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Session 4/31

Soil Movement and Weather

Mouvement du sol et influences climatiques

by W. H.  Wa r d , B.  SC.  ( Eng. ) ,  A. M. I . C. E. ,  Bui l di ng Resear ch St at i on,  Gar st on,  Wat f or d,  Her t s,  Engl and

Su mma r y

The resul t s of  several  l ong- t er m obser vat i ons on t he movement s 

of  t he gr ound under  di f f erent  condi t i ons of  soi l ,  weat her ,  veget at i on 

and shel t er  ar e r ecor ded.  These obser vat i ons ar e di r ect ed t owar ds 

a quant i t at i ve under st andi ng of  wat er  movement s and t r anspi r at i on 

of  veget at i on ; t hey pr ovi de dat a f or  t he rat i onal  desi gn of  house 

f oundat i ons i n Br i t ai n.

Introduction

I n Br i t ai n t her e i s usual l y suf f i ci ent  wat er  i n t he soi l  f or  

gr asses and cr ops t o gr ow t hr oughout  t he year .  Occasi onal l y 

i n t he dr i er  par t s of  East er n Engl and t her e i s no r ai n f or  a f ew 

weeks i n s u mme r  and t he gr asses wi l t .  I n mos t  summer s,  

i r r i gat i on wi l l  i ncr ease t he yi el d of  cr ops i n t he Sout h and East  

(Rothamsted, 1948- 50) .

Da ma g e  t o mas onr y  st r uct ur es wi t h shal l ow f oundat i ons i s 

wi despr ead on t he heavy cl ay l ands t hat  shr i nk and swel l  ac ­

cor di ng t o t he wat er  st or ed i n t he soi l  (B. R. S. Digest No.  3,  

1949) .  Near l y al l  t he wat er  def i ci ency i n s u mme r  ar i ses f r om 

t he t r anspi r at i on of  pl ant s,  and l ar ge t r ees cause mos t  of  t he 

damage (Ward, 1948) .  Al l  mas onr y  houses wi t hout  basement s 

on t he heavy cl ay l ands of  t he S. E.  of  Engl and ar e pot ent i al l y 

l i abl e t o damage,  and pat hs;  r oads and shal l ow dr ai ns bec ome 

di st or t ed wi t h onl y gr asses adj acent .  I n t he absence of  veget a­

t i on t her e i s no damage.

The  above qual i t at i ve obser vat i ons ar e t he r esul t s of  c o m­

mo n  exper i ences,  but  f or  t he pur poses of  r at i onal  desi gn of  

f oundat i ons quant i t at i ve obser vat i ons on t he mov ement s  of  

heavy cl ay soi l s have been i n pr ogr ess f or  sever al  year s at  

di f f er ent  si t es on t he heavy cl ays of  S. E.  Engl and.  The  var i abl es 

cover ed by t he obser vat i ons ar e weat her ,  t ype of  cl ay,  veget a­

t i on— i ts t ype or  absence,  and shel t er i ng of  t he gr ound.  The 

r esul t s of  t hese obser vat i ons t o dat e ar e r ecor ded i n t hi s paper .

Extent o f Damage from Trees

I n t he cour se of  vi si t i ng and deal i ng wi t h enqui r i es of  cases 

of  damaged br i ck dwel l i ng houses near  t r ees i t  appear ed t hat

Sommai r e

L ’aut eur  donne l es résul t at s de quel ques séri es d’obser vat i ons de 

l ongue dur ée por t ant  sur  l es mouvement s du t er rai n pour  di f f é­

r ent es condi t i ons de sol ,  de cl i mat ,  de végét at i on et  de pr ot ect i on 

l ocal e.  Ces obser vat i ons ont  pour  but  d’obt eni r  des données quant i ­

t at i ves sur  l es mouvement s de l ’eau et  l a t r anspi r at i on de l a végé­

t at i on qui  i nf l uent  sur  l e compor t ement  des f ondat i ons des mai sons 

d’habi t at i ons en Angl et er r e.

t he hei ght  of  a t r ee was  a r ough gui de t o t he spr ead of  i ts r oot s 

and t o t he ext ent  of  possi bl e damage.

