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-•-3-Zlffi {B _ 33)^npq
Two-tailed test: The same formula is applied. Reject the null hy-

pothesis if z' < -z or z' > z ; accept the null or reserve judgement
if -z < z ' < z .

(b) Test concerning difference between proportions. This is a two-
tailed test. When H : ?

x
= P2 , reject the null if z ' < -z or z ' > z ;

accept the null or reserve judgement if -z < z' < z , where

ni n 2

(B-34)

in which v / i
^

1^ 1 + —

^

i2- = standard error of the difference between twoV nj n 2

Xi x ?
proportions and p = — + — .

ni n 2

(c) Tests concerning means. One-tailed test for a large sample:

When H : \±i < u2 , reject the null if z' > z ; accept the null or re-

serve judgement if z' < z , where
x

-
7 r^. (B-35)

s/N/n

Two-tailed tests for a large sample: The same formula is employed;

reject the null if z 1 < -z or z' > z; accept the null or reserve judge-

ment if -z < z' < z.

In both the one-tailed and two-tailed tests for the small sample:

the formula with the t-distribution is used as below, and t' and t re-

place the z' and z, respectively.

t' = 2Lz-tL
\Tn~ (B-36)

s

(d) Tests concerning difference between means. When H : \i\ = |i. 2 »

the same statement concerning the two-tailed test of the mean is em-
ployed for the large sample where

*' - %'/'
s

z (B-37)
/sj.

+
s^

in which x / —i + ~L - standard error of the difference between twoV ni n 2

means. For the small sample, and if si = s 2 , then

t* = Xl " x ^ (B-38)

V t
- l)sj + (n 2

- l)sLj_ , J_x
ri] + n 2

- 2 m, + n 2
)

in which n
2
+ n 2

- Z = degrees of freedom.

(e) Tests concerning differences among more than two means. The
problem here is whether differences among more than two sample means
can be attributable to chance variation, or, in other words, whether
all populations from which different samples come could have identical
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means. For the test of significance, the F-distribution is used, upon

the assumption that all samples concerned come from populations hav-
ing a normal distribution with some standard deviation a . The test

eventually involves the comparison of F' derived from observations,

with the theoretical F value at specified levels of significance, for

two degrees of freedom. The following symbols, given only for com-
pletely random design, are employed for the F-distribution test:

X is the over-all mean of all samples.

Xj is the jth sample mean,
k is the number of samples,

n is the number of cases in a sample.

F' is the value of F derived from the observed data.

F is the theoretical value of the F-distribution obtained from

the F-distribution table.

When the level of significance is assigned as a = .05, it is written

as F 05 , and for a = .01, it is written F 01 . The variation of the

value depends upon the degrees of freedom.

df is the number of degrees of freedom for the numerator of F,

k - 1.

df is the number of degrees of freedom for the denominator of

F, k(n - 1).

A null hypothesis to be tested may be stated as \x 1
= ^ z

=
[
x 3

=
. . .

= \xk against an alternative hypothesis that the p.'s are not all the
same, and the criterion below is applied.

Reject the null hypothesis if F' > F ; accept the hypothesis or re -

serve judgement if F' < F, where the exact value of F is to be de-
termined by the assigned level of significance and by degrees of free-

dom, and F' is to be calculated as

k

kn(n - 1)'Yj (*j -*) 2

F' = ^ (B-39)
n k

(k-D-Z £ (x^ -Xj) 2

i=lj=l

Up to this point, the relations between the standard deviation, <r ,

mean deviation, 3 , and probable error of the mean, e (i. e. , e =

<r/\TZn = 0.6745—) can be summarized and simplified as

o; = 1.25331 a = 1.48260e
d = 0.79778o- = 1.18295e (B-40)

e = 0.674490- = 0.84535a
Equation (B-40) can be further approximated as

(B-41)

<T = 1.25d = 1.5e
a = 0.8o- = 1.2e

e = 2/3 0- = 5/6 3
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9. Linear correlation and multiple correlation

When two variables, X and Y, have a straight-line relationship,
it can be expressed as

Y = aX + b, (B-42)

where a and b are constants. The degree of the relationship of X
and Y can be expressed by

_ S[ (Xj - X)(Yj - Y)]

Fxy =

^(Xi-X)*^-?)* '

(B " 43)

where rxy (or simply r) is the coefficient of correlation, X and Y are

the arithmetic means of the Xi and Yi ; and (Xi - X) and (Yi - Y) are

the departures from the means. Let (Xi - X) be x and (Yi - Y) be y;

then Equation (B-43) becomes

. _ .
ZXV (B-44)xy V Zx 2 2y2 "

The short-cut in computing the formula for Equation (B-44), though it

looks bulky, is ^ n-ZXjYj - (ZXj) (ZYj)
r

" N/n 2Xi
2
- (ZXi) 2 n • 2Yi 2 - (2Yi)

2
"

(B_45)

Equation (B-45) is much simpler to compute than Equation (B-44) be-

cause we do not need to compute the departures of X and Y

.

In order to determine the constants, a and b, we have

a= Mi^M£M (B .46)
n x '

where b can be obtained from the following expression:

_ n(ZXjYj) - (ZXj)(ZYj)

n(2Xi2 )
- (2Xi)2

By substituting a and b into Equation (B-42), it is possible to make
a regression line to fit the linear relationships of the two variables X
and Y in a chart.

The coefficient of correlation (r) obtained from Equation (B-43),

(B-44), or (B-45) can be interpreted statistically as below:

If the two variables have a coefficient of correlation (r) , then

(100 • r
2
) percent of the variation of the Y's is accounted for by the

differences in X; that is, by the relationship with X. For example,
when r = 0.80, then 100 • r

2
is 64 %; and when r = 0.40, then 100 • r

2

is 16 %. This means that a correlation of r = 0.80 is four times as

"strong" as a correlation where r = 0.40. The probable error of the

mean (e) in terms of the coefficient of correlation (r) is

e=^T (B - 47)

Further interpretation of r values depends upon the number of pairs of

observations made for the computation. In other words, the larger the

number of observations, the closer the approximation and the higher
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the significance. Thus, the significance level (P) has been desig-
nated to show the validity of the data. When P = .050, this desig-
nates that 95 percent of the time the correlation is significant, and
when P = .010, this means that 99 percent of the time the correlation

is significant.
1

In the interpretation of linear correlation, it is very

important to know that the coefficient of correlation is not only the

most widely used, but also the most widely abused of statistical for-

mulas. It is often overlooked that r measures only the strength of

linear relationships. When a case of nonlinearity arises, r does not

adequately describe the condition. It is then misleading to use it.

When more than two variables exist, a linear equation similar to

Equation (B-42) can be expressed as

Y = a + bX
l + cX 2 + dX3 • • (B-48)

where Y is the dependent variable, X! , X 2 , X3 . . . are the independ-
ent variables, and a, b, c, d, . . . are constants. Equation (B-48)

is the multiple linear regression equation. The partial correlation co-
efficient may be written

r 12. 3 =
ri2 " ri3r23

(B-49)
^(1 -r 13 2)(l -r 23 *)

where r 12 . 3 designates the partial correlation between 1 and 2 when
variate 3 has been eliminated, and r 12 , r 13 , and r 23 indicate the cor-

relations found directly between the members of each pair of variates.

Equation (B-43), (B-44), or(B-45)can be used to find r 12 , r l3 , andr 23 ,

and thus the partial correlation rj 2 . 3 can be computed.

10. Nonparametric approach

So far our attention has been concentrated on the assumption that

the population had some known form. For instance, we assume the

existence of a normal distribution in which testing of hypotheses is

based upon certain parameters, such as mean and variance. This type

of classical statistics is known as parametric statistics. But not all

forms of population are known or normally distributed, and therefore

nonparametric statistics is needed. In nonparametric studies, one
attempts to find test statistics which would compare distributions

without specifying the form of the distributions. In short, this in-

volves no assumptions whatever about the parameters of the population

sampled. Recent advances in statistics have been in the direction of

using more and more nonparametric approaches for large distributions.

Thus nonparametric methods become an indispensable technique in

modern statistics. One advantage of their use is that they are not

only "quick and easy," or a "short-cut" in statistics, but nonpara-

metric statistics are also easy to interpret and grasp. A small sample

'The value P can be obtained from statistical tables, e.g., R. A. Fisher & F. Yates,
1952, Statistical tables for biological, agricultural and medical research, 4th ed., London
and Edinburgh, 126 pp.
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of 10 to 15 cases or a sample with only qualitative values can be

handled by nonparametric methods. In addition, they can be used to

solve some problems which standard parametric methods fail to handle.

However, in the case when the distribution is normal or the null hy-
pothesis is false, the nonparametric method cannot extract as much
information from the data~as can the standard parametric method.

Nonparametric statistics involve rank correlation, the Chi-square
test, the sign test, tests based on runs, nonparametric tolerance lim-

its, test for randomness, Chebyshev's inequality, corner test for as-
sociation, and many others. The rank correlation, Chi-square, and

corner test for association are used as illustrations.

(a) Rank correlation. When n pairs of observations of two sets of

data x^ and yj_., such as (x^y^, (x 2 , y 2 ), . . . (xn , yn ) are arranged

according to the order of the size of each individual set, the rank-

correlation coefficient can be obtained. In each set, the largest value

is assigned a rank of 1, the second largest a rank of 2, and so on.

The difference in rank between a pair of data of the two sets is d^

.

According to Spearman's rank coefficient, r
s , we have

r
s

= 1 - 6 SdjVnOi - l)(n + 1) . (B-50)

The criterion,
l

t = r
s
N/(n - 2)/(l - r

s
z) ,

is distributed as the Student's t with (n - 2) degrees of freedom. For

example, in Table B-2, columns (2) and (3) are the original sets of

data x^ and yj_ ; columns (4) and (5) are the corresponding ranking of

xi and yi ; column (6) is the difference between columns (4) and (5),

i.e., di ; and column (7) is the square of dj . In this example, the

Spearman coefficient (r c ) is 0.50, i.e., r„ = 1 - (777
————77), where

s *5(5-l)(5+l)'

Table B-2. Illustration for the Computation of Spearman's Rank Coefficient

Zdj2
= 10, and n = 5.

i

Contestant x
i Yi

Rank of

xi Yi

Difference in Rank

di
2

(1) (2) (3) (4) (5) (6) (7)

A 78 99 2 1 1 1

B 94 91 1 2 -1 1

C 23 24 4 4

D 35 19 3 5 -2 4

E 12 77 5 3 2 4

If the rank order of x^ y i
is exactly the same, d- is zero; hence

= 1. If the rank order of xj is just the opposite for y^ , namely
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the order of x$ is 1, 2, 3, 4, 5, and the order of y± is 5, 4, 3, 2, 1 ,

then r = -1. Thus the Spearman coefficient is similar to the coeffi-

cient of linear correlation in that r s lies between -1 and 1. There is

another rank correlation coefficient, known as Kendall's coefficient,

which is used for the purpose of inference. Since sampling distribu-

tion for certain values of n is not known, the tests of significance

upon Spearman's coefficient, r
s , would be possible by means of

Kendall's coefficient of rank correlation, t. Kendall's coefficient of

concordance, W, deals with several variables simultaneously, and is

of wider applicability. For details, the rea'der may refer to M. G.

Kendall, 1948, Rank Correlation Methods, London, Griffin.

(b) Chi-square distribution. Chi-square is defined as the sum of

the squares of n independent normally-distributed variables having
zero mean and unit standard deviation. The use of the chi-square (x

2
)

test involves no assumption about the distribution of the parent popu-
lation from which the sample is drawn. Like the t-distribution, the

X
2 distribution depends on the number of degrees of freedom; as the

number of degrees of freedom increases, the distribution approximates
the normal curve.

It is used in problems where a set of theoretical frequencies is

compared with observed frequencies, chiefly for the test of hypotheses
of independence and the test of goodness of fit. The y

2 test involves

the selection of a significance level (or), the determination of a critical

value of -y
2
at this chosen level of significance for a specific number

of degrees of freedom, and the computation of the y
2 value for observed

frequencies, which is to be compared with the critical value.

The following symbols are employed in the discussion of the y
2

test:

X
2

is the observed value of y
2

.

y
2 is the value of x

2 at a = .05 for varying numbers of degrees
.05 Q f freedom. Analogous to t.05, it is a value of x

2 to the right

of which 5 percent of the total area under the curve falls. The
exact value is obtained from a prepared x 2 table.

F is the observed frequency.

Fj? is the expected frequency.

n is the number of cells or classes in which O and E are compared.
nr is the total frequency of a row.

nc is the total frequency of a column.

N is the total of all n and n , or the grand total of frequencies.

r is the number of rows.

c is the number of columns.
df is the number of degrees of freedom for the x

2
, derived from

observation.

Some of the conditions for the use of the x 2 test a
-
re:

(a) absolute rather than relative frequencies;
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(b) independence and randomness of separate observations in a

sample; for small expected frequencies, tests are applicable

to individual cell entries as small as 5, but some writers sug-
gest 10. For large expected frequencies, there is no such
restriction.

(1) Test of independence. This is the test of significance of the

differences among more than two proportions, where each trial permits

more than two possible outcomes. The necessary information can be
classified into a so-called "contingency table," which is a two-way
classification table which specifies varying numbers of discrete cate-
gories in each of two dimensions. Here we have a contingency table

of four cells into which the observed frequencies (underlined figures)

are entered. The figures in parentheses are the corresponding ex-
pected frequencies.

Contingency Table

Row A L A2 Total

Column

B
l

75 120
(94.3) (90.7)

195

R 21 15
Bz

(50.7) (64.3)
105

Total 145 155 300

The question here is whether the observed differences among the

proportions are indicative of a significant relationship between A and

B , or whether the differences may be attributed to chance. The cal-

culation of an expected frequency in each cell is obtained by

FE
= K>£c> (B-51)

where nr and nc are the total frequencies of a specific row and col-

umn, respectively, to which a particular cell belongs. Substituting

the figures in the above table into this equation, the expected fre-

quency for the cell No. 1 (the cell in the first row, first column) will

195 X 145
be —

—

= 94.3. Since the sum of the expected cell frequencies

of any row or column must be equal to the sum of the observed fre-

quencies of the corresponding row or column, the remaining expected

cell frequencies can be obtained by subtracting them from n
r
and n c .

On the basis of both sets of frequencies, the observed value of x
2

can now be computed as
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(^J
The criterion for the test of significance is stated, for example, at

a = .05 as: Reject the hypothesis if Xo > X 2; accept the hypothesis

or reserve judgement if xo — X 2 where ^2 is calculated with the above
formula and the number of degrees of freedom (for x

2
) equals (r-1) (c- 1).

In our example, the value of x 2 is 34. 1Z, and the value of x 2
.os f° r

df = (2- 1)(Z- 1) is 3.84 Since the observed value of x
2 is larger than

the expected value of x 2
. we can reject the hypothesis and state that

there is a relationship existing between A and B .

(Z) Test of goodness of fit. This test is used when an ideal curve

is fitted to an observed distribution, or vice versa. The question here

is whether the ideal curve provides a good approximation to the ob-
served data. It involves a comparison of two sets of frequencies,

observed and expected, arranged in a single column instead of a two-
way table. The equation and criterion applied here for the rejection

or acceptance of a hypothesis are the same as those for the hypothesis

of independence, except that the degrees of freedom are determined

by (n - k). The symbol k stands for the number of constants used to

calculate the expected frequencies, which are determined from the

observed data. For example, when the process of calculating the ex-

pected frequency distribution requires the mean, the standard devia-

tion, and the total frequencies of the original data, the number of

constants equals three.

(3) The corner test for association. The significance of the corre-

lation of two continuous variables can be approximated by the corner

test for association, also known as the "quadrant sum" test. This can

be done by a simple scatter diagram as shown in Fig. B-Z. After the

paired observations have been plotted, the x-median and they-median
are drawn so as to divide the scatter diagram into four quadrants which
are labeled I, II, III, and IV. Obviously, the total number of observa-
tions on each side of the median should be the same. 2 Then enter the

dash lines for the purpose of eliminating those observations (shown as

blank circles) which encounter each other with respect to the median.

The quadrant sum can be obtained by counting the number of observa-
tions outside the block (which is constructed by the dash lines) in

four directions. In Figure B-Za, 3 observations above the upper dash
line, 4 observations below the lower dash line, 3 observations to the

right of the vertical dash line, and 4 observations to the left are in-

dicated. A total of 14 quadrant sums resulted; sign expressions can
be ignored. Two extreme cases are shown in Figs. B-Zb and B-Zc .

2For an odd number of pairs, we can either draw both the medians x and y through one
point, if possible, or we can draw these two medians through two different points with co-
ordinates of (xiyj) and (xmyn ), and then replace the two points by a single point with a co-
ordinate of (xiyn ).
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Table B-3. Significance Levels for Magnitude of Quadrant Sums*

Magnitudes of Quadrant Sums'" Significance Level (%)

9

11

13

14-15

15-17

17-19

18-21

10

5

2

1

0.5

0.2

0.1

"This table was prepared by Olmstead and Tukey in the Bell Telephone

Laboratories and Princeton University, and published in the Ann. Math.

Statistics 18:498.

**A magnitude which is equal to or greater than twice the sample size less

6 should* not be used.

The former has the highest correlation with a quadrant sum of 20, while

the latter has no correlation at all and the quadrant sum is zero. It is

now seen that the larger the quadrant sum, the higher the correlation

tends to be. The significance level can be obtained from Table B-3.



APPENDIX C

Some Fundamental Mathematics

Subjects which include arithmetic, algebra, geometry, and analytic

geometry are customarily recognized as the fundamentals of mathe-

matics. More advanced treatments of mathematics are calculus, dif-

ferential equations, and vector analysis. All of these subject areas

overlap each other. The stress on definition and the order and emphasis

accorded the areas are based largely on mathematical applications in

agrometeorology. Inevitably, some terms related to physics and bi-

ology are introduced from time to time.

1. Number, notation, and dimensions

A biological or physical quantity or system is measured and ex-

pressed in terms of numbers, notations, and finally in equations.

Two types of numbers are used: the real and the imaginary numbers.

The real numbers consist of the positive and negative integers and the

rational and irrational numbers. The numbers . . . -4, -3, -2, -1, 0,

1, 2, 3, 4, . . . are a complete set of positive and negative integers.

Any number that can be written as the quotient of two integers is called

a rational number, for example, 1/2 or 0.5. Any number that is not

rational is an irrational number, for example, \/~2 and n/~3. The ratio

of the circumference and radius of a circle is also irrational. The
numberN/^T is not a real number and has been designated "i" by mathe-
maticians, an imaginary number. Thus, i

2 = -1. When a number sys-
tem involves both real and imaginary numbers or imaginary numbers
alone, it becomes a complex number system. The elementary arith-

metic operations of all numbers, such as addition, subtraction, mul-
tiplication, and division, as well as the associative, commutative,
and distributive laws, are assumed to be familiar to the reader. These
laws remain valid for the system of complex numbers. This means
that the arithmetic of complex numbers is similar to the arithmetic for

real numbers. Thus, the rules of arithmetic for the complex numbers
follow:

617
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If u = a +bi and v = c + di are two complex numbers that are ex-
pressed in terms of the real numbers a, b, c, and d, then according
to

(a) the definition of equality, we have u = v , which means a = c

and b = d ;

(b) the definition of addition, we have u + v = (a + c) + (b + d)i;

and

(c) the definition of multiplication, we have u x v = (ac + bd) +

(be + ad)i

.

The order relations of real numbers a , b , and c (which can be
positive, negative, or zero) have the following fundamental properties:

(a) If any two real numbers a and b exist, one and only one of the

following three relations is true: a < b ; or a = b ; or a > b.

(This is read, "a is less than b; or a is equal to b; or a is

greater than b," and is known as a "trichotomy.")

(b) If a < b and b < c, then a < c. This is known as "transi-

tivity."

(c) If a < b , then a + c < b + c .

(d) If c > (c being positive) and a < b, then ac < be.

(e) If c < (c being negative) and a < b , then ac > be .

Ordinarily, the symbol "<" is not used with complex numbers; symbols
such as 1 < i are not defined. The notation a < b means that a is

either less than b or equal to b.

The "significant figures" or "significant digits" represent the ac-
curacy to which the data can be measured or observed. For example,

the temperature (T) on a thermometer can be read to the degree and
can be estimated to the tenth of a degree thus, when an observation

of T = 85.0° F is recorded, there are three significant digits. The ab-
solute error is less than 0.1°F, and the relative error is less than one
part in 850. The true value of T lies between 84.95 and 85.05. In an

arithmetic operation, it is necessary to apply the "rule for rounding-

off" according to the accuracy of the data desired. For example, the

ratio of the circumference to the diameter of a circle is 3.1415927,

and the decimals can be carried as far as desired. When the rule for

rounding-off is applied, this ratio becomes 3.1416 if 5 significant

figures are desired, and 3.142 if 4 significant figures are needed. The
repetition of rounding-off is not allowed; thus, the cube root of tt

(1.46459) is expressed as 1.464 instead of 1.465, if 4 significant fig-

ures are needed. In case a number lies exactly half-way between the

units, we round-off the last remaining digit on the right to an even
number, namely 0, 2, 4, 6, or 8. Thus a temperature of exactly 84.5°

and another temperature of exactly 83.5° would be expressed in the

same way, i.e., 84°, if accuracy to the whole degree is required.

