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ABSTRACT

Accurate estimation of field-scale root-zone soil moisture (RZSM) is essential for hydro-meteorological and
agricultural management. The cosmic-ray neutron probe (CRENP) is an innovative technigue for field-scale soil
maisture observation. However, it is limited at deeper depths, and requires suitable methods for scaling the
CRNP effective depth to represent the root-zone layer (up to 100 em depth). A merging framework was devel-
oped in this study for improving field-scale RZSM with the CRNP via coupling the representative ancillary RZSM
informarion with cosmic-ray soil moisture. By using ancillary RZSM retrieved at the most time stable locarion,
this approach alleviates the problems associated with lack of independent datasets, while maintaining scale
representativeness A linear autoregressive model was adopted to forecast the errors between two input datasets
(the cosmic-ray soil moeisture and ancillary RZSM) and a reference product, which was computed by spatially
weighting the deepest in-situ soil moisture measurements apart from the most ime stable location. The variances
of estimated errors were then used to compute a snitable weight for each single product by following the original
linear combination of forecasts, and subsequently merging the ancillary RZSM and cosmic-ray soil moisture.
Performance of the merged RZSM in comparison to input datasets and exponential filter-based RZSM over three
different environments was evaluated against the reference RZSM product. The results indicated that differences
in vegetation coverages related to total aboveground and belowground biomass accumulation, root water uptake
rate and canopy density are the major factors controlling the temporal variation in merged RZSM, and they can
be pardy interpreted via the framework procedure, Superior performance achieved by the merging framework
demonstrated its robustness in improving field-scale RZSM measurement compared to other products This study
also underlines the strong relationship between input data quality and the performance of the selected merging
method, with respect to variations of CENP effective depths Overall, the merging framework is simple to apply,
enables unrestricted-use in different environments, and is flexible to combine further standalone data sources.

1. Introduction

deficit, which are the major factors affecting plant growth and vigor in
the ecosystem (Gonzdlez-Zamora et al., 2016; Santos et al., 2014).

Soil moisture plays a fundamental role in governing the exchange of
water and energy fluxes between the land surface and armosphere
(Brocea er al., 2011; Vereecken et al., 2008); and was listed as an Bs-
sential Climate Variable (ECV) when characterizing the Earth’s climate
(GCOS, 2010), The soil moisture status in the root-zone (frequentdy up
to 100 em depth) is a storage variable that controls the partitioning of
important hydrological processes such as infiltration, runoff, and eva-
potranspiration (Choi and Jacobs, 2007; Das and Mobanty, 2006).
Knowledge of root-zone soil moisture (RZSM) is crucial for better un-
derstanding of plant available water, root water uptake and water

* Corresponding author.
E-maii address: mhehoi@skku edu (M. Choi).
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Therefore, accurately capturing RZSM variability at relevant scales
contributes to effective hydro-meteorological and agricultural mon-
itoring in accordance with natural disasters mitigation (Entekhabi et al.,
2010; Vereecken et al., 2008), weather and climate prediction (Zohaib
et al., 2017), agriculture management (Barker et al., 2017; Pardossi
et al., 2009), drought monitoring (Bolten et al., 2010; Han et al., 2014),
flood forecasting (Brocca et al., 2012), and dust outbreak risk assess-
ment (Kim et al., 2017; Kim and Choi, 2015).

Various methods have been developed to predict RZSM from near
surface soil moisture at shallower depths, and they are fundamentally
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A Study on the Establishment of a Korean Soil Moisture

Network (2): Measurement of Intermediate-Scale Soil Moisture
Using a Cosmic-Ray Sensor

Jeong, Jaehwan®, Cho, Seongkeun®, Baik, Jongjin***, and Choi, Minha****

Abstract

Efforts for the retrieval of soil moisture data using satellites are continuing, but there is a lack of reference data that can represent
the characteristics of a watershed. In this study, weighted average in situ soil moisture was estimated and the calibrated CRNP
soil moisture was validated through comparison with rainfall events. The weighted average in situ soil moisture adequately represented
that of all stations. The corrected neutron intensity was less affected by air pressure and humidity than the raw data, and the standard
deviation decreased from 96.22 ¢ph to 76.25 cph. Additional correction for the mountainous terrain will be possible if data are
accumulated, and the CRNP soil moisture can be used as reference data for soil moisture retrieval using satellite data and as basic
data for national water management.

