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PREFACE

: The Meteorological Office Rainfall and Evaporaticm Calculation “
Scheme, MORECS, was introduced in 1378 to provide a service to the

agriculture and water industries which both require real-time soil

‘moisture deficit information. Estimates of actual evaporation,

hydrologically effective rainfall and soil moisture defitit are ©

‘7".published weekly in the MORECS bulletins.

.ln wiathe lln.'s?t:.tute‘ of Hydrology begénl.a pIO’]ECt. o evaluate
the accuracy of deficit estimates prepa~ed by MORECS. The prelimin-

- ary findings of this project concurred «ith reports from MORECS users .
‘that the system did not always estimate soil moisture deficits :

successftully. The MORECS Discussion Meeting was arranged to provide
a forum fotr discussion by MORECS users of their experience with the

~system, their requirements of it and possible improvements. The .

meet* nq took place on. 10 April 1981 at. the Institute.

i
i

"’f’  We are very grateful for the cooperaricn of the Meteorological

Office regarding the meeting and for the involvement of Bracknell
staft, especially Dr N Thompson. "Dr RN Crossett acted as Chairman.’
bProfessor J L Monteith and Mr K F Clarke agreed to provide overviews
of MORECS in the contexts of agriculture and hydrology respectively.
The presence of Dr H L Penman was keenly felt as ideas for which he
was originally responsible were discussed again. Finally, thanks
are also due to those staff at. the Institutp who assisted in Lhe
organisation of the meeting.

¢ M K Gardner
June 1981
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1 MORECS

' Dr N Thompson, Agriculture Section, Meteorological Office

MOREC.: is an acronym for the Meteorological Office P.ainfall and '-‘vapox a*ion Cal-~
culation Scheme introduced about 3 years agc a&s an eventual replacement for the e
Estimated Soil Moisture Deficit (ESMD) bulletins which were first issued- py the. o

Of fice about 15 years earlier. The main differences between the two systems dare -
summarised in Table 1. The most important differences:are that MORECS uscs a
more fundamental method of estimating potential evapotranspiration (PE), and

employs a rather better method for modifying the PE estimates +ip the (Ltight ¢ of
current soil meisture deficits (SMDs) in order to estimate actual evapotrun-
spiration (AE)?*, In.summary, MORECS attempts to be mnre precise, more funda-
montal and more comprnhpn«:ive than ESMD, and is- iqt;ued more frequently.'---w-

:
1

TABLE 1 MAJOR DIFFERENCES BETWEEN MORECS AND ESMD

MORECS - - : _ S ESMD
“Frequency of issue Weekly - | Foftnightlgf
_Form of output Grid-square ‘average P 5”Isopleths (drawn manually) :
e thod \ Modifled Penman-Munteith : "Climatologic.al" Penman,

o ) modificd by sunshine

Number of crops/surfaces v 10 3
Soil water availability High. - . Medium. (for main outputs) =

MORECS since its introduction has suffered a series of modifications which have
been the result of input by a number of people. In fact there have been enough. = "
people involved with it to suggest likening it to a meteorological camel; -thew —— "
came)l being an-animal which, we are told, was probably designed by a committeel

The purpose of this paper is to describe in broad detail not the anthropology but -, .. .
rather the anatomy of MORECS,:and in particular to\point to those areas where - . 4 -
there are, or have been'deficiencies, and to review, very briefly the substantial 2 e
changes which have just veen completed and which bet.ome operational in May 1981, . . .

" qe . “.

The main co@gbnents of MORECS' '_ _ » " T

The present system has five main components (Table 2}, In the first the values . - -
‘of meteoyological variables which are som: time callea the Penman:variables (sun-

shine, temperature, vapour pressure, wind speea and rainfall) are extracted daily ,
from the Synoptic Data Bank at Bracknell, and from these are. obtained grid-square -
values by interpolation, and finally weekly averages on the" day ‘ofissue of - o .o
- MORECS: each grid-square is 40 x 40 km. . Estimates of weekly PE are then made = . "
. £from the weekly-averaged inputs, from which the PE's are estimated each day by a . ...

: - R e

jl

- 'Evapotransp.tratzon' is“a clumsy word, and 'evaporatlon w.111 be used in’ the
remainder of this account, with a- qualification when t:he reference is t:o evapo-

ratzon of surface mozsture from crops or bare so.i.l \k“ e

w7 . . r,‘ . . - . . : ;.};- . AN i
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TABLE 2 THE COMIONENTS OF MORECS

3 . . o to i \\:;\
[

l)a.-a colloctlcan, interpolation and aver«\glng .
2 ' Data analygl._ to obtain evaporative demand over each arid square

3,  Conversion of evaporative demand to actualjevaporatlon using a so:l moisture

exXtraction model o |
4, = Calculation of water balance. and exces ﬂ rainfall

Al
| -

e Ddta output ‘

e
.
. ‘___‘_r_.._
=

r

(]

""?*nn 111nr"~corrﬂc1—10n method g t present a modj fied form ot the Penman Monteitn
“equatjon isllused fox these calculations, but earlier versions Of"MORECS used

L © another ‘mb"d’fled form proposed by Thom and Oliver in 1977. The basic surface
~ ) Whewwhlcnis Consadered 1s grassland, but there is some at.t_c.mpt. to 1nclude inoa. -y
less E‘Uoroub scnse other surfaces ranging from bare soil to forest. rhe estunate k

. of avaaxabl.n energy which are requircd for these calculations are madc by Penman's

' "method, mnﬂ empirical mod‘fication to provide a better estimate of longwave L
radiation.” An a1 1owance is now made for the zoil heat flux, baced onh an annual
dverage cycle of soil ‘warming and cooling, In the third part of MORLC& the PE |
.estimates: are converted to estimates of actual. evaporat:on, by pregressively o ‘
“roducing the rate- of water loss from the not enhal value to zero as the available R
“soil meisture decreasss from 60% of its maximum value to zero. These calcu- ' S
lations -arc now made for soils of lugh water availability only. " The next part
‘caleulates the water bclxanc:e under ttre varjous types of cropped surfaces, and’ o
‘also under the averadé,land use £di eac,h square, in, this latter case using the
relatlvo proportions of, the various surfaces in each grid square, The:final
s:tagc is the production of computer-drawn maps ‘'showing the grid-square wraehy
averages ¢f the Pemnman variablo::., and also PE, AE, SMD and excess rainfall for
‘grass and real land wuse. Printouts are also producc_d showing. evaporation and - o
1 SMD for the individual surface : types. Dlstributlon of output is-usually by post, .
lﬁut there are"Jvimited?)'l’:*fs‘;'sues by Telex, facsimile and Prestel, - L .

I+ o " . i - . N

(e

T]]L meLcorologlcal qat' winputs and their inte'rp”retation T B

'Phe met:eorological' dapa inputs are obtained each day from about 125 synoptic -~ =
stations which me 2<1are some or all of the Penman variables. The stations are-
‘distributed widelw -~oOver Great Britain but-a large number are near 'the coast or in . I
lov'f—l..yingu-areas.; .na there is.a very poor coverage of the upland reginns (Flgure S
1,1J. Over Engiand and Wales about half ¢he MORECS squares” are without a. TN e ey

J,“""Wl'\'hptic"“s“a‘tion, but ‘in Northern Scotland the positicn is far worse, with very: ' : I
_ng away from the coasts. Obviously there are considerable difficulties in es-

;Lmamng l’Ll}LLbLILLdthL grxd-.:quart. values for the Penman variables,  The methoed

adofite x.d is to use oogectme interpolation from cither dally or weekly average |

~gtat{an values. - A computer search is made for the 9 nearest ‘srations within
‘,,,:DO km,of each grid—square centre.  The 6 nearest of thess ‘ure selected,' with no
“Amort than 2 in each .octant,  OFften' it.is not pussible to’ 'find as many as 6.
stations, but when there are at. least 3 the requlred value is ohtamer‘ by a plane

s

f:f

\ﬂ . . o B L . 5 . . . T

Inv=rge distance we:x.ghtlng is usad ‘when there ‘are less than 3 stations. Over a I
weekly averaging period the vapour pressure and wind speéed’ ‘Show' relatively small |
hor‘sz-al gradients and so the *nterpo] ation does not lead -to large c¢rrors
- uqually "The same can also be "said apout air temperature ‘when thé values have ;’ - I
been reduced to mean seanlevel, ‘using’ an estimate of ‘the mean lapse rate: “MORECS <

" - ] .‘ ' ‘ . . . B . i
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susPected that the "eqtimates‘"of averagef:surshine {;re ‘too ‘J_.at_féj;'e_ for the grid—
squarxes confaining ubstantial areas 'a‘f bigh‘-” s , VA
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- FIGURE 1.1 . . .
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Y v
interpolates this sea- Jevel field ‘and obtains the values{g t requires by then con- . .
.verting back to the average height of each grid square., ; Sunshine (which> MORECS::- . -z
‘requires as daily 1nterpolated values) is more variaklc -

rspatially, and it is _
cory = spondingly mcre Axfflcul“' to obtaln good estimates of grid-square averages.
In the caset of sunshine thek sy opt.u. va.‘Lues are: expzessed as a’ percentage of  lony-
‘term average before interpolaf'ion,‘ and the 1nterpolated percentage is multiplied
by the long=term avernqe daily duration of¢ sunshine ‘which has heen calcéulated for
each grid- square from all vaz.lable chmatolog;.cal s;_at;l.on data.. There are of

‘course negligible numberét'*of sunshme statlonsfnm "mountainous areas, and it is
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F.dinfall interpolation

Rainfall is treated in a rather similar way to sunshine, by first expressing the
measured daily values as a percentage of long-term average, and then interpoiating
these percentages. Finally the interpolated percentage at each grid-square centre
is nmultiplied by the long~term daily average for the whole grid-square <thich has
been calculated from the very numerous network of climatological rainfall stations.
This is an honest attempt to cocpe with the very large spatial variations of long-
term average rainfall which occir across grid-squares which straddle widely '
varying topography. Unfortunately it is of less value when the rainfall is
spatiaily inhomogenecus even over fairly uniform terrain, which is often the case
in summer with convective precipitation. It is for this reason thst farmers are
‘recopmended to install their own raingauge if they wat best estimates of their
week-to-week irrigation needs. ‘ | -

The interpolation errors for rainfall can sometizes be very large. Figure 1.2
shows an example fcr the summer of 1980 which of ccurse included & very wet June.

FIGURE 1.2
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" Here the total rainfall for each square for this period, obtapi\hed_i_from the daily

. calculation of daily potential evaporation

‘Even- a perfect intexpo

whe_;'é A

.use in the equation of an aercdynamic contr
 Thom and Oliver in 1977,

' 'I'Hey showed that m has a typical value o

“value around 1.

MORECS values, has been compared with total rainfall calculated ¢sing all 6000
or so raingiuges in Great Britain. Clearly there are some very -iarge discre-
pancies, esppcially in the more hilly districts. 1In a drier summer the

differences would have been smaller on average, but probably still significant.

The effect of errors such as these on SMD's is usually less than one might expect

because higher actual than estimated rainfall means that more evaporation takes
place at the potential rate than calculated, and vice versa, which compensates

for the errors to some extent,

to reinforce the raingauge values and reduce errors in areal rainfall estimates.

In spite of this the position is not satisfactory
ard one can but hope that cne day there will be ryncptic radar rainfall estimates

ﬁost of the major errors shown in Figure 1.2 are over hilly districts, and generally

result from overestimation of rainfall by MORECS.

araphic enhancenent is by some fraction which is :Lndependeht of season, How~

over it is probably reasonable to assume that the fractional enhancement will be

" larger when winds are stronger (ie in winter) and the topographically-induced

increases will be smaller when winds are light and rainfall Ts ' more convective in
nature {ie in summer). It is possible then that changing the.rainfall inter-
polaticn routine in MORECS so that the synoptic data are converted to percentages
of monthly or .easonal, rather than annual, rainfall before interpolation would

lead to better grid-square estimates.
in the near future, and,if verified, to incorporate the ‘necessary changes in

MORECS.

lated set of grid-square values. of the Penman variables
of perfection in the final outputs of MORECS. One of the

major hurdles to be negotiated (or perhaps one should say morasses to le cir-
cumnavigated) is the accurate calculation of daily PE values for each square.
‘thods which perform this operation have been used in MORECS, but they

Several me 2rLo. y :
' ginal version of the combination equation produced by -

provides no guarante;,

are all based on the ori
Penman in 1948:

1 A x net radiation + aerodynamic term ..
T ( .A ATy - ij) ) | 5 (1)

P

E

y
A

v
4l

Equation 1 has a denominator wh
be the case if the surface is thoroughly wet;
ibution which has been shown to be an
underestimate. MORECS first used a revised version of equation (1) produced by.

o

A x available energx_ + m,x.-_Péﬁ;néﬁ‘s aez:odfr'ié_mic te'r"n-;)
£ about: . 2.5.
icn, of the physiology of thevcropped
jes from day-to-day but has a ‘typical

3

nator of Equation (2) is.strictly a funct
surface, and also the wind. speed: - it var
‘value ar 'In MORECS it was a
month, but this pro su )
the wind speeds were somewhat different.

. The method by which grid-square
.rainfall is obtained from point rainfall, outlined above, assumes that any topo-

It ic hoped to explore this possibility

ich is independent'ofr'}surféce type, which can only
this is partly compensated by the ..

The term n in the denomi-

latent heat of vaporisation . ‘ e : s

psychrometric constant 2
0C/9T : e = vapour pressure T = temperature

ssigned a fixed value which.was changed each, . ... ..

