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Abstract: A set of Essential Climate Variables (ECV) have been defined to be monitored by current
and new remote sensing missions. The ECV retrieved at global scale need to be validated in order to
provide reliable products to be used in remote sensing applications. For this, test sites are required
to use in calibration and validation of the remote sensing approaches in order to improve the ECV
retrievals at global scale. The southern hemisphere presents scarce test sites for calibration and
validation field campaigns that focus on soil moisture and land surface temperature retrievals.
In Chile, remote sensing applications related to soil moisture estimates have increased during
the last decades because of the drought and water use conflicts that generate a strong interest on
improved water demand estimates. This work describes the Laboratory for Analysis of the Biosphere
(LAB)—NETwork, called herein after ‘LAB-net’, which was designed to be the first network in Chile
for remote sensing applications. The test sites were placed in four sites with different cover types:
vineyards and olive orchards located in the semi-arid region of Atacama, an irrigated raspberry crop
in the Mediterranean climate zone of Chimbarongo, and a rainfed pasture in the south of Chile. Over
each site, well implemented meteorological and radiative flux instrumentation was installed and
continuously recorded the following parameters: soil moisture and temperature at two ground levels
(10 and 20 c¢m), air temperature and relative humidity, net radiation, global radiation, radiometric
temperature (8-14 pm), rainfall and soil heat flux. The LAB-net data base post-processing procedure
is also described here. As an application, surface remote sensing products such as soil moisture
data derived from the Soil Moisture Ocean Salinity (SMOS) and Land Surface Temperature (LST)
extracted from the MODIS-MOD11A1 and GOES LST from Copernicus products were compared to
in situ data in Oromo LAB-net site. Moreover, land surface energy flux estimation is also shown as an
application of LAB-net data base. These applications revealed a good performance between in situ
and remote sensing data. LAB-net data base also contributes to provide suitable information for land
surface energy budget and therefore water resources management at cultivars scale. The data based
generated by LAB-net is freely available for any research or scientific purpose related to current and
future remote sensing applications.

Data Set: http:/ /www.biosfera.uchile.cl/lab-net.html
Data Set License: The LAB-net data set is made available under a CC-BY-NC license
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1. Introduction

Soil moisture (SM) is one of the most essential climate variables, as it affects the hydrological and
meteorological response of land’s surface, playing a main role in land—atmosphere interactions due
to its control on evapotranspiration [1]. Global scale maps of SM are crucial for the initialization of
Numerical Weather Prediction (NWP) models, climate change studies, surface-atmosphere interactions,
and agricultural applications.

In order to provide SM maps at global scale, several dedicated remote sensing missions have
been designed and launched during the last decades such as the Advanced Microwave Scanning
Radiometer—EOS (AMSR-E), the Advanced Scatterometer (ASCAT), the Soil Moisture Ocean Salinity
(SMOS), and the Soil Moisture Active Passive (SMAP) recently launched to provide new sources of soil
moisture maps [2-6]. These missions use different remote sensing techniques in order to provide soil
moisture products at a global scale in different temporal and spatial resolutions. Previous works have
compared the information delivered by these missions in order to generate a comprehensive satellite
intercomparison study to analyze their discrepancies and possible sources of error in addition to new
blended soil moisture products at global scale [7-14].

In order to obtain ground-truth for the comparison of soil moisture products, regularly collected
in situ measurements are a valuable source of information. Indeed, it has long been recognized
that reliable, robust, and automated techniques for the measurement of soil moisture content can be
extremely useful, if not essential, in hydrologic, environmental, and agricultural applications [15].
Nevertheless, to produce reliable large-scale SM measurements derived from in situ measurements,
local or regional network needs to be created. This network should be able to maintain the availability
of well-calibrated soil moisture measurements, provide a good representativeness of the instrumented
zone, and to represent a wide range of landscapes or biomes provided by local sites distributed
throughout the world [16-18].