The hei ght  (H) of  t he t r ee ( of t en r oughl y est i mat ed)  i s pl ot t ed 

agai nst  t he di st ance (R) bet ween t he t r unk of  t he t r ee and t he 

damaged bui l di ng i n Fi g.  1.  I n t hi s di agr am:  (o)  spot  poi nt s 

r el at e t o cases not  exami ned and t he di st ance i s t o t he near est  

poi nt  of  t he damaged bui l di ng,  (b) ci r cl e poi nt s ar e cases t hat  

have been i nvest i gat ed and ar e pl ot t ed as t he di st ance t o t he 

cr ack i n t he f oundat i ons mos t  r emot e f r om t he t ree.  At  l east

10 f eet ,  and i n ma n y  cases mu c h  mor e,  can be added t o t he 

pl ot t ed val ue of  t he spot  poi nt  di st ances t o obt ai n t he real  

ext ent  of  t he r oot s.  Root  compet i t i on bet ween adj oi ni ng t r ees 

and i mper vi ous pavi ng over  t he r oot  syst em i ncr ease t he ext ent  

of  t he r oot s and t he damage,  see Fi g.  1, and not e ci r cl es mar k ed 

R, G and P. Mos t  of  t he t r ees ar e popl ar s and el ms,  oak  i s 

f ai r l y f r equent  and t he ot her s ar e al der ,  wi l l ow,  ash,  sycamor e,  

chest nut ,  bi r ch and hawt hor n.  The  damage i s not  r est r i ct ed 

t o f ast  gr owi ng t rees,  t hough t hey ar e mor e  c ommon l y  pl ant ed 

near  bui l di ngs t han ot her  speci es.  Al l  bui l di ngs have st r i p 

f oundat i ons and t hey var y i n dept h f r om about  1 t o 6 f eet  

bel ow gr ound l evel .  The aver age dept h i s about  2 f eet .  The 

di st or t i on i s smal l er  i n bui l di ngs mor e  deepl y f ounded.

I t  has been suggest ed t hat  bui l di ngs wi t h shal l ow f ounda­

t i ons,  i .e. mos t  dwel l i ng houses,  shoul d be kept  away  f r om 

t r ees a di st ance equal  t o t he hei ght  of  t he mat ur e t r ee (Cooling, 
1951) .  Thi s r ough rul e,  see R =  H Fi g.  1,  i s not  undul y con­

ser vat i ve and i n t he case of  dense r ows of  t r ees wi t h paved 

ar eas adj oi ni ng t he bui l di ng R = 1. 5 Hcan be exceeded.  These 

r ul es appl y onl y t o Br i t i sh cl i mat e condi t i ons.
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Tabl e 1 Condi t i ons at  Si t es of  Ver t i cal  Mov ement  Gauges under  

Rough Gr ass

Si t e Gar st on Hi l f i el d Br i dgewi ck

Her t s Cer ne,  Abbas Sout hmi nst er

Dor set Essex

Topogr aphy Gent l esl opi ng Gent l e sl ope Fl at  t reel ess

f i el d, bel ow chal k mar sh 1 mi l e

245 f eet  O. D. downs, f r om sea,

450 f eet  O. D. + 7 f eet  O. D.

Soi l  t ype St i f f  gl aci al St i f f  Jur assi c Dr i ed cr ust  of

cl ay ( Oxf or d)  cl ay sof t  sensi t i ve

sl i ght l y sal t  mar sh

dr i f t ed? cl ay.  Sandy

shel l  bed at

10 f eet

Li qui d l i mi t 50- 70 70 85

Pl ast i c l i mi t 20 25 30

Wi nt er  wat er

cont ent

( % dr y wei ght )

1 f eet 30 40 30

6 f eet 20 30 65

Dept h of

gr ound wat er

(feet ) 0- 10 0- 6 0- 6

Mean annual

rai nf al l  (i n. ) 28 45 20

Movements o f the Ground under Rough Grassland

Wi t h t he ki nd assi st ance of  l ocal  obser ver s measur ement s 

of  t he ver t i cal  mov ement s  of  heavy cl ay have been ma d e  at  

t hr ee si t es f or  a number  of  year s.  The  ver t i cal  mov ement s  at  

t he sur f ace and at  a dept h of  2 f eet  ar e gi ven i n Fi g.  2.  The  

soi l  condi t i ons at  each si t e ar e summar i sed i n Tabl e 1. Root s  

of  t he gr asses and c o mmo n  weeds ext end t o a dept h of  about

5 f eet  at  each si te.  The measur i ng equi pment  i nst al l ed consi st s 

of  a r ai n gauge,  a l i ned bor ehol e f or  gr ound wat er  l evel s,  and 

t he ver t i cal  gr ound mov ement  gauge i l l ust r at ed i n Fi g.  3.  The

mov ement  gauge i s set  i n t he gr ound by  bor i ng a r ow of  hol es

11 i nches di amet er .  The  out er  t wo r ods,  j oi ned by a cr oss beam,  

f or m t he r ef er ence l evel  and t he di st ances bet ween t he b e a m 

and t he t ops of  t he i nt er medi at e r ods ar e measur ed wi t h a rul er .