Key words : Soil Moisture, Cosmic-ray, FDR, Weighted Average Soil Moisture
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Abstract

In this study, the actual evapotranspiration products of Global Land Data Assimilation System (GLDAS), Global Land Evaporation
Amsterdam Model (GLEAM) and MODI16, which are satellite- and reanalysis-based dataset, were validated at the flux tower sites (i.e., CFK
and SMK) managed by Korea Institute of Hydrological Survey, and the uncertainty and correlation analysis were conducted using Triple
Collocation (TC) method. The result of validation with the flux tower showed better agreement in the order of GLEAM>GLDAS>MODI6.
At the result of three combinations (S1: flux tower vs. GLDAS vs. MODI16, S2: flux tower vs. GLDAS vs. GLEAM, S3: flux fower vs.
GLEAM vs. MOD16), the order of best to worst is GLEAM, GLDAS, MOD1 6, and flux tower for CFK (GLDAS> GLEAM>MOD 1 6>flux
tower for SMK). Since the error variance and correlation coefficients of the flux tower show relatively worse performance in TC analysis
than the other products, By applying TC method to three products (GLDAS vs. GLEAM vs. MODI6), the uncertainty of each dataset were
evaluated at the Korean Peninsula, As aresults, the GLDAS and GLEAM performed reasonable performance (low error variance and high
correlation coefficient), whereas results of MOD16 showed high error variance and low correlation coefficient at the cropland.

Keywords: Triple collocation, Evapotranspiration, Satellite, Flux tower, Reanalysis dataset
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2 oo e olZgd U a2 A AL=2 Global Land Data Assimilation System (GLDAS), Global Land Evaporation Amsterdam Model
(GLEAM), MOD162| A4 ZHtA2E A2 22 St9 510 SH4A12l 2A| 29 (Korea Institute of Hydrological Survey, KIHS)OlIA 225k
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Z2 ANE LIgfgien] MI71A] A=22] 2FHST: flux tower vs. GLDAS vs, MOD16, S2: flux tower vs. GLDAS vs. GLEAM, S3: flux tower
vs, GLEAM vs. MOD16)2 £8HTC ﬁ-\-l‘oﬂklt o) (Lol A GLEAM>GLDAS>MOD 16 > flux tower (GLDAS>GLEAM >MOD16 >flux
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2} GLEAMO| BHt= HHD| M Y2 error variance 2} &2 correlation coeffidentS LIEH BEH MOD162| A2, &20|M Y2 correlation
coefficient?} &2 error varianceS LIERASICE
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Modified Traditional Calibration Method of CRNP
for Improving Soil Moisture Estlimation
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Abstract: Mesoscale soil moisture measurement from the promising Cosmic-Ray Neutron Probe
(CRNP) is expected to bridge the gap between large scale microwave remote sensing and point-based
in-situ soil moisture observations. Traditional calibration based on N, method is used to convert neutron
intensity measured at the CRNP to field scale soil moisture. However, the static calibration parameter
Ny used in traditional technique is insufficient to quantify long term soil moisture variation and easily
influenced by different time-variant factors, contributing to the high uncertainties in CRNP soil moisture
product. Consequently, in this study, we proposed a modified traditional calibration method, so-called
Dynamic-N; method, which take into account the temporal variation of N to improve the CRNP based
soil moisture estimation. In particular, a nonlinear regression method has been developed to directly
estimate the time series of N, data from the corrected neutron intensity. The N, time series were then
reapplied to generate the soil moisture. We evaluated the performance of Dynamic-&, method for soil
moisture estimation compared with the traditional one by using a weighted in-situ soil moisture product.
The results indicated that Dynamic-N, method outperformed the traditional calibration technique, where
correlation coefficient increased from 0.70 to 0.72 and RMSE and bias reduced from 0.036 to 0.026 and
-0.006 to -0.001 m*m?. Superior performance of the Dynamic-N, calibration method revealed that the
temporal variability of N, was caused by hydrogen pools surrounding the CRNP. Although several
uncertainty sources contributed to the variation of N, were not fully identified, this proposed calibration
method gave a new insight to improve field scale soil moisture estimation from the CRNP.

