
5:;1.;")24 : r,:; I . :i2!;

Computation of soil temperature from air temperature
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An~Tlt .\(.'T . Cm,.,i,l..riul! t h.. thN Jul r")Ilt.ion"hip betwreu K. bare lOil ~lI(l lh('at Jl\O"IJbl· rf· i)lun l'IliAldy " IMJ'"t>
it., the tnf'flU dlloi1y FUn tt·Jn)lf·ra tn rt·,cat a (It'plli u( r. to 10 vrn have been t'81<-ulillt ·d f..r th e no n-min)' In.fJuth8. Ir om
"he d"i1~' me-an St evenson ~rf'f'n h 'm pr'Nlt lll'f' at tllrf'f' d ilT,·,.."nt II tation'" in I Ullia . TJIf' n-eult 1l.~N'(·fl wrll with 1111'
observed 1lUi1 t('mIlf'rAt ufl"

1. Introduction
Soil temperature is ofgreat importance in agri­

culture. l~adl stage of plant growth is influenced
loy it . Rut soil temperature is not available in
most of t he stutions, ,U'lO record ing of soil
t empernture b)' direct observation is not always
possible. However , th e a ir temperature is avail ­
able in most of the stations. BoL'<Cd on t hese a ir
t emperature dat a , it may be possible to det ermine
BOil tempernture indirectly.

In earlv investigations of soil temperature the
equilibriu;n processes considered for the heat­
bud get d id not t ake into account the a ir to ground
inflow. Ijorodnitsyn (1940) Ila"e a realist ic model
in which he took into account th e bnsic filet", of
thermal interaetion< between the surface layer of
air and groun'!. Solut ions to the problem under
gencrali'3ed conditions, i .e., cond uct ivity varying
with depth , coefficient of turbulence varying with
height eto ,,",,TO obta ined by Shvet s (19-13). It is
a well known fact that FOil te mperature variations
which arc sharp and relat ively ahort lived are
of main importance in agr iculture and these
ta ke place when t he temperature fluctuates
aperiodically. ,\pplying a double laplace t rans­
fonn method solutio ns concerning these ape riodic
variations in a completely general form were
obtained by Berlyand (19M). The next step in
the studies of soil temperature was to consi­
der the temporal variat ions of the phys ical
charaeter ist ice of the soil and atmosphere an i
include the generalisations in the solu tion. Follow­
ing :Malkin (19-14), Dyubyuk and ~[onin (1950)
have develOped a method for practical calculat ions
of soil tem perature by using Eigen functions. 11,e
soil tem perature calcu lat ions for two-layer (air and
BOil) and three-layer (air, snow and soil) models
arc available and the rosults derived showed good
agreement with the actual data. However, for the
practical purpose the Eigen equa tion method is
linked with some difficult computations.

Gutmai,. (19M) developed a formul a under some
simplified assumptions regarding the ver tical

distribution of turbulence in the atmosphere.
moisture ill the soil and heat inflow from the Bun at
th e eart h's surface, to calculate the daily moan
soil t em perat ure from the daily mean air tempera­
t ure of the instrumental shelter. The present
attempt is to utilize the above solut ion to calculate
t he daily mean soil temperature at some selected
Inlian stations, in the non-rainy days and to
observe whether t he method could be used for
tropical country like India. From the results of
comparison of the computed valu es with the actu al
ones, it is observed that tho method can be used
for t ropical regions a. well. Accordingly, the
method provides a means to calculate the daily
mean soil temperature for stations where the screen
temperatures etc fire avai lable hut no soi l tempera ­
ture is recorded.

2. Tbeory

Wit.h sufficient accuracy for ull practica l pur­
poses, the d ifferential equ ations of conductio n of
heat in the surface laye r of the a ir and in t he ground
can be given loy-

al' sr a r sr .
81 + II (', 1) ax = Di'" l K(.) az ~ (1)

3I = K 8'1 (2)
at 0 8"

Where T (,, 1) and 1 (',1) are the deviations of th e
a ir and BOil t emperatures respect ively from thermal
oquilibrium, Ko and K (.) are the coefficient of
thermal d ifTusivity of tho soil and air, I is the time
unl U (z, I) is the wind speed. The origin of t he
eo-ordinate system is located at the earth's surface,
the x-axis direct ed along the direction of wind and
the z-axis directed vertic.nlly downward.

It is assumed tha t the air temperature at the
height H of t he meteorological instrum ent is
known and denoted by-

T = Tn (I) at z = - /J (3)

I t is also assumed t hat the influx of direct .an'l

.l'·ormt"rly at. tbc Di vi...ion of Agrlcultuml Met('Orolo~', l'OOIl fl.












