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Fr inciple of elaboration 

According to the formulae for évapotranspiration developed by VISSER 

(1963) the curves relating rea l évapotranspiration (E ) to open water evapo­

ration ( E Q ) give identically shaped curves for different mois ture conditions 

of the soil (V). These curves can be schematically represented by a sys tem 

of one oblique and a number of horizontal asymptotes . The same holds when 

plotting E f against V - the mois ture content ra ised to the power m - for 

different values of E (see fig. 1). 

Fig. 1 

The oblique asymptotes a re coinciding with the same sloping l ine, the 

horizontal asymptotes a re on a level of gEQ = E y or AVm = E^. The Similarity 

of the shape of the curves is an important property because it" greatly enlarges 

the possibil i t ies to determine the constants describing the curves . 
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Because the oblique asymptotes a re pa r t of one and the same line all 

curves can be brought to coincide by shifting the oblique asymptotes along 

this sloping line t i ll a lso the horizontal asymptotes cover each o ther . 

Often only the data for a smal l number of per iods with ample var iat ion 

of the value for the third var iable a re avai lable. To de te rmine the r e la t ions 

between E and V o r E and E , the cor rec t ions towards an a rb i t r a r i l y 
r _ r __ o 

chosen mean value V or E for the third var iable can be applied a r i t hme t i -
o 

cally. See fig. 2 . 
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The cor rec t ions in question a re composed of a ve r t i ca l and a horizontal 

shift of the horizontal asymptote from a level E to a level E or from AV m 

,m to AV . This r e su l t s in a d isplacement of the point r epresen t ing the ob se r ­

vation in a d i rect ion pa ra l l e l to the oblique asymptote . The ve r t i ca l co r rec t ion 

is a change in the value of E . The horizontal cor rec t ion is a change in the 

value of E or V or in the logar i thms of these two magni tudes . The c o r r e c t i ­

ons t r anspose a t h ree d imensional relat ion between E , E and V into a two 
r o 

d imensional one, between E and E or E and \f by e l iminating the third 

va r i ab le . The constants A, g or m , linked with the th i rd v a r i ab le , s t i l l un­

known at this stage of the analyses have to be es t imated for th is f i rs t e l abo r a ­

tion. The resul t ing graphs (see fig. 3) show what the value of g, A and m 

should have been. 
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r m It follows from the formula E = AV and E = gE that in the d i ag rams j<*^ 

in fig. 3, in which the constants g and A show as tangents , when plotting 

E against I. , the correct ion i s calculated a s : 

cor rec t ion E = A(V -V ) 

cor rec t ion E = A(V -V ) o —v ' (see fig. 3, d iagram 4) 
g 

r m and when plotting E against V , the following cor rec t ion i s valid: 



correc t ion E = g(E -E ) r toX o o' 

co r rec t ion V m = g (ET -E ) (see fig. 3, d i agram 3) 
o o' 
A" 

When plotting the logari thm of E against V, the constant m shows as a 

tangent because log E = m log V + log A. So in f i g ^^^ i t i s obv i ou s that the fo 

mulae hold: ' Ç^ jgg ram f 

cor rec t ion log E = log E - log E 

cor rec t ion log V = log E - log E (see fig. 3 , d iagram 1) 

m 

( d i a g r am^ , 
When log E is plotted against log E , l ike in fig. 3 cbecause of the r e la t ion 

lög E = log E + log g, the ab sense of an exponent shows up as a tangent equal 

unit. To make the data for different values of V comparable , it i s c lear that 
the cor rec t ion may be calculated as follows: 

correctionVTC = m(log V - log V) 

correctionvE = m(log V - log V) (see fig. 3, d iagram 2) 

The angle of inclination of 45 i s reflected by identical co r r ec t ions . 

Checking the graphical ana lyses 

In case that a l l four graphs a re made , they mutually give a good check. 

See fig. 3. The logar i thmic graphs should show tangents m and 1 and i n te rcep t s 

of log A and log g. The me t r i c g raphs have tangents A and g and z e ro i n t e r c ep t s . 

