
WORKABLE TIME AMD THE WEATHER 

J.H. Portiek 

The estimation of the probability distributions of the workable time for 

farm operations raises several questions. Some of these questions are dis

cussed, leaning on the literature on the subject and the estimation of 

distributions of workable time for combine harvesting of wheat in the 

Netherlands. 

INTRODUCTION 

The short and long term decisions on a farm strongly depend on the amount of 

workable time that will be available for the individual operations. This time 

is determined directly and indirectly (i.e. via the crop and soil) by the 

weather and just as difficult to predict. However, it is possible to estimate 

the probability distributions of workable time on the basis of observations 

made in the past. Given these distributions, the farmer is able to estimate 

the risk related to his decision and thus to make an optimum choice. 

The estimation of these probability distributions raises several questions, 

which are answered differently by the various authors. What is workable time ? 

How can or should it be measured ? How many observât.ions are needed to make 

accurate estimates of the distributions ? What is the relationship between 

this distribution and the weather, and hence the period (of the year) and 

the geographical location (for the same operation) ? These and related 

questions are discussed below. 

WORKABLE TIME 

There appear to be almost as many definitions of workable time in the litera

ture as there are authors. The investigations by Roth, Anton and Beyse (1), 

Lermer (2), Hesselbach (3), Reboul ('t), Al Hamchari, Desbrosses and Mamoun 

(5), De Wiljes and Zaat (6), and Bischoff and Knecht (7) can be defined as 

follows. 



Observations on one or more weather variables and on the workable time for 

a given (type of) operation in a given period are made during a small 

number of (calender) years on a relatively large number of sites (farms). 

They thus have the observations : 

U v ij> ïij)» i = 1 > 2> ' nj> J = 1 ' 2' m ) • where 

y.. = number of workable time units (hours, days) at site no i in year no j 

x.• = weather = a vector of weather variables, such as the number of dry 

hours, the rainfall, the mean radiation intensity, etc. in the period 

under examination at site no. i in year no. j. 

What is meant by "the weather" x.• varies from author to author. The content 

of y.. varies as well. Roth, Anton and Beyse (1), and Hesselbach (3) observe 

the time during which the job is interrupted by rain, dew or frost, while 

the rest of the given period is defined as workable time. Reboul (U) and 

Al Hamchari, Desbrosses and Mamoun (5) take the time during which according 

to work records of farmers consulted the operation has been executed. Lermer 

(2), De Wiljes and Zaat (6), and Bischoff and Knecht (?) take the time 

which is said to be workable in the judgement of the farmer (whether the 

operation is executed or not). 

The best fitting curve y.• = t(x..) is drawn through the observations 

^(y.., x..), i = 1, 2, , n.; j = 1 , m] (according to some 

curve-fitting procedure). 

Finally, the probability distribution of the transformation y = t (x) is 

estimated on the basis of: 

(a) the assumptions : for all i = '. , 2 , n. , and j = 1, 2, m, 

x. . has the same distribution as x, and Prob |"x « xj = Prob 

[y v<t(x)l , for - » .$ x < », and 

(b) the observations i x.., i = 1, 2, m, m+ 1 , M j . 

They, thus, change over from the observations (y--> i = 1, 2, n. ; 

j = 1,2 , m } to the observations [ y. . , i = 1, 2, , n. ; 

j = 1 , 2, ,m, m + 1 , M'J.By doing so, many (M) observations on 

y are created. Now two problems arise. 

The first concerns the interpretation of y, or the model wherein y as an 

estimator is imbedded. Although the authors are not very explicit on this 

interpretation it would be defined by the following four points. 



(1) The number of workable hours W is a transformation of the weather 

x : W = T(x). The weather is not known a priari and is therefore seen 

as a random variable. The events Be = xl and W = T ( X ) J are equivalent. 

(2) The observations (on x) x.., i = 1, 2, , n. and j = 1, 2, m 
— — i J J 

are mutually independent and identically distributed (so, the n. loca

tions of observation are assumed to lie in a homogeneous area.) 

(3) The observation y.. differs from T(x..) with an error e.•: 

y.. = T(x..) + e.., where e.- is (assumed to be) normally 
—ij — ij — i j —̂-J p 

d i s t r i bu t ed with an expectat ion Be- • = 0 and variance Var e• • = 6 for 

a l l i and j . 

(1») Given x = x , y = t ( x ) i s an es t imate of W = T (x ) , i . e . the coe f f i c ien t s 

of t ( x ) are e s t imates of the coe f f i c ien t s of T (x) . 

