecasting is unlikely, and that it cannot be asserted with authority 
that one plan is likely to be better than another plan under the conditions under which 
planning actually occurs. 
 
The issue of cost overruns on dams and irrigation schemes has been discussed in the 
report of the World Commission on Dams (Asmal, 2000), which shows that even 
construction and operation costs are frequently underestimated, either because they are 
intrinsically difficult to estimate, or there is a disinclination by project proponents to do 
so. The estimation of social and environmental capital and operational costs is even more 
difficult, but is not discussed here.  
 
Cost overruns affect all projects in a broadly similar way, and a dam built for hydropower  
is likely to be affected in a manner similar to one built for irrigation of flood control. 
Thus although they affect the economic success and failure of a development project, 
they may not greatly affect the performance of one type of project relative to another.   
This study examines the other side of the equation, the estimate of benefits over the 
project life, and it is shown that changes in future values, combined with the effect of 
discounting, do change the relative performance of different types of project.  
 
Benefits are computed as the discounted sum of forecast annual quantities multiplied by 
forecast unit price. For a river development plan, the quantities are related to the river 
flow, and the unit prices related to world prices of the commodities produced. In this 
study, the long-term flow record of the Nile is examined as an example of variable river 
flow, and the prices of wheat (representing agricultural products) and oil (representing 
energy prices) in the commodities market are examined as examples of variable unit 
prices.   
 
The analysis consist of examining sub-sets of long term records, generating forecasts of 
values for planning purposes using the methods adopted by planners, and comparing the 
forecasts with either the actual values, or with values that had an equal probability of 
occurring.  
2 Determining the Forecast Period 

The standard methodology used by economists to determine the total net benefits 
accruing from a plan is to estimate benefits in each year of operation and convert them to 
an equivalent capital sum (PV, the present value) which can be compared with the 
equivalent capital sum of costs. There are variants on this procedure, designed to reflect 
the burden on government revenue, such as net benefit/investment ratio (N/K) method. 
Heathcote (1998) shows six different ways of making so-called cost-benefit analyses.  
The two preferred alternatives are to maximise the benefit-cost ratio at a fixed discount 
rate, or maximise the internal rate of return (the discount rate at which the present value 
of benefits equals that of the costs). The definition of both costs and benefits includes 
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environmental, social and secondary costs and benefits, the relative values being the 
subject of much debate between protagonists and antagonists lobbies. Few major 
decisions are made on the basis of these crude economic measures, but, as shown in 
Heathcote, they figure prominently in the water planners’ curriculum, and are much used 
to pre-screen alternatives long before they are put into the public arena for debate. 
 
To implement this procedure, both the discount rate and the economic life must be 
determined, and these are discussed below. 
 
2.1 Discount rate 

The choice of discount rate has a huge impact on the screening and selection among 
projects. The rate of 12% has been the standard test rate used in developing countries for 
almost 50 years, and is widely used by financing agencies when assessing projects for 
funding. It should be noted however that it is greatly in excess of rates used in the USA 
during the great dam building era, which were close to zero. Postel (1996) notes that, 
only $M50 of the $M931 cost of the Central Valley Project in California had been repaid 
after 40 years, equivalent to a discount rate of 1 tenth of 1 percent. Although there are 
strong arguments for using the “social rate of time preference” method (Snell, 1997) 
which, at between 2% and 6%, takes a long term view, this is seldom adopted in practice.  
 
The implications of discounting at this high discount rate permeate deep into project 
appraisal. Events, such as floods or droughts, or changes in market conditions for the 
goods produced, which occur early in the project life, have a disproportionate impact on 
the PV of the benefit stream, compared with those that occur later. By the same token, 
long-term effects felt mostly by subsequent generations, such as siltation and erosion, 
have almost no effect on the PV of costs. It is almost impossible to reconcile the current 
discount rates used in development projects with the concept of sustainability. 
2.2 Economic life 

Plans have a finite time frame, and although new elements can be introduced over time, 
key structures do not change. For the control of flow in large river basins, where this is 
needed, large structures such as dams and canals are required. Some dams are now being 
removed in the USA, but in general dams are designed to last at least 60-100 years or 
longer before they silt up. The High Aswan Dam in Egypt should last 300 years, while 
Roseires Dam in Sudan already has had to be raised due to siltation. However, plans are 
primarily compared on the basis of their performance over their economic life, rather than 
their physical life, and it is therefore important to understand how the economic life is 
assessed. 
 