The  mov ement s  of  t he gr ound ar e a measur e of  t he wat er  

def i ci t  i n t he gr ound,  but  t he dr yness of  one si t e cannot  be 

c ompar ed t o anot her  on t hi s basi s al one because t he r el at i on 

bet ween t he amount  of  shr i nkage and t he wat er  def i ci t  var i es 

f r om si t e t o si te.  These di f f er ences ar e di scussed l at er .  Ho w ­

ever ,  t he l onger  dur at i on of  t he dr yness at  Br i dgewi ck shoul d 

be not ed.  The  compar at i vel y l ar ge mov ement s  at  2 f eet  dept h

194-7 194-8 I 9 4 9 1 9 5 0 1951 1952

Fig. 2 Vertical M ovem ent o f  Soil 

M ouvem ent vertical du sol
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Fig. 4 G round M ovem ent Site at Garston

E m placem ent des m esures de m ouvem ent du sol a Garston

var yi ng f r om about  |  t o 1£ i nches i n t he ver y dr y s u mmer  of  

1949 ar e of  par t i cul ar  i nt erest ,  si nce t hi s i s a c o mmo n  dept h 

f or  t he f oundat i ons of  t r adi t i onal  houses.  At  each of  t he si t es 

t her e i s onl y a smal l  mov emen t  of  about  1/ 10 i nch at  a dept h 

of  5 f eet  i n t he dr i est  summer s.  The  var i at i on i n t he ver t i cal  

mov ement s  wi t h dept h at  Br i dgewi ck f or  1950- 51 s hown i n 

Fi g.  2 i s t ypi cal  of  t he ot her  si tes.

Detailed Observations in the Grass Field at Garston

The ar r angement  of  s ome of  t he mor e  det ai l ed obser vat i ons 

i n pr ogr ess at  Gar s t on i s s hown i n pl an i n Fi g.  4.  I n t he cent r e 

of  t he f enced ar ea i s t he ver t i cal  mov emen t  gauge r ecor di ng 

t he ef f ect s of  t he gr ass on t he heavy gl aci al  cl ay whos e r esul t s 

ar e gi ven i n Fi g.  2.  These r ecor ds ar e r ef er r ed t o a dat um

Fig. 5 Protected Area under C onstruction Show ing B itum ous Felt, 

Coarse Sand, Brick W all, C oncentric Shrinkage G auges and 

Reference Beam

A ire de protection en construction

poi nt  at  a dept h of  22 f eet .  Al so wi t hi n t he f ence ar e t wo 

adj acent  ar eas;  one,  20 f eet  squar e,  kept  bar e of  al l  veget a­

t i on,  i n t he cent r e of  whi ch i s set  anot her  ver t i cal  mov ement  

gauge,  and anot her  ar ea t he s ame si ze st r i pped of  veget at i on 

and pr ot ect ed f r om di r ect  r ai n and evapor at i on wi t h an i mper ­

vi ous sheet  of  bi t umi nous fel t .  The f el t  of  t he pr ot ect ed ar ea 

i s cover ed wi t h a 9 i nches l ayer  of  coar se sand r et ai ned wi t hi n 

si ngl e br i ck wal l s.  Fr o m t he cent r e of  t he pr ot ect ed ar ea t wo 

l i nes of  shr i nkage gauges have been set  i n t he gr ound;  one 

l i ne ext ends t o t he bar e ar ea and t he ot her  ext ends t o t he 

adj acent  gr assed edge.  T wo  shr i nkage gauges ar e concen­

t r i cal l y ar r anged at  sever al  posi t i ons al ong t he t wo l i nes and 

r ecor d at  t he gr ound sur f ace and at  a dept h of  3 f eet .  Al l  t he 

r ai n col l ect ed by t he bi t umi nous f el t  i s dr ai ned i nt o gut t er s and 

di ver t ed f r om t he si t e as i t woul d be by t he r oof  of  a house.  