Indeed, the number of workable time un i t s i s not only a function of the 

weather (and the crop and s o i l ) , but a l so of a se t of workabi l i ty c r i t e r i a 

( t e chn i c a l , economical, e t c . ) of t he farmer. The workable t ime forms pa r t 

of t he management decis ion p rocess , and depends on t he decis ion c r i t e r i a 

and c on s t r a i n t s . In o ther words: every fanner has h i s own d e f i n i t i on of 

workable t ime , and hence h i s own p robab i l i t y d i s t r i b u t i o n of workable t ime. 

This view c l ea r ly d isagrees with (a) the i n t e r p r e t a t i on of z- • as an e r r o r 

of observat ion or judgement, and (b) the assumption t ha t t he p r obab i l i t y 

d i s t r i bu t i on of y . • does not depend on i . Another d i f f i c u l t y i s the accuracy 

with which the p r obab i l i t y d i s t r i b u t i on of W = T(x) i s e s t imated. This 

accuracy i s a function of both the number of observat ions on x and the 

( in)accuracy of the coe f f i c i en t s of t ( x ) (which, in t u r n , i s a function of 

the number of pa i red observat ions on x and y , and var iance of y ) . In most 

cases , however, the l a t t e r source of uncer ta in ty i s not taken i n t o account. 

Very important , of course , i s the choice of the general form and the f ac tors 

of T(x) , which i s f a i r l y a r b i t r a r y in t h i s approach. 

In t he most recent l i t e r a t u r e , we see a d i f fe ren t approach. A fur ther ana

l y s i s i s made of the workable time funct ion, i . e . T (x) . This approach (see 

Smith ( 8 ) , Kish and P r i v e t t e ( 9 ) , Baier ( 10 ) , Hassan and Broughton (11) , 

E l l i o t , Lembke and Hunt (12) , Ayres ( 13 ) , and Por t iek (ll*))can be summarized 

as follows : 

(1) The re levant s t a t e s . ( t ) - a t time t = 1, K, in year no. j = 

1 , m - of a given so i l -crop-weather system i s es t imated by s . ( t ) = 

f ( x . ( t ) ) , where x . ( t ) = weather at time t in year no j . 



(2) The r esearcher chooses some workabi l i ty c r i t e r i a . These c r i t e r i a d ivide 

the poss ib le values of s . ( t ) in to a s e t of workable s t a t e s and a se t 

of unworkable s t a t e s . 

(3) The time i n t e r v a l ( t - p At, t + (1-p) A t ) , 0 < p < 1, At > 0, i s sa id 

to be workable i f (and only i f ) s . ( t ) belongs t o the se t of workable 

s t a t e s . 

The values of p and At are chosen by the r e searcher ; t he most common 

values of p are 0, g and 1 ; the most common value of At i s 1 (day or hour) 

(1*) The number of workable hours (days) in a given per iod in year no j , £ • , i s 

found by counting the number of workable i n t e rva l s in t h a t pe r iod . 

(5) The p robab i l i t y d i s t r i bu t i on of y , t he number of workable hours (days) 

in a year , i s es t imated on the bas i s of the observat ions {f., j = 1 , . . . ,m} 

The advantages of t h i s approach l i e in the fact t ha t the workabi l i ty c r i t e r i a 

are s t a t ed e x p l i c i t l y . Objective observat ions can be made on the s o i l - c r op -

weather system and the inf luence of d iverse workabi l i ty c r i t e r i a on the p ro 

b a b i l i t y d i s t r i b u t i on of workable time can be examined e a s i l y . 

Of course, the problems concerning the i n t e r p r e t a t i on and accuracy of e s t i 

mation are sh i f t ed to the formulation of s . ( t ) = f ( x . ( t ) ) . 

To find s - ( t ) , some researchers take a small sample, ^ _ ( s . ( t ) , x . ( t ) ) , t = 
—J —J —J 

1, 2 , K; j = 1 , 2 , , • ] , and then apply a c u r v e - f i t t i ng proce

dure. 

Others make a fur ther ana lys is of s . ( t ) where, at the most elementary l eve l of 

a n a l y s i s , the coe f f i c ien t s a re es t imated by a c u r ve - f i t t i ng procedure, e s t a 

b l i shed by d i r ec t observat ion or deduced from the laws of n a tu re . 

In most cases , the empir ical ba s i s of the models i s very small . Apparently 

(and for obvious reasons) the r e s e a r che r ' s a t t en t i on was devoted p r imar i ly t o 

the bu i ld ing and subsequent use of the model. For the future however, the 

primary t ask seems to be the ga ther ing of empirical da ta . 