' duced substantial anomalies between adjacent squares in which. '
' For example the PE 'wa’.fsf-'i‘:“\’rexest_:‘imatgd ‘-
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for’ squares in.which tie wind speed was greater than the average value implied by
- the valwe chosen for n.:

The verssion of the combination equation used in the current MORECS is basically
the Penn:an-Monteith

gel (A x available energy + corrected aerodynamic term)
: A {‘g A + Y(l + rS/ra)

(3)

" but wit*» the rorodynamic resistance r, written in a similar way to that proposed by
" . Penman, with the Thom and Oliver corréction to a more appropriate value for surface

myghess . Thus ,

r, * 250/(m(l +0.540)) (sm™ %) 4y

where U is the wind speed at 2 m (in me-l) . The advantage of writing the aero-
dynanic  resistance in this way is in providing a siaple -jay of allowing for the
" cnhancecd  turbulent mixing caused by free convection on sunny days. It is possible
 fowrite an exact combination equation, but {t cannot be evaluated without . =
;,-:LtLratiO,., so {5 not suitable for routine calculations.

i

I

"The Penman-honteith equition requires an explicit estimate for “he bulk resistance

o of the surface from which evaporation is taking place. There is no difficulty
‘t when the surface is thoroughly wet because r is-:hen zero: it is usually kept

_w o at this walue until all water intercepted by,sthe surface foliage has been calcu-

' lated to evaporate. ° In the case of dry surfaces the literature abounds with
measure@ -walues for r , or else m asured resistances of individual leaves from
which estimates of r_ Scan be made. What the 1% terature does not abound with are
values of rs outside Sthe temperate latitude summer, say from autumn to early

_ spring, when even the most dedicated plant physiologist seems to remain in his
- laboratoxy with his porometer locked away until warmer weather returns. S0 it is

A1

5:‘:'1_{--“‘.-" not‘easy to specify representative values for~c_ in a year-round model like MORECS.

‘In the exrent the values selected for 1980, whilg fairly typical of expected mini-
mum values for unstressed crops, apparently were rather smaller than averages for
commercral crops, and so the estimated FL's turned out tc be larger in many cases
than the evidence in the field suggested Lhat ‘they should have been.

: ‘}'-"I-‘ Before ‘passing on to MORECS' treatment of the ‘effects’'of soil moisture deficit. a

brief nextion of how the other important term’ in the combination equation, the
available energy, .is calculated {s appropriate. . Thus,. “

: { \

Avail;able energg,f-cf!@!fJ -G - (5}

;,vhere - Ry= net shortwave + net longwave radiation
"=aR, (a+bn/N)+ eoT* (- 0.56 + 0.08 ve) (0.1 + 0.9n/N)

-"stefan's constant

S albedo (v 0,12 = 0.25) . o
= solar' radiation ‘at top of atmosphere ol

o
R o

_measured sunshihe hours’
maximum possible sunshine hours
= eniss:wity of surface (v 0,95).
csurface (screen) temperature

; flux Of heat' 1nto ‘8611

A

0“%—3 ™ z;:s o

Equation "\"(6) essentially follows the approach suggested by Penman in 1948 which
uses treatments of short and longwave radiation given by Angstrom and Brunt.

The ratio of measured sunshine to the maximum possible for that week is used in an
empirical expression to estimate the downward total of solar radiation, part of
which is returned to space after reflection at the surface, The net longwave
radiation is calculated using the MORECS temperature and vapour pressure to esti-
mate both the sky radiation and the radiation from the su.face, with the sunshine
ratio used to provide a correction for enhanced sky radiation when cloud is present.

A comparison with observations at several places in Britain has shown that for most

months the calculated radiation exceeded the measured values, presumably because
of ar incorrect choice of constant values in Brunt's formula, Adjustments are
made therefore to the calculated valuer to remove this anoma]y, which incidentally
is consistent-with the surface temperature being higher than screen temperature
during most days. Finally the soil heat flux is approximated by the climato-
logical average heat storage in the soil.

The s0il moisture extraction nodel

MORECS uses a soil moisture extraction model which has the virtue of simplicity,
but also some deficiercies. Other papers“ describe soil meisture medelling in
more detail (Gardner, p 11, Calder p 28) and so the MORECS version is outlined
only briefly here.: It uses 'the concept of field capacity which is assumed to be

" a unique state of & soil, reached gulckly after thorough wetting and rapid drainage

of excess moistuce.  This concept is very ‘useful in‘some. agricultural ‘contexts

“because, once accepted, it allows soil moisture budgetinc to be carried out without _

regard to 801l pioperties such as hydraulic ‘conductivity.’ It does also lead to
some difficulties, For example deep percolation of rainfall may occur on some
soils when relatively dry so that the upper layers are not necessarily restored to
field capacity following rainfall. Soils with low hydraulic conductivity may .
show drainage for weeks following a complete wetting and obviously the'idea of

- field capacity is less useful for these, . Water may also flow upwards to replace
- that extracted by roots in the zone above. MORECS at present ignores all of -

ot ‘-hese airf ticulties. : Lo

ihe amount of soil water available to a particular crop is the difference between

that at field capacity and at permanent wilting, over..the rooting zone of ‘Lne Crop. e '

The model assumes that 40% of this water is extractable without causing any check
in evaporation, and the remaining. 60%: is extracted at a linearly decreasing rate
so that the'actual evaporatinn eventuali; declines to zero. Any- rainfall is ..
assumed to be available to the crop at, the full potential rate regardless of the
moisture deficit before the rain fell._ 05 might ask how realistic ig- such a-
model from an. agricultural point of view,\and the answer 13 probably quite good ‘
It 1is krown ¢f course that, when the evapﬁ*ative ‘demard 18 - .very small, . crops:can -
extract moisture at close to potential rate up "to/large SMD's and equally, when
the deinand’ 18- ‘large, a check in transpiration cau'occur atirather small SMD's, . °

ehere the size of /’large" and "amall" depends on the soil properties to some extent.
‘In Britain the evaporative demand {5 seldom vory “large; and when it/ is small there

18- often adeguate soil moisture..
soil moisturé‘ which is consistent with fleid. oata from some soils, is. probably

realistic enourm MR

.So MORECS! fixed break: point at 0% .available e

A :
.‘J i

A ]i EE

The next part of’ MORECS calculates the soil moisture balance from the estimated

v rafnfall and actual ¥vaporation:
,.f;;'is hydroloqicnll‘ uni,eelistic.
“culate the-u

‘4t is-at-this: point ~in particular that. the system
"The procedure uses the actual evaporation to.cal-
tufe deficit shich'is" decreased by the amount. of rain- =

fal" over‘ the same peri 30 © o 1£ the: SMD becomes. negative as-a: result of. this, ‘the.

* “.f
; n )f

[
\ .'




depaxrture from fiel‘d capacity is assumed to be hydrologically effective in the '
sense of aquifer recharge of sub-surface drainage. This approach neglects rather arbitrary. In the case of spring-sown crops the available water increases
as the rooting depth increases and account is taken of this. The selected maximum

firstly deep percolation by which rainfall is lost to aquifers before the over- .
lying soil is returned to field capacity, and secondly run-off which will occur at Y values of §MD's which can develop are given in Table 3.

times when there is an SMD. A system like MORECS will probably never be ‘able to
provide a satisfactory treatment of deep percolation, although it might be possible :
to produce something applicable to an individual site rather than whole grid- = i

- sgquares. In the case of run-off one feels that it should be possible tg give a : TABLE 3 MAXINUM SMDs UNDER VAMOUS‘ CROPS -(M)
hroad estimate for an area, based for example on surface cover, soil type, the
recCent rainfall sequence, and the spectrum {distribution) of surface slopes. | : |
lydrologists may disagree!l . y ; : : Current MORECS (a)

New MORECS :_(-b )

'I'he new MORECS = o ' . - Bare Soil . . n1S 5 .20
This broad description of MORECS has avoided mentioning very much of the detail of . gp;fig Barley ' ‘ ;czxsa S ;ig*
the system because it would ncot be appropriate, or possible, to present this in a " wWinter Wheat and Barle 225 | 140
.papexr of reascnable length., However there are some detailed aspects which ought T T Potatoes ~ early : Y. 125 : oo
to be described now, but :rather than doing sc in isclation, they will be discussed - . - maincrop - 125 | o 90*
in relation to the very substantial changes made to the system in the past few L. wwyll | Sugar Beet 125 ' | 130*
months and which will be introduced in May 1981. ' ‘ ‘ Deciduous Trees 500 175
AL prosent [E s caloulated from weckly-averaged data and thon apperticned tc ecach . - gz;z;:s: ! ' gé: ’ igg
dar according to the daily sunshine. The new MORECS does the full calculation = Upland ; 50 R 50
ecach day, separately for daytime and night-time. One can argue that splitting up Skaci ' ' ' V ”
-the day like this is usually unnecessary, but it was convunient to incorporate this _ (a) |
‘change when MORECS was revised because it provides some information on night-time -
condensation which may have value in the future in connection with the provision DR P (b) _ medium available water soils: high = +25%

. of Sperational information on the suitability of weather for the spread of certain \ N 1%w = ~25%

~fungal diseases. - | - | | o . B i il = at'maximum rooting, depth

- high available water soils

h¥s

| ‘The .current MORECS uses monithly average estimates for the surface resistance Y ,
hut the new version calculates r_ ‘each day, using an assumed leaf area index for
the :"~-rop where appropriate in a Felation suggested by Grant in 1975:. :

1
a

Nl
P

-1— + -13-» ' An interesting type of surface cover here is deciduous trees which presumably i
‘s  Tsoil Yo . o , | R have much of the rooting system near the surface, but also some tap rooting. These
ey ) o | ) P | - ~  trees will\prcbably suffer a major check in transpiration when available water in
whexre fraction of net radiation reaching soil surface S . ' | .  the primary root zone is exhausted, but will continue- to transpire at'a reduced = - -
! o N L : . e S - rate long beyond this point using water in the layers oc upied by tha much deeper ‘
fraction of net radiation intercepted by crop camopy '~ } ' roots. It may well be inappropriate to assign ‘a maximum ‘available’ ’s0ils moisture !
r canopy res:Lstance of a very dense crop o ‘. ' . content in these circumstances. Conifers also pose a problem bec."luse they are " =
¢, CET | : o ‘ often planted in poor soil where they survive even with very shall :w roots, and
' ~ yet on good soils they can increase their rooting: depth and  then p esumably extract

(al and bl are funct.ions wf canopy leaf area index) :
/ large quantities of water. This obviously- leads to,difficulties in estimating
average water use in grid-—squares with very variable e-:nls and vegei a‘_‘ion. o

bquat._wz 7 allows at.t.crnatic‘:a~ Y for less than full cover in";easonal cropc b_{ in-
*fcorporating -a weightec **oi’;g;,-._surface resistance in parallel w(. h the canopy resis- . . - P . . ,
L tanCe (the present MOR..C‘ “Goes separate PE calculations for éoil and seasonal SRR T ’ " ' , f o
< .crops and then combines .,he results by linearly weighting - them according to per- o "y Conclusion . : " , I o
. centage crop cever) « .. An ':ivan'rage of . b reVisecl system is tha.. r_ can be | L o . S S o v : ek e
" yritten as a fimc:tizbn of ; ”'1 moisture defic:Lt foi example: as” auggested by Russell Lo M oy In conclusion, it has been recognised that the results produced. by MORECS in: the
",(IQBU) ’ and 30 actual nvaporation can be Cd ulated directly. S T " past have sometimes fallen substantially short of the ideal, and it is. for this ..
| - - : Ly | e ) reason that major alterations have been'made to the system recently.  Further
The new MORECS produces outpute for SO.‘L]S of *’low, medium and highfavailable water - % """ .changes to the system are still- desirable, !for example to make it more. realistic
capac:ity,_ ‘the standard issue’ w1l "in ftture be for soilg with medium available "~ =~ ' o . hydrologically by incorporating simple but. effective treatments. of run-off and
5  wateas, in contrast ‘tG" the current issue w”u.c:h is for those w:.th high available ‘.7'5?'" B slow drainage’of ‘the soil profile, and by improving ‘the "rainfall- interpolation
witexr capacities and has. probauly mlsled some usezs in "the’ past. 'I'he choice of. - ‘ S scheme with the help of monthly or ' eeasonal, “rather than the annual averages' ueed
. the particular values of soil waher availab;l to the various crops 1s necessarily - o . to normalise the . synoptic data. at preeent. "It has not been possible ‘to give’“ more
i iy oaaiies | than'a very'brief outline of the current MORECS. - The new version of MORECS:has

U.




' also been mentioned only briefly but a detailed report will become available
during 1981.

Natural evaporation fror open water,
193, 120-145,

penman, H L (1948),

bare soil and grass.
Proc. Roy. Soc. Ser. A, : -

R"ﬁésell G (1980). Crop evaporation, surface resistance and soil water staturs.
Agric. Meteor. 21, 213-226, :

Thom, A S and Oliver, H R (1977). On Penman' s equation for e.,tlmatmg regional
~evaporation. Quart. J. Roy. ‘Meteor. Soc. i01 93-105._

 Grant, D R (1975). Comparison_ of evaporetion from bariey-‘.with Penman estimates,
Agrlc. Meteor, 15' 49“60

e e ———— e e et e e et e e Do e+ e e et et e o v

, BOTTOM ../

‘coming rain and the demand of the ‘'plant for water, - |
“moisture in the soil that is available to plants is known as the available’ water C

- is always 1.5 the capacity of the TOP layer which is known as MAX..

