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Chapter 8 - Soil Temperature

Factor s affecting soil temperature

Heat transfer processes

Thermal conductivity and diffusivity

M easur ement of temperature

Diurnal and annual cycles

Heat capacity

Heat flow

Determining K+ in field

Simultaneous transport of water and heat

Temperature affects several processes
assmilaion
respiration
trangpiration
chemica reactionsin soil and plants
diffuson of gases and solutes
weter flow in soil
trandocation
microbid activity

availability of water to plants
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Factorsthat influence temperature

- radiation from sun

- dopeof land

- water content of soil
- Vegetative cover

- dbedo

- heat flux from surface
- water content

- bulk density

- heat capacity of ol

Radiation

SeeFig. 5.1, 5.2,5.3,5.4,5.5, 5.6, and 5.7 in the book (Jury et al., 1991)
Radiation from sun is mostly short wave.
Earth absorbs short wave - some reflected

Earth rediates energy nearly like ablack body (primarily long wave)
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H,0O vapor, CO,, N,O, CH,, synthetic industria gases, and dust absorb long wave
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Heat Transfer Processes

1. Radiative
- Any surface radiates energy

- What is modtly felt as heat coming from fireplace

- Stefan's Law
Radiation from blackbody
d=esT
4 - ——— - Energy flux, integrated over dl wavelengths
cm-mn

e = 1 for blackbody
e < 1 for other bodies
s =8x10™ cd emmint oK™
T-%
2. Convection
- Hot air rises causing mixing and trangport
3. Conduction
- Net molecular exchange of kinetic energy which takes place

from more energetic molecules (hot regions) to less
energetic molecules (coal regions)

Within soil, radiative and convection are very smdl in reation to conduction
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M easur ement of Temperature

- Glass thermometers

- high hest capacity

- may conduct heat dong thermometer
- Thermocouples & Thermigtors

- response good

- gndl g5ze
- Rediation Thermometer

- measures surface temperature

- measures infrared

Diurnal and annual cycles

See5.14 and 5.15in the textbook (Jury et al., 1991).

Soil heats up during day, cools a night
Diurnd variations damped with depth

Pesk shifts
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Heat Capacity
. D
Heat capacity = D—(T?(cal /°K)

DQ is quantity of heat

DT isassociated T change

Heet capacity is dependent upon size of the system. Heet capacity per unit massis

ciscaled specific heat

- independent of system size
Soil
Minerds _H,O Humus
c 0.2 1.0 0.5
ca ca ca
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Volumetric heat capacity
CSOIl = SXI ri G
DQ ca
Cooil = 30
VDT cr’®°K

X; - volume fraction of particular soil condtituent
Cooit = XmImCm+ XoloCot XwlwCwt XalaCa

- Xm, Xo, Xu, & X, ae volume fractions of minera matter, organic
matter, water, & air

- I areregpective dengties
- ¢ are repective specific heats

r,= T therefore r ,» 0
1000

Cooil =XmImCm+ XoloCo+ Xy I'wCy
rm= 2.6glcnt
ro=13gln?
rw=1.0glcn?
Cooil = Xm (2.6) (0.2) + X, (1.3) (0.5) + Xw (1) (1)

=0.52 X, + 0.65 X, + Xy
Volumetric hest capacity has units of ca cm® soil °K™
Since X,, isjust volumetric water content, X, =q, -

The eguation using dightly different vauesfor ? and c given by Jury et d. (1991) is

Cooil = 0.46 (1'f 'Xo) + O'GXO + Qv

In Cdiforniasoils the X, » 1%, 0 this term has little influence.
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Indl problems, assume X,=0 if not specified.
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Heat Flow
Steady State
=180
H edZ

ca
crrzseC

Ju = heat flux density

| . - effectivethermd conductivity ——
cm soil sec°K

T - temperature °K
z - digtance (cm)

Transent State

Cﬂz-ﬂJH
qit 9z
T_1¢ T

é
28 o1

If | . congant with z

K+ - Soil thermd diffusivity
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q

a

Also, seeFig. 5.10 and 5.11in Jury et al., 1991 book.