WORKABLE HOURS FOR COMBINE-HARVESTING OF WHEAT IN THE NETHERLANDS 

Concepts and data 

An hour is said to be workable for combine-harvesting if: 

- the amount of rain in that hour « 0.1 mm. 

- the moisture attached to the plants due to rain in that hour < 0.5 kg/ha. 

- the moisture attached to the plants due to condensation ̂  0.5 kg/ha. 

- the kernel moisture content < q = 17, 19, 21, 23, 25, 21%. 

The moisture state of the crop (wheat, combine ripe) is calculated using a 

model described by Van Elderen and Van Hoven (15), with the input variables: 

rain, cloudiness, vapour pressure, temperature, radiation, and wind velocity 
l ^ 1 ) 

(a t hour t ) . The weather data are taken from De B i l t -

For every hour in the per iod between July 16th and September 30th, in the 

per iod 1957 - 1968, the r a in da ta and the ca lcu la ted moisture s t a t e s are 

compared with the workabi l i ty c r i t e r i a . The numbers of workable hours in 

per iods of 1, 2 , 3 , h and 5 half-months, in the 2k hours day and p a r t s 

of the day, are then e s t ab l i shed . The half-months a re : July II 

Aug I 

Aug II 

Sept I 

Sept II 

16. 

1. 

16. 

1. 

16. 

- 31. 

- 15. 

- 31. 

- 15-

- 30. 

July 

August 

August 

September 

September 

The numbers of workable hours in d i f f e ren t years at the same p lace and in 

the same per iod of t he year are assumed t o be mutualLy independent and 

i d en t i c a l l y d i s t r i b u t e d . The f i r s t pa r t of t h i s assumption (mutual idepen-

dence) has been t e s t ed on the observat ions and not r e j ec ted a t t he 5$- level 

of s ign i f i cance . (Ser ies t e s t on obse rva t ions , De Jonge ( 16 ) ) . The second 

pa r t ( i d en t i c a l d i s t r i bu t i on ) could not be t e s t e d , but seems t o be acceptable , 

s ince these numbers of workable hours are generated by the same c r i t e r i a , 

the same crop and ( p r a c t i c a l l y ) the same cl imate system. 

F igs . 1 - 5 show the cumulative frequency d i s t r i bu t i on s of the workable hours 

in Ju ly I I , Aug I , Aug I I , Sept I , and Sept I I , r e spec t ive ly for combine h a r 

ves t ing a t maximum kernel moisture contents of 17, 19, 2 1 , 23 , 25 and 21%. 

The small numbers are year numbers: 1 = 1957, e t c . 

1) Meteorological s t a t i on in t he centre of The Netherlands. 
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Fig. 5 Cumulative frequency distributions of the 

numbers of workable hours for combine har

vesting at maximum kernel moisture contents 

of 17, 19, 21, 23, 25 and 277» in Sept II (all 

hours). De Bilt, years 1 = 1957, , 

12 = 1968. 
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Tab l e 1. Means and s t a n d a r d d e v i a t i o n s ( s . d . ) o f t h e numbers of wo rkab l e 

h ou r s f o r c o m b i n e - h a r v e s t i n g a t maximum k e r n e l m o i s t u r e c o n t e n t s 

of I T , 1 9 , 2 1 , 2 3 , 25 and 2f%t i n t h e h a l f - m o n t h s J u l y I I , Aug I , 

Aug I I , S ep t I and Sep t I I . De B i l t , 195T - 1968. 

J u l y I I 

Aug I 

Aug I I 

S ep t I 

S ep t I I 

mean 

s . d . 

mean 

s . d . 

mean 

s . d . 

mean 

s . d . 

mean 

s . d . 

17 

1*9.3 

56 . 6 

30 . k 

33 .0 

2 6 . 6 

2 9 . 3 

38-8 

73 .1 

13 .9 

36 .5 

Maximum 

19 

9 3 . 3 

69 .1 

7 ^ . 7 

3 7 . 3 

7 3 . 6 

5 7 . 2 

• 6 1 . 8 

85 .1 

33 . 5 

6 2 . 8 

k e r n e l moi 

21 

128 .7 

6 5 . 7 

109 .6 

3 7 . 8 

106 .9 

6 7 . 0 

83-5 

8 6 . 9 

58 . 5 

66 .1 

s t u r e c 

23 

156.1 

6O.5 

1 3U, 3 

3 7 . 3 

131 .5 

7 1 . 0 

101-8 

8 3 . 9 

8 9 . 3 

6 2 . 7 

o n t e n t {7 

25 

172 .7 

5 2 . 7 

151 .5 

3 6 . 3 

11*6.6 

6 8 . 9 

118-2 

7 7 . 7 

108 .3 

6 3 . 9 

w . b . ) 

27 

182 .9 

1+8.6 

165 .5 

3 5 . 0 

159 .8 

6 5 . 2 

132-8 

7 1 . 5 

122.1+ 

65 .1 



Table 2. Mean numbers of workable hours for combine-harvesting at maximum 

kernel moisture contents of 17, 19, 2 1 , 23 , 25 and 27% in a ha l f 

-month in four 6-hour p a r t s of the day, in percentages of the 

mean number of workable hours in a l l hours of t he day. De B i l t , 

1957 _ 1 9 68 . 