Fi g.  5 i s a vi ew of  par t  of  t he pr ot ect ed ar ea under  const r uct i on.

To  t he Wes t  of  t he f enced ar ea obser vat i ons ar e i n pr ogr ess 

on t he ver t i cal  gr ound mov ement s  adj acent  t o a hor se chest nut  

t r ee;  unf or t unat el y i t i s not  ent i r el y i sol at ed.  The  t r ee ci rcl es 

i n Fi g.  4 r epr esent  t he spr ead of  t he br anches.  Concent r i c 

gauges r ecor di ng t he gr ound mov ement s  at  t he sur f ace and at  

a dept h of  5 f eet  have been set  i n t he gr ound at  i nt er val s of

10 f eet  f r om t he t r unk of  t he chest nut  t ree.

(a)  Comparison between Vertical Movements of the Ground un­
der Rough Grass and of Ground free from all Vegetation 

Th e  ver t i cal  mov ement s  of  t he gr ound sur f ace (a) suppor t i ng 

r ough gr ass and (b) bar e of  al l  veget at i on dur i ng 1951- 52 at

S
fc
UJ
>

Fig. 6 Vertical M ovem ent o f  the G round Under  

and A djacent to the Protected Area  

M ouvem ent vertical du sol au-dessous et 

à cô té  de l’aire de protection

herbe
j rass

The absolute levels of the above curves 
are adjusted to correspond with the 
movements either side of the protected ground.

Terre couverte

PROTECTED GROUND

2 0  f e e t

fr ic h e

bare

o
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Gar st on ar e gi ven i n Fi g.  6.  So f ar  t hese s ummer s  have not  

been ver y dr y and wher eas t he gr ass sur f ace mov ement  a mo u n ­

t ed t o about  0. 8 i nch and t he mov ement s  ext ended t o a dept h 

of  about  3 f eet ,  t he t ot al  mov ement  on t he bar e si t e was  onl y 

0. 2 i nch and ext ended onl y t o a dept h of  about  1 f oot  and was  

di f f i cul t  t o di st i ngui sh,  bel ow 6 i nches,  f r om t her mal  mo v e ­

ment s  of  t he gr ound.  These r esul t s s how t he pr edomi nat i ng 

i nf l uence of  veget at i on and t he r est r i ct ed dr yi ng on bar e 

gr ound.

(b) The Vertical Movements of the Ground under and Adjacent 
to the Protected Area, with Grass Growing on one side and De­
void of all Vegetation on another side

The veget at i on was  ent i r el y r emov ed f r om t he bar e ar ea i n 

ear l y Febr uar y 1951 at  a t i me when  t he gr ound was  at  f i el d 

capaci t y (i .e. zer o wat er  def i ci t ).  The  veget at i on on t he ad ­

j oi ni ng pr ot ect ed si t e was  not  r emoved unt i l  l at e i n Ma y  1951 

when  t her e was  al r eady a smal l  wat er  def i ci t ,  cor r espondi ng 

t o a ver t i cal  shr i nkage of  about  0. 1 i nch.  The  bi t umi nous f el t  

was  l ai d on t he gr ound and t he ver t i cal  mov emen t  gauges wer e 

i nst al l ed at  t he end of  Jul y 1951;  at  a t i me whe n  t he wat er  

def i ci t  was  about  at  i ts max i mum.

The  subsequent  ver t i cal  mov ement s  of  t he gr ound sur f ace 

under  and  adj acent  t o t he pr ot ect ed ar ea ar e s hown i n Fi g.  6.  

The  ci r cl e poi nt s on t he r i ght  hand si de of  t he f i gur e shows 

h o w t he swel l i ng of  t he gr ound gr adual l y t akes pl ace f r om t he 

edges.  The  swel l i ng under  t he cent r e al l  occur r ed dur i ng 

Nov ember  1951 when r ai n caused t he gr ound wat er  l evel  t o 

r i se r api dl y t o t he sur f ace and t he l i f t i ng cor r esponds t o t he 

or i gi nal  wat er  def i ci t  when  t he veget at i on was  st r i pped i n l at e 

Ma y  1951,  namel y  0. 1 i nch movement .  No  mov ement  has oc ­

cur r ed si nce Nov ember .  The  upl i f t  near  t he gr ass edge i s 

gr eat er  t han i n t he cent r e because t he dr yi ng act i on of  t he gr ass 

spr ead si deways dur i ng t he per i od bet ween st r i ppi ng t he gr ass 

( l at e Ma y  1951)  and pl aci ng t he f el t  ( end Jul y 1951) .  The 

cr osses s how t he downwar d  mov ement s  i n t he ear l y s u mmer  

of  1952.

