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EXECUTIVE SUMMARY

During the post-launch SMAP calibration and validation (Cal/Val) phase there are two objectives for
each science data product team: 1) calibrate, verify, and improve the performance of the science
algorithm, and 2) validate the accuracy of the science data product as specified in the science
requirements and according to the Cal/Val schedule. This report provides an assessment of the SMAP
Level 4 Surface and Root Zone Soil Moisture Passive (L4_SM) product specifically for the product’s
public beta release scheduled for 30 October 2015. The primary objective of the beta release is to allow
users to familiarize themselves with the data product before the validated product becomes available. The
beta release also allows users to conduct their own assessment of the data and to provide feedback to the
L4_SM science data product team.

The assessment of the L4 _SM data product includes comparisons of SMAP L4_SM soil moisture
estimates with in situ soil moisture observations from core validation sites and sparse networks. The
assessment further includes a global evaluation of the internal diagnostics from the ensemble-based data
assimilation system that is used to generate the L4 SM product. This evaluation focuses on the statistics
of the observation-minus-forecast (O-F) residuals and the analysis increments. Together, the core
validation site comparisons and the statistics of the assimilation diagnostics are considered primary
validation methodologies for the L4 SM product. Comparisons against in situ measurements from
regional-scale sparse networks are considered a secondary validation methodology because such in situ
measurements are subject to upscaling errors from the point-scale to the grid cell scale of the data
product. Based on the limited set of core validation sites, the assessment presented here meets the criteria
established by the Committee on Earth Observing Satellites for Stage 1 validation and supports the beta
release of the data. The validation against sparse network measurements and the evaluation of the
assimilation diagnostics address Stage 2 validation criteria by expanding the assessment to regional and
global scales.

The beta release version of the L4 _SM algorithm ingests only the SMAP L1C_TB radiometer
brightness temperatures, contrary to the planned use of downscaled brightness temperatures from the
L2 _SM_AP product and of landscape freeze-thaw state retrievals from the L2_SM_A product. The latter
two products are based on radar observations and are only available for the period from 13 April to 7 July
2015 because of an anomaly in the SMAP radar instrument. The decision to use only radiometer
(L1C_TB) inputs was made to ensure homogeneity in the longer-term L4 _SM beta-release data record.

An analysis of the time average surface and root zone soil moisture shows that the global pattern of
arid and humid regions are captured by the L4_SM estimates. The product further reflects major events,
including the extremely wet conditions in May 2015 in Texas, Oklahoma, Kansas and parts of the US
Midwest. Another event that is captured well by the L4_SM product is the sharp gradient of wet versus
dry conditions across Western Australia in May 2015.

Results from the core validation site comparisons indicate that the beta-release version of the L4 _SM
data product meets the self-imposed L4 _SM accuracy requirement, which is formulated in terms of the
UbRMSE: the RMSE after removal of the long-term mean difference. The overall ubRMSE of the 3-
hourly L4_SM surface soil moisture at the 9 km scale is 0.036 m*m®. The corresponding ubRMSE for
L4_SM root zone soil moisture is 0.023 m*/m®. Both of these metrics are comfortably below the 0.04
m*/m?® requirement. The L4_SM estimates are an improvement over estimates from a model-only SMAP
Nature Run version 4 (NRv4), which demonstrates the beneficial impact of the SMAP brightness
temperature data. L4 _SM surface soil moisture estimates are consistently more skillful than NRv4
estimates, although not by a statistically significant margin. The lack of statistical significance is not
surprising given the limited data record available to date. Root zone soil moisture estimates from L4_SM
and NRv4 have similar skill. Results from comparisons of the L4_SM product to in situ measurements



from 260 sparse network sites in the United States and Australia corroborated the core validation site
results.

The instantaneous soil moisture and soil temperature analysis increments are within a reasonable
range and result in spatially smooth soil moisture analyses. The O-F residuals exhibit only small biases
on the order of 1-3 K between the (rescaled) SMAP brightness temperature observations and the L4 SM
model forecast, which indicates that the assimilation system is largely unbiased. The average (RMS)
magnitude of the O-F residuals is 5.8 K, which reduces to 2.6 K for the observation-minus-analysis (O-A)
residuals, reflecting the impact of the SMAP observations on the L4_SM system. Averaged globally, the
time series standard deviation of the normalized O-F residuals is close to unity, which would suggest that
the magnitude of the modeled errors approximately reflects that of the actual errors.

