APPENDIX

Appendix A The experiment set up for soil gradient method using the solid-

state infrared gas analyzers (GMP343, Vaisala Inc., Finland)

and trenching method
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Appendix B CO, gradient data analysis

CO, concentration measurements by the solid-state infrared gas analyzer was
corrected and used to calculate the surface CO, efflux. The data from the CO, sensors
constitute the volume fraction C, (umol mol™). Volume fraction can be changed to
mole concentration by:

_Cp

v

~ RT

where C is the mole concentration (umol mol™), C, the volume fraction (umol
mol™), P the air pressure(1.013 x 10° Pa), T the soil absolute temperature (K), and R
the universal gas constant(8.3144 J mol™ K.

The flux of CO, at depth z will be calculated using Fick’s first law of
diffusion:

F :_Dsd_C’
dz

where F = the CO, efflux (umol m'zs'l) , Dy is the soil CO, diffusion
coefficient in the soil (m’s™), C is the CO, concentration (pmol m™~) and dC/dz is the
vertical soil CO, gradient. The negative sign indicates that the efflux is in the

direction of decreasing concentration.

Ds can be estimated as

Ds=&D,,
where & is the gas tortuosity factor, and D, is the CO, diffusion coefficient in

the free air.

The effect of temperature and pressure on D, will be given by:

T 1.75 P
Da:DaO =1 =
T, P
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where T is the temperature (K), P the air pressure (1.013 x 10° Pa), Dy a
reference value of D, at T, (20 °C or 293.15 K) and P, (1.013 x 10° Pa), and is given
as 1.47x 10° m*s™",

There are several empirical models in the literature for computing &. The

Moldrup model (Moldrup et al., 2000), was applied to various undisturbed soil.

where ¢ is the volumetric air content (air-filled porosity), ¢ the porosity or

sum of the volumetric air content & and the volumetric water content 6. Note,

¢:1—&:5+0
P

where p, is the bulk density (g cm™), and p,, the particle density for mineral

soil, with a typical value of 2.65 g cm”™.

We can compute CO, flux (F>) at the depth of Z in the soil:

P _[ D, F, j ($=0)" 1175 d(C../T.)
’ RT, 7 ¢ dz
where T, and C,, are the temperature and CO, volume fraction, respectively, at
the depth of z. At a certain small layer of soil if we measure CO, concentration at the
depth of z; and z;; with concentration C; and C;;;, a constant flux rate with in this

layer can be summarized in the following equation.

F o= _[DaoPo j (p-6)" (7:— +T,, j[c /T, ~C, /T,-j

RT,” ¢ 2 Z,, —Z

where F; is the CO, flux (umol m? s™) between depth z; and z;+; (m), 7; and
T;y; are the temperature (K) at the depths of z; and z;;, C; and Ciy; the CO,
concentration (umol mol™) at the depth z; and z;, @ 1s the soil porosity, 6 the
volumetric water content between the depth z; and z;;, and constants D,y = 1.47 x 107
m® s, R=8.314 I mol” K, T, =293.15 K, and Py = 1.1013 x 10° Pa. The depth z is

in the negative sigh when it is an input for an equation.
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Appendix C Eddy covariance system
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Appendix D Experiment setup of eddy covariance system and energy

balance system
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Appendix E ET106 weather station
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Appendix F Flow chart of data acquisition, processing and archiving.
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