There have been significant efforts to create a global network of in situ soil moisture measurements
for the comparison with global SM products derived from remote sensing. For instance, the
International Soil Moisture Network (ISMN) has provided daily values of soil moisture in different
region of the world [17,19]. Nevertheless, ISMN still counts with a small number of stations in the
southern hemisphere. Some of the most important soil moisture calibration and validation networks
created in the southern hemisphere have been developed over Australia. These networks are described
in several works based on experimental and calibration/validation field campaigns such as the
OzNet networks [20], the National Airborne Field Experiment (NAFE) carried out during 2005 and
2006 [21,22], and the Australian Airborne Cal/Val Experiments for SMOS (AACES) [23]. These
experiments combined in situ, airborne, and remote sensing data in order to compare and validate
soil moisture retrievals generating a unique wide and comprehensive experiment in the terms of soil
moisture monitoring campaigns.

Other efforts to provide soil moisture measurements in the southern hemisphere were carried
out over Africa and South America in the so-called COsmic-ray Soil Moisture Observing System
(COSMOS) [24]. In South America, COSMOS network contains three stations, all of them located
in Brazil. Despite the fact that several meteorological stations may be currently measuring the
soil moisture in different countries of South America, these stations are not well-known, and
data are usually restricted to the owners, generating a lack of information. Thus, aiming for the
enhancement of the soil moisture network in South America, the objective of this work is to present
and describe “LAB-net”, the first Chilean soil moisture network which might be used to evaluate
soil moisture products derived from remote sensing data over different land cover types. This
manuscript is structured as follows: Section 2 shows the main description of LAB-net, the study sites,
and instrumentation. Section 3 describes the instrument calibration methods, and data processing.
Section 4 presents the applications of LAB-net data base to soil moisture and land surface temperature
comparison to remote sensing products and land surface energy budget estimation. Finally, Section 5
shows the discussion and conclusions of this work.
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2. LAB-Net Description

LAB-net was made possible by the contribution of two Chilean national research projects. One
focused on soil moisture estimations at regional scale (Fondecyt-Iniciacién), and the second one on
irrigation efficiency in semi-arid regions (Fondef-IDeA). The main objective of these projects is to
quantify the availability of water resources in a given basin by analyzing the consumption of water
for crops, industry, mining, and population. Three catchments were selected to install the monitoring
stations: “Copiapé”, “Tinguiririca”, and “Bueno”, which are located in the northern, center, and
southern region of Chile, respectively. Four stations were installed over the catchments (two in
“Copiap6”, one in “Tinguiririca” and one in “Bueno”) in order to represent different soil and land
cover types. Implementation of the sites began October 2013 and the four stations were ready for

monitoring in July 2014. Figure 1 shows the location of the LAB-net sites.

Olives Vineyards

Figure 1. LAB-net sites over four different land cover types. The circles indicate the location
along Chile (yellow boundary) in red for Olives and Vineyards, green for Raspbery and blue for
Pasture, respectivelly.

2.1. Ground Instrumentation

The LAB-net sites are configured to provide meteorological variables and radiative fluxes
measurements for energy balance estimation. Measurements are made every minute, and the average
value of 5 min is recorded. A maintenance plan is performed in each test site to preserve the optimal
conditions and avoid any disturbance on the site being measured by the stations, which are only
affected by crop management and harvest activities. The soil characteristics of each site are shown
in Table 1, the high clay % and electrical conductivity observed in the Copiap6 sites (not shown in
Chimbarongo and Oromo) deserved more analysis because of their influence in the soil moisture
measurements. The LAB-net sites are detailed in the following sections.
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Table 1. Soil characterization at laboratory for LAB-net test sites.

Parameters Units Copiapé Olives Copiap6 Vineyards = Chimbarongo Oromo

Sand (2-0.05 mm) Y% 9.30 40.20 51.80 74.10

Silt (0.05-0.002 mm) Yo 49.40 40.60 35.30 20.30

Clay (<0.002 mm) Yo 41.30 19.20 12.90 5.60

CaZ* 34.53 52.70 5.30 1.19

Mg?* mmol+ /L 42.27 106.21 0.99 0.34

Na* 106.61 6.62 1.32 0.67

K* 3.53 6.85 0.72 0.20

50,2 287.38 287.38 0.03 0.07

Cl™ mmol—/L ND ND 0.94 0.51

HCO—3 0.01 6.40 0.5 13
pH unitless 7.92 79 6.49 7.98
Electrical

Conductivity (E.C.) dS/m 12.74 21.575 0.25 0.88
Sodium Absorption .