The benefits of using significant figures in arithmetic operations

or simple calculations with rounded numbers are (1) in avoiding the
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9

erroneous impression of the accuracy of results and (2) in saving labor

from superfluous computation. However, a figure should not be rounded

too much if it is subsequently to be multiplied by a large number. For

example, in an over-all estimate of the irrigation cost in a certain

area, we may arrive at a figure of 76. 29 cents per ton of water; if we
round this off as 76 cents, or .76 dollars, the difference in cost for

100,000 tons of water would be 76290 - 76000 = $290.

The scientific notation by powers of 10 simplifies the expression

and manipulation of figures. Thus 230,000 + 50,000 can be written as

(23X10 4
)
+(5X 10

4
), and 0.00023 -0.00005 can be written as (23 X 1

0" 5

)

- (5 X 10" 5
). Any number to the zero power is 1, e.g., 10° = 1.

When a number is designated as an "absolute value," it is said

that the number is neither positive nor negative. In other words,

neither the positive nor the negative sign is needed for the absolute

value. The symbol used for the absolute value of a number 2 is |2|.

So far we have discussed the pure numbers. In physics, the me-
chanical qualities — namely mass, length, and time — are the three

fundamental units.
1 Other units can be derived from these. The al-

gebraic expression of a unit is the dimension of that quantity (see
column 2, Table C-l). A dimensional letter in brackets can be as-
signed to each of the three fundamental quantities as below:

[mass] = [M]

[length] = [L]

[time] = [T]

Thus, a pure number can be assigned as [l], the dimension unity, for

example,

[pure number] = [L° M° T°] = [l] .

Some commonly derived units in meteorology are listed in Table C-l

.

A dimensional check is necessary for all equations. For example,
the relation between force and the rate of change of momentum with

time can be expressed dimensionally by
[M L T~ 2

] = [M L T" 1

] -r [T].

Sometimes the coefficients of an equation can be assigned any dimen-
sion which results in dimensional consistency for that equation.

2. Basic mathematical operation

The language of algebra uses symbols rather than the usual numerals
to stand fornumbers. Since positive and negative signs of the symbols
are introduced in algebra for the separation of algebraic terms, the

words "algebraic sum" refer to both addition and subtraction in the

arithmetical sense. A one-term expression, such as ab , is a mono-
mial; two-term expressions, such as (ab + ac), are called binomials.

A fourth fundamental unit, namely temperature, is used for the study of thermodynamics.
Thus, the dimension of temperature can be expressed as [6]. In engineering, "force," in-

stead of "mass," is used for one of the three fundamental quantities; it can be expressed as
[F].
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Table C-l. Units and Dimensions of Some Physical Quantities

Quantity Dimension C.G. S. System2 F.P.S. System3

Length L 1 cm

Mass M 1 gm

Time T 1 sec

Area L2
1 cm2

Volume L
3

1 cm3

Density ML"3
1 gm cm"3

Specific volume4
L
3M" !

1 cm 3 gm" 1

Velocity L T" 1

1 cm sec" 1

Acceleration LT" 2
1 cm sec" 2

Force MLT" 2
1 gm cm sec" 2

(1 dyne)

Pressure ML-1 T- 2
1 dyne cm"-2 (10"3 mb)

Work or Energy ml2 t" 2
1 dyne cm (1 erg)

Angular velocity T- 1
1 rad sec" 1

Momentum MLT" 1
1 dyne sec

Power ML2 T
-3

1 dyne cm sec" 1

1 ft

1 lb

1 sec

1 sq ft

1 cu ft

1 lb ft"
3

1 ft
3
lb" 1

1 ft sec" 1

1 ft sec" 2

1 ft lb sec" 2
(1 poundal)

1 ft"
1
lb sec" 2

1 foot-poundal

1 rad sec" 1

1 lb sec

1 ft lb sec" 1

Three-term expressions are trinomials, and expressions of two or more

terms are polynomials.

Exponents provide a foundation for the theory of logarithms. The

laws of operations with logarithms, given below in Equations (C-Z),

(C-4), and (C-6), are translations from the language of exponents to

the language of logarithms. Any positive number b can be used as a

base for logarithms; thus, if M = bx and N = by ,
then

b
x+y

.M N = b
X
by (C-l)

x + y (C-2)

(C-3)

From the definition of logarithm,
5 we have

logb (MN)
= logb M + logb N

When two real numbers are divided,

M _ b*_ X-y
n - by

2The C. G. S. system denotes the centimeter-gram-second system.

The F. P. S. system denotes the foot-pound-second system.

The word "specific" always stands for "per unit mass," such as specific energy, spe-
cific heat, etc.

^he logarithm of a number (N) to the base (b) is the exponent (y) which must be applied

to (b) to give (N), i.e., log^N = y .
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Logarithmically, this law is expressed as

M
logb (jf)

= logb M - logb N = x - y. (C-4)

It follows that when x = y, Equation (C-3) becomes

M - ^ - 1 - b°N by .

'

This shows that logb 1 = 0.

When M = bx/y, M can be expressed exponentially by one of the fol-

lowing: .

(b
1^)* or (b

x
)

l/y or(^b)x or *&

,

for they are identical. Logarithmically,

logb M=^. (C-5)

When M p = bxp , then

log
b
M p = p log

b
M = xp . (C-6)

In a case where p = — , M /n = vM = bx' n
, thus

logb M
l/n

= logb9M = £ logb M = f

.

(C-7)

In the case where M = b, then bp = b , or x = 1, thus,

logb
bP = p log

b
b = xp = p . (C-8)

The above equations, (C-2), (C-4), (C-6), (C-7), and (C-8), are the

five fundamental properties of logarithms. When the base (b) for all

these five fundamentals is substituted by 10, then we have the com-
mon system of logarithms, or simply "common logarithms." Symbol-
ically, log ro = log. Since 10 = 10 1

, from Equation (C-8) we have

log 10 = 1 .

Similarly,

log 0.01 = -2, since 10~ 2 = l/lO 2 = 0.01
;

log 0.10 = -1, since 10
_1

= 1/10 = 0.10;

log 1 = 0, since 10° = 10/10 = 1 ;

log 10 = 1, since 10 1

= 10
;

log 100 = 2, since 10 2
= 100

;

log 200 = 2.30103, since 10 2 ' 30103
= 200 (approximately), 6 and soon.

By use of common logarithms and their properties, we can do multipli-

cation, division, and exponential operations easily. For example, in

Equation (C-2), if we insert M = 100 and N = 1000, then log (100 X

1000) = log 100 + log 1000 = 2+3 = 5. The result 5 is a logarithmic

value and should be referred back to the original number, i.e., 100,000
or 10

5
. Stated another way, the number that corresponds to a given

T'he logarithmic value for any number can be obtained from the "Common Logarithms
Table," which usually carries 4 or 5 place decimals. Common logarithms are also known as
the decimal denary, or Briggsian logarithms. The reader should be familiar with their use.
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logarithm is often referred to as the "antilogarithm" or simply "anti-

log." Thus if log 10 5
= 5, then antilog 5 = 10 5

.

Computations involving division can be simplified by acknowledging
the fact that division by a number is equivalent to multiplication by
its reciprocal. Thus, Equation (C-4) can be rewritten as

logb (M)(^) = logb M + logb {^) = x - y,

where the logarithm of the reciprocal of a number N, namely logb (Tf),

is called the "cologarithm," or simply "colog," of the number, that is

log, (^-) = colog, N = log, 1 - log, N = - log, N = - log, N . Thus

Equation (C-4) can also be written as

log
b
(M)(—) - log

b
M + cologb N = x - y .

Aside from common logarithms with the base 10, the natural logarithm

with a baSe of e is used in mathematical operations. The value e =

l+l+-Y + ~Y+-
1j-+. . . = 2.71828. If we know the logarithm of

a number to the base 10, and wish to find its logarithm referred to the
base e, we simply multiply the known logarithm by the log e 10. Thus,

if we know logioM and wish to find logeM, the conversion formula is

log
e
M - (log

e
10)(log l0 M) 2.3026 logi M (C-9)

In mathematical operations the concept of the function is extremely

important. We may borrow the famous theoremof Pythagoras (545 B.C.)

for illustration. Consider a right angle as shown in Fig. C-l, where
the hypotenuse r (constant) and the two adjacent sides x and y (vari-

ables) have an algebraic functional relationship. Thus,

(C-10)

x = rcose q

Fig. C-l. Pythagorean theorem.
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This may be considered as the algebraic equation of a circle with a

fixed radius (r). When Equation (C-10) is solved for x,

x = ±(r 2 - yV .

When y is given, x is determined; thus, x is a function of y . In

this case, x is given explicitly as a function of y and is said to be

an explicit function of y . The latter is the independent variable,

while the former is the dependent variable. Then y is an implicit

function of x . When interest lies in the trigonometric function, we
x 2 y 2

may rewrite Equation (C-10) as ~ + = 1 , and substitute this with

y x
Sin (j> = ~- and Cos <j> = — , then we have

Sin 2
cf) + Cos 2

$ = 1 . (C-ll)

The sine, cosine, tangent, cotangent, secant, and cosecant of an

angle are known as the trigonometric functions of that angle. This

includes Sin
-1

cj), Cos" 1

^, and so forth.
7 When a logarithmic function

of y = log
e
x has been expressed as x = ey , where y is a variable

and e a constant, ey would be the exponential function. The trigo-

nometric, logarithmic, and exponential functions and their combinations
are called transcendental functions. The transcendental functions are

useful in both applied and pure mathematics. In basic mathematical
operations, students should become acquainted with the functional

relationships of algebra, trigonometry, geometry, and analytical ge-
ometry.

3. Advanced mathematical operation

In advanced mathematics, we are interested only in applied mathe-
matics, such as calculus (both differential and integral), differential

equations, vector analysis, and Fourier series.

(a) Calculus. The linear or constant rate of growth of a plant (G)

may be expressed in terms of the stem elongation by measuring the

height from time to time. At time t 1? the height of the plant is hi

above the ground, and at time t 2 , it is h 2 . Then the average rate of

growth for the interval from t = t 3 and h = hi to t = t2 and h = h 2 is

defined as

t2 - ti At ' v '

where Ah = h 2 - hj is the change in height (h) in the time interval

At = t 2 - ti . Ah is read "delta h," and is the average rate of growth
in the interval from ti to (t! + At). In Fig. C-2, h is plotted against
t. The average rate of growth for the time interval t2 - tj is £~ and

this is represented by 2
= tan 9, the slope of the chord joining the

Sin
-1

$ is read as arc sine 4> , and is defined as "the angle whose sine is 4>
."



624 Appendix C

Fig. C-2. The concept of differentiation.

point P^tih!) to P 2(t 2h 2 ). What may be called the instantaneous rate

Ah
of growth at t = ti is clearly the limit of the ratio-— as At approaches

zero. This is denoted by the symbol tt . That is, lim -^ . Here -rr

is called the derivative of h with respect to t . Clearly the deriva-

tive -TT- represents the slope tan of the tangent ?iT in Fig. C-2.
The derivative of h with respect to t is also denoted by the symbol
f(t) where h is a function of t

.

G =

We recognize that

ar = *'«

is a definition of the derivative of the function h = f(t). With the aid

of the symbol f '(t) , we are able to define a new quantity dh by the

equation

dh = f'(t)dt. (C-13)

dh is called the differential of h, and for convenience, the increment

At of the independent variable t is called the differential of t . dh
is an approximation of h resulting from the increment At

.

The application of differentiation in practical problems is impera-

tive Problems in maxima and minima are used as illustrations:

(1) How would you cut a 1 -foot-square galvanized metal sheet in

order to make an open-top square box that holds the maximum
amount of soil for experimental purposes?

Solution. Let the depth of the box be h inches; then the bot-

tom of the box is (12 - 2h)
2 square inches, and the volume (V)

of the box is (12 - 2h)
2h, as shown in Fig. C-3,

V = 4h(6 - h)'

Hence

(C-14)
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12

h

h

^^(l2-2h)2

^^^

h

h

12"

Fig. C-3. An illustration of a problem in maxima and minima.

Differentiating Equation (C-14) with respect to h, we have

g^= 4[(6 - h)
2
- 2h(6 - h)

or

^= 12(6 - h)(2 - h)

For V to be a maximum, ^ must be zero; then

12(6 - h)(2 - h) (C-15)

From Equation (C-15) we know that h = 6 or h = 2 are the two
possible values of h (or depth of the box) that make V (volume

of the box) a maximum. It is obvious that h = 6 is impossible:

therefore h = 2 is the only answer. Substituting this value

into Equation (C-15) we have V = 128. Thus, this box has a

capacity of 2X8X8 = 128 cubic inches for the soil.

Example 2. What is the most economical way to use galvanized

iron sheets to build a cylindrical can that holds a known ca-

pacity of water?

Solution* Let the volume be V, the height H, the diameter

D , and the total surface S ; then

1

V ttD^H (C-16)

and

S = nij'D + DH) . (C-17)

4V 1
Solve Equation (C-16) for H (i.e., H =— ^rr) and substitute in

Equation (C-17) ; when simplified, we have
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S = ^ttD 2 +^ (C-18)

Thus, S is a function of D and V, and it is a constant. Dif-

ferentiating Equation (C-18), we get

3D=-D.-f (C-19)

For S to be a minimum, ^ = 0; hence
4V 3 4V

ttD - 52 = 0, or D 3 =—

.

(C-20)

Substituting Equation (C-16) in Equation (C-20) to eliminate

V, then

D 3
= D 2H or D = H .

The result means that the most economical way of making a

cylindrical can is to have the height and the diameter the same.

Some common rules for differentiation are chosen for the convenience
of the reader. Let a and b be the constants, and y and z the vari-

ables which are a function of x. The derivative, jTT or -r-, can be

obtained by dividing through the following equations:

d(a) =
L _ dx

d(a + y) = dy
d(
V ) V 2

d(ay)=ady
d(log 10 y) = log 10 ef = 0.4343f

d(y + z)=dy + dz
d(siny)=cosydy

ai m n-l a d(cos y) = -sin ydy
d(y ) = nyn l dy

dfeX) = ay In ady
d(tan y) = sec2

y dy

d(ey)=ey dy
d(cot y) = - csc2

y dy

,,. 1 . d(sec y) = tany sec ydy
d(ln y) = -dy

y
d(csc y) = -coty scsydy

Integration is the reverse process of differentiation. When a dif-

ferential is f(x)dx , its integral is the summation of f(x)dx, and is

denoted by

r
b

Ja
f(x)dx + C

,

where a is the lower limit of the integration, b is the upper limit,

and C is an arbitrary constant. Some common rules for integration

are set forth below:

J ady = ay + C

J(dy + . . . dz) = y + . . . z + C
r vn+l

Jy
n dy =^+T + C, n# -1



Some Fundamental Mathematics 627

j^ = In y + In C

j>dy a^
+ CIn a

Je^dy = ey + C

Jlnydy = ylny-y+C

J
sin y dy = - cos y + C

J cos y dy = siny + C

J
tan y dy = In sec y + C

J cot y dy = In sin y + C

J secy dy = ln(sec y + tan y) + C = In tan (J + J)
+ C

/esc y dy = ln(scs y - cot y ) + c = In tan J + C

(b) Differential equations. A differential equation is an equation

containing differentials or derivatives. When there is only one inde-

pendent variable, it is an ordinary differential equation, and when
there is more than one independent variable, it is a partial differential

equation. The order is the order of the derivative of the highest order,

and the degree is the power to which that derivative is raised. Thus,

4-4 + a
2
y = (C-21)

dx<

is a second-order, first-degree ordinary differential equation;

is a first-order, first-degree partial differential equation; and

^-y) 2 =* Z +Y 2 (C-23)

is a first-order, second-degree ordinary differential equation. A so-
lution is a function that satisfies the equation. Thus a solution of

Equation (C-21) is y = sin ax. An ordinary differential equation of

order n will usually have a solution containing n arbitrary or dis-

posable constants. The constants may often be chosen to make the

particular solution so obtained satisfy desirable initial or boundary
conditions. Not all differential equations have solutions. Further

applications of partial differential equations in agrometeorology are

illustrated in Section 7.5.2.

(c) Vector analysis. Some quantities, such as mass, length, and
speed are characterized by magnitude only, and are known as scalar

quantities. Vector analysis is the mathematical treatment of quanti-
ties such as velocity, acceleration, and force, which have both mag-
nitude and direction. These directed quantities are known as vectors

.

This discussion is concerned with both 2- and 3-dimensional vectors.
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Two-dimensional vectors can be interpreted as points in a plane, while

three-dimensional vectors take us into space. Vectors have two op-
erations, vector addition sometimes called parallelogram addition,

and scalar multiplication. To add vectors A and B, we must choose
an origin O and a coordinate scale. Then draw an arrow from O to A,

and one from O to B. The addition can now be done by completing the

parallelogram. Draw a line (that is, the length of OB) from the tip of

OA running parallel to OB. Now draw another line (that is, the length

of OA) from the tip of OB running parallel to OA . These two lines

intersect at a point C, and thus OG, or the diagonal of the parallel-

ogram, is the vector sum of OA and OB . Thus we have

A + B = C, (C-24)

where the first coordinate of C is the sum of the first coordinate of

A and the first coordinate of B, and the second coordinate of C is

the sum of the second coordinate of A and the second coordinate of

B. For example, let A = (x 1,x 2 ) and B = (y 2 , y 2 ); then A + B = (x :+

Y\, ^z+Yz)- Similarly, for Equation (G-24) we have

A + B + C = D,

and if we let A = (x 1? x 2 , x3 ), B = (y lt y 2 , y3 ), and C = (fci, z 2 , z 3 ), then

A + B + C = (x x +yy + ss'i, x 2 + y 2 + z 2 , x3 + y 3 +z 3 ). For vector difference,

we have
A - B = C. (C-25)

In a rectangular system of coordinates, the three unit vectors along

the positive axis of x , y, z will be denoted by I, j~, k, as shown
in Fig. C-4. Thus, the three dimensional components of A are

A^F, Ayf, and Az k ; hence
A = Ax r + Ayf + Az k .

Similarly, for Equation (G-24) we have

C = A + B = (Ax + BX )T + (AY + By)f + (Az + Bz)k .

The multiplication of vectors can be expressed by the scalar prod-

uct. The scalar product, known also as the dot product, of two vec-

tors A and B, is defined as the scalar quantity AB cos
<J> , where cj>

is the angle between vectors A and B . Hence, according to defini-

tion, we have
A-B = AB cos cj>. (C-26)

When (j) is 90°, then AB = or A is perpendicular to B; when <j> is °
,

then A-B = AB . Thus the scalar product of two vectors is a scalar.

The vector product, known as the cross-product of two vectors A and

B , is defined as the vector whose length is AB sin <|> (where <j> is the

angle between vectors A and B), and whose direction is perpendicular
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Fig. C-4. The concept of unit vector in three dimensions.

to the plane of A and B . The perpendicular line is on a direction

that a right-handed screw advancing along AXB would turn A toward

B . Hence
AXB = -BXA.

One of the important expressions of vector differentiation of a vec-
tor quantity, Q , is the gradient of Q denoted by the notation VQ
(read "del Q"), which is defined as

VQ , 8Q ,3Q . dQ
(C-27)

J"a y
T Kaz

This notation gives the three-dimensional treatments of the quantity

Q and simplifies the vector operation a great deal.

