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Harmoni c analysis and mode lling of annua l soil temperature variati on s
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AIlSTRACT. Harmoni c analysi s using se ries is applied to the annual variation s of so il tem pe rature From the
surface down to I III depth . TIle fir st harmo nic alon e expla ins about 99% of the varia tion .

II is also shO\\TI that heat conduction is nor valid in a soil med iuIIIunder exothe rmic conditions. especially in th e
uppermost layer of abom 20 em. as neither the thermal properties. exp ressed by the damping depth (D), nor th e mean
soil temperature (n remai n constant with depth . and th e am plitude ofoscilla tio n (.4:) does nOI vary strictly expc nen 
rially. Thi s is as sumed to be con siderably reduced soil mo isture of thi s in compari son with deeper layers,

Finally. cons truction of a mod el to predict mon thly or ten-d ay period mean soil temperatures is based' on
w r-at h e r vari ab les (d ifference between precipitation and pan evaporation), providing an ind ex for the soil moisture
de ficit and an est imate of D. and overco mes the difficulties of ch angi ng T and A: with dep th.

I\C} ,",urds - Soil temperatu re. Soil moisture. Harm on ic. Temperature osc illa tion, Temperature gradient,
Damping depth . Th erm al d il fus ivi ty. Heat flow. Pan eva poration. Modelling.

I. Introduction

Nel rad ia nt input o r ou tput (Rn ) is respect ively dis 
sipa tcd or supplied by thermal co nd uction in the soil
(G)-determin ing. togcthcrwi th the so il thermal proper
lies. the soi l therm al regime-and transfe r or sensible
(C ) and la ten t heal (AE) in the a tmospheric bo undary
layer, expressed by rhe hea t ba la nce eq ua tion ';

Rn = C + AE + G (I)

significantly alte r the so il ther mal properties. analysis
or soil heat conduc tion is ra ther complex (Monteith
1973) a nd so is so il temperat ure forecasting.

Assuming th at the soil thermal co nductivi ty (d')
and volum etric specific heat (P'c' ) arc in de pe ndent
of depth (z), the time change of tem peratu re in a
soil layer (9T/9r) is a function o r th e change with z
or the vert ical temperat u re grad ient (9'T/9z') and
the soil thermal diffusivity (,., = d' [p'c"; as
follows :

Co ns ider ing. then. tha t temperature a t the soil-air
inte rface follo ws a sinusoi dal varia tio n during a da ily
o r a sea sona l cycle . the temperat u re a t lim e [ and

Th e di urnal and annua l varia tio ns or th e insola
lion cause a va ria tion of the soi l tempe ra ture with th e
diurna l period superimposed o n th e annua l, thou gh
slrictly tru e pe riodici ty is distu rbed by weathe r
vari abilit y (Van Wijk 1965). Due to th is and the fact
that cha nges o f so il moisture a nd den sity may
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(12 1)

9T/9t = x' (9'T/9z' ) (2)
