Ratio (SAR) unitless 17.20 1.10 0.77 0.93

Percentage of
Interchangeable o 25.20 1.62 113 1.34
Sodium (ESP) ©
Water Saturation 68.72 79 92.53 21.01

ND = Not Detected.

2.2. Copiapé

Copiap6 is located in the “Atacama” region. It has a desert climate type, with an annual rainfall of
12 mm, a mean annual solar irradiance of 250 W- m—2, and a maximum, mean, and minimum annual
air temperature, in average, of 23.9 °C, 15.2 °C, and 9.3 °C, respectively. The Copiap6 valley can be
divided in three main areas: the lower area, characterized by flat areas where olive and vineyards
account for 76% of the agriculture zone; the middle area, where mining activities and vineyards are
located; and the high mountain area of the valley, which is mainly used for mining activities, pastures,
and tourism. In the last years, the Copiap6 river has suffered from a strong water demand, which
affected the groundwater storage [25]. This situation generates a sensible scenario concerning the
future water scarcity and local efforts need to be focused into the development of new technologies that
target water use efficiency. In Copiap6, two LAB-net stations were installed. One station was installed
over olive orchards (27°19'13.46" S; 70°32/22.56” W), and other over a vineyard (27°17'41.69” S;
70°27'7.49” W) site. The soils in both sites are of the Aridisol order with moderate depth (20-100 cm)
and show high salinity content. The soil was classified as “sodic salinity” type by the Chilean Irrigation
Commission (CNR) for olives and vineyards. Irrigation is achieved using drip systems and pumps
to extract groundwater. The irrigation period for olives starts on August until the harvest in April.
In the case of vineyards, the irrigation period starts on October until the last days of April. The rest
of the year, olives and vineyards are not irrigated and the soil moisture is only affected by rainfall.
Each of the LAB-net stations in this sites are configured to store 5 min averages of the following
variables: Soil moisture at 0.1 m (CS616, Campbell Scientific, Logan, UT, USA); soil temperature at
0.1 m (Campbell Scientific 109 for olives and 107 for vineyard); soil heat flux at 0.08 m (HFP01SC
Huskeflux, Delft, The Netherlands); surface radiometric temperature (SI-111, Apogee, Santa Monica,
CA, USA); air temperature and relative humidity at 2 m (HMP60, Vaisala, Vantaa, Finland); solar
radiation (LICOR LI-200X for olives and Apogee SP-110 for vineyard) (LICOR, Lincoln, NE, USA); net
radiation (NR-Lite2, Kipp&Zonen, Delft, The Netherlands); precipitation (TE525MM, Texas Electronics,
Dallas, TX, USA); and wind speed and direction (R.M. Young 3002, Traverse City, MI, USA).
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2.3. Chimbarongo

Chimbarongo is located on the “O’Higgins” region, 160 km north from the capital city of Santiago.
It has a Mediterranean with dry season climate type, with an annual rainfall of 701 mm, a mean
solar irradiance close to 206 W-m~2, and a maximum, mean, and minimum annual temperature, in
average, of 20.8 °C, 6.6 °C, and 13.1 °C, respectively. This area is mainly used for to agriculture, and
the most predominant crops are maize, tobacco, raspberry, beans, fruit orchards (plums and apples),
and vineyards. The high agriculture heterogeneity makes it interesting as a test site, and several
studies have been conducted in relation to the evaluation of actual evapotranspiration estimation
methods [26,27], evapotranspiration partitioning [28] or validation of Sentinel satellite derived land
vegetation products [29], among others. In Chimbarongo, a LAB-net station was installed over a
raspberry crop site (34°43/39.67” S; 70°58'46.16” W). The soils in this site belong to the inceptisol
order, they have a predominantly fine sandy loam texture (sand = 55.0%; silt = 30.0%; clay = 10.6%),
a soil depth of ~85 cm, and have been classified as part of the “Limanque” soil series [30], which
commonly shows a high content of organic matter, gravels, and clasts. The LAB-net station in this
site is configured to store 5 min averages of the following variables: soil moisture at 0.07 m and 0.2 m
(Campbell Scientific C5650 and CS616); soil temperature at 0.07 m and 0.2 m (Campbell Scientific CS650
and 109); soil heat flux at 0.08 m (Huskeflux HFP01SC); surface radiometric temperature (Apogee
SI-111); air temperature and relative humidity at 2 m (Vaisala HMP60); solar radiation (LICOR LI-200x);
net radiation (Kipp&Zonen NR-Lite2); precipitation (Texas Electronics TE525MM); and wind speed
and direction (R.M. Young 3002).