Key Words : Cosmic-Ray Neutron Probe, Soil moisture, Remote Sensing, Neutron Intensity
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Abstract

The major purpose of this study is to construct an in-situ soil moisture verification network employing Frequency Domain Reflectometry (FDR)
sensors for Cosmic-ray soil moisture observation system operation as well as long-term field-scale soil moisture monitoring. The test bed of
Cosmic-ray and FDR verification network system was established at the Sulma Catchment, in connection with the existing instrumentations for
integrated data provision of various hydrologic variables. This test bed includes one Cosmic-ray Neutron Probe (CRNP) and ten FDR stations
with four different measurernent depths (10 ¢m, 20 ¢m, 30 em, and 40 cm) at each station, and has been operating since July 2018, Furthermore,
to assess the reliability of the in-situ verification network, the volumetric water content data measured by FDR sensors were compared to those
calculated through the core sampling method. The evaluation results of FDR sensors- measured soil moisture against sampling method during
the study period indicated a reasonable agreement, with average values of bias=-0.03 m"/m’ and RMSE 0.03 m’/m’, revealing that this FDR
network is adequate to provide long-term reliable field-scale soil moisture monitoring at Sulmacheon basin. In addition, soil moisture time series
observed at all FDR stations during the study period generally respond well to the rainfall events; and at some locations, the characteristics of
rainfall water intercepted by canopy were also identified, The Temporal Stability Analysis (TSA) was performed for all FDR stations located
within the CRNP footprint at each measurement depth to determine the representative locations for field-average soil moisture at different soil
profiles of the verification network. The TSA results showed that superior performances were obtained at FDR 5 for 10 cm depth, FDR 8 for 20
cm depth, FDR2 for 30 cm depth, and FDRI for 40 cm depth, respectively; demonstrating that those aforementioned stations can be regarded
as temporal stable locations to represent field mean soil moisture measurements at their corresponding measurement depths. Although the limit
on study duration has been presented, the analysis results of this study can provide useful knowledge on seil moisture variability and stability
at the test bed, as well as supporting the utilization of the Cosmic-ray observation system for long-term field-scale soil moisture monitoring,

Keywonds: Soil moisture, Cosmic-ray, FDR, Temporal stability analysis
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An analysis of runoff characteristic by using soil moisture in Sulma basin
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Abstract

Soil moisture and runoff have very close relationship. Especially the water retention capacity and drainage characteristics of the soil are
determined by various factors of the soil. In this study, a total of 40 rainfall events were identified from the entire rainfall events of Sulma
basin in 2016 and 2017. For each selected events, the constant-K method was used to separate direct runoff and baseflow from total flow
and calculate the runoff coetticient which shows positive exponential curve with Antecedent Soil Moisture (ASM). In addition to that,
the threshold of soil moisture was determined at the point where the runoff coefficient starts increasing dramatically. The threshold of
soil moisture shows great correlation with runoff and depth to water table. It was founded that not only ASM but also various factors,
such as Initial Soil Moisture (ISM), storage capacity of soil and precipitation, affect the results of runoff response. Furthermore, wet
condition and dry condition are separated by ASM threshold and the start and peak response are analyzed. And the results show that the
response under wet condition occurred more quickly than that of dry condition. In most events occurred in dry condition, factors reached
peak in order of soil moisture, depth to water table and runoff. However, in wet condition, they reached peak in order of depth to water
table, runoff and soil moisture. These results will help identify the interaction among factors which affect the runoff, and it will help
establish the relationship between various soil conditions and runoff.

