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A comparison between the forms of Penman potential evaporation input used

in the Meteorological Office Soil Moisture Bulletin (1976) and in MORECS(X).

B G Wales-Smith & J K Mackenzie

Summary

Simple comparisons are made between the use of long-period monthly average

p.e. for the half-year October to March and p.e. based on the departuré of
monthly average daily duration of bright sunshine from long period average for
the half-year April to September, on the one hand and monthly p.e. calculated

by Penman's formula on the other. The implications of systematic under-estimation

of potential evaporation in terms of actual and potential soil moisture deficit

are examined.
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l, Calculation of Penman p.e. and of approximations thereto.

Monthly Penman p.e. totals were calculated for 5 stations (Finningley,

Elmdon, Plymouth, Squifes Gate and Shoeburyness for the years 1971-1975

using the formula as given by Penman (1948) with the minor modification
introduced, in the Meteorological Office, by Grindley (1970); these totals
are given in Table 1. Approximations to the above were obtained using monthly
average values from October to March and values based on sunshine duration
only, from April to October following Smith (1967)3 these totals are given

ijn Table 2. Similar monthly p.e. calculations for Kew and Eskdalemuir ob-
servatories for the period 1964=T70 are set out in. Table 3. Locations and
heights above mean sea level of the 7 stations are given in Fig.l. The

Perman formula (see above) is used in MORECS(X) (the Meteorological Office
Rainfall and Evaporation Calculation System - Experimental Version)s height-
adjusted, county average p.e. for October to March and approximations to

Penman p.e. based on the departure of sunshine duration from average from

April to September form the p.e. input for the soil moisture deficit maps

and catclment tables as published in 1976. (A table of Perman formula p.e.
estimates, some 2 months in arrear, is currently published for some 80 stations.)
The approximate methods involve the implicit assumption that wind speeds, air
temperatures and vapour pressures never depart from station average values for

the time of year.

2. Comparisons of approximate and calculated Pernman p.e. estimates.

The approximate p.e. values (Table 2) are expressed as % of the Penman formula
values (Table 1) in Table 4. The 7-year average values are treatedlin the

same way in Table 3. Due to the occurrence of zeros for the approximate
averages for two stations in December only 58 l-station, 5-year percentages
could be workedjof these 39 were below 1004, 2 were 100% and 17 were above 100%.
25 station-year average percentages are all below 100% except that for Warch.
7-year percentages for Kew were below 100% except for September, whereas at

Eskdalemuir, one of the very few high-ground stations for which reliable
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Perman estimates can be made, summer half-year (7-year) percentages were at

or above 100% except in August although below 100%,except for October,in the
winter half-year. The results are summarised in Table 5 which shows Kew in ¥
good agreement with the other 5 English stations but Eskdalemuir having

marked deviations from the general pattern of the low ground stations' results,
Monthly errors of approximate p.e. used as an estimate of Penman formula

p.e. are plotted in Fig.2. The plotted points are 5-year and 7-year monthly
average errors and the poihts joined by the thick lines are 25-station year
average errors.

Interesting features ares-

(a) Eskdalemuir 7-year average errors are positive'except in March.

(b) The 25 station-year graph has winter and summer "peaks" and spring and
autumn "troughs". :

(c) 5-year points for Blackpool and Shoeburyness (both coastal stations) are
close together in 11 out of 12 months.,

(d) The Kew 7-year points have a broadly similar pattern to the 25 station-
year graphe.

(e) The Plymouth 5-year points are all above the 25 station-year graph
(1arge-ve errors).

Implications of using approx.p.e. in lieu of Perman formula p.e.

The S-station, 5-year (1971-75) averages of p.e. by the approximate and
Perman formula metﬂods are coﬁpared with S5-station, 1916-50 monthly average
rainfalls in Fig.3. Approximate values of month-end potential soi} moisture
deficit (smd) and of actual soil moisture deficit for 3 inch root constant
following Penman (1949) and Grindley (1969) are shown in Fig.4. It can be
seen that there would have been, on average, an under-estimation of
potential and actual smd for the 5 stations, over the period 1971-75, if

the approximation to Penman p.e. had been used in lieu of Perman formula p.e.
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