8 THE SOIL MOISTURE EXTRACTION MODEL

C M K Gardner, Institute of Hydrology

The MORECS system calculates daily grid square values of potential evaporation and
rainfall, These values are modified to allow for the evaporation of intercepted
rainfall and then used by the soil moisture extraction model to produce daily soil
moisture deficit (SMD) values for several crop types in each grid square., The
SMDs prepared for the Wednesday of every week are published in the MORECS bulletins.
The aim of this paper is to briefly describe and comment on the soil moisture ex-
traction model used by MORECS to represent crop water use, A summary of this
-component of the system hae been published by Walee-Smith‘-and Arnett! (1980).

!

The model is based on that devised by Penman (1949) which incorporates three |

important features: : J L

i While there is an SMD all changes in soil moisture content are assumed to be
| due only to rainfall inputs,and evaporation and trenspiration' 1655es.

_‘W‘mn the profile is wetter than field capacity exocss rai nfa 1 (ie in exces
of the evaporation demand) is assumed to drain; - there is no allowance for
surface run-off. /

/ ’

>

3 When the SMD exceeds a xthresh‘old known as the root/ co.nstaht' by 25 mm, the.
subsequent transpiration rate is less than the potentiel rate (traditionally
one twelfth of the potential rate).

The structure of the model*

: o I A
i

MORECS uses a two layer structure to represent the’ responee of the soil to in- "
The size of the reservoir of . /

capacity. In MORECS this reservoir is conceived as being divided into two parts
which are known as the TOP and BOTTOM layers. Water may pass from the TOP to the
BOTTOM layer. Moré importantly, water in the TOP layer is readily available to
the“plant ‘and maybe transpired at the potential evaporation rate, Water in the
BO‘I‘I'OM layer is less accessible to the plant. The rate at which the ‘plant may -

use water from the BO'I'I‘OM layer depends u{:on how much water is present within it.

The BO'I'TOM layer
Thus when
both layers are full 40% of the available soil moisture is-in the TOPL layer and
60% in the BO’I'I‘OM layer. The TOP layer can temporarily be overfilled, ie its
water content may exceed MAX (see later).w ; TR I

The relative capacities of the two layers are always the same.

‘Layer

. o g ] . . . . RN s . - . L w i . : . R
oy S . " - R . FER T Y A . Dk G e o ed O T S S T ] PRI P {“ sl

‘Capacity Water Availability
‘TOP © Y MAX (40% AWC) =Ep p = po tential evaporationf;'_M"mM_J';‘
“1 5 MAX (60% AWC) a =_‘ ac tual ‘evaporation/ L

“ 'Ea < Ep ... E

L

S transpiration L




‘It will be apparent from this descrip
- eritical SMD thresholds, similar to root constants.

The soil moisture content is defined as beiag at field capacity when the layers are
full. There is a soil moisture deficit if either, or both are not full. The
maximum deficit allowed is equal to the sum of the capacities cf the two layers,
2.5 MAX, corresponding to the available water capacity (AWC). |

The runniniof the model

~and gravels) are less tha

.. The table lists, for three crops, the MAX and 2.
“the AWC values as follows, - Consider as an

Assuming that it is known how much water remains in each layer after the previous
day's accounting, what happens to the rainfall and row is the evaporative demand

satisfied on a given day ? The TOP layer is always dealt with first. When it

is emptied evaporation is allowed from the BOTTOM layer: '

1 The daily rainfall is added tc the water content of the TOP layer.  Although
the layer water content may thus exceed MAX it does not initially overflow.

2 Rem'cln‘iral of the water from the TOP layer is allowed at the potential evaporation
rate, - - , ' “ )

3 if the daily potential evaporatidn demand, Ep, is not f large enough to reduce

the guantity of water in TOP layer to less than MAX, the excess water is passed to
the BOTTOM layer. Should the BOTTOM layer consequently exceed its capacity (ie
1.5 MAX) the cxcess water is regarded as drairage.

4 °  However, if the TOP layer.is emptied as a result of transpiration from it and
Ep Mas still net hien satisfied, transpiration is allowed from the BOTTOM layer,

. though at a reduced rate.” S

transpiration can occur
} - .

5 If the BOTTOM layer is also emptied, then no further
and the maximum deficit is reached. g '

6 The total deficit is calculated by surming the final Jeficits in each layer,

In the version of MORECS operative until May 1981 the relationship between actual
and potential transpiration, from the bottom layer, for a cropped soil, was:

_E_§_ =1 _(SMD - MAX)

This has been revised and Ea will be calculated directly in future assuming
surface resistance to be a function of SMD (Thompson, p 8). For bare soils

a differerit, exponential relationship-only allows very small deficits to develop.
This was adapted from'a model devised by Smith .(1975). o R
- o S ! : o M

ff e
N

E’:a _ ! .
Ep 1'...9.2 ggp (-0.7 SMD) |
tion that in. MORECS, MAX values are used as -
The size of MAX and so that

of the total reservoir of available soil moisture (2.5 MAX), vary ac'cording" to
poth soil type and crop. Three classes of soil are recognised ac:cordin‘g1 to .
available water capacity per metre depth of soil as follows: < 100 mmm °,

100-180 mm m -’ and > 180 m '. e
n 100 mm m ', while those of fine textured soils witi A
good pore structure are greater than_lBO mm m I, __ The__majority of soils have an E

AWC within the range 100 to 180 mm m L,

.example grass growing in a soil of

PN . !u,i

Generally the AWCs of coarse textured soils (sands®

[N

5 MA‘X_ vaiues which are related to =

. £from the top 160 mm of the soil profile.

‘and the roct constant concepts.

. moisture content is at or greater thafi field capacity, and during deficit periods’
 the only water losses allowed from the profile are in the form of transpiration

The two part soil moisture reservoir concept is somewhat confined by the use of . . .

' rate below poténtial, is rapidly wetted only at the surface
| The model will permit the rate of transpiration temporarily to increase substan=- . =

O

AWC range 100-180 mm m 1. The 2.5 MAX value is then 160 mm, from the tablé,
implying that if the AWC of a given soil is 100 mm, then the roo%s extract water
i But if the AWC of the soil is higher
then the .depth.o. so0il which can be exploited must be rather less.

, CROP  AWC _ MAX 2.5 MAX
" mmm ! " mm mm
| <100 50 125 : | I
GRASS 100 - 180 64 160 ’
>180 80 200
- <100 58 145 |
. CEREALS 100 - 180 172 180 S ”
S180 90 225 : : - oo
| <100 33 83 SR S y
" ROOT 100 - 180 40 100 e
CROPS .

>180 50 125 e

A MAX value of 3 mm is used for bare soils. 'During the period in spring before

arable crops achieve full cover, SMDs for: thése crops are calculated as a weighted =
mean of two SMD estimates, One is the SMh'which would occur if’ the crop was at

full cover and the other represents bare;scil. The weighting is in accordance.

with the assumed percentage of crop cover..’ -~ -

T

N

Some limitations of the soil moisture e traction mbdel

The MORECS soil moisture extraction :mcci:'éi;jf.‘iriéorporates both the field capacity
' Beca"fgi"ééf-’?of. the reliance on the field capacity —~#'  ’

concept, according to the model, drainage may only occur if the- doil profile -

and evaporation. This is physically.'incbrrect and for some soils significant
errors could arise from this assumption. g R -

MORECS defines the field cap’écity state ‘of a soil as It_he'scil‘,moist'ur'e-:ddntéant"' on i Fas
the date after which transpiration losses exceed the rainfall input. ‘There is =~ " "¢
no reference to the field situation or allowance for the fact that in many soils .|

field capacity is not a reproducible moisture content..

The only water input to the profile accounted for is rainfall and no allowance is . ..
made for surface run-off during intense rainfalls, or on steep slopes. R

the terms "TOP" and “BOTTOM" which imply superimposed layers, 1n fact it is more '’

. .physically valid to regard the reservoir as non-layered-but comprising water in . ..

pr i g

pores above a certain size and therefore freely available (TOP layer), and water |

‘in smaller pores which is not so easily extractable: by plants (BOTTOM layer) ... ' : .

However an advantage of the two layer structure of the ‘model -is that*it ‘attempts '~

to represent the situation whereby alsoil with a large deiicit, transpiring at a - =
‘as”“a result of rain. . =

oo o
i ! o
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tially alzhough the total SMD may still exceed the MAX threshold.

Vi
"\\ '
!
H .

and thus it
represents the field situation quite well,

MORECS discriminates to a certain extent between soils, of diffnrent water holding
propertiess through the use of three MAX values for eac” orop However, the
values assigned to MAX are critical in determining the ., ~ass or otherwise of the
system in estimating SM. The soil factors which actual.iy cause the rate of
transpiration of a plant to fall below the potential rate are the increased soil
moisture <tensions and reduced hydraulic conductivity resulting from decreasing
soil moistiure content. Soil meisture content (or SMD) is only an index of these
factors, which is site dependent, because the relationship between soil moisture
tension, <onductivity and moisture content varies from one s0il to another. The

effect of soil factors on moisture extraction is thus rather greater than the

it

model admsi ts.

" The significance of some of these shortcomings is discussed in ﬁhe following paper.

1

perman, H L., 1949.

J. Soil Sci, 1, 74-89
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The dependence of tranopiration on weather and soil conditions.
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__\_At this point it is helpful to examine the physiCﬁl basis for the COncepw:

| Thus, in the potential profile diagram (Fig. 3.2) & matric potential field can .b_e
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3 PROBLEMS ARISING FROM THE FIELD CAPACITY CONCppy 1IN couwnm MEASURED SOIL |
NOISTURE DEFICITS WITH MORECS PREDICTIONS |

J P Bell Institute of Hydrology .

AT

The validity of the soil moisture deficit (SMD) ébncept depends on that of the |
field capacity concept. While in some £field situations a l‘epz dur-'ible field
capacity exists, in many others it does not. |

.Field capacity is conceived of traditionally as bEing the water content of a pro-

"f1le which, after having received excess water, drajng within 48 hours to a rep- \

roducible water content dis* .{bution. Thereaf?®r, gyrther qrainage is so small -
that it can be neglected. e

Meteorological models for predicting SMD s::ih /aﬁ MORecs depend on the validity of |
field capacity because they take account only of impyes and cutputs of water at
‘the soil surface once the integrated profile water copntent ig at of below field
capacity. No provision is normilly made for fufther'drainage nor for upward
fluxes across the base of the profile. Furthermlnre, the depth of the profile is
implicitly conceived as being of constant, but \lﬂdEfj_ned: depth.. The question
"arises however, to what extent is the“acceptance of ‘the field capacity: concept. -

valid: . _ J )

(a) for defining measured soil moisture deficits? DA .
(b) for defining MORECS deficits? = | | | o |

a reproducible £field capacity condi. tion can generally pe EStabllshed in two J
situations- o . ,

('L) The first is in soils in which conductivity 1s proVided prinCip.ally bY a ,
macropore system, the matrix being very poorly coldysrive. A structured clay is R
 the best example of this. * As the soil drains viA the maCropores the poteatials = =
fall and the macropores &re emptied progressivelYs conductivity decreases o
rapidly and, at a certain threshold value of moistute content and Potential (which
-is dependent on the soil), macropore conductivit)( Ceages and further mcevement is
controlled by the very much lower conductivity of ’Che clay matyrix. ‘Taking a con- ¢
ductivity of 0.1 mm/day as "negligible", this might ty ;Lcally correspond to a

matric potential of 100 cm water head (0.1 bars) (Fig. 3.1).

i

S T

defined (the shaded area) and potential” profi1eB 10wer than th:ls Will produ
negligible drainage.

Profile (a) represents a draining profile which quickly mOves towards (b), which .= .
corresponds to the stage at which conductivity has fa)lefi to the negligible value. .
Thus, profile (b) represents "field capacity" and tha -orresponding water content
profile (b) in Fig. 3.3 may be considered to be reﬁs::nably reproducible and to
‘represent field capacity for practical purposes. A gypSequent change " in the
level of the water table would -have little effect On the Water content of the

;,upper profile. The only problem here is that sighiflcant drainage may pergist

4

o for longer than the traditional 48 hours. . o L

{2) The second situation where a reproducible fiElﬂ capaclty St.ate exists 18 at_.
* the opposite extreme,’in much' more conductive goils. =gere, the highexr: conduc- St
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t _—vity permits rapid drainage to continue until the potem.ia] gradient tends te
Z =10 and the, potential profile is in equilibrium w:Lth ‘the. water 1table (E‘Jg. 3. 4) oy

T=F the water table is shallow and constant in depth, field capacity is represented

- o=y the water content profile (a) on: the right=hand side of, Fig. 3. 4'.“-‘.1-? corre=". .Y .
sapoids to the potential profile (a) shown on the left of the figure.* However, a
£.a=1l in the water table to B will.cause the equilibrium profile to readjust and a
Thug, ‘every water level 'hd%} "

"

" FIGURE 3.3 _

T

d:m.fferent moisture> content profile (b) will res.:lt

'I'tae real difficulty arises however in what mayv. be- termed the "hybrid"'s:.tuation, |
which have intermediate conductiv: fy and. deeper

: relatively large and prolonged contribuq ons, to drainage
r==anbe- released ‘froprthe ‘lower ‘part-of the profile, wh:ble ‘the upper part .is pro=-..
vmding upward fl.v.:z:l-cesl_;I to supply crop water abstraction.‘

wEch applies -to :r'lost soils,
Here*'

w==ter tables.