No  mov ement s  wer e r ecor ded at  a dept h of  3 f eet  under  or  

adj acent  t o t he pr ot ect ed ar ea dur i ng 1951- 52,  even t hough 

t he gr ound wat er  l evel  r ose f r om a dept h of  about  8 f eet  t o 

t he sur f ace.

(c) Movements of the Ground Adjacent to a Horse Chestnut Tree
These obser vat i ons ar e onl y expl or at or y.

Fi g.  7 shows  t wo hor i zont al  pr of i l es of  t he gr ound mo v e ­

ment s  dur i ng 1951- 52 r oughl y Wes t  t o East  acr oss t he t ree,

ARBUe

t he upper  prof i l e r el at es t o sur f ace mov ement s  and t he l ower  

t o mov ement s  at  a dept h of  5 f eet .  Fi ve f eet  was  chosen be­

cause pr act i cal l y no mov ement  has ever  been r ecor ded bel ow 

t hi s l evel  due t o t he t r anspi r at i on of  gr asses al one at  Gar st on.  

The  whol e of  t he ar ea under  and ar ound t he t r ee i s suppor t i ng 

gr asses.  I f  t he sur f ace mov ement s  under  gr ass al one ar e c o m­

par ed wi t h t hose ar ound t he t ree,  see l ef t  handsi de of  Fi g.  7,  

i t wi l l  be seen t hat  t he ef f ect  of  t he t r ee ext ends t o at  l east  

40 f eet  Wes t  and about  25 f eet  East .  At  5 f eet  dept h t he ef f ect  

of  t he t r ee appear s t o be l ess ext ensi ve,  per haps onl y 30 f eet  

Wes t  and 10 f eet  East .  Thé  1951 s u mme r  was  qui t e moder at e 

and t he r at her  sudden r i se of  t he gr ound dur i ng Nov ember  

occur r ed soon af t er  t he t r ee had shed i t s heavy canopy  of  l eaves 

and when mu c h  r ai n fel l .  Cl ear l y ma n y  mor e obser vat i on poi nt s 

ar e needed t o r esol ve t he pr obl em quant i t at i vel y.  Porter ( 1936)  

s howed t hat  a t r ee t r unk i n Texas mo v ed  up  and d o wn  accor d­

i ng t o t he seasons by  as mu c h  as 0. 3 f oot .  I t  i s evi dent  f r om 

t he Gar st on r esul t s t hat  t hi s mov ement  of  t he t r unk i s a si mpl e 

demonst r at i on of  t he l ocal  wat er  def i ci t  caused by t he t ree.

The Relation between the Vertical Movements of the 

Ground and the Soil Water Deficit

On e  of  t he unsol ved pr obl ems i n soi l  physi cs i s a si mpl e and 

r el i abl e met hod of  est i mat i ng t he def i ci ency of  wat er  i n t he 

gr ound dur i ng t he gr owi ng season.  Cl ear l y,  f or  shr i nkabl e 

soi l s,  a met hod i nvol vi ng measur ement  of  gr ound mov ement  

coul d not  be si mpl er ,  pr ovi ded t he r el at i on bet ween t he wat er  

st or ed and t he ver t i cal  shr i nkage of  t he soi l  was  si mpl e.  I t  i s 

not  as si mpl e as mi ght  be t hought  f r om gener al  pr i nci pl es,  and 

i t  has not  been compl et el y r esol ved at  pr esent .

Ther e ar e t hr ee i ndependent  ways  of  est i mat i ng t he amount  

of  wat er  l ost  f r om t he gr ound f or  a measur ed ver t i cal  mo v e ­

ment : —

(i ) measur e t he l oss i n wei ght  of  wat er  f r om sampl es of  t he 

gr ound bef or e and af t er  i t  has shr unk;

(i i ) t ake l ar ge sampl es of  t he gr ound at  f i el d capaci t y and dr y 

t hem i n an oven and measur e t he ver t i cal  shr i nkage;

(i i i ) cal cul at e t he l oss of  wat er  f r om t he gr ound under  gr ass 

f r om t he weat her  dat a by  t he met hod devel oped by  Pen­
man and c ompar e t he f i el d measur ement s  of  ver t i cal  mo v e ­

ment .