The assessment report also notes several limitations of the beta-release L4 SM data product and
science algorithm calibration that will be addressed prior to the release of the validated data product
scheduled for summer 2016. Regionally, the time series standard deviation of the normalized O-F
residuals deviates considerably from unity, which indicates that the L4_SM assimilation algorithm either
over- or underestimates the actual errors that are present in the system. Planned improvements include
revised land model parameters, revised error parameters for the land model and the assimilated SMAP
observations, and revised surface meteorological forcing data for the operational period and underlying
climatological data. Moreover, a refined analysis of the impact of SMAP observations will be facilitated
by the construction of additional variants of the model-only reference data. Nevertheless, the beta-release
version of the L4 _SM product is sufficiently mature and of adequate quality for distribution to and use by
the larger science and application communities.



1 INTRODUCTION

The NASA Soil Moisture Active Passive (SMAP) mission provides global measurements of soil
moisture from a 685-km, near-polar, sun-synchronous orbit. SMAP data is used to enhance
understanding of processes that link the water, energy, and carbon cycles, and to extend the capabilities of
weather and climate prediction models (Entekhabi et al. 2014).

The suite of SMAP data products includes the Level 4 Surface and Root Zone Soil Moisture
(L4_SM) product, which provides deeper layer soil moisture estimates that are not available in the Level
2-3 products. The L4_SM product is based on the assimilation of SMAP brightness temperatures into the
NASA Catchment land surface model (Koster et al. 2000) using a customized version of the Goddard
Earth Observing System, version 5 (GEOS-5) land data assimilation system (Figure 1; Reichle et al.
2014a). This system propagates the surface information from the SMAP instrument data to the deeper
soil. The latency of the L4_SM product is about 2.5 days and is driven by the availability of the gauge-
based global precipitation product that is used to force the land surface model (Reichle et al. 2014b).

Precipitation GEOS-5 surface
observations meteorology
h

Land SMAP brightness
surface temperature
model observations
Data
Assimilation

L4_SM
product

Figure 1. Schematic of the L4_SM algorithm.

The L4_SM product provides surface and root zone soil moisture (along with other geophysical
fields) as 3-hourly, time-average fields on the global, cylindrical, 9 km Equal-Area Scalable Earth,
version 2 (EASEv2) grid in the “geophysical” (or “gph”) output Collection (Reichle et al. 2015).
Moreover, instantaneous soil moisture and soil temperature fields before and after the assimilation update
are provided every three hours on the 9 km global EASEV2 grid in the “analysis update” (or “aup”) output
Collection, along with other assimilation diagnostics and error estimates. Time-invariant land model
parameters, such as soil porosity, wilting point, and microwave radiative transfer parameters, are provided
in the “land-model-constants” (or “Imc”) Collection (Reichle et al. 2015).

For geophysical data products that are based on the assimilation of satellite observations into
numerical process models, validation is critical and must be based on quantitative estimates of
uncertainty. Direct comparison with independent observations, including ground-based measurements, is
a key part of the validation. This Assessment Report provides a detailed description of the L4 SM
validation process and the status of the L4 _SM data quality prior to the beta release of the L4_SM data
product.



2 SMAP CALIBRATION AND VALIDATION OBJECTIVES

During the post-launch SMAP calibration and validation (Cal/Val) phase each science product team
pursues two objectives:

1. Calibrate, verify, and improve the performance of the science algorithm.

2. Validate the accuracy of the science data product as specified in the science requirements and
according to the Cal/Val schedule.
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Instrument Instrument L1 Geophysical L2to L4
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Post-launch Cal/Val Methodologies/Resources: Core validation sites, networks,
model and satellite products, field experiments, analyses and assessments
Figure 2. Overview of the SMAP calibration and validation process.

The overall SMAP Cal/Val process is illustrated in Figure 2. This Assessment Report describes how
the L4 _SM team addressed the above objectives prior to the beta release. The validation approach and
procedures follow those described in the SMAP Science Data Cal/Val Plan (Jackson et al. 2014), the
SMAP L2-L4 Data Products Cal/VVal Plan (Colliander et al. 2014), and the Algorithm Theoretical Basis
Document for the L4 _SM data product (Reichle et al. 2014b).