(e

St
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“1“

. ;:.Lt:s own associated field capacity value and“c s presents further difficulties.
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evapuration over rainfall in che summer creates,

in the’ potential profile,
profile to a point where the potential gradient, dy/dz, is zero.and defines: the

ptsition of the divide between zones of upv’ard flux and downward flux (see"

profile (c¢), Fig. 3.2). As the summer progresses the ZFP._,_moves downward,

The zero flux plane

wr TS iy

reaching a fairly. constant depth' by mid-summer (Fig. .3:5).

the original divergent ZFP;
summer raln can have the same effect, permitting a shor* period of through

a divergent "zero £lux. plane"
(2FP) corrcsponds in.a potential o

i

_Autumn rainfall re-wets the profile from the surface (creating a convergent 2ZFP) .
‘and this moves quickly down the profile until it meets with, and cancels out,

through drainage is then re-established.  Heavy o
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(3) if deficits are conceived of as relating to a constant profile depth, how
should that profile depth be defined and how can provision be made for different

It should perhaps be mentioned that the presence of a ZFP does not entirely pre-
soil/crop/water table situations?

clude the poidsibility 'of brief periods of recharge. This could arise in some

soils i€ the rainfall was sufficiently intense to create "macropore®" flow, through
fissures or root channels, bypassing the matrix. It could also arise if surface
runoff caused localised ponding which could concentrate the input sufficiently to

replenish entirely any deficit at those places.

It is possible to argue therefore that soil moisture deficit is a meaningless cons
cept for many soils, whether measured. or predicted, and that it might be wiser to
Whatever depth of profile is considered threrefore, it is imposstble to avoid restrict the MORECS model to ..hn prediction of actval evaporation. .
either upward or downward fluxes (or both) crossing the base dur:sg the so- ‘ 'I'he full
called "deficit" period and MORECS does not recognise this, In 1.+, the
meteorological model is, in reality, predicting the deficit in the layer of corn-
Stantly changmg depth above the zero flux plane.

The arguments that have been presented here are largely speculative.
comparison betwsien MORECS data and the measured values in the databank should
reveal to what extent and in what circumstances the pr.blems outlined are of
practical importence and highlight where any improvemev‘-a need to be made in the

model.

Furthermore, in the hybrid situation there is no reproducible field capacity
profile; in-the winter the water content profile is constantly changing, rep-
resenting the balance between long term continual drainage on one hand and rain-

£all and evaporation on the other. - Thus:

(1) The meteorologically predicted SMD relates to a changing depth of
profile above the ZFP and is therefore not coumparable with moisture
contents irtegrated oveirr a constant depth of profile, as normally

: _measured in the: field.

(2) There isno reproducible field capacity state,

(5 N

For practical irrigation purposes theﬂ 1 -teorological model in its present ‘orm,

ie predzctmg the deficit above the 'oro flux plane, may be most appropriate
because by replenishing this (partial) defieit, little or no water is likely to

be vasted by drainage, . It should not'be expected however, to agree with soil
moisture deficit monitored for a constant depth of soil profile,
The hydrologist, on the other hand, has to consider the full depth of the profile
and here tiie lower component of deficit should probably also be taken into con-

sideration by including a drainage term in the model.

. Conclusions:

Several problens arise from the foregoing discussions which “aie _particularly rele-

vant when comparing MORECS predicted SMDs with measured SMDs to assess the
R

' accuracy of MORECS. !
i (A \\

(ﬂ) (i) There is likely tc be a discrepancy betweer the measured and\ﬁredicted dates

/ from the onset of deficit conditions in the springz ‘this can arise from two
The first is the uncertainty in defiring a measured field capacity

sources,
datunm, The second arises from any error within MORECS in the balance bhetween ¥
if Ep‘is, (for |
s

\» and rainfall, which determines whether or not there is a deficit}
example) overestimated, deficit conditions will ap,.arently start earlier.
the two time series deficit curves can ‘de displacl.d in terms of deficit for the
entire summer season. The assessment of any errors attributable to MORECS

axr?’ "sing fxom this situation is thus difficult to resolve. _ e

‘Thus,

A2) It is not c].ear whether 'deficit' should be cons*dered to relate to a con=-

stant profile dept‘h and hence {nclude &n unquantifiable drainage component (which
- may be significant “in some soils) » or -whether it should relate to a changing but
unXnewn depth of profile above the zero flux plane, ‘Measured deficits represent
the first situation and predicted deficits the second _)Is a direct comparison

therefore wvalid? |
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“"method of calculating potential evagioration and the soil moisture extraction model

PRELIMINARY COMPARISONS BETWEEN MORECS AND MEASURED SOIL MOISTURE DEFICITS

I,

C M X Gardner, Institute of Hydrology.

Comparisons have been made hetween soil moisture deficits (SMD) measured at
grassland sites in southern Englana and MORECS SMD values.’. These comparisons
can only be regarded as preliminary for it has not been possible to use estimates
prepared by the new version ¢f the MORECS system which is to be introduced in ay
1981, The Meteorological Office has not as yet been able to re-run MORECS for
past years. As an interim measure, M Field of the Meteorological Office has prepared W
a near eguivalent to the version of MORECS which has been operative from April
i980. This "quasi-MORECS" uses data from individual meteorological stations to
' int estimates of SMD rather than areal estimates generated by the full
Although the meteorologiceal input is thus slightly different, the

st

used are identical to those used i MORECS prior to May 1981.

SMD estimates were prepared using;jthis model and meteorological data from ten
stations chosen for their proximity to soil moisture measurement sites which are

included in the recently cumpiled soil moisture databank (Gardner 1981).  The ;
' hree MAX values for grass crops (50 mm, 64 mm and 80 mm}.

‘ )‘

-

model was run using 11t

The soil moisture measurement sites

. measurements were availakle to cdlculate a lowest decile value, the lowest mois-
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Definition of soil profile depth and field capacity

Soil moisture deficits were calculated only for the top hmetre of the soil profiles
~as at many of the sites measuroments had not been made.to greater depthe. Field
capacity was dofined as the lowest decile of the profile moisture content measure-
ments nade ‘i;iur:ing the months.of Wanuary, February and March, of each year of L
measurement (except 107€) at eaci/site. At those sites for which tov few winter

§ - used.

© ey

ture content measured during the same pericds wa
BRI B : S TR S

This definition of fiei! capacity .s rather arbitrary but was adopted in pre-
ference to attempting to fit field capacity values to the data from eath site.
Tt assumes that for much of the first three months of each year soils are wetter
than field capacity. The keginning <£ 1976 was excluded f£cor many scils did noc
wet up fully over the 1975-76 winter, ' '

"
Initially, comparicons were made with MORECS estimates which had peen- prepared
using the MAX value which seemed appropriate to the soil type at each site. When
the measurements and the estimates of soil moisture deficift. were compared .jraphi-
caily (Figs. 4.2, 4.3, 4.4) it was found that there was reasonable agreemenl V.
Letwren the timing of the peaks and troughs of the pairs of curves and in some
instances bhetween the timing of the onset and termination of the main deficit
period each year. | v

Results

Soil moisture changes were monitored by neutron probe at the 38 field sites, wy

Y

various organisations, for pericds of two years or more between 1972 and 1979. S 4,
Most of the sites ara within 40 km of the meteorological stations (Fig. 4.1). The =
sites are all grassed, level or gently sloping,- and include sandy, 7loam, clay and - i |
chalkland soil types.' At most sites g‘eplicate measurements of soil moisture had : :
peen made in two OY mOre access tubes but for the purpose of the comparisons means Y2
were calculated. | :c
B Bet
oo e — FIGURE 4.1 S o
T ,!".:‘.- . . '. :};g‘ :;/ Ay _,I-_‘E,I‘: S ’ .
The distributions of the --g_ VBLUE G_r MAX: SO .
soil moisture measurement o :::gg:e’b' p
‘ | _sites and the meteorolog- e il )
ical stations : — 9 G . _ ) D
| | i Sl m_m = g i m w tg e oy m k& ki iy gt _te by_m s xl
o S A7 JAN'FEB MAR APR MAY JUN JUL AUG SEP OCT NBv DEC 'JAN FEB MAR APR HRY JUN JUL AUG SEP BCT N@V DEC . °
R N , ST : y 'y . e j o e \
L o 1877 0 # | 1978 i | oA
] S FIIGURE 4.2 Comparison between MORECS and méasuredeMDs at Wellesbourne
T (Warwickshire) in a sandy alluvial soil
) MAX := 50 mm RMS = 37 mm
oG N , T . | However it was apparent in almost all the examples that MORECS fairly consis- . = .
T _ . N S e 1 . ‘tently overestimated the deficit measured in the’top metre and the SMD e¢stimates , ™.
| O MET STATION .~ o produced to represen;; the Gloucestershire sites suggested that in most years the .
e - 8 SOIL MOISTURE. MEASUREMENT SITE | .. soils did not return to field capacity which.clearly contradicted the field evi- . " {J
- — — i ,"H '5{._,”’ " dence. ~ The data were compared quantitatively by calculating the roof mean square

P Y N

e
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e i W o DU ‘"aking the whole sample it was fOuxm that the RMS values ranged from 18 mm to
E: o v w » o e 1 almost 100 mm. The mean of the sample was 55 mm, The large discrepencies were
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‘ " 1876 1877 was used for ¢).1 sites,the mean RMS was reduced to 38.5 mm (Fig. 4.5).
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. Measured SMDs from a loam soil ‘near Hartpury (Gloucestershire) andJ

'FIGURE 4.5
' MORE(..S estimates prepared using the three MAx valuea :Eor grassland

- MORECS does not estlmate negative deficits ‘
and so cbmpalisons during sum *aericds, occurring during winter, ‘were not attempted.
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When the RMS values were grouped according to soil type, it was apparent that the
pest fits were for the five chalkland soils included in the sample, with MAX set
at 50 mm. Two examples are shown in Figures 4.3 and 4.8. The RMS values ranged
from 19 to 32 mm. MORECS over—-estimated the SMD except during the latter part of
drier summers, eg 1975 and 1976. The RM5S values within the 'other soil groups were
much more variable. It should be noted, however, that this result could have been
vety different if a profile depth greater than 1 m had been adopted.

Reasons for over=-estimation S L

2

MORECS may appear to over—estimate SMD relative to the measured values because
the system is at fault, or because -the basis used to define the measured deficits

« 48 inpppropriate. Errors coulc alsoc have been introduced in this comparison if

the ¢hosen meteorological stations did not represent the soil moisture measurement
gites reasonably well, However , as the full MORECS system only uses onc set of
meteorological data to produce  the potential evaporation estimates which represent

. - each 40 by 40 km grid square, the exrors are likely to be similar to those which

'would be obtained were a comparison to be made using the grid square SMD values
prepared by full MORECS. P :

'I‘here are three possible explanations as to why MORECS itself might ovu—cstimatc

. the deficit; these are not mutually exclusive.

¥

1 The calculated potentiail evaporatuon vailue (Ep) might be too hlgh. |

2 The MAX values could be too large,

3 The relationship of the Ea:Ep ratio with SMD which comes into effect when the
SMD exceeds MAX may be inappropriate. : -

The Meteorological Office. had been aware for some time that MORECS' potential
evaporation values have been high relative to those obtained by other methods.‘-'

8.
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\\1[ L1977 ¢ A 1978
qum.\4 ' SMDs measured at a Gloucestershire site compared 'with MORECH" SMDs
\t& prepared using both stmdard and mod:lﬂed 1:\' values (MAx 50 mm)
{ 1 AR

W

‘MAX, was changed such that actual ’evaporation ‘rates-were slower than at present. . -

exactly from these data what relationship would e more suitable.

25

f‘ \Ii ‘ . N , i
1 b : ) ‘
Lol ' ‘ v

. ‘_ ' |

This was thought to be due to. ‘the use of rather low surface resistance values
with the Penman-Monteith equation. Surface resistance values for grass of

30 sm ! were used for the'period April to September and increased to 50 s
during the winter months. L.ooking closely at the comparisons there was evidence
that the MORECS Ep values were dgenerally tou large; often the deficit period
commenced too early and the deficit built up more rapidly than that measured
early in the season. 'The quasi-MORECS was re-run for the Gloucestershlre meteo-
rological site with the surface resistance set at 50 s m "1 in summer and 80 s m
in winter. This reduced the size of the SMD estimates as expected’'and improved
the match with’ the SMDs measured at nearby sites to a certain extent, as shown
in Figure 4.6.

-1

I! i | ;
. _ e ;..

“, The effect of réducing the MAX value is t\;'ofold (Fig. ‘4.7)“:'

1 The developing SMD reaches the MAX threshold earlier in the season and so the

consequent J.u:lucuon in c..vaporatwn rate is introduced carlier. ' -

i

2 The maximum allowable deficit ‘(2.5 MAX) .is smaller and is reached...sboner.
0
301 - == MAX & 50mm
SMD

l 200+

FIGURE 4.7 = The effect of reducing MAX on MORECS SMD cstimates. In the diagram
' M*X is changed from 80 to 50 mm, the MAX threshold iz therefore
reached earlier in the season, and the maximum deficit is smaller

and achieved sooner o
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The second effect was more important in improving the fit between MORECS and the

measured SMDs in this sample of comparisons. This was because according to Pt
MORECS, regardless of the MAX value used, the maximum allowable deficit was usually
reached, even in the relalively wet summers of 1977, 1978 and 1979, although the =

‘largest measured SMDs in these years were generally between 100 and~120 mm.. Thus

using the same Ep estimates an improved match of MORECS to the measured SMDs

~could be obtained by using smaller MAX values. However, the existing maximum

allowable deficits of 125 mm, 160 mm and 200 mm appeared to be more appropriate, |
for during the drought of 1976 the qreatest deficits achieved in the top -metre..

B ial

;.__‘ranged from 115 mm to 200 mm at the sample field sites. 7 o ) N

Retaining the 50 mm, 64 mm and 80 mm MAX values fer grass, a better fit could also
be obtained if the relationsh:.p between ‘the Ea:Ep ratio and SMD, when SMD exceeds

But given the uncertainty.regarding the Ep values, it is.not. possible .to indicate .