The PV at 12% of a stream of annual benefits, each of $100, is tabulated below, and 
expressed as a percentage of the PV of an equal stream of $100 per year extending to 
infinity. 
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Table 1 Present Value of annual benefits at 12% discount rate 

Years PV % of infinite stream
20 747 90%
25 784 94%
30 806 97%
40 824 99%
50 830 100%
∞ 833 100%

 
Within 25 years from the date benefits start (if planning is well co-ordinated, this will be 
soon after completion of construction of the major civil engineering works), almost 95% 
of benefits will have been realised, and this period is often used as the economic life of 
plans subject to comparative analysis.  
 
If lower discount rates are used, the proportion of benefits recovered after 25 years will 
be less, as shown in Table 2. 

 
Table 2 Benefits realised after 25 years at different discount rates 
Discount rate 0.1% 4% 8% 12% 
Proportion of benefits realised after 25 years 2.5% 62.5% 85.4 94.1% 

 
The lower the discount rate, the longer the economic life, and hence the greater the 
problem of predicting the outcome of the plan. In view of the widespread use of 12% 
discount rate, the economic life of alternative plans in the analyses below is taken as 
being 25 years. This is a minimum: with lower discount rates, the proportion of total 
benefits realised within 25 years is less, and the economic life is longer. Whether by 
coincidence or design, the period of 25 years is typical of the master plans that were 
fashionable in the 1960’s and 1970’s. In the Bangladesh National Water Management 
Plan (WARPO, 2000) short, medium and long term planning periods were defined as 
having a horizon of 5, 10 and 25 years respectively. 
2.3 Forecast period 

The problem for the planner is to make projections of the various time series that 
determine resources and demands over the 25-year economic life of the project on the 
basis of the information available.  In the developing world in particular, time series tend 
to be relatively short, particularly flows on rivers, which are difficult to measure, 
particularly in times of flood. The Nile has the longest flow record of any river, the 
Rhoda gauge in Cairo, but this is but one location in a large basin.  In 1945, at the time of 
writing the basin plan for the Nile, one of the best-monitored rivers at that time, Hurst 
had an average of 33 years of river flow data from 12 stations. The authors of the Blue 
Nile plans in 1964 had almost no data, and had to manage with what they could collect, 
while those on the Baro-Akobo in 1995 had an average of 8 years for 16 stations.       
For the most part, water resources planners have to make do with perhaps 25 years of 
records at most sites in the basin, and many of these will be intermittent.  A complete 



 5

series covering a period of 25 years is usually considered good by hydrologists working 
in such areas. 
 
On the basis of the observed record, the planner has to make a projection of the time 
series over the 25-year economic life of the project. However, this period does not start 
immediately, but long after the plan has been prepared. In the intervening period, a 
decision has to be made to adopt the plan, to raise the funding, undertake site 
investigations and prepare a detailed technical design of the engineering elements, seek 
bids, evaluate tenders, award the contract, mobilise and finally to construct the project. 
Such activities take time. Despite rapid decision-making by the military in Egypt, the 
High Aswan Dam took around 20 years from conception to realisation, while the Hoover 
Dam took 14 years for negotiation, passage through Congress, and construction.  For a 
major basin development plan, 15 years would be a rapid development. In this period, the 
technical details are usually modified prior to construction work actually starting. 
However, the underlying strategic decision (in these cases, to build the dams at the 
proposed sites rather than elsewhere in the catchment, or to build the dam for hydropower 
rather than flood control or irrigation) is rarely changed, unless there is a dramatic change 
in political or economic circumstances.  
 