Half-month 

July II 

Aug I 

Aug II 

Sept I 

Sept II 

4 

hour 

the 

0 -

6 -

12 -

18 -

0 -

0 -

6 -

12 -

18 -

0 -

0 -

6 -

12 -

18 -

0 -

0 -

6 -

12 -

18 -

0 -

0 -

6 -

12 -

18 -

0 -

s of 

day 

6 

12 

18 

2k 

2k 

6 

12 

18 

21* 

2k 

6 

12 

18 

2k 

2k 

6 

12 

18 

2k 

2k 

6 

12 

18 

2k 

2k 

17 

12 

23 

32 

33 

100 

13 

18 

35 

3k 

100 

16 

16 

31+ 

31* 

100 

15 

25 

33 

27 

100 

25 

16 

27 

32 

100 

Maximum 

19 

12 

21 

35 

32 

100 

12 

19 

37 

32 

100 

13 

16 

39 

~2 

100 

15 

23 

36 

26 

100 

18 

17 

36 

29 

100 

kernel 

21 

11 

23 

36 

30 

100 

10 

22 

37 

31 

100 

12 

21 

38 

29 

100 

15 

23 

37 

25 

100 

16 

19 

38 

27 

100 

moisture 

23 

12 

25 

35 

28 

100 

10 

25 

37 

28 

100 

12 

22 

38 

28 

100 

13 

22 

1*0 

25 

100 

15 

18 

ko 

27 

100 

content 

25 

13 

21* 

35 

28 

100 

10 

26 

36 

28 

100 

12 

22 

39 

27 

100 

12 

23 

1*0 

25 

100 

15 

19 

1+1 

25 

100 

(#w.b.) 

27 

12 

25 

35 

28 

100 

10 

26 

37 

27 

100 

12 

22 

1+0 

26 

100 

12 

23 

1*1 

21* 

100 

11* 

20 

1*2 

2k 

100 

10 



These frequency d i s t r i bu t i on s Tary with the maximum kernel moisture content , 

both with respect t o t h e i r l oca t ion and shape. (F igs . 1 - 5 ) . 

Table 1 gives the a r i thmet ic means and the s tandard dev ia t ions . The mean 

increases with increas ing maximum kernel moisture content , while the s tandard 

deviat ion var ies only s l i g h t l y . 

In the course of the season (from July I I t o Sept I I ) , the number of workable 

hours for combine-harvesting in a half-month appears t o decrease . 

Table 2 gives the mean percentage d iv is ion of the number of workable hours 

in a half-month i n to four 6-hour p a r t s of the day, i . e . 100.y. ,z , 

where z=.Ï, y . , and y. = 1/12 I y . . , i = 1, , 4 , where: 
- i=1 ii' ii . •'-ij 

15(16) 6 15(16) 12 15(16) 18 
y-• = £ £ x., ; y„.= l l x., y,. = E I x., ; 
XlJ k=1 m=1 " J k m - 2 j k=1 m=î -J k m ; " 3 j k=1 m=13 " j k m 

15(16) 21* 
y, •= x z x., 
" ^ k=1 m=19 " J k m 

x., = numbers of workable hours in a half-month in year no j , in 
-Jkm 

hour no m of day no k. 

Only little over 50% of the number of workable hours are daytime hours 

(0600 - 1800 hours). This percentage of daytime hours increases with 

maximum kernel moisture content. 

Estimating probabilities: accuracy and number of observations 

The observed cumulative relative frequencies (Figs. 1 - 5 ) are considered as 

estimates of the cumulative probabilities of the number of workable hours. 

What is the accuracy of these estimates ? 

Take as a measure of accuracy the 95% confidence intervals of the estimated 

cumulative probabilities. (See Fraser (17)). 

Let y, ,, y , , y/ > be the realisations - ranked in order of magni

tude - of the number of workable hours y. The 93% confidence interval for 

p. = Prob [Y < y . 1 , i = 1, , 12, is constructed as follows. 