Thermal conductivitiesfor several materials

dry soil

H,O

ar

copper
steel
cardboard
glass
quartz

clay minerds

1.5x 10°

1.4x10°
6x 10°
0.918
0.108

5x 10*
1.7 x 10°
26.3x 10°

8.7x 103

Kr

cm sec °K
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Page 8-11
Determining K+ in field
f 12 hrs 24 hrs
Ao
v A
| >
time
_T

To) =T +A,snwt

T(o,t) - Temperature at z=0 (s0il surface)
T - Average daily temperature at soil surface

A, - Amplitude of surface temperature fluctuation
w - radia frequency

w =2t_p t - period = 86,400 s (=24 hours)

W= 2 p radians
86,400s

Alsoassumethat T (¥,) =T

T assumed to be same at dl depths

m_, 1T
T

Solution with above conditionsis
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T 1) =T +A,e?[sn (wt-g)]

d is"damping depth" at which the T amplitude decreasesto L/e of A,

disusualy 20-30 cm for diurna temperature fluctuations

d=,/2K, /w

A Calculated for the annual waveusing t for oneyear.

Amplitude Equation

amplitude a z=0is A,
amplitude at z=z, iIsA; = A, exp (-z/d)
amplitude at z=z is A, = A, exp (-z/d)

A ep(-z/d) i
ol eyl IR

Z,-Z,
d

I(A/ A2) =

— Z,-2,
ICAL/A2)

IZKT/W :ﬁ

In( Ai/ A2)

, 2
_wé z,-z, U

Ve

_E gh’( A1/A2)H

T



SSC 107, Fall 2001 — Chapter 8

Deatermine A; a z; and A, at z. Caculate K.

Phase Equation

Tz 1) =T+Aoe‘z’d§9’n(wt-§)§

When T is maximum at each depth, the sin () must be maximum.

Thesin () ismaximum when the ( ) = g,sjng =1.

2 _Pp
\ wt, -2L=T
td o2
ad
Wtz_Z_Z:B
d 2
Thus, can equate the 2 terms
z z
wt, -—L=wt, -2
Y'd 7 d
-z, z
Tl"‘FZ:WtZ'th
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1éz,-z.U
2Kr/w==g2"1¢
weat,-t,

. 2
2Ky _1¢€z,-z,u
w Wzgtz'tlﬂ

. .2
lez,-zu

s

K
Towgt,-t,

Thus, K+ can be determined by measuring the time a which the maximum temperature is observed at two
depths. K isthe diffusivity of the soil between two depths.
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Simultaneous Transport of Water and Heat

Temperature gradients affect soil-water potentia which induces both liquid and vapor movement.
Soil-water potentia gradients move water, which consequently carries hedt.

Combined transport generaly ignored in very wet sysems and in very dry sysslems. Temp. gradient
effect on water flow smdl in relation to soil-water potential grad. in wet range. Little water is moved

invery dry range.
Two approaches
Mechanigtic
Irreversible thermodynamics
M echanistic
For water g _ Vg 10, Ta Yq6 TK
it 128 fzg 128" 9z 5 9z
For heat

cIM_Te M6, 1 fa o
It ‘HZZ? 1z o 'nz:bwv'nz

Dt - water diffusivity under temperature gradient

Dy - water diffusvity under weter potentid gradient

L - Latent heat of vaporization

Dw,- Diffusvity for heet conveyed by water movement
Problems with mechanistic approach

- Difficult to measure or caculate diffugvities

- Two flow mechanisms are not strictly additive snce they interact
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Irreversible thermodynamics

1dP 1 dT

For water = Low—— - Lwh— —
G=-L T dz I'hTzdz

1dP 1dT

For heat = Lhw——- —
= b g e

P - Soil-water potentia
Li ;- Coefficients which are unknown functionsof Pand T

Makes no assumptions about mechanisms
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Figures on smultaneoustransport of water and heat follow:

—-200

|
H
(=3
O

t

. ¥, {ioules/kg)
|
2
[=]

E -800
5
g
Q
& ~1000
2
3
w
-1200
~1400

WATER FLUX mm/day
e o
o o
T T

o
K-
|

Water content, §,, (mass water/mass dry soil)

2

3

T T

o o

_15¢
15°c

o oj'x/x

x—xOxford clay
subsoil

o—cBenjamin silty
clay loam

e~eWasatch coarse—

sandy loam

1 joule/Kg
= 0.01 bar

SUCTION cm/Hg

-Water flow components in Columbia loam. Curve a represents flow from a pressure
head gradient of 5 cm H,0 em™. Curve b is the water flow caused by a thermal gradient
of 0.8 C cm™. The liquid and vapor components of curve b are given by ¢ and d, respec-
tively. (Cary, 1965. Copyright 1965 by the Williams & Wilkins Co., Baltimore, Md.)

Page 8-17