Thus on the basis of the available record, typically 25-years long, the planner must make 
a forecast of key factors over the 25-year economic life starting 15 years ahead, i.e. for 
the period from 41 to 65 years from the starting point of the available record. For a 
multipurpose river development, many factors need to be considered: climatic factors 
such as rainfall, evaporation and river flow; demand factors such as rural and urban 
population, per capita domestic and industrial consumption; and economic factors such as 
commodity prices for agricultural products and energy. The discharges and commodity 
prices analysed in this study are just a few examples of such records, but are unusual in 
that they are relatively long (>100 years). This is necessary in order to be able to compare 
forecasts with history. 
 
In diagrammatic form, the periods are: 
 
Years from start of available record  

5 10 15 20 25 30 35 40 45 50 55 60 65 
Plan stage 

Data collection and analysis Design and Construct Economic Life 
 5 10 15 20 25 30 35 40 

Forecasting 
Available record  Useful Forecast  
 
3 Data used in the analysis 

River flow varies greatly from year to year, even on large catchments such as that of the 
Nile, which average out flows from different climatic regions. For the analysis of river 
flows, the flow adopted is that which was available to the planners in Sudan in the 
1980’s, the 115-year naturalised Nile flow record 1870-1984, (Geogakakos et al. 1995).  



 6

 
The analysis of commodity prices is based on records of the price of wheat, cotton and oil 
in the US over the period 1865 to 1999, taken from the www.globalfinddata.com 
database, corrected for inflation and indexed to the price at year end, 1999.  They are 
intended to represent the possible string of benefits that could arise from alternative 
projects, one to develop a river for irrigation, and the other for hydropower, and the 
analysis is made to demonstrate the problem facing the planner in finding an optimum 
development.  
 
In evaluating a particular project, the individual forecasts are of interest. However, it 
could be argued that since all projects would be affected by differences in actual and 
forecast values, one would still remain the optimum. To investigate this, another index 
was created, to represent the comparison of irrigation with hydropower. The average of 
the wheat and cotton indices was used to represent irrigation benefits, and divided by the 
oil price – representing hydropower – to provide an index of the relative advantage of 
investing in irrigation. This index, denoted by IRHP, is discussed in greater detail below. 
 
These values of flow and prices are tabulated at the end of this paper, and also shown on 
graphs. The basic statistics are summarised in Table 3. 
 

Table 3 Statistics of records 
 

 Nile Wheat Cotton Oil IRHP
Mean 88.6 4.3 6.8 1.7 3.9
Number of years 115 135 135 135 135
Standard Deviation 15.5 1.8 3.1 1.0 2.0
Coefficient of Variation 0.18 0.41 0.46 0.60 0.52
Slope/mean -0.195% -0.605% -0.977% -0.125% -0.731%

 
An examination of basin plans indicates that although hydrologists are concerned about 
the variability of river flows, as discussed below, the volatility of commodity prices, as 
shown by the coefficient of variation and percentage trend (slope over mean) is much 
higher. 
4 Method of analysis 

Consider a planner in the year 1900 with 25 years of record of flows and prices available 
over the period 1875-1899, who could use the record to generate forecasts for the next 40 
years. The predicted gross benefits over the economic life of the project, discounted at 
12%, would have been represented by the predicted present value (PPV) of the forecast 
over the period 15 to 40 years ahead, i.e. 1915-1940. 
 
The forecast is usually made assuming that the average value over the observed period 
continues to apply, or alternatively, that any observed upwards or downwards trends 
would also continue. Many other forecasts are possible, and there is no shortage of 
speculators willing to trade on stock exchanges based on their individual forecasts, but 
for the purpose of this study, only the first two are considered   
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4.1 Average values 

In the simplest case, the planner assumes the observed average value over the 25-year 
observational period will apply in the future. The present value of a 25-year uniform 
stream, discounted at 12%, is 7.8431 times the annual value, and thus the PPV is 7.8431 
times the average observed value. The present value of the 25-year stream that actually 
occurred over the period 40-65 years from the start of the observed period (APV) is then 
computed. The comparison of APV with PPV is a measure of the accuracy of the 
forecast. 
 
The analysis can be made for any starting point in the record, provided that there is at 
least 65 years of record available after the starting point.  The maximum and minimum 
ratios of APV/PPV for all starting points is summarised in Table 4. 
 