The tangent 1 and the z e ro in te rcepts a re solid d i rec t ives for fitting l ines 

through the s ca t t e r d i ag ram. Fu r t he r A and log A have to conform as well as g 

and log g. In case the oblique l ines fit with these r equi rements as well as with 

the s ca t t e r of the co r rec ted data, then the value of m for which t he re is no check 

may be expected to be e s t imated co r rec t ly . 

Example 

An example of the computations is e laborated in table 1 and a cce s so ry dia­

g rams 1 , 2 , 3 and 4 . 



The values for E , E and V which are the initial data, are given in 
r o 

columns 1, 2 and 3. E and E are expressed in mm per day, V in percentages 

of volume. 

The best start is plotting the logarithms of E and V because the graph 

is showing the factors m, A and g. The value of these constants is of impor­

tance for the construction of the other diagrams. Especially the factor m, 

used as a power of V, will have a major influence on the value for A as 

elaborated in diagram 3. 

In columns 4, 5 and 6 the logarithms of the initial data are given. In co­

lumns 7 and 8 the corrections for log E and log V are calculated with provi­

sional esttimates for the values of the constants g and m. The corrected values 

for log E and log V are plotted in diagram 1. It appears that rn = 3. 8. It is 

also possible to determine a value for factor A. When log E = 0 it holds that 
m 1 

1 = AV , so A = . The intersection of the oblique asymptote with a hori-
Vm 1 1 

zontal through log E =0 gives A = -—% = 93 x —»- . The horizontal 
r 21.4 in ' 

asymptote which answers to E = gE shows that 2. 57 = 0. 965 x 2.66. So 
g = rt.965. 

In columns 9, 10 and 11 the corrections are prepared for diagram 2 in 

which log E is plotted against log E . For g and A the values according to 

diagram 1 are used. Because of the logarithmic scales the oblique asymptote 

in this diagram is at 45 to the horizontal. The point of intersection with the 

horizontal through log E . 0 gives a value for g = n . 9. The horizontal asymp-
r j 

tote answers to E = AV . When m = 3. 8, than A = 85 x — 7 . However, 
\ 10 

should A = 93 x—-- which is a possibility, according to aiagram 1, than 
m =3.74. 1 0 

In columns 13, 14 and 15 the corrections for the diagram 3, in which E 

and V are plotted on metric scales, asre calculated with g = 0. 9 and A = lOOx—_ 

The value for V in column 16 is calculated with m = 3. 8. In diagram 3 

the oblique asymptote has to go through the origin. Factor A turns out to be 
1 2 <-> 

7 5 . x » . In this diagram for g is found , ' , , = 0. 977. 

In columns 16, 17 and 18 the corrections for the diagram in which E and 

E are plotted on metric scales, are calculated with g = 0. 95, being the average 

of the values determined in the other diagrams and with A = 80 x—«- , being 

the mean value according to diagrams 2 and 3. The oblique asymptote has to 



go through the or igin. With concern to this not too much attention is payed 

to the data with a negative sign for Mfc* the co r rec ted E , because tht-sv 

data corne from per iods in ear ly spring and the mechanism of evapotrans-

pirat ion may differ from that for l a ter per iods as far as the value for g i s 

concerned due to growth of l eaves . The resul t is that g = 0. 9i . The level 

of the horizontal asymptote answers to E = AV and is giving the value 
i r 

A = 83 x — - . 
1 0 ' 

In this e laboration V was expressed in percentages of volume. It can 

a lso be expressed in p a r t s pe r unit, so 30% = 0. 30 p a r t s per unit. In that 

case the value V changes as well as the value A. E i ther calculation will du 

because the r e su l t s from one can be t ransposed into those of the other by the 

multiplication factors 

4 , , r m 
for V i o o m 

and 1 0 0 m for A 

When the f irst e laborat ion r e su l t s in a f irst approach of the values of the 

constants , a second e laborat ion, using mean values or most probable e s t i ­

mation s, would be n e ce s sa ry to check t hese . The d i ag rams have to c o r r e s ­

pond closely so that the values for the constants read from each d iagram 

should be the s ame . 

A point of careful considerat ion should be the th ickness of the l ayer for 

which the average mois tu re contents a r e es tabl ished. Here th is l ayer was 

50 cm. A method of calculation which accounts accura te ly for the influence 

of the deeper l aye r s will be too complicated for general use so that the depth 

of the extract ion zone is be t te r dealt with by inspection. 

