Jowrnal of Agromeicorology 4 (1) - 1 - 8 (June 2002)

Tabular aids for computation of derived agrometeorological
parameters on a weekly basis
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ABSTRACT

For Indian latitudes mean values of extra-1erresirial radiation and possible sunlight
hours for the 52 standard weeks and hoorly distribution percentage of extra-terrestrial
radiation in the 12 calendar months are presented. Simple formulas for computing, from
data of maximum and minimum temperatures, average day and night temperatures and

hourly temperatures are presentad,
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Analyses of data on a short-period basis
are @ must in Agrometeorology. The FAO
hus adopted the 10 day period (Dekad) as
the ultimate time-unit for agrometeorological
studies. The week has been taken as the time-
unit in India for agrometeorological work. A
lot of data is available on a weekly basis for
the 32 standard weeks (Appendix ). In
ugrometeorological analyses recourse has
often to be tuken for the use of derived
paramelters, such as extra-terrestrial radiation,
photoperiod, accumulated day and night
degrees, photothermal units, heliothermal units
and leaf-wetness duration, which are fregently
computed,

Potential evapotranspiration (PET) is an
important factor in the water needs of crops.
In the computwtion of PET, the amount of
solar radiation {Rs) received from the sun and
sunlit sky, is an important factor that is recorded
ata few stations only. Therefore, Rs is sought
to be related to terrestrial radiation (Ra),
maximum possible sunshine hours (N) and
actual bright sunshine hours (n). Foroptimum
use of solar radiation in various areas and
seasons, information of Ra on an hourly basis

is required,

Temperature can either obliterate
(Went,1957) or modify (Huxley and
Summerfield,1974) the influence of the
nyctoperiod. Plants also exhibit thermo-
periedicity i.e. show preferential response to
daytime, might-time and mean temperatures.
Temperatures during maturity of sovbean,
night-temperatures after flowering in wheat
and rice and both day and night temperatures
during ripening of maize are known 1o affect
crop yield (Venkataraman and Krishnan,
1992),

Outbreak of diseases is influenced by leaf
wetness duration (LWD). To compute LWD
hourly values of temperature, especially during
night-time 15 a must. In light of the above for
many agrometeorological analyses data on
avearge daytime, night-time and daily
temperatures as well as hourly temperatures
are required. Mostly data of only maximum
and mirtimum temperatures are routinely
available. Thus computing day, night and
hourly temperatures from data of only
maximum and minimum temperatures
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becomes important,
MATERIALS AND METHODS

The hourly wemperatures follow two
different cosine curves, viz., the ascending one
T, from sunrise of day at t_hours to 1300
hours and the descending one T, from 1300
hours to sunrise hour of next day (Robertson,
1983). The equations forT and T, are given
as;

T
R Cos (180 ‘[ 0 en

T,=Tm

lu.ri—

T,-
T,,_Tm+f——RCuHIE{J|| J] (2)

where, Tm 1s mean temperature,

From solution of the above equations and
simplification the derived expressions, mean
daytime temperature (T,) and mean night-
fime temperature (T, ) are obtained.

e R N4
T,_—1m+14n_”+ .lSm{I (3)
Il +1
Thsz--{%—n =) Sinct ()
: bl 1YY
where 0= (_H*-l,) 150

and m=3.141359

RESULTS AND DISCUSSION
Weekly suniight hours

Datar on sunlight hours (N, are available
ona monthly and latitudanal basis, pertaining
to the middle of each month (Allen er

DERIVED AGROMET PARAMETERS

(3=

al 1998), Monthly N for latitudes 5, 10, 15,

20, 25 and 30° were carcfully exlrapni:ﬂcd 1o
arrive st values pertaining to the middle of
cach of the standard weeks. The weekly
values of N set out in Table 1, can directly be
interpolated between latitudes.

Weekly extra-terrestrial radiation

Extra-terrestrial  radiation  (Ra)
pertaining Lo the middle of each of the 12
calendar months have been presented by
Venkataraman and Krishnamurthy( 1965) for
latitudes 5, 10, 13, 20, 25 and 307 N based on
a solar constant value of 1,94 while the
accepted (Allen er al,1998) is 1.96 cal cm
‘min"'. The values were increased by 1% and
the monthly Ra values of Venkataraman and
Krishnamurthy(1965) were increased by 1%
and carefully interpolated to arrive at weekly
vilues pertaining to the middle of each of the
standard weeks (Table 2).