(d) Fourier series. The Fourier series for y = f(x) where -k < x < k

f(x) =

1 TTX
, 2ttX 3lTX

~a + a 1cos
-
j^- + a 2cos^— + a3COs—

j^

— + + bisirrc~ + b
2ttx

2 k + b 3 sin
3 TTX

where the constant coefficients are determined by

1 rk ., . n-n-t . , 1 rk .. . . n-rrt ,

an
=
kJ-k f(t)cos~rT dt; bn = k J-k fW sm~T dt

For the special Fourier series for -tt < x < tt , we have

•);
„. . sin 2x sin 3x sin 4x

x = 2(sin x ^ + -
A +

"T
- - 4(cos x

2 ' 3

cos 2x

4

cos 3x

(C-28)
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For < x < tt , we have
4 . . sin 3x sin 5x

1 = -(sin x + 3— + 5— +. . .);
tt 4 . cos 3x cos 5x

X = 2-?(C0SX+
J2
- + ^2~ + • •)

2 2 r . 2 „% 2 sin2x , 2 4 . sin 3x 2 sin 4x
x z =mU -4) smx-TT 2—2— + (•" -32) 3~ _TT 4~ +

2 4 sin 5x
1(tt -

52) 5 -.-. J

4. Graphical representation

In agrometeorology, graphical expression is superior to mathe-
matical formulation because it is easier to manipulate, interpret, and

check for error. Some simple graphical manipulations are summarized.
(a) Coordinate system. The customary coordinate system used is

the Cartesian system, known as the rectangular system. In this sys-
tem, the coordinates are the X and Y axes, which are perpendicular

to each other. The X-axis is called the abscissa, and the Y-axis, the

ordinate. Both are linear scales. Any point (P) in the rectangular

coordinate system can be located by P(x, y). A coordinate system
expressed by a movable radius vector, r, and the angle, <j> , which
is subtended between the movable radius vector r and the X-axis, as

shown in Fig. C-l, is a polar coordinate system. Any point in a polar

coordinate system is thus expressed by (r, cf>). Let (x, y) be the rec-

tangular and (r, cj>) the polar coordinates of a given point P. Then x =

r cos <j> ; y = r sin
<J> ; and r

2
= x 2 + y

2
. Point P can be expressed as

P(x, y) for the rectangular coordinate, and by P(r, cf>) for the polar co-
ordinate. When the ordinate is replaced by a pressure unit such as

the millibar (mb),Hj>€ the abscissa remains in a linear scale, it is a

pressure coordinate system. The pressure coordinate is useful in

meteorology. The ecological coordinate system has both axes indi-

cated by the unit of the crop-environment relationship. This system
is explained in Section 7.4.3 (Figs. 7-2 and 7-3), and is useful in

agrometeorological studies. If the axes of a rectangular coordinate

are expressed by the logarithmic scale, it is a logarithmic coordinate.

If only the ordinate is replaced by the logarithmic scale, it is the

semi-logarithmic coordinate. The graph for the former is known as

log-log paper, while that for the latter is semi-log. There is still

another kind of graph paper, known as the percentage probability scale,

where the ordinate is a cumulative percentage scale and the abscissa
remains linear. Various coordinate systems serve different purposes
of their own.

(b) Graphical solution of relations among three variables. The
graphical presentation of three variables, linear or non-linear, is

given by Equations (C-29) to (C-31), and Figs. C-5 to C-9 . These
figures are by no means representative of the present subject, because
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Fig. C-6. Nomogram for the relationship of radius, chord, and sagitta.

By permission from HOW TO MAKE ALIGNMENT CHARTS, by M.G.V. vanVoorhis. Copy-
right, 1937. McGraw-Hill Book Co. , Inc.

there are many graphical presentations in various publications.
8 Nei-'

ther do we intend to describe the theory underneath, nor do we intend

to explain the method of graphical construction. Our intention is to

guide the reader into realizing the advantage of graphical methods so

that he will make use of them whenever possible. In graphical con-
struction the theoretical approaches are based upon either the plane

and analytical geometry or the determinants. A knowledge of these

8Some suggested books are:

M.G. van Voorhis. 1937. How to make alignment charts. McGraw-Hill Book Co.,

Inc., New York. 114 pp.

E.V. Huntington. 1943. Graphical representation of functions. In: Handbook of

Mathematics, 3rd ed. McGraw-Hill Book Co., Inc., New York. pp. 173-187.

J. B. Peddle. 1919. The construction of graphical charts, 2nd ed. McGraw-Hill

Book Co., Inc., New York. 155 pp.

F.A. Berry, E. Bollay, & N. R. Beers. 1945. Numerical and graphical data. In:

Handbookof Meteorology. McGraw-Hill Book Co., Inc., New York. pp. 3-121.
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Nomogram for bx

*By permission from HOW TO MAKE ALIGNMENT CHARTS, by M.G.V. vanVoorhis. Copy-

right, 1937. McGraw-Hill Book Co. , Inc.

subjects would be helpful. A few graphs and equations are presented

below for illustration; thus we have
1
x

1 1

+
y

=
(C-29)

This equation can be represented by three different graphs, as shown
in Figs. C-5a, C-5b, and C-5c. In Fig. C-5a, we have the equation

for the electrical resistance of conductors connected in parallel,

I 1 _ I
r,

+
r 2

- R'

where ri (ranging from 10 to 15 ohms) and r 2 (40 to 50 ohms) are the

resistances of parallel conductors, and R (0.0867 to 0.125 ohms) is

the total or effective resistance. When the resistance of r
}
and r 2

are given in ohms, we can read R readily from the intersection of a

straight line, and the scale line for R is shown in Fig. C-5a. The
right-hand side of each scale line indicates the actual values of rj ,

r2 , and R, respectively, while the left-hand side of each scale line
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Copy-

indicates their reciprocals, i.e., — , — , and —
. All lines for this

figure are drawn in a linear scale.
l 2

Equation (C-29) can also be used for the study of optical paths of

lenses and mirrors. For example, in the case of a concave mirror, we
have

u + v "
f

'

where u is the distance of the object from the mirror, v is the distance

of the image, and f , the focal length.

A general equation can be assigned to Equation (C-29) as

f i(x) f 2(y) f3 (z)

and is represented by either an acute or obtuse angle between the

fi(x) and f2(y) scale lines. Then the fs(z) scale line is the diagonal

of the parallelogram, as shown in Figs. C-5b and C-5c. If a right

angle, instead of an acute or obtuse angle, is used, then fs(z) is the

bisector of the right angle.

The relationship between the length of a chord (c), the sagitta of

an arc (h), and the radius of a circle (R) can be formulated as

C 2 + 4h 2

R =
8h (C-30)

The nomogram of Equation (C-30) is given in Fig. C-6, where the

straight line passes across two points on the curve scale h . The
small value of these two points is h , while the larger value is the

diameter minus h, namely, 2R-h. For example, if R = 3 and C = 3 ,

J
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Fig. C-9. Z chart.

By permission from HOW TO MAKE ALIGNMENT CHARTS, by M.G.V. vanVoorhis. Copy-
right, 1937. McGraw-Hill Book Co. , Inc.

then h = 0.4+ or 5.6 , where the small value of 0.4 is h, approxi-

mately, and the larger value 5.6 is not

When a formula is in the form of

h, but2R-h, approximately.

bx = ax , (C-31)

Fig. C-8.

(C-3Z)

When

(C-33)

the two values of x are determined in the nomogram of Fig. C-7.

(c) Graphical solution of more than three variables. When four

variables, x, y, u, and v, are in the form of

x _ v
u " y '

we have the nomogram layout as has been shown
the four variables are in the relationship of

u
x +y =-,

we have the Z chart as shown in Fig. C-9- For a nomogram of more
than four variables, the reader may refer to references in Footnote 8

of this appendix.

(d) Graphical analyses of scalar quantities. The addition, sub-

traction, multiplication, and division of scalar quantities could be

performed graphically, provided the gradients of these quantities are

given. When two quantities Q and Q' are drawn on a map as Q {
,

Q 2 . . . Q n , and Q/ , Q 2
'

, . . . Q n
'

, the descending order of the

gradient can be specified by vectors TJ and Q 1'

. This is given in

Fig. C-lOa, which is a schematic diagram. The solid arrow indi-

cates the gradient of Q, and the blank arrow shows that of Q'. The

cross diagonal lines are the vector sum of quantities Q and Q', thus
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GRADIENT VECTOR SUM ==> GRADIENT --VECTOR DIFFERENCE

r\ r\ . . . . . r\ q; q
2

- q;Q, Q
2

Q
6

(a )
(b)

\/0l\

Fig. C-10. Schematic diagram of vector sum and vector difference.

^ + Q' = R (C-34)

Similarly, the vector difference is shown schematically in Fig. C-lOb.
When graphical multiplication and division are needed, one can

simply re-label the original quantity with a new value. For example,

the isotherms (T) can be re-labeled with corresponding values of sat-

uration vapor pressure (e q )
because (e

s ) is a function of (T). Also,

an isotherm pattern which was originally analyzed in the Fahrenheit

scale can be re-labeled by converting Fahrenheit into Centigrade.

Thus multiplication and division in graphical analysis occurs in the

transformation of a quantity into a new quantity by re-labeling.
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"432-444; see also Crop forecasting

Agricultural geography, 1-8, 10

Agricultural meteorology; see Agro-
meteorology

Agricultural season, 297, 476
Agrobiology, 1-8, 10, 35, 335

Agroclimatology, 1-8, 10

Agroecology, 7- 8, 10

Agrometeorological station, 249-2 53,

269, 282, 284, 309

cooperative, 251-2 52, 2 64

experimental research, 252

requirements for, 249-250
selection of observation site, 250

standard, 252

Agrometeorology, 26-29, 233-235, 243

-244, 269-270, 334-338, 388-389

application of, 7

as a science, 1 1 -12

definition, 3
field of, 3-12

goal of, 3

history of, 4-6

instruments in, 189-194
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[ Agrometeorology]

related sciences, 7-11, 335

role of, 7

station of, 249-253, 269, 282, 284,

309

textbooks of, 6, 12-13

use of synoptic charts in, 419

Agronomy, 10-11, 140, 275, 300

Agrophenology, 1-8, 10, 262, 2 64,

268-269, 276, 300, 310, 325

Air, 157, 300

composition, 14-19, 192, 237-239,

408, 517

animal house, 18, 522, 528,

531-532, 541

greenhouse, 18, 517-518, 534,

537-538, 541

soils, 18-19, 24, 104, 171-

175, 192

constituents, 15

density, 16, '85

Air chemistry, 10, 14n, 192, 238

Air dessicating power, 165

Air drainage ; see Cold air drainage

Air humidity; see Air moisture

Air mass, 35, 301, 413n, 415n, 427,

551, 563, 565

cold, 420-421, 586

tornadic, 449-450
warm, 420

Air moisture, 3 5, 66, 7 0, 13 6-144, 215,

456, 462; see also Relative humid-
ity, Vapor pressure deficit, Vapor

pressure, Specific humidity, Mix-
ing ratio, Dew point temperature,

Wet -bulb temperature, Absolute

humidity, Virtual temperature

Air pollution; see Pollution

Air-soil interface, 19n, 3 9, 7 0, 13 5,

137, 554

Air pre s s ure ; s ee Atmos pheric pres sure

Air pres sure -plant relationship, 233-

234

Alabama, 141, 298

Albedo, 22, 78-81, 144, 192-193,
472, 583

alfalfa, 80

aluminum foil, 80

animal body, 53-54

bare ground, 22, 80

[Albedo]

black body, 80

dry plowed fields, 80

dry sand, 22, 500

earth, 22, 32-33n, 74n, 195

fresh snow, 22, 33n, 80, 157, 500

factors of, 498-499
galvanized iron, 80

garden soil, 500

glass pane, 80

grass, 80

green forest, 22, 33n, 80

infrared, 81

leaves and plants, 81, 193, 501

measuring device, 205-208

monomolecular film, 472

oak woodland, 80

pine forest, 80

soil surfaces, 500-501

spinach, 80

stratus clouds, 33n
sugar cane, 80

ultraviolet, 80

visible light, 22, 81

water surface, 33n
wet sand, 22, 500

wheat, 80

Alcoholic insoluble products (AIS),48-

49, 246, 388, 583
Alfalfa, 85, 167, 175, 177, 274, 277,

524
absorptivity, 80

consumptive use of water, 282 n,

482-484
emission, 82

photoperiodism of, 88

reflectivity, 80

temperature effect on, 102, 102n-

103, 510

Algae, 23, 26, 99

Alkali soil, 23
Almond, 277-278, 552, 554

Altocumulus cloud, 420, 583
Altostratus cloud, 420, 583
Aluminum

absorptivity and reflectivity, 82

film, 510, 514

foil, 80, 232, 503, 508

shade, 524
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Amelioration, 51

Aminization, 15, 23,583
Ammonia, 15, 17, 19, 238, 517, 528,

531-532, 583

Ammonification, 15, 23, 13 6,555
Anabolism, 66, \

584
Anemometer, 234, 237

cup, 189, 234, 237, 252

hot-wire, 235, 247
low-speed, 235

ping-pong ball, 234
semi-cylindrical, 234

Suomi's sonic, 235, 237

thermocouple, 235

Anemone, 265, 267, 275, 303

Angstrom's humidity coefficient, 349
Angstrom 1 s radiation equation, 74

Animal, 14, 18, 33, 50, 177, 266, 285-

286, 322, 334, 497, 540-541

adaptability, 51

albedo, 53-54

ameliorating thermal stress, 51

blood composition, 51, 56, 194

body temperature, 51-60, 53n, 191,

193, 210, 294
coat characteristic, 53, 56

convection coefficient, 54

endocrine activity, 51

fertility, 51, 57, 443

heat balance, 52-56
heat gain, 52-53

heat loss, 52-53

lactation stage, 56-57, 261, 294,

590
manure, 24

measurement, 194, 240-249
mobility, 53

organs as indicators, 57, 294
physiological responses of, 50-61

radiation, 50, 55-59
rainfall and, 60-61

reproductive efficiency, 51, 55,

57, 443

respiration rate, 51, 55-56, 194,

294
sharpness of phases, 57

skin color, 53

soil moisture and, 61

surface temperature, 54, 194
surface -weight ratio, 52-53

[Animal]

temperature relationship, 3, 50,

52-59, 191, 210, 247

thyroid secretion, 56, 595
versus plants, 50-51

Animal cabinet, 528, 533

Animal diseases, 7, 51, 294, 442-444
Animal ecology, 10, 190

Animal environment; see Environmen-
tal control

Animal geography, 8
Animalhouse, 3, 7, 18, 51, 201, 206,

247-248, 497, 533

air composition, 18, 528, 531-532,

541

climate, 522-528, 531-533

heating load, 206, 525, 528

temperature regulation, 50, 52-53,

55-59

Animal husbandry, 10

Animal phenology, 8, 10, 2 61, 266,

269, 286, 294
Animal physiology, 7, 10, 190, 240,

294
Anomaly of temperature, 422-423, 425,

595
Antibiotic producing fungi, 52

Anticyclones, 52, 420, 425, 436, 447-

448, 584
Aphelion, 295n
Aphids, 293, 435

Apiculture, 10, 276, 291,584
Apple, 87, 138, 553

blossoming, 298
brown rot of, 439
fruit bud, 506

hail injury, 563-564
measurement of fruit, 244, 246
thermal response model*, 413

pest, 435

phenology, 266-267, 271, 277,

279n, 279-280, 316-319
root growth,f 174

soil moisture, 169-170
sprinkling protection, 553

Apricot, 125, 277, 279

differentiation, 279

megagametophyte, 279

sporogenous tissue, 279
Aquatic plants, 164, 559
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Arachnids, 52, 584
Argentina, 270-271

Argon, 16

Aridity, 23, 348-349
Arizona, 480, 507, 510-511

Artichoke, 271, 280
Artificial environment, 516

control of, 516-541

Artificial rainmaking, 514-516
Ash, 265, 275

Asia, 296, 304

Asparagus, 104, 139, 245-246, 271,

280, 511

Astronomical season, 294-296
Atmidometer, 220

Atmometer, 192, 220, 284, 463

modified Bellani,

488

Atmosphere

dry (dry air), 15-19, 38, 196

Atmospheric evaporating power, 169

Atmospheric pressure (air), 38, 52,

196, 227, 233, 301, 418ni 438,

441, 593; see also Barometric

pressure

Atmospherics, 518,584
Atterberg system, 21n

Auger, 228

Australia, 271, 429, 537, 540-541,

555, 570, 574

Austria, 162, 266-267,277, 303, 502-

505, 571

Autocatalyst theory (growth), 87

Autoclave, 540

Auxanograph, 244
Auxin, 312

Availability of nutrients, 23, 164

Avtfcado, 271

Azonal soil, 20, 21n

B Horizon, 20, 20n, 592

Bacteria, 23, 28, 52

aerobic, 28, 583
ammonifying, 583

anaerobic, 28, 583-554
autotrophic, 2 8, 584
denitrifying, 587

heterotrophic, 28, 589
nitrifying, 5 91

Bacteriacidal activity, 73n

Bacterial

activity, 15, 28

wilt, 292, 434
Bacteriology, 10

Bamboo, 138

Banana, 271, 511, 571

Bare ground (bare soil), 82-83, 85,

130, 176, 510, 514-515
absorptivity, 80

albedo, 22, 80

incoming and outgoing radiation,

508

net incoming radiation, 83

radiation balance, 81

reflectivity, 80

Barley, 95, 100, 167, 173, 274, 276,

317, 389, 506, 511

Barogram, 418, 584
Barometer, 4, 189,554

mercury and aneroid, 233

Barometric pressure, 139n, 175, 415-

418, 420-421, 490; see also At-

mospheric pressure

Base saturation degree, 23

Beam reflector, 193, 195, 205, 241

Beans, 160, 246, 577

castor, 88

kidney, 138, 167

lima, 104, 166, 246, 280

phenology, 266, 271, 277

snap, 125, 166, 276, 280, 282,

284-285, 353, 359-360, 387

Beaufort scale, 584
Beckman & Whitley

net-exchange radiometer, 199,

206-207, 252

thermal radiometer, 195-196, 199,

201, 206, 252

wind speed and direction recorder,

234-235, 252

Bedrock, 19, 20n
Beech, 265, 275, 301, 311-312, 322

Beef, 246

Beef cattle, 58, 194, 294

Beer's Law, 77

Bees, 52-53, 286, 291

Beet, 102, 104, 246, 271, 277, 280,

284, 470

Beetle, 28
corn flea, 434
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Belgium, 262, 266, 268, 537

Bentgrass, 313-314

Bermuda grass, 135

Beta-gauge, 194

Biochemistry, 9-10, 246, 274

Bioclimatics; see Bioclimatology

Bioclimatic Law, 273, 285, 285n, 299,

315-318, 321

Bioclimatology, 8, 10, 275

human, 497

Biological community, 27-2 8

Biological residues, 16

Biosphere, 261, 314

Biostatistics, 5, 10-11, 337, 337n

Biotic factors, 27-28, 62, 65-66, 167,

336, 373, 375-377, 386; see also

Constancy of biotic factors*

Biotron, 5, 11, 61, 498, 533-541

Birch, 265, 275, 312, 322

Bird, 52, 298, 325

migration, 264-266, 268, 285n,

286-289, 289n
phenology, 261, 263-2 66, 268-269,

274-275, 289n; see also Phe-

nology, avi-

soaring, 266, 286, 323-324

Birdsfoot trefoil, 88

Black light insect traps, 194, 248-

249, 252

Black body, 7 5, 78, 157

absorptivity, 80

emission, 82

reflectivity, 80

Blaney & Criddle method, 483-485

Blight weather, 2 92-2 93, 436 -438

Blister rust fungus, 163

Blocking action, 439, 474

Blood

composition, 51, 56, 194

temperature, 210

Bluegrass, 177, 316

Blue shade, 504 -505

Bluebell, 88

Blueberry, 553

Bohemia, 299
Bolometer, 204, 211,554-585
Boltonia latisquama, 95

Botany, 10, 107, 194, 241, 275

Bouguer's Law, 7 7n
Bowen ratio, 84-8 6

Boyce & Thompson Institute, 87, 107

Brazil, 271, 349
Britain; see Great Britain and England

Broccoli, 280

Bromegrass, 88, 135

Brooding; see Poultry

Brussels sprouts, 280

Buckwheat, 94-95, 99

Buffer capacity, 23, 585

Bulk density, 21, 84

Burning index, 388, 427, 509n

class, 430-431

value, 430-431

Butterfly, 286, 291

yellow, 265

C. G. S. System, 620

C Horizon, 20, 20n

Cabbage, 166, 470

hail injury, 571

phenology, 266, 271, 280

temperature effects on, 102, 104

Cacao, 506

Cactus, 107

Calcification, 2 0, 585
Calcium, 23, 28

carbide, 22 8

carbonate, 585

Calculus operation, 623-627

Calendar, 294-300
animal, 2 66

astronomical, 294-2 97

Chinese phenological, 269 - 27 0,

297-298
climatic, 297, 299
European phenological, 266, 298-

300

farming, 2 67

flowering, 299
harvesting, 297 - 299

hay-fever, 2 99

leafing, 299
lunar, 29% -2 98

pea, 299
phenological, 2 62n, 268-270,284-

285, 297-300, 298n
planting (seeding or sowing), 297-

299

solar, 295
spraying, 297
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[ Calendar]

wheat, 299
Calf, 54

California, 58, 96, 134, 138, 160, 162,

223, 274, 374, 492, 498, 507, 511,

524, 537, 547, 549, 552-555

Calorimeter, 194

Camel, 559
Canada, 125, 141, 203, 216, 435, 487

shelterbelt in, 460, 465, 468, 470

Canopy, 505-506
Capillary action, 21, 24, 39, 13 6-137,

164, 174-176, 215, 396, 469, 490
Capillary fringe, 24, 175, 490,555
Capillary water, 27, 585

