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Evaporation Memorandum No 41
The variation of winter half-year hydrologically effective rainfall and summer
half-year potential soil moisture deficit at Kew.

BG Wales-Smith

Summary. VWinter #-year hydrologically effective rainfall and summer 2-year
potential soil moisture deficit are proposed as appropriate variables for use in
water resource studies. Data for Kew Observatory are used to evaluate these

two derived variables from 1871 to 1976 and the results are subjected to simple
frequency analyses. The monthly and 2-monthly distributions of hydrologically
effective rainfall in the winter 3-year are studied. Suggestions are made for future
2-season analyses.

1. Introduction. In the combined analysis of rainfall and potential evaporation
(evaporative demand) as an aid to waterresource planning a difference must be
recognized between winter and summer rainfall in the context of changes in
underground water storage. It is assumed in this paper that the majority of winter
J-year (Oct-Mar) rainfall makes some contribution to aquifer rechange and that the
majority of summer %—year (Apr-Sep) rainfall is used up in evaporation and in
contributing to plant bulk. Hence in the present analysis two 3-years are
considered separately. For October to March the quantity studied is hydrologically
effective rainfall on grassland at Kew (Wales-Smith 1976) and for April to
September the guantity studied is potential soil moisture deficit at Kew
(Wales-Smith, 1977). The former is defined as rainfall minus potential evaporation
when the soil is at field capacity and the second as potential evaporation minus
rainfall. If crops are to transpire at the potential rate the upper limit of
irrigation need is given by potential soil moisture deficit.

2e Processing monthly estimates of hydrologically effective rainfall (HER)

2.1 Estimating the return period of 1 to 6-month HER

The monthly values of HER in Wales-Smith (1976) are given in Table 1 as
totals accumulated over 1 to 6 winter Z-year months. The Table 1 totals
are ranked in Table 2 and the formula P = m-0.31 recommended by

n+0.3
Jenkinson (1969) where

m is the ranking order
n is the number of data
and p is the cumulative probability

used to plot the data in Figure 1. (left-hand families of curv~s).

2.2 Rating a selection ¢f HER data using Figure 1

The Table 1 values of cumulative HER for the winter 3-year 1966-7 to 1975-6
were rated interims of return period (T ) from Figure 1 and the results are
plotted as return periods of 1 to E-month accumulated HER in Figure 2.
Positive values of T are excess HER (above average) and negative values are
deficiencies.

This process could easily be extended to provide frequency statistics of the
occurrence of consecutive pairs of wet or dry winters in terms of HER.
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The machinery for rating total rainfall in the manner used, above, for HER
has been provided by Tabony (197%/.

Time profiles of HER

It is of interest to examine the distribution of HER in the winter Z-year.
The monthly HER data from Wales-Smith (1976) are expressed as percentage of

_each winter's total HER in Table 3. The way in which each winter month

contributed to winter A-year HER is shown in Figure 3. The percentages in
Table 3 are combined, in consecutive pairs, in Table 4. Figure 4 has been
plotted from the 2-month percentages of Table L4 and given a rough impression
of the occurrence of different types of profiles of winter A-year HER.
Considering the central 2-months, December and January, on 90% of occasions
this pair contributed .> 20% of winter HER and on 50% of occasions the pair
contributed > 54% of the total and so on. The first pair, October and
November contributed relatively little HER; less than 10% on 50% of

occasions. The last pair of months contributed more generously then the first
pair but much less so than the central pair.

Processing month-end estimates of potential soil moisture deficit (PSMD)

Estimating the return periods of month-end PSMD

The end-of-September values of PSMD given in Wales-Smith (1977) (Appendix 1)
are given in Table 5 and ranked in Table 6. The values expected to be reached
but not exceeded and expected to be reached or exceeded with given return
periods were obtained as in 2.1 and are plotted on the right hand section

of Figure 1. Values of end-of-May to end-of-August PSMD are also plotted

in terms of return period of attainment or exceedance using the results in
Table 1 of Wales-Smith (1977). This diagram gives an idea of the frequency
statistics of the limits of irrigation need for agriculture.

It would be possible to provide frequency statistics of the occurrence of a
summer #-year with high PSMD following a winteri-year with low HER. Tabony
(1977 b) presents four objective methods of drought analysis and uses the

same data from Kew as have been used in the present study to evaluate his ¥
indices.
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