SMAP established unified definitions to address the mission requirements.  These are documented
in the SMAP Handbook (Entekhabi et al. 2014), where calibration and validation are defined as follows:

o Calibration: The set of operations that establish, under specified conditions, the relationship
between sets of values or quantities indicated by a measuring instrument or measuring system and
the corresponding values realized by standards.

o Validation: The process of assessing by independent means the quality of the data products
derived from the system outputs.

In order to insure the public’s timely access to SMAP data, the mission is required to release beta-

quality products before releasing validated products. The objectives and maturity of the beta release
products are defined as follows:

o The beta release allows users to gain familiarity with data formats.
e The beta release is intended as a testbed to discover and correct errors.
o Beta-release data are minimally validated and still may contain significant errors.



The general research community is encouraged to participate in the quality assessment and
validation, but need to be aware that product validation and quality assessment are ongoing.
Beta-release data may be used in publications as long as the authors indicate the fact that the data
are beta quality. Drawing quantitative scientific conclusions is discouraged. Users are urged
to contact of the SMAP Science Team prior to using beta-release data in publications, and to
recommend members of the instrument teams as reviewers.

The estimated uncertainties are documented.

Beta-release data may be replaced in the archive when an upgraded (provisional or validated)
product becomes available.

Due to the high quality of the SMAP L1C_TB brightness temperatures and the heritage and maturity
of model-based soil moisture data products (Reichle et al. 2011), the beta release version of the L4 _SM
product already exceeds the above maturity requirements and is closer to a provisional release, which is
defined as follows:

Incremental improvements are ongoing. Obvious artifacts or errors observed in the provisional
product have been identified and either minimized or documented.

The general research community is encouraged to participate in the quality assessment and
validation, but need to be aware that product validation and quality assessment are ongoing.
Provisional-release data may be used in publications as long as the authors indicate the
provisional quality. Users are urged to contact science team representatives prior to using the
data in publications, and to recommend members of the instrument teams as reviewers.

The estimated uncertainties are documented.

Provisional-release data will be replaced in the archive when an upgraded (validated) product
becomes available.

In assessing the maturity of the L4 _SM product, the L4_SM team also considered the guidance
provided by the Committee on Earth Observation Satellites (CEOS) Working Group on Calibration and
Validation (CEOS 2015):

Stage 1: Product accuracy is assessed from a small (typically < 30) set of locations and time
periods by comparison with in situ or other suitable reference data.

Stage 2: Product accuracy is estimated over a significant set of locations and time periods by
comparison with reference in situ or other suitable reference data. Spatial and temporal
consistency of the product and with similar products has been evaluated over globally
representative locations and time periods. Results are published in the peer-reviewed literature.
Stage 3: Uncertainties in the product and its associated structure are well quantified from
comparison with reference in situ or other suitable reference data. Uncertainties are characterized
in a statistically robust way over multiple locations and time periods representing global
conditions. Spatial and temporal consistency of the product and with similar products has been
evaluated over globally representative locations and periods. Results are published in the peer-
reviewed literature.

Stage 4: Validation results for stage 3 are systematically updated when new product versions are
released and as the time-series expands.

For the beta release the L4_SM team has completed Stage 1 and begun Stage 2 (global assessment).
The Cal/Val program will continue through the above Stages over the SMAP mission life span.



3 L4_SM CALIBRATION AND VALIDATION APPROACH

During the mission definition and development phase, the SMAP Science Team and Cal/Val
Working Group identified the metrics and methodologies that would be used for L2-L4 product
assessment. These metrics and methodologies were vetted in community Cal/Val Workshops and tested
in SMAP pre-launch Cal/Val rehearsal campaigns. The following validation methodologies and their
general roles in the SMAP Cal/Val process were identified:

o Core Validation Sites: Accurate estimates at matching scales for a limited set of conditions.

e Sparse Networks: One point in the grid cell for a wide range of conditions.

o Satellite Products: Estimates over a very wide range of conditions at matching scales.
e Model Products: Estimates over a very wide range of conditions at matching scales.
e Field Campaigns: Detailed estimates for a very limited set of conditions.

With regard to the CEOS Cal/Val stages, core validation sites address Stage 1, and satellite and
model products are used for Stage 2 and beyond. Sparse networks fall between these two Stages.