Carbon arc lamp, 535

Carbon black, 499, 501, 511

Carbon dioxide, 16-19, 32, 65-67, 71,

73-74, 159, 164, 365

concentration, 17-18, 238, 532

displacement, 172-174
measurement, 238-239
solubility, 18

cycle, 15
geographical distribution, 15n

greenhouse, 517, 520

phytotron, 537-538
turkey house, 18, 532

Carbon fixation, 138

Carbon monoxide, 17-18, 517, 528

Carbon nitrogen ratio, 23

Camot cycle, 29n, 585
Carolinas, 141, 165

Carrot, 104, 135, 169, 173, 271, 280

Cartography, 20

Castor bean, 88

Cat, 52

Catabolism, 66

Caterpillar, 52, 435

Cation exchange capacity, 23, 585,

590

Cattle, 51, 53, 56 n, 58, 59 n, 285,

419, 524

adaptability, 51

air electricity and, 528

air movement and, 59-60

body temperature, 53n, 55, 59n, 294
Brahman, 59-60, 56n

Brown Swiss, 59-60
cold -tolerance, 51, 59, 523

[ Cattle]

diseases, 443-444
European, 55-56, 58-59

heat-tolerance, 56-57, 56n, 59

Holstein, 56, 59-60

Indian, 58-59

Jersey, 56, 59-60
rectal temperature, 59-60

Santa Gertrudis, 58-59

sweat gland, 56n
Zebu, 56, 59

Cauliflower, 244, 271, 280

maturity of, 49
Ceilometer, 189, 251, 585
Celery, 135, 166, 280

Celotex, 522

Centigrade scale, 29, 30, 123

Centipede, 28, 585
Central tendency determination, 599-

601

arithmetic mean, 599
median, 600

mode, 600-601

moving mean, 600

weighted mean, 599-600
Cereal, 108, 166, 470, 540

rust epidemic, 13 9, 439

Chemical heat, 29n, 130, 42 9n

Chemical radiation meter, 506

Chemical -sorption, 26
Chemiluminescent method, 238-239

Chemistry, 9-10, 14, 20

Chernozem, 21

Cherry-

blossoming, 269, 276, 298, 439
flowering date prediction, 308-309
phenology, 266, 277, 291-292

relative humidity and, 138

sour, 27 9

sweet, 277, 298, 317

yield prediction, 305, 324

Chestnut, 317

Chicken, 51, 246, 528-529

China, 4, 262n, 269-270, 289, 298n,

574

China aster, 96, 373

Chinook, 546

Chi-square distribution, 612

Chlorophyll, 66-67, 98, 585-586
Chloroplast, 163, 585
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Chlorosis, 71, 586
Chrysanthemum, 88, 94-95, 276, 498
Cicada, 269, 286, 289-290
Cirrocumulus cloud, 420, 586
Cirrostratus cloud, 420, 586, 615

Cirrus cloud, 42 0-421, 586
Citrus

fruits, 311, 427, 506, 550

groves, 434
trees (orchard), 138, 483, 547,

549, 551

Civil twilight time, 34, 150, 2 04

Classification

cloud types, 42 On
data, 386-391
drainage potential, 489
fog, 161-162

forces, 38

forest fire, 429
frost zone, 119, 121-122
instrument package, 251

light intensity instruments, 195-2 02

photoperiodic requirements of

plants, 33-34, 95

physical and physiological vari-

ables, 66

physiological -thermal, 342

plant life cycle, 44-45
rain gauge, 217

shelterbelt, 460
soil, 20-21

soil water, 2 6

thermometers, 208
types of vegetables, 45-46, 280

Clay, 21-22, 24, 112, 489
Clerestory windows, 523
Climate, 3, 19-21, 20n, 304

macro, 50, 76, 76n, 79, 314, 513
meso, 10, 50, 76n, 79, 513
micro, 9, 50, 50n, 70-71, 76, 79,

93, 129,190, 234-235,264,284,
300, 314, 318-319, 382, 395

Climatic analogue, 342, 425
Climatic unit

energy degree unit*, 341-343
hydro*, 342, 346, 349, 372, 406,

457

photo*, 342-343, 349, 371, 405-406
photothermal, 9, 124, 341-343,

343n, 396, 406

[ Climatic unit]

thermo*, 342-343, 349, 371-372,

406
Climatic zone, 295

equatorial, 295n-Z96
polar, 295n -2 96

temperate, 295n -2 96

vegetation, 297n

Climatological season, 296-297
Climatology, 8

applied, 10

observation site, 250-251
Climatron, 533-534
Climbing hemp-weed, 94

Climograph, 292, 372
Cloth tent, 97, 498, 509-510, 513-514

Cloudiness, 34, 66, 74, 105-106, 301,

341, 344, 353, 415, 427, 509
Clouds, 24-25, 33n, 98, 105-106,

160-162, 174

artificial, 555

dissipation, 503

seeding, 503, 516, 555

type, 35, 420-421, 420n
Clover, 167, 177, 277, 378, 440, 510

Coat characteristics of animals, 53, 5 6

Cocklebur, 95, 100

Coffee, 47, 88, 277

Cohesion of water theory, 170

Cold air advection, 121, 130, 145,

427, 547

Cold air drainage, 115, 121, 130, 164,

175, 427, 507, 547, 551

Cold frame, 516, 520-521n
Cold front; see Front

Cold season crops, 102, 106
Cold treatment, 1 02

Cold-tolerance of animals, 51, 59

Colloid, 21, 23, 489, 586, 592

fraction, 23

material, 24

particles, 2 In

Color

leaf, 34, 107, 261, 263, 269, 301,

311, 504, 509
radiation and, 500-501

soil, 22, 22n, 499-501, 511

wall, 503

Color-difference -meter, 246
Color filter, 197, 200, 204
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Color scale, 49
Colorado, 47 7, 484, 562

Colorimeter, 246
Coltsfoot, 27 5-276

Combustion heat, 29n
Comfort zone, 586

of animals, 59-60, 523

of humans, 497
Communication, 253, 411-412

Companion crops, 98, 503-507, 511,

513

Compensation point, 71

Compressive stress, 49

Conception, 57

Concrete, 82

absorptivity, 80

reflectivity, 80

Condensation, 9, 25-26, 136-137, 159,

161, 192, 215, 225

Condensation-sojption, 26-27, 13 6,

215, 396

Conduction, 22, 26, 29, 52, 70, 130,

158, 191, 193, 241

Congelifraction, 177n
Congeliturbation, 177n
Connecticut, ,389, 509, 521

Consistency of soil, 21

Constancy of biotic factors*, 11, 27-
28, 61-65, 335, 376, 383, 386,

390, 393, 412; see also Biotic

factors

Consumptive use of water, 483-484;

see also Potential evapotranspi-

ration

Continuous and discontinuous func-

tions, 41, 66

Continuous spectrum, 99, 536

Convection, 22, 29, 52, 70, 130, 193,

199, 202, 241

Convection coefficient (animal), 54

Convergence zone, 290n, 301

Conversion
common logarithm to natural log-

arithm, 622

foot-candles, 33, 33n
Langley, 32n, 33, 197, 207

millibar, 54n
rainfall, 3 6n

snow, 3 6

temperature scales, 30

[ Conversion]

watts per square meter, 33

Cooling power, 207, 247
Coolometer, 247
Coordinate system, 587, 631

Coprometer, 189, 194, 249-250
Coriolis force, 38, 586
Corn, 65, 125

aeration, 17 3

air moisture and, 151, 160

blight, 434
in erosion control, 177

hail injury, 563, 571

heat unit, 125, 343

irrigation, 47 6-477, 482-484
measurement, 244-246
mulch effect on, 514
phenology,47, 266,271, 273, 276-

277, 284, 315-317, 390-392
relative humidity and, 138

rainfall and, 3 64

shelterbelt and, 470
soil moisture and, 165, 167-169,

171

soil temperature and, 42-43, 104

suppression of evapotranspiration

in, 474-475
temperature and, 104, 128, 138,

409
transpiration, 474
yield, 63, 403, 470

Corner test of association, 614 - 616

Corpuscular burst, 304

Correlative determination

linear, 609-610
multiple, 610

ranking, 611-612
Cosmos, 94-95
Cotton, 246

aeration, 173

frost warning, 427
heat unit, 124-126, 128

irrigation, 169, 479, 483

phenology, 268-269, 277

photoperiodism, 94

soil temperature and, 104, 134, 501

weather-cotton equation, 346-347

yield prediction, 124-125, 346-347,

399
Cotton boll, 88, 125
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Coumarin, 98

Counter radiation, 74, 79

Cowpea, 510

Cows, 56, 59, 523; see also Cattle

Cranberry bogs, 121, 427, 552, 554

Cricket, 290

Criteria

animal disease forecast, 444

airplane spraying, 574-57 5

blight weather, 438-439
biological instrument, 194

cloud seeding, 516

crop rainy day*, 37, 154, 396

current data analysis, 399

drought, 23

extreme rainfall, 156

flooding method in frost protection,

552-553

forecast, 411

irrigation decision, 476

phytophenology, 310

poultry house, 528

sharpness of phases*, 48-49

spraying weather, 57 5

tornado development, 448-449

Croaking, 2 65

Crocus, 274

Crop data, 338, 386-389, 391-399
classification, 386-393

environmental, 338, 342, 386,

396-397
modification, 393-396
presentation, 386-393

Crop drying day*, 145, 150, 155, 358,

396
Crop forecasting, 8, 12, 165, 244,

264, 274, 322, 324, 386-414

analysis in, 397-400
emergence, 408-409
flowering and maturity, 402, 408,

410

requirements for better crop fore-

casting, 411-414
synthesis in, 397, 400-408

vegetative growth, 409-410

yield and quality, 3, 402-403, 408,

411

Crop geography, 6, 8\ see also Agri-

cultural geography
Crop phenology, 8, 27 6

Crop physiology, 7-8, 10

Crop prediction; see Crop forecasting

Crop quality, 169, 382, 387-388, 391,

403

Crop rainy day*, 11, 37, 145, 150,

154, 154n, 310, 358, 367, 371,

396, 405

Crop response studies, 45, 129, 244,

335, 338, 353, 405
analysis in, 365-369, 397-400
climatic analogue, 403-404
crop rainy day*, 145, 154n, 3 67

phenological approach, 297, 300,

349-364
relative humidity, 137-139

solar intensity, 72, 201

sorting device for, 3 67

synthesis in, 365, 369-382, 401-

408
transpiration, 171

temperature gradient, 210

Crop weather relationship, 3 6, 150,

384
Crop yield, 45-46, 324, 387, 407n

corn, 356-358, 363, 393-394,
403 -405

cucumber, 359
formulation, 308, 33 6

irrigation, 169-17

moisture and, 45-47, 145, 356-358
peas, 353, 358, 404
potential, 373-377, 410

prediction, 3, 382, 391, 402-403,

407n, 411

shelterbelt effect on, 47

snapbean, 359-360
sorting device, 3 65-367

temperature, 45-47, 3 60-363

tomato, 353, 360-363
Cropping system, 24, 28

Cross diameter, 278, 306-307, 399

Cryptophase, 2H8
Cuckoo, 2 65

Cucumber, 62, 64, 3 53, 519

air temperature and, 104

beetle, 2 92

phenology, 277, 280, 284
photoperiodism, 94

rainfall and, 355, 359

soil moisture and, 166
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Cultivated plant, 8

growing season, 114, 118

heat unit, 124-125

phenology of, 2 66-2 68, 270, 272,

275, 298, 300, 338

threshold temperature of, 112, 120,

126

Cultural practices, 8, 27-28, 62, 65,

104, 244, 275, 351, 376, 382, 388,

403, 413, 556
Cultural solutions, 104, 539-540, 589
Cumulonimbus cloud, 421, 586
Cumulus type of cloud, 420-421

Cup anemometer; see Anemometer
Cyclogenesis, 439
Cyclone, 52, 420-421, 425, 447-448,

493

Cyclonic scale, 586, 593

Cyprus, 503

Czechoslovakia, 266, 268, 277, 288,

303

D Horizon, 2 On

Dairy barns, 523

Dairy cattle (cow), 55-56, 58-59,

194, 294, 523

milk composition, 56

milk production, 55, 59n, 523

Daisy, 95, 373

Dalton's equation, 139n, 140

Dandelion, 94, 27 6

Date palm, 88, 277

Daylength, 34, 45-46, 203, 519
and mammals, 57n

Day-neutral plants; see Plants

Deciduous orchards, 168, 549, 552

Deciduous tree, 162, 268, 311-312,

483

Deformation thermometer, 587
Degree days, 122n, 342; see also

Growing degree day, Heat unit

system
Degree of base saturation, 23

Delaware, 353-355, 360, 362, 399-400
Dendrograph, 193, 242-243
Dendrometers, 193, 243

Denitrification, 15-16, 23, 587
Denmark, 4, 70, 512

Densitometer, 240
Detectable event*, 261 ; see also

Visible phase

Development, 34, 41, 43-45, 61, 193,

265, 334; see also Phasic devel-
opment of plant; Plant growth and
development

Devemalization, 102, 407

Dew, 9, 15n, 36, 66, 120, 144-145,

159-163, 190, 192, 215, 415,

420, 441

measurement, 160, 229,, 252, 293

sweating, 26
Dew balance, 191, 223, 231-232, 252,

293
Dew -fog, 25
Dew meter, 231, 252

Dew point temperature, 26, 37-38,

138, 225, 397, 418, 464, 514
Dew recorder

Duvdevani optical, 160, 232

electric, 232

Dew eel, 225

Foxboro lithium chloride, 192, 225

Diameter
cross, 278, 306, 307, 399
fruit, 244, 278, 307

hail stone, 452, 565

length, 278
root, 284
suture, 278
tree, 242-244
vegetable measurement, 49-50,

391, 410

Differential equations, 627

Differentiation, 587, 624-626

Diffraction, 32n
Diffusion, 19, 67, 225

Dimensions of physical unit, 617, 619-

620

Diptera, 52, 587
Disease, 11, 27, 62, 125, 157, 159,

163, 165, 240, 399n, 407n, 540
animal, 7, 51, 294, 442-444
Bruzone disease, 292, 439
forecast, 433-440
measurement, 248-249
phenology, 268, 285-294
protection from, 574-577
warning, 434-440

Dispersion, 13 9, 164

ions, 39
Dog, 52

Dogwood, 87, 317
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Domestic (farm) animal, 52, 57, 194,

240, 291

facial eczema, 443

grass tetany, 444
high altitude effect on, 528

instruments for \ , 246-249
phenology, 294

Domestic fowl, 3, 7, 50, 50n, 51

Dormancy, 43-44, 97, 100-102, 107-

108, 374, 407

bud, 43, 107

seed, 43, 107

Dosimeter, 192, 204-205
Dove, 2 65

Downy mildew, 139

Drag meter, 237

Dragonfly, 266, 291, 323

Drayer Hanson Package Unit, 538
Drainage, 9, 20, 174, 386, 456

coefficient, 493
cold air, 115, 121, 130, 164, 175,

427, 507, 547, 551

land, 11

mole, 24

open ditch, 24

tile, 24, 176

Drizzle, 25, 594
Drosometer, 229, 231

Drought, 14, 144, 165-166, 301, 366,

394, 419, 476-477, 560-561
absolute, 23, 560-561
agricultural, 23, 141, 1 65, 560
atmospheric, 560
control, 23

criteria, 23

day, 165
line, 365, 368

partial, 23, 165, 560-561
physiological, 103, 134, 159,560
protection from, 546, 559-562
resistance, 164, 166, 47 6

tolerance, 166
Dry air, 15-19, 38, 196, 448
Dry ice, 515

Dry farming, 47 6

Dry plowed field

absorptivity, 80

reflectivity, 80

Dry sand
albedo, 22

[Dry sand]

emission, 82

Dry spell, 23, 154n-155, 165, 176

Ducks, 51, 194, 288-289
Duck weed, 47 In

Duff layer, 20
Duration of light, 88 - 98; see also

Daylength, Light

measuring device, 202-204
sunlight, 202

Dust, 14, 32, 419

coal, 501, 503, 554

collector, 240
devils, 448
drift, 511

meteoric, 238

oceanic, 238

sampler, 240
slate, 493

storm, 419, 430
wind-blown, 39n, 238

Duvdevani's wooden block, 160, 232

Dynamic meteorology, 38, 70, 448n

Eagle, 286
Earhart Plant Research Laboratory, 100,

537-540
Earth

albedo, 22, 32-33n, 74n, 195

maximum wavelength, 7 5

roughness, 237

vegetables, 45-46, 280
Earthworm, 28, 50n, 52, 177

Ecological coordinate system*, 587,
631

Ecology, 6-7, 10, 168

animal, 10, 190

crop, 10

insect, 10, 190

Ecuador, 271

Edaphic factors, 28, 373, 375-377,410

Edaphology, 10, 20, 33 5

Edaphon, 23,587
Effective outgoing radiation, 7 5

Effective temperature, 344
Egg plant, 2 80

Egypt, 4

Ekman bottle, 214

Elder, 275, 301
Electromagnetic radiation, 587



664 Indexes

Electromagnetic spectrum, 35

Elm, 265, 505

Elsasser radiation chart, 81

Emission, 22, 82, 99, 587
Emissivity (emissive power), 54, 78,

81

Empirical formulation, 305-310
Endocrine gland, 587
Energy, biological transformation of, 5

Energy balance, 9, 79-84, 89, 171,

205, 215, 234, 487-488; see also

Heat balance
Energy degree unit*, 341, 343

England, 60-61, 60n, 81, 83, 140, 262,

293, 299, 309, 311, 439, 460, 512,

553, 570; see also Great Britain

English yew, 2 67, 303

Entomology, 10-11, 126, 194, 248,

285, 576
Environmental control, 3, 12, 497-541

animal, 3,1, 51, 247-248, 522-532
plant, 97-98, 498-521, 533-541

Environmental data, 386, 396-397
Environmental equivalents, 3 65-3 69

Enzyme, 314
Eppley pyrheliometer, 86, 189, 195-

196i 198-199, 205
normal incidence, 195, 197, 199,

201, 204
Equinox, .89, 93, 294n, 2 95

Erosion, 24, 39, 176-178, 239
accelerated, 582
gully, 24, 589
rill, 24, 177, 593
sheet, 24, 177, 594
wind, 462, 512-513

Estivation, 57, 587
Ethiopia, 127

Ethylene, 517, 537

lethal effect of, 18

Etiolation, 71, 587
Eucalyptus, 429, 470
Eulerian correlation functions, 237,

588
Europe, 6, 38, 263, 276, 293, 298,

304, 317, 321, 349, 572

Evaporability, 6; see also Potential

evapotranspiration

Evaporating heat, 53

Evaporation, 9, 24, 33, 36, 52, 56n,

65, 79, 84-85, 87, 115, 120,

130, 136-144, 154n-155, 157,

161, 164, 168-169, 175-176,

190, 192, 205, 215-216, 229,

237, 239, 346, 348, 368, 396,

419, 462, 469-470, 472, 498-499
constant, 54

measurement, 220-225
soil, 473-474
suppression, 470-475

Evaporation measuring device, 192,

220-222, 252, 284, 463, 488, 511

Evaporation pan (tank), 220, 2 52

Evaporative cooling, 159, 518

Evaporimeter, 192, 220, 463

Piche', 192, 511

Stevens -Roberts, 221-222

Evapotranspiration, 9, 61, 67, 79, 85,

137, 140-141, 144, 154, 164-

166, 171, 175-176, 190, 215,

220-221, 223-224, 234, 301,

352, 363, 369, 371, 396, 415,

463

actual computation, 486-487
estimate of potential

Blaney & Criddle method, 482-

485

Penman's method, 346, 485-486
suppression, 474
Thornthwaite's method, 141, 349,

484-485
Evapotranspirometer, 192, 224

Evergreen, 103, 159, 427

Ewe, 57

Exposure, 193, 503-504
beam reflector, 205

net radiometer, 208

pyrheliometer, 197-198
radiometer, 201

sunshine recorder, 197

F.P. S. system, 620

Facsimile equipment, 588
Fahrenheit scales, 29, 30, 124, 306

Fallowing, 24

Farm animals, 52, 57, 194, 240, 291

instruments for, 246-249

phenology, 294
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Farm irrigation efficiency, 484
Fecundity, 528, 588
Fertility

animal, 51, 57, 443, 528

soil, 20, 157, 164

Fertilization, 20, 24, 28, 57, 382, 556
Fibrometer, 245

Field capacity, 24, 163-166, 168, 175,

487, 505

Filbert, 138

Filtered precipitation, 26

Finland, 203, 264, 277, 287, 342

Fir, 171, 312

Fire causes, 428n
camp, 428n
incendiary, 42 8n

lightning, 429
man-made, 429
railroad, 42 8n

self combustion, 429n, 558

smoke, 428n
Fire danger class, 429
Fire danger degree, 42 8n, 42 9n

Fire-danger meter, 428

Fire edge, 558n

Fire factors, 167

Fire head, 558n
Fire weather, 427
Firefly, 269, 286, 290-291

Fish, 213, 275, 285-286, 298
Fish culture, 10, 293
Flat-plate heat flux meter, 191

Flat roof, 524n
Flax, 244, 266
Floating balance, 193

Flocculation, 39, 588
Flood, 14, 23-24, 166, 301, 408, 447

causes, 561

control, 3, 24, 561

protection, 546, 559-562
Floral initiation, 33-34, 41, 71, 95-

96, 100, 498
Floral isophane (isophane), 269, 284,

312, 317, 320, 414
Floral primordia, 41, 44, 2 61, 281,555
Florida, 434, 509, 547