The accuracy of the r esu l t s to be attainable will markedly improve by-

spacing the moments of mois ture determination c loser together . The in te rva l 

of 44 days of the example i s r a the r long. 

In table 2 the initial data of a second case for e laborat ion a re given. 

L i t e ra tu re 

VISSER, W.C. 1964. Moisture r equi rements of c rops and rate of mo i s tu re 

depletion of the soil . Techn. Bull. 32, Institute for Land and Water 

Management Resea rch , Wageningen. 



TABLE 1. Exaaple of elaboration part 1 

1 

E 
w 

2.16 
3.52 
4.0 
3.8 
1.42 
2.5 

1.14 
2.1 
2.5 
1.46 
2.83 
2.46 
1.50 
1.70 
1.52 

0.7 
2.0 
2.14 
2.30 
1.58 
2.40 
1.03 

2 

E 
0 

2.4 
2.98 
3.3 
3.5 
3.74 
2.54 

1.52 
2.3 
2.1 
3.28 
3.05 
3.28 
2.33 
1.44 
1.14 

1.33 
1.95 
1.73 
3.12 
2.75 
3.16 
2.66 

3 

V 

34.3 
32.9 
28.8 
24.9 
24.7 

27.9 

37.4 
36.8 
91.6 
27.6 
25.8 
26.1 
28.2 
31.3 
31.5 

32.6 
31.2 
31.6 
29.8 
26.4 
25.6 
25.1 

4 

log E 
w 

0.3385 
0.5211 
0.6021 
0.5798 
0.1523 
0.3979 

0.0569 
0.3222 
0.3979 
0.1644 
0.4518 
0.3909 
0.1761 
0.2304 
0.1818 

-0.1549 
0.3010 
0.3304 
0.3617 
0.1987 
0.3802 
0.0128 

5 

log£ o 

0.3802 
0.5999 
0.5185 
0.5441 
0.5729 
0.4048 

0.1818 
0.3617 
0.3222 
0.5159 
0.4843 
0.5159 
0.3674 
0.1584 
0.0569 

0.1239 
0.2900 
0.2380 
0.4942 
0.4393 
O.4997 
0.4249 

6 

log V 

1.5353 
1.5172 
1.4594 
1.3962 
1.3927 
1.4456 

1.5729 
1.5658 
1.4997 
1.4409 
1.4116 
1.4166 
1.4502 
1.4955 
1.5502 

1.5132 
1.4942 
1.4997 
1.4742 
1.4216 
1.4082 
1.3997 

7 

log gE -log gE 
0 0 

+O.OO68 
-0.2129 
-0.1315 
-0.1571 
-0.1859 
-0.0178 

-»0.2052 
40.0253 
+0.0648 
-0.1269 
-0.0973 
-0.1289 
•O.O196 
+0.2286 
+0.3301 

+0.2631 
-0.0970 
+0.1490 
-0.1072 
-0.0523 
-0.1127 
-0.0379 

8 

log g& -log gE 
0 0 
D 

+0.0023 
-0.0710 
-0.0438 
-0.0524 
-0.0620 
-O.0059 

+0.0684 
+0.0084 
+O.O216 
-0.0430 
-0.0328 
-0.0430 
+O.OO65 
+0.0762 
+0.1K» 

+0.0877 
+0.0323 
+0.0497 
-0.0357 
-0.0174 
-0.0376 
-0.0126 

diagran 1 

4+7 

0.3453 
0.3082 
0.4706 
0.4227 

-0.9664 
0.3801 

0.2621 
O.3475 
0.4627 
0.0355 
O.3545 
0,2620 
0.1957 
O.459O 
0.5119 

0.1082 
0.3960 
O.4794 
0.2545 
0.1464 
0.2675 

-0.0251 

6+8 

1.5376 
1.44Ô2 
1.4156 
1.3438 
1.3307 
1.4397 

1.6413 
1.5742 
1.5213 
1.3979 
1.3788 
1.5736 
1.4567 
1.5717 
1.66 

1.6009 
1.5265 
1.5494 
1.4385 
1.4042 
1.3706 
1.3871 

mean value 2.66 

factors (estinated values) 

