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What is soil?



Soil Thermal Propertiesp

(Campbell and Norman, 1998)



φθφ
Soil Specific Heat Capacity
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2 is volumetric water content
Nm is volume fraction of minerals
No is volume fraction of organic material
Ds is (wet) bulk density of soil (Mg m-3)
D is density of minerals (Mg m-3)Dm is density of minerals (Mg m 3)
Dw is density of water (Mg m-3)
Do is density of organic material (Mg m-3) Do y g ( g )
cs is specific heat of soil (J g-1 K-1)
cm is specific heat minerals (J g-1 K-1)

1 1cw is specific heat of water (J g-1 K-1)
co is specific heat of organic material (J g-1 K-1)



Note: dimension vertical axis is MJ/(m3 K)                                             (Campbell and Norman, 1998)



Soil Conductivity

(Jury et al., 1991)

How would you calculate Soil Heat Flux?
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G        is soil heat flux (W m–2)
kTsoil is thermal conductivity (W m–1 K–1)
T        is temperature (K)
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Combined with soil heat flux divergence / soil heat storage equation:
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Heat equation:
2TDT ∂∂q

2z
D

t Tsoil ∂
=

∂

ss

Tsoil
Tsoil c

kD
ρ

=
ssρ



2

2TD
t
T

Tsoil ∂
∂

=
∂
∂

)(sin()0(),0( oavg ttATtT −+= ω

2zt Tsoil ∂∂
oavg

]/)(sin[)/exp()0(),( DzttDzATtzT oavg −−−+= ω
A(0)  is amplitude of soil surface temperature
to is a phase shift that depends on whether t is local time
D is the damping depth (m)D      is the damping depth (m)
o is the angular frequency
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(Oke, 1987)



(Rosenberg, 1974)

(Campbell and Norman, 1998)



(T B 1986)(Ten Berge, 1986)



Simple Rules for G

G for day and ten day periods; relatively smallG for day and ten-day periods; relatively small

0≈G
G for hourly or shorter periods;

daytimedaytime

nRG 1.0=
i httinighttime

nRG 5.0=



Measuring G

Natural Soil: Heat flux plates and soil temperature measurements can
be used together
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Buildings: ??