Flower count, 278, 280, 386
Flowering (blossoming), 8, 41, 44-48,

148, 193, 275, 284-285, 314,

336, 341-342, 406, 410

[ Flowering]

agronomic crop (barley, cotton,

soybean, tobacco, etc.), 4, 34,

88, 96, 125, 266, 276-277, 302

fruit crop (apple, apricot, cherry,

etc. ), 267, 274-280, 303-304
native plants (lilac, snowdrop,

dandelion, etc.), 274-278,303-
304, 316, 343, 345

ornamentals (chrysanthemum, poin-

settia Rudbeckia, etc.), 88, 96,

276
vegetable crop (sweet corn, peas,

spinach, etc.), 34, 46-47, 96,

266, 274, 276-277, 280, 282-

283, 339-340, 351-353, 389,

392-393, 401

Flowmeter, 247-248, 537

Fluorescent lamp, 99-100, 249, 535-

536, 538

Fluorescent light, 519
Fog, 25, 66, 144-145, 159-163, 420,

540, 554

advection, 161-163

dissipation, 503, 555

drip, 26, 162-163, 441-442

collection, 162-163

droplets, 25, 162

formation, 161-162, 555

frontal, 161- 162
meadow, 1 62

precipitation, 2 6

prevention forest, 163

producer, 555
radiation, 161- 162
sea, 162-163, 468
steam, 161 -162

upslope, 161-162
Foliar absorption, 5

Foliar leaching, 5

Foot candle, 33, 33n

Force
f

adhesive, 471

cohesive, 471

coriolis, 38

frictional, 38, 17 7, 597

gravitational, 26-27, 38, 177, 199

hydraulic, 177

inertia, 593

mechanical, 177
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[Force]

molecular, 38, 177

thermodynamic, 177

viscous, 593

wind, 177

Forecast, 414

accuracy, 419, 425

animal disease, 433-440
climatic probability, 444-445
crop; see Crop forecasting

extended weather, 415, 421-426,

444; map, 422-424
fire weather (forest fire), 427-432
hailstorm, 450-452
insect, 433-440
livestock, 442-444
long-range, 419, 421-42 6

medium-range, 419, 421

minimum temperature, 419, 42 6-

427, 444-445
multiple phase, 402, 414
operational, 444-452
planting and harvesting, 42 6, 432-

433

potential, 402, 414
precipitation, 419, 422-425
rules of thumb, 420-421

severe weather, 415, 447-452
short-range (daily), 415-421, 425-

426
snow -depth, 419
space -distribution, 403-404
special, 426-444
spraying weather, 440-442
temperature range

above and much above, 422, 444
below normal, 422, 444
long-range, 421, 444
medium-range, 419, 421

much below, 422, 444
time sequence, 400-404
tornado, 447-450
warm and cold spell, 415, 444-445
wet and dry spell, 419, 447

Forecasting tree*, 401, 402, 402n, 408
Forest fire

danger, 557-559
prevention, 546, 557-559
warning (forecasting), 7, 427-432

Forest litter (fuel), 17 7, 42 9n, 559
Forest shade, 504
Forest tent caterpillar, 52

Forestry, 10, 275-276, 300
Formative stage, 47, 261, 390
Fourier series, 629, 631

Fowl, 54, 57; see also Domestic fowl
France, 6, 262, 266, 268, 277, 451,

528, 537, 540, 542, 553-555, 570
Freezing, 154, 177, 287, 301

and thawing, 159, 177-178
drizzle, 25
point depression, 168

rain, 25, 156

temperature, 2 6, 103-104, 108-111,

114, 351

Frequency distribution, 598
shape, 601

Fresh snow
absorptivity, 80

albedo, 22, 32n, 157, 500

reflectivity, 80

Frictional force, 38, 177

Frigorimeter, 1 94, 247
Davos, 192

Frog, 265, 269, 286, 293-294
Front, 415-420

cold, 341, 415n, 420-421, 565-566,

586, 591, 597

occluded, 41 5n, 591
pre-, 5 65

stationary, 41 5n, 565-566, 594
system, 41 5n, 420-421

warm, 341, 415n, 420, 591,557
Frost, 15n, 25-26, 66, 115, 120-121,

131, 162, 177, 190, 215, 228,

268, 284, 301, 303, 401, 420

advection, 427, 547, 552

black, 26,2 6n, 109, 111, 120, 122,

546-547

formation, 206, 427

heaving, 22, 174, 177n, 178,588
hoar, 26, 203

killing, 26, 108-110, 112, 122

line, 22

mound, 178
penetration, 159, 174

prevention, 3, 7, 546-557

flooding, 552-555
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[Frost; prevention]

fog producer, 555

ground covering, 555-557

heater, 554-555
sprinkling, 552-554

radiation, 119, 121, 427, 547

warning, 42 6-427

white, 26, 26n, 109, 111, 120,

122, 546-547

zones, 114, 119, 121, 122, 427

Frozen soil, 131, 157

emission, 82

Fruit -coloring, 194

Fruit count, 278, 280, 386

Fruit fly, 291, 576

Fruit ripening, 261, 263, 266, 270,

277-278, 280, 285

Fruit setting, 34, 41, 44, 47, 95, 194,

261, 264, 266, 277, 285, 351, 414

Fruit trees, 266, 270, 278, 302, 311,

469, 512

Fruit vegetables, 45-46, 280

Fruitification, 46, 281, 536

Fruiting; see Fruit setting

Fuel moisture, 427, 42 9n, 430-431,

558

indicator, 431-432

meter, 559
stick, 430-431

Funa, 23

Function, 588, 622, 623

Fundamental unit, 619

Fungicide, 284, 382, 394, 442, 558

Fungus, 23, 28, 52, 161, 163, 582

Furrow flooding, 23, 480

Galvanized iron, 80, 82, 220

Galvanometer (multi-range), 200

Gametophytic phase, 44

Garlic, 271, 280

Gas, 14, 15, 17, 18, 215

diffusion; see Diffusion

discharge lamps, 99, 535

exchange, 13 5, 199

air-soil interface, 19, 239

oxygen-carbon dioxide, 472

thermometer, 2 9n

Gauss normal curve, 146

General circulation, 588
Genetics, 10, 98, 270

Genotype, 312

Geography
agricultural, 1-8, 10

animal, 8
crop, 6, 8

Georgia, 141, 165, 368, 547

German, 25, 39n, 348

Germany, 6, 37, 141, 262-263, 271,

274, 276-277, 298, 302-303, 318-

320, 437, 470, 501, 556, 571

Germination, 8, 41, 44, 46, 65, 88,

98, 103-104, 108, 123, 135-136,

139, 163, 165-169, 193, 261, 271,

276, 303, 341, 386, 408-409, 474
Geostrophic wind; see Wind
Gibberallic acid, 98

Gier & Dunkle black -plate radiometer,

199

Glass bells, 555-556
Glass-house; see Greenhouse
Glass meter, 246
Glass pane, 82, 518, 521-522

absorption and reflection, 80

Glaze, 25
Glei horizon, 588
Gleization, 20, 588
Glossmeter, 246

Gopher, 28

Goat, 51

fertility, 51

wool production, 51

Goose, 51, 286-289
Grain, 108, 167, 298, 470

Grape, 125, 138, 267, 271, 277

Graphical approach, 369-373, -631-636

Grass, 82, 135, 167, 169, 173, 176,

241, 275, 318, 430, 470

absorption, 80

albedo, 80

bent, 313-314
blue, 135, 177, 316

brome, 88, 135

Bermuda, 135

emission, 82

hay, 483-484
heating coefficient, 83

Johnson, 103, 135

long, 80, 82

meadow, 81, 135, 290, 505

mitchell, 135
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[Grass]
pasture, 273, 277

short, 81-82

sudan, 173

timothy, 135

Grasshoppers, 2 66

Grass -minimum thermometer, 241

Gravitational force, 26-27, 38, 177,

199

Gravitational water, 27
Gray body, 78

Great Britain, 30, 35, 79, 89n, 106,

165, 216, 262, 265-266, 276-277,

286, 309, 315; see also England

Great Plains, USA, 39n, 168, 450

Great soil group, 20
Greece, 266-267

Green forest

absorptivity, 80

albedo, 22, 33n, 80

reflectivity, 80

Green manure, 24

Green manuring, 589
Green pepper maturity, 48

Green shade, 504
Greenhouse, 4, 7, 11, 35n, 97, 104-

105, 167, 311, 335-336, 343,

350-351, 368, 402, 497, 533,

537, 540

advantage, 520

climate, 516-522
disadvantage, 519-520
effect, 33, 518
evapotrans piration, 519
heating and cooling, 518-519
ideal, 517
illumination, 519

microclimate, 516-522

soil moisture, 519

ventilation, 517

Ground cover, 458, 555-557

Ground heat, 29n, 84, 554

Ground temperature, 551n; see also

Soil temperature

air, 551

advective, 551

frontal, 551

radiative, 551

Groundwater, 9, 24, 164, 176

Growing degree days, 122-125; see

also Degree day, Heat unit system

Growing season, 26n, 41, i0S*-122,
128, 131, 150-154, 156-157, 156n,

160, 167, 206, 347, 353, 369, 371,

374, 376, 401, 403-404, 411, 483n,

484
Growth, 41, 43, 45, 51, 62, 66, 70,

88, 94, 284, 302, 306, 314,

335-336, 364
autocatalyst theory, 87

Growth cabinet, 533-537, 540

air composition and air movement
control, 534, 537

light control, 535-536
purposes, 534
temperature and humidity control,

534, 536-537
Growth chamber; see Growth cabinet

Growth room, 533-534, 537-538, 540

Growth unit, 122

Grubs, 28

Guinea, 51

Guinea pig, 54

Gunn-Bellani radiation integrator, 195

Gustiness, 290
Guttation, 160, 589

Hail, 25, 3 6, 136, 192, 232-233
anti-measures, 570, 572

indicator, 232, 233, 452

intensity, 232

measurement, 232-233, 571-572

radar detection, 449, 567

Hailstones, 9, 25, 35, 174, 215, 232,

393, 449-452
associated synoptic weather pat-

tern, 565-567

density, 232, 569, 571

plants damaged by, 563-564, 571-

572

Hailstorm, 156, 419, 546, 562-572

distribution, 562-563, 565n
forecast 232, 450-452

front type, 565-567
suppression, 570

Haiti, 57 3n
Halides, 18

Halophyte, 168
Halos, 420n, 421n
Hardiness, 101-102
Hatchability, 528

Hawaii, 49, 87, 106, 57 6
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Hawthorn, 2 65, 317, 322

Hay, 458, 470, 483-484, 508-510
-fever plant, 2 66, 299

Hay covered shade, 524

Hazardous weather, 546
Haze, 18, 25, 74, 161
Hazemeter, 559

Heat, 29-32, 30, 53, 101-136, 190,

192, 236, 365

advection, 121

animal, 55-59

chemical, 29n, 130, 556

combustion, 29n
fusion, 130, 499, 547

ground, 29n, 84, 554

evaporated, 120

from the air, 547-552

from the soil, 547, 554
from the water, 552-554
penetration depth, 130

propagation, speed, 130

sensible; see Sensible heat

vaporization, 85, 130, 499
Heat balance, 33, 70-11, 83-86, 107,

171, 192, 225; see also Energy
balance

advantages of

in animals, 53

in plants, 79

Heat capacity; see Thermal capacity

Heat conductivity; see Thermal con-
ductivity

Heat cycle, 130

Heat economy of plants, 79

Heat flow meter, 247-248
Heat flux, 120-121, 131, 192

amplitude, 130-131

Heat gain, 74, 525, 547-554
from the air, 547-552
from the soil, 547, 554
from the water, 547, 552-554

Heat loss, 74, 525, 554-557
Heat-regulating mechanism, 50, 52-

53, 55-59
Heat storage, 22, 121, 157, 427

energy equation for determining ,

120*

Heat sum; see Heat unit system
Heat-tolerance, 56, 56n, 57, 59

Heat transfer, 22, 29, 50, 53-55

Heat unit system, 4, 43, 65, 101, 102,

122-129, 122n, 303, 325, 343-

344, 343n
application, 126

critique of, 122n, 12 6-130

improvement in, 12 9-130

Heat wave, 415
Heater (burner) for frost prevention,

515, 554-555
disadvantage, 554-555
return-stack, 554

Heating coefficient, 79, 83

Heating degree -days, 122n
Height contour or contour line, 559
Helicopter, 547, 549, 552, 575

Helium, 16, 19

Helium lamp, 535

Hempweed, 93-94, 510

Herbage vegetables, 45-4 6, 280
Herbicide, 24, 284, 394
Hibernation, 57, 261, 2 69, 294,589
History of

agrometeorology, 4-6

heat unit system, 122-127

phenology, 261-275
photoperiodism, 94-95
suppression of transpiration, 474

Hoarfrost, 26, 203

Hogs; see Swine
Holland; see Netherlands

Holstein cows, 56, 59

Homogeneous soil, 130

Homoiothermous (warm blooded) ani-

mals, 52-53

Hops, 277

Hopkins' Law, 273, 285, 285n, 291,

298-299, 315-318, 321

Horizontal wind, 234, 440-441

Horse-chestnut, 265, 275, 298, 301,

322

Horses, 51, 5 6n, 443

Horticulture, 10-11, 27 5, 334
Hotbeds, 516, 518n, 520-521

House
ceiling temperature, 524
cooling load, 206
heating load, 206, 525, 528

Humidistat, 534, 53 6, 538

Humus, 24, 592

Hungary, 266, 268-269, 501
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Hurricane, 447-448, 451, 546, 562

terminology of, 573 -SI A

Hurricane protection, 573-574
Hydraulic conductivity, 24

Hydraulic force, 177

Hydrocarbons, 19

Hydroclimatic units, 342, 346, 349,

372, 406, 457

Hydrogen, 16, 229
Hydrogen sulfide, 17, 19, 292, 528,

537

Hydrologic cycle, 13 6-137, 457

Hydrologic imbalance, 165
Hydrology, 9-10, 26, 70, 171, 174,

178, 215, 334
Hydrometeor, 25, 156, 161

Hydrometeorology, 1

Hydroponics, 104, 589
Hyetograph, 216
Hygrometer, 22 5

hair, 192, 227
infrared absorption, 189,192, 225-

227, 252

maximum-minimum dewpoint, 225,

252

Hygrograph, 227

Hygroscopic
coefficient, 24, 163, 589
nuclei, 570-571

substance, 225

water, 27
Hypsometer, 233

Hysteresis effect, 227

Hythergraph, 227, 292, 372,399-400

Ice fog, 25
Ice sheets, 17, 25, 103, 159, 174

Idaho, 458, 466-467, 574-575
Illinois, 64, 372, 452, 475, 565-570,

573

Illuminometers, 203, 208, 589
Imbibitional power, 166

Incandescent lamp, 99, 535

Incomplete gamma function computa-
tions, 145

Index of combustibility, 428n-429n,
42 9

India, 157, 269, 501, 572

Indiana, 64, 273, 273n, 345, 489

Indicators, 284
animals, 57

beet, 284

cauliflower, 49-50
corn, 49, 284
earth vegetables, 280
English garden peas, 281-283
hail, 452

lettuce, 280-281
onions, 280

peas, 49, 282-284, 387-388
small grain, 388
sugar cane, 49, 388
tobacco, 388
watermelons, 49, 281

Indole -3 -acetic acid, 98

Inert gas; see Gas
Infiltration, 24, 39, 13 6, 164, 177-

178, 489-493
rate, 489

Inflorescence, 41, 44, 589
Infrared gas analyzer, 238, 252

Infrared absorption hygrometer; see
Hygrometer

Infrared spectrum, 32n, 35, 71-72,

73n, 81, 97-99, 204-205, 499,
535

Insecticide, 284, 382, 394, 442, 558,

576

Insect, 3, 7, 27-28, 52, 62, 125, 157,

159, 194, 234, 240, 261, 263,

268-269, 273-275, 286, 298,

324, 407n, 433-440, 540-541

cabinet, 516
forecast, 433-440
hibernation, 261

measurement, 248-249
phenology, 261, 263, 266,285-294
population, 434, 576

protection, 574-577
warnings

long-term, 434-435
medium-term, 435-439
short-term, 439-440

Insemination, 2 61

Insolation, 89n, 92, 301, 344n, 510;

see Solar radiation

Instrumentation, 5, 10, 71, 98, 101,

189, 233, 245-246, 253, 274,
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[Instrumentation] 411-412

essentials in, 190-191

in biological studies, 72, 193

nature of agrometeorological , 189-

190

Insulating materials, 523, 529

Integration, 62 6-627

Intercepted precipitation, 25 -2 6

Interception, 505

light, 9, 72, 505

rainfall, 9, 36, 145, 159, 173

snowfall, 159

Interdiurnal temperature, 128n, 405

Intermediate plants; see Plants

International Phenological Gardens ,

300, 312, 312n
Interphasic period, 24-25, 125

Intrazonal soil, 20-2 In

Invertebrates, 52

Invisible phenological phases, 41,

47-48; see also Latent phase; Un-
detectable stage; Cryptophase

Iodine, 17, 238

Iowa, 43, 63, 86, 151, 168, 273, 293,

477, 562, 565n, 570

Ireland, 293, 436-437
Irrigation, 7, 9, 20-21, 23, 3 6n, 144,

148, 160, 169, 170, 172, 292,

301, 382, 456, 476-488
basin, 23

border, 23, 47 9

corn, 47 6-477, 482-484
corrugation, 479-480
decision, 478-488
effect, 47 6, 484
factors in, 47 6-478

flooding, 23, 479
furrow, 23, 479-480
macroclimatic consideration, 477

microclimatic consideration, 47 8

plastic siphons, 480-481
quality of, 23

scheduling of, 23

sprinkler, 23, 478-479
subirrigation, 23, 479
summer, 467
surface, 479

Isakairs, 285, 285n, 320, 323

Isallobars, 418
Island effect (Oasis), 220, 223, 478

Isobars, 418
Isochrones, 287, 567, 569
Isodiametric lines, 567, 569
Isodrosotherms, 418
Isogons, 418, 570, 589
Isogram, 589
Isohumes, 418
Isohyets, 150, 369-371, 418, 570
Isophane (Isophene), 270, 285, 285n,

299, 314, 317-318, 320

floral, 284,2>\Z, 316, 320, 413

migrant, 285

n

Isopleths, 145, 223, 418, 589
Isotachs, 418, 570, 589-590
Isotherms, 285, 287, 320, 518
Isotopes, 5, 88, 241, 474, 540
Isotropic surface, 589
Israel, 160, 270, 291, 511, 523

Italy, 6, 138, 262, 266-267, 276-278,

303, 366, 470, 570

Japan
agrometeorology textbooks, 6

bird and insect phenology, 286,

289-291

cherry blossoming study, 308-309
frost prevention, 553

hurricanes in, 574

phenological history, 2 69

plant phenology in, 27 6-277

rice disease study, 439
shelterbelt, 463, 468
windbreak, 511

Jersey cows, 56, 59

Jet stream 419, 451, 567

method of, 449
Johnson grass, 103, 135

Jordan Valley, 1 60

Kale, 82, 280
Kansas, 562, 570

Katahydrometeoric process, 25
Katathermometer, 247
Kelvin scale, 29n-30
Kentucky bluegrass, 135

Kew radiation chart, 81

Kidney bean, 138, 167

Kipp & Zonen solarimeter, 195, 197,

200-201

Kirchoff's law, 78
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Kitagawa gas sampler, 532

Kohlrabi, 280

Kraft paper shields, 507

Krypton, 1

6

Lactation; see Animal
Lambert's law, 77n, 93

Laminar flow, 22, 236-237, 590, 593

Langley conversion, 32n, 33

Lang's rain factor, 302, 348

Larch, 312

Latent events; see Latent phase, In-

visible phenological phase
Latent heat, 76, 79, 84-85, 518, 552

condensation, 130

fusion, 547

vaporization, 85, 130, 499
Latent phase*, 41, 47, 261

stage*, 278
Lateral branching, 46, 281

Laterite soil, 5§0
Laterization, 20, 590
Law

Beer's, 77

bioclimatic, 273, 285, 299, 315-

318, 321

Bouguer's* 77n
Hopkins', 273, 285, 285n, 291,

298-299, 315-318, 321

Kirchoff's, 78

Lambert's, 77n, 93

Lissner's, 343n
second law of thermodynamics, 29n
Van't Hoff-Arrhenius, \ZZ-124n
Wien's, 75, 507