Table 4 Ratios of APV to PPV 
 Nile Wheat Cotton Oil IRHP
Maximum 1.08 1.15 0.91 2.10 1.35
Minimum 0.78 0.55 0.51 0.50 0.27

 
Table 4 shows that the flows on the Nile range from +8% to –22% of those anticipated, 
while the unit prices range between +110% and –50%. Other statistics of the ratios need 
to be treated with extreme caution, as, due to the overlap of successive starting points, the 
forecasts are not statistically independent. 
4.2 Allowing for trend 

This analysis could, in principle, be improved by taking into account the trend observed 
in the 25-year available record when making the predictions. Values for each year in the 
economic life need to be predicted, then discounted. The models typically used are linear, 
exponential growth with coefficients slightly greater or less than 1.0, and exponential 
decay models asymptotic to some multiple, greater or lesser than 1.0, of the average 
observed value. With a linear model, the extreme ratios of the central forecast (i.e. the 
value predicted for the mid-year of the economic life) compared with the average of the 
available record, are shown in Table 5.  
 

Table 5 Range of central forecasts with linear trend 
 

 Nile Wheat Cotton Oil IRHP
Maximum 1.359 2.239 1.980 3.519 2.967
Minimum 0.408 -1.250 -1.348 -2.048 -1.576

  
Even the most optimistic economist would hesitate to suggest projects be based on 
assumptions that prices over the economic life be in the range 2-3.5 times the average for 
the past 25 years, and even the most pessimistic would be unlikely to predict negative 
prices. Exponential models would exaggerate these extremes, and decay models attenuate 
them slightly, but the problem is that for some periods, the exponential models would be 
appear to fit the data best, and in others the decay models would appear best. A visual 
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inspection of the full record quickly shows that although there are starting years where 
there are apparently declining linear or non-linear trends, any attempt to apply a general 
curve-fitting rule to any selected 25-year period would quickly result in either negative 
values, or extremely high values, neither of which can be justified in the light of the 
actual record.   
 
As examples of the problem, Figures 3 and 4 show various possible predictions for the 
IRHP index for periods starting in 1878 and 1922 In Figure 3, the first period, the first 25 
years (1878-1902) show a falling index, but predictions made based on linear, (negative) 
exponential growth and exponential decay are all seen to be well below what actually 
occurred in the economic life of a project starting in 1917. By contrast, in Figure 4 for the 
second period, the same predictive models, using data fitted to the period 1922 –1946), 
all give values well in excess of what actually occurred in the economic life of a project 
starting in 1961. In both cases, the models were fitted to 25 years of data using standard 
least squares fitting processes. Thus it would appear that the average value, as used in the 
previous case, is the safest model to use. 
4.3 Extending the available record 

It may be argued that working with records with the limited length of 25 years is a 
problem of the past, and that as longer records become available, better forecasts can be 
made. To investigate this argument, comparisons were made between the PV of the 
actual record 1959 to 1984 (the most recent 25 year block available for all records) and 
the PV of averages based on record durations of 25, 35, 45 and 55 years, all ending in 
1944, 15 years before the actual record. The results are shown in Table 6. 
 

Table 6 Variation of estimates with available record length 
 

Years Present value Nile Wheat Cotton Oil IRHP
25 1960-1984  697.72 26.81 36.13 12.51 21.62 
 % of PV 1960-1984 
25 1920-1944 92% 120% 128% 72% 163%
35 1910-1944 92% 140% 151% 77% 178%
45 1900-1944 94% 143% 159% 79% 181%
55 1890-1944 98% 141% 162% 80% 183%
65 1880-1944 99% 142% 169% 80% 187%

 
For the Nile flow, the use of longer duration records improves the estimate, and if it were 
not for the spate of high flows in recent years, one might be tempted to think more data 
collection, and patience, would solve the problem. For the commodities, there is no 
evidence suggesting that prices can be predicted more accurately using longer records. 
Table 6 is based on an analysis of efforts to predict a single 25-year period. Were a longer 
record available, it would be possible to assess the range of estimates with, e.g. 50-year 
records, as was done earlier for 25-year records. 
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4.4 Comparing plans 

A planner trying to decide whether Plan A to introduce irrigation in highland areas or 
Plan B to generate hydropower in gorges is optimal would find that the plans generate 
equal benefits when the ratio of the expected PV price of agricultural products to that of 
oil exceeded some critical figure, X. Using the IRHP index and the methodology outlined 
above, it is possible to examine the likelihood of the planner making the right decision. 
 