ARV
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The errors appareant if this compacisoriizy not be entirely due to MORECS, but
could result partly fr‘c‘:m\. the definitions of profile depth and field capacity used,
There is no indication in the MORECS definition of SMD as to what soil profile
depth this refers. Increasing the profile depth considered usually increases
the measured SMD significantly and thus improves the agreement; f£for example,
SMDs measured in t.l}g‘.""{;fmd 2 m proffiles of a chalk soil 'are shown in Figure 4.8.
There are large nn:isg’ g content cﬁanges in the chalk between . ' and 2 m depth during
the Sunmer because y..at abstraction of moisture in the rootinj zone above results
in an upward moveme'nt of water to the roots. For this site, i:he match with
MORECS jin 1977, 1©78 and 1979 improved when a 2 m profile was considered. However
in the dry summer of 1976 MORECS seriously underestimated the deficit in the 2 m

profile,
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50 mm - RMS(2 m) = 38 mm

RMS(1 m) = 32 mm '
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Changing the field capacity values for the field sites makes the measured SMDs
_larget or smaller depending on whether field capacity is increased or decreased,

respectively. For those sites for which MORECS persistantly over-estimated the
deficits, increasing the field capacity values thus also resulted in closer

agreement,

i

Conclusions

LK
Bl
-

The overall impression gained from these preliminary comparisons was that for many
of the sample sites MORECS estimated the relative changes in SMD in the top 1 m
of soil tolerably well, but not the absolute values. For certain sites the fit
was quite acceptable in some:years. However the current version of MORECS evi-
dently tends to over-estimaté soil moisture deficits for ithe top metre at least.
It is apparent that the agreement between the two datasets could have been im-
proved in most years by altering the MAX values using in MORECS, for example, or
the measured profile depth considered. Doing so, however, would not necessarily
improve the fit for 1976 when exceptionally large deficits developed. Any future
changes to MORECS should not only reduce the SMD estimates for average years but

also allow for extremely dry yea 8.

The incorporation of more appropriate surface resistance values into the system

as from May 1981 should improve the SMD estimates “but until this comparison can

be repeated with the new full version of MORECS itd using data from more sites
representing different crop and soil types, it is not possible to anticipate how
well the system will behave in future. The importance of recognising that measured
SMDs are influenced by the field capacity datum and the profile depth used to define
them has been emphasised in this and the previous paper and should be considered -
in all comparisons of measured and predicted SMDs. ¥
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. out by the Institute of Hydrology (not specifically for this paper). JA descrip-
tion of the six sites is given in Table 1. ‘ o
- TABLE 1 DETAILS OF SOIL MOISTURE MEASUREMENT SITES
i N -
Site/ Alti- Annual Vegetation Dominant species  Soil Type .
GR tude rainfall : | /]
- m) (mm)
plynlimon 500 2200  Upland™ Molinia cazrulea . Hireathog series, peats.
SN815855 sheep ~ Festuca offtna _  and shallow podzol o
pasture Nardue etrieta =  solls overlying imper-
’ | meable slaty mudst~=gi.
Bridgets ' -
Fa¥m 85 790 Simulated Lolium perenne Andover series, 30 cm
50518340 - pasture Dactylie glomerata silty clay loam over-
Agropyron repens lying chalky drift and
- 'main chalk,
w . B o
.Fleam Dyke 30 540 Short Dactylis glomerata. 30 cm talcareous brown
TL539549 mown - Holecus lanatus earth overlying middle
| grass Festuca rubra - chalk - . |
. ‘ 0 e .,i,l_:_'\\\:?\
Cam 107 580 * Mixed Lolium perenne - 100 cm brown calcarecus g
BE36423 . pasture/ Dactylies glomerata soil overlying: houlder
meadow Phleum pratense clay, - .0 oo
Grendon :J 76 ‘170 Pasture/ Lolium peremne Denchw--,h, Evesham,
SP678208 ' "meadow ' ' riie ¥ “ase, Pomsham,-
' E o : Kr-wi Hill series,.
100 wm clay loam merging
. intﬂ h'fﬂwu,clay
MThetfozd 50 550 UngrazedV Agropyron repens W Worlington series, sandy 3
.. (forest .. = . o« . ~_ heath/" o $Tmmﬁhwg I‘eoil of varying-depth
- elearing) % S .~grassland - ' | (30~120 cm) overlying
- TL799836 : P T Ry Lol chalky drift and main
o - }% W o - . L ’z“ Vr Chalk - ‘\—‘j
. ',J/ . . . o L . . . -
I[,// o - o - - R .- e . e . T g

:?;5 '~ THE PREDICTION OF SOIL MOISTURE DEFICIT : AN OPERATIONAL APPROACH
IR .Calder, RJ H:arding and P T W Rosier, Institute of Hydrology.
’ Introduction

This paper is concerned with exploring ways in which the performance of soil mois-
ture deficit models may be improved by the inclusion of more detailed equationg for
estimating both potential evaporation and more complex root constant functions
which relate actual evaporation to potential via the moisture status of the scil,

The Data

Some three thousand neutron probe observations of total soil moisture content of
the profile were used, in this study. They werec obtained from expariments carried

o
N H
A

Method

The study started with the simplest conceivable soil moisture deficit (SMD) pre-
diction model and then assessed what improvements in accuracy of prediction could

- be obtained by incorporating progressively more detailed equations for estimating

potential evaporation and root constant regulating functions as illustrated sche-
matically in Figure 5.1.
! ; :E‘r

FIGURE 5.1

The expected improvement in
: | ‘model fit as a function of

from - Guver increasing knowledge of the

root constant functions and

Peaman _ evaporation estimates

Prhiestiay-
Taylot

Mean
Ctimatoplogica!

Constant .

ncreasing hrgwiedge of the

METFORQLOGICAL Jermang

Incteasing knowtedgs of the SOIL watnr )
svailability/dtainage characletistic

¢ f i "

PR RS AR R N R
Notoot Fenman Layer [lLingat Layet .
Constan! A4 Expornential

T
Ontirmiged

Al] mooei “urmur ',xﬁﬁdre based on the following four assumptions:
\l\' f i )

1 Trat there is nﬁisoxl water drainage when”the moisture.content of the profile
is below "field capacity"; . o L o

K the moisture content of the-soil, it Lxceeding fieJd capacity, will, in the
absence of precipitation, return to field capacity after one day,

3 the change in moisture content of the snil i5 equal to the precipitation
minus the evaparation that occurs on a particular day; b

4 the actual evaporation is equal to potential evaporation multiplied by a root
constant regulating furction.r. b e |

sy . . 1 f

The mathemaficai formulation of Lhe model is thcn given by:

i

sMDi i1 ‘S.M.Di E} Py SMD>G
~ A .
SMD =E, -P SMD, < O

0 Nt SRS

SRt i

Where at the experimental Qite under considerat iqp:‘_ ' ﬁj_rpw.;#ﬁ*m'_;,@:

iy ) - . L i PR . e

§ r)‘.:.MD = SMD predicted on day i . Pi = Precipitation.onﬂ@é@ti,: R
- () . : . U o S RN e
r s o T T e TSI e
= Evaporatlonbon day _1_. : e e e s e e e e © oy
/, + ,‘_i . . . . . .. A e e LR : S ) B TP ..;L,\:. , " - i
S_— _ gy e
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Field «<—-apacity values were obtained by an optimisation procedure in which trial = X C . : ; .
field <—apacity values were adjusted until the best fits were obtained hetween ' ' unoptimiseo functions and in Figure 5.2b for the functions in which one parameter
wintex wvalues of observed and predicted 5MDs. The objective function is given by. it il was °Ptiﬂ?}59-d at each site, | ‘
nt A 2 A
1 5, =1.{SMD, , - SMD,) for SMD, < 30 mm and SMD defined by: - |
j i3 i i 1,3 i ‘ .,
- MC, . |
1,] . 68— ) No root canstant s _ L
final day number '-ith observations T | " Penman roat cOMItANt  mm e | 7
t o oy ; -ﬁ ‘ o Layar medel —
nimber of tubes W " |
. , o HA
U ' t":' 0 4 o e
f].L..Lu \.apa\.it}, valuc for tube j, @
i.e. the value being optimisad 07~ 'THETFORD
MC_ , = moisture content observed (for tube j on day No. i). , y — _ -
- [} . o .‘,"; . ) : . '
| 00 T l r 3 i l T |
For this procedure an SMD model which assumes an evaporation equal to Penman's Et =~ : ! H o S;:',UMO,-..M::UDQ,.C.;:O:m; e . -
4 withowutT a root constant function was used, Because only winter values are considered B ‘ ‘
the £ie>12d C-“!nacit‘v valuoc found were essentiallv independent of the modol used ‘
: | 10 .
Thirty different models were formulated using all combinations of five corr. ‘onent B | »
~potenti al evaporation eguations and six component root constant functions, = The ~ ° W ( Oolimisad exponantial. staplength = 53 mm ! -
potenti .al evaporation formulations with their data requirements are described. in : R VR - 08 — " P 2 exf slapiend :
Table 2 s the root constant regulating functions are shown in E‘igure 5.2a for’ the Optimised lineat AW = 2/0MM st
S -_' Optimised layor, steplength = STMM e we tf
TABLE 2 DETAILS OF POTENTIAL EVAPORATION EQUATIONS USED iN Ti{E ANALYSIS o6~ | L
‘ ~ fng Vi .‘(1- :_: f— - ,
Source Equation (mm day-l) - Data requirement s Z 0 4= T
o . . '!!‘ ™ f
e : : ’ /t ' o o ' . b : R (b) 0 ) o
Constan<tT y ' Mean annual total a— 02 THETFORD | RS )
‘ . T . J.‘Pexuman PE for UK ‘ '?’) A : e
+ Climato logical Smith (1967) = 1,5, {2%sin Megn monthly Penman o R 00 ! ‘ , I !
= . : _ T I ! |~‘
o J for UK T PR L 0 -4'0 L B0 120 160 200 240 280 cdzo LW |
v . : , . asARnN / ‘ AR | 1 . ., Soil Moisture Deticit{mm) R A o B
 Priestl =y~ - Priestley~Tlaylor Et T v A R Daily temperature and N S ‘ = ' R L BN
Taylor - (1972) i v . _ . . Sunsnlne from local -l ‘r.-'.\ S : | ; o _ . e =y -(.a"' B ;,J:__-‘_:.,Z,'.?_“:T'. B
. A*Rn+Y*Ea - FIGURE 5.2 The forms of the regulating functions used to determine the actua‘l
‘ : : = Daily t DR S
penman | Penman (1948)" A + Y * sunszizzmpiiidu:§é | g ST " evaporation (E) from the potential evaporation (Et) for a sample
! : function b) The o timised *functionsf'
humidity from local FE. site (a) .The unoptimised ti s (b) ° p | o
~ Thom amnd Oliver Thom and Olivex E, = ==7% +ln°y d.ittC;,,_.%n R AR Model performance' was asse.ssed on the basis of ‘the classical goodness Of Fit i
(1977) e | . ﬁ S y - ” criteria involving the summation of the squares of the residuals Petween obser- ;
- : e —eemee T vation and prédiction. A model error and the standard devi“'ation of the data were
- o -l ErT mmmgghsoae  then calculated from this sum of squares of residuals (for full details of t}"ese S
_1sthe slo;ua of the saturation vapour'pressure curve (mb"k ) f- P fj‘ j.quantities, see Calder et aZ., 1981) e e g A e
is the psychrometric constant (mb "k )_\ P S . o ,
is the net radiation equivalent in mm. T _ . Results and Conclusions
I £ ":"',") . . u ) : ,_ .

The_ relative performances of the model configurations over" all t‘re experimental

. o, I and m are empirical constants- _ e
Ea-= 04 26*(1 4 0¢54%u} *VPD where uis the w1ndspeed (m sec ): and VPD is ithe .«
Lo vapour pressure defioit (mb) RN N S . sites in terms of the mean of all sites model error is shown in Figure 5 3. } ar
< e number of general features can be identified | - S
Y % 8] \; f h ' L\ : £y
D : G g B
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: _ration)., This  implies that in addition to the SMD negative. feedback mPChanlbm
',which limits ‘transpiration in times of high SMD thefe is arother, fndep 1dent,
negative feedback mechanism which limits transpiration in timee of high atmos~' B

: pheric demand

~and, a. =°xpected, the constantzformuiatron produced the worst model fits.

hFigures 5.4 and 5.5 show the observations .and model predictions, for two contrasting

~ Farm and Fleam Dyke the optimised parameters are relatively large and the use of

‘in the drought of 1976). In _contrast, without the use of a root constant the SMD

)

FIGURE 5.3

: _ L
The mean of all sites model/
error (mm) for all combinatibns
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- 4 - LI |
Thom - ouwra'x.‘&s. @ W2 E 3 23 of root constant functions and
“zfm o . . evaporation estimates
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No toot Penman Layer [Linear . Layer ¥
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N S T
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e .t |
Y . . .- o
‘ vy i ' L S u 1 S
1 The best model f£its are obtained with parameter optimisation. - The differences

between the model errors for the various optimised'modo; cqnfiguratione are small.