Leaching, 24, 88, 164, 515

Leaf absorption coefficient, 77

Leaf absorption of sunlight, 77

Leaf

area, 65, 193, 278, 335, 363, 386,

391, 401, 410, 506
bleaching, 517

blight, 434
-coloring, 34, 107, 261, 263, 269,

301, 311, 504, 509
hopper, 292, 57 6

number, 47, 96, 390
Leaf temperature, 77, 105-106, 189,

193, 210, 241, 344, 344n, 475
and air temperature relationship,

105-106, 344, 474

Leek, 280
Legume nodules, 136
Lemna minor, 88

Lemon, 271, 277
Length of darkness, 95-96
Lettuce, 94, 100, 104, 166, 169, 218,

271, 280-281, 519, 571

Libya, 103

Light, 32n-35, 45-46
albedo measuring device, 205
blue, 34-35, 97, 99-100, 200
cross gradients, 168, 540-541
duration, 4, 32-34, 45-46, 70, 88-

98, 100, 128, 134, 168, 192,

202-204, 288, 364, 386, 408,

536, 538-540
measuring devices, 202-204

far red, 97

green, 99-100
incandescent, 99

intensity, 4, 32-35, 55, 70-88,

93-97, 99-100, 104, 106, 168,

192, 202, 243, 288, 313, 343,

363-364, 386, 408, 472, 503

measuring devices, 195-202

quality, 4, 65, 67, 70, 88, 94,

104, 168, 364, 386
bird, 288
cocklebur, 100

in artificial environment, 96-100

in natural environment, 34-3 5n

lettuce, 100

livestock, 57

measurement, 192, 204, 53 6, 538

devices for, 204-205
poultry, 528

tomato, 99-100
orange, 35

red, 34, 97, 99-100, 200
supplemental, 96, 100

violet, 35

white, 99-100, 429
yellow, 34, 200

Lightning, 431, 590

discharge, 16

-fire, 428-429
Lilac, 87, 268, 274, 301, 303, 311

Lima bean, 104, 166, 246, 280
Liming, 24

Limiting factor, 151n, 166

Line sampling, 228
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Liquid (water), 174-176

Liquid sorption, 26
Lissner's Law, 343n

ratio, 343n
Litter

moisture, 428n, 528, 531

temperature, 531

Livestock, 3, 6, 14, 25, 50, 57-58n,

442-444

Living organisms, 3, 19, 27, 98, 106-

107, 189, 194, 314
Livingston's index of moisture -tem-

perature efficiency, 346

Lizard, 53, 293

Locust, 266, 269, 275, 290, 324

Loess, 39n, 178

Logarithm operations, 620-622

Long -day plants; see Plants

Longevity of a plant, 123
Lower Mississippi Valley, 141

L-shaped house, 523

Lunar day, 295

Lunar radiation, 34-35, 35n, 88

Lupins, 470

Lysimeter, 173, 189, 191-192, 220-

221, 223-224, 229, 488n
floating-type, 223-224
monolith, 1 60

tube -type, 221, 2 52

weighing, 223

Macro-animal, 23, 28, 177

Macroclimatology; see Climate
Maize, 124, 168, 343n; see also Corn
Malaya, 520

Mammals, 28, 58, 285

Mangoes, 271

Manuring, 24, 589

Maple, 265, 275-276
Marigold, 27 6, 506
Martonne's index of aridity, 348-349
Maryland, 528

Mass exchanges, 38-39, 172-179

flow, 19

Massachusetts, 434
Mathematical approach, 373-378
Mathematical operations, 334, 33 6,

338, 338n, 364, 374
Maturation, 42-44, 46, 48, 163, 169,

194, 261, 269, 336, 407

Maturity test, 125

Maturometer, 245
Meadow, 505

fescue, 81, 135

katydids, 290
Measurement of

air composition, 237-239
air pollution, 240
air temperature, 209-213
albedo, 205-208
animal body, 194, 240-249
biotic material, 193-194
evaporation, 220-2 25

fruit -diameter, 278
growing plants, 243-244
light duration, 202-204
light intensity, 195-202
light quality, 204-205
net radiation, 205-208
physical environment, 192-193
plant organ quality, 244-246
soil moisture, 227-230
soil temperature, 212-215
wind velocity; see Anemometer

Mechanical properties of soil, 21-22

Meen's formula, 54

Melon, 271

Mercury vapor lamp, 535-536
Merino breed sheep, 60n-61

Mesoclimatology, 10, 7 6n; see also

Climate
Mesophytes, 105

Mesopotamia, 4

Metabolic
heat, 52-53, 55, 55n
rate, 56

Metabolism, 51, 66, 98, 137, 528

Meteorological equivalent, 3 65

Meteorology, 6, 8-10, 25, 140, 161,

174, 189, 215, 323n, 447, 559
alpine, 312n
applied, 3, 7, 9, 497
dynamic, 38, 70, 448n
meso-, 451

physical, 70, 174

synoptic, 38, 70, 174, 189, 233,

448n
Meteorolpathology Building, 530-533

Methane, 16, 19, 238
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Method [ of]

aerodynamic, 487-488n
chemiluminescent, 238-239
discarding discrete data*, 61-62

first approximation in agrometeor-

ology, 338-364, 414

freezing point, 1 69

lysimeter, 488n
potential evapotranspiration esti-

mates, 141-144, 479-488
ratio, 396
smoke trail, 235

systemization, 364-384
trend computation*, 62-65, 33 6

Methyl blue, 204
Methyl bromide, 540

Mexico, 593

Meyer precipitation-saturation deficit

(N-S quotient), 37, 346

Mhos, 23, 590, 593

Mice, 28

Michigan, 62-63, 359, 552, 554-556

Micro-animal, 23, 28, 177

Microbiology, 20, 23, 164

Microclimatology, 10, 71, 174, 190,

235, 237, 284; see also Climate

Microenvironment, 17, 29, 32, 120,

129, 154, 367, 498
animal, 55, 210
influence of, 115-120

measurement of, 234, 243, 299, 384

net radiation, 79

plants, 70-71, 190, 210

thermal field, 210

wind, 234
Micrometeorology, 70, 174, 237, 275

Microorganisms, 3, 14, 18, 23, 27,

52, 136, 172, 177, 528

Mildew, 139, 439
Millipeds, 28

Minimum temperature forecast; see

Forecast

Minnesota, 339-340, 403, 440, 476,

562

Mississippi, 169, 572

Missouri, 58, 141, 144, 313n
Mist, 18, 25, 161

Mitchellgrass, 135

Mites, 28, 434, 584
population, 434

Mixing ratio, 37-55
Mobility of animals, 53

Modification of data, 393-397
Moist adiabatic process, 162n, 590
Moisture, 35-38, 45-46

control, 513-516
deficit, 45-46, 164-166, 464
equivalent, 1 63

excess, 45-46, 164, 166

plant affected by, 1 64

meter, 228, 252

portable neutron scattering, 229
Molds, 23

Molecular force, 38, 177

Moles, 28

Momentum, 620
transfer, 236

Monochromatic light, 34, 78, 590
Monochromatic wavelength, 78, 583

Monochromator, 53 6

Monolith lysimeter, 160

Monomolecular film (layer), 471-475
Montana, 562

Moonlight, 34-35n, 88, 420n, 421;

see also Lunar radiation

effect of, 295

Monsoon season, 296
Morphology, 10, 20, 41, 136, 274

Mortality, 8, 51, 167, 434-435

Mosquitoes, 52, 290-291, 587

Mother plants, 312

Mulberry, 269, 276-277
Mulches, 28, 36, 157, 159, 507. 556

benefit of, 459
influence of, 457-459
organic, 458
paper, 458, 554

plastic, 508-510
sod, 458
straw, 2 6, 458, 513

Mulching, 24, 27, 164, 457-459
natural, 24, 159

soil, 458
stubble, 458

Multi-range galvanometer, 200

Munich, 146
Munsell color scale, 246
Munsell soil color charts, 22n

Mushroom, 52, 284
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Nansen bottle, 214-215

Native plants, 325, 338, 345

growing season of, 112, 114, 118

heat unit, 124, 12 6

phenology, 266-2 68, 270, 272-275,

298, 300, 310

Natural logarithm, 622

Nebeltau, 26

Nebraska, 175, 237, 480-481, 562

Nematodes, 28, 52, 590
Neon, 1

6

lamp, 535-536

Net assimilation, 88

rate, 168
Net photosynthesis rate, 363

Netradiation, 70,79, 82, 86-87, 120,

205-208, 488, 506

measuring devices, 205-208

Netherlands (Holland), 87, 98, 144,

176, 239, 262, 266-267, 277, 537,

540, 553-554
Neutron scattering devices, 192, 228-

229, 252, 488
portable meter, 229-230

New Jersey, 299, 343n, 484, 511, 513

New York, 163

New Zealand, 378, 443, 537

Nightingale, 265, 286, 289
Nimbostratus cloud, 420-421, 590
Nitrate, 15n, 88, 98

Nitric oxide, 238
Nitrification, 15, 23, 13 6, 591

Nitrogen, 15, 16-17, 23, 74, 314

cycle, 15, 15n

fixation, 15, 23

Nitrogen dioxide, 17, 239
Nitrous oxide, 16., 19, 238

cycle, 15
Nomogram (or nomograph), 631-63 6

pheno-temperature, 124-126, 399
Rijkoort's, 144

Non-hygroscopic surface, 2 6

Nonparametric statistics, 610-616
Non-saline alkali soil, 23

Non-sodic soil, 23

Normal equations, 380
North Africa, 103; see also Africa

North Central regions of U. S. , 3 9n,

145, 178

North Dakota, 489-491

Norway, 2 65

N-S quotient, 37, 346
Nutrient

accumulation in plants, 166

availability, 23, 164

intake, 56

regeneration of, 8

uptake, 13 5, 167

Nylon block, 227-228

Oak, 162, 265, 275, 312, 322

absorptivity, 80

emission, 82

reflectivity, 80

woodland, 82

Oasis effect; see Island effect

Oats, 167, 173, 176-177, 266-267,

276, 298, 303, 320, 470
Occult rain, 2 6

Ogive, 355

Ohio, 159-160, 273, 489, 572

Oklahoma, 343n, 451n-452, 562

Okra, 102, 280

Olive, 27 6, 27 8

Olive fruit fiy, 291

Onion
bulb measurement, 246
disease, 139

hail injury, 572

phenology, 271, 280

soil moisture and, 1 66

threshold temperature, 104

Open ditch drainage, 24, 139, 489
Optical air mass, 76n, 591

Optical dew gauges, 232

Optical path length, 77

Optical polarity, 32, 49

Optical properties of soil, 20

environment, 50

Orange, 138, 271, 277, 549

Orchard grass, 135

Oregon, 549, 552

Organic materials, 18-19, 24

Organic soil, 21

Ornithology, 12 6, 285
Overhangs, 523

Oxygen, 15-18, 28, 39, 65-67, 71,

104, 164, 172-174, 237

Ozone, 16-17, 73-74, 98, 192, 238-

239, 252, 506
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Paddy field; see Rice

Paleoclimatological approach, 42 6

Palestine, 160

Papaya, 105-106

Paper caps, 510, 554-555
Parasite, 434-435
Parent material, 19-21

Parsley, 135

Parsnip, 135, 280

Partial drought, 23,165, 560-56.1

Particle density, 21

Pasture

crop, 273, 277

field, 7, 115, 121, 276, 378-382,

483

statistical approach, 378-382

Peach
flower bud, 506
heat unit, 343n
irrigation, 170

measurement, 246, 306-308, 399
phenology, 270-271, 277-279
yield, 170, 306-308, 399, 399n

Peanut, 271

Pear, 169, 266, 268, 277, 279, 317

Peas, 102, 250, 387

heat unit, 125, 127-128

phenology, 270-271,273,276-277,

280, 299, 315, 339, 340, 388,

391, 393, 395

rainfall, 151-152, 353, 358, 371,

408
soil temperature, 104

temperature, 345-346, 440, 518

tenderometer, 49, 189, 245-246
threshold temperature, 104
yield, 317, 339-340, 345, 387,

398-399, 404
Pedology, 10, 140, 335, 591; see also

Soil sciences

P-E index, 348, 348n
Penetration, 24, 239, 3 96

root, 167

Penetrometer, 190

Penman's method, 141-144, 166, 346,

484-485
Pennsylvania, 343n, 529-530
Pepper, 48, 160, 507

photoperiodism, 95, 99, 518

phenology, 271

Percentage

of daytime hours, 482-483
of possible sunshine, 34, 74, 342-

343, 364
Percolation, 9, 24, 36, 39, 136-137,

157, 164, 171, 174, 176-177,

215, 396, 469
water table and, 489-490

Perennials, 103, 178, 267, 280, 310-
311, 316, 591

Perihelion, 295n
Permanent wilting, 23, 477, 560

percentage, 165-169
point, 167, 169, 175, 408

Permeability, 21, 24, 13 5, 163

Persimmon, 277

Perturbation, 42 5, 591
Peru, 271

Petunia, 373

pF value, 591
pH value, 18n, 23, 28, 164, 239, 585,

591
Phase, 45, 47n, 50

Phasic development of plants, 4, 34,

41, 43-45, 47, 56, 108, 268, 335

Phasic division, 43-50, 389
Phenological

analysis of space variation, 314,

318-321

analysis of time sequence, 314-318

approach, 41, 275, 338-341, 364,

405, 407-408
events, 45, 47n, 261, 263, 265-

267, 269-271, 273-274, 276-

280, 284-294, 298, 301-311,

314, 324, 340, 369, 388-391,

399n
indicators, 48-50, 280-284, 314,

323

maps, 217, 319-320
observations, 268, 282, 284, 288,

298n, 312, 312n, 321, 389

corn, 266, 271, 273, 276-277,

284, 315-317, 390-392

native and cultivated plants ,

264, 275-286
peas, 270-271, 273, 276, 280

station, 262-275

weather elements, 301-304

season, 294, 297-300
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Phenology, 6n, 122, 194, 2 61, 261n,

294, 300, 311, 325, 334

agro-, 7- 5,10, 262, 2 64, 2 68-

269, 276, 300, 301, 325

animal, 10, 261, 266, 269, 286,

294
apricot, 27 9

avi-, 261, 268, 285-289, 289n

beet, 284

cicada, 289-290

corn, 273, 284, 392

cotton, 124, 268-269, 277

crop, 8, 27 6

disease, 268, 292-294

experimental establishment in,

310-314
farm animals, 294

floral, 262, 264, 284, 304, 315-317

fruit tree, 274, 278-280

insect, 261,290-292
pea, 339-340, 393

phyto- (plant phenology), 6n, 10,

261, 263, 269, 275, 291, 300-

325

regional, 261-27 5, 284, 305, 318-

320

sweet corn, 389-395

syn-, 264, 264n, 2 67

tropical, 261

zoo-, 190, 261

Phenology in

Alpine countries, 2 65

Argentina, 270-271

Australia, 271

Austria, 2 66, 277

Belgium, 262, 266, 268

Brazil, 271

China, 269-270
Czechoslovakia, 2 66, 2 68, 277

Ecuador, 271

Finland, 264, 277

France, 262, 266, 268, 277

Germany, 262-263, 274, 276-277,

318

Great Britain, 262, 265-266, 276,

315, 317

Greece, 266-267

Hungary, 266, 2 68-269

India, 269
Israel, 270

[ Phenology in]

Italy, 262, 266-267, 276-278

Japan, 269, 276-277

Latin American countries, 270-271

Netherlands, 2 62, 2 66-2 67, 27 7

Norway, 2 65

Peru, 271

Poland, 262n, 264, 276-277
Scandinavian countries, 2 64-2 66,

312

Southwestern Asia, 270

Soviet Union, 271-272, 274-275n
Spain, 266-2 68

Sweden, 262, 265, 277, 312n
Switzerland, 2 62, 2 66-2 67

Turkey, 270

United States, 2 66, 272-274, 276

Uruguay, 271

Yugoslavia, 2 66-267, 312n

Phenometeorological approach, 338,

349-364, 369
Phenometer, 190, 193, 242-244

Phenometry, 243-244, 27 6, 311

Pheno-temperature nomogram, 124,

126, 399
Philippines, 574n

Phloem, 591, 596

Phlox, 95, 99

Phosphorus,* 23

pentoxide, 25

Photocell, 505, 533

Photochemical action, 15-16

Photoclimatic units, 342-343, 349,

371, 405-406
Photometer, 80, 192, 208, 589, 591

Photo-oxidation processes, 71, 343

Photoperiod, 55,87, 94-97, 99, 373-

374
day-neutral, 33, 94-95

indeterminate, 33

intermediate, 33, 94

long-day, 33-34, 94-^1

short-day, 33-34,94-97, 498

Photoperiodic

effect, 98

induction, 4, 1 02

sensitivity, 96

Photoperiodicity, 33, 57, 528

Photoperiodism, 4, 6, 55-34, 70, 94-

100, 163, 407
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Photo-phases, 44

Photosphere, 595

Photosynthesis, 5, 15-16, 66-67, 71,

87, 96, 98, 135, 163-164, 192,

194, 3 63

net, 3 63

Photosynthesis -respiration relation-

ship, 65, 71-72, 77, 135

Photothermal induction, 96, 407

Photothermal units, 9, 34 1-343,

343n, 396, 406
Phreatophyte, 175

Physical environment, 3-5, 7, 11, 14,

28

Physical medium, 14-21

Physical meteorology, 70, 174

Physical variables, 66

Physics, 9-10, 14, 20, 274
Physiological

constant*, 65-66, 123, 159

drought, 103 134, 159, 560

predetermination, 43, 45, 102-103,

108, 335-336, 398, 406, 410

factors, 157

responses of animals, 50-61

summation index, 124, 346
thermal classification, 342

variables, 65-66

Physiology, 6, 10, 108

animal, 10

crop, 1

plant, 134
Physostegia virginiana, 95

Phytometer, 284
Phytophenology; see Phenology
Phytotron, 5, 11, 72, 96, 311, 351,

373-374, 516, 533-541

air circulation control, 537-538
Australian, 541

Dutch, 540

French, 542

light control, 53 8-53 9

operational control, 540

Russian, 539-540

temperature and humidity control,

538

U. S.A. , 537-539
Pichd evaporimeter, 192, 511

Pigeon, 51

Pig; see Swine
Pigweed, 103

Pilot balloon, 251, 559
Pine, 87, 138, 159, 162-163, 169,

312

Pine forest, 162

absorptivity, 80

blister rust, 57 7

emission, 82

reflectivity, 82

Pineapple, 106, 221, 223, 506
Pitched roof, 524
Pituitary, 57

n

Plant cabinet, 533-534; see also

Growth cabinet

Plant density, 506
Plant energy equation on heat stor-

age*, 120

Plant environment; see Environment
Plant growth and development, 41 -43,

151n, 308, 334-336, 364, 406
air pressure, 233

carbon dioxide concentration, 159

coefficient, 123

drought, 165-166
evapotrans piration, 144

heat unit, 123, 128-129, 346
measurement, 193-194, 311, 386,

388

moisture, 137, 145, 160, 164, 169,
173*

moonlight effect, 295

phenological studies, 243, 288
snowfall, 1 57

temperature, 101, 104, 108, 134-

136, 303

toxic gases, 238
vapor pressure deficit, 139

Plant longevity, 123
Plant measurement, 240-246
Plant organs, 41, 49, 105, 107-108,

240-241, 243

Plant pathology, 10-11, 137, 162,

248, 285, 372

Plant quality measurement, 244-246
Plant response studies, 45, 61, 190,

273, 335, 369, 396; see also

Crop response studies

heat unit system, 122-123, 127, 129

light duration, 96, 194

light quality, 94, 98-99, 194

measurement, 201, 350

radiation, 71, 73-74, 77, 89, 194



Subject Index 679

[Plant response studies]

rainy-day, 37, 154

relative minimum rainfall*, 151

sensitivity, 96, 123

soil moisture, 164, 166, 176

temperature, 30-31, 101,104, 303,

344
Plants, 3, 14, 18, 28, 33, 177, 240,

263, 273-275, 314-315, 334

aquatic, 164

day intermediate, 33, 94
day neutral, 33, 94-95
growth rate, 123

guide, 300, 302

heat economy, 79

height, 47, 65, 390, 392-393
indeterminate, 33, 94

long-day, 33-34, 94-97

measurement, 240-246
mother, 312

short-day, 33-34, 94-96, 498
standard, 2 99, 310-311, 540

temperature, 241, 344, 344n, 538;

see also Leaf temperature, Root

temperature

water balance of, 17

Plaster (white), 80, 82

Plaster of Paris (gypsum blocks), 192,

227

Plastic film (covering), 509-514, 520
Plastic siphon, 480-481
Plasticity of soil, 21

Plover eggs, 289
Plum, 125, 170, 266, 271, 277, 343n
Podzol, 592
Podzolization, 20, 592
Poikelothermic (cold-blooded) animal,