The average value of the IRHP index over the full available record is 4.84, and given the 
debate on the Nile over how the issue should be resolved, it may be fair to assume that X 
is relatively close to this figure.  
 
For each starting year, the PPV based on the average price during the available 25-year 
period was computed and compared with the APV over the 25-year economic life starting 
15 years ahead. In the cases where PPV is greater than X, the planner would, all other 
things being equal, select the irrigation scheme, and when PPV is less than X, the 
hydropower scheme. The first choice would have proven correct if APV were also greater 
than X, and the second choice correct is APV were less than X. Table 7 shows the 
outcomes with the 71 possible starting years, for different values of X. 
 

Table 7 Outcomes of Choice of Irrigation over Hydropower 
 

% PPV>,APV> PPV<,APV< PPV>,APV< PPV<,APV> 
X of median Right Right Wrong Wrong % Right

1.8 37% 64 0 7 0 90%
2.0 41% 61 0 10 0 86%
3.0 62% 50 0 21 0 70%
3.5 72% 45 0 24 2 63%
4.0 83% 35 0 31 5 49%
4.5 93% 25 8 31 7 46%

4.84 100% 2 27 34 8 41%
5.0 103% 0 47 17 7 66%

5.15 106% 0 64 1 6 90%
 
 
Thus a planner seeking to find the optimal solution appears to have a poor chance of 
making the right selection if X ix close to the median value – i.e. the choice is finely 
balanced. The chances of making the right decision in this case are better than 90% only 
if X is 6% higher than the median, or 63% below it.  
 
The example shows how difficult it is predict what the optimum will be in the real world 
of fluctuating prices and unpredictable trends. The chance of getting the right decision 
when issues are finely balanced appears to be no different from a pure guess.   
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The analysis assumes that the project would have performed as planned. If a factor 
representing the forecast and actual river flows is introduced, the uncertainties further 
increase. 
5 Methods for Managing Uncertainly 

Planners are aware of the problems of prediction, and manage it in different ways. 
 
Hydrologists like to simulate the technical performance of the proposed plan over its 
economic life by generating sets of artificial flows (Hurst 1951, Fiering 1967, Mandelbrot 
and Wallis, 1968, Yevjevic 1972 and many subsequent authors), preserving as many as 
possible of the stochastic properties as the original data set. These studies demonstrate the 
variability of outcomes, and help in identifying the outcome with the maximum 
likelihood of success. It is noteworthy that many of the same methods are used to predict 
stock market trends, with little success.  
 
Economists prefer to use sensitivity studies, and look at the implications on project 
economics if one commodity price changes by a relatively small amount, typically in the 
range 10-20%.  
 
Rarely do these attempts to model uncertainly cover all possible outcomes. Certainly, 
there was nothing in the Nile record prior to 1960 that indicated the possibility of the high 
levels of, and outflows from, Lake Victoria for the next decade. Indeed, the debate has 
not been on how to predict such a change, but how to explain retrospectively why it 
happened. Economists fare no better: the Nile Waters Study (GOS, 1979) considered the 
possibility of a long-term increase in the price of cotton, as predicted then by the World 
Bank and a doubling of oil prices (prices 20 years later had fallen in real terms by 78% 
and 64% respectively).  
6 Conclusion 

The analysis above demonstrates the difficulties of predicting the outcomes of 
development plans over the long time periods associated with river basin planning. The 
methods used to manage them may increase the likelihood of predicting the outcome that 
does in fact occur, but the fact remains that there is a wide range of possible outcomes 
and little certainty about which will in fact occur.  There seems little likelihood that the 
accuracy of prediction of natural events, such as river flow, or of economic factors such 
as commodity prices, over long periods of 50-100 years will improve (if this prediction is 
itself accurate!).  
 
Climatic and economic factors and but two of the many sets of factors that affect long-
term planning. Social factors, in particular migration and civil unrest, also play a major 
role in the success and failure of different kinds of projects, with differential impacts on 
the outcomes of each.  
 