Consider the test with nullhypothesis (H 
0 

p_ , alternative hypo-

thc esis (H ) : p. ^ p , and teststatistic i = the numher of realisations 

that are smaller or equal to y,.*. Under H , this teststatistic i has a 
0 ' 

12. p and n 

i 0.025 or Prob \ i > i ; H I ^ 0 . 0 2 5 -

binomial d i s t r i bu t i on with parameters p . 

H i s r e j ec ted i f Prob T i < i ; H J 

The upperbound, b„ , of the 95% confidence i n t e r va l for p . i s the smal les t 

« i ; H 0 ] < 0 .025. 

The lower bound, b , i s the l a rge s t p for which Prob [ i > i ; H J < 0.025 

Thus, we f ind: (b < p . « b ) . 

0 

0 

0.02 

0.09 

0.15 

0.21 

0.27 

0.3U 

0.1(2 

O.52 

O.67 

O.78 

^ 
« 
<c 

< 
« 
^ 

« 
« 
^ 
^ 

« 
^ 

p1 

P2 
P3 
pU 
p5 
p6 
p7 
p8 
P9 
P10 
P11 

P10 

S 0.31* 

« 0.UU 

« O.58 

5; 0.66 

« 0.73 

« 0.79 

« O.85 

< 0.91 

^ 0.95 

^ 0.98 

« 1 

< 1 
12 

This accuracy leaves much t o be des i red . 

Moreover, these i n t e rva l show t ha t a t e s t based on the 12 observarions i s 

not very powerful. (Power defined as the p robab i l i t y of r e j e c t i ng H in 

favour of H , when H i s f a l s e ) . This means t h a t only l a rge differences 

between the n u l l - and the a l t e r n a t i v e hypothesis can be shown. 

In order to es t imate with g rea te r accuracy and t e s t with more power, more 

observat ions are needed. The minimum number of observat ions required for 

g r ea t e r accuracy and power i s given by: 

2 
T1-a • ' P W + T 1 - • / p / 1 - p / 

Pn-P 

, (16) 

12 



where: n = number of observations required 

1-a = probability of not rejecting H 

1 

T 
i-a' i-ts 

normal distribution 
1-

n , when H- is true. 

= probability of rejecting H , when H_ is false. 

, T = (1-a) and (1-ß) percentage points of the standard 

•1 
values of p = Prob T y < y] spec i f ied in H and H 

The values of n for p = 0 . 5 , a 

p are as follows: 

0.05 and 0 .10, and several values of 

-p\.a=ß= 

0.45 

0.1*0 

0.35 

0.30 

0.25 

0.20 

0.05 

1536 

3T6 

163 

88 

53 

31* 

0.10 

655 

161 

69 

37 

22 

11* 

Differences between the half-months 

There are two reasons for s tudying more c losely the d i f ferences between the 

observat ions of workable hours i - d i f fe ren t half-months. In the case of 

non-systematic d i f f e rences , t he observat ions may be considered to have the 

same d i s t r i bu t i on and (1) we have more than one observation per year , and 

(2) the user needs to apply only one d i s t r i b u t i o n . 

Table 1 and F igs . 1 - 5 suggest the hypothesis t h a t the p robab i l i t y d i s t r i 

bution of the number of workable hours changes sys temat ica l ly in the course 

of the period July I I - Sept I I . To t e s t t h i s hypothes is , T e rp s t r a ' s t e s t 

i s applied (16) . 

The t e s t : 

Given: k random samples : i y. . , j = 1, , n. ] , i = 1, , k . 

Nul lhypothesis , H : the samples are from the same population 

Al te rna t ive , H : the samples are not from the same populat ion and show 

a decreasing ( increas ing) t r end in the order 1, 2 , . . . , k. 
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T e s t s t a t i s t i c : form pa i r s of the samples: ( 1 , 2 ) , ( 1 , 3) , (1 t ) 

(2> 3 ' > » (2> k)> > (k-1 , k ) . Assign to the observat ions of p a i r 

( i , in), i = 1, , k - 1 ; m > i , ranks from 1 to (n. + n ) . Where n = 
1 m i 

number of observat ions in sample i ) . 

The t e s t s t a t i s t i c i s t hen : 

n . (n.+n +1) - 2S. 
W = E —i—i—S Ü L . 

n. n Km 1 m 

where S^ m = the sum of the ranks assigned to sample i in the pair (i,m). 

The case n , = n
2

= = n v = n y i e l d s : 

nk(k-l) (2n+l) - U.E. S. . 
W = X<J -^J 
- 2 

2n 
with expectation EW = 0 and variance 

n M k + 1 - 2 i ) 2 • % l i 
a 2 = i=i 2 w — r z 

3n 
W 

The random va r i ab le T =-S- i s N(0,1) d i s t r i bu t ed . 