0.3870 1.4709 

8*1.0 B*3 

9 10 

iôglr-log V n(logV-log V) 

11 

rndog V-log V) 

-0.0644 
-0.0463 
+0.0115 
•0.0747 
+0.0784 
-0.0253 

-0.1020 
-O.O949 
-0.0288 
+0.0300 
+0.0593 
+0.0543 
+0.0207 
-0.0246 
-0.0793 

-0.0423 
-0.0233 
-0.0288 
-0.0033 
+0.0493 
+0.0627 
+0.0712 

factors (deternined values) 

-0.25 
-0.18 
•0.045 
•0.29 
+0.306 
+0.100 

-0.29 
-0.37 
-0.11 
+0.117 
+0.23 
•0.21 
+0.08 
-0.096 
-0.31 

-0.165 
-0.08 
-0.112 
-0.013 
+0.19 
+0.245 
+0.274 

B=3.8 

8 

-0.242 
-0.174 
+0.044 
+0.28 
+O.296 
+O.O96 

-0.28 
-0.358 
-0.106 
+0.113 
+0.222 
+0.201 
•0.078 
-0.093 
-0.299 

-0.159 
-0.077 
-0.108 
-0.0125 
+0.183 
+0.236 
+0.264 

•*3.8 
g=0.965 

diagran 2 
4+10 5*11 

0.0885 
0.3411 
0.6471 
O.8696 
0.4563 
O.4979 

-0.2331 
-0.0478 
0.2879 
0.2814 
0.6618 
0.6009 
O.2561 
0.1344 
0.1282 

0.1382 
0.4259 
0.5625 
0.8241 
0.6689 
0.5008 

-0.1018 
0.0037 
O.2162 
0.6289 
O.7063 
O.7169 
0.4454 
0.0654 

-0.2421 

-0.3199 -0.0351 
0.2210 0.2130 
0.2184 
0.3487 
0.3887 
O.6252 
0.2868 

0.1300 
0.4817 
0.6223 
0.7357 
0.6689 



IABLB 1. Example of elaboration part 2 

12 

i-E 
0 0 

0.26 
-1.32 
-0.64 
-0.84 
-1.08 
0.12 

1.1* 
0.36 
0.56 

-0.62 
-0.39 
•0.62 
0.33 
1.22 
1.52 

1.33 
0.71 
0.93 

-0.*6 
-0.09 
-0.50 
0 

13 

g(B-B ) 
0 0 

0.23 
-1.19 
-0.58 
-0.76 
-0.97 
0.11 

1.03 
0.32 
0.50 

-0.56 
-0.35 
-0.56 
0.30 
1.10 
1.37 

1.20 
0.64 
0.84 

-0.*1 
-0.08 
-0.45 
0 

14 

g(E-E) 
0 0 
A 

25000 

-r.rooo 
-58000 
-76000 
-97000 
11000 

103000 
32000 
50000 

-56000 
-35000 
-56000 
-30000 

110000 
137000 

120000 
64000 
84000 

-41000 
08000 
45000 
0 

15 

V° 

683000 
582000 
355000 
209000 
200000 
311000 

948000 
891000 
502000 
299000 
231000 
263000 
323000 
479000 
777000 

563000 
457000 
501000 
398000 
251000 
224000 
204000 

diagram 3 

1+13 

2.41 
2.13 
3.42 
3.04 
0.45 
2.61 

2.17 
2.42 
3.00 
0.9 
2.48 
1,90 
1.80 
2.80 
2.89 

1.90 
2.64 
2.98 
1.89 
1.50 
1.95 
1.03 

15+14 

706000 
463000 
297000 
133000 
113000 
322000 

1051000 
923000 
552000 
245000 
196000 
207000 
293000 
369000 
640000 

683000 
521000 
585000 
357000 
331000 
269OOO 
204000 

mean value 

factors (estimated vaines) g=0.9 

factors (determined values) 

g«0.9 
A=100x—-

107 

459OOO 

m=3.8 

16 

v*-V 

-2*4000 
-1*3000 
+ 8*000 
+ 23000 
+239OOO 
+128000 

-5O9OOO 
-*52000 
- 63OOO 
+1*0000 
+208000 
•176000 
+II6OOO 
- 40000 
-338000 

-12*000 
- «000 
-62000 
+ *K)00 
+188000 
+215000 
+235000 

factors (determined values) 