2.4. Oromo

Oromo is located in “Los Lagos” region, 16 km north-western from the Llanquihue Lake in the
Bueno river Basin. This region presents an oceanic rainy climate with an annual rainfall of 1331 mm,
the mean annual solar radiation is approximately 148 W- m~2 and the maximum, mean, and minimum
annual air temperatures are, in average,16.6 °C, 11.0 °C, and 5.4 °C respectively. The main land cover
type of this region is pastures, potatoes, alfalfa, and evergreen forest. The land cover of this region
is characterized by its “greenness” and wet soils during the whole year. The dry season is short
and during summer time (December and January). During the whole year, water resources can be
found in abundance. In Oromo, a LAB-net station installed over a pasture grass field (40°53'06.07” S;
73°06'31.41” W). The soils of Oromo belong to the Andisol order, they have a loam texture (sand = 49.2;
silt = 31.9; clay = 19.0), with a soil depth of 120 cm, and have been classified as part of the “Corte
Alto” soil series [30], which is characterized by its volcanic ash origins, low slopes, an effective depth
between 20-190 cm, being very well drained, and commonly used for pastures and annual crops
(e.g., maize, potatoes). The LAB-net station in this site is configured to store 5 min averages of the
following variables: Soil moisture at 0.07 m and 0.2 m (Campbell Scientific CS650 and CS616); soil
temperature at 0.07 m (Campbell Scientific CS650); soil heat flux at 0.08 m (Huskeflux HFP01SC);
surface radiometric temperature (Apogee SI-111); air temperature and relative humidity at 2 m (HC2S3,
Rotronic, Bassersdorf, Switzerland); incoming and outgoing short-wave and long-wave radiation
(Kipp&Zonen CNR4); precipitation (Texas Electronics TE525MM); and wind speed and direction (R.M.
Young 3002).

3. Calibration and Post-Processing

3.1. Time Domain Reflectometers Calibration

Despite the wide range of soil types where Time Domain Reflectometry (TDR) can operate, the
soil texture and high salinity content of Copiap¢ valley deserved an appropriate calibration based on
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laboratory and in situ measurements. The main equation which relates the dielectric constant (K) with
weave round trip time (f) is:
te\?
K=|=+ 1
(55) <>

where L is the length of the wire and c is the light speed in the vacuum (~3 x 108 m-seg~!). The TDRs
were recalibrated by obtaining new coefficients of time period (sigma) based on the length (L) of the
TDR. This method was previously published by [31] using only in-laboratory conditions. Here, a
combined field and laboratory experiment was developed to obtain a confident and reliable calibration
equation. To obtain the calibration equation for the Copiapé test fields (e.g., vineyards and olives),
the period was related to the soil moisture content obtained for the in situ soil moisture derived by
Campbell Scientific Hydrosense II probe, the ML3 ThetraProbe, and soil moisture retrieval made in the
laboratory using gravimetric methods. To estimate the gravimetric soil moisture content in laboratory
conditions, a copper cylinder of known dimensions was introduced into the first soil layer (i.e., close to
the TDR installation) to extract a soil sample. This procedure was repeated four times in several points
around the TDR installation. After then, the soil samples were dried in an oven for 48 h to estimate the
rate between wet and dried samples. The bulk density was also derived since the dimensions of the
copper cylinder are known. Based on all these data, the derived calibration equation was obtained
following the manufacturer technical report (Campbell Scientific, C5616 and CS625 Water Content
Reflectometers, revision 2/14). The derived calibration equation was based on the period which was
used to estimate the corrected soil moisture content as shown in Equation (2).

N
SM = > aK' )
i=0

where SM is the volumetric soil moisture (m3- m—3) and a; is the coefficient which can be recalibrated
for each soil type. The relationship between time period and soil moisture was represented by three
different equations: linear, quadratic, and exponential. The model suggested by the manufacturer was
linear or quadratic depending of the number of points obtained for the calibration. Nevertheless, the
exponential equation has also been used by other studies in TDR soil moisture calibration [32]. Table 2
shows the different soil moisture content derived by in situ and laboratory conditions.

