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Abstract

In this study, we estimated root zone soil moisture dynamics using remotely sensed (RS) data. A soil moisture data
assimilation scheme was used to derive the soil and root parameters from MODerate resolution Imaging Spectroradiometer
(MODIS) data. Based on the estimated soil/root parameters and weather forcings, soil moisture dynamics were simulated at
spatio-temporal scales based on a hydrological model. For calibration/validation, the Little Washita (LW13) in Oklahoma and
Chungmi-cheon/Seolma-cheon sites were selected. The derived water retention curves matched the observations at LW 13.
Also, the simulated soil moisture dynamics at these sites was in agreement with the Time Domain Reflectrometry
(TDR)-based measurements. To test the applicability of this approach at ungauged regions, the soil/root parameters at the pixel
where the Seolma-cheon site is located were derived from the calibrated MODIS-based (Chungmi-cheon) soil moisture data.
Then, the simulated soil moisture was validated using the measurements at the Seolma-cheon site. The results were slightly
overestimated compared to the measurements, but these findings support the applicability of this proposed approach in
ungauged regions with predictable uncertainties. These findings showed the potential of this approach in Korea. Thus, this
proposed approach can be used to assess root zone soil moisture dynamics at spatio-temporal scales across Korea, which
comprises mountainous regions with dense forest.
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2. Materials and Methods
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Optimized solution
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Fig. 1. Flow chart of the proposed approach.
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Fig. 2. Soil column with the bottom boundary condition (GW

-500cm).
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Table 1. Searching ranges of the soil and root parameters for the Modified-Iteration Algorithm

a n O s O 1 Kot z p. Zinax Iteration(I) Restart SD SEED
Min. 0.006 1.2 0 0.37 1.84 0 1 0
1000 3 0.5 -1000
Max. 0.033 2.1 0.163 0.55 55.7 200 15 300

SD: ¥FW=}; SEED: F&+9] W4 x7] A3k

2.3, AHEIXIE 7|8t EYTEMA

Scott et al. (2003)2 HYDRUS EJFdA EY=
Mo o2 PR, T EY dol= AR
500 cmZ SIHTh 4 EFES 2x0.5 cm, 2x1 cm, 2x1.5
cm, 12x2 cm, 4x2.5 cm, 2x3 cm, 4 cm, 6x5 cm, 4x7.5
cm, 9x10 cm ¥ 15x20 cm®2 TA Y. E3F HYDRUS
2y EY= %7 ZA(initial condition)¥ sHHEZ A&t
H(bottom boundary condition)S Z+Zt A ZHO ZRE -500
em 2 stRen 27|2AL ArHTA 5Ut AoRE Tt
At Fig 2= ES2Y Y T2E RAZT}

R G+ H+)\E ®)
A=X\E/(\E+H)
0/0,, = exp(A—a)/b,a=1.0,b=0.421

714 R,: AE £EA K net radiation, [W/m?]), G: EY
9] & o]E(soil heat flux, [W/m?]), H: ti7]12 Fsl= @
o] E(sensible heat flux, [W/m?]), AET: 24 o]5(&9 =
o] ARRE U A, W), ab: FAA A (curve-fitting
parameters), ©: ELFFE(cm’ cm?), O, : ¥3 FHY E
FFE(Cem’ cm®), A: S2F(soil evaporation) H]-E. MODIS.
A9 AL Table 29 2t}

Table 2. MODIS information
Image characteristics
Day of Year
Coordinate system

Values
86, 95, 98, 105, 155, 173, 219
Latitude, Longitude
Bands 1-7
(500 m x 500 m)

Land surface temperature
(1000 m x 1000 m)
Emissivities 31/32
(1000 m x 1000 m)

MODIS

Resolution
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B 548 £ S84 o

A-BFS S5t A&go] 9171 wWEo| ©= Okalhomaol
At & Little Washita(LW 13) Q¢ AZZS o
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o 9Asta Y= LWI3 AYS vehd

Ut 3¢ 429 ESFE BSAEV F3] AT
2 E¥Fo 9l MODIS 7]Hte] E¢
A-13837] YA+ MODIS A&
AE ASAEE Aok AT 4

LW13

Fig. 3. The little Washita 13 site located in Oklahoma, USA.
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3. Results and Discussion
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Fig. 5. (a-c) Water retention curves for sandy, silt, and clay loam soils and (d-f) Hydraulic conductivity for sandy, silt, and
clay loam soils.
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Fig. 6. (a-b) Comparison of measured and estimated soil moisture dynamics and water retention curves based on the
estimated soil parameters (meausred root parameters were used) and (c-d) omparison of measured and esti-
mated soil moisture dynamics and water retention curves based on the estimated soil and root parameters.
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Fig. 9. (a) Chungmi-cheon site located within the MODIS pixel and (b) MODIS data comprised of 20 columns and 20 rows.
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Fig. 10. (a) Calibrated root zone soil moisture dynamics at the Chungmi-cheon site and (b) Validated root zone soil moisture

dynamics at the Seolma-cheon site.
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Fig. 11. Spatially distributed root zone soil moisture across the country (March 26 2012 and June 3 2012).
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4. Conclusion
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& 25%5357]H(Shin and Mohant, 2015)
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