Applicat ions of T e rp s t r a ' s t e s t : 

(a) Observations: the number of workable hours for combine-harvesting at a 

maximum kernel moisture content of 23% in the k=5 half-months, Ju ly I I 

- Sept I I , in the n=12 y ea r s , 1957 - 1968, at De B i l t . 

Resu l t s : W = -3 .1527, (J2 = 1.13U2, and T = -2 .9603. 
W 

Since Prob [ T « -2.9603] = 0.00154, H is rejected. 

(b) Observations: as (a), except Sept II, so k=U. 

Results: W = -0.1736, C 2 = O.569U, and T = -0.2308. 

Since Prob [ T «: -0.2308) = 0.U090, HQ is not rejected. 

Now, it is interesting to examine two related (and relevant) weather variables. 

(c) Observations: the mean daily rainfall (mm day ) in July II, Aug I, Aug 

II, Sept I and Sept II in the 12 years 1957 - 1968 at de Bilt (Table 3). 

Results: W = -0.9062,O2 = 1.13^2, and T = -O.8509. 

Since ProbTï <$ -0.8509J = 0.1977, HQ is not rejected. 
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(e) Observations: as (d), except Sept II. 

Results: W = -3.9722, <S^ = O.5691», and T = -5.2807. 

Since Pro"b[ T « -5.2807] ï 10~ , H is rejected. 

(f) Observations: as (d), except Sept I and Sept II. 

Resul t s : W = -1 .6320, 0" ^ = 0.2292, and T = -3.*t092. 

Since Prob [ T « -3.>+092] = 0.000337, H i s r e j ec t ed . 

We may conclude t ha t the number of workable hours for combine-harvesting per 

half-month tends to decrease sy s t ema t i ca l ly , in the course of the cereal har 

vest ing per iod , i . e . September i s l i k e l y t o have fewer r a the r than more 

workable hours than August. 

In t h i s harvest ing pe r iod , the "wetting condi t ions" ( ra in) are near ly the 

same, but the "drying condi t ions" ( r ad ia t ion) get worse. 

Relatoinship between the number of workable hours and the weather 

There i s , of course, a r e l a t i onsh ip between the number of workable hours and 

one or severa l of the fac tors " r a i n " , r a d i a t i on " , and "wind ve loc i ty" . But 

to what extent and i s t here a ( p r a c t i c a l l y acceptable and usable) simple 

formula for the es t imat ion of the workable time from weather data ? 

Given are 12 observations of: 

y = number of workable hours for combine-harvesting in a given period 

x = rainfall (mm water) in the same period 
-2 

x = accumulated hourly measurements of radiation, cal cm 
. . -1 

x-j= accumulated hourly measurements of the wind velocity, cm sec 

Table 5 gives Spearman's rank correlation coefficients (16) for the relation

ship between the number of workable hours (y) and rain (x.. ) , radiation (x„) 

and wind velocity (x.,) respectively. 

Table 5 shows that the number of workable hours is to a significant degree 

governed by the factors rain and radiation, and not by the factor wind 

velocity. Some results of a curve fitting analysis are given in Table 6. The 

analysis is carried out on the observations (12 years, De Bilt) of: 
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Table 3. Mean daily rainfall at De Bilt in July II, , Sept II. (mm day ) 

Year 

1957 

58 

59 

60 

61 

62 

63 

61* 

65 

66 

67 

68 

mean 

J u l y I I 

4 . 3 3 

4 . 20 

2 . 2 8 

1 .23 

1 .43 

2 . 79 

0 . 45 

1.81+ 

4 . 85 

10 .50 

1 .02 

1.1*3 

3 . 03 

Aug I 

5 .12 

2 . 8 8 

1.1+7 

1*.23 

2 . 0 3 

2 . 69 

l t .52 

1.87 

1.96 

3 .27 

5 .37 

1*.82 

3 .35 

Aug I I 

5 . 27 

2.1*6 

0 . 20 

5 .26 

3.11* 

1.91* 

7 . 29 

3 .32 

5 .91 

1.56 

1.81* 

2 . 65 

3.1*1 

Sep t I 

6 . 2 5 

1.57 

0 .01 

1 .33 

3 .01 

2 . 1 3 

2 . 8 8 

3 .17 

1*.01 

3 . 23 

2 . 52 

2 . 32 

2 . 7 0 

S ep t I I 

7 . 20 

It. 78 

0 . 20 

0 . 79 

1.1*5 

1.lt7 

2 . 5 5 

1.26 

O.85 

0 .01 

2 . 3 3 

6 . 2 5 

2.1*3 

Table 1*. Mean of hourly measurements of radiation at De Bilt in 
_2 

July II, , Sept II. (cal cm ) 