Hourly extra-terrestrial radiation

The mean hourly extra-terrestrial
radiation values pertaining to the middle of
the hour form a sine curve with mirror-
reflection halves centered around 12 hours
local apparent time (LAT). Hourly values of
Ra for the mid-point of each of the two
identical LAT hours have been presented by
Venkataraman and Knshnamurthy (1965) for
the latitudes 5. 10, 15, 20, 25 and 30° for the
12 calendar months. These are now expressed
as a percentage ol the daily total Ra
(Table 3). Itis seen that irrespective of latitude
and month the each of the LAT hours 8-9
and 15-16 receive 8% of the total daily Ra. It
is also seen that the hourly distribution
percentage for the same latitude and month
varied for different hours and for the same
hour and latitude it showed seasonal variation
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Table 1 : Possible hours of sunlight.

Sud. Latitudes {*N) Sud, Latitudes (“N)
Week| Week
No. | § 10 [ 15 |20 |25 (30 | No [5 10 [15 |20 [25 |30

| e | N5 13109107 (103 27 12311271129 133 | 136139
e 1i4] 110108 | 104 ] 28 1231126129 132 | 1351138
3 HO | 16| 114 11109 [ 105 29 1231 1251129 13.1 | 135]13.8
4 N9 |7 s 1z (106 | 30 123 1251 128 13.1 | 1341136
x- WY RTINS I3 10 | 107 ) 31 123 125] 127 13.0 | 133 135
6 H9 | 715114101 (109 32 123 1251127 129 | 131 | 133
2

8

i
oo

N9 | L8] 16| 1LS] 13 | 1L | 33 123 1241126 128 | 130132
19 [ 9117116115 | 11.3] 34 123 1231 125] 127 11291130
G 190 119 LA 17 11T | 115 35 1220 1231124 125 | 127|128
10 1119 (18| ne1e]119 | 1L7 | 36 1220 122123 ] 124 | 125126
1 1200 | 120 120 1Z0) 120 ]| 120 37 12,1 | 12,1 122 123 | 125|123
12120 | B2 120 120 1220 122 38 120 120 120 B2 | 122|122

13

13 [ 120 [ 120 ) 122 123123 | 124 | 39 12,11 119 ] 120 12.1 | 120]120
4 120 [ 122123124125 | 126 40 P20 19112 1Le | 1LE 118
15 1122 | 122124 | 125] 126 | 128 | 4] 12O 108|119 | 118 | 117|116
16 | 122 125 125127 128 | 13.8] 42 1200 108 118 | 117 [ TES (114
17 1123 | 1251127 128 128 | 13.2 ] 43 H9 N7 Ny e | 114 |1L]
I8 | 123 | 125127 129(13.] | 134 | 44 H9 17 e 1L [ L3 (L]
19 123 1126 128 13.0] 132 | 135 43 NS {1715 113 1111108
20 1123 [ 12,6 128 13,1133 [ 136 46 19| 116|114 ] 112 1 109 ]10.6
21 | 1250 127 1229 13,1 134 | 13.7 |47 LS [ 1L5 13| 110 1071104
220123 | 127 ) 129 13.2] 135 | 13.8 | 48 L9 | 1L L3 ] LD | IR7 | 10.4-
23 | 123 | 127 129 13.3] 13.7 | 40|49 19| 115 113 ] 11.0 | 106102
24 | 124 | 127 130 13.3) 137 | 140 ] 50 1k& | 1151 11.2] 109 | 106|102
25 (124 120 130 133 137 | 140 51 I8 | 11.5]11.2 | 109 | 106|102
35 [ 123 125 129 133 136 | 139 52 B 1A 113 109107103
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Table 2 : Weekly extraterrestrial solar radiation ( Cal e day! )

Sid. Latitudes (°N) Std. Latitudes ("N}
Week Week
No. | 5 10 15 | 20 25 |30 MNa. |5 10 15 | 20 25 | 30