2 without parameter optimisation thL most auoceeefui bmu modelb are. LhobL incor-mnmmw

porating the layer requlating funetion., = - . v

1

3 The potential evaporation equations incorporating either the climatological
mean or the Penman formula LonJ are. the most SUCLGSbel A ’

s '!..L:.‘

4 The Thom-Oliver and Prleetlvy*Taylor formulations produce relatively poor fits

sites, using no root constant (5.4) and an unoptimised layer formulation (5.5). (The ]
results of the analysis for all the individual sites are detailed fully in Calder U
¢t al. 198l1). It is evident that the regulating Functic:i which produces the best
fit with the observations is very site dependent; on the chalk soils at Bridget's

no root constant produces the best model fit. A similar result is found for the
upland, peaty soils at Plynlimon where deficits appear to ‘developat a rate’ dic--
tated by the potential evaporation, up to the . highest deficits observed (100 mm,

ostimates for the clay soils at Grendon and "he Cam and the sandy soil at’ Thetford
are seriously in error. : . f :

Iy . . . . . . S s Lo . IR RN P e

The success of the climateclogical mean potential evaporation estimate at ali Sitesirw;m.g

and for all years (including the drought ycar of 1970) clearly demonstrattemthc‘
‘remarkably conservative nature og potential evaporation, withinfthe UK, both spatiab

and temporally., It seems probaole that cn . a day-to-day basis grass tranvp,ration .“
does not respond fully to variations in atmospheric demand (ie, potential evapox e

L LY (S IR
L ;
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FIGURE 5.4 R
The mean obsvrved and predicted SMD
values prepared without the use of
a root constant, for two contrasting
sites ‘

(a) Bridget's Farm  (b) Grendon
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FIGURE 5.5

The mean observed and predicted SMD

values prepared using an
un-optimised layer formulation

(a) Bridget's Farm (b) Grendon
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It can be concluded that more detailed potential evaporation equations do not

necessarily result in improved SMD predictions. Indeed, the use of a simple
climatological mean estimate of evaporation, which requires no measurement of
the meteorological variables (other than rainfall), produces. (marginally} the
best SMD predictions when used in conjunction with an appropriate root constant

“requlating function.

: ‘ ti
It should not be forgotten that the SMD models that have been used in this study
are based on gross simplifications of the real < stem. Inevitably the optimised
root constant values that have been obtained will be making allowance for many
‘different possible mechanisms which may modify or change SMDs other than those due
to transpiration by tl'e crop, such as the effects of interception, soil moisture
" drainage, deep abstraction and evaporation from the soil surface. It is the
belief of the authors that until these effects are further investigated, and in-
corporated explicitly in SMD models, little advantage can be gained from further
developments of the meteorological aspects of these models. :

Calder, I R, Hardirg, R J and Rosier, P T W. In press. An objective assessment
of moisture deficit models. Paper submitted to J. Hydrol. |

Penman, H L , 1948, Natural evaporation from open water, ba; 2 5011 and grass.
Proc, Roy. Soc., Ser. A, 193, 120-145,

Penman, H L , 1949, The dependence of transpiration on weather and soil conditions
J. Soil Sci. 1, 74-89

Wy . . i
\\ ! F

Priostley, CHB, and Taylor, R J , 1972.
and evaporation using large scale parameters.

On the assessment of surface heat flux
Mon. Wea. Rev. 100, 8l-92 '

imjso‘.'-* S
Thom, A S and Oliver, H R, 1977. On Penman's equation. for estinating reg _ona.- el
evaporation. Qv J. Roy. Met. Soc.436, 345- 35‘7 o _ . o R e

Smith, L P. 1967. Potential transpiration. MAFF Tech. Bull. No. 16.
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6 ‘MORECS: AN AGRICULTURAL ©ERSPECTIVE

J L Monteith, Department of Physioclogy and Environmental Studies, University
" of Nottingham.

Agronoy

Farmers are not interested in the rate of evaporation from crops but in how fast
they grow, how much they yield and what profit they prcduce. when we start to
consider the agricultural and horticultural uses of a scheme 1like MORECS, we have
te remember that growers want tc know wher to irrigate, how much water to apply and
what increase of yield can be expected per. unit of applied water.

For the main arable crops grown in Britain, all these questionq have been explored
in detail by Dr Penmai...and his colleagues at Rothamsted, working first on a light,
sand soil-at Woburn (Penmcn 1971) and later on a clay at Rothamsted (French and

Lega 1979).  Figure 6.1 illustrates the type of response they obtained when the

... yield of an urlrrlgated crop\ (Y) was expressed as a function of the yield (Y ) from
¥, & nearby irrigated crop in tha same season. The relative yield Y/Y_, measured over
a number of seasons «as plott © as - function of the maximum potential soil water
deficit calculated from the records of rainfall and of potential evaporation. For
-geasons in which the maximum derficit (D_) wnilless than a limiting value-(D.,), the
relative yield was close to unity, but w}'uen"nr’r'I exceeded Dl the lase nf rrlative

yield (1 =~ Y/Yi) was proportional to D, - D_. ; s S a

- Physiology: leaves __ o
. o lﬁlkifsfe . e .sed‘a {ﬁ,

The physiological interpretation of Figure 6.1 is that there .is a range uf soil
water deficite (O to D,) within which growth is restricted by erivironmental
factors, such as 1light and temperature, rather than by water suppl',f Qutside this
range the rate of transpiration and the rate of growth decrease in' almost the same
‘proportien. First, both transpiration and growth depeud on the firaction of
radiation intercepted by a canopy. This fraction is less when leaf expansion is
restricted by drought. Secondly, stomatal closure in’resoonse to dldught limits
‘the diffusion of water vapour and of carbon dioxide. Accordmg to a simple re-
. sistance model of the system, partial closing of stomata should restrict the loss
of water vapour more than the uptake of carbon dioxide which is limited mainly by
the rates of biochemical processes. However, the fact tlat growth ard the loss of

i ) fo' . . . - ,  VFiGuRE¢6-1” “””.g:w" i - ) L

W
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DT . S

Tetermination of limiting deficit D
I , L o by plotting the relative yield from .

: : —_— o e o anrunirrigated crop against the -

' ' max3mum s0il water deficit calculated L
I.vom fhe potential evaporatxon rate
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watex are so closely correlated is consistent with recent evidence that the con- Lo
centration of carbon dioxide in sub-stomatal cavities is maintained at an almost
constant level in light, at least in some species. Simple analysis predicts that
the rate of carbon dioxide uptake should then be proportional to the evaporation
rate and inversely proport:ional to the ac turation deficit of the atmosphere
(Monteith 1981) . g :

Physiology: roots

The limiting deficit (D,) is determined by the maximum rooting depth of a crop
(usually between 25 and 100 cm for arable and grass crops in Britain), and by the
avaiiabie water per unit depth of soil in the root zone. So the value for a erop
growing in Rothamsted clay is about 2 times the value for the same crop growing
in Woburn sand. During the first part of the growing season, the roots of an
arable crop move rapidly downwards. 1In a temperate ciimate and in agriculturally
important soils, root extension into wet soil makes new sources of water available
to plants at a rate which is usually less than or equal to the evaporation rate (3
to 4 mm/day). The deficit becomes "limiting" when root extension stops, either as
a .consequence of physiological control (as. in cereals at anthesis), or when down-'
ward penetration is inhibited by an impermeable layer of soil. 1In a semi-arid

., climate, however, root extension may fail to keep pace with an evaporation rate of
7~10 rmmm/day and in these c:.rcumstar\ces, "limiting defic:Lt" may not be such a useful

concept. P : :

'Agﬁlricultural meteorology;.

The implication of: Figure:6.1 for MURECS, and for any other scheme for calculating -
evaporation, is thdt high precision is unnecessary when estimates of irrigation
need are supplied to firmers. The objective of an irrigation programme is to main-
tain the snil water deficit between zero and D by specifying how much water should
be applied, and _when, but the error in calculalt'ing evaporation is only one of a
series of uncertamties. | | o -
5 IR SRR ' ' N
1 The appropriate value of D, for a specific crop in a specified soil will
nooo 'rarely be known to better han +5'mm and will often be uncertain to ilo'mm. S )

'.'2 : “The timing o£ an irrigation will be determined by its place in a sequence of
’ farming operations and may depart from the day on which D, is achieved by,
say *3 days, equivalent to %10 mm of evaporation in a temperate climate.

3 A farmer is unlikely to know how much water he has applied to better than
B ) +5 mm.‘

. If the average interval between irrigations is 3 weeks, equivalent to 100 mm of
& 'evaporation;"agricultmal‘ meteorologists can feel satisfied if their estimates of
,/evaporation are correct to abput *15%. In Britain, this accuracy can be obtained =
.. by using the Penman formula as originally developed by MAEF for forecasting ;
“irriga‘!:ion needs: In a* drier cimate, where the Penman formula-tends to unders-
| estimate ev.;poration from creps’ because the aerodynamic tern iy too small the so-
a"led_‘Per.man-MonteiLh,,fomula r*ar;. be used with a minimum:; arface resimance ‘of
X SG- TV to estimate a. pot.\eru.a.u.m G evapoxation rate.. Attempting to relate surface e
‘r‘esistarce’* kosoil water defiéit- or water potential (Russell 1980) is a- difficultf-*“'

de, L
exerca.se, unlikely to beneiit the farmer., o L B
E 1 .'J - - ', BT o W T AU |

"u

'I’o .ium up, progress in developing MORECS for agriculture and hydrology depends on " 2 _
better understanding of ‘5011 and plant factors rather than a refinement’ An miero= "

\Y metec;,rology. gricuitural metecrologiets need more information from the 1; £ ield
. ' ‘? ! o . L : L Es L _ a LS t v :_. ' ‘ il’ 4 _
) """’r‘!f"‘ ) . . V?"‘L, Jl&, : B "l":\ , : . . R P Loy Ll _ e s TARE T




38

. about appropriate values of D, but hydrologists also need to know how surface
' - resistance changes when D, is exceeded.

French, B K and Legg, B J, 1979. Rothamsted irrigation, 1964-76. J. Agr‘ic.‘ Sci.,
Camb., 92, 15-37. _ SRR

gl

Monteith, J L, 1981, Climatic variation and the growtn of crops. (. J. Roy. Met.
Soc. 107, 749-774. . !

Penman, B L, 1971. 'AI“if:igation at Wo. .rn VII. Rep. Rothamsted Expt. Stat. for 197G
part 2, 147-170. , \ -

. Russell, G, 1980. Crop evaporation, surface resistatice, and soil water statistics.
. Agr-ic- Mf;‘.’tlo ’ 21; 213"226.' J .
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4 MORECS : NOTES ON A HYDROLOGIST'S PERSPECTIVE

K F Clarke, Operaticonal Planning, Anglian Water Authority

i

S

/‘.

Sy
She

Mr Clarke opened his presentation by stating that he would not necessarily give
the view of a Hydrologist but rather that of a representative of the Water ,
Xndustry. = He described the operational planning work of Weter Authorities and
Tiis job, within operational planning, at the Anglian Water Authority. Their

objective was to make the most efficient use of the Authority's water resources.'

‘water Authorities have several uses for evaporation data: to assist flood fore-

shire Limestone, shown in Fig. 7.1.

. Ruinfall Potential

evaporation
| [ o T r \Throumlel |
' | Evaporation Progortion of throughfal
R 1 - achal ,.,notorum...*f‘. pxcess of 60 mm/month
' v : ' g
\}p .. ‘i . . “‘h‘ - . . ‘
| Aol evio. sl Proportion of surface
B = Potential evap. runof! becomes
: ‘ - rapid recharge
Actual evep. n | *
< Potential evap. big o . #
Siow
rechargs Repid recharge
. Abl_lrlclion
Ovmluwing
boteholes 4
; ,‘ /

casting; to assist water resource operation in drought periods; for calculationa.
of groundwater recharge to assist in the planning of water resources de_ve\ippfnent_:“,‘
and to gi.ve a guide to eustcmers (eg. farmers) reqqiring such information.

' Limeetone ’

An example of the use made of evaporation data at the Anglian Water Authority was
i llustrated by a description of the 'lumped’ aquifer model of the Southern Lincoln-—

FIGURE 7. 1 S

The 'lumped’ aquiter model
ot the Southern Lincolnshire
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Mr Clarke remarked that in his general opinion the data produced by MORECS had

not - -heen of much use to the Authorities, He considered that although MORFCS cal-
culates the meteorological component of the analysis well, it dues not succ.eed

in its treatment of the hydrological aspects. Thus it would appear that for many N
purposes the water authorities require MORECS evaporation informatlon , plus a azimple '\.:\
lumped model, which would be operated on & catchment basis. i
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8 COMPARISON OF FIELD DATA WITH WATER BUDGET CALCULATIONS

: H S wheater, Department of Civil Engineering, Imperial College of Science and
= T T@chnology

-

Experience with the original Meteorological Office soil moisture model (Grindley

1967) and predominently clay soils under grass in the west of England, has indi-

.cated that comparison of the non-optimised model with observed soil moisture

- defxcits can be excellent, In general the observed seasonal response is well
ﬁropeoduced (Fig. 8.1). Penman (1949) suggested that earlj season rainfall would
influence root development and hence the effective root constant, eg dry
conditions would encourage deeper rooting. It may not be coincidence that the
best .performance of this model compared to field observations was achieved for
1977 in which year the early season rainfall was close to the "typical® conditions
which influenced Penman's original choice of root constant. This might indicate L
‘that a dynamic plant representation ‘would usefully improve the performance of this - =
type of model.
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smaller effect on the calculated regional soil moisture deficit than the accurate
description of land use distribution (Fig. 8.2).
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I'IGURE 8.2 The sensitivity of the Grindley model for SMDs under grass to ‘the

meteorological data input
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High quallty soil moisture data to comparc with estimates from models such as

MORECS are comparatively scarce, particularly for vegetation other than grass.