Keywonds: Soil moisture, Runoff, Rainfall, Response time
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A Study on the Calculation of Evapotranspiration Crop Coefficient
in the Cheongmi-cheon Paddy Field

Kiyoung Kim (27 - Yongjun Lee (0% - Sungwon Jung® - Yeongil Lee (%'

Abstract: In this study, crop coefficients were caleulated in two different methods and the mesolis
wene eviluated In the first method, appropriateness of GLDAS-based evapotmnspiration was evaluated
b comparing it with observed data of Checngmi-cheon (CMO) Flux tower. Then, crop cos Micient was
calcututed by dividing sctual evapotrunspiration with potential évapotmnspiration that derived from
GLDAS. In the second method, crop coellicient was determined by usimg MLE (Multiple Linear
Regression) analyais with vegetation mdex (NDVI, EVL LAI and SAVT) derived from MODIS and
ir-sity soil moisture date observed in CMC, In comparison of two crop coelficients over the entire
period, for each crop coefficient GLDAS K_and SMEVT K, shows the mean valoe of 0212 and 0378,
the bies of 003 1 and -0.004, the RMSE of 0,092 and 0060, and the Index of Agree (T0OA ) of 0944 and
0.958. Overall, both methods showed similar pattems with observed evapotranspiration, but the
SME&VI-based method showed better results. One step further. the statistical evaluation of GLDAS K,
and SM&VI K, in specific period was performed acconding to the gmow th phase of the crop. The resalt
shows that GLDAS K. was better in the early and mid-phase of the crop growth, and SM&VT K was
besttest in the Lintter phiase. This result seems 1o be because of reduced accumey of MODIS sensors due
tor wellow dustin spring and rain clouds in summer. I the ohservational socuracy of the MODIS sensor
is improved in subsequent study, the pocummcey of the SMEVT-based method will also be improved and
this methed will be spplicable in determining the crop coefficient of ummersured hasin or predicting
the crop coe Micient of 4 certiin area.

Key Words: cop coeflicient, e vapotrans pimtion, seil moisture, vesstation index
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Sand (%)
Table 1. Zt 2t=4H USDA EAN pztBE= T

TEXTURE SAND CLAY SILT
=1 50.41 0.23 49.36
=2 57.12 1.57 41.31
=3 21.89 2.87 75.24
k8 46.13 19.86 34.01
Inky) 48.26 12.11 39.63
A3 49.97 18.27 31.76
Aoph 81.12 6.63 12.25
Aof2 82.94 7.11 9.95
A0p3 81.98 8.92 9.1
Aol 32.71 18.88 48.41
dol2 39.95 15.07 44,98
H0o(3 46.44 14.29 39.27
ojel1 39.1 0.54 60.36
o|el2 40.34 1.21 58.45
0]QI3 45.31 1.12 53.57
2oH 32.12 40.22 27.66
[=X] ¥ 37.56 43.86 18.58
So3 42.43 40.12 17.45
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Table 3. Analysis output of water budget characteristics

Areal .
rainfall runoff evapotranepiration storage variation error
2013yx GP 5 Q rate a Ogjmg) rate a 0? XS 3 rate | (10°xm®) rate
A0Hm™) | (qosxm?®) | (96) (%) ) 96 | (mm) (%)
(mm) (mm)
12.526 9.358 2.522 -0.175 B 0.821
Case a4y | aws | A o4 2013 1 (06 | 140 | (968) 6.5
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D. 0} LHAELTZZ DB (Sample)

Table 1. 2018 FDR1 (£4! 10cm)