Under these circumstances, it is extremely difficult to assert that one plan is in any 
technical or economic sense the optimum. Unfortunately, this has not prevented planners 
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form submitting reports on river development suggesting that they have found this holy 
grail. A typical extract from a plan prepared by four world-class Consulting firms reads:  
 
“By calculating the economic returns of potential projects, a plan has been determined 
for the optimum use of Nile Waters in the foreseeable future” (GOS, 1979). 
 
The total lack of any qualification to this assertion is mute testimony to the planner’s 
belief in their own capabilities to make such assessments. (The plan was never realised, 
although some progress has been made on individual projects). 
   
The suggestion in the UN Draft Convention that an optimum exists is counterproductive, 
as it reinforces belief in technical and economic appraisals by water resources ministries 
and their Consultants. Appraisers of river development plans should be fully aware that 
the recommendations and conclusions of the planners rest on a host of assumptions about 
the future, which the specialist planners are ill-equipped to make.  
 
Plans need to be made, and kept flexible in response to changing circumstances, but there 
is no justification in claiming they attain some idealised goal of optimality identified by 
technical experts. Plans are adequate and sufficient if they can be agreed upon by the 
riparians concerned and bring net benefits to society that are better provided by 
harnessing water resources than other physical or intellectual resources. The concept of 
optimality is, in the words of John Waterbury (2002), non-operational pap. 
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Tables 

       
    Data 1865 - 1999 
 

Year Nile flow Wheat Cotton Oil Year Nile flow Wheat Cotton Oil
BCM/year Index Index Index BCM/year Index Index Index

1865 3.88 10.11 6.07 1900 88.3 4.49 7.56 2.06
1866 6.79 16.55 3.53 1901 69.6 7.38 7.81 1.66
1867 7.58 15.08 2.36 1902 93.6 5.17 7.47 1.38
1868 6.01 10.31 3.73 1903 83.4 4.95 8.23 1.56
1869 7.37 7.28 6.06 1904 70.1 4.77 11.50 1.38
1870 105.0 5.06 9.48 4.22 1905 91.5 4.55 8.30 0.99
1871 108.3 4.24 10.93 5.01 1906 70.0 4.34 6.77 1.17
1872 89.4 3.17 10.46 4.51 1907 101.7 5.79 9.07 1.15
1873 115.3 5.23 10.37 2.17 1908 144.5 5.89 9.15 1.11
1874 108.7 8.16 8.37 1.38 1909 96.9 5.58 9.85 1.12
1875 100.0 5.48 9.30 1.24 1910 83.0 4.26 8.41 0.98
1876 74.6 5.12 12.09 3.31 1911 70.4 5.65 8.29 0.94
1877 117.4 5.35 11.77 3.22 1912 46.1 4.14 7.86 1.14
1878 128.2 4.04 9.55 1.58 1913 82.2 5.82 7.18 1.42
1879 105.9 4.98 13.77 1.28 1914 69.4 5.58 9.48 1.18
1880 93.0 4.55 10.58 1.45 1915 109.8 5.90 8.91 0.92
1881 86.4 6.77 12.42 1.37 1916 110.2 6.99 11.22 1.57
1882 103.3 6.15 9.41 1.16 1917 83.5 11.38 12.57 2.09
1883 92.0 6.77 9.98 1.64 1918 78.9 7.74 10.77 2.23
1884 94.7 4.50 7.76 1.31 1919 77.9 6.85 12.19 1.93
1885 88.9 4.81 9.34 1.41 1920 75.2 3.41 7.51 2.57
1886 112.0 4.56 8.51 1.14 1921 70.4 2.41 5.57 1.26
1887 73.3 5.87 8.25 1.07 1922 83.4 3.79 6.32 1.30
1888 89.2 4.20 10.87 1.04 1923 84.0 3.61 5.31 1.16
1889 107.0 3.89 8.37 1.23 1924 69.4 6.13 6.63 1.21
1890 85.1 5.99 9.67 1.23 1925 84.6 3.77 7.78 1.42
1891 114.2 5.87 9.69 0.90 1926 71.4 3.74 7.16 1.55
1892 108.9 4.98 7.71 0.82 1927 81.0 4.40 6.33 1.06
1893 119.1 4.25 6.64 0.96 1928 102.9 4.30 7.36 0.97
1894 119.0 5.74 5.99 1.15 1929 74.9 4.48 6.12 1.07
1895 114.7 3.29 6.32 1.81 1930 79.8 3.80 3.93 1.00
1896 95.7 2.91 8.75 1.66 1931 87.1 2.24 3.06 0.56
1897 104.1 3.29 11.02 1.18 1932 82.1 1.55 2.77 0.83
1898 71.1 4.49 7.34 1.38 1933 116.8 3.10 5.00 0.71
1899 77.8 3.72 7.00 1.95 1934 95.3 6.13 6.19 1.11
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Data 1865 – 1999 (Continued) 
 