Table 2. Soil moisture content derived from Hydrosense II (0.12 m wire length), ML3 (0.07 m wire
length), Laboratory (Gravimetric), and TDR at several wire lengths.

Measurement Technique SM Olives (m3- m~3) SM Vineyards (m® m~3)

Hydrosense II 36.8 36.5
ML3 35.5 35.0
Gravimetry 38.1 33.6
TDR wire length
0.05m 5.7 5.8
0.10m 115 11.6
0.15m 17.2 174
0.20m 24.1 244
0.25m 28.7 29.1
0.30 m (Full length) 344 349

The different models (linear, quadratic, and exponential) were applied in order to obtain the
calibrated coefficient for both sites. Although the quadratic model showed a better fit to in situ
measurements for both of the crops, this model did not obtain a good fit for the whole range of periods,
overestimating the extreme values. The linear model obtained good results for vineyards, but for olives
the model did not represent well the temporal variability of the soil moisture content. The exponential
model, although showing a good fit to the in situ measurements for both of the crops, in vineyards it
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presented overestimated soil moisture values, and also presented some bias for low values. In olive
orchards the exponential model presented the best fit for the temporal variability of the retrieved
values. TDR recalibrated coefficients that showed the best fit are presented in the following Equations
for olives (3) and vineyards (4), respectively:

SMojive = 0.5995exp0.0982t o

SMoyineyard = 2.0143t — 37.565 4)

Figure 2 shows the comparison between the temporal series of soil moisture content obtained by
the CS616 TDRs using the coefficients from the manufacturer (Campbell Scientific, C5616 and CS625
Water Content Reflectometers, revision 2/14), and using the coefficient recalibrated by Equations (3)
and (4) for the olives and vineyards respectively. It seems that irrigation influences were detected,
additionally dry/wet season denoted by the irrigation is also presented.
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Figure 2. Soil Moisture obtained with default coefficients (CS616_default) and calibrated
coefficients (CS616_calibrated) according to the Equations (3) and (4) to olives (top) and vineyards
(bottom), respectively.

3.2. In Situ Land Surface Temperature

The thermal radiometer mounted on each station is aimed towards a well-defined footprint using
the method proposed by the manufacturer. To estimate the Land Surface Temperature (LST) for each
station, additional information needs to be used in order to characterize the downwelling irradiance.
For instance, the LST is estimated in the Oromo site using a four-band net to estimate the up and
downwelling thermal infrared irradiance. LST was estimated using the Equation (5).

Lrad — (1 — ¢) Ldown
€

B(LST) = ®)

where Lrad is the land leaving radiance (W- m 2 um™!

-sr~ 1) measured by the thermal radiometer, ¢
is the land surface emissivity, Ldown is the longwave downwelling irradiance (W-m~2- um~1-sr™1),
and B(LST) is Planck’s law for a given surface temperature (W- m 2. um~ 1. sr71). The Equation (5)
was applied in the thermal infrared spectral range (TIR) of 8.0 and 14.0 um which is the same interval
for the spectral response function of the thermal radiometer. The land surface emissivity of the
target is computed by the convolution between the “green grass” spectra from the Aster Spectral
Library [33] and the relative spectral response of the thermal infrared radiometer using the RSR
calculator software [34]. However, due to the decrease in vegetation greenness during summer,
increasing of the soil proportion, and decreasing of the emissivity values. Other emissivity values
computed in previous works related to remote sensing experiences were used [35-38]. To estimate the
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downwelling atmospheric irradiance, the Ldown is measured in the 3.0-120.0 um by the four-band net
radiometer, although it is necessary to adapt it to the 8.0-14.0 um thermal window to match with the
thermal radiometer. To this end, the algorithm proposed by the [39] was used, in addition to the air
temperature and relative humidity provided by the station. Finally, the LST is therefore estimated by
using the inverse of the Planck’s law.