For this reason a serics of exper1mcnts has becen established at the Imperial College
Field Statxon, 51 lwood Park, in which soil moisture conditions under graqq, cereals,
orchard“ brassicas and field .beans are being mmut\ored over a three year pexiod L
Preliminary results for the 1980 season indicated that MORECS significantly over- /
cstimated soil moisture deficit for the crops listed above on a sandy soil of low

“r

~available water capacity,

Grindliey, J 1967, The estimation of soil moisture deficits. Met. Mag. Lond,

iy R

“ap, 97-108. u ' A o o

Penman, H L, 1949, The dependpnce of tranﬂpiration of weather and soil
conditions. J. Soil. .sci. l, 74-89,
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9  ESTIMATION OF 50IL MOISTURE EXCESS, AND VERIFICA‘i‘:ION

B J Greenfield, 'I‘hames""Conservancy Division, Thanes Water Authority

E . |
ir . R N

Hydrological interest in s0il moisture models lies usually in the estimation of

- soil moisture excess, i.e. percovlation or runoff, It is important therefore, to
consider soi 1 moisture étcess rather than deficit, when assessing the performance
of a soil moisture model since the generation of apparently reasonable deficits
does not ensure the generat:.n. of reasonable estimates of excess, S

el

Onr riethod of tesving nstimates of soil moisture excess is to use a catchment
storage model aud to compare generated and observed river flows. Although it is
generally undesirable to use one model to test another there is no more direct O
method and it is probably as valid .»s using point measurements of soil moisture o
. deficit to test calculated areal values. . ey

Direct sumer percolation e Al

It can be shown, using this method, that the- dry;.ng curve concept can produce
reliable estimates of soll moisture excess provided one basic modification is made
to the model and provided an appropriate drying curve is used, It is not

sufficient to arbitrarily define a drying curve and then to expect reliable results.
The basic deficiency in the traditional (Penman) approach is the absence of summer
percolation, There is wldcrprf.ad arceptanc:t. of the existance of this phenomenon,
(e.q. fromgroundwater leve:l and river flew hydrographs and from tracer experiments) .
but it is ofte:n, as in MORECS, totally ignored in soil moisture models. A simple
allowance of say 15% of rainfall axcess over potential evaporation on any day by-
passing the soil moisture store is usually sufficient to provide the right order
of summer percolat_ion. ., Figure 9.1 shows the: effect of\making this allowance on Ml
a‘nencrated river f cw hydrograph.

25 D?mHH R 1 FIGURE 9.1
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The oOptimum drying curve

The groundwater model approach may he extended to provide estimates of seasonal
maximum actual deficit which i turn may be used to derive the optimum drying
curve slope and "root constant'™ for a specific application. Figure 9.2 shows an
exampPle of determining actual Soil moisture by trial and Figure 9.3 shows how such
estimates may be used to derive a d;{ying curve.

25 f{a:nfajml , FIGURE 9.2
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At: Thames Water we have found the root c.onstant value ';.‘o* grarsland varies tmm i

25 mn to 75 mm according to underlying geologr, but they uryinq curve s’lope (i c

Vi actual/potential evaporation ratio for Jdeficits greater that t.ne rcot '*onstant‘ has
a constant value of apprcoximately 0.3 for all .areas. ' Dc.fi-.' ts apparently o

attalned In 1976 indicate that there is no val idity in the con-wzpt of maximun.

ic'Ln.ated 2 the

) is not clear where the concept of maximum t’ef cit cw
. author i‘i Kess. fwm:e of any reference to the idea in Dr Pemnan s publr-at.;ons.
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10  COMPARISON OF MORECS WITH CATCHMENT DATA -

G Davies, Sev"e.rn Area Unit, Severn-Trent W ‘EurJA;Jthori:t};"
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'-';‘ uurlng the autunm ot 1‘38.) snme douht was wst on t':n accuracy of s-ml moisture ' -
L Qeficit, (6MD) data pxoducr*:l by the MORECS . cm‘“ T’ fnr the Severn Citinment. :
%dcratel}' high vaiues of SM) were reported, I *.‘ i nf the Serer:, .Baxin for a
r‘»urlod when river flows wc:e responding to "nnfa_l ;u"ilv g fha‘ “the catchment
"‘dS hq’ai, ”-O f" CA-d f..u'f"af? "‘1?' : 4.}}#,'\ '7_,; ',__C," '(

- , t/'w'." ' ‘ ) r - : . - ‘ .
. .Lt,,,va" t1~-refore dcc;dod to (:ompare MORECS data with data for a natural catchment
it wu"h rittle groundwater siorage for the period January 1479 to December 1980,
T,hrlu‘-’ea Arook (mt«,mue:nt'a-:;ea 178 km°), a tributary.to the River Severn in Shrop-
shifey was Chosen as a s.u,fable catchment-with a good flow measurement station.
_A nethuzk 68 five.dal’ ‘y nalngauges and one avtomatic climate sghtlon (located
el 1fr'1 +r~ the PR A ’5' B te ralentate dai 'y Areal r3dn€all "9nad Peoman roten-
~jal v\ruporatlun ‘datal \,l'f‘ae\\catchmcnt falls part-ly in the west of MORECS scquare
1'74, which was dsed for ﬂ?rnnavv*c:n.

Cerd PR l,r '.”{ PR { R J[ ”l : ;_5_..‘

.n

. . R e

LA computr-r Program was" x.mc‘zi te calculato daily o .1«“:1«.'*1: estimates of actual
:vaporat_mn. .,c,u I:]C"l.'st.u&'lt ummu- and etfectivs, vhinfall using the root constant Y
L Tonelpt 111111 14 Pm ety -}"VH.:_; curves and k-mpnm an independent budget for

"“‘AC'H ’1 *zr*q’i usy ‘Lj/';’i* in -;‘{ 635, nld way to the method published by the Metcorological
i‘~!-..;! v (priidicy J.J\.,JJ -  .;I i

K
x}ﬁ/ \. cw eer\vauﬂon"and "?cal kqgw\]n;jq] S
n} . ;

e, u-gLumn.nL iand use distribulion was estimated by
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. FIGURE 10.1 MORECS estimates of potential evaporation for square 124, and
values for the Rea Brook catc.hment in 1880

In 1979 MORECS estimates of SMD returned to field capacit"z‘ mig 1t1y J‘ater than the
catchment values, " However in 1290 MORELS valdes vere sigilficantly ‘hg’mr from
June onwards, not reaching zero by the end’ of Dem.emben ‘ig».,lo.?) ’ whervas the

SMD f0r the Rea Brook catchment returned tq fz >1d capa ':Ity .during Octono-.
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Examinatios” ;11’ the flow hydrograph for t:he Rea Brook shows that it
respond: to raxnfall in late September to early October.

started to

MORECS esfimates of effective rainfall were significantly 1owef{* : " catchment
1979 and 36% in 1980. Values of catchment rw. if for both

values, by 19 ix
years agree yery c105r;j~' with tne ratchment estimates of effect:we ra..nfall.

L ! i

Conc]u’éio.‘i“s oo

Becaufse the estlmates of catchment effect: Vi ramfall agrec closely with the |
values of runoff and also the _atchmentpl /. urn'* to fieid capacity when the.
flow hydrograph starts to respond directly t! mmfall, iz seems reasonable to .
accept the values of actual and potential evaroration for the catchment. Doubt
is therefore expxr :ssed on the accuracy of the potential evaporation data quoted
for MORECS square 124, part1cu1ar1y for 10‘30 when greater differences were
observed, -

]
: DR

This sl ".Luﬁ‘_,r J.J-J.\JnLLlAL\_b L dbuy Lhuu k..dh e nu.ux. i raver Liuw dala Lo Clech
catchment estimates of SMD and offective rainfall. Effective rainfall data are
uscd by the Watt.:r Authority to estimate the r*.c.hdrgu to groundwater, therefore

it is important to have'a means of validation, When ‘the final version of

MORECS has beén Qerveloped it would be, wvaluable to run the model uualitry
controlled data £xom the Meteorological Office archive for selected catchments
over a period of approximately twenty years in order that a \.omparlson can be made
agambt runoff data., : 2 T ST
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N R T . DISCUSSION e

. . ‘. .I . 6 § j.‘.“‘, ' . v . o | r! . : . .
Chaired by R N Cro=s —sett i BN \'“:.' ' .. Collated by C M K Gardner

, ¥ :” - B i L -

Thg, main discussioxzm - took place at the end of the )meeting. . However several S

;;._com;.ents were made in the course of the mornlng wssion cf ubmitted papere. and .
these are repi~ted first. o : -

iah ) [

R o
Morning session

Surface resistance -wvalues S L e T

o s N"ﬂatcr ae}.cd .-.-nttl.cx mucr informaticn was, a\.aiiable on the relal..tonship
b between s0il mo:i.st:t;:t.::z-eJ deficit and euzface reeisk ance values. T | 'I‘hompson vepupd T
V1 that there were fewmax published dataiizvails' ,'_ & bur it was poesible to use soil i
v . moisture deficit a.nu:‘i,pocential evaporar.iov* -t.i +0: calculate 5‘.rface resi staxire«. s ‘,'~¢ i

' values. \ T : L | e T

v i Wk - ‘,Jl B o o - - . \
i ’ ' 1.\ W

.

L U . [ ] L

e . Uieer?

(‘alculation of. pot:ex::tial “and actual evaporatfon O I S e v

\ L ”
H L Penman requested that the meetmg ehoulc. not use the tem € acotranspmation

e place of evapordm-ion and tr: nspiration nd pointed out the'” }15?‘('.'111‘\’1.&1‘ ne.ture of " s s

- . .)' the tem 5611 moisE = ard deficit, it being a nea.,urc of somethi'ﬁr' a:fticlx is ot

Bt xihere. Referrring.  tb'the Penman—Mcntei.h eouation used in MOF‘ECS\ btrw"ed
,w thet the 'emissivity term was not necessary and ':hOUJ.d be omitted ot ,ern eas

o xpreseed at‘. the ve:.::ﬁf ’Slil‘iplt. relationship of . the Ea.Ep ratio to dep- “"J.ml of the

= available s0ll wate me— reservoir used in MORECS.  And, "he- freminded the meetinq,

,..:;_am,:; Li "quite a mt of infc_;:mation conc *rning limiting defmit valueg had, been generated

Tepd
in the coursi-of’ t:-ie_»,wohurn and Rothamsted irrigatiou experiment., {"enman 1971‘ ek
Frcnch et. clL. 1073; - ‘ - - SR - — :

e : \.»_'}‘ b } RIS oA L ' ' PR T \ r;r ) SRR . SR

wo Ty uN 'I‘hompson ‘égrﬁed tc:: not ' use the term evAnotranspiration. and acknowledged the

o "'f W\ difficultied of the soil moisturé deficiv’ concept! ' He expf “iined’ that the simple
N . straightforward rel&mtionship between Ed:Eptand/ SMD, hctd beehn adopted for use in*
f_MORLCS in the abserie==e of £irm e"idence to. euggert ..nat an}ithe‘r‘* o'uld be more

p j}’icl;' capacth R . : o o _
L iy Le Grice expressec:: sﬂrprise that tne\ model ue.ed by MORBCS to repreqent soil
: ““‘ ."- moisture extraction  =till assumed thal" drainage could ‘only take place whefq tHe

‘8011 moisture conterm -t returned ‘to £leld cenacity,“ “this particularly ignored the .
., «u.existance, of ¢rackirx—g s0ils, Referring to J.P Bell's paper (page 15 ) he
':Ausuggerfi.ed thar the ?.:awo situations in. whir*h true" field capacity conditions o
, would-oceus. {ie in .t:_"z:ee].y drainixg soils with @ shallow groundwater {I.abTe or. in o
eoile of Low unsatuz ated hydraulic conductivity) could acply to a 1arge bart of
the:agricultural lam-n in this country. A 5 et \""“ L a w\\, '

Lt L o
- a " N o {.", s FS R
Wi ’ L SRt : i M :,l it o

L

H LPénman referred - —=xo the work o£ Emerson (1953,‘ which demo.istrated +hat clay: - :

[1XP] he IR TR

\l\l soils do not return . =0 the. same "field capac_icv" rnoisture content each wmter.
'“The maximlm;,rwater comtent achievéd in winter bY{ at ..JT &YHSOil depwnds«mn :H.ssdegrees

P
xof recoverg Frém” shr-:inkage diifing the prEV:LOUS summer. “He- concluded t}"n)at_ ‘ls}*ould
have to define a field capacity moisture contcnt, .“Do your best"_' w9