41(%)
o 2 1€ 28 32 48 58 62 78 82 o= 102 112 128
1 0.248 | 0.287 | 0.258 | 0.295 | 0.292
2 0.243 | 0.285 | 0.255 | 0.294 | 0.291
3 0.238 | 0.289 | 0.252 | 0.293 | 0.291
4 0.233 | 0.296 | 0.248 | 0.292 | 0.297
5 0.232 | 0.291 | 0.260 | 0.291 | 0.296
6 0.257 | 0.288 | 0.306 | 0.291 | 0.295
7 0.271 | 0.291 | 0.298 | 0.291 | 0.292
8 0.266 | 0.289 | 0.294 | 0.303 | 0.289
9 0.268 | 0.287 | 0.291 | 0.307 | 0.286
10 0.276 | 0.284 | 0.293 | 0.300 | 0.256
11 0.271 | 0.282 | 0.293 | 0.298 | 0.214
12 * 0.267 | 0.279 | 0.291 | 0.297 | 0.202
13 0.309 | 0.276 | 0.277 | 0.290 | 0.296 | 0.184
14 0.306 | 0.273 | 0.275 | 0.288 | 0.295 | 0.177
15 0.303 | 0.269 | 0.273 | 0.287 | 0.294 | 0.167
16 0.302 | 0.266 | 0.272 | 0.286 | 0.293 | 0.170
17 0.300 | 0.263 | 0.271 | 0.285 | 0.292 | 0.178
18 0.298 | 0.259 | 0.268 | 0.284 | 0.292 | 0.177
19 0.295 | 0.255 | 0.264 | 0.283 | 0.291 | 0.181
20 0.292 | 0.250 | 0.268 | 0.282 | 0.290 | 0.182
21 0.290 | 0.256 | 0.291 | 0.281 | 0.291 | 0.185
22 0.286 | 0.256 | 0.292 | 0.280 | 0.291 | 0.196
23 0.283 | 0.251 | 0.288 | 0.285 | 0.290 | 0.209
24 0.279 | 0.258 | 0.284 | 0.291 | 0.290 | 0.200
25 0.275 | 0.267 | 0.281 | 0.290 | 0.295 | 0.179
26 0.272 | 0.261 | 0.277 | 0.297 | 0.296 | 0.182
27 0.269 | 0.257 | 0.274 | 0.301 | 0.294 | 0.160
28 0.265 | 0.261 | 0.270 | 0.303 | 0.294 | 0.144
29 0.263 | 0.298 | 0.266 | 0.303 | 0.293 | 0.140
30 0.258 | 0.295 | 0.262 | 0.299 | 0.292 | 0.138
31 0.253 | 0.290 0.297 0.137
eI 0.309 | 0.298 | 0.296 | 0.306 | 0.307 | 0.297
E=ESPN| 0.253 | 0.232 | 0.262 | 0.248 | 0.290 | 0.137
R s 0.284 | 0.262 | 0.280 | 0.286 | 0.294 | 0.212
orm
sona| = 0= 20
s BEAEAS O[O
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Table 2. 20194 FDR1 (£4 10cm)
w91 (%)
&