The f i rst  met hod i s t he l east  sat i sf act or y and i s sui t abl e onl y 

i f  t he soi l  i s homogeneous  i n t ype— a r ar e phenomenon.  The

r at i o ( cal l ed t he wat er - shr i nkage f act or )  bet ween t he
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Table 2

Site Garston Hilfield Bridgewick

Dates 24.6.-15.9.47 15.9.47-31.1.48 2.6.-26.8.49 24.4.-12.8.49

Depth (feet) A w Az
A w 
~Az A w Az

■ A w 
A z A w Az

A w 
A z A w A z

A w
~Â7

0- 0. 5 1. 7 0. 18 9. 0 0. 77 0. 19 4. 0

0. 5- 1. 0 — — — — — — 1.5 0. 25 6. 0 0. 57 0. 13 4. 4

1- 2 1. 7 0. 53 3. 2 2. 2 0. 58 3. 8 1. 9 0. 44 4. 3 1. 2 0. 37 3. 2

2- 3 1. 2 0. 19 6. 3 1. 4 0. 10 14. 0 1.5 0. 62 2. 4 1. 4 0. 44 3. 2

3- 4 0. 8 0. 27 2. 2 0. 5 0. 24 2. 1 — — — — — —

3- 5 — — — — — — 1. 2 0. 38 3. 2 1.8 0. 44 4. 1

Su m 3. 5 0. 99 4. 1 0. 92 7. 8 1. 87 5. 7 1. 57

A w 
Mean  ——Az 3. 5 4. 5 4. 2 3. 6

N o tes: A w  is change in water deficit in inches o f  w ater estim ated  

from  water content o f  sam ples.

A z  is vertical m ovem ent o f  ground in inches as m easured. 

Specific gravity o f  so il assum ed 2.7.

T he Garston  values o f  A w l A z  are unsatisfactory, because the ver­

tical m ovem ent points are scattered over a larger area and in m ore 

variable so il than the other tw o sites.

change i n t he number  of  i nches of  wat er  (A w) st or ed i n t he 

gr ound ( measur ed l i ke r ai nf al l  and cal cul at ed f r om t wo wat er  

cont ent  sur veys)  t o t he cor r espondi ng ver t i cal  mov ement  (A z) 
i n i nches under  gr ass at  Gar st on,  Hi l f i el d and Br i dgewi ck i s 

gi ven i n Tabl e 2 f or  var i ous i nt er val s of  dept h (z). Ther e i s

A w
a l ar ge var i at i on i n t he val ues of  —  par t i cul ar l y at  Gar st on,Az
due t o successi ve sampl es at  t he s ame l evel  bei ng di ssi mi l ar  i n 

soi l  t ype.

The  second met hod i s not  ent i r el y sat i sf act or y because soi l  

dr i ed i n t he oven ma y  not  shr i nk i n t he s ame way  i n t he f i el d.  

Lar ge ver t i cal  sampl es about  8 i nches di amet er  and 12 i nches 

l ong have been t aken i n t ubes onl y at  Gar s t on and Br i dgewi ck 

t o dat e.  They  ar e dr i ed i n a vent i l at ed oven f r om t he t op sur ­

f ace onl y,  at  t emper at ur es of  about  70°  C.  The  l oss i n wei ght  

and t he l engt h of  t he sampl es i s measur ed at  i nt er val s dur i ng 

dr yi ng.  The r el at i ons bet ween A w and A z ar e pl ot t ed i n Fi g.  8,

N
<1

t oget her  wi t h t he sl opes of  t he l i near  por t i ons

A i o
water evaporated, ins. 
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Fig. 8 Loss in W eight and Length o f  D ried Sam ples 

R éduction en poids et longueur d ’échantillons secs

The t hi r d met hod based on t he weat her  dat a i s pr obabl y t he 

mos t  gener al  way  of  est i mat i ng t he t ot al  wat er  def i ci t  i n t he 

gr ound and i t has been s hown t o be r easonabl e i n ma n y  cl i ­

mat es.  Penman ( 1948)  f i rst  est i mat es t he evapor at i on f r om a 

hypot het i cal  open wat er  sur f ace by  an i ngeneous combi nat i on 

of  t he usual  t ype of  evapor at i on “ si nk”  f or mul a,  i nvol vi ng t he 

wi nd speed and t he vapour  pr essur e gr adi ent ,  and t he evapor a­

t i on as par t  of  t he heat  budget  of  t he ener gy exchange bet ween 

t he at mospher e and t he wat er  sur f ace.