For the L4_SM data product, all of the above methodologies can contribute to product assessment
and refinement, but there are differences in terms of the importance of each approach for the validation of
the L4_SM product.

The assessment of the L4 SM data product includes comparisons of SMAP L4 _SM soil moisture
estimates with in situ soil moisture observations from core validation sites (CVS) and sparse networks.
The assessment further includes a global evaluation of the internal diagnostics from the ensemble-based
data assimilation system that is used to generate the L4_SM product. This evaluation focuses on the
statistics of the observation-minus-forecast (O-F) residuals and the analysis increments. Together, the
CVS comparisons and the statistics of the assimilation diagnostics are considered primary validation
methodologies for the L4 _SM product.

Comparisons against in situ measurements from regional-scale sparse networks are considered a
secondary validation methodology because such in situ measurements are subject to upscaling errors from
the point-scale to the grid cell scale of the data product.

Due to their very limited spatial and temporal extent, data from field campaigns play only a tertiary
role in the validation of the L4 SM data product. Note, however, that field campaigns are instrumental
tools in the provision of high-quality, automated observations from the core validation sites and thus play
an important indirect role in the validation of the L4 _SM data product.

Based on the limited set of core validation sites, the assessment presented here meets the criteria
established by CEOS for Stage 1 validation and supports the beta release of the L4 SM data. The
validation against sparse network measurements and the evaluation of the assimilation diagnostics address
Stage 2 validation criteria by expanding the assessment to regional and global scales and suggest that the
beta-release version of the L4 SM product is closer to a provisional data release (section 2).
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4 L4_SM ACCURACY REQUIREMENT

There is no formal Level 1 mission requirement for the validation of the L4_SM product, but the
L4_SM team self-imposed an accuracy requirement mirroring the one that applies to the L2_SM_AP
product. Specifically, the L4 SM surface and root zone soil moisture estimates are required to meet the
following criterion:

UbRMSE < 0.04 m® m™ within the data masks specified in the SMAP Level 2 Science
Requirements (that is, excluding regions of snow and ice, frozen ground, mountainous
topography, open water, urban areas, and vegetation with water content greater than 5 kg m),

where ubRMSE is the RMSE computed after removing long-term mean bias from the data (Appendix A).
(The ubRMSE is also referred to as the standard deviation of the error.) This criterion applies to the
L4_SM instantaneous surface and root zone soil moisture estimates at the 9 km grid-cell scale from the
“aup” Collection. It is verified by comparing the L4 SM product to the grid-cell scale in situ
measurements from the core validation sites (section 6.2).

L4_SM output fields other than instantaneous surface and root zone soil moisture are provided as
research products (including surface meteorological forcing variables, soil temperature, evaporative
fraction, net radiation, etc.) and will be evaluated against in situ observations to the extent possible given
available resources.

As part of the validation process, additional metrics (including bias, RMSE, time series correlation
coefficient R, and anomaly R values) will be computed for the L4_SM output fields to the fullest extent
possible. This includes computation of the metrics outside of the limited geographic area for which the
0.04 m* m* validation criterion is applied.

For the computation of the anomaly R metric, the seasonal cycle of the raw data (including the
L4 _SM product and the in situ measurements) is estimated, separately for each product and each location,
by computing, for each day of the year (DOY), a climatological value of soil moisture. Anomaly time
series are then computed by subtracting the mean seasonal cycle from the raw data. Lastly, the anomaly
R metric is derived by computing the time series correlation coefficient of the anomaly time series.
Because of the short data record of the beta-release, anomaly R metrics are not provided in this report.

The validation includes additional metrics that are based on the statistics of the observation-minus-
forecast residuals and other data assimilation diagnostics (section 6.4). The appendix provides detailed
definitions of all the validation metrics used here.
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5 L4 SM BETA RELEASE

5.1 Process and Criteria

Since the beginning of the science data flow, the team has been conducting frequent assessments of
pre-beta L4 SM data products and will continue to do so throughout the intensive Cal/Val phase and
beyond. Frequent reviews of performance based upon core validation sites, sparse networks, and
assimilation diagnostics were conducted for a period of 5+ months and captured a wide range of
geophysical conditions. The assessment presented here is a summary of the latest status of this process.