| 813 | 757 | 693 )] 629 565|505 | 27 867 | 291 | 919 950 | 973 | w90
2 818 [T64 | 699 636 | 573|516 | 28 B74 | 892 | 922 95] | 973 | 99l
825 (775 | TI1 | 649 588 |53 | D9 877 | 893 | 921] 946 | 968 | 980
788 | 729 | 669 | 609|559 | 30 | 877 [ 89S | 9I8| 937 | 953|960
3 B45 | 801 | 747 | 689 | 631 [583 | 31 877 | 895 | 915 929 | 941 ] 942
0 857 | 817 | 769 | 713 | 657 |613 | 32 877 | 986 | 912 921 | 928 | 923
7 870 |834 | 790 | 737 | 683 [642 | 33 877 | 897 | 909 913 | 915] 905
8 879 | 847 | B09| 762 VI3 | 673 | M 881 | 895 | 901 900 | 895 881
e BET | 861 827 | 787 | 743 [703 | 35 B84 | 892 | 894 BRT | BTN | BT
G 896 | 874 | B45| 813 | 773|733 | 36 887 | 890 | BB7| 876 | 858 | 836
I 005 | 887 | 863 | #38| 804 | 764 | 3T 200 | 8BR | HEI| B65 | 841 | BI5
12 904 | 891 | 873 | 854 | 825|791 | 38 HH8 | 830 | 8#68| 846 | 817|785
13 903 | 805 | 8R4 | 870 | 847 817 | 39 |B84 | 869 | 852 824 | 790 753
i4 902 (899 | 895 | 887 | 870 | 845 | 40 B80 | 859 | 836| BO3 | 764 | 721
15 901 (903 | 906 904 | 893 (873 | 4 975 | 850 | 819] 782 | T38| 683G
16 896|904 | 912 | 915 909|895 | 42 869 | 838 | BOZ| 739 | TII | 658
17 889 (903 | 915 921 | 920 | 912 | 43 860 | 825 | 785 738 | G687 | 632
|8 881 1901 | 917|927 931 (929 | 44 (851 [BI3 | 769| 717 | 663|606
19 873 (900 | 919 933 | W41 |947 | 45 841 | 797 | T78| 691 | 633 | 573
20 865 (898 | 921 | 938 | 950 (961 | 46 |830 [ 782 | T87| 665 | 602) 541
2 860 | 895 | 919 | 940 | 954 | 967 | 47 823 | 771 | 745] 651 | 587 | 524
22 855 |R92 | 917 | 942 | 958 | 973 | 48 Bl6 | 761 | 702 637 | 572|507
23 849 889 | 915 945 | 963 | 979 | 49 808 | 749 | 688| 628 | 535 | 487
24 844 (885 | 913 947 | 9677|986 | 30 800 | 736 | 674| 606 | 309 | 467
23 851 | 887 | 9I5| 948 969 987 | 5l BO5 | 743 | 681) 613 | 547|479
26 439 | 889 | G917 | 949 971 |98y | 32 209 | 749 | 687| 621 | 556|492

= s
o
Lt
h
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Table 3 : Hourly percentage distribution of extra-terrestrial radiation. For latitudes 16 to 19° N
data can be obtained by interpolation.

Local Apparen April - August SeprdeOctaber Noew. (o Junuary Feb. & March
Time (hours) Latituilos (5™ Lantudes ( *N) Lutitudes (*MN) Latitwdes (5N
T 200340 315 2(0-30 5-15 20-30) 5-15 241341

Ph=12:4& 12-13 1250 | 12.00 300 1 3:25 3,50 1450 |3.25 3,40
[O-11 & F3-]4 1175 1123 |2, 25 [Z:25 12:50 13.23 1225 | k230
Yolf) & 14-15 [ 25 o100 [1h.50 14150 10,75 [ 1.0 S | 1050
B4R 1516 S L] RN B AH) (1) 75 . 1) 5
-8 & 16-17 T3 S50 340 4,75 4.5 3.5 4.75 b 50
b-T & 17-14 225 300 [ .50 |.25 175 (.12 |25 Y

Table 4 : Simplified values of various terms used in Eqs. 3 and 4 différent sunrise hours.

Sunrise (o Sinx (P14 (0124 ) ChE+t )it ) Yam

hour (t )

T ; 7 5 6

3 G7.50 f.024 2286 1200 (. 796
1 5204 (174 R R 2833 0,796
7 0000 11643 2000 2:371 0.796.

while Tor the swme hour and month, it was
mfluenced only shehidy at latitudes 5,10 and
15 AN values were quite different from
those at 20band 25°N. Forany given hour and
batnude It was hule mfluenced by the month
wittin the seasons. For LAT hours 3-6 and | 8-
I neeligible amounts of Ra, mostly less than
Sealem - day ' s received from May to July
il 20 1o 30PN, Therefore, the above hours are
not included in Table 3. Using Table 3 one
cun get hourly values of Ra with an accuracy
o +3% for hatitudes 5,10 and 13° N and +
3% o latitudes 20, 25 and 30 N, For latcle
[6-19"N. these can be obtamed througl
mterpolation. Fowely values of Ra can be
obtained with the help of Tables 2 and 3,