3.3. Status Check and Data Availability

The status check is one of the most important processes related to automatized environmental
monitoring because, in this step, the quality control is carried out. Based on the wide range of LAB-net
database applications, an automatized protocol to provide reliable data needs to be operational and to
present quality checks. The quality checks consist on the filtering of anomalous values or values that
exceed the range where the instrumentation is able to provide accurate information. The records are
operationally compared with the physical range of each sensor mounted in the stations and any wrong
or anomalous data is deleted in order to be consistent with the time series generated for each parameter.
The out-of-range values are further analyzed in order to check the status of the instrumentation and to
generate a report about possible source of error. This procedure can allow provision of reliable time
series which can be used in a number of studies, such as the calibration of remote sensing retrieval
algorithms, validation of land surface products derived from remote sensing imagery, the evaluation
of in situ data for soil-atmosphere-vegetation transfer (SVAT) modelling, or surface energy balance
retrievals. In order to fulfill the data requirements, the LAB-net data base are automatically processed
thorough several steps to generate different formats, temporal aggregation schemes, and other user
defined options. Figure 3 shows the flowchart of LAB-net data base.

LAB-net

GPRS
Transmission Transitory
Files

Quality
Control

Report
Connection

Format
Processing

LAB-net
Data Base

Time Format
Hourly
Weekly
Monthly Specific User
Format Format
ASMN Pre-defined

Figure 3. Flowchart of the LAB-net operational data assimilation.

LAB-net data is automatically obtained on a daily basis from the stations by using a GPRS
communication system. After the data transfer, transitory files are generated to and filtered to remove
anomalous and non-physical values. Then, an operational algorithm generates a list of files that
summarizes the values, including hourly, daily mean, and monthly mean values for all of the measured
variables of each station. In parallel, the data are converted to a predefined format (e.g., ISMN) in
order to be easily used in further experiments and applications.
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4. Applications of the LAB-Net Data Base

Several applications have been performed using data from the LAB-net sites. In this work, some
of the applications for Copiap6 and Oromo sites are presented. For Chimbarongo site, the applications
can be seen in [28,29].

4.1. Surface Energy Balance in Copiapd

One of the applications of LAB-net sites is the surface energy balance which can be estimated from
the combined meteorological and radiative flux instrumentation. As an example, Figure 4 presents
the ground flux (G), net radiation (Rn), and reference evapotranspiration (ET0) derive from [40] using
LAB-net data from the sites located in Copiap¢ valley. Additionally, the relation between land surface
temperature and soil moisture (0.1 m) is also presented in this figure. These results show a maximum
evapotranspiration period during summer (December—January and February) where crops highly
demand irrigation due to high air temperatures and global radiation. This seasonal behavior is denoted
for both olives and vineyard crops. Moreover, Rn and ET0 present some minimum values during the
year, which are mainly attributed to the cloud cover that often generate cloudy skies until midday,
affecting the incoming solar radiation and therefore the evapotranspiration. During the first days of
March in the vineyards site, a maximum is evidenced for G which can be related to the last phenological
stage. In the case of olives, soil moisture is driven by drip irrigation which is evidenced during almost
the whole year. Additionally, irrigation is applied more often between December and March for the
dry and hot season. For the case of vineyards, the irrigation presents a noticeable period between
September and March. Furthermore, the LST increases after the harvest period since the canopy-to-soil
proportion decreases. A rise in soil moisture values up to 0.35 m®- m~3 is evidenced during the final
days of March, which is due to a strong flood that occurred in Copiap6 and affected the vineyards.
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Figure 4. Net Radiation, Ground flux and ETO for olives (a) and vineyards (b) in addition to Soil
moisture and land surface temperature for olives (c) and vineyards (d).

4.2. LST and Remote Sensing Products

For LST comparison, two surface products derived from MODIS and GOES were used. In the
case of MODIS [41], the MOD11A1 was generated with the algorithm proposed by [42] was used. As
for the LST derived from GOES, the Copernicus LST products were downloaded from [43]. Figure 5
shows the comparison between Oromo in situ LST and the LST derived from MODIS and GOES. The
scatterplot between satellite and in situ data presents a reasonable linear behavior showing a coefficient
of determination (r?) and RMSE equivalent to 86% and 2.76 K, respectively. On average, the bias is
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close to 1 K and the standard deviation is slightly higher than 2.4 K. The possible impact of surface
emissivity might affect the obtained RMSE, since it can change according to the rainfall intensity
during summer. For instance, the Austral summer of 2015 was dry and hot, generating a dramatic
change in the vegetation cover which can impact the surface emissivity values and therefore the LST
retrievals. However, during wet season in 2015 such as winter (June, July and August), the RMSE
decrease to 1.8 K because of the surface emissivity values are close to 0.98, which is used to estimate
LST. Furthermore, the size of the LST pixel present differences which affect the comparison due to
the number of data and also the possible land cover variation located inside the pixel used for the
comparison to in situ measurements.
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Figure 5. Linear relationship between surface temperature of Oromo site and the surface temperature
derived from MODIS (squares) and GOES (circles). R?, Bias, sigma, RMSE, and N is also shown for
each comparison.