Year 

1957 

58 

59 

60 

61 

62 

63 

61* 

65 

66 

67 

68 

mean 

J u l y I I 

15.32 

15.79 

20.61* 

13.98 

15.15 

16.71 

19.98 

17.58 

11*. 06 

14.53 

19.16 

16.51 

16.62 

Aug I 

12.69 

12.66 

13.16 

13.16 

13.58 

13.98 

12.06 

14.02 

17.72 

14.29 

13.66 

I 12.07 

13.59 

Aug I I 

11 .41 

13.93 

17.14 

10.17 

11 .63 

15.27 

9.82 

14.32 

13.13 

14.05 

13.68 

13.72 

13.19 

Sept I 

9.1+1 

11 .69 

15.58 

10.63 

9.54 

12.91 

11.31 

11.39 

9.98 

10.53 

9.19 

10.53 

11.06 

Sept I I 

6.05 

7.78 

9.86 

8.53 

8.74 

8.90 

6.49 

10.45 

9.05 

8.02 

7.92 

6.61 

8.20 
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y = number of workable hours for combine-harvesting at a maximum kernel 

moisture content of 23% in a given per iod, 

x and x = r a in and r a d i a t i on , as defined above, in the same per iod . 

The values â, b" and c are the l e a s t square es t imates of the model coe f f i 

c i en t s a, b and c , r e spec t ive ly . Transformations are In y = In a + b In x , for 

y = ax , In y = In a + bx for y = ae , and In y + In a + b In x + c In x 
b e A 

for y = a.x:x0. When A i s the l e a s t square es t imate of In a, then â = e . 

Very i n s t r u c t i v e add i t iona l information i s given in F igs . 6 and 7 , shoving the 

r e l a t i on s between y , the number of workable hours for combine-harvesting at 

a maximum kernel moisture content of 23%, and the r a i n f a l l (x..) and r ad ia t ion 

(x ) , in the period July 16th - September 30th. Spearman's rank co r re l a t ion 

coe f f i c ien t s are -0.65 (Fig. 6) and +0.65 (Fig. 7 ) , i nd ica t ing t ha t the bes t 

f i t t i n g curve g rea t ly depends on the presence of the two extreme po i n t s . 

Without these extremes, as i s the case in most per iods of one, two or t h ree 

half-months, the r e l a t i onsh ip i s very poor. (The r ankcor re la t ion coef f ic ien t s 

are not s ens i t i ve to l eve l d i fferences in the obse rva t ions ) . 

Apparently, the number of workable hours in a period i s not a simple function 

of some simple r ep resen ta t ives of the weather in t ha t pe r iod . The addi t ion 

of o ther fac tors does not give much b e t t e r r e s u l t s . Presumebly, the most 

important " fac tor" in addi t ion to r a in (x ) and r ad ia t ion (x ) i s the d i s t r i 

bution of these weather factors over t ime. 
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Table 5. Spearman's coe f f i c ien t s ofrank co r re l a t ion between numbers of 

workable hours for combine-harvesting at maximum kernel moisture 

contents of 17, 19, 2 1 , 23 , 25 and 27% and (1) the r a i n f a l l , mm, 
-2 -1 

(2) the r a d i a t i on , ca l cm , and (3) the wind v e l o c i t y , cm sec , 

in half-month pe r iods . 

Observations from De B i l t in the years 1957 - 1968. 

July II 

Aug I 

Aug II 

Sept I 

Sept II 

rain 

radiation 

wind 

rain 

radiation 

wind 

rain 

radiation 

wind 

rain 

radiation 

wind 

rain 

radiation 

wind 

17 

-.50* -

.88** 

-.1*1* 

.06 

-.10 

-.28 

-.51* -

.79** 

-.11 

-.50* -

.76** 

."•9 

-.33 

.53 

.00 

Maximum kerne 

19 

63** 

81*** 

1*1 

06 

11* 

09 

66** 

83** 

16 

63** 

66** 

1*1 

69** 

73** 

60** 

21 

-.76** 

.79** 

-.1*8 

-.23 

.10 

.10 

-.76** 

.91** 

-.18 

-.55* 

.76** 

.1*3 

-.81** 

.71** 

-.27 

1 moisture 

23 

-.76** 

.79** 

-.1*8 

-.30 

.29 

• 05 

- . 7 6 * * 

.89** 

-.03 

-.63** 

.85** 

.1*8 

-.76** 

.1*8 

-.21* 

content {% w 

25 

-.81*** 

.78** 

-.50 

.21* 

.30 

.10 

-.77** -

.90** 

-.03 

-.62** -

.88** 

.1*5 

-.81** 

.1*8 

-.23 

.b.) 