The comparison against in situ measurements include metrics for a model-only “SMAP Nature
Run,” version 4 (NRv4). The NRv4 estimates are based on the same land surface model and forcing data
as the L4_SM estimates, except that the NRv4 estimates do not benefit from the assimilation of the
SMAP brightness temperature observations. Specifically, the NRv4 estimates are the result of a single-
member, land model integration within the L4_SM system but without the ensemble perturbations and
without the assimilation of the SMAP L1C_TB observations; any accuracy in the NRv4 estimates is thus
derived from the imposed meteorological forcing and land model structure and parameter information.
The NRv4 estimates are available for the period 1 January 2001 to present and also provide the model
climatological information required by the L4 _SM assimilation algorithm (Reichle et al. 2014b).

Prior to the SMAP launch, the L4_SM team formulated the following criteria for the beta release of
the L4_SM data:

e The skill of the L4_SM assimilation product is no worse than that of the model-only reference
(SMAP Nature Run, NRv4), where skill is measured against in situ observations from core
validation sites and sparse networks.

e The statistics of observations-minus-forecast residuals are within expectation as defined by
published results (AMSR-E, ASCAT, SMOS).

One key finding of this Assessment Report is that the above criteria have been met, and that the
L4 SM product is sufficiently mature for a public beta release on 30 October 2015.

5.2 Processing Options and Science ID Version

The L4_SM product version used to prepare this Assessment Report has Science Version 1D
Vb1004. The data were generated in mid-September 2015 as a “forward processing parallel” (FPP)
stream (ECS Version ID 199). The L4_SM algorithm slated for the beta release on 30 October 2015 is
expected to have only very minor differences from Vb1004.

In anticipation of the planned L4_SM beta release on 30 October 2015, the L4_SM team defined the
assessment period for this report as 11 April 2015, 0z to 19 September 2015, 0z. The start date matches
the date when the radiometer was operating under reasonably stable conditions following instrument start-
up operations. The end date was selected to allow sufficient time for analysis and preparation of this
Assessment Report as well as other documents required for the beta release.

The beta release version of the L4 _SM algorithm ingests only the SMAP L1C_TB radiometer
brightness temperatures, contrary to the planned use of downscaled brightness temperatures from the
L2_SM_AP product and landscape freeze-thaw state retrievals from the L2_SM_A product. The latter
two products are based on radar observations and are only available for the period from 13 April to 7 July
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2015 because of an anomaly in the SMAP radar instrument. The decision to use only radiometer
(L1C_TB) inputs was made to ensure homogeneity in the longer-term L4_SM beta-release data record.

The L4_SM Vb1004 algorithm used the beta-release version of the SMAP L1C_TB brightness
temperature data product (CRID R11850 until 9 Sep 2015 and CRID R11920 thereafter), which meets its
requirements for noise equivalent differential temperature (NEDT) and geolocation and is generally
considered of good quality. A detailed report of the quality of the beta-release version of the L1C_TB
data product is available from NSIDC (Piepmeier et al. 2015).

13



6 L4_SM DATA PRODUCT ASSESSMENT

This section provides a detailed assessment of the L4 _SM data product. First, global patterns,
features, and noteworthy events are discussed (section 6.1). Next, we present comparisons and metrics
versus in situ measurements from core validation sites (section 6.2) and sparse networks (section 6.3).
Finally, we evaluate the assimilation diagnostics (section 6.4), which includes a discussion of the
observation-minus-forecast residuals, the increments, and the data product uncertainty estimates.

6.1 Global Patterns and Features

Figure 3 shows global maps of time-averaged L4 _SM surface and root zone soil moisture for the
validation period (11 April 2015, 0z to 19 September 2015, 0z). The global patterns are as expected —
arid regions such as the southwestern US, the Sahara desert, the Arabian Peninsula, the Middle East,
southern Africa, and central Australia exhibit generally dry surface and root zone soil moisture
conditions, whereas the tropics (Amazon, central Africa, and Indonesia) and high-latitude regions show
wetter conditions. One notable exception is that a portion of the Democratic Republic of Congo and
adjacent areas appear unexpectedly dry. This is because over Africa, the beta-release version of the
L4_SM algorithm uses precipitation forcing directly from the GEOS-5 Forward Processing (FP) system,
which has a known dry bias in central Africa.
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Figure 3. Time-average of L4 SM (a) surface and (b) root zone soil moisture for 11 April 2015, 0z, to 19
September 2015, 0z.
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Generally, the global patterns of absolute soil moisture values are dominated by soil parameters and
climatological factors. The influence of soil texture is noticeable in the coarse-scale patterns in the
Sahara desert, where little is known about the spatial distribution of mineral soil fractions. Areas with
peat soil include, for example, the region along the southern edge of Hudson Bay and portions of Alaska.
In the land model, the soils in this region are assigned a high porosity value and show persistently wetter
conditions than other areas.

