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FOR COMPUTER APPLICATION,
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1. Introduction.

These calculations depend, firstly, upon a means of estimating or measuring the
rate of potential evaporation (including transpiration). The method here con-
sidered will be the well-known Perman formula.

Secondly, & method of modelling the varying difference between the rates of pot-
ential and actual evaporation is required, The podel will be based on Perman's
concept of root constant, as introduced (into the Meteorological off;ce) and
developed by J.CGrindley,

Thirdly, the model requires adequate, daily rainfall data,

2. Definitions and notes.

Soil woisture neficit. when rainfall is not sutficient to make good the loss of

water from the soil by transpiration and evaporation some water is extracted.
from storage (in the soil) and & soil moisture deficit is said to exist.

Clearly, it is possible to maintain a running balance sheet which will, at times,
show SMD = 0, the state defined as Field caPacity. In the Model used in the Met~
eorological Office (July 1972) for operational bulletins issued by Met.o.ec)the
soil is reckoned not to become moistened beyond field capacity, the surplus

being carried away as run-off and by percolation downwards.

Trenspiration is considered to take place at the potential rate (defined as the

maximum rate at which the available solar energy and the evaporative power of
the air-mass, at a given time and place, can evaporate waier and remove it as
vapour) whilst the layer of soil from which the roots cén draw water 1is at field
capacity (i.e. water freely available) and for a short while thereafter,
Evaporation from water and wet surfaces also takes place at the potential rate,
Soon sfter the soil water supply to root systems begins to be resgricted, transp-
iration falls below the potential rate and decreases as the soil moisture supply
- diminishes, The model caters for reduction and subsequent cessation of evaporat~

ion from scils, ete., as the top layer dries out,



rffective Rainfall, when the sMp of a given block of soil is zero (field

capacity condition) the rainfall which percolates to deep storage, assuming
no run-off, is
gpffective Rainfall = Total Rainfall - potential Evaporation

1Lend-use modelling. To estimate Actual Evaporation, so0il Moisture peficit

and Effective Rainfall we estimate Potential Evaporation and measure Rainfall,
These values of PE and R are used as input data for a computer model which has
alresdy been supplied with details of land-use. A model for some part'of

England might consist of percentages devoted to vegetation having various root

depths, grazing, fallow, forest, open water and urban areas,

Root Constant, Vegetation root type is specified in terms of Root Coustant,

a concept introduced by B,L,Penman. Root constant defines a specified amount

of soil moisture (expressed as equivalent depth of water) which can be extracted
from the soi%,without difficultyjby the vegetation, A further inch of moisture
is considered to be extractable, but with increasing difficulty because of the
jncrease in soil moisture tension as the deficit of soil moisture develops.
After this further inch of moisture has been extracted from the soil, extiraction
is considered to become minimal, :

(Refe?ences; Pydrological Memorandum No,38 "The calculation of actual evaporat-
ion and soil moisture deficit over specified catchmeni areas" and
Introductory Notes to "Estimated Soil Moisture peficit and potential Evapoirans—
piration over great Britain both by J.Grindley.)

General aress and special sites. (Calculations can be made for special sites or

for general areas, The basic method is the same in both cases but although site
data of good quality are applicable and appropriate to the site they are not app-
licable to the general area in which the site lies unless the site is typical of

the area in its effect on the various meteorologicel variables,

3 potential Evaporation (PE)

For a point estimate, the data listed on page are required, If wind speed is
not measured at 2 m above the ground (but at some other height) a method of red-
uction from anemometer height to 10 metres (due to N,C,Helliwell and others) may
be applied, followed by a power-law reduction from 10 metres to 2 metres; (see

Evaporation Vemo. 10.20%.)

For areal estimates we require &ll the data at each of a regular network of pointse

The method proposed in this memorandum allows for the use of all available date by

deeling with each element and esch grid-souare separately. Fields of each metecr-

ological varisble are obtained and values interpolated to grid-points, The site (or
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L grid-square) variables are latitude, albedo and asngstrom regression constants.

Tlow-diagrams shewing the computerized processing of synoptic and specially rep-
orted climatological station data are shown ; The Penman

. formula is set out, with notes, on page O ,

4. Actual Evaporation, sSoil poisture Deficit and pffective Rainfall,

The distribution of land-usage is assessed for site or grid-squere and input,
in percentage form, into a model which keeps a running balance of SMD, AE and
ER, using PE and R (rainfall) as input. Jand-usage is subject to seasonal change

(crop cycles, etc,)

To maintain the existing series of monthly estimates of PE and month-end estimates
of srp’calculations will be made using monthly, average meteorological data to pro-
duce PE estimates which, together with daily rainfall data,will be processed using
the idealised, standard land-usage model (507% 3" root constant, 3¢% 8" root constant
and 207 riparian land) and also the model in which a universal 3" root constant is
used, to simulate grassed surfaces beneath which, due to the limited water extraci-

ion capacity of the shallow roots, large soil moisture deficits do not occur,

For grid-square estimates of AE, S¥D and ER, the PE estimates and rainfall data
. will be used as input for the real land-usage model and for a model which assumes

the whole country to be covered by short-rooted (3" constant) vegetation.