17 

-1.92 
-1.14 
+0.67 
+1.85 
+1.93 
+0.73 

-4.07 
-3.62 
-0.51 
+1.11 
+1.66 
+1.41 
+0.93 
-0.03 
-2.70 

-0.99 
-0.14 
-O.49 
+0.32 
+1.51 
+1.72 
•1.88 

A=30x—-
107 

18 

g 

-2.06 
-1.07 
+0.70 
+1.94 
+2.02 
+0.77 

-4.28 
-3.81 
-0.54 
+1.17 
+1.75 
+1.48 
+0.98 
-0,032 
-2.84 

-1.04 
-0.11 
-0.51 
+0.34 
+1.59 
+1.80 
+1.98 

g=0.95 

diagram 4 
1+17 

0.23 
2.18 
4.67 
5.64 
3.35 
3.23 

-2.93 
-1.52 
2.05 
2.57 
4.49 
3.87 
2.43 
1.67 

-1.18 

-0.29 
1.86 
1.65 
2.62 
3.09 
4.12 
2.91 

2+18 

0.34 
1.91 
4.0 
5.44 
5.76 
3.31 

-2.79 
-1.51 
1.56 
4.45 
4.80 
4.76 
3.31 
1.41 

-1.70 

0.29 
1.8* 
1.22 
3.*6 
4.34 
4.96 
4.64 



TABLE 2 . Lys imeter Binnenveld 

Con ta ine r n r . 4 

I n i t i a l d a t a 

n r V l o g E, l og E loff Y 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

1? 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

mean 

1 .0 

2 . 2 

2 . 8 

1 . 8 

3-5 
2 . 7 

3 -9 

4 . 5 

2 . 9 

2 . 4 

7 . 0 

2 . 8 

4 . 0 

3 . 8 

2 . 8 

2 . 4 

2 . 8 

2 . 8 

4 *i\ 

4 . 7 

2 . 4 

1 .8 

3 . 8 

5 . 5 

3.V-

2 . 4 

2 . 2 

3 . 7 

v a l u e s h , 

1 .7 

2 . 0 

2 . 5 

1 .9 

2 . 6 

2 . 0 

3 . 6 

4 . 6 

2 . 9 

3 . 4 

7 . 1 

3 .1 

4 . 2 

3 . 5 

3 -3 
>; ci 

4 . 5 

5 . 3 

'6.9 

7 . 8 

3 . 2 

1 .8 

4 . 7 

5 . 0 

4 . 6 

5 .4 

6 . 0 

4 . 9 

, 4 . 0 

54 

53 

56 

53 

51 

50 

49 
48 

46 

46 

43 

42 

41 

39 

40 

39 

38 

37 

35 

33 

34 

36 

36 

37 

32 

30 

30 

29 

Ï7=42 

0 

O.3424 

O.4472 

O.2553 

O.544I 

O.4314 

O.59II 

O.6532 

O.4624 

0.3802 

O.845I 

O.4472 

0.6021 

0.5798 

0.4472 

0.3802 

O.4472 

O.4472 

O.6435 

O.7621 

0.3802 

O.2553 

O.5798 

O.74O4 

O.591I 

0.380:. 

0 .3424 

0.5682 

0.2304 

0.3010 

0 .3979 

0 .2788 

0 .4150 

0 .3010 

0 .5563 

0 .6628 

0.4624 

0 .5315 

0.8513 

0.4914 

0.6232 

0.5441 

0 .5185 

0.5911 

0.6532 

0.7243 

0 .8389 

0.8921 

0.5051 

0.5253 

0 .6721 

0 .6990 

0 .6628 

0.7324 

0.7782 

0.6902 

0.5552 

1.7324 

1.7243 

1.7482 

1.7243 

1.7076 

1.6990 

1.6902 

1.6812 

1.6628 

1.6628 

1.6335 

1.6243 

1.6128 

1.5811 

1.6021 

1.5911 

1.5798 

1.568? 

1.5441 

1.5185 

1.5315 

1 .57-3 

1.5563 

1.5 '"'82 

1.5051 

1.1771 

1.4771 

1.4624 

I .616O 
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