At  pr esent  t he r el at i on bet ween evapor at i on f r om an open 

wat er  sur f ace and t r anspi r at i on f r om a gr ass sur f ace i s l ar gel y 

empi r i cal ,  and wi l l  var y wi t h t he ease wi t h whi ch gr ass can 

obt ai n wat er .  Wh e n  t he gr ass suf f er s f r om l ack of  wat er ,  

gr owt h and t r anspi r at i on bec ome r educed.  Penman ( 1949)  has 

suggest ed t he concept  of  a “  r oot  r eser voi r  ”  of  a cer t ai n number  

of  i nches of  wat er  t hat  i s r eadi l y avai l abl e t o t he r oot s and whi ch 

i s r emov ed f r om t he gr ound at  a r at e pr opor t i onal  t o t he open 

wat er  sur f ace evapor at i on and r ef er r ed t o as t he potential t r ans­

pi r at i on.  Wh e n  t he r oot  r eser voi r  i s exhaust ed,  t he actual t r ans­

pi r at i on i s r educed as i f  t he pot ent i al  t r anspi r at i on was  appl i ed 

t o bar e soi l  i ni t i al l y at  f i el d capaci t y.  Thi s st age of  t he dr yi ng 

pr ocess i s assumed t o f ol l ow a dr yi ng cur ve obt ai ned exper i ­

ment al l y.  Cl ear l y,  t he si ze of  t he r oot  r eser voi r  ma y  have t o 

be adj ust ed f r om year  t o year  accor di ng t o gr ass husbandr y  

and t he rai nf al l  i n t he ear l y par t  of  t he gr owi ng season.

Penman has cal cul at ed t he pot ent i al  t r anspi r at i on f or  t he 

si t es on whi ch ver t i cal  mov ement s  wer e measur ed.  The c o m­

pl et e l i nk bet ween shr i nkage and gr ass t r anspi r at i on wi l l  de­

pend upon knowl edge of  t he r oot  r eser voi r ,  but  t he wat er -

A w
shr i nkage f act or  —  f or  t he t op f ew f eet  can be deduced wi t h-

Az
out  t hi s knowl edge,  by  mak i ng t he r easonabl e assumpt i on t hat  

t he f i rst  st ages of  dr yi ng i n spr i ng and t he f i rst  st ages of  wet t i ng 

i n au t umn af f ect  onl y t he t op l ayer  of  soi l .  Wh e n  pot ent i al  

t r anspi r at i on i s pl ot t ed agai nst  ver t i cal  shr i nkage of  t he gr ound 

sur f ace t he sl ope of  t he dr yi ng cur ve f r om zer o wat er  def i ci t  

up t o about  3 i nches i s t he s ame as t hat  f r om ma x i mu m def i ci t  

d o wn  t o about  3 i nches l ess t han t he max i mum.  The  val ues

of  t hese sl opes.■m- r ounded of f  because of  scat t er  i n t he
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poi nt s,  ar e:  Gar st on 5. 5;  Hi l f i el d 4. 0;  Br i dgewi ck 4. 0.  The 

dept h over  whi ch t hese ar e aver age val ues i s not  k n o wn  but  

t he cor r espondi ng ver t i cal  mov ement s  ar e,  i n or der ,  about  0. 6;

1. 0 and 1. 2 i nches.

IA w\
The  val ues of  t he wat er - shr i nkage f act or  I —— I obt ai ned by

\ ^  J

t he t hr ee met hods  ar e i n r easonabl e agr eement  consi der i ng t he

A w
nat ur e of  t he f act or .  The  mi n i mu m possi bl e val ue of  —  i s 3,A z
but  i t  i s gener al l y gr eat er  t han 3 accor di ng t o t he number  of  

hor i zont al  cr acks and ani sot r opy of  t he cl ay causi ng l ess ver t i ­

cal  t han hor i zont al  shr i nkage.  The  resul t s,  so f ar ,  encour age 

f ur t her  wor k  wi t h t he second and t hi r d met hods  and gi ve pr o­

mi se t o t he measur ement  of  ver t i cal  mov ement  as a si mpl e 

met hod of  est i mat i ng t he soi l  wat er  def i ci t .
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