52-53

Poinsettia, 94, 96
Point sampling, 227

Poland, 262n, 264, 276-277, 288,

299, 320, 399n, 571

Polarization, 32n, 49
Pollinating bags, 521

Pollination, 270

Pollution, 24, 35, 67, 237, 441

measurement, 240
Polyethylene, 98, 207, 509, 520-522,

554
Polyvinylchloride, 520

Pomology, 27 0, 3 00

Pomegranate, 2 67, 277, 303
Poppy, 27 6, 373

Pore space, 172-174, 237-238, 493,

592
Porosity, 18n, 21, 164, 592
Potassium, 23

Potato, 83, 94, 173, 244, 266, 271,

277, 280, 292, 298, 388, 470,

474, 518, 556
blight, 266, 292-293, 436-439
irrigation, 466-467, 483

Potential evapotranspiration estima-
tion, 34, 346, 483-488

Albrecht's method, 485n
Blaney & Criddle's method, 483-

485

Hammon's method, 485n
Ivanov's method, 141, 48 5n
Penman's method, 141-144, 166,

346, 484-485
Thornthwaite's method, 140-141,

349, 484-485
Turc's method, 48 5n

Potential yield*, 373, 375-376, 401,

410, 413

Potentiometer, 213, 592
Potometer, 171

Poultry (domestic fowl), 3, 7, 10-11,

50, 50n, 51, 57, 194, 285

air composition and, 531-533
breeding, 51

brooding, 51, 528, 530, 585
daylength, 51, 528
egg production, 51, 57, 294
feathering, 51, 528

feed consumption, 51, 529-530
fertility, 51, 528

hatchability, 51, 2 94, 497, 516,

528
housing, 7, 11, 50n, 246, 528,

533

carbon fiioxide concentration

of, 532

climate, 528-533
loose-housing, 529-530
solar, 529-530
wire cage, 529-530

humidity, 51

light quality, 51
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[ Poultry]

metabolism, 51, 194, 528

moulting, 51, 194

mortality, 51

radiation, 51, 529-530
sexual development, 51

temperature, 51, 528-533

Precipitation, 25, 66-67, 136-137,

165, 171-172, 415

amount, 154, 157, 160

cotton yields and, 346-347

dissipation, 515
effectiveness ratio, 296, 348

fog, 162-163

intercepted, 25, 3 6, 145

measurement, 190, 192, 215-220
pasture yields and, 376

phenology and, 271, 294, 302, 305

production, 515

runoff, 208

shelterbelt and, 462, 465

tobacco yields and, 371

Pressure pattern, 324, 418
Pressure tendency, 418
Prevailing wind, 592
Probability, 601-605

distribution, 603-604
estimation, 604-605

test of hypothesis, 605-608
Profile

air temperature, 237, 426, 531

soil, 20, 29, 228
soil temperature, 237
wind, 290, 441, 511, 513

Prognostic chart, 419
Protective frost zone, 119, 122*
Protoplasm, 43, 136, 592
Prune, 170, 279
Pseudo-conduction, 158
Psychrometer, 192, 211, 225, 227,

248, 428n
aspirated, 211

sling, 211

thermoelectric, 248
Pumpkin, 280
Pyranometer, 72, 80, 199

Pyrgeometer, 199
Pyrheliometer, 72, 80, 192, 195, 198-

199, 201, 204-205
e

Angstrom compensation, 199

[ Pyrheliometer]

Eppley, 86, 189, 195-196, 198-

199, 205

Quality, 164

irrigation, 23

light, 98-100
control, 125

plant, 244-246, 387-388

Rabbit, 51-52, 54

Radar, 217, 449, 559, 567, 570,592
Radiating heat, 53

Radiation, 17-18, 22, 29-35, 55-59,

70-100, 105, 107, 122, 140,

190, 192, 194, 200, 210-211,

215, 241, 363

Angstrom's equation, 74
corpuscular, 304

daily, 86-87

downward long or counter, 7 9, 205,

207

effective outgoing, 75, 506-507

net, 29,34, 70-71, 73, 79, 81-

84, 86-87, 120, 141, 192, 201,

284, 427

measuring devices, 199, 205-208,

225

net longwave, 79, 83

scattering, 32n, 74

shortwave, 29, 33, 52, 70, 73, 7 6,

79, 81-83, 86, 157, 159

reduction of, 504-510
visible, 32n, 72-73n, 159, 194

Radiation balance; see Energy bal-

ance, Heat balance, Radiation

budget
Radiation budget, 81, 83, 139; see

also Energy balance
Radiation control, 498-510
Radiation fog, 1 61 -1 62

Radiation instruments, 192

operational requirement, 201-202

Radiative -advection frost zone, 119,

122*
Radiative frost zone, 119, 121*
Radiative shield, 547

Radioactive materials, 16-18

Radioactive processes, 73

Radioautograph, 475



Subject Index 681

Radioisotopes; see Isotopes

Radio snow gauge, 220, 251

Radiometer, 192, 195-197, 199, 201,

205-208, 248, 252

Radiosonde, 251, 559

Radish, 94, 104, 271, 280

Radon, 17, 19

Rain, 9, 24-25, 59, 137, 144-145,

154n, 160, 162, 164, 174, 192,

215, 288, 315

accumulation, 468

drop size, 217

effective, 3 6, 144

horizontal, 2 6

shadow zone, 467-468, 469n

Rainfall", 9, 36-37

agrometeorological application of,

145, 165

air composition and, 17, 18n

animal response to, 60-61

as a parameter in climatological

season, 29-6, 296n
crop response to, 47, 346, 347n,

353-359, 365-366, 399

daily, 3 6, 146

dormancy and, 107

extreme, 156

frequency distribution, 146, 152

gas exchange and, 19n

germination and, 167

heavy, 164-165, 419, 425

hourly, 147, 150-151

interception, 9, 36, 145, 159, 173

light, 164-165, 419, 425

measurement, 216-217

meteorological equivalent, 365-366

moderate, 419, 425
peaks*, 146-150, 359-360
phenological events, 301, 304
plant disease and, 292-293, 372

relative maximum*, 145-146, 150-

151, 154, 353-358, 361, 367-

368, 396
relative minimum*, 145, 150-153,

353-358, 361, 367-369, 371,

405
soil moisture relationship, 145-156

weekly, 145, 146, 147, 152

Rain gauge, 163, 216-217, 221, 251

float type, 216

[Rain gauge]
Nils son, 216
siphon, 216-217, 594
tipping -bucket type, 216-217
weighing or balance type, 216

weighing type precipitation, 216-

217

Rain making, 514-516

Rain room, 537

Rain shadow, 467

Rain temperature, 215

Rainy day, 37, 154n, 304-306, 310,

341, 358, 367

Rams, 57

Rank correlation; see Correlation

determination

Rayleigh scattering law, 7 6n, 592
Rawin, 559

Re'aumur
scale, 4, 32, 122

thermal constant, 4, 123
Recording illuminometer, 203

Red bricks, 82

Red clover, 88

Red oak, 87

Red pigmented lamp, 53 6

Redtop Mitchell grass, 135

Redwood forest, 162

Reflection, 22, 32, 32n, 73-74,77-78
coefficient, 81-82, 198

process, 32

various surface, 80

Reflectivity, 78, 80, 583
Reflectometer, 246
Relative humidity, 37-38, 155, 17 5,

200, 301, 369; see also Air

moisture

as source of water, 1 60

cabinet and phytotron, 537, 540

cattle, 55-56, 59

climograph, 292, 372

crop response to, 137-139
diseases, 139, 163

evapotranspiration estimates, 141,

144, 346
fire-weather forecast, 427-428
lilac seedling and, 87

measurement, 225, 227

shelterbelt effect, 463-464
suppression of evaporation, 472
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[Relative humidity]

synoptic weather, 420-421, 457

wilting of plants, 135

Relative maximum rainfall; see Rain-

fall

Relative minimum rainfall; see Rain-

fall

Reproductive stage, 44-45, 47, 163,

361, 368, 398

Remainder index method, 122 - 125,.

129, 342

Reptile, 53, 269, 285, 293

Residence time

silver iodine, 515

sulphur, 15

sulphur dioxide, 1

5

Respiration, 15-17, 43, 66, 71, 99,

103, 105, 135, 163-164, 192,

194, 363

animals, 51, 55-56, 194, 294
Rest period, 107

Retardents, 471; see also Suppression

Retarding factor, 151n, 166

Reversible engine, 29n, 593
Reversible photo reaction, 100

Reversible process, 593
Reynolds

numbers, 237, 593
stress, 596

Rhodamine B, 239
Rhode Island, 528-529
Rice, 95-99, 246, 268-269, 276, 292,

559
bruzone disease, 292, 439
consumptive use of water, 483

paddy field, 171, 173, 213, 215,

250, 471, 473

yield, 462

Ridge, 593
Rill erosion, 24, 177, 593
Rime, 25
Rocket, 235

Rome, 2 62

Rooks, 265

Root elongation, 136, 168

Root pressure theory, 170

Root temperature, 103, 105-106, 241,

518
Roses, 88

Rotation, 24, 27, 382

Roughness, 237
Round worm, 61

Rubber, 520

Runoff, 9, 24, 39, 135-137, 157, 164,

171, 174-175, 177-178, 215,

239, 396
subsurface, 24, 36, 39, 136, 176

surface, 24, 3 6, 13 6, 17 6

Russia, see U. S. S. R.

Rust, 139, 292, 372, 576-577
cereal, 439
wheat, 435-436

Rutabaga, 280
Rye, 244, 266, 274, 276, 301-302,

318-320, 378

Saint paulacomantha, 88

Saline -alkali soil, 23

Saline soil, 23

Salinity, 23-24, 164, 167, 239, 593
Salinization, 20, 593
Salvia, 94
Sampling techniques

air humidity, 226

evaporation, 221

plant quality, 244
rainfall, 216-217
soil moisture, 227-229
titration, 239

Sand, 21-22, 24, 499-500, 503, 540,

551

emission of, 82

Sand dunes, 19, 500

Sand-peat-leaf mixture, 104

Sanding, 24

Satellite, 426, 449, 451-452

Saturation vapor pressure, 37-38

Scandinavian countries, 264-2 65, 312

Scheduling of irrigation, 23

Scratch lines, 558n

Season
agricultural, 268

astronomical, 294-296
climatological, 296-297

phenological, 297-300, 304

Second law of thermodynamics, 29n

Secondary circulation, 593
Seed dormancy, 44, 88, 98

Seeley's effective temperature, 344

Seepage, 457, 489
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Semi-arid area, 36, 159, 161, 169,

175, 419
Sensible heat, 76, 84-85, 120, 345,

488, 499, 518

Sensitive recording dew balance, 231

Sensitivity of instruments, 191

Sensitivity of plant responses, 123

Sensor, 593
Sericulture, 10, 594
Severe weather, 430, 562-574

forecast, 447-452

Sexual activity in wild birds, 57

Shape factor, animal, 54
Sharpness of phases, 47-50, 57, 389

criteria, 48-49
Shear-press, 245-246
Sheared rams, 57

Shearing stress, 49
Sheep, 51, 54, 57-58, 60-61, 60n,

443-444
fertility, 51

Merino, 61

wool production, 51

wool quality, 51

Sheet erosion, 24, 177, 594
Shelterbelt, 459 -465, 527

classification, 460

crop yield and, 469-470, 512

density, 512

dew, 468

evaporation, 462

fog, 468
forestry, 469
house -heating and, 525-527

rain, 464-465
relative humidity, 463-464
relative wind velocity, 460
Russian, 460
snow, 465-468
soil moisture, 468

soil temperature, 462

Swiss, 460-461

transpiration, 463

water budget, 468-469
water temperature, 462
wind effect, 459-462, 525-527

Shelter hedge, 498, 512-513
Shifting desert, 19

Short-day plants; see Plants

Short-range forecast; see Forecasting

Shrimp, 246
Shrub, 160, 275, 318-319, 466, 511

Siberia, 103

Signal, 594
Significant element, 43

Significant figures, 618-619
Significant period, 43n, 45-46, 345,

406
Silica sesquioxide ratio, 23

Silking, 45, 47, 49, 284, 315, 352,

357, 358, 362, 390, 392, 477
Silkworms, 291, 594
Silt, 21-22, 24, 478
Silver iodide, 515, 554, 570

resident time, 515

Simple scheme for

evaporation estimation, 142-144

growing season determination,

109-115

lethal temperature determination,

109-115
threshold temperature determina-

tion, 109-115

Simplified conversion formula ; see

also Conversion
amplitude of temperature, 130

determination of growing season,

110

heat penetration (depth, speed), 130

millibar, 54n

millimeter, 54n

mixing ratio, 38

modified mean, 33 6

snow density, 36

specific humidity, 38

temperature scale, 30

thermal admittance, 130

transpiration-absorption ratio, 170

vapor pressure deficit, 37, 138

virtual temperature, 38

Single element sorter*, 367-368
Siphons, plastic, 480-481

Sisalglaze, 520-522
Skin color, 53

Sky radiation, 35, 74

Sleet, 25, 137, 590

Slope climate, 93
Slope inclination, 89n, 92-93

Slugs, 28

Small grains, 48, 164, 276, 388, 571
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Smithsonian Institution, 26

Smog, 9, 15,66, 238, 540, 555

Snail, 28

Snake, 269, 286
Snapbean, 125, 166, 276, 280, 282,

284-285, 353, 359-360, 387

Snow, 9,25, 35-36, 59, 137, 144,

157-159, 192, 215, 288, 315,

499
accumulation, 3 6, 462, 465, 467

albedo, 22, 33n, 80, 500

boards, 217

cover,24, 36, 157, 159, 174, 303

density, 3 6

drifts, 465-466
emission, 82

fall, 145, 157-159, 465-466
fence, 465 -470, 511, 514
rain -ratio, 36, 158-159, 217

stakes, 217

threshold, 3 6

water equivalent, 36, 157, 217

Snow gage, 220, 252

Snowdrop, 265, 267, 275, 298, 301,

303-304, 312, 320, 322

Soaring birds, 323

Sodic soil, 23, 594
Soil, 14-15, 17, 19-24, 29, 39, 79,

138, 144, 157, 171-175, 192-

193, 237-239, 300, 335

atmosphere; see Soil air

chernozem, 21

clay, 110-111, 115, 169, 173,

176, 479
dry, 131, 345

fertility, 20

loamy, 39n, 110-111, 115

peat, 110-111, 115, 121

podzolic, 21

saline, 168, 539

sandy, 85, 110-111, 121, 137,

173, 479, 551

solution, 474
standard, 3i 0-311, 540

Soil aeration; see Aeration

Soilair, -19, 24, 104, 171-174, 192

Soil atmosphere; see Soil air

Soil cartography, 2

Soil chemistry, 23, 238-239

Soil classification, 20-21

7th approximation, 2 On
subgroups, 2 On
suborders, 2 On

Soil color, 22, 22n, 499-501, 511

Soil compaction, 164, 17 6-177, 192,

493, 514, 563

Soil conservation, 20, 24, 476, 512

Soil density, 21 , 130

bulk density, 21, 84

Soil erosion, 11, 24, 39, 177-178

Soil family, 20-21

Soil genesis, 20, 177

Soil heat

conduction, 120, 193

storage, 427

Soil measurement, 237, 239
Soil mechanical properties, 21-22

Soil microbiology, 20
Soil moisture, 6, 9, 14, 24, 46, 66-

67, 131, 144-173, 176, 215,

237, 301, 345

alfalfa, 88, 167-168

dew and fog, 159-163

emergence, 167, 408-409
energy balance, 79, 205

measurement, 192, 210, 223, 227-

230, 239
plant response to, 72, 128, 134,

163-164, 352, 362, 368, 371,

477-478
root elongation, 136, 168

snow, 35-36, 157-159

soil air, 18n-19
soil bacteria, 28

stress, 23, 164, 166, 169

tension, 164-165, 176

water balance, 137, 140, 170

wilting of plants, 169

worm parasites, 61

Soil morphology, 20
Soil movement, 177-179

Soil optical properties, 21-22

Soil order, 20

Soil organisms, 18, 24, 28

Soil phases, 20- 21
Soil physics, 10, 215, 239, 335

Soil pore space, 172-174, 237, 493

Soil porosity, 18n, 21, 164
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Soil profile, 20, 29, 228, 478, 484

Soil science, 11, 20, 24, 276

Soil series, 20- 21
Soil specific heat, 84, 130

Soil structure, 21, 173, 176-178

Soil taxonomic units, 20

Soil taxonomy, 2

Soil technology, 2 0, 23

Soil temperature, 31,33, 65-67, 101,

129-136, 159, 164, 363, 415;

see also Ground temperature

amplitude of, 130

bacteria and fungi, 2 8, 293

cattle, 59n

cherry blossoming, 309

control, 499, 501, 503

corn, 42-43, 104, 398, 410

crop response to, 45-47, 135, 166

energy balance, 7 9

germination, 104-105, 135, 408
heat cycle, 1'3

horizontal gradient, 22

maximum, 13 0, 313, 3 50

measurement, 189, 191, 193, 208,

212-215, 239, 252, 301

minimum, 130, 350

mulch influences on, 508-511

optical range, 104, 350
pasture field, 378

percolation and, 17 6

profile, 130, 237

soil air, 19, 172

soil respiration, 18n
tomato, 104, 3 51

vertical gradient, 22, 131, 175

Soil texture, 21, 169

Soil thermometer
maximum and minimum, 191

Palmer dial, 212-213, 252
Soil tilth, 177-178, 594
Soil types, 20-21, 24, 109, 115, 131,

134, 173, 177-178, 299, 311, 351,

403, 413, 413n
Solar climatic zone, 2 95n- 296
Solar constant, 32, 73

Solar declination, 76, 92n, 93, 98

Solar disturbances, 304
Solar intensity; see Light

Solarization, 71

Solar radiation, 29, 32, 89n, 128,472
absorption of, 77-7 8

and interdiurnal temperature, 345
crop response to, 73

diminishing of, 74, 7 6n
energy degree unit*, 343

leaf temperature and, 105-107

measurement, 193, 199, 202, 204
net radiation and, 81-83, 86-87

phenology and, 301, 315

snow and, 157

spectrum, 35, 70-71, 73-74
sunniness, 92-93

swine and, 51

Solstices, 93, 295n
Solum, 20n
Sonic anemeter, 235, 237
Sonic gas analyzer, 239
Sonic thermometer, 210
Sorghum, 165, 419, 559
Sorption, 136

processes, 26
Sorting device* (sorter), 129, 365-369

South Africa, 61, 162-163, 524; see

also Africa

Southdown rams, 57

Soviet Union; see U. S. S. R.