The strong impact of climate on soil moisture is reflected in the overall similarity between the time-
averaged fields of Figure 3 and the instantaneous fields for 1 June 2015 and 1 September 2015, both at 0z,
shown in Figure 4. Some areas, however, do exhibit strong changes in soil moisture conditions between
the two dates. For example, the extremely wet conditions on 1 June 2015 in Texas, Oklahoma, and
Kansas and extending into the US Midwest (Figure 4a and c) resulted from well-documented extreme
rainfall events throughout May 2015. The wet conditions have clearly abated by 1 September 2015
(Figure 4b and d).

Another notable feature in the global maps of Figure 4 is the strong spatial contrast in dry and wet
soil moisture conditions in western Australia on 1 June 2015. This contrast resulted from parts of the
region having seen unseasonably high rainfall conditions in May 2015, with a few locations recording
their wettest May on record, and many locations recording their wettest May for over twenty years. In
contrast, the rest of Western Australia recorded rainfall that was below to very much below average
(Bureau of Meteorology 2015; http://www.bom.gov.au/climate/current).

The L4_SM product also includes a large number of output fields that are not subject to formal
validation requirements. Such “research” output includes the surface meteorological forcing fields, land
surface fluxes, soil temperature and snow conditions, runoff, and error estimates (derived from the
ensemble). Figure 5 illustrates two of these fields for 11 April 2015: the top-layer soil temperature (at
127) and the snow mass (3-hour average for 21z to 0z). The global patterns are again consistent with
expectation. The top-layer soil temperature is hottest in the Arabian Peninsula, where the local time is
around 3pm and the diurnal cycle of the soil temperature is at or near its peak. The coolest temperatures
can be found at the highest northern latitudes, where the soil is still frozen. The snow mass distribution is
also consistent with expectation, with nearly continuous snow cover remaining at the highest latitudes and
in the northern hemisphere high mountain ranges. Snow is all but absent in the southern hemisphere at
the end of the austral summer.

The temperature and snow fields shown in Figure 5 are of particular interest because they can be
used to screen or flag the L4_SM soil moisture output for frozen conditions or situations where there is
snow on the ground. Unlike the SMAP Level 2 and 3 retrieval products, the L4 _SM product does not
provide binary flags to classify the conditions at the time for which the soil moisture estimates are valid.
Rather, the L4_SM product provides quantitative estimates of surface and soil temperatures, snow mass,
precipitation, etc. that contain far more complete information and can readily be converted into binary
flags by users should the need arise.
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Figure 4. Snapshots of L4_SM (a,b) surface and (c,d) root zone soil moisture for (a,c) 1 June 2015, 0z, and (b,d) 1 September 2015, 0z.
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Figure 5. L4 _SM (a) top layer soil temperature on 11 April 2015, 12z and (b) snow mass (three-hourly average

from 11 April 2015, 21z to 12 April 2015, 0z).
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6.2 Core Validation Sites

6.2.1 Method and Overview

In situ measurements are critical in the assessment of the SMAP data products. Comparisons against
in situ measurements provide error estimates and a basis for modifying algorithms and/or parameters. A
robust analysis requires many sites representing diverse conditions. Unfortunately, there are relatively
few sites that can provide measurements of the type, quality, and quantity needed for robust validation.
The core validation sites used here are the result of the Cal/Val Partner Program established by SMAP to
foster cooperation with the providers of in situ soil moisture measurements and to encourage the
enhancement of these resources for the support of the SMAP Cal/Val program.

For any given core validation site, the spatial distribution of the in situ sensors is typically not
aligned with the grid cells of the standard EASE v2 grid of the SMAP data products. Therefore, the
SMAP Cal/Val team defined custom “shifted” grid cells (or “reference pixels”) that better exploit the
spatial coverage of the in situ measurements at each site, but do not necessarily align with the standard
EASE v2 grid. A core validation site may provide in situ measurements for one or more 9 km and/or 36
km reference pixels.

The for