Day mean, night mean and hourly

f{fﬂi’pl?!‘ﬂ fires

Equations 3 and 4 above show that the
factor influencing the computation of mean
daytime and mean might-ime temperatures
from maximum and nimimum values is the
NIIHI'INL term (L }. Therefore, for ¢ values of

5. 6.and 7 the various terms were worked out
['I ‘able 4,

The products of columns 3. 4 and 6
columns 3. 5. 6 and give respectively the
fractions of range (R) to be added to and
minused from the mean temperature 10 oot
mean day and might temperatures, The results
are summarised as follows,
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Sunrise Mean day | Meannight
hour temp tfemp
A Tm+0.17TR | Tm-0.24R
£ Tri+0 18R | Tm-0 18R
7 Tm+).185R | Tm-0.13R

Table 5 : Fraction of range to be algeberically
added to mean to get hourly
temperatures at different sunnse

Tim = (Max +Min. W2 and R= Max.-Min.

Mean night temperature i1s greatly
influenced by the time of sunrise while mean
day temperature is only slightly im{luenced by
it Also when sunrise hour is six hours, day
and night mean temperatures would be the
ST .

Equations | -and 2 show that the fraction
of duily temperature range to be added 1o or
minused from the mean temperature to obtain
the hourly values would vary with the sunrise
hour term t . Therefore, the raction of R to
be algebraically added to  the mean
temperarure to get the hourly values were
worked out for each of the hours in the 24
hour period from sunrise of day to sunnse of
next day for1 values of 5, 6und 7. (Table 5).
It 15 seen that mean temperatures would be
reached at L +4 und 1 +16 hours for { = 5, at
t+3.5 and L +15.5 fort =6 and att + 3 and
t +15 for t, = 7. Table 5 ulso reveals that m
the epochs between the hours of mean
temperatures and 1 and [300 hours, the
hourly values show equal positive and negative
departures centered around the mean
temperature hour

These formulations would enable one to
compute not only average day and night
temperatures but alse hourly temperatures
from data of only maximum and minimum
temperatures, Such exercises should facilitate
computation of accumulated phyto or nycto

hours.
Haours Sunrise hours (1)
5 6 T

t+1 .46 -1.45 -0.43
L +2 -0.35 .31 -0.25
t +3 -0.19 0,11 (.00
t+4 0.00 +0.11 +).25
45 +0.19 +0.31 +0.43
L +46 +0.35 +145 +0.50
L +7 +0.40 +0.50 +0.50
1+8 +0.50) +049 | +047
t +9 +0.49 +0.47 +0.43
t+10 +(1.46 +.43 4038
t+11 +0141 +0.37 +0.32
t+12 +(.33 +0.30 | +0.25
t+13 +0.25 +0.22 +H0L17
t+14 +0.19 .14 | 4009
L+15 +0. 10 +0.05 .00
L+16 0.00 -0.05 -0.0%
t+17 010 -0.14 017
t+18 -0.19 -(0.22 -0.25
L+19 -(.28 -0.30 -0.32
1420 -0.35 -0.37 -0.38
t+21 -0.41 -0.43 -0.43
L +22 -0.46 -0.47 -0.47
t +23 -0.49 -(0.49 -0.49
t+24 -(.50 -0.50) 050

temperatures above or below a basic values
wnd lead to derivation of Pheno -
meteorological relationships for estimating the
duration of various crop stuges,
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Appendix 1 The" Standard Weeks "Calendar

Week Moo Month Dates Week No. Month Dates
January -7 27 July 2-8
2 §-14 28 9-15
3 15-21 29 [6-22
1 2338 Al 2329
5 JaniFeb, 20-4 3l JuliAug 30-3
6 February 5-11 a2 August 6-12
7 [2-15 A3 13-19
8 15-25 3 20-26
9 Feb/Mar 20-4% 33 Aug/Sept. 272
i March 5411 ki Seplember 39
I 12-18 k) 116
12 19-25 I8 I7-23
[ Marf Apr 26-1 LD 2:-36)
[4 April 2R ) Octaber [-7
15 015 41 H-14
l& 1622 42 I5-21
) 23-29 43 22-2%
15 Apr/May RV 44 OctMNoy 24-4
14 My 7-13 43 November 5-11
20 14-20 46 12-18
2] 21-27 47 18-25
22 May/June 28-3 4% Nov/Dec 26-2
23 June 4-10 44 December 34
34 1-17 Al 10-16
25 18-24 51 17-23
26 JuneJuly 25- 32 2430

“In Leap Year the week No% will be 26 February 104 March i.e. 8 days.

# Last week Noo 52 will have 8 days, 24 to 31 December,
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