4.3. Soil Moisture from LAB-Net and SMOS L2 Product

The SMOS Level-3 (CLF31) soil moisture daily products are described in [4] and downloaded
from [44]. This product was previously used in Chile in order to calibrate and evaluate an
optical-passive microwave approach to retrieve soil moisture [45]. For this work, the daily global
soil moisture data was processed in order the extract the corresponding values in the EASE grid
(25 x 25 km) for the coordinates matched to the Oromo site. Figure 6 shows the time series of in situ
volumetric water content (m3/m?3) at 10 and 20 cm, rainfall (mm) and the SMOS soil moisture (SMOS
SM) (m?/m?) for Oromo site. The SMOS data was obtained for the nearest EASE pixel to the LAB-net
stations. It seems that the soil moisture retrieved by SMOS agrees with the in situ data and rainfall
events, despite some maximum values which seem to be an outlier (VWC higher than 80%). Regarding
this maximum of SM values in the Oromo site, it could be attributed in part to ponding zones widely
present in the southern part of Chile where agricultural soils have a slow drainage. Some details of the
Oromo soil characterization which reflects this effect are described in [46]. Nevertheless, some outliers
are also noticed in the winter period. For the rest of the seasons, the SMOS SM values follow the soil
moisture measured at in situ level. Additionally, the SMOS SM also evidence the rainfall occurred
in the summer season. The variability of SMOS SM is quite similar to the variability of the in situ
for the period October to December where low amounts of rainfall are evidenced. The discrepancies
between the retrieved SMOS SM (0—4 c¢m) and the first TDR (installed at 10 cm depth) can be attributed
to the soil depth where TDR is installed and the spatial resolution of SMOS. Despite this feature, it
is important to remark that both data sets show the dry and wet periods and in situ observations
agree well with SMOS SM retrievals, although further statistical validation needs to be performed
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in order to estimate errors and the impact of orbits (ascending and descending) in the retrieved soil
moisture values.
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Figure 6. Time series of soil moisture at 10 cm (SM10), soil moisture at 20 cm (SM20), rainfall (Pp) and
soil moisture derived from SMOS (SMSMOS) between July 2014 and January 2016 A gap in SM at
20 cm is presented between June and August.

5. Conclusions and Discussion

LAB-net stations are installed in four heterogeneous landscapes throughout Chile, which have
different meteorological conditions and land cover characteristics that might be used to calibrate or
validate remote sensing approaches and products. For instance, in terms of LST, data from the Oromo
site showed good agreement with Copernicus (GOES) and MODIS LST products. To improve these
results, forthcoming works may be performed in order to obtain a better characterization of the surface
emissivity, since the emissivity of green grass might decrease during the dry season. Soil moisture from
SMOS follows the in situ measurements behavior despite the fact the in some cases the Level-3 product
did not show an accurate magnitude on maximum soil moisture values. These results contribute to
generating future soil moisture and land surface temperature monitoring in different climate regions
of Chile and to performing further validation of satellite derived products. The Chimbarongo site has
been also used for several comparisons of water and mass balance [28,29] and also can be used for
testing new evapotranspiration methods over heterogeneous agricultural sites. In the case of Copiap6
valley sites, those measurements were used to develop and validate a disaggregation method for
LST that was applied to an operational evapotranspiration estimation method for arid and semi-arid
regions [47]. Several other applications in soil moisture, thermal remote sensing and surface energy
balance can be performed by using LAB-net. Indeed, further works relating to the validation of new
algorithms that perform soil moisture retrievals in Chile [45,48] and new derived surface products
from the Chilean Satellite [49] will be validated with LAB-net data base. LAB-net is an open data base
and it can be ordered from the following web site: http:/ /www.biosfera.uchile.cl/lab-net.html.
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