; ‘fJ‘_ ld ‘i_canacity
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. o

state; as discussed HAn his paper, this. is only so in certain rev.tricted caixc: m- ]
stances, By modi £y i xag the' field capsaci'y values used in the compari son des- g | ‘
cribed carlier, it vrmss possible to imprﬂ i“the fit of MORECS tc the measwred

deficits, lowever —saach improvement s h, not be ,u tr -y unloﬁs there was

good reason t0 duubt:  The original fieivrs “p'ar'it\ Dy .ur_ P 'g“jl"'if

'r-' it

: |r {'/ o : - ;‘-r’r’).
.5011 prof; Jv ‘dopth @ze<? user requirements. '_J S ‘\1 l
C V Smith cjomrnented i_ihat WOREC‘? attgmpted to serve two distinct custiners, the
Agrirulture and the water Industries. The system"had been initially designed to

f"*‘ suit the needs of agx-iculturists who are interestea in the top layer of the soil I
Sl nrniiln and use s0i 1 TROIsturs dnf . < 1nformation primarily as a quide to irri-

gaLwn I’Uf"Uil’L‘men‘Lb- ' For this pu-pose it 1y probably adequate to consider a ‘
s011 prcﬂi" of 1.5 ™ -<deith whereas hydrologists are probably interested in the l
" whole of\ ¥ upper paxt of the soil/unsaturated zone, ie a layer of perhaps 12‘m |
depth, /Ho«ever, ass -wet MRECS had not been designed to allow for moisture
ashialiges au SUCH uepL.a_:.. Lt wouiu e aseful if the amois i of water moviiwg 41-..1..;.“7
“the base of the spil P rofile as‘Arainage and upward fluxes, described by I P Bell
(page 15 ).could be <zwuaantified, In Paxticular he wondered whether the quaﬁtihcb ”

wore similar Lo, _iz- greator rhan, rainfall additions ,uring the summer period. ] 1 i

e

.‘,{. =

The Cha“-w P B 1e-ari the discussion and he did so by suggest g“ig
that the "f — S .+ anique’ of providing 1nformation' . ’-*aj
' N f ‘ , o
hrw . Lo T \ f 0o |
Wh: RN Y -,:)table? AT
iy ‘ K : "-” } - : i ’)r“;w-"" .
Another pmn; “ie «.ic-r,\-.ou*d be "the economica in\rolved in prcvidinq the _
solutiun, bit, fh it T = csent context this was not so relewant. The Metcorologic i‘
Offi‘.‘., iuquiud a cleax idaas to how the soil moisturc deficlt informstion tiul
* they productd vonld e used, and in particular, as to what accuracy was oec.xxah‘l;n
Presumably citimates i thin 10 mmn of the measured values would be very sat: :.s--am

Lory but what lower <3< Free of accuracy would bc acceptable? ‘

Rc:qmzcmentb 0! tlooct hydrolomsts o ,.‘__;;_\
o fl‘hc view,.cf flood hydr-oj ogists was explajned by 3 V Sutcliffe. They require soil
g% o:.f*,ure deﬁicxt infoxrznation as an.index of the quantities of run-off like) ¥y to
Yesult Ergm glven rairx £all wenta. Tt ig also needed to relate the btati%t-t.;.al
prohahiliﬁy of given £ 1 oods to rainfal } statistics, In the cbursp OF“Lh" | ood
Study INERC 1‘365) it wwa<s found that antecedent soil moi st‘ur“ conditiom wurp “the
mosty important factox . E.n flood predictioon, Thus while Hit. w8 impattant to. ruave
- real-time cstimates o€ soil moistuie deficit for flood warn-ing Inunpocnsi wthe o
A lEngEh of Yontistent =-oil nldistvre récord is as important &b ¥

. of flooding prcbablllty- . o

< ' i, T S L 1A 0 i o, :
N Thcmpsqn commented 3xat 1b ‘Wag rncog.ia.f-ed that MOR:.CS could ".cﬂrhira'rqrw aeful if
--,_«\'est,imatas A f neqa cive AQerivits. during winter. mont(as were . Qrovided in a.ddit:.on to . e
, ke current output..J ... These would be oL use to both the £armer and the hydrologist._ ._
Also, it chuld ‘bé pos=ible to incorporate, a crude model Tto ablow for drainage . ’
from *,,ho iowet’ part of thﬁhproétle', so inaking HORECS. more attractive to




o Agroclimtic areas , S o n 3

", - . A suggestion thar a more acceptable solution to the problem of MORECS accuxacy ho e ;ll,
o .t miqht arise if the estimates were related to ayronlimatic areas,. was it by ° ) “'
e b f;f“ " 8'Le Grice.  The agxocllmatic. ‘areas were definod as a xesult of. aiscussions bet-
o “weeri member s -.L)f the Mzteorological ‘Office and i F08 Ar,ricultufal Advisory and
M\ vevelcpment Service (ADAS) and each is as uniform as' possible in farming practic'w'w- L
"7 and elimatic characteristics, (Swith and . ronfford 1976).. € V smith asserted that! G-

., it was much inpler. for tha, computer p‘w w..‘n to. ua»{ a basis of rhgular grid squares.
"\ N Thompson pointed ouL th:nt. 'MORECS was noti anly’ intended for use by. ‘the agricul-
t.‘ra‘ comrmiindly m.; snoa‘i als6 serve the water anustry, the use of grid squares )
o was a e ro:nir: :between thelir ‘lifferent needs. lowever, § Le Grice went on to
f."""” .uggc st “Hat a(u;opography had been ¢« Ty significa/tt in influencing the definition
Y S t:.e agroclimatic areas, thore was likely to be a coincidence between their boun-
L 'f",",k_j_.ddriq\; ‘and thode of the water authorities' catchments.. Indeed interpolation of.
. synoptic deata over agroclimatic areas rather than grid squares should be simpler -
P8 @ causc of their inherent homogeneity. N Thompson agreed with the latter point
but noted that upland areas, due to the absence of metecorological statiens, ;o o
would always he difficult to deal with. Also while the boundaries of the agro-
climat ic areas are precisely defined the spatial resolution of MORECS deficit
estimate:s aro not so fine.

(.‘ausus ol o 1saqreement between MORECS and measured F.'MD ualuos ' o

i 1A
4

— _"\'-'f:fg*;ia, J Cr Rodda emphaaised the need for systematic studies to evaluate systems such as
i MORECS e T R1e data presented to the meeting had demonstrated discrepanc.ies be-
”f\ u..:r_n muasured deficits and MORECS estimates which the speake:.s had been tempted
\r ruu ex.*a aJ_n pr.;.nctpally in terms of the potential evaporation estimate. so ignoring

gy
.W’ .:?-s?: ,f__,’\;, Lhoar po.s.albLe sources of errox. These might include errors in the calibrations
mezl) i § sused for the neutron probes wi, th which the soil moisture data were measured, the
it e { poor representation of soil heat flux in the ‘calculation of potential’ ‘eveporation,
)

i /; or the underestimation of rainfall ar.l,sing from the use of standard. rather than
o if "

AR

ground Hevel gaugq}a&, , . RS e
i R OO . u CL - - S T,

(A EE CMK Girdner vta\ed ti'at in. the compariscn described earlier the neutron‘-"[ ok

. data had bewen o ,Preed to muisture contents using the ‘standard calibrations.

¢+ +derived at the Hettifute of Hydrology (Bell 1976, Gardner 1981), Thig approach

i had been adopt:d for the centributors to the soil moisture databank had used |
i several di £ fereiit methods to calibrate their neutron probes,”. S B g

.kc"u 5

nl o ‘l " . i Ty
l\ \Variat'ion Ir potent-ial evaporat.ion Lo o "-'.5'5'-;*," S

I R Calder s concludlng remark (page 32 ) which inferred that the spatial and U o
terrpvbr 11 vaxriati ion of potential evaporation was small in Britain was. questzonﬂd e
“ 1 by J C Rodda . I R Calder explained that his work had demonstrated that in’ terms .
oo T of their use in”soil moisture extraction models,-potential evaporation values
apparently ~wary, little.;_,{, It is probable that this occurs because feedback: D
. f[ ‘méchanisms in plrm s 1imit transpiration losses when there is a high evaporative
;.| demang. \.u*'xsequently simple models which do not allow for such factors can pre=
I dict oNMiY mon_sture ‘deficits more satisfactorily if conservative potential evapo-
| Jl sration \values ~are usgd S - ‘ L SR
T 5 e

! ,Other metbods for evaluatlng MORECS

nl . - ' e .
l\-" k- A xj - \_" ; \ ool
oy 1 . 3

i J C Rodda also nem;.nded the audlence of the lysimeter work conducted by
Sl

FH W Green {Green- 1962) -and - suggested that the-data-would-be-suitable- for the““”"“-""%"" it
CuEL.king of MORECE: soil moisture deficit estimates. 5 'I'he suggestion that it would
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bhe wortiwhiie to conduct a compariscn betwuan the estimates of hydrologically

effective ramfall prepared Ly MORECS, and actual run-off measured as streamflow,

was put Iy A Gustard. Such a comparison could be made throughout the country.,

R D Hey commented that it would be useful to distinguish between comparisons with
MORECS values representing grid squarcs for which meteorclogical data are used

' from stations within the squares, and those represczntmg squares for which the
meteorological data arce interpolated from clsewhere,

N Thompson agreed . uhaL both lysimeter and river gauge data could be used to verify

‘MORECS. However caution' was required when dealing with data from lysimeters for |

they are prone to ‘l»v unrepresentaﬁve. Neutron probe data had been used in |

Proferince Lo strwdm fiue data as Lhey we&re more readlly availapie and easier to

usc., , . ‘ _ : !
L

A
(W

Importance of soil factors

Explaining that he had used lysimeter data to check soil water budget mode]s

(Parkes and 0'Calliaghan 1280), M E Parkes stressed that the soil factors were more
important than the potential evaporation calculatien in such models, as I R Calder s
paper had also indicated. To overcome t': problem of the definition of field.
CapaClly ynich 0P Boll o nad cutlingd, a &, ¢ concept of availablde water capacity

wWas roguired,

1

A N Hughes exprosscod concern thet Ao meoting wag oomitting o ‘.,.Lree&..\. reality,
. {ie what. happens in a field soil) in its attempts to explain how models function..,
For example, it is possible to induce ch_mges in transpiration rates by using
sub-soil cultivation techniques (Goss ot ale, 1378; Rowse, 1980); on some

soils such cultivation increcaszs the supply of water to the crop. He asked
+whether it would be possible to use the soil moisture databank to investigate this
effect. C M K Gardner replied that as much of the soil moisture databank repre-
sentaed permancnt pasturcland little of the data would be suitable for such an
investigation, '

Voot touintast e

M McGowan commented that the root constant for the same sﬁvécies qrowing on the
same soil could differ, and referred to a study of 3 consecutive crops of winter '
wheat (var Maris Huntsman) grown in the same field at the Nottingham University
Farr, Sutton Bonington, In 1070 the crop erms}klrutzou rate remained close to
the potential value until about 678 of the avauable water has bhecn used. In the
sccond drought year T4970 the ratio of actual to potential evaporation fell below 1 l
after only 50% available soil water had heen depleted, This difference between
crops was not due to different wedther conditions' but resulted from the differing
apbilitins of the crops to maintain turgor.  As the scil dried out the 1975 crop I
. made a- cugmllc,unt osmotic adjustment, hence was able to maintain turgor and

, stomatal opening until a large deficit has developed. ‘The 1976 crop hardly made
any ormotic adjustment, henee loot turger carly in the scason with consequent early
closure of stomata. Clearly the surface-.resistance is not- umquely related to l
soil water deficit and amongst other factors the physiological control of plant
turgor must be consa_c_ered '

=% |In 1977, because of frequent Fight showers, a reductidn in transpiration’rate
o below the potential value was not evident until BO% depletion of avallable water]

na
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Surface- res.tstance and»- 5041 mo.lsture deflc_t ts : " : S
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“J'S Wallace cmphaSLSed that surface res:l.stance (r ) 1s not a unique functlon of 0
:Soll moisture ’def:.c:Lt and so care should be taken when attemptmg f.’"o relate the




two. r_ depends on leaf area and stomatal resistance but it is through its 'in-
direct effect on stomatal resistance that soil moisture deficit influences r .
However, other factors also affect stomatal resistance including radiation, sapour
pressure deficit and@ plant water status (eg Jarvis 1976). Furthermore, it iz, ¢oil
moisture pstential, not deficit, which plants "sense". Although different sdi..«;
may have' the came deficit, the potential of the water in those soils may be quite
b Lraalfferent, For the operational purposes of MORECS, it was doubtful whether the
inczeased ceomplexity in the new evapcration model f(arising from tryzng to use r )
- was desirable, or would necessarily give a better estimate of evaporation than
simpler models such as those described by I R Calder.

N Thrompson "'L'H’Z‘!nic;(‘d that the so;l moisture defizit - r. relationship was not a
k «=:1mp1e one but the new version:of'MORECS would allow for changes in leaf area index. A

."“ 1eld factors

A K smith-Carrington remarked that the discussion had focussed on the vertical
movements of soil water and ignoreé lateral movements which cculd be very important,
She suggested that Rifferences in soil moisture deficit due to topography alone
could be substantial and questioned attempts to represent 40 x 40 km grid squares
with a single deficit value,

Irrigation scheduling

Referrmg to field experlments undertaken in East Anglla, (Scammell and Hey 1976
Dent et al 1978), R D Hey reported that the correct timing of irrigation appli-
cations could considerably improve crop yields, Two systems for indicating
irrigation requirement had been compdéred for a crop of cabbages. These were thé -
A D A S system, whereby deficits are estimatéd from m:teorological data, and one
baserd on measuring soil moisture tensions; irrigation water was applied when
tensions exceeded 0.7 bar. The tensiometer system was very effective .in terms of
veild and water use. The water balance approach over~-irrigated, giving _cxces's__,__m
.drainage, and also allowed water stress to develop between irrigations. It was
doubtful whether using MORECS-type systems one could ever produce res ults com-
parable to thosez with the tensiometer system. : ' L
MORECS improvement

L4 i ‘
A Papaioaunou noted that work conducted by the Angllan Water Authorlty orrobo—
rated the flndlng that MORECS currently over-estu;ated soil moisture deflc:lt. ' _
Usually few measured soil moisture data we\re available to water authorities and 80 v
there was much scope for the MORECS system if its accuracy could bc improved Fuom’
the pveceedlng discussion it appeared that the wherewithall to make improvemenf{

was avallaa le., : . . _

o

Limitations on MORECS improvement

- ments to it which had been put forward wze- £her optlm.tstlc. , 'I‘he system cou
-not be greatly enlarged to include all the optlons which had been suggested .
because of llmltatlons on both compUting costs and the quantlty of data output.

L L TR DT .
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