Sowbugs, 2 8

Soybeans, 34, 87, 94-96, 100, 173-

174, 280, 535, 571

Spain, 266-268, 277, 570

Spearman rank correlation, 359-3 60,

611-612

Specific gravity, 21

Specific heat, 30, 52-85, 102n, 130,

62 On

of soils, 22, 84

Specific humidity, 37, 38
Spectral

band, 53 6

peak, 53 6

width, 205, 53 6

Spectrobalometer, 192, 204, 2 52

Spectrographic camera, 205

Spectrometer, 204
Spectrophotometer, 205, 591

Spelt, 27 6

Sperm cell concentration, 57

Spherics, 449, 452, 594
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Spiders, 2 8, 584

Spinach, 34, 94, 99, 125, 166, 280

absorptivity, 80

reflectivity, 80

Spontaneous combustion (self-com-

bustion), 429, 428n-429n, 558

Sporophytic phase, 44

Spraying program, 52, 126, 145, 237

Spraying weather forecast, 440-442

Spring barley, 95; see also Barley

Spring tails, 28

Spring wheat, 81-82, 138, 270, 342;

see also Wheat
Sprinkling, 23, 51, 479, 547, 552, 554

Spruce, 458
budworm, 52

Spurge, 94

Squall line, 566, 594
Squash, 94, 104, 160, 271, 280, 507

Squirrels, 28

Stability, air, 144

Stage, 45, 47n
latent, 278
reproductive, 44-45, 47, 57, 127,

167, 356
undetectable, 27 8

Standard environment, 310
Standard plants, 299, 310-311, 540

Standard pressure, 41 8n

Standard season, 297

Standard soils, 310-311, 540

Standard temperature, 41 8n

Standardization of procedures,

382-384
Starling, 2 64, 287

Statistical approach, 325, 369, 378-

382

Statistical manipulations, 337, 339,

386
Statistics, 10-11, 337n-338, 598-616

Steam fog, 161
Steering (air), 42 5, 437, 43 9, 594
Stefan-Boltzmann Constant, 54, 7 5,

144

law, 74

Stewart's leaf blight, 434
Stilbum flavidum , 47

Stocks, 518

Stratosphere, 17, 594,596
Stratus cloud, 33n, 420-421, 594

Straw fence, 511

Straw mulch, 2 6, 458
Strawberry, 34, 95, 99, 266, 459, 510,

518, 554

Strontium-90, 23

Styrofoam, 232

Sub irrigation, 23, 47 9

Subsidence inversion, 550

Sublimation, 25, 26, 130, 178

Subphase, 47n
Subterranean ears, 43, 49, 261, 398,

595
Succulometer, 245

Sucrose, 314, 517

Sudan grass, 173

Sugar beets, 81-83, 96, 167, 173,

282, 292-293, 311, 571

Sugar cane, 2 50

absorptivity, 80

hail injury, 571

reflectivity, 80

sheath, 49, 388

Sulphur

cycle, 15
residence time, 15

Sulphur dioxide, 15, 17, 192, 240

Summer night frost zone*, 119, 121*,

552

Sun, 73, 75, 75n, 76, 76n

Sunflower, 87-88, 107, 169, 277

Sunniness, 72, 89, 92-93, 503-504

Sunrise, 85-86, 88-91, 93, 98, 123,

150

Sunset, 35n, 85-86, 88-9U 93, 98,

123, 150

Sunshine recorders, 192, 197, 202-

203, 252

Sunspot, 42 6, 595
theory, 301, 304

Suppressants, 47i -473; see also Sup-
pressor

Suppression

evaporation, 47 0-47 6

equation, 472-473
transpiration, 474

Suppressor, 471 -473; see also Sup-

pressants

Surface roughness, 144, 237, 511,555

Surface runoff, 24, 3 6, 13 6, 17 6

Surface water, 24
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Surface weight ratio, 52

Suture, 595
Swallow, 269, 285, 288

migration, 2 65-2 66, 289

Sweden, 262, 264-265, 277, 312 n,

429, 431

Sweet clover, 167

Sweet corn, 27, 43, 45, 47, 49, 103,

125, 145, 149, 165, 261, 271,

273, 273n, 282, 284, 315, 352,

353, 355-363, 366, 389-395,

398, 403-404, 410; see also

Corn
formative stage, 47, 2 61, 390

model, 350, 352-364, 389-395

silking, 47, 284, 315, 352, 358,

362, 389n, 390, 392

subterranean ears, 42-43, 49, 2 61,

398
tassel emergence, 47, 389n, 390,

392; see also Tasseling

tassel pollen shed, 284, 390, 392;

see also Tasseling

tip cover, 47 n, 391

vascular bundles, 47, 390

verification of prediction, 391-393

Sweet potato, 102, 271, 280

Sweetgum, 1 69

Swine, 51, 58, 294, 582

body weight, 58

housing, 51

sweat glands, 51

temperature relationship, 58

wallows, 51

Switzerland, 262, 266-267, 305, 324,

470, 528, 553, 570-571

Sycamore, 2 65

Synapsis, 44

Syngamy, 44
Synoptic chart (map), 290, 321, 399n,

413, 415-4.19, 4l8n
analysis for spraying, 57 5

potato blight analysis, 292 -293,

436-439
insect outbreak analysis, 433-440

surface, 416-417, 43 6-438

upper air, 416, 418-419, 438
Synoptic meteorology, 38, 70, 174,

189, 233, 448n
Synphenology, 264n, 2 67

Taiwan, 270, 289
Tangerines, 271, 277

Taro, 280
Tasseling, 45, 47, 266, 284, 352,

356, 362, 364, 366, 389n, 390,

392, 571

Taxonomy, 10, 20

Tea, 269
Temperature, 9, 29, 67, 101-13 6, 156,

208-215, 369, 372, 411

absolute, 75, 103, 124n

air, 18n-19n, 31, 37-38, 45-47,

66-67, 101, 121, 129-130,137-

138, 141, 144, 172, 189, 192,

208-213, 225, 237, 247, 343-

344, 408
alternating, 102, 135, 409

amplitude, 130

-animal relationships; see Animal

annual, 31, 302, 348, 372

anomaly, 422-423, 425, 595

as a factor in instrument design,

199-201, 206-225, 227

associated with synoptic weather,

415, 418n, 419
base, 122-129

birds, insects and diseases and,

286-287, 289-296
Bowen ratio computation and, 85

cardinal, 102-108, 131, 134

ceiling, 524

color, 75n

controls, 510-511

conversion formulas; see Simpli-

fied conversion formula

critical, 123-129, 131, 303, 343,

351, 546-547

-crop relationships, 4, 88, 159,

171, 233, 266, 271, 278, 340-

341, 346-349, 363-365, 406,

408, 411

daily, 31, 58, 96-97, 113, 127-

128, 343n
daily mean, 30-31,122-125,128,

297, 301, 303, 311, 343, 351,

361, 363, 368, 399
day, 31, 97, 337-374, 408, 536,

538

diurnal, 31, 115, 344-346, 3 52,

420
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[Temperature]

efficiency ratio, 2 69n, 297n
energy balance, 79, 84-85, 87

evaporation estimates and, 140-

141, 144, 162, 167

freezing; see Freezing temperature

gradients, 172, 335n, 418n
cross, 169

vertical, 210, 301

highest and lowest, 103

infrared, 73n
interdiurnal, 31, 128n, 344-345,

352, 367, 405

inversion; see Temperature inver-

sion

leaf; see Leaf temperature

lethal, 100, 103-104, 106

lower, 55, 103-104, 106

maximum, 351-3 52

minimum, 104, 351-3 52

upper, 55, 103-106, 131

limits, 103-104
maximum, 30-31, 103-104, 123-

124, 128n, 251n, 297, 341, 343-

346, 351-353, 361, 363, 378,

415, 420, 440, 458, 499
measurement, 189, 209, 213, 237,

248

minimum, 30-31, 103-104, 108-

110, 113, 123-124, 128n, 206,

251n, 297, 301, 303, 313, 341,

344-346, 351-353, 378, 415,

420, 440, 499
monthly, 31, 127, 141, 302-303,

347, 349, 368, 421

night (nocturnal), 2 9, 31, 58-59,

96-97, 106, 128, 350-351, 365,

373-374, 398, 408, 520, 536,

538

nycto-, 31, 97

optimal, 100, 103-106, 108, 123,

128, 131, 351-352, 361-363, 434
phenological events and, 284, 293,

301-306, 310

photo-, 31,91
physiological aspects of, 106-108
plant; see Plants

rainfall relationship, 341

range, 422
scale, 30

[Temperature]

seasonal, 31, 344-346, 352

soil; see Soil temperature

summation, 123-129, 302, 342,

343n, 344-345
threshold, 100, 103-104, 112, 122n,

122-129, 302, 440
lower, 102, 106, 120, 128-130,

343, 351, 361-363
upper, 103, 106, 128-130,343,

361

ultraviolet, 73n
water, 31, 104, 106, 208, 210,

220, 239, 462, 524

measurement, 192-193, 213-
215, 473

monomolecular film on, 47 3

weekly, 31

Temperature inversion, 510, 547-552
advection, 551

air drainage, 551

frontal, 551

ground, 55 In

high level, 551

low level, 551

radiation, 551

subsidence, 550-551

Temperature regulation

animal house, 50, 52-53, 55-59
greenhouse, 520

Tenderometer, 47, 49, 245
reading (T. R.), 48-49, 339-340,

371, 388, 405

Tennessee, 563

Tensile stress, 49

Tensiometer, 192, 227-228, 488
TE -ratio, 348n
Terrestrial radiation, 3 5, 73

Tertiary circulation, 595
Texas, 347, 552, 562, 572, 576
Texturemeter, 245
Thawing and freezing, 22, 3 6, 159,

176-177, 539

Thawing date, 3

Thermal admittance, 130

Thermal (heat) capacity, 22, 23, 30 ,

49, 121, 130

Thermal conductivity, 13 0, 213, 522

Thermal constant, 123

Thermal diffusivity, 110, 115, 130-131
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Thermal efficiency ratio, 348

Thermal phases, 44

Thermistor, 189, 192-195, 209-210,

213, 215, 241, 246-247, 252

Thermoclimatic units, 342-343, 349,

371-372, 406
Thermocouple, 189, 192-193, 209-210,

241, 246-247, 252, 524, 595
anemometer, 235

aspirated, 209

shielded, 209

Thermodynamic force, 172, 177

Thermodynamics, 61 9n

second law of, 2 9n

Thermograph, 214-215, 244, 519

Bourdon-tube type, 211

Thermometer, 4, 192, 208, 211, 213-

215, 220, 225, 247-248

bimetallic, 587

Bourdon type, 587

classification, 2 08,

deformation, 208, 587
electrical resistance, 2 08

gas, 29n
grass minimum, 241

maximum and minimum, 191, 211,

213, 225, 25L-253
mercury, 194, 208-209, 209n, 215

Palmer dial, 191, 213

resistance, 241, 247

reversing, 214-215
sonic, 208, 210

spirit, 208-209, 209n, 241

vapor pressure, 208
Thermoperiodic adaptation, 97
Thermoperiodic induction, 96
Thermoperiodicity, 97

Thermoperiodism, 4

Thermopile, 196, 198-200, 595; see
also Thermocouple

Thermostat, 518, 534, 536, 538-539
Thoron, 1

9

Thornthwaite's method of evapotran-

spiration calculation, 140-141,
349, 484-485

Thunderstorm, 421, 430, 447-448,
450-451, 546, 562, 570, 572, 594

Thrush, 265, 286, 287n-288
Tidal day, 295
Tile drainage, 24, 176

Tillability, 164

Tillage, 24, 28, 173, 177, 493

Tillering, 95, 138, 3 92

Time lag coefficient, 191

Timothy, 81, 135

Tip covers, 47n, 3 91

Titration technique, 23 9

Toad, 2 65

Tobacco, 246, 388-389, 427

hail injury, 563-564, 571

moisture, 138, 160

photoperiodism, 4, 94

phenology, 274, 277

reduction of radiation, 501

tent, 509-510, 513-514
white burley, 138

Tomato
control and protection, 507, 553-

554, 556

dew and fog influence, 150-160
growth measurement, 246
hail damage, 571

leaf temperature, 105

light duration and, 498
light intensity and, 87

light quality and, 99-100
phenology, 271, 280, 284, 388

rainfall and, 353-355

relative humidity and, 138

soil moisture and, 1 67

temperature relationship

air, 97, 102, 104-105, 125, 167,

361, 408-409, 520-521

soil, 104, 408-409
thermal model, 3 50

yield, 64, 366-367, 399-400, 402,

402n
Topography, 19, 115, 154, 160, 478

effect on wind direction, 513

effect on wind speed, 513

Topping date, 370-371

Tornado, 546, 562, 572-573

air mass of, 449-450
diameter, 448n
crop damage, 562, 572-573

forecast, 447-449, 573

Tracers; see Isotopes

Trajectory, 57

Transducer, 226, 595
Transformation of energy, 5, 595
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Translocation, 66, 13 6, 168, 17 0,

47 5, 595
Transmission, 22, 73, 77, 98, 250

coefficient, 7 6-77

glass pane, 518

process, 32

Transmissivity, 7 6n, 78, 504

Transpiration, 65-66, 135-137, 140,

163, 241, 301, 396

bending effect on, 463

climatic indices, 348

energy balance and, 7 9, 85

papaya, 105

pine, 159

rate, 105, 138, 169, 474
shading effect on, 130

shelterbelt and, 462-463, 469

solar intensity and, 77, 79, 89,

121, 135

suppression of, 470, 474, 501, 519

wilting effect and, 169

water balance and, 170-171, 174-

175

Transpiration -absorption ratio, 17

Trans pirometer (evapotranspirometer),

192

Treatment of data, 386
Tree rings, 73, 426

Tree trunk, radiation effects on, 503

Trichotomy, 595,618
Tropical cyclone, 447-448; see also

Hurricane

Tropical orchids, 160, 269
Tropics, 519

Tropism, 314

Tropopause, 420n-421n, 594, 596

Troposphere, 15, 17, 586, 594,596
Tropospheric air; see Air

Trough, 596
Tungsten filament lamp, 99, 535

Turbulence, 17, .162-163, 192, 234,

236-238, 240, 465, 472, 547,

550-551, 575

boundary layer, 583, 596
effect on ozone, 16-17

flow, 22, 237, 441, 593,596
Turkey, 27

Turkeys, 51, 528-532

carbon monoxide effect on, 18

Turnips, 265, 280

Turtle, 298
Tussock moth, 574-575
Twilight, 34-35, 88-91, 98

astronomical, 89, 2 04

civil, 34,89-90, 150, 204
nautical, 89, 204

Typhoons, 574n

Ultraviolet, 32n, 3 5, 52, 71, 73n, 80-

81, 98, 204-205, 233, 240, 304
Undetectable events*, 261

stage, 278
Unfrozen soil, 131

United States

artificial fog, 555

cloud seeding in, 570-571

cotton weevil, 434
evaporation suppression in, 471

forest fire in, 42 9

frost prevention, 549
hail and hail research, 451, 563,

570-571

heat unit analysis, 343

loess in, 39n
phenology in, 272-274, 27 6, 298-

299, 317, 364
potential evapotranspiration study,

141

poultry housing in, 529-53

rainfall probability analysis, 145

shelterbelt study, 459, 462, 468,

470, 511

smog damage on vegetables, 18

soil-compaction, 177

soil erosion in, 178

synoptic chart of, 418-419
tomato, 3 66-3 67, 402n
tornado and tornado research, 448-

450, 451, 572-573

weather forecast for agriculture, 419

Weather Bureau raingage, 216-217

Unsheared rams, 57

Upper air, 596
Upslope fog, 161

Uruguay, 271

U. S.S.R.

agrometeorological contribution, 5,

108

agrometeorological textbooks, 6
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[U. S.S.R.
]

evapotranspiration estimates, 141

insect pests -weather relationship

study, 440

Lysenko's vernalization study, 108

natural environment modification

study, 505

phenological development and con-
tribution, 271-272, 274, 321

plant disease-weather relationship
study, 439

Podol 'skit's pheno -temperature
nomogram, 124, 12 6, 399

shelterbelt study, 469-47
soil color - temperature relation-

ship study, 501

Utah, 169, 175

Van't Hoff-Arrhenius Principle, 123-

124, 124n, 128

Vapor movement, 174-177

Vapor pressure, 37, 59-60, lb,174n,

206, 208-209, 215, 472, 478
gradient, 85-86

Vapor pressure deficit, 23, 37-38,

128, 138-141, 144, 346, 371, 463

Vascular bundles, 47, 390, 596
tissue, 591

Vector analysis, 627-629

Vector sum and difference, 63 5-63 6

Vegetable classification, 280-281

Vegetable cover (vegetative), 18n, 20,

29, 115, 120, 131, 178, 386, 547,

557

Vegetables, 274, 3 65, 483
earth, 45-46, 280
fruit, 45-46, 280
herbage, 45-46, 280

Veihmeyer tubes, 228
Velometer, 531

Venice, 303

Ventilated cap, 556
Ventilation, 517-518, 523-524, 529-

531, 537-538
Veratrum viride (itchweed plant),

373-374
Verification of yield prediction, 391-

392, 395
Vermiculite, 104, 474, 530, 539
Vermont, 343n

Vernal equinox, 89

Vernalization, 43, 45, 101-102, 107-

108, 407, 540

Vertical wind, 85, 192, 235, 511

Veterinary science, 10

Vienna, 267, 503-504
Vineyards, 2 69

hail injury, 571

Virginia, 141, 165, 5 63

Virtual temperature, 37-38

Viruses, 52, 433, 576
Viscosity, 21, 13 6, 489, 596

kinematic, 593

stress, 596
Visible light, 22, 81, 97-98, 583, 591

Visible phases, 41, 47-48, 2 61*

Visibility, 74, 415, 420, 596
Vital theories, 171

Volcanic eruption, 16

Volume sampling, 228
Volume weight, 21

Walnut orchard, 549

Warmairadvection, 85, 121, 13 0, 145

Warm season crop, 102, 106, 3 51

Warm sector, 597
Warning

animal diseases, 433-440, 443-
444

blight weather, 43 6-438

frost, 42 6-427

long-term, 434-43 5

medium-term, 435-439
severe weather, 415
short-term, 439-440
special, 415

Washington, 549
Water, 3, 14, 19, 24-27, 29, 39, 67,

104, 144, 157, 159-160, 167,

171-173, 178, 192-193, 237, 241

absorption; see Absorption of

moisture

absorptivity, 80

availability unit, 167, 371 *

capillary, 27 , 585

combined, 27
drainage, 488-493

factors of, 489
open ditch, 489

emission, 82
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[ Water]

gain, 170

gravitational, 27
hygroscopic, 27
loss, 168, 170, 475, 483

management, 456-493

measurement, 237-239
reflectivity, 80

soil, 11, 18n, 24, 26, 104, 121,

145, 166, 172, 192, 229

solid and liquid, 174

Water balance, 136-137, 166, 170-
172, 175, 468, 484, 486-488

hydrological approach, 488
Water budget; see Water balance
Water chestnut, 559

Water contamination, 24

Water deficiency, 23

Water equivalent, 36
Water erosion, 24

Water lilies, 47 In

Water management; see Water
Water movement, 24, 36, 38-39, 135-

136, 144, 164, 172, 174-177, 241

Water pollution, 24

Water retention, 24

Water storage, 24, 171

Water table, 24, 39, 136, 174-176,

215, 239, 268, 396, 492

percolation and, 489-490
Water temperature; see Temperature

Water vapor, 9, 15-16, 17n, 24-26,

37-38

absorbed by plants, 160

diminishing of solar intensity by,

73-74
gradient, 105, 174, 174n
interface, 47 5

measurements, 226
pressure, 174n-175n
soil atmosphere, 18, 172, 174-177

suppression, 470, 472

vertical diffusion, 140, 236
Water vapor deficit; see Vapor pres-

sure deficit

Water viscosity, 136; see also Vis-

cosity

Waterlogging, 14, 24, 164-165, 17 6

Watermelon, 49, 102, 104, 271, 281

Wavelength, 34, 74n, 77-78, 97-100,

120, 157, 195, 248, 540
absorption coefficient, 78-79

Weather-cotton equation, 347
Weather map, 415-419; see also Syn-

optic chart

Weather prognosis (forecast), 2 66,

322

Weather shelter temperature, 105-106,

108-114, 211, 251

Weed control, 24, 27-28, 12 6, 2 63,

311, 382

Wet -bulb temperature, 37-38, 397,

597

Wet sand
albedo, 22

emission, 82

Wheat, 419
absorptivity, 80

aeration, 173

drought and, 559
field heat balance, 171

growth measurement, 244
in erosion control, 177

phenological event, 388
phenological observation,

266, 269-270, 274, 276

photoperiodism, 34, 95

photothermal unit study, 342

rainfall and, 157, 3 66

relative humidity and, 138, 160

rust, 139, 292, 372, 435-436
shelterbelt influence, 470

snowfall and, 159

solar intensity and, 88

spring, 2 99

transpiration, 474

yield, 159, 366, 470

Wheat straw mulch, 513

Wheatstone bridge, 213, 228, 597,
584-585

White body, 78, 80

White melilot, 107

White pine, 138, 163

blister rust, 576-577

White plaster (absorption, reflection),

80

Whitewashed
roof, 523-524; wall, 501
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We in' s law, 7 5

Wild bean, 94

Wild fence, 465n

Wild hemp, 510

Wilting coefficient, 23, 169

Wilting point, 23, 163

Wind, 17-18, 19n, 25, 36, 39, 55,

59, 85, 106, 123, 128, 141,

145, 190, 205, 234-235, 286,

288-290, 293, 296, 301, 344n,

346, 393, 498

ageostrophic, 425, 583
as a significant element, 45-47,

66-67

break, 459, 464, 508, 511-512;

see also Shelterbelt

control, 511-513

dessication, 138, 165

direction, 2 90, 341, 418, 420, 465,

513

drag, 17 5, 597
field, 192, 233-237, 418

geostrophic, 425, 583, 588
measurement; see Anemometer
severe (storm), 138, 447-452

vane, 234

velocity (force and/or speed), 17 7,

192, 198, 210, 234, 288, 290,

341, 344n, 346, 415, 418-420,

427-428, 430, 460, 465-466,

472, 504, 512-513, 538, 540

and shelterbelt, 525-527

vertical, 440-441, 450, 452

Wind-blown dust, 39n, 238

Wind machine, 547-552

multiple fan, 549
rotating jet, 549-552

stationary jet, 549, 551-552

Wind room, 537-538
Wind tunnel, 240, 512, 538

Winter cereals, 102, 108

Winter chilling, 43, 45

Wisconsin
frost analysis, 109-110, 112, 119,

121-122

growing season analysis, 115-118,

155-156

phenology in, 272, 273, 274, 282,

315-316, 339-340

potential evapotranspiration esti-

mates, 141, 144

rainfall analysis, 146-152

rainfall - crop relationship study,

356, 358-359, 366, 369-371

seasonal temperature difference

analysis, 346

snow-water equivalent analysis,

36

soil temperature analysis, 131

temperature -crop relationship

study. 127, 361-363

Wood anemone, 2 65, 275
Woodland, 80, 311

Woody perennial, 267, 278, 280, 311

World extreme temperature record,

103, 397

World Meteorological Organization

(WMO), 261, 264

Xenon, 1

6

Xerophyte, 106, 559

Xylem, 136, 170, 243, 596-597

Yam, 280
Yew, 2 67, 303

Yield, 3, 9, 45, 50, 62-64, 88, 107,

164, 308, 347, 360, 365, 375

Yugoslavia, 266-267, 277, 312, 439

Zinc chloride smoke, 507

Zinia elegans, 373

Zonal soil, 20n-21n
Zonal wind, 597

Zoology, 10, 194, 2 85
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