Year Nile flow Wheat Cotton Oil Year Nile flow Wheat Cotton Oil
BCM/year Index Index Index BCM/year Index Index Index

1935 85.5 3.77 6.23 1.05 1970 87.7 3.49 3.31 1.25
1936 82.0 6.75 7.59 1.15 1971 69.9 2.62 3.11 1.26
1937 98.9 3.43 5.26 1.23 1972 80.9 3.24 4.86 1.21
1938 76.2 3.59 3.78 1.14 1973 89.1 5.08 9.23 1.34
1939 66.4 3.54 5.54 1.05 1974 99.9 5.80 6.92 2.23
1940 69.6 4.09 4.76 1.06 1975 82.7 4.06 4.74 2.24
1941 81.1 4.60 6.34 1.17 1976 90.4 3.81 3.73 2.20
1942 79.9 4.90 6.20 1.17 1977 85.7 3.13 3.52 2.17
1943 74.7 5.42 7.47 1.06 1978 75.6 2.98 3.97 2.14
1944 81.6 5.74 7.19 1.01 1979 79.1 3.11 4.64 2.79
1945 104.4 5.74 7.76 1.00 1980 79.0 3.70 4.54 4.28
1946 86.1 5.54 6.99 1.13 1981 72.9 2.36 3.26 5.55
1947 87.7 9.94 9.91 1.43 1982 77.4 2.19 2.65 4.52
1948 84.0 5.41 7.43 1.68 1983 62.7 2.92 2.81 3.91
1949 84.9 5.01 7.07 1.52 1984 61.8 2.30 2.59 3.74
1950 74.1 6.20 7.45 1.52 1985 2.05 2.46 3.34
1951 74.3 6.51 7.69 1.52 1986 1.28 1.94 1.67
1952 80.4 5.38 7.05 1.40 1987 1.40 2.11 2.02
1953 97.2 5.21 6.03 1.46 1988 2.03 2.86 1.59
1954 90.5 5.19 6.60 1.50 1989 1.66 2.54 1.93
1955 96.4 4.23 5.97 1.49 1990 1.57 1.52 2.33
1956 77.9 4.31 6.69 1.50 1991 1.64 2.30 1.82
1957 90.5 3.66 5.92 1.64 1992 1.36 1.95 1.69
1958 91.8 3.52 5.24 1.54 1993 1.88 2.03 1.46
1959 80.9 3.48 5.44 1.45 1994 1.39 2.10 1.31
1960 81.2 3.27 5.48 1.43 1995 2.12 2.61 1.42
1961 95.7 3.27 5.41 1.41 1996 1.49 1.88 1.94
1962 90.6 3.39 5.44 1.40 1997 1.39 1.58 1.71
1963 108.9 3.55 5.56 1.38 1998 1.07 1.20 1.10
1964 95.5 3.66 3.76 1.36 1999 1.00 1.00 1.00
1965 83.2 3.51 4.15 1.33 2000    
1966 100.0 3.86 4.18 1.32 2001    
1967 83.3 2.95 3.41 1.30 2002    
1968 86.9 2.95 2.99 1.27 2003    
1969 90.0 2.86 3.06 1.28 2004    
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Figures 

Figure 1 Nile Flows at Rhodda (corrected for abstractions) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Commodity Price Indices 
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Figure 3 Alternative Predictions Starting 1879 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4 Alternative Predictions Starting 1922 
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