








































CHAPTER V 

PREDICTION OF LARGE CONTINENTAL DROUGHTS 

1. Complexity of the problem of prediction. As 
previously emphasized, the predominately random 
character of series of annual precipitation, annual 
effective precipitation and annual runoff does not 
give any promising outlook for the auto-prediction 
of droughts. Auto-prediction is defined here as the 
extrapolation of patterns of past observations to pre
dict uniquely (not in probability terms) the future 
annual values, an approach which seems definitely 
ruled out by the present knowledge of the structure of 
hydrologic time series. In the case of monthly and 
daily values, the periodic components of time series 
and that part of the stochastic component which de
pends on the water already stored in river basins can 
be anticipated with sufficient accuracy. However, 
the auto-prediction approach cannot yield any unique 
value for the independent variable of the stochastic 
component. 

The other approach to drought prediction is 
the sea rch for those factors , usually of the same 
structure of time series as the related p recipitation 
and runoff, which precede the occurrence of precipi
tation and runoff. Of particular interest are those 
factors which have the longest time lag preceding the 
resulting hydrologic phenomena. The problem is 
complex because the search for this kind of preceding 
factors requires a tremendous amount of basic data. 

2. A meaningful approach to predictions of large 
continent al droughts. The comparison of successive 
synoptic situatio..ns of oceanic conditions affecting the 
water cycle and the precipitation synoptic situations 
over the large continental areas is likely to be the 
first reasonable step in producing meaningful relation
ships involving the time lags between these synoptic 
situations. The refining approach would come in the 
second stage, when the air-water interface phenomena 
over the oceans and the general patterns (especially 
the prevailing winds) of atmospheric circulation 
would be added. 
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This approach requires a tremendous amount 
of data on oceanic surfaces and on continental pre
cipitation situations in the first phase of analysis, 
and even more data as soon as the atmospheric cir
culation is added in the second phase of analysis. 
This search for relationships between various synoptic 
situations, with the expected time lags for one situa
tion preceding the other, becomes the only hope for 
a long-range prediction of droughts. 

The basic differences between the approach 
advocated in this chapter and current approaches for 

weather prediction are obvious. The 
'weather-watch" and similar programs are based on 

the iqea that the integration of dynamic equations of 
atmosphere, with a sufficient number of observation 
points capable of defining the initial and boundary 
conditions, will result in the weather prediction of a 
significant time span. The more points of atmos
pheric conditions that are observed and the more 
powerful computers that are used, the better and 
longer prediction is expected. The present expecta
tion of weather prediction by this approach is likely 
to be much greater than the final realization of its 
capabilities. The reason is simple. · The phenomena 
of turbulence and various types of medium or large 
scale vorticities are predominant factors in the 
atmospheric circulation and are governed by the laws 
of probability. They are not easily subject to deter
ministic prediction. One should be able to see the 
natural limits of deterministic prediction in atmos
pheric circulation, and particularly of phenomena 
which affect the long-range prediction of- precipitation. 
It can be claimed, with many valid arguments, that the 
"weather-watch" is not likely to produce any sub
stantial contribution to drought prediction. , Therefore, 
the approach advanced here of first looking ' into the 
time lags between synoptic situations of oceans and 
the synoptic situations of continental precipitation 
warrants a fair trial. 



CHAPTER VI 

MEASURES FOR COMBATING LARGE DROUGHTS 

l. En~ineering measures. The alleviation or 
substantiardecrease of the adverse effects of large 
continental droughts is a problem for which the prope.r 
answers have not yet been found. The three basic 
alternatives are : 

(a) Reduce the consumption of water by the 
appropriate economic and engineering criteria during 
any severe drought; 

(b) Implement the drought contingency plans 
with additional water supply from available sources; 
and 

(c) Provide improvised supply lines by tem
porary structures, and use either the transfer of 
water from distant regions or the previously untapped 
stored water in economically marginal storage spaces. 