These will contain some or a}l of the following:
793illy averagesof "mean air temperature.
736313 averages of saturation vapour pressures(from mean temperatures)
7d31ly : 09 GMT vapour pressures
;7&3”3 folalg of duration of bright sunshine

7 daily values of rainfall

6. Ccomputer Qutput.

Input data scrutiny, Crid-point presentation of meteorological variables

5. Special reports from climatological stations.
|
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% T=dey ond monthly totals (continued) Tth day end wonth-end estimntes

v (i1) potential oveporation (viii) Soil moi?turc deficit
grass)
. (ii1) actual evaporation
(real land use)

T (iv) actual evaporation
grass)

(v) effective rainfall
-~ (real land use)

(vi) effective rainfall .
(grass).

B, Meteorolosical variables

T=38y and monthly averaces

(1) (screen) air tempsrature

(11) (screen)"eatufétion vapour pressure
(1i2) (screen) vapour pressure

(iv) da3ily duration of bright sunshine

Ao e

‘ . - 2 - - - - — - . -
. {v) wind spesd at 2 wetres {or total run-of~wind)

Computer—drawn (igopleth) ennlyses

2 ~ 411 varisdles listed in A1),

. Batimates for stations cn solected list (print—out)

APotential evaporation and eoil moisture deficit

(1) 7-day P.E. using sunshine/radiation and local wind data.
(ii) T~dzy P.E. using sunshine/radiation and system wind estimate
(411) Monthly PE using cunshine/radiation end local wind data
(iv) Monthlj PE using eunchine/radiation and system wind estimate
(v) Honthly‘PE (chort form).
(vi) xonth-end.32b using (v) and 50/30/20 land use.

(vii) Month~end 4D uping (iv) and real land use.

B, Heteorolozical variatlces

(3) Monthly average temperaturc

fax): " . saturation 'vapour pressure

v ol




Vapour proseure

2

(1i1) E

(iv) " " '\72 (es dinated wind epeed at 2 metrcs)
. (V) T-dsy % "\?2 ( " n " 1 )
(vi) Monthly * daily duration of bright sunshine.

T

Lstimatea for major hvirslogisel areas (printmmﬁg)

(1) 7th day SMD for river avthority arces (real lsnd uge )

- 1. - Belceap outpub for erid of LG x LO km squares
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Penman's formula for estimating the rate of potential Evapo{ranspﬁranon.

E= ZT;E;RA(aifa2n/N)(l - 1)

A
Q'PX ——— O95%T (a3 aJ—)(as-&aGn/N)

T“l*‘( a7(a8+ a9u)(ea - ed)
where = the rate of PE in mm/day

= albedo

= slope of saturation vapour pressure curve at air temperature Ta =

XD"

= constant of the aspiraled wei end dry bulb hygrometer equaiion
0
E R, = the Angol value of short wave radiation, from sun and sky, with

ko

a completely clear atmosphere. (Values expressed in mwh/cmz/day rF

are multiplied by 1/68.5 to convert to equivalent depth of water &

evaporated in mm/day, ) »
= measured duraticn of bright sunshine (hrs.) s
possible maximum duration of bright sunshine (hrs.) |

a~ =
n n

O‘Ta theoretical black body radiation at mean air temperature Ta
(expressed as equivalent depth of water evaporated in mm/day).*

vapour pressure (in the screen) in mb.

saturation vapour pressure at air temperature T (in the screen) in mb,

mean air temperature in % avsolute (OK)

first pngstrom reeress?m constant "a" } R% S bM/N

secvond Angsirom regression constant "b" . R

0.56

0.08 (for vapour pressure in mb. ) ;
0.10

0. 90

0.26 (for vapour pressure in mb, )
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ae = 1,0

‘ & = 0.0l (for wind run in miles/day)
0.006 (for wind run in im/day)

u = run of wind at 2 metres above ground (miles/day)/(km/day)
(To convert mean speed in knots to miles/day : v(24)76/66 = 27.64v
vhere v is wind speed in knots, )

*
The factor 0,95 allows for vegetation not radiating as a perfect black

body.

pata input for Penman PE computer programmes.

Astronomical data: Date or period for which PE required

Latitude of point or station

Radiation data: Albedo

Angstrom constants "a" and "hs

peteorological data;

Alr temperature
Vapour pressure
; : Saturation vapour pressure
Daily duration of bright sunshine

Run of wind at 2 m.

The constants a3 to a9 are not normally varied but it should be possible

to vary them if required.
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