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FIGURE 9.1, Vertical infiltration rate for water into initially dry and wet soil, and

v horizontal infiltration into dry soil.

6.4.
The infiltration rate d

Runoff and infiltration for a 1.B-inch (38-mm) rainfall in 1 hour.
ecreases as the soil wets until runoff begins after

10 minutes. Late in the storm, the runoff and infiltration rates are steady.

Runoff would have

infiltration rate.

Rainfall, infiltration and runoff rates {in./h}

begun later and been less if the soil had a higher
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6.12. Water moves into the roots and through the piant primarily by
capillary action.
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Heat Pulse Measurements
to determine:

soil thermal properties
soil water content
infiltrating liquid water flux
sensible heat flux in soil
latent heat flux (vaporization or fusion)
upward liquid water flux

Agron 405/505

Temperature T

Temperature with depth in Corn
30

ofem 2 10cm +35¢cm

2 175em

242 243 244 245
DOY 2008

Soil heat and water dynamics

» Impact biological, chemical, and physical, processes

o Modeling coupled heat and water dynamics is difficult

" and requires many hard fo measure parameters

o Measuring in situ coupled heat and water dynamics has
improved recently
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Juckson. 1973. SSSA Spec, Publ, 5, 37-55

Coupled Heat and Water Transfer

Thermal gradients cause water to move in
unsaturated soil.

When water moves in soil, it carries heat.

st e, ony

Because heat transfer and water movement
affect one another they are coupled.




Determining of soil thermal properties by Example of heat pulse data
heat pulse sensor :
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Soil thermal conductivity 4 (W/m°C): By fitting a heat transfer model to the heat pulse
A=aC data we determine the soil thermal properties.
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Influences of soil fexture, p, and 6 on % Calculation of Volumetric Heat Capacity
20
18 Lt -
= 2 Lo - o This equation can be used to estimate soil p, or 6
s 08 Che e with the heat-pulse technique. :
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Temperature ratio is constant
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Measured heat pulse signals
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Heat pulse flux estimates versus
imposed unsaturated fluxes
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" A Heat Pulse Technique for
Estimating Soil Water Evaporation

o,

Basic theory of HP method:

Sensible heat balance provides a means to determine
latent heat (LE) us§d for evaporation.

% =0 no evaporation]
LE=(H,-H)-AS {5

<0 condensation

evaporation




Latent Heat in Soil Heat
Flux Measurements

Better Energy Balance Closure

When the latent heat flux (LE) includes evaporation from soil,
the depth at which we measure soil heat flux (G) is critical to
accurately representing the surface energy balance.

Objective: Characterize variations in G with depth near the
soil surface.

Materials and Methods

Soil heat flux (G) measured via heat-pulse sensors installed at
3 depths: 1, 3, and 6 cm

G = -MAT/Az)

side view

Materials and Methods
Evaporation (LE) determined via microlysimeters (per 24 h)

Cumulative Soil Heat Flux at 1-cm Depth
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Cumulative soil water evaporation at 3-mm soil depth

Cumulative Evaporation (mm)

Day of year 2009

Water storage M/\}

change AS

AE=(F,—F,)+AS

For a soil layer, 4 E is the evaporation rate (cmv/h), F, and F, are the liquid
water flux (cm/h) at top and bottom boundaries, and 4 S is the change in
water storage (cm/h).

Liquid water flux at the 7.5 mm soil depth
from the model simulation.

Conclusions

The heat pulse method isable to provide a wide
range of soil heat and water measurements.

This is an important time period to advance
coupled heat and water experiments and models.
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