Combinations of these three alternatives 
usually result in the most economic solution. Reduc
tion in consumption is the easiest to suggest though the 
least attractive from the aspects of social and politi
cal implications and pressures. It is a fact of life 
that neither a region, nor a large city or a group of 
cities. nor entire states have contingency plans for 
combating drought. Planning these contingency 
measures is not expensive. Small investments 
through the years into water systems which are al
ready available, according to these contingency plans, 
may result in a substantial reduction of drought effects. 
The phychologi c factors are important. Funds for 
serious studies of floods and droughts and for the 
planning and even-investment to fight their effects are 
usually available when the serious events have already 
occurred. Cuts in these funds are proportional to 
the time elapsed from the occurrence of these extreme 
events. Contingency plans are very rarely finished. 
and if completed, their major recommendations and 
requirements are s lowly implemented. The impro
vised solutions for water supplies from the sources 
available around the area stricken by a drought are 
rather a rule than an exception. It is normal to ex
pect that any improvisation will have higher cost or 
smaller yield for the same effect than any planned 
measure by the drought contingency plans. 

z. Transfer of water at large distances by the 
shifting method. The implementation of the concept 
of water transfer from one region to the next, in a 
shifting pattern similar to the shifting of electric 
power over long distances, merits a thorough, investi
gation. The concept is illustrated in fig. 9 as a 
schematic example. Area E. assumed to be drought 
stricken, would be supplied by a quantity of water W 
from the area A, which would have a sufficient 
water s urplus during the drought in area E. The 
distance between A and E would be of the order 
of 1000-1500 miles, and the more severe a drought, 
the greater would be that distance. Several routes 
of water shifts are available, and t wo routes are 
schematically shown in fig. 9. 
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Fig. 9 A conception of supplying water deficit to 
drought-stricken area (E) from the water 
surplus area (A) by the method of local shifts 
of water from one sub- area to another. 

This concept would not require any water 
from the areas B, C, and D, but might require the 
supply of a part of each of those areas by the water 
from the adjacent area and the transfer of the same 
amount from its other parts to the next area. Areas 
B, C, and D would only help the general transfer 
from A to E, by using the advantages of the topo
graphy, the feasibility of water distribution between 
sub-areas, the elevation and the available conveyance 
facilities in areas B, C, and D. 

To implement such a concept a network of 
water conveyance structures should cover, in the 
appropriate way a large continental area, as electric 
transmission lines or gas transmission pipes now 
cover the similar area. This concept may prove, 
in the long run, to be the most economical way for 
combating droughts on a large subcontinental scale. 
One would expect, with good reason, that very care 
ful planning and a long-term investment policy are 
necessary in order to accomplish this goaL The 
basic problem lies with the objectives and principles 
of every substantial project of water resources 
planning and development. The single purpose project 
gave way to multipurpose water resources projects. 
Economy forced this transition. The multipurpose 
project gave and is currently giving way to river 
basin integrated water resources planning. This con
cept in turn must give way to large regional and 
inter-regional water resources planning. Besides 
the forthcoming water shortages of many areas, the 
ever-impending threat of drought will be the stimu
lating factor which will force this large continental 
water resource planning. It will then be much more 
feasible to accomplish the task of providing a grid 
of interconnected water conveyances over a large 
area over a period of several decades. 

If large and severe continental droughts have 
recurrence intervals of a couple of decades, the 
planning and carry1ng out of i nvestments of contingency 



plans for drought combat on this large scale should 
also allow decades for implementation. There is 
another important point in this alternative. If prop
erly designed conveyance structures to be run under 
water pressure (tunnels, pipes) were available, the 
use of auxiliary pumping plants, --which may be 
movable as the emergency equipment- - , might tem 
porarily increase their capacities in the case of 
droughts. Several other engineering concepts may 
well be incorporated into plans for drought emergen: 
cies. 

Proposals of large- scale and long- distance 
water diversions have been advanced for the North 
American continent in recent years. They usually 
emphasize only the benefits of the average water 
diversion. Their role in stabilizing the water supply 
by their potential of emergency water supply to 
drought -stricken but normally self- sufficient areas 
along and adjacent to the routes of diversion is less 
advocated. Yet that role may substantially add to the 
feasibility of proposed projects. 

3. Drought insurance. To develop any sound 
long-range policy of combating drought consequences 
on the basis of drought insurance, either by public 
or by private institutions or by both simultaneously, 
much more should be known about the droughts, and 
particularly about their recurrence, potentials for 
prediction and various alternatives for combating the 
drought. Similarly as for the problem of flood 
insurance, central public authority is the last resort 

· for the coverage of drought losses. Uncertainties 
involved in the knowledge available on floods and 
droughts have always been limiting factors in any 
conventional insurance approach against their con
sequences. 
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It should be expected that any systematic re
search which could contribute to the understanding of 
various facets of large continental droughts would 
unavoidably lead to new policies in drought insurance, 
both by public or -private institutions. 
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