o 18 | 28 | 38 | 48 | 58 | 68 | 78 | 88 | 98 | 108 | 118 | 128

i 0.137 | 0.139 | 0.170 | 0.279 | 0.282 | 0.235 | 0.227 | 0.295 | 0.269 | 0.223 | 0.221
2 0.136 | 0.142 | 0.174 | 0.278 | 0.280 | 0.232 | 0.221 | 0.287 | 0.264 | 0.221 | 0.220
3 0.136 | 0.155 | 0.178 | 0.277 | 0.277 | 0.228 | 0.216 | 0.283 | 0.259 | 0.243 | 0.219
4 0.138 | 0.165 | 0.182 | 0.276 | 0.275 | 0.224 | 0.212 | 0.284 | 0.277 | 0.243 | 0.218
5 0.140 | 0.157 | 0.189 | 0.274 | 0.272 | 0.221 | 0.205 | 0.279 | 0.299 | 0.239 | 0.217
6 0.137 | 0.157 | 0.206 | 0.274 | 0.269 | 0.218 | 0.200 | 0.273 | 0.291 | 0.236 | 0.216
7 0.137 | 0.161 | - | 0.282 | 0.266 | 0.268 | 0.194 | 0.280 | 0.288 | 0.270 | 0.215
8 0.137 | 0.140 | 0.270 | 0.278 | 0.263 | 0.273 | 0.188 | 0.281 | 0.291 | 0.284 | 0.213
9 0.135 | 0.135 | 0.272 | 0.279 | 0.260 | 0.267 | 0.183 | 0.276 | 0.285 | 0.277 | 0.212
10 0.137 | 0.133 | 0.204 | 0.298 | 0.257 | 0.279 | 0.178 | 0.271 | 0.298 | 0.272 | 0.212
1 0.142 | 0.134 | 0.302 | 0.291 | 0.254 | 0.276 | 0.179 | 0.264 | 0.297 | 0.268 | 0.222
2 0.146 | 0.136 | 0.298 | 0.286 | 0.251 | 0.271 | 0.179 | 0.295 | 0.288 | 0.263 | 0.231
13 0.146 | 0.136 | 0.283 | 0.283 | 0.247 | 0.266 | 0.187 | 0.292 | 0.285 | 0.259 | 0.240
14 0.147 | 0.135 | 0.271 | 0.282 | 0.244 | 0.261 | 0.233 | 0.286 | 0.281 | 0.255
15 0.148 | 0.139 | 0.273 | 0.281 | 0.241 | 0.256 | 0.235 | 0.289 | 0.280 | 0.251
16 0.139 | 0.142 | 0.286 | 0.279 | 0.238 | 0.251 | 0.270 | 0.290 | 0.276 | 0.248
17 0.139 | 0.141 | 0.293 | 0.276 | 0.234 | 0.247 | 0.276 | 0.283 | 0.272 | 0.245
8 0.139 | 0.141 | 0.290 | 0.275 | 0.231 | 0.250 | 0.270 | 0.278 | 0.267 | 0.242
19 0.144 | 0.145 | 0.290 | 0.275 | 0.242 | 0.281 | 0.263 | 0.274 | 0.263 | 0.240
20 0.147 | 0.148 | 0.291 | 0.274 | 0.286 | 0.277 | 0.257 | 0.270 | 0.259 | 0.238
21 0.141 | 0.149 | 0.297 | 0.273 | 0.276 | 0.273 | 0.261 | 0.266 | 0.256 | 0.235
22 0.143 | 0.149 | 0.290 | 0.272 | 0.270 | 0.269 | 0.269 | 0.264 | 0.253 | 0.233
23 0.145 | 0.152 | 0.289 | 0.270 | 0.264 | 0.264 | 0.265 | 0.260 | 0.249 | 0.231
24 0.143 | 0.155 | 0.286 | 0.269 | 0.259 | 0.258 | 0.263 | 0.254 | 0.245 | 0.229
25 0.141 | 0.159 | 0.286 | 0.274 | 0.254 | 0.252 | 0.271 | 0.250 | 0.242 | 0.226
26 0.138 | 0.157 | 0.284 | 0.288 | 0.250 | 0.247 | 0.296 | 0.246 | 0.239 | 0.224
27 0.138 | 0.161 | 0.282 | 0.283 | 0.249 | 0.243 | 0.285 | 0.242 | 0.236 | 0.222
28 0.143 | 0.166 | 0.281 | 0.281 | 0.253 | 0.239 | 0.296 | 0.238 | 0.232 | 0.221
29 0.140 0.280 | 0.281 | 0.248 | 0.235 | 0.289 | 0.263 | 0.229 | 0.221
30 0.142 0.280 | 0.285 | 0.244 | 0.231 | 0.286 | 0.279 | 0.226 | 0.221
31 0.145 0.281 0.239 0.295 | 0.273 0.221
0 | 0.148 | 0.166 | 0.302 | 0.298 | 0.286 | 0.281 | 0.296 | 0.295 | 0.299 | 0.284 | 0.240
EM | 0.135 | 0.133 | 0.170 | 0.269 | 0.231 | 0.218 | 0.178 | 0.238 | 0.226 | 0.221 | 0.212
SR | 0.141 | 0.148 | 0.265 | 0.279 | 0.257 | 0.253 | 0.240 | 0.273 | 0.267 | 0.242 | 0.220
cma

