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Research Background
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Conceptual model of hydrological processes in frozen soil regions

'When soil is frozen, liquid water, ice, and water vapor
' coexisted in soil pores. Under the effect of freeze-:
'thaw process, soil water and heat transport was|
! completely different from the non-freezing period. |

Current Research

* Stability and applicability of
numerical models need to be
improved

* Understanding of water vapor
monitoring and its transport
mechanism are insufficient

Investigating the mechanism of
soil water transport in seasonally
frozen soil areas not only helps to
deepen water cycle theory, but
also  provides technological
support for ecological
environment protection and
vegetation restoration




Research Methodology

Location of the research area

The Mu Us Sandy Land, one of the four
largest sandy lands in China, locates between
the Loess Plateau and Ordos Plateau and
belongs to a typical seasonally frozen region.
Climate feature of this region can be defined to
be cold and dry, with the average annual
precipitation and air temperature of
approximately 419 mm and 9.1 °C. Generally,
soil begins to freeze from November and lasts
til March of the following year, with a
maximum frost depth of over 1 m.

Methods:
In-situ observation, field and laboratory
experiments, numerical simulation




Research Methodology

1. In-situ Observation

The in-situ observation site is
selected in the southeast of the Mu Us
Sandy Land, located in Yulin Desert
Ecological Station of the State Forestry
Administration (38°23" N, 109°42" E).

At the study site, a typical soil profile
is set as the research object. Soil samples
at different depths in this profile. The
Hydra Probe Il sensors were installed
horizontally at 10, 50, 100, 200, 400, and
630 cm below the surface to observe
changes in soil temperature and moisture. Instrument layout of the study site

. -




Research Methodology

2. Filed and Laboratory Experiments

(1) Measuring soil physical properties
(2) Measuring soil relative humidity

(3) Calibrating sensors

(4) Measuring soil hydraulic parameters
(5) Measuring soil thermal parameters
(6) Measuring the total water content

during freezing period
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3. Numerical Simulation (Coupled water-vapor-heat movement theory)
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(1) Non-freezing Period: (2) Freezing period:

The coupled water, vapor, and heat Based on the theory, the code is revised
transport model is established using in Fortran language and incorporated
the Hydrus-1D software into the standard Hydrus-1D code.
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1. Model accuracy and applicability
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The proposed model overcomes the numerical calculation problems
caused by the phase transition process between ice and water, and can
obtain stable and accurate numerical solutions. Simulation results proved
that the proposed model has high accuracy and applicability.
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2. Mechanlsm of 50|I water movement
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Driven by soil water potential and temperature gradients, isothermal and
thermal liquid and vapor fluxes changes greatly under different conditions.
Results indicated that the model considering coupled water-vapor-heat
transport is not only suitable for the field situation, but also conducive to
understanding the water cycle mechanism of the vadose zone
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3. Characteristics of water vapor and its influencing factors
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Future Research Plan

On the basis of clarifying the soil water cycle process, we will focus on the coupling
system of "soil-vegetation-atmosphere" in sandy land, and conduct research on
the water cycle of typical vegetation system during both the dormancy (freeze-
thaw period) and growth (non freeze-thaw period) seasons
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By establishing in-situ monitoring sites for shrublands and grasslands, we
preliminarily analyzed the water consumption characteristics of vegetation.
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