27 

85** 

76** 

1*1 

30 

19 

33 

7U** 

88** 

03 

53* 

87** 

1*6 

81** 

1*8 

23 

* s i gn i f i can t at ~\0% l e ve l 

** s i gn i f i can t at 5% l e ve l 
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Number of 
workable hours 
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1100 
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0 
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^v_ 

• N ^ \ ? • 

• r2 = 0,76 

• — 

r 2=0,64S s 

100 200 300 400 500 
xi Rain,mm 

Fig. 6 Relat ion between the number of workable hours 

for combine-harvesting at a maximum kernel 

moisture content of 23% (y) and the r a i n f a l l 

(x ),mm. in the period July 16th -

September 30th. 

Observations De B i l t 195T-1968 
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Fig . 7 Relat ion between t he number of workable hours 

for combine-harvesting at a maximum kernel 

moisture content of 23$ (y) and the r ad ia t ion 

(x ) , ca l cm , in the per iod July 16th -

September 30th. 

Observation De B i l t 195T - 1968. 
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< 
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• 
• jé 

• 

• 
• 

• 

• 
r2 = 0,77 
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Tab l e 6 . R e s u l t s o f a c u r ve f i t t i n g a n a l y s i s . (De B i l t , 1957 - 1968) 

y = number o f wo rkab l e h ou r s f o r c o m b i n e - h a r v e s t i n g i n t h e g i v en 

p e r i o d . 

-1 
r a i n , x p = r a d i a t i o n ( s e e t e x t ) . 

â , "6 and c a r e t h e l e a s t s q u a r e e s t i m a t e s o f t h e model c o e f f i c i e n t s 

a , b , c . 
2 

r = c o e f f i c i e n t o f d e t e r m i n a t i o n . 

P e r i o d 

J u l y 16 th 

J u l y 16th 

Aug 1 th -

Aug 15 th -

- S ep t 30 th 

- Aug 31 th 

S ep t 15 th 

- S ep t 30 th 

Model 

y=a+bx 
bx 

y=ae -1 

b 
y = a ï i 
y=a+bx 2 

bx„ 
y=ae - 2 

( F i g 6) 

( F i g . 6 ) 

( F i g 

y=a+bx +ex 

b c 
ï - a ï l Ï 2 

y=a+bx1 

b~ 
ï = a ï l 
y=a+bx 2 

y=a+bx1 

y=ax 1 

y=a+bx 2 

y=a+bx1 

b 
y=ax 1 

y=a+bx 2 

7) 

â 

1037.61 

1135.65 

12761.56 

- 1 3 2 1 . 1 7 

3 6 . 78 

- 592 .20 

2 .7956x1Ö 3 

65>+.20 

5098 .98 

-1*83.13 

6 6 8 . 7 3 

5201 .76 

- 7 5 7 . 2 5 

6 0 0 . 2 8 

2307-21* 

-91*0.11* 

C o e f f i c i e n t s 

13 

- 1 . 8 5 

- 2 . 8767x1Ö 3 

- O . 5 8 

O.083I 
-1* 

1 .1895x10 

- 0 . 7 8 0 6 5 

-0.35^*9 1 

- 1 . 5 1 7 0 

- 0 . 5 0 6 9 

5.5*+xl52 

- 2 . 0 7 3 6 

-O .5615 

8.0707X1Ô2 

- 2 . 1 1 31* 

-O.U563 

0 . 1053 

c 

95x1Ô2 

1*081 

r 2 

0.61* 

0 . 72 

O.76 

0 . 7 7 

0 . 7 3 

0 . 822 

O.825 

O.69 

0 . 70 

O.6O 

0 . 7 3 

O.56 

0.61* 

0 . 62 

0 . 59 

0.81* 
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Conclusions 

The amount of workable time is a function of both the possibility and the 

utility of cultivating the crop and the soil within a farm. Thus, every farmer 

has his own definition of workable time, so that the researcher has to con

sider several definitions of workable time. 

The location and shape of the probability distribution of workable time depend 

on the exact definition of workable time. 

Under the climatic conditions of the Netherlands, the variance of the number of 

workable hours is very large. A sufficiently accurate estimation of the probabi

lity distribution of workable time needs, therefore, many observations: over 

many years and in many places. 

The probability distribution of workable time depends on the weather, and hence 

on the period of the year (and the geographical location). 

Not only the amounts of rain, radiation, wind velocity, etc. determine the 

number of workable hours in a given period, but also the distribution of these 

amounts over time. 
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