o e | S E5E 200

= ASAFEE 20|
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nl =2 = 74
E. FDR Z5H|0|E &4 &4 24
Table 1. 2018 8¥ FDR X|d & S =4 Z1h (Mofd A=)
ES Ed Mean S.D C.V(%) Skewness | Kurtosis
10cm 26.22 1.53 0.06 0.27 0.48
20cm 23.42 1.66 0.07 0.03 -1.23
FDR 1
30cm 28.21 1.95 0.07 -0.19 -0.83
40cm 22.58 0.94 0.04 0.43 0.03
10cm - - - - -
20cm - - - - -
FDR 2
30cm - - - - -
40cm - - - - -
10cm - - - - -
20cm - - - - -
FDR 3
30cm - - - - -
40cm - - - - -
10cm - - - - -
20cm - - - - -
FDR 4
30cm - - - - -
40cm - - - - -
10cm 20.90 4.81 0.23 0.93 2.97
20cm 21.31 6.47 0.30 2.59 8.20
FDR 5-1
30cm 23.13 4.63 0.20 2.59 8.53
40cm 31.04 2.32 0.07 2.87 8.16
10cm 19.29 2.72 0.14 2.09 5.06
20cm 19.33 3.32 0.17 2.29 4.77
FDR 5-2
30cm 17.60 2.80 0.16 2.90 7.51
40cm 16.41 2.57 0.16 1.69 4.66
10cm - - - - -
20cm - - - - -
FDR 6
30cm - - - - -
40cm - - - - -
10cm 11.35 1.76 0.15 3.42 15.96
20cm 25.02 1.91 0.08 1.79 4.44
FDR 7-1
30cm 22.06 1.97 0.09 2.31 8.81
40cm 18.16 1.51 0.08 4.01 19.60
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Table 2. 2018'H 83 FDR X& & 3 24 Zn2 (dopd z5x)
X Ed Mean S.D C.V(%) Skewness | Kurtosis
10cm 22.65 3.30 0.15 1.36 2.84
20cm 26.13 3.06 0.12 0.59 0.89
FDR 7-2
30cm 22.31 3.86 0.17 2.02 5.62
40cm 29.49 3.62 0.12 0.69 0.25
10cm 15.11 1.88 0.12 0.33 -0.33
20cm 14.36 2.55 0.18 0.61 -0.31
FDR 7-3
30cm 18.99 3.60 0.19 1.14 0.48
40cm 23.43 3.03 0.13 1.27 0.86
10cm 18.80 2.56 0.14 1.98 6.94
20cm 14.69 2.30 0.16 3.28 14.33
FDR 8-1
30cm 17.16 2.29 0.13 2.90 12.30
40cm 15.42 1.87 0.12 4.14 20.37
10cm 26.19 2.06 0.08 0.17 -0.53
20cm 27.32 3.74 0.14 1.07 1.06
FDR 8-2
30cm 14.61 2.34 0.16 3.30 14.08
40cm 15.20 1.85 0.12 4.10 19.80
10cm 12.92 2.06 0.16 2.23 4.18
20cm 13.94 2.30 0.17 2.79 6.45
FDR 8-3
30cm 14.44 2.46 0.17 2.70 6.02
40cm 13.32 1.50 0.1 2.58 5.57
10cm - - - - -
20cm - - - - -
FDR 9
30cm - - - - -
40cm - - - - -
10cm - - - - -
20cm - - - - -
FDR 10
30cm - - - - -
40cm - - - - -
10cm - - - - -
20cm - - - - -
FDR 11
30cm - - - - -
40cm - - - - -
A g2 20.07 2.64 0.14 1.92 6.06
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